Sin‘ce 1884

ADAC

| ASSOCIATION OF
OFFICIAL
ANALYTICAL
CHEMISTS

NOVEMBER/DECEMBER 1987
VOL. 70, NO. 6

JANCA 70(6) 931-1112 (1987)
ISSN 0004.5756




G etth e

Worstout

ofthings.

UNITREX

*

Universal Trace Residue Extractor.

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 a wide 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 a range of
pesticides, both organo-chlorine and organo-
phosphorous compounds, are better than 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. and NPD.

Head Office and International Sales
Scientific Glass Engineering Pty Ltd
7 Argent Place Ringwood

Victoria 3134 Australia.

Telephone (03)874 6333

UK Sales Office

Scientific Glass Engineering (UK) Ltd
Potters Lane Kiln Farm

Milton Keynes MK11 3LA Great Britain
Telephone (0908) 56 8844

U.S.A. Sales Office

Scientific Glass Engineering Inc
2007 Kramer Lane Suite 100
Austin Texas 78758 USA
Telephone (512)837 7190

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

D-6108 Weiterstadt 1

Telephone (06150) 40662
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Five times faster than Soxhlet

Soxtec® has revolutionized traditional solvent be used which provides great flexibility. Sample
extractions. Extraction times are reduced from holders of various materials and dimensions can
days to hours, or from hours to minutes, without hold up to 65 ml of samples containing well below
loss of accuracy. This has been proven in applica- 1 %extractable matter.

tions such as petroleum, food and feed, textiles, Soxtec is the perfect tool for most extraction
plastics and rubber, chemicals and many others.  needs. Please call or write for product details.

Soxtec cuts costs. The built-in solvent recovery
system reduces the cost for solvent as much as
65%.

Soxtec is safe. The systems are heated indirectly
by circulating oil from an electronically controlled
service unit, which can be placed at a safe distance
from the extraction solvent.

Soxtec is flexible. A broad range of solvents can

WE MAKE RGJTII\E ANALYSIS SIHLE.

Ttecator Inc., P.O. Box 405, Herndon, Virginia 22070. Phone (703)4353300. Telex903034

In the USA distribution exclusively by Fisher Scientific Company.
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Heres What Users and
Reviewers Say About

Official Methods
of Analysis
of the ACAC

.. 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
world that tests methods as rigorously as
the AOAC."

—Perce McKinley, Ph.D., Former Director

General, Food Directorate, Health &

Welfare Canada

“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 &m“gl(g f
analyst who must do official assays; assays \Iﬁdlwg
agricultural products, pesticide formula- f

tions, foods, food additives, cosmetics, - Ass(;muﬂilf)f
drugs, drugs in feeds, vitamins; looks for Oﬂ
filth and microbial contaminants in foods... : k,mml

There is something for everyone from the ‘ (whpmp.l&
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

1984approx. 1100pp., 173illus., index, hard-
bound. ISBN 0-935584-24-2.

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

To obtain, send order with your name

and address and check to:

AOAC, 1111 N. 19th Street, Suite 210-J

Arlington, VA 22209 USA
(U.S. Funds only)
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Served as Director of Division of Chemical Technology,
Chief of Pesticide Residue Branch,

Food and Drug Administration,

Washington, DC
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AOAC Announces
the Publication of

BAM

s th Edition

A Manual for
the Detection
of Microorganisms
In Foods and
In Cosmetics

FDA Bacteriological Analytical Manual (BAM)

by the Division of Microbiology
Center for Food Safety and Applied Nutrition, US. Food and Drug Administration
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« Staphylococcal Enterotoxins

* Bacillus cereus

+ Clostridium perfringens: Enumeration and Identification

¢ Clostridium botulinum

* Enumeration of Yeast and Molds and Production of Toxins

» Examination of Oysters for Enteroviruses

 Parasitic Animals in Foods

e Detection of Inhibitory Substances in Milk

» Examination of Canned Foods

» Examination of Containers for Integrity

* Microbiological Methods for Cosmetics

« Detection of Pathogenic Bacteria by DNAColony Hybridization

e Enzyme Linked Immunosorbent Assay (ELISA)
Investigation of Food Implicated in lliness

Appendlxes

¢ Culture Media

e Stains. Reagents and Diluents
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They needed dependable HPLC
column performance.

And got It

Waters (IBooheK ™ colunrs are
trenostwidely usd, plblished and
proven HPLC collum padking naterials
ntrevorldand leed tte HPLC irds-

tryingalityand deparckbility.

Foreaple, Drs. HeCoppolaad
MartinarrofOcean Spraywartted
toalatoosurers about adiiteration
and irecurate ldelirgofaopetitive
aarteny jues. They needed adepen-
deble HPLC method toanalyze quinic
and otterargenic acics thet chtify

e L3

WithWaters gplicatiias asist
ane, theytestedand dhoseWaters
gBondapak C,8mlums fartreirecel-
btsdatiMityand riaal clility insep-
aairgagenic aciks.

Waters and Ocean Sxay”™s pio-
reerirgworkwith fiBondapek colums
hes pondedtreemlebaerage inds-

Aird authow Waters wide essort-
ment ofpecking fanilies, denistries
and gaaretries provice the depend-
dalityyou need fardlyour HPLC arell-
yas. GllWatersat 1-800-252-HALC,
(h\Vess. 617-478-2000) orwrite©
\Waters Chromettography DMsion,
MilljoreCap.,, 34 Maple Siet, Dpt
PV, Milfad, MA 01757, Attre Chemical
Prod ctsGroup.

Drs. Martin Star and Hia Coppola of
Ocean Spray Granberries, Inc,

Waters

Division of MILLIPORE
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Keep Essential
Analytical Information
At Your Fingertips

O Qality Assurane Ardiraples Tar
Aelvtical Leboratories

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

Members: *41.25 in U.S., 144.25 outside U.S.

Nonmembers: *45.50 in U.S., $48.50

outside U.S.

A handbook for initiating or improving a
laboratory quality assurance program.

ORDER

THESE AOAC
PUBLICATIONS

TODAY!

And take advartage oFAOAC
Merbership Disoounts too!

COSMETIC
ANALYSIS

O Newburgersharual of Gosretic
Aelsis

1977. 150 pp. Softbound. ISBN 0-935584-09-9.

Members: $27.20 in U.S., $28.20 outside U.S.
Nonmembers: *30.00 in U.S., $31.00

outside U.S.

Chromatographic and spectroscopic tech-
niques with analyses for specific cosmetics.

\wAUAL OF CHIMICAL METHODS

0O BEPAMenal of Chamical Methods far
Restacackes ad Davaass

1983. 1.363 pp. With spectra. Includes three
supplements and binder. ISBN 0-935584-23-4.
Members: $61.95 in U.S., $64.95 outside U.S.
Nonmembers: $68.50 in U.S., $71.50

outside U.S.

EPA and State laboratory compilation of ever
300 currently used methods for analyzing
pesticide formulations.

MANUAL
om naLTCAL BYTNOLOCY

IN THE FOOD INDUSTRY

)_ 3 -

FDA Tedmiical BilletinNo. 5
1984. 176 pp. Three hole drill with binder.
ISBN 0-935534-28-5.
Members: $26.25 in U.S., $27.75 outside U.S.
Nonmembers: $29.00 in U.S., $30.50
outside U.S.
Manual for inexpensive and speedy identifica-
tion of defects, filth, decomposition, and
foreign matter in large quantities of food.

O FDA Trainirg Menual far Aelyiical
Enmlog;r/gniteFood Indstry
1978. 184 pp. Looseleaf. ISBN 0-935584-11-0.
Members: $26.75 in U.S., $27.75 outside U.S.

Nonmembers: $29.50 in U.S., $30.50

outside U.S.

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

To order, please note quantity des.red in the box beside each title; then complete
and mail this page (or photocopy) and payment to:

1111 North 19th &, Site 210+
Adrgion, Virgnia 22200 USA
Total Amount of Order: $
Please Print US Funds °7/¥
Send to:
Name

Organization

Street Address

City

State (Country)

VM

Zip

Member No. (to qualifyfor member price, include Metnber Number with order.)
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NEW PRODUCTS

Pipet Tips

Bio-Rad’s new Type 31 pipet tip is
designed for reproducible pipetting
with Eppendorf Ultra-Micro pipets,
both fixed volume and digital. This
tip offers the same advantages as oth-
er Bio-Rad pipet tips, and it also fea-
tures the special shank design needed
for proper function with very low
sample volumes. Bio-Rad Labora-
tories.

Circle No. 128 on reader service card.

Liquid Chromatography Sample and

Reagent Preparation Kit
To aid in the selection of the opti-
mum sample preparation method,
Bio-Rad offers a liquid chromatog-
raphy sample and reagent prepara-
tion kit containing filters, disposable
columns, 5 ion exchange media, and
step-by-step instructions for each ap-
plication. Bio-Rad Laboratories.
Circle No. 129 on reader service card.

Tabletop Cone Blender
The “Y” cone blender from Sitco
combines a Multipex universal pow-
er module with a double cone vessel
for tabletop laboratory use. The pow-
er module also accommodates other
processors for applications such as
blending and wet granulating. Sitco.
Circle No. 130 on reader service card.

Hybridoma/Enzyme Immunoassay

Screening Kit
Beckman Instruments, Inc., has in-
troduced a new hybridoma/enzyme
immunoassay kit which provides all
reagents necessary for testing 4000
supemates or forty 96 well plates. The
kit includes affinity-purified antibody
labeled with horseradish peroxidase,
which has a turnover rate 10 times
greater than commonly used en-
zymes. ABTS, the substrate included
in the Beckman kit, will not cause
premature color development often
associated with other substrates.
Beckman Instruments, Inc.
Circle No. 131 on reader service card.

Column Heater

The chief distinguishing feature of
Analytichem International’snew col-
umn heater is blocks that accom-
modate columns of several different
sizes ranging up from ‘'/»in. Analyti-
chem International, Inc.

Circle No. 132 on reader service card.

160A

Variable Wavelength UV-Vis

Detector
The SP8450, a variable wavelength
UV-visible liquid chromatographic
detector, is designed with simplified,
long-life optics for sensitivity and sta-
bility. The detector uses fiber optics
technology and reduces stray light by
eliminating lenses and mirrors. Spec-
tra-Physics Autolab Division.
Circle No. 133 on reader service card.

Ultra-Small Column

Liquid chromatography columns with

1.5 Mm. nonporous Monospher sor-
bent particles enable chemists to per-
form quick, sensitive LC biopolymer
separations. The ultra-small silica
spheres facilitate both reverse-phase

and normal-phase separations oflarge

sample capacities without a loss of
resolution. EM Science.

Circle No. 134 on reader service card.

Pump for Low Pressure

Solvent Delivery
Bio-Rad has introduced Econo-Col-
umn, a 2 channel, variable speed
peristaltic pump, which is efficient for
applications such as chromatogra-
phy, sample transfer, circulation sys-
tems, pH control, clinical chemistry,
and flow cell colorimetry. Bio-Rad
Laboratories.
Circle No. 1350n reader service card.

Cell for Preparative

Electrophoresis
An alternative for protein purifica-
tion is provided by the Rotofor cell,
capable ofachieving greater than 10-
fold purification of a protein sample
in asingle 4 h run, from Bio-Rad Lab-
oratories. The new cell incorporates
a cylindrical focusing chamber, di-
vided into 20 discrete compartments,
that rotates around its axis. During
electrofocusing, proteins move to the
point in the pH gradient where they
have a zero net charge. After they are
focused, the solution in each com-
partment can be rapidly and easily
collected. Bio-Rad Laboratories.
Circle No. 136 on reader service card.

Total Sulfur Analysis
Antek Instruments announces the
availability of Pyrofluorescent sulfur
systems. These instruments yield ac-
curate, precise analyses oftotal sulfur
content in solid, liquid, and gaseous
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samples. They cover an analytical
range from ppb to 50% and produce
final results in 30 sto 10 min. Antek
Instruments, Inc.

Circle No. 137 on reader service card.

Cloning Pack and Labeling System

A Dual Promoter Cloning Pak, the
SP6/T7 Pak, which includes 2 dual
promoter vectors, pDP-1 and pDP-
2,allows subsequent transcription by
either T7 or SP6 RNA polymerase
when producing RNA probes. The
SP6/T7 polymerase labeling system
allows efficient production of high-
specific-activity RNA probes. Du
Pont.

Circle No. 138 on reader service card.

Air and Nitrogen Generators
Chrompack, has announced 2
portable, self-contained gas genera-
tors for laboratory use. A new air gen-
erator can supply clear, dry, oil-free
air for up to 6 gas chromatographs.
A new nitrogen unitturns atmospher-
ic airinto clean, pure laboratory-grade
nitrogen. Chrompack, Inc.

Circle No. 139 on reader service card.

Inc.,

Trace Sulfur and Chlorine Analyzer
Dohrmann announces a new auto-
mated microcoulometric sulfur ana-
lyzer, the MCTS 130/120, which is
easy to use, is simply calibrated, and
performs data analysis with statistics.
Dohrmann.

Circle No. 140 on reader service card.

Method Development Liquid

Chromatography System
A special configuration of Beckman’s
System Gold Personal chromato-
graph meets the particular needs of
method development laboratories.
Analytical method sets can be created
and stored automatically and then re-
called to evaluate and modify them
at any time. The system uses an IBM
PC-AT workstation with colorgraph-
ics and customized Beckman chro-
matography software, a binary sol-
vent delivery module, and a
simultaneous dual wavelength UV-
visible detector module. Beckman
Instruments, Inc.
Circle No. 141 on reader service card.

Autosampler for Liquid
Chromatography
Reliability and simplicity of opera-
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New Liquid Chromatography
Cartridge Columns

Sievers Research, Inc., used for the
selective detection of oxygen-, sulfur-,

tion and afree 5yrwarranty are avail-
able to purchasers ofthe SP8775, an

autosampler for liquid chromatog-
raphy, from Spectra-Physics. The
SP8775 offers many ofthe same fea-
tures and capabilities ofthe SP8780.
Spectra-Physics.

Circle No. 142 on reader service card.

Single or Multiple Pump

LC Gradient System
Micromeritics Instrument Corp. of-
fers the 7600 Series for either single-
pump, low-pressure gradients or
multiple-pump, high-pressure runs.

A control interface module and a

small hand-held unit together control
either one or two Micromeritics
Model 760 liquid chromatography
pumps. The system software allows
multiple methods and steps with up
to 6 external events per step. As many
as 5 methods can be linked together
and 10 different gradient methods can
be stored. Micromeritics Instrument
Corp.

Circle No. 143 on reader service card.

Analytichem International, Inc., has
introduced Quick Elut liquid chro-
matography columns, which enable
the analyst to tailor the chemistry of
the sample preparation sorbent to the
analytical column packing. Analyti-
chem International.

Circle No. 144 on reader service card.

Freeze-Drying System

With the E7480 Cyro freeze-drying
system, materials researchers, biolo-
gists, and food technologists can ob-
tain improved image quality when
performing scanning electron mii-
croscopy. The E7480 removes water
from specimens while preserving their
essential structure. It can be modified
for use in transmission electron mi-
croscopy. BioRad/Polaron Division.
Circle No. 145 on reader service card.

Redox Chemiluminescence Detector

The new redox chemiluminescence
detector for gas chromatography from

nitrogen-, and phosphorus-contain-
ing compounds in the presence o f sat-
urated hydrocarbons, air, water, and
other unreactive species, has dem-
onstrated at least a 3-fold increase in
sensitivity over the previous model.
Sievers Research, Inc.

Circle No. 146 on reader service card.

Chemical Spill Treatment Kit

A choice of 3 Spill-X spill control
agents is available in either individ-
ual spill treatment kits for acid, caus-
tic, or solvent spills, or in a multi-
purpose kit with 2 of each type of
agent. All are free-flowing, color-cod-
ed dry chemicals that will not them-
selves produce toxic by-products
when used as the manufacturer di-
rects in chemical spills.

Circle No. 147 on reader service card.

Chromatography Detector
Linearizer

Varex Corp. has announced the avail-

PLEASE NOTE THESE DEADLINES!
Put Them on Your 1988 Calendar.

For the 102nd aoac Annual

Florida, August 29-September 1,1988.

Titles & Authors

of Symposia and Poster Presentations

Abstracts

international Meeting, Palm Beach,

January 20,1988

April 20,1988

For information contact:
Administrative Manager, AOAC
1111 North 19th Street, Suite 210
Arlington, Virginia 22209

or phone (703) 522-3032.
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ability of a chromatography detector
linearizer, Model LD2.00. Devel-
oped primarily for evaporative type
light-scattering detectors, the LD2.00
will also work with other detectors
known to have a nonlinear output
with increasing sample concentra-
tion. Varex Corp.

Circle No. 148 on reader service card.

Diode Array Detector for Real

Time Multiwavelength Measurement
W ith LiChroGraph L-3000's diode
array detector, researchers are able to
perform real time LC analysis. M ul-
tiwavelength measurement features a
70 element diode array that covers
the 200-360 nm portion ofthe ultra-
violet range or the 360-520 nm por-
tion ofthe visible light spectrum with

2.5 nm accuracy. Peak purity can be

verified either by examining absorp-
tion ratios at 2 different wavelengths

or by comparing spectra from differ-
entpoints in the chromatographic run.
EM Science.

Circle No. 149 on reader service card.

Nitrogen Determinations

Antek Pyro-chemiluminescent nitro-
gen systems can detect and quantitate
the total nitrogen contentofsolid, lig-
uid, or gas samples. Two systems are
available: Model 703C, designed for
analyzing liquids, gases, and some
solids, and Model 707C, with micro-
processor-controlled temperature
programming for analysis of gases,
liguids, and solid samples. Antek In-
struments, Inc.

Circle No. 150 on reader service card.

Laser Light Scattering
Mass Detector

Varex Corp. announces the second

TRAINING MANUAL
FOR ANALYTICAL ENTOMOLOGY
IN THE FOOD INDUSTRY— FDA Technical Bulletin No. 2

Praised for

generation of its laser light scattering
mass detector for liquid chromatog-
raphy/gel permeation chromatogra-
phy, the LLSD MK Il. Varex Corp.
Circle No. 151 on reader service card.

Gel Permeation Chromatography
Software

GPC Plus is the name given software
from Spectra-Physics Autolab Divi-
sion that is designed to facilitate the
calibration and molecular weight dis-
tribution calculations required by gel
permeation chromatography (or size
exclusion chromatography). The chip
can be installed in the memory mod-
ule of the Spectra-Physics SP4270
computing integrator. Spectra-Phys-
ics Autolab Division.

Circle No. 152 on reader service card.

Used by FDA
Personnel in

Organizations
Can Set Up
In-House

Usefulness and

Training Practicality

Courses Training

Chapters on:

Microscopes; Insect MorPhoIog?/ and Dis-
section; Identification of Whole Insects;
Recognition and Identification of Insect
Fragments; Vertebrate Pests; Structure and
Identification of Animal Hairs; Molds in
Foods; Extraction Methods; Miscellaneous
Filth; Macroscopic Methods; Advice on Set-

ting Up an Analytical Entomology Lab and
Ensuring Good ~ Laboratory Performance;
Ecology of Stored Food Pests; What Hap-
ens in a Sanitation Inspection; Advice on
iving Court Testimony; r.us: Bibliog-
raphy of Useful References; Pronouncing
Glossary

174 pages. 1978. Prices: Members $26.75 in U.S., $27.75 outside U.S.; Nonmemoers $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.
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AT THE BREAKERS,PALM BEACH,FLORIDA
AUGUST 29 -SEPTEMBER 1988

The Spotlight Symposium on BIOTECHNOLOGY - Chairman: D.M. Hinton

Laboratory Information Management Systems (LIMS) - Chairmen:
J.J. Karr and H. Morris

Phosphate, Fertilizers and Ground Water - Chairman: F. Johnson

Drug Residues in Foods of Animal Origin - Chairmen: W.A. Moats and
B. Shaikh

Pesticides in Foods - Chairman: P. Corneliussen

over 200 technical poster presentations Open Forum
on topics such as: Pesticides Formulations
and Disinfectants; Foods: Residues;
Microbiology; Feeds, Fertilizers and

Regulatory Roundtable: Safety -
The 1986-87 OSHA Regs

Related Topics; Drugs and Related Topics; Laboratory Quality Assurance Short Course
Hazardous Substances in Waste and the Laborat(_)r_y Equipment and Supplies
Environment. Exposition

For further information, contact: Administrative Manager, AOAC,
1111 N. 19th St., Ste. 210, Arlington, VA 22209, or call (703) 522-3032.

PALM BEACH
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Meetings

November 1987: Eastern Ontario/
Quebec AOAC Regional Section Meet-
ing. Contact: Milan Ihnat, Agriculture
Canada, Land Resource Centre, Otta-
wa, Ontario K1A 0C6. telephone 613/
995-5011.

January 17-20, 1988: Conference on
in vitro Options to Animal Tests, spon-
sored by U. S. Pharmacopeial Conven-
tion, Inc., Radisson Suite Resort, Mar-
co Island. FL. Contact: Alice E. Kimball,
U. S. Pharmacopeial Convention, Inc.,
12601 Twinbrook Parkway, Rockville,
M D 20852, telephone 301/881-0666.

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

March 24-25, 1988: National Com-
mittee for Clinical Laboratory Stan-
dards Annual Meeting, “Testing Today
and Tomorrow,” Sheraton Meadow-
lands, East Rutherford, NJ. Contact:
John V. Bergen, NCCLS, 771 E Lan-
caster Ave, Villanova, PA 19805, tele-
phone 215/525-2435.

April26-28,1988: AOAC Infant For-
mula Conference IlI, Radisson Francis
Marion Hotel, Charleston, SC. Contact:
Margaret Ridgell, AOAC, 1111 N 19th
St, Suite 210, Arlington, VA 222009,
telephone 703/522-3032.

May 12-13, 1988: “Controlled Re-
lease: Science and Technology 1988,”
Victorian College of Pharmacy, Mel-
bourne, Australia. Organized by Royal
Australian Chemical Institute, Polymer
Division. Contact: R. C. Oppenheim,
Victorian College of Pharmacy, Ltd, 381
Royal Parade, Parkville, Victoria 3052,
Australia, telephone +61 3 387 7222.

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: Southeast AOAC Region-
al Section Meeting. Contact: Frank Al-
len, Environmental Protection Agency,
Reg 4 ESD, Athens, GA 30613, tele-
phone 404/546-3387.

June 7-10, 1988: “ Distilled Beverage
Flavour: Recent Developments,” Uni-
versity of Stirling, Stirling, Scotland.
Organized by Sensory Panel of the So-
ciety ofChemical Industry Food Group.
Contact: J. R. Piggott, Food Science D i-
vision, Department of Bioscience and
Biotechnology, University of Strath-
clyde, 131 Albion St, Glasgow G1 1SD,

164A
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Scotland, telephone 041-552 4400, ext.
2150, telex 77472 UNSLIB G.

June 20-22, 1988: Midwest AOAC
Regional Section Meeting, Columbia,
MO. Contact: Howard Casper, North
Dakota State University, Veterinary
Diagnostic Laboratory, Fargo, ND
58102, telephone 701/237-7529.

August 21-24, 1988: “Bioavailability
88: Chemical and Biological Aspects of
Nutrient Availability,” University of
East Anglia, Norwich, UK. Sponsored
by Federation of European Nutrition
Societies, Federation of European
Chemical Societies—W orking Party on
Food Chemistry, Royal Society of
Chemistry, and Royal SocietyofChem-
istry—Food Chemistry Group. Con-
tact: Bioavailability 88, ARFC Institute
of Food Research, Norwich Labora-
tory, Colney Lane, Norwich, Norfolk

NR4 7UA, UK, telephone (0603)
56122, telex 975453, telefax (0603)
58939.

August 29-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.

September 21-23, 1988: 6th Inter-
national Symposium on lIsotachopho-
resis and Capillary Zone Electropho-
resis, Vienna, Austria. Organized by
Institute for Analytical Chemistry of
the University of Vienna. Contact: E.
Kendler, Institute for Analytical Chem-
istry, University of Vienna, Wahringer
Strasse 38, A-1090 Vienna, Austria,
telephone (0222) 34 46 30-47 or 53.

January 31-February 3, 1989: 17th
Australian Polymer Symposium,
“Polymers in a Hostile Environment,”
Griffith University, Brisbane, Austra-
lia. Organized by Royal Australian
Chemical Institute, Polymer Division.
Contact: D. J. T. Hill, Chemistry De-
partment, University of Queensland,
Brisbane 4067, Australia.

March 30-31, 1989: National Com-
mittee for Clinical Laboratory Stan-
dards Annual Meeting, Sheraton Soci-
ety Hill, Philadelphia, PA. Contact:
John V. Bergen, NCCLS, 771 E Lan-
caster Ave, Villanova, PA 19085, tele-
phone 215/525-2435.

August 2-7, 1989:32nd International
Congress of Pure and Applied Chem-
istry, IUPAC, Stockholm International
Fairs, Stockholm, Sweden. Organized
by Swedish National Committee for

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Chemistry, Royal Swedish Academy of
Sciences. Contact: IUPAC, % Stock-
holm Convention Bureau, PO Box 6911,
S-102 39 Stockholm, Sweden, tele-
phone +46 8 23 09 90, telex +1 1556,
telefax +46 8 34 84 41.
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-
leans, LA. Contact: Margaret Ridgell,
1111 N ISth St, Suite 210, Arlington,
VA 22209, telephone 703/522-3032.

Courses of Study

The Foundation for Advanced Edu-
cation in the Sciences (FAES) is com-
pleting cooperative agreements with
several colleges and universities in the
Washington, DC, area to accept direct
transfer credit of equivalent FAES
courses in recognized degree programs.
FAES students, thus, may enroll for a
degree at one of the cooperating insti-
tutions and may take a large number of
the courses on the NIH campus in the
evening program. The credit transfer will
be direct and not subject to negotiation
or reduction by the transferring school.
Courses taken at FAES will count to-
wards degree programs at the cooper-
ating institutions. Courses will cost $40/
credit hour. Contact: Sara Bahn, Foun-
dation for Advanced Education in the
Sciences/NIH. 4311 Lynbrook Dr, Be-
thesda, M D 20814, telephone 301/951-
5180.

Short Coursefor Europe

An AOAC short course, Quality As-
surance Short Course for Analytical
Laboratories, will be held at the Uni-
versity of Florence in Florence, Italy,
December 2-4, 1987. Contact: Marga-
reet Lauwaars, PO Box 153, 6720 AD,
Bennekom, The Netherlands, tele-
phone + 31-8389-18725.

Ruud Is Incoming AOAC President

Robert C. Rund was named 1987—
1988 President ofthe AOAC atthe 101st
AOAC Annual International Meeting
and Exposition held in San Francisco,
CA, Sept. 14-17, 1987.

Robert Rund has a long history of
service to AOAC. He served as an As-
sociate Referee from 1957 to 1971 and



About
AOAC
Regional
Sections

History

Organization of regional sections under the auspices
of AOAC was begun in 1981. The purpose was to
provide a mechanism whereby AOAC members and
other laboratory analysts could get together regularly
and at low cost to share common interests and prob-
lems, find ways to solve these problems by provid-
ing practical educational seminars and hands-on
training workshops, and leant about and become in-
volved in the AOAC methods validation process.

REGIONAL SECTIONS

- Pacific Northwest

- Mid-Canada

- Northeast

- Eastern Ontario-Quebec
- Midwest

- New York-New Jersey

- Southeast

OMMOO B>

Join, Help Organize,

Benefits

Low Cost Opportunities to:

Meet and Talk with Fellow Scientists in a
Relaxed Atmosphere

Learn and Improve Leadership Skills
Address Local or Regional Analytical
Concerns

Gain Exposure for Your Work and the
Work of Your Staff

Make Valuable Contacts

Share Common Problems and Solutions
with Fellow Analysts

Become Better Acquainted with the
Work of Your Peers

Who May Join

Membership in a Regional Section is open to any in-
dividual interested in the purpose of the Regional
Section and resident or working within its bounda-
ries. Officers of the section must be members of na-
tional AOAC.

Where They Are

There are currently seven chartered AOAC regional
sections in the U.S. and Canada: the Pacific North-
west, Midwest, North-
east, Southeast, New-
York-New Jersey,
Eastern Ontario-Quebec
and Mid-Canada - all
outlined on the enclosed
map. Each regional sec-
tion is organized by a lo-
cal volunteer committee
with the assistance of
the AOAC national of-
fice. Several additional
sections are in various
stages of becoming or-
ganized.
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and Attend an AOAC Regional Section!
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as a General Referee from 1969 to 1984.
Over the years, he has been a member
ofthe Committee on Safety, the Com-
mittee on Statistics, and the Committee
on International Coordination. From
1976 to 1986, he was on the Editorial
Board, serving as its chairman from
1981. He was elected to the Board of
Directors in 1983 and became Presi-
dent-Elect in 1986. AOAC recognized
his contributions to the organization by
naming him a Fellow in 1975.

A 1948 graduate of Millikin Univer-
sity, Decatur, IL, Rund worked in pro-
gressively more responsible positions as
a chemist for Swift & Co. before going
to Purdue University in 1966. He is cur-

V
&

only).
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rently Senior Administrator in the Of-
fice ofthe Indiana State Chemistat Pur-
due. As such, he administers the Indiana
Commercial Fertilizer Law and the In-
diana Agricultural Ammonia Law and
programs thereunder. Among other
professionally related activities, he was
editor of the official publication of the
Association of American Plant Food
Control Officials from 1970 to 1981; he
participated in a quality control semi-
nar at Centro de Estudos de Fertili-
zantes, Sao Paulo, Brazil, 1979; and he
was chairman ofthe U.S. Technical Ad-
visory Group of ISO Technical Com-
mittee 134, Fertilizers and Soil Con-
ditioners, for AOAC. His professional
affiliations include the American Insti-
tute of Chemists, of which he is a Fel-
low, American Society for Quality Con-
trol (Senior Member), the American
Chemical Society, The Fertiliser Soci-
ety of London, and the American As-
sociation for the Advancement of Sci-
ence.

Outside his working hours, Rund is
actively involved in his church, enjoys
golfing and fishing, and recently ob-
tained his private pilot certificate. He
and his wife, Betty, have 2 daughters
and a grandson.

Test Protocols for the

1987-1988 AOAC Board of Directors

The following individuals will serve
on the 1987-1988 Board of Directors
with newly named AOAC President
Robert C. Rund: President-Elect Odette
L. Shotwell,
Thomas G. Alexander, Directors
Thomas P. Layloff, Albert W. Tiede-
mann, and H. Michael Wehr, and Past-
President Frank J. Johnson.

Secretary/Treasurer

General Referee Award to Ross

The 1987 winner ofthe General Ref-
eree Award, granted by the Official
Methods Board in recognition of out-
standing leadership and substantial
contribution to method development,
is P. Frank Ross, General Referee for
Veterinary Analytical Toxicology. In
that capacity, Ross oversees method de-
velopment in 17 topic areas. Under his
leadership, 4 official methods have been
adopted.

Frank Ross is an analytical chemist
employed at the National Veterinary
Services Laboratories of the U.S. De-
partment of Agriculture in Ames, IA.
He has been actively involved with
AOAC for several years, beginning with
a presentation at the Annual Meeting
in 1974.

ENVIRONMENTAL FATE AND MOVEMENT OF CHEMICALS

Proceedings ofa 1980 AOAC Symposium

(o) 0 m Tests for Mobility: Soil and Water

m Studies of Field Dissipation

m  Mathematical Modeling

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Seventeen papers which describe and discuss the latest
protocols for environmental tests and methods for interpreting the
results through mathematical modeling.

m Tests for Physical and Chemical Properties

m Tests for Metabolism, Accumulation, Degradation

1981. 336 pp. Softbound. ISBN 0-935584-20-X. Prices: Members— $27.30 in U.S.,
$30.30 outside U.S.; Nonmembers— $30.00 In U.S., $33.00 outside U.S.

To obtain this book, send order with nhame and address and check to
AOAC, 1111 N. 19th St., Suite 210-J, Arlington, VA 22209 USA (US funds
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A OAC Announces the Publication \C/_/’r
V///E' A
of an Indispensable Statistical //f//;%l
X/ ]
Reference Book \(///%H
N

USE OF STATISTICS TO DEVELOP AND EVALUATE ANALYTICAL METHODS

Grant T. Wemimont, Author
William Spendley, Editor

W i.h 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.

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

Other features include scores of specific statistical analyses of real-life data, many useful statistical
tables, and very complete references.

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

Contents
1 Introduction 3. Intralaboratory Development of an Analytical Process
AOAC and Collaborative Studies The Need for Intralaboratory Experiments
Organization and Procedures for Some Requisites for Sound Experimentation
Collaborative Studies Statistical Methodology
Selection of Methods of Study Experimental Plans
Types of Interlaboratcry Study 4. Interlaboratory Evaluation of an Analytical Process
Need for This Manual Interlaboratory Experiments
2. The Measurement Process Objectives for Interlaboratory Study
What is Measurement? Concept of Variance Components
Measurement as a Relationship Planning an Interlaboratory Study
Between Properties Experiments to Compare Laboratory
Performance Characteristics of a Performance
Measurement Process Evaluating Interlaboratory Data and
Developing, Evaluating, and Using Formulating Precision Statements
Analytical Processes Reporting the Results From an
AOAC Methods of Analysis Interlaboratory Study

Appendixes: Tables, Statistical Computations, Glossary. Index.

19, »xi + 183 peges. Softbourd. 1SBN 0-935634-31-5.
Price— Menbers: $47.5 nU.S., $80.5 autsicke U.S. ; Nommenbers: $52.50 nU.S., $6.50 autsice U.S.

To dotain bodk, sad arder with your name and address and dedk @
AOAC, 1111 N. 19th Street, Suite 210-J, Arlington, Virginia 22209 USA
(USA funds only)
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Collaborative Study ofthe Year Award—
1987

The Cffaal Methods Board named
Elaire A. Bunch winnexr of tre Coll leb-
aative Study of tte Year Avard o
of Dexamethasone i Bulk Drugs ad
Hars”” Bunch works for FDA nSe-
ate

The avard recogiizs tte colldora-
e study juloed ole st fartte year
& determined by saistific inovatian
and soudness of desig, inplementa-
o, ad gty
Aired and Williams Named to Posts in
England

The 1987-1989 oftte As-
sooiatian of Ablic Aralysts (APA) In
Bylad B Jon Bary Aired, Rblic
Aralyst, Greater Mendnester Gourcil.
AleakerWilliars sttenew directar
oftre Department of Trade and Indus-
tys Laboratory of te Govermment
Chamist, suoceading Ronalld Collaren,
who senadasCovermment Cremist far
5 yaars. During his carear with Mon-
so ., Souttem Instrurat, ad
Natical Fhysical Laoratory, Wil-
liars hesengeged inressarch prograns
mele:ndtlrsmnmtdaelqment

, neutron dosinetry, and
ﬂElBEOfISﬂQJES nadhsis.
UK National Nutrient Databank

The Royal Society of Chemistry
RO ad tre Ministry of Agricuiture,
Aderies ad Food (MAFF) of te
United Kingdom are collldooratarg o
proclce a new UK Natiael Nutrient
Databank (bﬂlm from Tthe com-
position of Foods begn b_)/ R. A
McCance and E- M. Widdowson intte
190sad Estpblidedsstte4th Edi-
o in 19/8. New catawill be providd
by MAFF from aalyses geecallycom-
missiaed far tre databark; trese data
willl be syplemented by data from oth-
asuas. Before irchusion intte pub-
lided datzbark, Al chta will ke re-
viened by aneqertaomittee, and tre
sldedrutrientvalueswill becore tte
aoepted UK figures.

The datebesewall e aaikbleon tge
ad possibly as an anllire s, but
tre major ueewilll pracebly ke ncom-
birsticmwithmenipulative softrareon
amicroaotputer . The datawalll alobe
made aailicble far use by other soft-
ware vadors for irchsin in ter

Forﬁ-rlterinfomaum antect Ian
Unwin, Product Mereger, The Royal
Sxiety of Gamistry, The Lhinarsity,
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NottinghemNG7 2RD, UK, telgdae
O3R) 507400, tEelex 3743.

NBS Updates

Inanew joint program, treNatiaeal
Bureau of Stadards (\BS) ad te
U.S. Department ofAgriauture (USDA)
will el statard referate mate-
rksantainigatfidcrontratias
of rutrients- &, dad), agr, vite-
mirs, and rutrientelerents suchaspo-
tessiun, i, A, and sodium. These
naterialswill be used toealuate stud-
iss of rutrient roles in health and dils-
e, B estadlish dietary nutriet re-
ouiremats, and to nonitor foods far
rutrients and aontanirents.. For more
infomataian, antact Jon Herlel, Na—-
ticel Bureau of Stathrds, Garthers-
kug MD, 2080, telgdoe 0L/975-

Anewp.blmbyl\BS TheABCS
of Standards-Related Activities in the
United States (NBS'R 873%)
Vvidss infomatian on tre hlsluy of
Stathrdization, typesofstathds, pri-
\ate stadads goys in te Lhited
Saes, stathrds develgoment proce-
dues, ad telaefitsand prablens of

agxes,
a elf-adbressd mailling EHeE toMau-
remA. Breftatag, AG29 Adninistra-
‘tion Bldy, Natdaal Bureeu of Stan-
cats, Gartrersourg, MD 20899,
telgdoe 01/07/5-408L.

Mass Spectral Database for PCs

Available from NBS

The Natacal Buresu of Starckrts
Agency 1), and tteMass Soectrom-
etry Data Gatre (MSDC) i Notting-
ham, Bylad, jointdy naintain te
NBS/EPA/MSDC Mass Sectral Da-
e, reretofae asildole as a com-
puter-megetic tge fomat ad as a
7000 pece refaate. NBS hes raatly
anounced a new PC \arsin tet B
adpted far essy aoess by tte badch
satisto bxgenunbers ofgedtra. The
sarth system BTt enough o allov
the usar 1o coduct nulastep interac-
thesades. Itiscsigad e stoed
on ahard disk ofany AT- ar XI-class
FC, where itoapiesbetiveens and 15
meggbytes, deparding on how many
Sarch gotias are nesded by tre usr.
The progrars ssarch trecatabeseeitrter
forgectracfedficdenicalsacoord-
iy © demical rare, demical fa-
nula, nolecular veight, or Cremical
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Astracts Registry Number or farsoec-
travhich have preellected daeracter—
Hicsauch as peaks at artain nesses.
For informatdan on tre databese or
o dotain a liese agregrant, antact
Office of Stadard Referee Data,
A320 Frysics Bla, Natiaral Bureau of

I1SO Standards Published

The follomirg starclrds have been
pblised by tte Intaraticel Orga-
nization for Stardardization (1)),
Tedmiical Comiittee 34— Agricuitural
Food Pralcts. They are aaikble, &
temicsirdicae], franteArerican
Natical Stardarts rstituie, I, 1430
Broedhay, New York, NY 10018, tele-
phone 212/3:4-3300.

1S0 1854-1987: Whey dheese- Deter—
mination of £t aotent- Gravimet-
ric method (Referance method).
$0.M.

106561 (2 Ed.)-1987: Animal feed-
iy Siuffs- Determiration of aflatoe
iNB, anet. $0.M.

VDI Guidelines

\erein Deutsder Inganieure (DI~
Commission on Air Rillutian Preven-
tin hes publlished the follovirg guice-
Ires. Geman-Bglish aditias ae
aailole, a tte pricss irdicated, fran
Beuth Verlag GmbH, PO Box 1145,
D-1000 Bardin 3, FRG.

VDI 267. Part 4: Chemical Aalysis
of Prticulates n Anbientt Air. De-
temiratdan of Leed, Cadmium ad
Treir Inorgeniic Compounds as Fart
of tte Dust Rrecipitatian by Atomic
Asorption Jectroretry. DM 35, 70.

VDI 2%67, Part 6 :Chamical Aalysis
offartiailaies nAnbient Air. Mea-
surarent of tte Mass Conoentratian
of Cadmium by Atomic Axsorption

.DM 3%,0.

VDI 2283, Part 1 Chamical Aalysis
of Particulaie Vatter Determiratdon
ofBa, Be, , Go, r, Qu, NI, Po, X,
V, Zn in Partiallate Bnissians by
Atamic SosctrovetricMethods. DM
4.7.

VDI 24522, Part 3 Gaseous Air Pollu-
o Measurement. Measurement of
Huorice Ion Gocentratian. Sorp-
ton Method with Prepared Silher
Ballkls and Heated Membrane Al
DW41,50.

VDI 2463, Part & Particlaie Vatter
Measurement. Measurement ofViass
Coentration nArbient Air. Aller



How can we keep defective cans off
the market?

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

cans.

The Association of Official Analytical
Chemists, in cooperation with the

F-----------------------------------q

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

Name

Minimum order: First package of 10charts @

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

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

Second package of 10 charts @

For copies, send order form and

check to:

Association of Official Analytical

Chemists

1111 North 19th Street, Suite 210

Arlington, VA 22209 USA
Telephone: (703) 522-3032

Minimum Order:

1 package of 10 charts
$40.00 plus $3.00 postage

Second package

$30.00 plus $3.00 postage

Each additional package
$25.00 plus $3.00 postage

$40.00 plus $3.00 postage
$30.00 plus $3.00 postage

Additional packages of 10charts @  $25.00 plus $3.00 postage

Company
Address

City, State. Zip

Total

$
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FOR YOUR INFORMATION

Method. LIS/P Filter Device. DM
41,50.

VDI 3863, Part 1. Measurement of
Gaseous Emission. Determination of
Acrylonitrile. Gas Chromatographic
Method. Grab Sampling. DM 36,70.

EPA Project Summaries

Some organic contaminants of water,
the trihalomethanes (THMs), are pri-
marily the by-products of the chlori-
nation process used to disinfect water.
Environmental Protection Agency
(EPA) Method 510.1, “The Determi-
nation of the Maximum Total Triha-
lomethane Potential,” was developed
to determine the reasonable maximum
total THMs currently present within a
system and is applicable to the finished
drinking water for those groundwater
supplies that have failed the test for the
presence of excess disinfectant. A col-
laborative study was conducted to de-
termine the acceptability and under-
standability of the method before use
in the regulated community. A major
conclusion from the study was that the
method is particularly complex and
therefore susceptible to failure when ap-
plied by inexperienced analysts—al-
though in the hands of a qualified an-
alyst it does work. The full report,
“USEPA Method Study, Method 510.1,
the Determination of the Maximum
Total Trihalomethane Potential” (Or-
der No. PB 87-170 825/AS), can be ob-
tained for $13.95 (subject to change)
from National Technical Information
Service, 5285 Port Royal Rd, Spring-
field, VA 22161, telephone 703/487-
4650. The EPA project officer, Harold
Clements, can be contacted at: Envi-
ronmental Monitoring and Support
Laboratory, U.S. Environmental Pro-
tection Agency, Cincinnati, OH 45268.

A project was designed to determine
statistically the length oftime a sample
can be stored for analysis of 10 National
Pollutant Discharge Elimination Sys-
tem (NPDES) compliance parameters
and 2 Safe Drinking Water Act (SDWA)
parameters. The 10 NPDES parameters
were phenols, cyanide, mercury, am-
monia, nitrate plus nitrite, fluoride, to-
tal Kjeldahl nitrogen, total phosphorus,
total organic carbon, and sulfide. The 2
SDWA parameters were nitrate and

170A

fluoride. The experimentally deter-
mined maximum holding times (MHTS)
from this study were longer than pro-
posed MHT values published in the
Federal Register and longer than those
recommended by EPA for all parame-
ters except mercury and cyanide. The
complete report, “Development of
Preservation Techniques and Establish-
ment of Maximum Holding Times: In-
organic Constituents of the National
Pollutant Discharge Elimination Sys-
tem and Safe Drinking Water Act” (Or-
der No. PB 87-132 833/AS), can be ob-
tained for $18.95 (subject to change)
from National Technical Information
Service, 5285 Port Royal Rd, Spring-
field, VA 22161, telephone 703/487-
4650. The EPA project officer, Daniel
F. Bender, can be contacted at: Envi-
ronmental Monitoring and Support
Laboratory, U.S. Environmental Pro-
tection Agency, Cincinnati, OH 45268.

Newly Adopted Methods

The following methods were ap-
proved interim official first action by
the respective methods committees and
by the chairman ofthe Official Methods
Board and were adopted official first ac-
tion at the AOAC 101st Annual Inter-
national Meeting, Sept. 14-17, 1987, at
San Francisco, CA: by the Methods
Committee on Drugs and Related Top-
ics—(7) Liquid Chromatographic De-
termination of Flucytosine in Capsules,
submitted by D. Shostak and C. Klein
(Food and Drug Administration, New
York Regional Laboratory, Brooklyn,
NY), (2) Reverse Phase Liquid Chro-
matographic Determination of Dexa-
methasone Acetate and Cortisone Ace-
tate in Bulk Drug Substance and Dosage
Forms, submitted by L. L. Ng (Merck
Sharp and Dohme, West Point, PA),
and (5) Resolution and Analysis of the
Enantiomers of Amphetamine by Lig-
uid Chromatography on a Chiral Sta-
tionary Phase, submitted by M. C.
Alembik and I. W. Wainer (St. Jude’s
Children’s Research Hospital, Mem-
phis, TN); by the Methods Committee
on Foods I11—7) Determination of
Dextran in Raw Cane Sugar by the Rob-
erts Copper Dextran Method, submit-
ted by M. A. Clarke and M. A. Godshall
(Sugar Processing Research, Inc., New

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70. NO. 6. 1987)

Orleans, LA), (2) Determination of Sul-
fur Amino Acids and Tryptophan in
Foods, submitted by M. C. Allred and
J. L MacDonald (Ralston Purina Co.,
St. Louis, MO), (3) Rapid Identification
of Color Additives, Using the Cis Car-
tridge, submitted by M. L. Young (Food
and Drug Administration, New York
Regional Laboratory, Brooklyn, NY),
and (4) Food Chemicals Codex Gas
Chromatographic Method for Mixed
Tocopherols Concentrate, submitted by
A. J. Sheppard (Food and Drug Admin-
istration, Washington, DC); by the
Methods Committee on Microbiol-
ogy—(7) Temperature-Independent
Pectin Gel Method for Aerobic Plate
Count in Dairy and Nondairy Food
Products, submitted by J. N. Roth (RCR
Scientific, Inc., Goshen, IN), (2) Ele-
vated Temperature Method for Recov-
ery of Vibrio cholerae from Oysters,
submitted by A. DePaola, M. L. Motes,
and R. M. McPhearson (Food and Drug
Administration, Fishery Research
Branch, Dauphin Island, AL), and (3)
Fluorogenic Assay for Rapid Detection
of Escherichia coli in Chilled and Fro-
zen Foods, submitted by L. J. Moberg,
M. K. Wagner, and L. A. Kellen (Gen-
eral Mills, Inc., Minneapolis. MN); and
by the Methods Committee on Feeds,
Fertilizers, and Related Topics—Lig-
uid Chromatographic Determination of
Triamino-s-Triazine Used as Nitrogen
Source in Urea Mixes, submitted by B.
P. Arcement (MCI AgSystems, Inc.,
Donaldsonville, LA) and H. N. Levy Il
(A & ETesting, Inc., Baton Rouge, LA).

Copies of the methods are available
from the AOAC office.

Interim Method

The following method has been ap-
proved interim official first action by
the Methods Committee on Microbi-
ology and the Chairman of the Official
Methods Board: ImmunoBand Method
for Detection of Salmonella in Foods,
submitted by R. S. Rowers and M. J.
Klatt (Silliker Laboratories, Chicago
Heights, IL). The method will be sub-
mitted for adoption official first action
at the 102nd AOAC Annual Interna-
tional Meeting, Aug. 29-Sept. 1, 1988,
at Palm Beach, FL. Copies ofthe meth-
od are available from the AOAC office.



BOOKS IN BRIEF

Preparative Liquid Chromatography.
Edited by B. A. Bidlingmeyer. Jour-
nal of Chromatography Library 38.
Published by Elsevier Science Pub-
lishers, PO Box 211, 1000 AE Am-
sterdam, The Netherlands, 1987. 330
pp. Price: United States $97.50; Dfl.
200.00. ISBN 0-444-42832-1.

This book is intended to assist the
researcher in achieving rapid solutions
to the most challenging purification re-
quirements. Chapters l1and 2 are main-
ly discussions of strategy using appli-
cations only to illustrate points.
Chapters 3-8 are entirely application-
focused.

Experimental Design: A Chemometric
Approach. By S. N. Deming and S.
L. Morgan. Published by Elsevier Sci
ence Publishers, PO Box 211, 1000
AE Amsterdam, The Netherlands,
1987. 294 pp. Price: United States
$100.00; Dfl. 225.00. ISBN 0-444-
42734-1.

Experimental design is approached
from the point of view of the experi-
menter rather than that of the statisti-

Since 1884
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cian. The book introduces the reader to
the fundamentals of experimental de-
sign. Systems theory, response surface
concepts, and basic statistics serve as a
basis for the further development of
matrix least squares and hypothesis
testing.

USAN and the USP Dictionary of Drug
Names, 1988 edition. Published by
United States Pharmacopeial Con-
vention, Inc., 12601 Twinbrook
Parkway, Rockville, MD 20852,
1987. 708 pp. Price: $69.50, quantity
discounts for 25 or more copies. ISBN
0-913595-23-3.

After 2 editions in which this dic-
tionary provided 3 separate lists of
names, this edition returns to the orig-
inal format of a single main list that
includes all names in one alphabetic se-
guence. All international nonpropri-
etary names (INN) published by the
World Health Organization from the
start of the INN program in 1953
through 1986 are included. In all, the
1988 edition lists more than 24 000
entries.

Advances in Chromatography, Volumes
26 and 27. Edited by J. Calvin Gid-
dings, Eli Grushka, and Phyllis R.
Brown. Published by Marcel Dekker,
Inc., 270 Madison Ave, New York,
NY, 1987. Vol. 26, 424 pp.; Vol. 27,
384 pp. Price: United States and Can-
ada $79.75; elsewhere $95.50 (both
volumes). ISBN Vol. 26 0-8427-
7664-X, Vol. 27 0-8247-7770-0.

Volume 26 includes papers on topics
ranging from liquid chromatography for
therapeutic drug monitoring and deter-
mination of toxicity to application of
fleuric devices to gas chromatographic
instrumentation. Volume 27 includes
derivatization in liquid chromatogra-
phy, characterization of unsaturated al-
iphatic compounds by gas chromatog-
raphy/mass spectroscopy, and others.

Applications of Mass Spectrometry in
Food Science. Edited by John Gil-
bert. Published by Elsevier Applied
Science Publishers, Crown House,
Linton Rd, Barking, Essex LG 11 s JU,
UK, 1987. 442 pp. Price: £60.00;
$99.00. ISBN 1-85166-081-X.

You Are Invited to Nominate
Candidates for AOAC’s

HARVEY W w

SCHOLARSHIP

IL EY

AW A RD

A junior and senior year scholarship of $500 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.)

Each year, May 1 is the nomination deadline for the scholarship; the award winner is announced
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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This book should be of interest to
food scientists in studies involving small
molecules that can be chromato-
graphed, large molecules such as pro-
teins and inorganic constituents, and
those molecules involved with the clas-
sification of foods with common char-
acteristics. The techniques discussed
were chosen for inclusion to illustrate
the range of compound types for which
mass spectrometry can be applied. The
book also includes chapters on fast atom
bombardment.

Quality Assurance of Chemical Mea-
surements. By John K. Taylor. Pub-
lished by Lewis Publishers, Inc., PO
Drawer 519, Chelsea, MI 48118,
1987. 335 pp. Price: $59.95. ISBN
0-87371-097-5.

Chapters in Taylor's book proceed
from a statement ofthe concept ofqual-
ity assurance to discussions of princi-
ples ofgood measurement, principles of
quality assurance, and evaluation of
measurement quality.

Biological Substances. International
Standards and Reference Reagents
1986. Published by the World Health
Organization, Geneva, Switzerland,
1987. Available in the United States
from WHO Publications Center USA,
49 Sheridan Ave, Albany, NY 12210;
buyers from other countries write
World Health Organization, Distri-
bution and Sales Service, 1211 Ge-
neva 27, Switzerland, for informa-
tion regarding how to order. 94 pp.
Price: United States S9.00; Sw. fr. 15.
ISBN 92-4-154213-6. Available in
English; French and Spanish versions
in preparation.

Information on the availability and
specifications of international biologi-
cal standards and reference reagents is
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offered in this volume, published to help
ensure worldwide uniformity in the des-
ignation of the potency or specificity of
biological preparations that are used in
the prophylaxis, therapy, or diagnosis
of disease.

Regulating Pesticides in Foods: The De-
laney Paradox. By the Committee on
Scientific and Regulatory Issues Un-
derlying Pesticide Use Patterns and
Agricultural Innovation, Board on
Agriculture, National Research
Council. Published by National
Academy Press, 2101 Constitution
Ave, NW, Washington, DC 20418,
1987. 288 pp. Paperbound. Price:
$19.95. ISBN 0-309-03746-8.

The impact ofthe Delaney Clause on
agricultural innovation and on the pub-
lic’s dietary exposure to potentially car-
cinogenic pesticide residues in foods is
systematically evaluated. This report of
the committee confronts hard ques-
tions: Does the zero-risk standard ofthe
Delaney Clause protect the public from
cancer-causing pesticide residues in
food? Can a negligible-risk standard
provide greater protection from poten-
tially cancer-causing residues than the
zero-risk standard? How can the EPA
reduce dietary cancer risk while pre-
serving economically valuable pesti-
cides? Will adequate alternatives be
available ifthe zero-risk standard ofthe
Delaney Clause is invoked on pesticides
registered before 19787

The Chemistry of Acid Rain: Sources
and Atmospheric Processes. Edited
by Russell W. Johnson and Glen E.
Gordon. ACS Symposium Series 349.
Published by the American Chemical
Society, 1155 Sixteenth St, NW,
Washington, DC 20036, 1987. 337
pp. Price: United States and Canada
$59.95; export $71.95. ISBN 0-8412-
1414-X.
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This 27 chapter volume describes the
growing understanding of the sources
and chemistry of acidic species in the
environment. A historical perspective
and a summary of past research are pre-
sented in the first chapter. Subsequent
chapters are divided into sections cov-
ering receptor models, cloud chemistry
and physics, kinetics, wet and dry de-
position, experimental methods, and
fundamental processes.

Agricultural Research for a Better To-
morrow. Commemorating the Hatch
Act Centennial, 1887-1987. From
“Research: Tomorrow’s Chal-
lenges,” a forum sponsored by the
U.S. Department of Agriculture and
the National Association of State
Universities and Land-Grant Col-
leges, March 2-3, 1987. Published by
the U. S. Department of Agriculture,
Washington, DC, 1987. 194 pp.

The 20 papers published in this vol-
ume are based on a forum held in Wash-
ington, DC, as part of a celebration of
the centennial ofthe signing ofthe Hatch
Act of 1887, which created a national
system of state agricultural experiment
stations in conjunction with the land-
grant universities. The papers are or-
ganized into ¢ sections: Part I. Cele-
brating the Past, Looking to the Future;
Part 1l. Global Agriculture: Will Amer-
ica Compete?; Part Ill. America’s
Changing Consumer Habits: Where Are
They Headed?; Part IV. Natural Re-
sources and Environmental Concerns:
Who’s Concerned? Why?; Part V.
America’s Rural Environment: Where
Are We Going and Why Are We Con-
cerned? Part VI. William Henry Hatch
Centennial Year Lecture—*Plant Hor-
mone Research: A Continuing Chal-
lenge.”



I N T E R N A T I O N A L
M E E T I N G S & E X p (0] S | T I O N S
April 26-28, 1988
INFANT FORMULA CONFERENCE II o 58%?285 .
The Radisson Francis Marion Hotel REGIONAL SECTION MEETING

Charleston, South Carolina

August 29-September 1, 1988

June 20-22, 1988 102nd ANNUAL INTERNATIONAL
NORTHEAST MEETING & EXPOSITION
REGIONAL SECTION MEETING The Breakers, Palm Beach, FL
Lowell University, Lowell, MA Program: Analytical Methodology

including spotlight on Biotechnology

June 20-22, 1988 September 25-28, 1989
MIDWEST 103rd ANNUAL INTERNATIONAL
REGIONAL SECTION MEETING MEETING & EXPOSITION
Holiday Inn West, Columbia, MO The Clarion Hotel, St. Louis, MO
June 23-24, 1988
' September 10-13, 1990
PACIFIC NORTHWEST 104th ANNUAL INTERNATIONAL
REGIONAL SECTION MEETING MEETING & EXPOSITION
(with banquet, speaker and exposition) The Clarion Hotel, New Orleans, LA

Evergreen College, Olympia, WA

For further information, contact: The AOAC Meetings Department,
AOAC, 1111 N. 19th St., Ste. 210, Arlington, VA 22209, or call in the
U.S. (703) 522-3032 or outside the U.S. +1-703-522-3032.
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INSTRUCTIONS TO AUTHORS

Scope of Articles and Review Process

The Journal of the AOAC publishes articles
that present, within the fields of interest of
the Association: unpublished original re-
search; new methods; further studies of pre-
viously published methods; background work
leading to development of methods; com-
pilations of authentic data of composition;
monitoring data on pesticide, metal, and in-
dustrial chemical contaminants in food, tis-
sues, and the environment; technical com-
munications, cautionary notes, and
comments on techniques, apparatus, and re-
agents; invited reviews and features. Em-
phasis is on research and development of
precise, accurate, sensitive methods for anal-
ysis of foods, food additives, supplements
and contaminants, cosmetics, drugs, toxins,
hazardous substances, pesticides, feeds, fer-
tilizers, and the environment. The usual re-
view process is as follows: (7) AOAC edi-
torial office transmits each submitted paper
to appropriate subject matter editor, who so-
licits peer reviews; (2) editor returns paper
to author for revision in response to review-
ers’ comments; editor accepts or rejects re-
vision and returns paper to AOAC editorial
office; (2) AOAC editorial staff edits accept-
ed papers, returns them to authors for ap-
proval, and transmits approved manuscripts
to typesetter; (4) typesetter sends page proofs
to author for final approval.

General Information

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

1 Write in clear, grammatical English.

2. To Managing Editor, AOAC, 1111 N 19th
St, Suite 210, Arlington, VA 22209, sub-
mit typewritten original plus 3 photocop-
ies (1 side only, white bond, /2 X 11 in.
r21 'h x 28 cm]) of complete manuscript
in order as follows—L Title page; 2. Ab-
stract; 3. Text (introduction, method or
experimental, results and/or discussion,
acknowledgments, references); 4. Figure
captions; 5. Footnotes; . Tables with
captions, one per page; 7. Figures.

3. DOUBLE SPACE all typed material.
Manuscripts not double spaced will be
returned for retyping. Do not right justify
or use proportional spacing; avoid hy-
phenation.

4. Use letter quality printer for word-pro-
cessed manuscripts; manuscripts pre-
Fared on dot matrix printers of less than
etter quality may be refused.

Format and Style

1 Title page (separate sheet, double spaced):
Title of article, authors’ names (full first,
middle initial if any, full last), authors’
addresses including mail codes.
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2. Abstract (separate sheet, double spaced):
<200 words. Provide specific informa-
tion, not generalized statements.

3. Text (consecutive sheets, double spaced):

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

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

Results/Discussion. Cite tables and fig-
ures consecutively in text with Arabic nu-
merals. Do not intersperse tables and fig-
ures in text.

Acknowledgments. Give brief thanks
(no social or academic titles) or acknowl-
edge financial aid in this section.

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

Journal Article Reference

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

Book Chapter Reference

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

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

O fficial M ethods Reference

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

4. Figure captions (separate sheet(s), double
spgced)?a%tesigngtepall i||UStI’E§tI)0nS, in-
cluding schemes, as figures and include
caption for every one. Identify curves (See
Figures) and include all supﬁlementaw
information in caption rather than on face
of figure. Spell out word Figure.

5. Footnotes (separate sheet, double spaced):
Avoid use of footnotes to text. Include
“Received . . . Accepted . . .” line; loca-
tion/date of presentation, if appropriate;
present address(es) of author(s); identifi-
cation of corresponding author, if not se-
nior author; proprietary disclaimers; in-
stitution journal series numbers.

s . Tables (one per page, double spaced): Re-
fer to recent issue of Journal for proper
layout and style, especially use of hori-
zontal lines. Do not draw in vertical lines.
Include descriptive title sufficient that ta-
ble stands alone without reference to text.
Provide heading for every vertical col-
umn. Abbreviate freely; if necessary, ex-
plain in footnotes. Indicate footnotes by
lower case superscript letters in alpha-
betical order. Do not use one-column ta-
bles; rather, incorporate data in text.

7. Figures: The Journal does not publish
straight line calibration curves; state such
information in text. Do not duplicate data
in tables and figures. Submit original
drawings or black/white glossy photo-
graphs with original manuscript; photo-
copies are acceptable only for review.
Prepare drawings with black India ink or
with drafting tape on white tracing or
graph paper printed with nonreproduc-
ible green ink. Use a Leroy lettering set,
press-on lettering, or similar device; use
type at least . mm high to allow reduction
to page or column size. Identify ordinate
and abscissa and give value in Journal
style (e.g., “Wavelength, nm,” “Time,
min”). Label curves with letters or num-
bers; avoid all other lettering/numbering
on face of ficT;ure (see Figure captions).
Identify each figure on back with number

and authors’ names.

Miscellaneous

Abbreviation for liter is L; abbreviation for
micron is pm. Do not italicize common Lat-
in expressions such as et al. and in vitro; for
nomenclature of spectrophotometry, gas
chromatography, and liquid chromatogra-
phy, follow practice of American Society for
Testing and Materials.
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INFORMATION FOR SUBSCRIBERS,

AND ADVERTISERS

THE ASSOCIATION

The primary objective of the Association
of Official 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 of analytical results;
to promote, conduct, and encourage research
in the analytical sciences related to foods,
drugs, agriculture, the environment, and reg-
ulatory control of commoadities in these fields;
and to afford opportunity for the discussion
of matters of interest to scientists engaged in
relevant pursuits.

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

Recommendations for Preparing Test Samples for AOAC Collaborative Studies of

Microbiological Procedures for Foods

WALLACE H. ANDREWS

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

Preparation of test samples for microbial collaborative studies poses problems not encountered
in studies on chemical analytes. For Associate Referees who are considering a collaborative
study of a microbiological procedure for food analysis, these problens have not been adequately
addressed. Types of contamination (natural or artificial), number of test samples required,
analyte selection, proper controls, and container selection are addressed herein. The discussion
is a supplement to the guidelines contained in the Handbook for AOAC Members.

Anyone who has undertaken, or attempted to undertake, an
AOAC collaborative study of a microbiological procedure
has quickly discovered that specific guidelines for conducting
these studies are lacking. The guidelines published in the
Handbookfor AOAC Members (1) apply primarily to collab-
orative studies of chemical procedures, although they have
been adapted with some success for certain microbiological
procedures. Before undertaking a collaborative study, how-
ever, the Associate Referee must be concerned with such
factors as selection and optimization of the procedure, rug-
gedness testing, statistical design, and scientific clearance of
the collaborative study protocol.

Perhaps the most difficult factor confronting the Associate
Referee is the preparation of food samples to be used in the
collaborative study, particularly in microbiology where the
use of living microorganisms as analytes is unique. The pres-
ence of these organisms may be somewhat more difficult to
predict than that of chemical substances because of their
nonuniform distribution in focds and their varying ability
to survive in foods over time. This paper addresses some of
the specific concerns of the Associate Referees in food mi-
crobiology and furnishes preliminary guidelines for preparing
food samples for use in the collaborative study ofa procedure
to identify or enumerate microbiological analytes.

This paper furnishes preliminary
guidelines forpreparing food samples for
use in the collaborative study of a pro-
cedure to identify or enumerate micro-
biological analytes.

Received March 16, 1987. Accepted May 10, 1987.

Food Types Required

Should the food types used in the collaborative study be
the same as those used in the in-house validation study? The
selection of foods for the collaborative study is determined
by the applicability of the method. Before the collaborative
study is conducted, an in-house validation study may be
necessary to provide a basis for making a recommendation
about the applicability of a particular procedure. The appli-
cability should be determined for both the analyte being
identified or enumerated and the food type being analyzed.
For the analyte, a decision must be made regarding the pro-
cedure’s usefulness for identifying or isolating more than one
species, serotype, toxin-producing group, or other micro-
biological entity. For the food type, the Associate Referee
must decide whether to recommend the procedure for iden-
tifying the analyte in one specific food, in a group or category
of related foods, or in all foods.

Many microbiological procedures subjected to collabora-
tive study have been approved for identifying an analyte in
all foods. This approval is both scientifically valid and prac-
tical, provided that supporting data from the in-house val-
idation study are given. The broader the range of recom-
mended applicability, the more extensive the validation study
must be. After completing the validation study, the Associate
Referee must decide whether to use the same or different
foods in the collaborative study. It would be inappropriate,
if not impossible, to suggest a single response or solution to
asituation having so many variations. Consider the following
3 situations:

(7)  Suppose a procedure that is to be recommended for

identifying Salmonella in all foods was subjected to an in-
house validation study in which it was tested with 20-25
different food types. On the basis of results of that study, the
procedure would now be ready to be studied collaboratively.
In this situation, 5 or 6 food types should be included in the
collaborative study with halfofthe food types being the same
as those used in the validation study.
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@ Gorsider a procedure with anoderately restricted ap-
dicality, eg., dahicaioand enureration of colifans
ngpsad egpalcts. lowould be gprgriate ntiscee
toadct an iHouse valication study to cdamostrate te
effidavy of tre procedure far enureratting a \ariety ofco-
|IfUTIS€scher|ch|a coli, Enterobacter aerogenes, andkleb-
siella) INfraznand unfrazen liquidwhole e, epallburen,
eopyolk, and dried egg poncer. For tre colldoorative Sty
te enureration of 2 coliform types in 3 ar 4 kinds of s
or g pradlcts sould ke sfficet

@ Gosider a procedlre with a very restricted gl
hility, eg., enuneration ofe. coli NtreEsstemn ,Cras-
sostrea virginica. Because oftte limited gplichility of this

tye ofprocadlre, tte sogee of tte inHouse valicetian study
may be prgoorticetely redod. Both e indouse valice-
‘tion study and tte aolldorative study aoulld e restridied
treerurerationofone geEaficaralyie, . coli, NONegEdfic
nmakrix, c. virginica.

Thus, tte indouse valication study isa \allleble adjuct
o tre olldorative study faraofimirng e gpliccbilityof
aprazcre. Ksusesould remain fledde, onever, toaover
tevarias miadhiolagical sittetios et may arke.

.the in-house validation study is a valu-
able adjunctto the collaborative study for
confirming the applicability of a proce-
dure.

For both te inHouee \alidation study and tre collleo-
ratie study, foods tret are normally hamogeneous or tret
can ke inulated o give distribution of tte
araliyts(S) suld be usdl. Although liguidsand pondered ar
oried, firely tedured foods may presant problens with re-
gt oa aalytedidrintio, tee fooksae
el o work with then most otter food types. In same
&S, hoever, the use of foos may be
uaoicble, eg, when ﬂemred,lesmﬁzilyapllesto
e bntification of the aralyte iha nonhaomogeneous faxdl

Types of Contamination
Naturally Contaminated Foods

At lestsome of tte foods used ntte indouse \vallicetion
and ol lsoorative studies should be returallly aontaminated.
with fooos tret have been spiked or artificelly
antamirated, retural lycortaminated fooosmore acouraiely
refletvwhat edasts n refure. , nreture, mi-
aoorgenists ae ot uniformly disoarsd thraughout tte
fad. Thus, tresare precautia s ttetnust be tadentoadhiee
uniform oftte aaliyte natifically antamirated
fooosnust be takenwith retural ly cortamiinetted foods. Mul-
‘e lbals of antamination intrese foods may ke difficiit
tahiee, prtickaly iftte led of antamination & lov.
Iftte coontration of tte arellyte Brelativalyhidh, and this
Brot often tre e, then tte returally cortamineted food
may be dilluted with tre same type of food, ot aotainirg
treaslyte, toachiewe ore armore actirtiaal leels ofcon-
temiretion.

Artificially Contaminated Foods

Although tre idsal woulld be touse returallly aontaminated
faok, trese fooks may ot be asikble, and the Assciate

Referee may have o use artificElly cortaminated faxk. An
advantege ofartificHllycortaminated foos, honever, sttet
a rae of atamination leeks éan ke usd o estzilish
method sssitivity, ar tie lorest led cntfisble
by tre procedlre. Inactiitian, wirth spiked foods, the inoaula
can be adjusted 1o tre desired frd ledls of aontamiretion;
withretural lyaontamineted foos, aontemiration ledlsnust
be used as ttey edst. Another advantege of artificelly con-
tamirated foos B ttat the expanded gplichility ofa pro-
axlre can ke redily documented. The Associate Referee
interested in idntfyargan arelyte indl foooswill undoubt-
ally have to saike at kst soe of tre food types o dotain
tre recessary rae of oerae.

As with returally contaminetted fooos, hamogeneous dis-
persal of tte aalyte BegAlly inportant in goiked faos.
Lov-moisture, pordered foods should atinarilybe I
ke with a dry arelyte. One goproech B0 hatillie, ar
Treeedy, tteaslyte na sistrate tatwill ot calse s
recption of aelvte ad food naterial. For eanple, ifa
batch of ronfat dry millk 5to be contaminated with e coli,
recystituted onfat dry millkmay be usad as ttemenstruum
o hghiligtree. co1i s Afterfreee-dyig, tredried
inoculun Badded 1o the uncontaminated mnfat dry millk
and mixed. Recorstituted rofat dry millk Bby farttemost
faored sbstrate far igmiathial dk. Ifafod
ottrer then mnfat dry milk 510 be contamineted with E.
coli, the recostituted monfat dry millk may il be used as
te freee-dryig menstruum.. In this e, the amount of
Treere-dried milk antaining tre aralyte inocullunvwould be
0 regligible et tte ety of tre prodLct to be contam-
inated would ot be alitarsl

Lovnoisture, nonpordered faoks, eg, sk, gars,
paeraars, karels, and nut meats, shoulld not be inoau-
e with a yghilizd arelyte because food neteriial ad
analytevwould ssyapte. Such foods Sould be submerged in
an inoaulum kath, draiined, and dried. Air dryirg of foods
aotaminated with pathogenic argenisTs, honever, recpires

Liguids and high-oisture cominuted foods such &
ground besf ar sausace [tties may be directly irooullated
with liqud iroulla. Raw childen and otter poultry maty ke
caminuted, iroulated, and kneeded. HigHmoisture foods
suches ligudeggsand ligadeggproducts shouldboe bleded,
iroulated, and rebletd. Foods et tad 1o Sy, eg,
pearut hutter, can ke softared by warming gantly and then
canbe inoculated and harogeniized.. Grooollatemay ke nelt-
edand inooulated, homogenized with an dledtricmber, and
then alloned o Solidify befare beirg distributed o et
saples. ke cream can be Ofterdd, iroaulatsd, mided, and
refroan. Although te pfhysical reture oftte refiazen prod-
uctwalll be somenhat alitared, thisgproach sears prefarcble
o direct iroculation of usoftered 12 aean. JellifiEh ean
e prebllendsd wirth dillentand then poolled, inooullated, and
miped. The aconcentratian media farprebledd
sifish, honever, reuiresadjustrent because oftre it
addiaion of dibe it

For same foods, eg, refrigeratad deee and esta, tare
gopears o be no altarative o sinple, direct inaulation of
tre individlal faos. One aould contamirate ore or more
misciblle igediet(S) and then process these foods o sim-
uldte tremernufecture of tre firel prod.ct, but et goproach
srotwithin tte realm ofmost ical Horatares.

One frd goproech far atificAl aontamination of ook,
aaroolization, Brentioned only toermphesize tet thispro-
oxdlrevoulld pose asarias ssfety hezard. Aerosollization of
inoculashouldnotthbe usd toootamirate fooos et under
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highly extenatirg ciranstanoes and with edarsive saiety
preatias.

When itisrecessary o use artificEllycontaminated foos,
tre Assaiate Referee must dscice whether 10 use iroaula
antaining stressed (injured) or ostressed (ninjurad) s
Because many of the foods in today s diets have been sub-
Jeted tosome type ofpproessiy, injuseddl innculashould
be ussd nnmost sittatios (2-23). Foodoorme aralies may

be injured by freezg; freezirgand prolaged staas; freer
iy, Soag, and thewing; freee-dryirg; heatiry; acid et
ment; dilarinetia; ethylae oxiice Sxayig; and gamma. ra-
diadon. Thus, in preparing inocula for atificelly
aottaminated foos, the type and degree of stress sauld
sinulate axditias inrature 1o tre geatestedent pssidle.

Since alivost dlll processed, noperisheble foocs are stored
tosome edattlefore i, ataficAllyontaminated
Tooos ofthis type should ke stored oraged Taran ggariiqiate
perial. A storae tiine of at lest 1-2 weeks hes been used
in st olldorative studies. This periiad Barsicerad rea-
honever, a prolagad storage periicd may rot e irdicated.
Curing storae of artificElly cotaminated fad, tre aeliyte
will equilioate or steailie, which shelpfl indetermining
is“die Off” rate, ar survial, inthe food over an extacd
perial. It Brec=ssary 10 make a reesaebly aoorate pre-
diction of tte lkd(©) of aalyte In tte olldorative study
tetfoos on treday ofinitistionofarelysss. Inoculum leels
tretare too lov can imresee tre pssthilityofanonuniform
distritution of tre arellyte ar proclice a high percantege of
regptine rexits. Ureslistically high inocullum
kdkswould ot ke because alnost any proce-
durewould ke eble todisam treaalvie. Irsteed, tte leels
shauldbe reli=tic, dostrating tre lovest led ofaelyte
ickntaficole by tre procedure. Moreoverr, tre ledls Suld
be dosen within a rage having regullatary and/or human
health sigificae.

Inafew irstaess, itspamissible, even advissble, touse
rorstressad innulatopreare artificellyootaminated faxds,
eg., when tre adliyte 510 ke isolated fram foods equacted
tole antamirated after proessiig, as intte procedure far
it ofe. coli N pesteurizad adareat.

Number of Test Samples Required
Analytical Procedures Providing Quantitative Data

How many test sarples are raquired ar a olldorative
stugy? Undoubtedlly, this B the gestion aged nost fie-
quentdy by individ als aontenpllating a col ldorative stLdy.
For a prooedure providing g.entitative cila, teHandbook
@ staes tet, farminimum collcoratine stidy, each of 5
partidipating kooratories sould examine 3saple @irs far
a o of 0 data points Tar SatiticaA treatnent. Al
thisguicklirewas agirally interod for ool ldborative stud-
iss ofdamical procecres, these 3 sanplle paiirs have been
inapreted  mean 3 bk of antamination when te
gucElire saceptad faramiadoiolagical clldrathestidy.
It sould be emesizd, hovever, thet this dssign B tte
aosollute minimum.

How many test samples are required for
a collaborative study? Undoubtedly, this
is the question asked mostfrequently...
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Analytical Procedures Providing Qualitative Data

For a study ofa procedure providing g.alitative cita, no
witenguicliresarcadikble. This, ksratterdfficitto
give uniform guicellires because each collldorative study
protocol i food miardoiolagy sarantly juoged on an in-
divid el ceelasis. Roatdly, saveral procedlres (&, 5) Tor
tre rapid ikbtficationofsaim onella INfoodshave reeived
difiaEl ection satLs. In each of those studies, &t ket 6 keb-
aataries compared the proposad rgpid procedlre with the
diice method fartte idltin of saimonella N5 aliqots
& eacth of 2 lkeds of cottamiretion fara minimum of 5
faxk. This protoooll willl praseblly be used as amodel for
st collidoative studies of proosdures providing
qalitative e, Hovever, the number of diffaet foods
required may \ary, depanding on tte recommended gpli-
Ghlity of tre proosdure and tre edant of tte iHouse \al-
icaion study. A carparative collisborative studywill be re-
quired when tte dojective Beitter t covpare a proposed
altarative procedlre with an exstirg dificel method or o
rgolae an edstirg diicel method with an altaretive pro-
alre.

Analyte Selection
Inclusion of Nonanalytes

To determire tte gedifiaity of the procedlre and o in-
aeeee both tre rigr of tre evalation and te returalress
of atificElly aontamineted foods, tmay ke dssirdole
incluck norerelyte sistaees, eg, aompeting agenisTs,
nefaig sbstaees, ad mimics ar sinulative
(ot 1 ke axtfusd with atypical aelpes). It Badvata-
0E0US- even recEssary Nsone irstaness- o treat tte fod
< thet most or dll of tre indiganous miaoflora are killled
kefore tre food 6 atificelly inoulated with tre aslye.
Qpose, Tareamle, an Assciate Referee B intaestad n
difceliy\alicatirg a proosdure far tte idntafication of co-
riforms N licuad milk. Nomally, this product may be ex-
pected toantainsydragdhillicargenists, which, undercon-
diticsofprolaad staae, would pdlifarateand overgrow
any oolirfans pesat, radering tte Btarutetectzble. The
AssciateRefereemay axsicer heatirg the Iacpidmil lkunder
gecified codirtias 1 redice alstantially or o eliminate
trepdrghilicpgulaton. Intetsituiation tte Assciate
Referee may want t axsicer including nonerellyte organ-
igs N te tasted milk N addiiion o tre adliyte o ke
rtifiel Theserorenalytes should be rorpsydygphillicor-
ganigts which Gan be eqpected to ke encountered in licuid
milk.

Multiple Analytes

The miathiolagist s often alled ypon o develp ad
\alichie a procedure 10 i0ke varias stralrs OFE. coli,
s0tyEs Of saimonella, Tyjes of toxn produced by staph -
ylococcus aureus OF Clostridium botulinum, €c. Inthet in-
sate, the Associate Referee must deronstrate the daility
of a procedlre 1o recover a brced rage ofnultiple strais,
FEdES, SObfES, or toxdinHorodLcing types fram foods tet
have been returally and/or artificilly cotamineted. This
cetermiretionmay bemade fromthedataaccurullated fram
both tre inHose\alicationstudy and trecol ldboative stLdy.
Analyte Pools

Supose the Associiate Referee varnts o \allichle a prooe-
dure fartte 0l OF saimonella from fooks. lowoulld be
both inpractical and unreesreblle 1o reguire data showiing
tattteproosdure can sltettemore then 17/00saimonella
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saoypesarretdyreapial. Inthisirstate, trefssciate
Refareewould acodlctan edasive inHose\alicationstLoy
before performing tre ol ldorative study. The indouse\al-
ichtin study suld deostrate tre effetivaes of te
proposed procadure fararalyzing 20-25 food types raturally
or atificellyaontamireted With saimonella. One goroach
would ke o e fooks tet ae contaminated with a sirgle

salmonella Seyolyfe eech. Aother ggaroach, @anirg &
kst tre sare dyee of arfidae as tre fast N recom-

mending broedrange gplichility ofa proceoure, would ke
o arias food tpes, esch cotaminated with apool (-

mnobamobroblabasemﬂq regect o tte number of
srobyes testel

Atypical Analytes

The purpose of ircliuding atypicall arelytes in a collao-
rati\e sty Brot 1“0’ te aalyst but rigxasly ©
esteblish tre limitatias of a procedure. For eanple, most
salmonella Strans iolated fram dll foods do ot ualie k-
e Insame dairy foos, hovever, the peroantege oflectose-
positivesaimonella Strairsmay be slstentidllyhiger. Ths,
nobsgurgﬁecnlldnan\esuwm ofaprocdre

salmonella 1N Taokbs, the Associale Refaree
stwldmﬁeehlnyoﬁreprqaosedpmcedretomhe
aypical ledoersitive strais cs vell as tpical ldoe-
regative strans, articdarly iftte procedure B gplicble
Tfardairy faxs. The rirciplevwould, ofaurse, gply nay
analayos Sittetio.

Randomization Versus Preselection of Analytes

The fird doice ofaralpies tole used ntre lldorative
study Ebesad on miadoiokagical, datitical, and ethical con-
sichratios. Httedscisinvere Soldlyamiadoiolagical ae,
tre aalyte ssletiocnwould be besed on such fedtarsas -
aive gedies predlate, mthogmicity, and tpicality. This
cecisian, honever, woulld urevoiceblly biiss tre selectian of
ohbies. ftte dcisinvere purely astatitical ae, tre bics
woulld be minimized or elimireted; honvever, the doice of
asaliyteswould put eq.al enphesis on hichly prealentand
rarely coouming strars, extrarely pathogenic and mildly
pathogenic types, and tpical and hichly uusal BHEss.
Ardlly, trare Bttedi lemma ofwhat todo when itisknonn,
kefare tte clldorative study Buthrtaen, tet te pro-
odure Brot effetive Tar 0kt gedfic sraks oF BIrot
gpolicble fa-tre aralysis of geafic food types. Itsincum-
bentupon the Asscciiate Referee tomake ttese shortoamings
known with tte grgoriiate precauticery stateraTts intte

The finalchoice of analytes to be used in
the collaborative study is based on mi-
crobiological, statistical, and ethical con-
siderations.

Amount of Food Material Inoculated
Test Samples Spiked by Originating Laboratory

Having decided on tre nubers and types of foods ad
analytes o e usad intte olldorative stLdy, the Associiate

Referee mustt dscice how much food naterial st be In-
aulatel. There are 2 gurcedes. Bittera lageamount of
food may be roollated, mibed, and sudivided into st
saples, or tre idiMidal et sarples may be irooulated
clirectly.

Compared with tte altarativeggoroach, bulk iroculatian
slidyto =it namore uniform digeasal of tteaalie.
Thiis goproach hes been used soessfully in seaal reat
alldorative studies of miadhiolagical proosdres and hes
been eqaially adptable Tar the aontamination of lage
anunts ofdry, pondered faok. Sypose, far le, an
Associiate Referee nesds toprapare a 2000 g ulk of soy flar
ant@inirge. coli. Afterastrain, arapool ofaveral srars,
ofe. coli Bfroan N recosttued nofat dry milk, te
hahilizd atatts ae pulhverizd 1 a fire ponder ad
adoked to50 guninaullated monfat dry mil Ik inastarilleplestic
keg. This S0gssd inocullum istrenmixed mencal by, sarin-
kied over-the 2000 ghulk ofppoadered food, and thoraughly
mixed merually far even distriiuaon. The degree of ho-
mogereity of aelyte distriiution may be determined by a
most prdeeble nurber &t of tre analyte In et saples
tHen fran 2.aal diffaetsies nte bulk anount ofcon-
tamireted foodl.

Direct goikirgoftte irdividLal testsanples may be useful
fafooss tretaedfficitorenipulate in lbgehulkamunts
€g., ground beef) or for inoaullated foods thet carot ke
hmngenlzed inany practical manner €g., peridebledeee

and pesta). Ea:h of tre indivicLally inoculated st saples

should be mixed thoroughly 1 esure hamogeneous distri-
bution of tte aelyte.

Test Samples Spiked by Collaborators

Incaulatian by tre colldoratars should be used anly as a
kst resrtand anlly under highly unuslall ar edaneting ar-
anstances. Aalyst biss may be reduosd inauch aess if
inocula are aoced.

Reserves

Each adlldorativestudy testsaple should irchuckasall
anount of acbiitiaal naterial sine some may ke sailled
durirg veighing ar may be kst in a ldoratory accichnt.
WWeighing tre actual &t portian from a laga et saple
ouldbe arsicered partoftte arelytical proceclre. Firelly,
treaigirating leboratory Souldhave seaal edraaoplete
stsof et saplles on hand intte et of koss or damege
durirng shiprent.

Controls
Positive Controls

The use of pracer antrols N a miadbiolagical cllao-
ratiestudy sfragentdyoerioded. Althouch some ofttese
antrols are tre resrsibility of the ool leboratirg asbst,
otrers are prepared by the arigiretirg leboratary.

Two types of positive antrols shaulld ke arsiderad n
cesigning trecolllsborative studyprotool . The fadttye, tte
media or alture cotdl, eeures tet te media are par-
forming prgeerly. It B preparad by imooulatag tre it
medium with the analyte and proosding throuch te antiire
asliytical protoool just es with tre collldorative study st
saples. Because tre it medium wall be inoculated with
a pure adtue of tre adlyte, tre nunber of ks in tis
antrol may be higerthen ttet in sare ofttre ol ldorative

The seood type of pesitive antrdl, tre sanplle contrdl,
sresttesare puposeasttemediaaraitureantrol. Food
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naterial aorprising tre sarple antrol B inmaulated with
aalyte by the Assciate Refaree. The sarples aettencar-
ried throuch tre entire arelytical prooedure by both tre col-
koatosand tre arigirating kooatary, justssare tte -
lborative study et saplles. This antrol may encanpess
tte media or autture antrol and sactLally prefardble sice
tre afect of food naterial on tre oftremedia
sarsictad. The led of aalyte inthis antrol does rot
have o te ssEtivity led of the proodlre, but
shauld be high enough toeraure et visble arelvte cllksare

present on the day aelyses are nitistel

The use of proper controls in a micro-
biologicalcollaborative study is frequently
overlooked.

Negative Controls

Four types of ngative antrols should ke aosiiderad in
designing the ool lsborative study protool - The fadt, treneg-
aie media awol, asues tet tre 1l media ae
ot aontaminated with tte aelivie. The nitiE Lninooulated
medium Bamia through tre entire araliytical protoool st
& are tte colldoyative study test saples.

The ssood type of regative antrdl, tte aulture acoal,

efttartregypearance oftrercaralyte(s) g,
aopeting orgeniss) on\arias nedia, or itshons tettte
rorerelyte(S) willl rot grow on mediia used intre st pro-
axlre. This ard s prapared by irooullatig tre it
medium with tte nreralyte and cGanryirg the medium
throuch tte entiire procedlre intre sare manner ssare tte
olldorative study et sanples.

The third type of repptive atrdl, tte saople aowdl,
provices evidance thet et sarplles are ot being aoss-aon-
taminated with the aelyte and asures tte aosace of en-
dogenous aelyte in tre food naterial. This antroll Bpre-
pared by renoving a test sanple fran a food et hes been
Tound ngative far tte adivie, plecirg it in tre it me-
diun, and canryirg tre medium thraugh tre protocol intre
sare manner asarettre dlllsborative study estsaiples. The
regatl\esarrplecrrud may enconpess the nggative media

Weﬁrﬂwt;peofregau\ecmld te eviramental
antrol, offas ressoeble sssurane et tte eviromentt B
rotasoureoftteasiyie. With afeveaptias, thisantrol
Bprepared by equosing the itiEl medium to tte gpen air
enviroment durirg dil aaelvtical qeratics on tte fastday
ofaalyss. For eaple, thisantrol may be an open flek
of I broth iftre procedure B far e idntification of
salmonella INdried ey ponder; an goen flakof Trypiicese
Sy broth for i@y saimonella N oried ective yeest;
an uncapped tue of lur trypicee broth far tre enurera—
‘tanofalifans; araplate ofexqposed BairdParkermedium
fatreenumeration ofs. aureus. Flanever, iftte proosdure
i intaded far tre eureration of the oAl aerdoic micro-
flaa inafox, eqosing a Etr dish of plate count agar ©
e goen atmogphere during ttre entirearalysiswould rotbe
guquiate. An adeguate enviromental antral in this in-
starewould be toequose a et dish of plate count agar
e goen atmogohere Tar 15 min. Growth of no more then
15 olmies on tre inoated plate would eaure tet te
ldoratory enviroment s auiteble far performing a o
plate count ceterminetion. After tte initil day of aalyais,

dl regative eviromantal anrols are treated intte sane
way as colldrative study et saples. The recative evi-
ramental antrol may encanpess the regative mediia con-
td.

Test Sample Containers
Composition of Container Material

Cntairers usd farool kdorative sty et sanplles sould
ke dem, dry, and ik They nust be made of naterial
tret Brot todc, rhibitary, or bedtericstatic for tre aalyte
ad will rot date te kd o tre rature of tre aalVie.
They must be made ofraterial thet BresisianttopuciLres,
&S, or ris ttatwould leed to atss-aotamiration of et
saples. Sarike antainers such as ledqroofnetal as ar
plestic jas, kes, ar pdets are alvways prefardble o giess
antaires, which may breg. Hplesstichegs or pedetswith
st wires Tar dloaure are usd, gecial precautias Suld
be taen toesaure trat tresewires do rnot puncture edjacant

egs.
Labeling

Each colldorative study et sarplle shoulld bear iison
Lnquerwber. Aralytical biss may be reduced by adirg
et saples fram a saies of randamized nurbers rather

then rgpeatadly Lsilga ““1. 1o 10 nunbering ssquenee ().
Each aoded, randomiized number shoulld ke typed orwriitien

darly on tge ar otter waterproof el irg naterial -
Packaging
Rerigreblefoods sSoulde padkeged tonaintain tesrang-
rd codrion. i =t saples dould ke main-
tainedat0-4.47TC, wheress fraentestsanplles souldbe kept
fraena —°C. i et saples c&an be peded
with firozen gl edss, and firazen test sanplles can be kept
frazen by maintaining antectwith dry 2. A
antrol sauld ke included o esteblish tre tanperature of
te et sarples upon recEit by the olldorating lsbora-
s, This antrol may be a themometer tret is inclucd
in tte pedee and protected agpirst damage durirg ship-
ment. The antrol may be an atiiticsl &t
saple eatdy lietreotters ttetare tobe avlyzd. Hthis
Brot padtical, water olledted naantairer tet sliete
otrer sarple antairerswill afficeas a taperature anrol
Tarremgraettestsaples. Forfroantestsaples, ethylae
ghal may be us.
A aoplete st of test saples Bplacd nan iraulaed
antairer and shippad 1 each clldboatirg Hoatay. IF
=t saples are froan, te ikulated antainer should ke
pratillel. Inmediately upon reeipt at tte Hooatay, te
thermometer sould be reed and tre tenperature shouldbe
recotd. Han atdiitiael et saple Binclukd ssa tem-
perature antrol, a prediillled thermameter should be used
o red te tenparature.
ltsrecomended trekae lesbe X
shipyped to tre destiration of ane of tte colldboratig ldo-
raries (prefacbly tre most dsta), and retured o te
atay, where tte antrol Bregd.
Precautians far ped<egiing naperidreble foods aerot es
edesi\e & thoe for pen faus. Noetreless, cre
shauld ke taen 1o minimize damage duriing shiprent by
isulating tre antaiiners with foam dhips or ottrer suiteble
neterial. Sarple antairers far trese foods may be plaod
within a mirsulated ped<ege Tar shiprent. Qdirerily, a
taperature aontrol willl nott be nescd.
The padee artainirg tte collldborative study sanples
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shauld be idintafied with hezard Hels, ifgrgriate, and
st inacoorcbnee with feclral regliatios. Bclosed n
pedege suld ke aoplete rstructios Tar storae of tte
tetsaples until aalysss canbe nitiated. Refrigarated foos
should be kept at 0-4.4C, but sould be anallyzad as son
&s [ssible, provided thet dll colldorators nitiEie aelysis
on te sare day. Arozen foods dould be kept frazn &
-20°C untal aellyzd. Normally, moperiseble fooos may
be stored at room ar arbient teperature.

Concluding Remarks

Gosicereble attention nust be given tomany fadas n
te prearation of tet sarplles faran AOAC aolldayatine
studyofamiadoiolagicall proceclre. Thisdisassiniefiedts
the authror'sovn gpinion and B iIntaded as a syplament
10, ot a replacenantt 1, tre guicelines antained n e
Handbook (). ltishoped thetthaspeperwilll stnulateotiers
working in tte area 1 conwey ttelr idsss on tte varias
agats of aoducting miadoiolagical collleboratine Stidies,
eg, nopeohess tetiry, datistial design, and AOAC diear—
ance prooglres.

This discussion reflects the authors own
it is hoped that [it] will
stimulate others working in the area to

opinion and

convey theirideas on the various aspects
of conducting microbiological collabora-
tive studies...
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FOCUS ON PESTICIDE REGULATORY ANALYSIS

Regulatory Perspective of Pesticide Analytical Enforcement Methodology in the United States

MARTIN F. KOVACS, Jr, and CHARLES L. TRICHILO

Environmental Protection Agency, Office ofPesticide Programs, Hazard Evaluation Division,

Residue Chemistry Branch, Crystal M all Building No. 2, Arlington,

VA 22202

A critical overview is presented of the current regulatory problerms encountered by the U.S.
Environmental Protection Agency in evaluating the adequiacy of pesticide analytical enforcement
methodologies submitted in support of proposed pesticide tolerances. One of these problents is
the development and validation of appropriate, adequate enforcement analytical methods which
account for all free or bound/conjugated residue components of the “total toxic residue” in the
commodities of concern. Also included is a detailed discussion of suggested improvements in
the development and validation of these enforcement methods, for example, integrating radio-
labeled metabolism studies with the subsequent development and validation of proposed ana-
lytical enforcement methodologies. New procedures are proposed to facilitate the availability
of analytical methods to enforcement agencies and other organizations during the method
validation process. Future initiatives to use the collaborative study process in the development
and validation of Pesticide Analytical Manual, Volume 2, enforcement methods for contermporary

pesticides are also discussed.

Background and Regulatory Objectives

The U.S. Bviromental Protectaan Agency @), uter
auttority of tte Fecbral Food, Drug and Gosretiic Act
(FDCA) Sectian 408 ofwhich gplies to raw ayiadtural
comuodities and Ssotian 409 ofwhich gplies to processd
food or e, Bresursible fatte registrationofdll pesticice
products sold ar distributed in tte United Sates. Before a
pesticick can be registared faruse on a food or fed a, a
‘olaate areeption fran a tolaae for resid esof tret
pestacice nust ke esteblidel. Toleranoss are nomally es-
olided a5 a reait of a petition ttet antairs dll te data
recessary o esteblish tte olaae. A laae ste kBd
maximum reside cocentration of pesticice demical al-
lored infood or feadl. Hresidles exosad tte tolarae o if
resides edstwhere no olarate Bestablidw, the prodlct
may be arsidered aduiterated and can be seizad by the US.
Food and Drug Adninistratdan (FDA) , the U.S. Department
of Agricutture (USDR), ara stiateenforoamant agy.

The amended Feckral Irssctiack, Furgiciice, and Roden-
tiakAct (FIFRA) (O CFR 138.1%5) (D rapires tet tre
repastration of any pestiicick inciuck arelyticall methods et
will messure or gentatate tte reside restag from te
velgoed on the besis of reslits of plant and animall metab-
olisnstutiescoducted with rediollabelled compounds. Such
Stllhd‘mﬂ'Equahtatlve rature of tre oAl ta-
miral reside intre raw food or fed commod-
itiesand animal comodirties, and faaliteiea danical aef-
it of tre “olal todac resid g’ ntresecomodiies. In
aregulatory anted, tolal todc resid e scehird as the sum
oftre parant pesticice and itsdyracation prad.ots, metab-
dites (freear bound) and inpuritiies thet are aosiiderad ©
be oftodclaicl sigifiae, and trerefoe varrant regu-
=i Rgistrants nust then develgp pesticick reside an-
aiyical method(s) thet are suitedle, ggriate, and ade-
q.ete togatter resid e dataad/or oatforce te
tlaa(S) of tre 1o to4dc resid e in tre comodities of
arem.
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Presented at the symposium on Imponance of Collaboratively Studied An-
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The aslytical methodology develgped by the ragistrat
must determine all componernts of the oAl todc residLe,
nmust be gedfic for tte aelpe, ad nust be cgeble of
cetermining treresidesofooncem at e proposaed tolerae
bd. In atiitic, tre methodology should ot inohe re-
ats ar equiprent ot asikble © enforoanent agpcies
(rerely, FDA, USDA, and stateenforoamant agpoies) ad
slmldmtrewlrermreﬂm% hsaple Taraelysis.

To asmrtainwhether the araliytical methods devellgoed by
te rgstrat are adagate o atforce tre proposed tola—
aes, and toasure ttet FDA, USDA, or Slateenforcanant
EPA aoducts amethod . Method trisks are reuired if
te pesticce ey, iftte aalyical methods are new ar
wfaniliar, or iftte food or feed agp Bknown tobe difficit
tanalyze because ofhigh all antag, highor lov noisture
antent, orhighs.garantent. Method trisksarealcorauirad
on saples of animal arigin 1© syport it permenent
tolarae regLests on neat, milk, poultry, and egs.

iftte method perfoms satisledrily ntretmland B
aoteble farenforcamant, and ance a permanent tolerae
s esteblide, tte method Emade awsildble 10 Nterested
partiesby policatian or referae Nte FDA pesticide An-
alytical Manual, Volume 2 (PAM ) @. EPA alsohes in-
Sttt ‘tomake araliytical methods reedilyasil-
ablebetveen ttretire ofpblication tolaae
and pblicatian of tte method NPAM I The aaikhility
Bamnounced NterFederal Register PLblicatian of perma—
et tolaaces, and infomatian on methods valiceted n
EPA Eoratories saaileble from BPA, Office of Restiicick
Progrars, Program Management and Sygport Divisian, In-
formation SavicsBradth, 400 M S, SW, Weshington, DC
2468). Methods are alo asilable o eforoarent agaoies
before a permanent larae sBesteblidad ifa FIFRA Sec-

tian 18 erergency exarption ara taporary tolarate Bin
diet

Current Regulatory Requirements

Qurmant et reuiraats are stated 40 CFR 158,125
O:““A resid emethod Tarerforoarent of toleraees Bresd-
ed whenever a nuneric tolaae s prgoossd. Banptios
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fran tte requirerent ofa lerancewill alo Al ly regpire
an adlytical nethod. Aalytical methods used o enfarce
reside limits far erergency ea@ptias, tenporary tola—
aes, and permanent laratesnust be asilble faruse by
enforoanent egarcies and thus may ot be claiimed as con-
el busiress infomataan. For dll food wsss, data on
whether tte FDA/USDA nultiresid.e methodology would

Pesticide Assessment Guidelines, S.IﬁiViSimO, Residle
Chamistry @ samyegulatory caorpanion ©40 CFR 158
and desribes protools NS, 1714 @)which may be usd
1o perform food, feedl, or a0 resid e testig o
te ucer FFDCA andFIFRA. These
guicklires provice infomation 1o aid tre rgstrat n e
develgoment and \alicatian of gyrgoriate and ade ete

The data requirerents gedfied N Sc. 1714 @) attress
treggeral reguirarents forresid e aalytical methods ad
e fadors o ke arsiderad by tre regsstrant in performiing
an acequate method \allicetion. Seaafic requirarants ae
al=o celiresied far the cetermirataon of extractaian effiaan-
aesfatreprocdres, tremethod armethods ussd tomea-
are the ot todc resid e as g allitatively idntified nme-
‘EolisndLdies, and treraguiremantsgplicbletoreg latary
methods.

For the purposes of this disassian, we will fastaddress
te Htiareuirarent indsail. Oerall, regulatorynethod(s)
proposed by the ragistrant sould ke as sinple as pssiole
tominimize the ast ofmitoring Torpesticick resides. A
method tret may be valid far gatterirg resid e data B1rot
recessavily suiteble farenforoanent puposss. Ingeaal, an
gorgoriate enforoarent method should rot reppire e use
ofeitrerasarpleblarkaran intaral arproceclral statird,
reither ofwhich may e asilble to eforcarent aalysts.
The enforoament method also shauld ot reguiire e use of
efttar ectic equipment or regats, sould be reesaebly
rgpid Ineenudm, should be sffidatly gedfic tomessure
ad idntfy tre resid s of intaest intte presace of otter
pesticicss presant intre s jectcommodirtiies, and should ke
sffiaatly sssitive N relaton o tre olaate prgos=l.
Ardly, treenforoamentmethod shouldbe asilcble fardis-
triuton toenforoament agaaies and agnizatio's, 1hat|s
itcanot be clained as“‘aonficntal busiress infomataan.”

The metihod(s) praposed farerforcarant by te registrat
may be shjected toamethod tridl NEPAS Hoyalories, &5
disnsdeall|-

Historical Examples and Regulatory
Enforcement Problems

During tte ealuation ofmethocblogy N the regestration,
re-repistration (registration stathrds), and gecial pestiicice
revien progrars of EPA, exarpleswere noted ofold PAM
11 aelytical enforoarent methods tret =l ino 2 aelytical
probllem categries: () The methods did not qualitatively
determine dll components of tie ol 1odc reside asre-
defined by contemporary recioleteled metaboliam Stiokes,
or @tremethodsvere urelicblebecause they anly artidllly
quantitated the oAl toac reside ntrevarias saaple ma-
troesfarwhich apermanent olerane vwes esteblided. Due
o tte anfidntial busiress infomation aottaired NEPAS
registration fils, idtites of tre s bject pesticicss used In
tre faveaples ated ntte follovrg disassion aould ot
be realdd; they have been refarad to na T,

A gedficexample of tte fattcategry inohed aPAM
Il method tet failed toacoount faran etiredess or grop
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ofretatolites arisirg fran aherbicice farueon
com and soybears. Thesenetaolites, which ariginated fran
e parant pestiaack and were ickntified by a contenporary
radiolaeled plant metabolian stidy, were sUsently
Judoed by EPA todclagsts ss aotprising a sigifiant por-
tanoftre ol toacreside ncom and soykearns farvhich
permanent toleraes vwere alresdy esteblided. The metab-
ditessing.esticmvere anerted by trewsal acidhydrolysis
procecire desoribed intte method 1o a common dremical
noiety which, intum, wes reftter detected nor measured
by tte arigiral PAM 1l eforcarent methodblogy -

An examle of tre ssood catsgory inolhved a PAM Il
method develgped fartre aalysis of a herbicicke, reprstarad
ar ue on wheat, barey, and sobears, ttetwes ot thor—
Gmlytraeddnrg iscevelgorental stagss by ade ate

\alicetiaViemary stidies. In a method tH, this inece-
q.ate testirg o ety resulied ingestiaeble orveri-
able rameries far dll corponents of tre tolal todc reside
on saple natrbes (ravay comodities ad ani-
mal comodities) far which permanent olaatess were
eaiLally oresteblid s, Edractioneffiaaaesof
addrticel PAM llmethods, as idntified NEPA Sregistra-
‘o ks, vwere also ot aden ately determiined as evidenoed
by sarple treatmantt and edraction which did
rot falitee tre relesse and measurement of dll bound or
anjuated camponents of tre toial todc resid e.

EPA Initiatives to Improve Enforcement IVlethod
Development

Publication of Guidelines and Related
Regulatory Documents

Qument initiativesby EPA todotain betterand more con-
sstat aalytical methodology data involve publicatian of
e Tollomirg doouments: Pesticide Assessment Guidelines,
Qldivision 0, Reside Camistry @), Data Rgoortirg
Quicklires (ORG) far* Aralytlcall\/ElTrd(s)”(éD and Stan+
card Baluation Procedure () for “Aslyical Meth-
ods)” ©-

Each DRG Bdssigedtbaid the infomattig

or ataiizing cataand information subnitted O EPA. This
improved argenizatian should diaify arbiguirties in inte—
pretation of eEdific portias or sissctias of the edstiry
guiceliresand thergy fdlite tte ageoy Srevievpraess.

Each SEP BdEsigad to asure coprehensinve and con-
stateallaticnofmajor inreviessoftata
suomitted 1o EPA and 1o provice intarpretave olicy guid-
anewhere gyrqoriate. Each SEPwillbe used Inanjuctian
with the gqrgoriate Pesticide Assessment Guidelines SUD-
soticnand companion DRG.

Integration of Radiolabeled Metabolism Studies with
Analytical Method Development

Adequate registrat o tre follovirg 3 aiticl
qestias duld lagely prevatt pdlifaataion of PAM I
anforacanentmethodswhicharerctadeg ate fatteaalysis
orwhich procuce urelisble resiits.

@ \eredlte nosssarycompounds (arentplus metab-

dliites anprising tre ol tdc reside) ad et matrbes
==t intteaalivtical nethod(s) \alicatiavieery stuoy?
prior 10 the development and \alicatian of tte proposed
enforoanent aelyical nethoblagies, tte registrat must
aoduct a cetailed radiolatelled metabolisn study et ad-
ayaely htifies or deaderizs a1 components of tre
‘o todc resid e, whether freear bound/omjugated, intte
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rawagriciural oranimal comodities farwhichatolerae
Bt EPASDRG “Nature of tre Reside: Plants” ©)
cetaikrgortgrequireats relaieto trecoduct ofsuch
a radiolaelad plant metabolisn stLdy.

@ lere tte edractineffideaes of tre aralytical meth-
o) determined? This determiratian i inportant far dry
rawagricural commodities, processsd s bstrates, and aged
reside saples; it Begcially inportant iftte presae of
bound resid e Ba.gEded. The Inestigataralo sdirected
totte aboveamed DRG on plant metzabolisn fargareral
guicene on aslytical method exdraction effidety cata re-
portarg recuirerents. For amore cetailed disassion of tte
reglatory sigificate ofbound pesticick resides and tte
need far develgprent of aralytical metihodollogy 1o quenti-
aidly measure these resides, tte 1986 pgper by Kovacs
() shuldalobe aaihed.

3) Were the method(s) tested on saplles ttat had been
cerivad from tre rediolatelled plant and/or animel metab-
ollisn studies? This Brecessary o determiine edraction e
fidaty ad perantege of 1ol resid e deteymined by te
method(s)- The folllovirg protocol selected fran EPA Sreg-
istration filkss Brot o be aasidered amodel procedure ut
merely one sugpestion Tor integratirg e coduct and inter—

inofresuits dotaiined from rediolateled plantmetab-
olisn stuoies with the subsenuent devellooment and \ali-
cation of proposed erforcarent nethocblagiies.

Saples of green com Tarage ttet had previasly been
treated with tre greniHnirg-ldeled € actaoate estar of
te parat herbicice at tice tte recomended BH rate
were analyzed alag with untreated antrolls and antrolls
fartifidwith the cctanoate estar of tre herbicick at pharol
kdsayunalattoaout 05, 5 and 10 tives the proposd
tolaate kA on the com faae. The oAl radicective res-
ide (@), eqressed as parat pharol equnalat, inttee
Taage sarpleswes determined by adacatve aarbustionand
liguid sortilltion counting (LSC) and wes arsidered toke
tretteaetical ppm inttesarple beforeedracticnand aal-
vas: This figye, Intum, was carpared with tte tolal cor—
rected ppm foud in e frd guentitation to determine i
te asaiytical method would acarately measure tte etire
residle presmt intte saplle. The radiodamical edractin
effidavy of tte enforoarent aslytical method was moni-
toedateach stepduring sarple hdohysis/edractioYcleen-
up o arive a an oaall £ edractin . These
cetermiretiasvere made by LSC aralysisofal q,dsoﬂt‘e
saples (@trdl, Tartifiedaotols, and K-treated sarples)
aftr eech 9. The paraat a0/ wes determined by
dmiding tre disintsgratio s per minute (don) Htattteend
oftre procedlral stepby ttedpm presmtat e dartof tre
S| A ges dhraretograph equipped with a GNi electran-
Gpiure cetector ves used o gentitate tre pghenol equinve-
lts of tte parant herbicice in untreated antrol saiples,
fartified antrol saples, and Yo-treated sanples.

The resits of this\alichtion study irdicated a good cor-
relation of the ges chranatography resdswirth the theoret—
i ppm \alues dotained by oxddative corbustion and LSC,
which, ntum, indicated tretthe erforoarentmethod woulld

cetermine tre paratherbiciceand itspherol me-
Holitewhen they are presat inresidle saoples. Inaddi-
i, teraadtsfartre W-treated saples, plustterenery
reslts foud by antrol saples run through tre
procdlre, shoned thet>93% ofthe 1T resid e inttetreated

les was exdracterl

inestagaiorduldbe cutaoed, honever, trettefore
\alicstin studiesof this type areattenpted, K inperative
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tret tre to termiral residle (ntre raw agriaitual com-
modity or other sanplle matrix tobe aralyzd) be ac ately
daradterizd to asErtain what corponents of this resid e
nead 10 be abjected o trealication procedure. Intteex-
ample jst ated, this requirarent ves siishied in et tte
octaate esterand tre pharol netaol ite ofthe parentcom-
pound tooethercomprised about 93% of tre ol redicective
messurenents i tre trested com farage sarples.

EPA Initiatives to Improve Enforcement
Method Validation

The rarainder ofthispgperwill actressvarios nitiatives
by EPA o inprove the gality of areljtical methods belirg
publidhed nPAM 1 by meking procedral dages intte
method tryaut (MTO) proeess. It Banticiaied et ttee
drengeswill inaresse EPA Smonitoring gebillities, prevent
umecessary cElays intre registration procsss, ad
inprove EPA Soarall effectivaess ntisae. Alsotobe
disassd are fulure nidatives uncer aosiceratian by EPA
farusirgnon-EPAMT O proocsdures far crytificataon of an-
aivtical methods, inciudiing the possible role of aolldora-
tively studied nethods.

Use of Multiresidue Protocols

An EPA rotiee ntherFederal Register (BL, No. 187, p.
3249, Septarter 26, 1985) irformed and reminded dll pes-
‘tiack regstrants of treir reqsillity o provice atiria el
aelijtical cata on treir pesticicss far tre starcard nultires-
ide N tteresticide Analytical Manual, Volume
L. These FDA protomols are aaileble fran tre Natiael
Tedmical InformationServiceasan addendum totreresicLe
demistry guicelires @. This actian inplemented tre re-
quirenents of 40 CFR 158.125 () (15) tret EPA plblided
on Octdoer 21, 194, rerely, that “fordl food uses, data
on whether FDA/USDA nultaresidle metihodology would

The aaikhility of attiiticel aslytical resicLe data gen-
erated by trese nuliresid e afebd, sHle, ar
oAl (unicipal) lkeakswlleatuallyredce tteoarall ast
of resid e mnirtoriing progrars by inoessig aslytical ca-
pebilies and fledaliity. Under auratt restrc-
‘tios, axesiiillity of ttese acbirtic el residedcata
willl provide pestiicice monitoring progmsmﬁﬂﬁﬁeailiw
© soem ineqasively and dficatly for tre presace of
bregrays ar dessesofpesticice resid es. Only when mull-
‘tiresid e protools do ot permit acequate detectian and
qentitation of residLes of aoncem willl teir reaalysisby
seaficPAM Il enforoament methodollogy be recessary.

Use of Methods in Peer-Reviewed Journals

EPA agpis some methods far pblication in
PAM INwithautamethod tryait. These methods have been
abjected 10 a peer review by editos and revienars of -
eficjaurals @9, Journal o fAgriculture and Food Chem-
istry, Analytical Chemistry, Journal ofthe Association ofOf-
ficialAnalytical Chemists, a‘dTheAnaIyst) l\/bﬁmbaccqoled
ntismanner ae anal daadEr, nota
Roman rureral, TarPAM Nlpblication. Intte inrod.cian
WPAM NI, a et varms wss of aldeetical darecter
methods tretalthough EPA regarts those thus desigatad as
worleble, they have rnot been tested in fecbral Hiratories;
taeiae, they may neaed adtditical valication before ad
during uee. Honever, itshould be pointed out tret the vest
majority of methods plblished InPAM I heve udergoe
method valichiaon prior o plblicataon.
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Timing of MTO Requests

Many oftte newer pesticices, Such sspheranores, st
gronth regiatars, ar otier biolagical pestaontrol aaTts, are
oftendemicallycamplex nratureorresarble retural prod-
s, These pestiicidss are glied o tte gt a &t ex-
traely lov rdes; assgatdy, teir resides must be an-
aticlly \alichted dirg tte MTO  a extrarely lov
Tatifiction lbaks nofttmhocoplex saple ratrideshby com-
plex instrurertation qeerated at tteir limits of detectaon.
Ul reatly, teMTO wes coducted at o rear tre ed
OFEPAS review pracess. Honever, because of tre fregent
denicls, more leed tine wes recuirad in tre ragistrat
revievproess. To dleidie thisprdollem, EPA hes initiaied
MTO regests el intre ptition reviev process- et tte
begiming of tte fastpermenent tolerace reg est, atapoint

drimg\aias anendment reviens, or possibly &t
te end of tte fat teporary i e
permit rejien.

Future Use of the Collaborative Study Process
The we have just desriibed to initiaiemethod
\alicctiinerir intte ragstration revievprocessallov e
resicLe aralyst more tine o dall effectively with te ana-
of aontenporary pesticicks. Qurant in-
ititieshy BPA, as disosssd exdi, villl alo imreese tte
aaikility ofaslytical methods todl otter interested par—
tiss, indiuding fecral and deteenforoanent agadies, durirng
method \allichtion. Tagther, el nitiationofttemethod
\alication prazess and more tinely aaiility of arelyical
methods uncker inesticaticnwill enhence pessiaillitiesof us-
iy tte clldorative study proess in tre devellgoment: of
\allichted and workeble PAM 1l enforcement methods far

contenporary (& ]

As part of tis olldoatie study praess, EPA would
invite tre participation of stae rgulatory or roregistrant
private Eaoratories, auch as those of food pracessing com-
penies and major food treck associatio s, ssvell ss e As-
soiatin of Ol Chamistswith isnell-knoan
and effetine network of collesoratars and Gareral and As-
sciate Referess.

The cllidorative study goproach aontenpllated willl ot
exted or lagthen EPA So.aalll registration revien [Yoess.
Any time saved by dartirgearly intre petition process vl
allovan eq.al amount oftime farmore collldorative inuts
fram tre s of ttee eforoament metihods.. The extedd
tine frare farmethod \alicationvilll alsoaeure et many
corplex aalytical methodology prablems walll e daltwith
inamore tinrely and effedtivemamer.
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iftte clldoorative study aproech isadopted by EPA &5
partoftte regllatory proesss, ey, ntte ot term, add
anew dimension 1o the agency sarant method allicetian
procdlre. More inportent, ey, intte lagtem, be te
most effectivegoproech toasure tre develgprent ofmeth-
ods which are predie, aqurale, ad ik enough toen-
foe fulure tlaacs.

Although the probllens soietists fae tochy intte areaof
pesticick reside methodollogy are indsed complex and firus-
tratiy, and attimves may gpear insumounteble, ntrefird
aelysis, ttee sane soatitsworking togetter na collds-
arative it tet i cogeratirg inajoint inellecial effat
arcommon vanture, can address these prablems and resohe
them o tre erefit of dll cocermed.
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Importance of Quality Assurance in Canadian Pesticide Analysis

HENRY B. S. CONACHER

Health and Welfare Canada, Food Research Division, Health Protection Branch, Tunney’ Pasture, Ottawa,

Ontario K1A 0L2, Canada

Three important elements of the pesticide quality assurance program in the Health Protection

Branch of Canada are described—the sampling protocol, the repository of pesticide standards,

and the check sample program of the Federal Interdepartmental Committee on Pesticides. All

play an importantrole in ensuring the production of sound, valid pesticide residue data. Efforts

to improve each element will continue in the future.

The Health Protection Branch (HPB), Health and Welfare
Canada, is accountable, among a variety of other responsi-
bilities, for ensuring the safety ofthe Canadian food supply—
one aspect of which is the control of pesticide residues in
foods. HPB fulfills these responsibilities by establishing max-
imum (permitted) residue levels (MRLs) for pesticides in
foods and by establishing programs to ensure compliance
with these MRLs. Although several other federal and pro-
vincial agencies also play a major role in the control of pes-
ticides, the present paper will mainly address activities within
HPB relating to pesticide residues in food.

Most of the surveillance and monitoring programs for pes-
ticide residues are conducted in Central Research Labora-
tories in Ottawa and in 5 Regional Laboratories located across
Canada. It is, therefore, extremely important that the data
produced by these laboratories be accurate, reliable, legally
defensible, and adequate for the purpose.

To achieve these ends, an intensive quality assurance pro-
gram is in place for pesticide residue analyses. The main
elements ofthis program for pesticides differ little from those
for any other class of compounds under investigation ().
These elements include sampling, continuity of sample in-
tegrity, identification and assurance of purity of standards,
analytical methods used and their application in the labo-
ratory, confirmation of results, proficiency testing, and sound
documentation.

While many of these elements are common from country
to country, some may have more relevance and may be unique
to the Canadian pesticide situation. These would include the
sampling protocol used in the monitoring and surveillance
of foods for pesticide residues; the repository of pesticide
standards; and the role of the Federal Interdepartmental
Committee on Pesticides (FICP) Check Sample Program.

Sampling Protocols

The objective of any national pesticide sampling project
is to determine the state of compliance of selected food com-
modities in the marketplace with regard to selected pesti-
cides. To be assured of absolute compliance with established
MRLs, a considerable number of samples of every com-
modity, both domestic and imported, would have to be ana-
lyzed for every possible pesticide residue. Since this is not
practical, decisions must be made as to which pesticides
should be analyzed, which pesticides should be measured in
each commodity, and how many samples should be analyzed
for each commodity and pesticide selected.

In connection with the last item, a choice can be made on

Received May 7, 1987.

Presented at the symposium on Importance of Collaboratively Studied An-
alytical Methods, 6th International Congress of Pesticide Chemistry (IUPAC),
Ottawa, Ontario, Canada, Aug. 10-15, 1986.

the basis of statistical considerations. Assuming that the
number of lots of any given commodity on the market is
very large, the upper limit (95% confidence limit) of the
possible percentage of unsatisfactory lots varies with the
number of specimens analyzed as shown in Figure 1(2). For
example, if only 25 samples (lots) are analyzed and all are
satisfactory, approximately 15% of the lots on the market
could be unsatisfactory. If, however, 200 samples are ana-
lyzed for each commodity, and all are satisfactory, the per-
centage of unsatisfactory lots that could be on the market is
approximately 2.5%.

In practice, within HPB, 100 samples for each commodity
and pesticide combination are taken. If all are satisfactory,
one can say with 95% confidence that no greater than 5% of
the lots on the marketplace are unsatisfactory. If 2 of the
samples are unsatisfactory, the possible percentage of unsat-
isfactory lots could be as high as 7.5%.

In addition to the question of how many total specimens
have to be taken, the sampling within each lot must be con-
sidered, as must subsequent subsampling within the labo-
ratory. The present procedure within HPB for minimum
sample size within a lot is as follows for fruit and vegetables:

Small fruits and vegetables 31b

Medium fruits and vegetables 3 Ib or 10 units
(whichever is greater)

3 Ib or 3 units
(whichever is greater)

Large fruits and vegetables

It is important to note that, certainly in some cases with
heterogeneous lots (e.g., aflatoxins in peanuts [3]), the vari-
ation due to the method is often the smallest component of
the overall variation (13%, as opposed to 67% for sampling
and 20% for subsampling [3]). Thus, expensive and time-
consuming efforts in methodology may in fact result in only
a small reduction in the overall variation. Efforts may be
more appropriately directed, in some cases, to other areas
such as subsampling.

The entire area of sampling is one in which considerable
error can arise and one which continues to receive much at-
tention and interest by regulatory agencies worldwide.

Repository of Standards

Since 1956, when the first analysts from the 5 HPB Re-
gional Laboratories were trained in the analysis of foods for
pesticide residues, the need for a supply of appropriate pes-
ticide standards has been most apparent, and the responsi-
bility for providing those standards has remained with the
Central Research Laboratories.

The inventory of standards consists of numerous glass,
screw-cap vials of pesticides and metabolites, which are stored
under restricted access in a walk-in freezer. Each vial is la-
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Figure 1. Calculation of upper confidence limits (95%) for varying numbers of samples.

beled with a unique number for identification purposes, and
an alphabetical card index system provides information on
alternative names, source, purity, lot number, date received,
available documents, etc.

Since the early 1980s, a more effective in-house authen-
tication system for standards has been in effect. Compounds
are authenticated by mass spectrometry (MS) and compar-
ison with published, recognized spectra. In some cases where

AUTHENTICATION REPORT
RAPPORT DE CERTIFICATION

analytical atandard : étalon analytique
STRUCTURE

Source and lot
Origine et lot

MW
PM.

Recu date received

HPB lot no de la DGPS:

HPB TEST RESULTS

RESULTATS D'ESSAI DE LA DGPS

Ma* apectrometry {3 [

SPectrométrie de Maaae  C J.wwmesoinissnsis

Satisfaisant

Sign.tum du. 5.tl.faeu>r, *

Commenta non
Commentaires

Packed by Empaqueté par

date

Figure 2. Authentication certificate for pesticide standards.

MS authentication is not appropriate, nuclear magnetic res-
onance is used. A typical authentication certificate is shown
in Figure 2. Discussions are continually underway concerning
the extent ofauthentication necessary, particularly regarding
purity, and also concerning the extent of documentation re-
quired to establish, without question, the continuity of pos-
session of standards from Central Laboratories to Regional
Laboratories.

The list of standards is circulated among HPB laboratories
semiannually; at present, some 500 compounds are in the
inventory. A similar in-house inventory of pesticide stan-
dards is also maintained by Agriculture Canada.

Check Sample Program

The FICP check sample program, originally devised in
1967 and subsequently revamped in 1978 (4), was intended
to be applicable to all pesticide residue analytical laboratories
in Canada. It was designed to establish or verify the perfor-
mance of a laboratory by the analysis of homogeneous sam-
ples of known residue levels. In addition to playing a most
important role in performance assessment, it also leads to
much improved communication among laboratories regard-
ing pesticide analytical problems.

Currently, 72 laboratories participate in the program (which
is administered by Agriculture Canada) with distribution
among agencies as follows: federal, 34; provincial, 13; uni-
versities and hospitals, 7; and private 18. Some ofthe mem-
bers do not participate in the analysis of check samples be-
cause they are involved only in specialized research projects
and consider (rightly or wrongly) that participation is not
appropriate to their work. Nevertheless, they remain mem-
bers to keep in contact with general activity in the pesticide
analytical community.

The present program outline is shown in Table 1 There
are s subprograms, all of which have been relatively active
in the last few years and have sampled a wide variety of
substrate/pesticide combinations. The type of information
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Table 1. FICP check sample program outline
Distri-
Subprogram Substrates bution* Pesticides
Soils soil 3 2,4-D
picloram
strazine
Foods tallow, strawber- 4 captan
ries, potatoes iprodione
carbofuran
chlorophenols
Water standards, sedi- 3 common organochlo-
ments, water rines
phenoxy acids
Fish fish, eels, cod liver 6 DDE, mirex
oil PCBs
Forest substrates, fish, soil, balsam fir 3 pirimicarb
insecticides needles aminocarb
mexacarbate
carbaryl
Forest substrates, soil 1 hexazinone
herbicides
Wildlife herring gull lipids 3 DDE, mirex, PCBs
and homoge- heptachlor epoxide
nates chlordane
oxychlordane
dieldrin
Feeds grains 2 triallate
malathion
carbathion
permethrin
lindane

chlorpyrifos

* Number of check sample projects conducted in last 5 years.

that can be acquired can best be illustrated using the straw-
berry-captan/iprodione (foods) and the fish-PCBs (fish) check
sample studies (taken from reports of the coordinators).
Strawberries—captan and iprodione.—This check sample
study, using field-treated strawberries (at recommended
treatment rates), was in fact conducted twice. In the first
study, in 1983, excessively high interlaboratory variations in
captan level were encountered that were subsequently traced
to losses of captan occurring during transportation. The sam-
ples had been deliberately shipped unfrozen to simulate nor-
mal transportation from the field. Unfortunately, this insta-
bility and subsequent variation in level precluded assessment
ofthe methodology used. However, as a result ofthis exercise,
a considerable amount of research was done and much useful

Table 2. Levels of captan and iprodione found in strawberries

Lab. Captan, ppm Iprodione, ppm
1 2.3 13
2 17 0.9
3 1.6 —3
4 30 -
5 24 1.0
6 25 0.9
7 29 15
8 2.2 1.1
9 4.4 -
10 0.3 —
Av. = CV, % 25+ 31 11+ 19

mNot analyzed.
»Not Included in statistics, outlier.

Table 3. Levels of PCBs found in fish homogenate
Level found,
No. of labs Quantitation technique ppm + CV, %
8 common 220 = 14
6 own 278 + 27
5 own + capillary 3.23+ 30

information was generated on captan breakdown under var-
ious storage conditions, on its instability on fruit, and on
sampling problems.

To check the methodology in use for captan and iprodione,
a second study, in which the samples were shipped frozen,
was conducted in 1984. The results are shown in Table 2.
The coefficient of variation (CV) for captan results (+31%)
was still higher than desirable, even allowing for all the dif-
ferent methods used. However, it was similar to that obtained
within the coordinator’s own laboratory, supporting a con-
clusion that the variation was probably due to sampling and
captan instability and not to the methodology. The CV for
iprodione results (iprodione isa much more stable compound
than captan) was much more acceptable (£19%) for deter-
minations at the 1 ppm level (5).

Fish—PCBs. —There has been continuing discussion at the
national and international level on the best approach to quan-
titate PCBs in biological samples (s ). The fish check sample
program has shed considerable light on analytical problems
in this area. In a recent check sample study using fish nat-
urally contaminated with PCBs as the substrate, laboratories
were asked to determine the PCB level by using a common
quantitation technique (7) and by using their own quanti-
tation technique on both a conventional packed column and
a capillary column if one was available. The results, sum-
marized in Table 3, indicate the considerable differences in
level and in variation that can be obtained, depending on
the method of quantitation used.

There has been a definite trend among analysts in the past
few years to move more and more into the measurement of
individual isomers by capillary chromatography. Curiously
enough, the capillary results (Table 3) would not indicate this
as the approach to take. However, these poor results in the
fish check sample were probably due to the fact that different
isomers were chosen for measurement and that columns with
different stationary phases were used. More consistent results
would likely be obtained through the measurement of spec-
ified isomers on capillary columns with similar stationary
phases.
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Spectrométrie and Liquid Chromatographie Determination of Natamycin in Cheese and

Cheese Rind
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State Institutefor Quality Control ofAgricultural Products, PO Box 230, 2700 AE Wageningen, The Netherlands

KOOS LEENHEER

Netherlands Controlling Authorityfor Milk and Milk Products, Leusden, The Netherlands

Methods for determining natamycin contentofcheese rind and cheese
are presented. Cheese and rind samples are extracted with methanol
and the fat precipitated by cooling the sample solution in methanol-
water at -15 to -20°C for ca 1 h. Natamycin levels are measured by
UV spectrometric detection at absorbance minimum 311 nm, maxi-
mum 317 nm, and at exactly 329 nm, or by LC separation over
Lichrosorb RP-8 column with detection at 303 nm. For measuring
low levels, a concentration step is provided. The method is applicable
to natamycin in cheese rind and in the interior ofthe cheese. Detection
limitis 0.5 mg/kg. The method is suitable for controlling a maximum
tolerance of natamycin on the cheese rind, at a level of 1 mg/dm2,
and for detecting migration of natamycin into the cheese.

Natamycin or pimaricin is a white to creamy white, almost
tasteless, and almost odorless, crystalline powder. It is a fun-
gicidal antibiotic and antimycotic of the polyene macrolide
group and is produced by the actinomycete Streptomyces
natalensis. The chemical formula is CssH4zNO}s and the mo-
lecular weight is 665.74. The structural formula is shown in
Figure 1

Natamycin is widely used on cheese and sausages. In the
dairy industry, it is applied in cheese coatings and is superior
to alternative products in preventing mold formation without
affecting the taste and appearance of the cheese.

Official clearances for the use of natamycin as a preser-
vative for cheese have been granted by 26 countries. Nata-
mycin is also of interest to international bodies such as Codex
Alimentarius, the International Dairy Federation, and the
European Economic Community (1-7).

Methods for determining the natamycin content of cheese,
based on microbiological assay, spectrometry, thin-layer
chromatography, and liquid chromatography (LC) with UV
detection, have been published (8-13). The behavior of na-
tamycin and its determination have been thoroughly studied
by the Netherlands State Institute for Quality Control of
Agricultural Products (RIKILT) in cooperation with the
Netherlands Institute for Dairy Research (NI1ZO) and the
Netherlands Controlling Authority for Milk and Milk Prod-
ucts (COZ) (14, 15). Two methods of analysis, based on
spectrometric determination (16) and LC detection (17), have
been developed, and a series of national collaborative studies
has been conducted to enhance the methods. These studies
made clear that the microbiological assay method is not ap-
propriate for quantitative measurements. Spectrometric and
LC methods are presented here which have been tested in
an international interlaboratory study, the results of which
are also published in this journal (18).

METHOD
Apparatus

(a)  Slicer.—One apparatus for cutting portions of cheese

rind 5 mm thick x 3 cm wide (see Figure 2 for example),

Received July 1, 1985. Accepted August 25, 1986.

and one for cutting thin slices of cheese, £ 1 mm thick (see
Figure 3).

(b) Grinder or blender.

(c) Knife.—Sharp, for cutting slices of cheese into small
pieces.

(d) Magnetic stirrer or shaking machine.

(e) Conicalflasks.—200 and 100 mL, colored glass, with
ground-glass stoppers.

(f) Syringes. —10 mL, disposable.

(9) Membrane microfilters.—0.45 and 0.20 “m pore size,
resistant to attack by alcohol solutions.

(h) Paperfilters.—Folded, 15 cm diameter (S&S, No. 595
1/2).

(i) Funnels.—About 7 cm diameter.

(j) Freezer.—Operating at -15 to -20°C.

(k) Disposable cartridges. —Sep-Pak C s (Waters, Cat. No.
51910) or equivalent. Activate with 3-5 mL methanol, then
wash with 10 mL water. Use if concentration of filtered ex-
tracts is necessary.

(I) Spectrometer.—Pye Unicam, Model SP1700, or
equivalent, suitable for registering UV spectrum between 300
and 340 nm, equipped with cells having 1 cm optical path-
length and recorder.

(m) LC apparatus. —Waters, Model 6000, or equivalent,
equipped with UV detector, recorder, and/or integrator. An-
alytical column: 150 mm x 4.6 mm id, packed with 5 /um
Lichrosorb RP-s, or equivalent. Guard column: 100 mm X
21 mm id, packed with 30-40 jum Perisorb RP-s, or equiv-
alent. The following operating conditions are recommended:
Mobile phase, methanol-water-acetic acid (60 + 40 + 5) (v/
v/v); flow rate, 1 mL/min; detector, 303 nm, 0.005 AUFS;
recorder, 10 mV; theoretical plate count, minimum 1500.
Note: When an analytical column other than that specified
above is used, the methanol-water ratio may have to be
changed. The relative amount of acetic acid, however, is
essential to keep the absorption maximum at 303 nm.

NH2

Figure 1. Structural formula of natamycin.
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Figure 2. Slicer for cutting portions of cheese rind 5 mm thick.

Reagents

(&) Aqueous methanol.—Mix analytical grade methanol
and water (2 + 1) (V/V).

(b) Natamycin standard.—With known natamycin con-
tent (Gist Brocades, Delft, The Netherlands). Note: Nata-
mycin is unstable in aqueous methanol, and so measure-
ments must be made as rapidly as possible.

(c) Standard solution.—mmediately before use, dissolve
natamycin preparation containing 50 mg of 100% natamycin
in 100 mL methanol. Dilute 5 mL of solution to 50 mL with
aqueous methanol. Dilute 5 mL ofdiluted solution to 50 mL
with aqueous methanol to make a final solution of 5 Mg/mL.
Concentration of final standard solution must be close to that
ofsample solution as described below in Sample Preparation.
Adapt final dilution if necessary.

Sample Preparation

Use whole cheese or representative segment of cheese.
Cheese rind includes outer 5 mm layer of cheese and coating
layer if present.

Cheese rind. —Cut cheese into sectors so that width ofcheese
rind is not more than ca 3 cm. Using slicer, remove whole
rind to a thickness of 5 mm from all portions. From the rind,
cut a rectangular piece 20-40 cm: and determine its area in
square centimeters and its mass in grams. Carefully grind
whole rind, including weighed and measured piece, and mix
thoroughly. Immediately weigh, to the nearest 10 mg, ca 10
gprepared sample and transfer to 200 mL conical flask. After
preparing each sample, clean all tools that have been in con-
tact with the cheese or cheese rind, first with hot water and
then with methanol, and dry thoroughly, e.g., with a stream
of compressed air.

Interior o fcheese. —After removing rind as described above,
remove a slice <1 mm thick encompassing whole outer sec-
tion of the cheese, using the fine slicer. Cut slices of cheese
into 0.5 cm: pieces and mix thoroughly. Immediately weigh,
to the nearest 10 mg, ca 5 g prepared sample and transfer to

Figure 3. Fine slicer for cutting slices of cheese <1 mm thick.

ABSORBANCE
o
T

250 329 350
WAVELENGTH ( nm)

Figure 4. Spectrométrie détection of (S) standard solution and
(B) blank.

100 mL conical flask. After preparing each sample, clean
tools as described above.

Extraction of Sample Solutions

To cheese rind add 100 mL methanol; to cheese add 50
mL methanol. Stir contents of conical flask 90 min on mag-
netic stirrer or shake 90 min in a shaking machine. To cheese
rind solution add 50 mL water; to cheese solution add 25
mL water. To precipitate the fat, immediately place conical
flask into freezer at -15 to -20°C and let stand ca 1h. Filter
cold extract through folded paper filter, discarding first 5 mL
of filtrate. (Note: Filtration must be conducted while suspen-
sion is still cold to avoid the risk of turbid filtrates.) Bring
filtrate to room temperature. Withdraw portion of filtrate
with syringe and pass through 0.45 membrane filter and
then through o .20 membrane filter.

Concentration of Filtered Extractfor Determination of Low
Natamycin Content

Decide whether concentration ofca 5 or 10times is desired
on basis of required detection limit and pipet 25 or 50 mL,
respectively, of sample solution into beaker. Add 50 or 100
mL water, respectively, and mix. With a syringe, inject di-
luted sample solution through activated Sep-Pak C.s car-
tridge at ca 25 mL/min. Rinse cartridge with 10 mL water
and elute natamycin with 3 mL methanol.

Spectrometric Determination

Calibration. —Record spectrum of standard solution in the
range 300-340 nm. Measure absorbance at maximum ca 317
nm, at minimum ca 311, and at exactly 329 nm. Use aqueous
methanol as a blank. See Figure 4 for example of spectrum
of standard solution. Exact positions of maximum at 317
and minimum at 311 nm may vary slightly because of ap-
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250 329 350

WAVELENGTH

Figure 5. Spectrométrie detection of cheese and cheese rind

samples. A, cheese rind, 61 mg/kg; B, cheese rind, 15 mg/kg;

C, cheese, 1.7 mg/kg; D, cheese, 0.3 mg/kg; E, cheese, 1.7 mg/

kg, after concentration 5x; F, cheese, 0.3 mg/kg, after concen-
tration 10x.

(nm)

paratus calibration. Always use actual maximum and min-
imum values.

Measurement ofsample solution.—Yor direct spectromét-
rie measurement, use at least 3 mL filtrate.

Record spectrum of sample solution in the range 300-340
nm. Measure absorbance at maximum ofca 317 nm, at min-
imum of ca 311 nm, and at exactly 329 nm. Use aqueous
methanol as a blank. See examples of spectra of sample so-
lutions in Figure 5. (Note: The presence of spices, particularly
pepper, in the cheese can interfere with the results. It will be
obvious by distortion of the absorbance curve, as shown in
Figure 5)

If natamycin concentration of sample is so low that de-
tection is very difficult or impossible (signal-to-noise ratio
<3) but determination is nevertheless required, proceed ac-
cording to Concentration of Filtered Extract. Then, add 15
mL water to eluate and mix. Withdraw solution with a sy-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70. NO. 6, 1987)
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Figure 6. UV spectrum of sample solution containing
natamycin.

ringe and filter through 0.45-Mm membrane filter and then
through a o .20 -um membrane filter into a cell, and record
sample as mentioned above. For examples of UV spectra of
sample solutions, see Figure s .

Calculation.—Calculate natamycin concentration, C5 of
sample (mg/kg) as follows:

C,= (V/m)) x (EJEn) x CN @)

where CNis the natamycin concentration of the natamycin
standard, ¢tg/mL; Es is the net absorbance of the natamycin
standard solution at ca 317 nm; Esis the net absorbance of
the sample solution at ca 317 nm; mt is the mass of the
sample portion, g; and Vis total volume of sample solution,
mL. £ ncan be taken from the UV spectrum of the standard
solution, using the straight line between the absorbance at
ca 311 and 329 nm as a base line, or can be calculated from

En=(£,)N- %(EIn - '13(Em)n 2

where (£,)Nis the maximum absorbance at ca 317 nm; (E2N
is the minimum absorbance at ca 311 nm; and (En9)Nis the
absorbance at 329 nm. E, can be taken from the UV spectrum
of the sample solution, using the straight line between the
absorbance at ca 311 and 329 as a base line (Figure &), or
can be calculated from

Es=(£,)s- %(7L)S- 'A(EX)s 3)

where (E,)sis the maximum absorbance at ca 317 nm; (E2s
is the minimum absorbance at ca 311 nm; and (E39Sis the
absorbance at 329 nm. In the case of the sample solution of
cheese taken from below the rind, Csis the natamycin content
resulting from migration of the natamycin into the cheese.
In the case of the sample solution of cheese rind, calculate

v 1°° O

Figure 7. LC detection of standard solution, 0.5 m9/uiL.
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Figure 8. LC detection of sample solutions. A, cheese rind, 61 mg/kg; B, cheese rind, 15 mg/kg; C, cheese, 1.7 mg/kg; D, cheese,
0.3 mg/kg; E, cheese, 1.7 mg/kg, after concentration 5x; F, cheese, 0.3 mg/kg, after concentration 10x.

amount of natamycin on surface of cheese rind, Cs (mg/
dm32, out of Csas follows:

Q =01C. = (m/a) 0

where m, is the mass of the weighed piece of cheese rind, g,
and a is the area of the weighed piece of cheese rind, cm2
The constant 0.1 is used to convert kg to g and cmz to dm2
If the filtered extract is concentrated, correct calculated val-
ues of Csand C\' by dividing by 5.6 for ca 5 times concen-
tration and 11.1 for ca 10 times concentration.

LC Determination

Calibration.—Pipet 1, 2, 4, s, and s mL standard nata-
mycin solution, concentration 5 /¢g/mL, into a series of 50
mL volumetric flasks and dilute to volume with aqueous
methanol. Solutions contain 0.1, 0.2, 0.4, 0.6, and 0.8 pgl
mL, respectively. Inject 20 yL of each solution into chro-
matograph. Measure peak area or height and plot values
found on y-axis against injected quantities, in pg/mL, on the
x-axis. See Figure 7 for an example ofa chromatogram ofa
standard solution.

Measurement of sample solution. —Inject 20 pL sample
solution into chromatograph. As rapidly as possible, measure
peak area or height having same retention time as standard
natamycin solutions. (Note: The presence of spices, partic-
ularly pepper, in the cheese can cause an interfering peak at
the same retention time as natamycin. Separation can be
achieved by a gradient elution program.) If peak area or
height for sample solution is so low that interpolation on the
calibration graph is impossible or almost impossible but de-
termination is nevertheless required, proceed according to
Concentration of Filtered Extract. Then, dilute eluate to 5
mL with methanol and inject 20 pL sample solution into
chromatograph and continue as mentioned above. For ex-

Figure 9. Classification of UV spectrometric peaks: 1, a distinct
peak in the spectrum, quantitative calculation without problem;
2, a peak is present, but not quantitatively calculable; 3, a very
weak slope is present; 4, no deviation from a blank is observed.

amples of LC chromatograms of sample solutions, see Fig-
ure s .

Calculation.—The concentration of natamycin in the in-
jected aliquot of the sample solution can be found by inter-
polation of the calibration graph. Calculate natamycin con-
centration, C,, of sample (mg/kg) from

c; = (VIm) x c,, ®)

where Cmis the measured concentration of natamycin in the
sample solution, pg/mL; m, is the mass ofthe sample portion,
g; and V is the total volume of the solution, mL. In the case
of the sample solution of cheese taken from below the rind,
Csis the natamycin content resulting from migration of na-
tamyecin into the cheese, as noted above. Calculate natamycin
in the sample solution ofcheese rind in mg/dm. rind surface
according to equation 4, above.

Iffiltered extract has been concentrated, correct calculated
values of Csand Cs by dividing by 5 for 5times concentration
and by 10 for 10 times concentration.

Results and Discussion

Repeatability and Reproducibility

Repeatability and reproducibility of both methods ac-
cording to an interlaboratory study carried out in 1984 by
36 laboratories on s samples (18) are shown in Table 1

Limit of Detection

The limit of detection can be defined as the amount of
analyte giving a response that is 3 times the noise. We have

Table 1. Repeatability and reproducibility of spectrometric and
LC methods for determining natamycin in cheese and cheese

rind
Liquid chroma-
Level* Spectrometry tography
mg/kg mg/dm2 CVE%» CV,, % Ov CVR %
Direct determination 60 4 5.9 12.2 9.3 20.6
15 1 6.2 11.9 71 25.7
10x concn 1.3 0.08 16.5 35 23.4 37
0.3 0.02 425 60 29 39

*mg/dm2 calculated from mg/kg for cheese rind with thickness of 5 mm and
density of 1.3.

» Relative repeatability, r,, = 2.8 x CVr; relative reproducibility, R,,, = 2.8 x
cvR
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Table 2. Signal-to-noise ratios for 1.7 mg/kg and 0.3 mg/kg
levels of natamycin in cheese samples as determined by liquid

chromatography
Level C (1.7 mg/kg) Level D (0.3 mg/kg)
Sample 3 Sample 6 Sample 5 Sample 7
After After After After
Lab. Direct concn Direct concn Direct concn Direct concn
1 — — — — —
2 4.5 47
3 4 26 1 32 - 3.7 - 7.5
4 — 4 - 7 - 5 — 2.5
5 10 - - — — 5.8 — -
6 25 - 13 - 10 — 15
7 1.6 - 2.2 — — 21 — 4.1
8 0» - 0 6.3 - 2.7 — 3.0
9 0 - 0 — 0 — 0 —
10 46 30 4.6 — 15 1 15 1
11 0 7.6 0 — 0 — 0
12 3.6 22 5.3 10.6 0 43 0 15
13 1.8 3 2 21 0 13 0 0
14 — 8.3 - 6.7 - 1.6 - 0
15 — 4.3 — 4.4 — 1.6 — 1.4
16 6.5 47 7 50 27 22 33 20
17 17 50 17 51 4.5 24 4 24
18 4 4.6 3.3 18.8 2.7 1 15 14
19 39 0 53 0 8 0 18
20 - 80 - 12.3 — 11 — —
21 0 4.2 0 15 0 4.8 0 0
m— = Missing.

0o = No signal observed.

calculated signal-to-noise (S/N) ratios from the LC chro-
matograms of 21 participants of the interlaboratory study
(18). The S/N ratios for level C (1.7 mg/kg) and level D (0.3
mg/kg) are presented in Table 2. It can be concluded that

Table 3. UV spectra classifications for 1.7 mg/kg and 0.3
mg/kg levels of natamycin in cheese samples

UV spectrum classification number'

Level C (1.7 mg/kg) Level D (0.3 mg/kg)

Sample 3 Sample 6 Sample 5 Sample 7

After After After After

Lab. Direct concn  Direct concn  Direct concn  Direct concn
1 3 1 3 1 4 2 4 2
2 —b 1 - 1 - 2 - 1
3 3 1 3 1 4 2 4 2
4 4 2 4 2 4 3 4 3
5 3 1 2 1 4 2 4 2
6 3 1 3 1 4 3 4 2
7 4 2 4 2 4 3 4 3
8 3 1 3 1 4 1 4 1
9 3 1 3 1 4 1 4 1
10 2 1 3 1 4 2 4 2

n
12 3 1 3 2 4 3 4 3
Summary

Class 1 9 8 2 3
Class 2 2 4 5 5
Class 3 0 0 4 3
Class 4 0 0 0 0

* See Figure 9 for depictions of classes 1,2,3, and 4 UV spectra.
OMissing.

even at the lowest concentration (level D), most participants
found S/N ratios >3. However, 30% found S/N <3. The
wide variation in S/N ratios indicates that the LC method
may be less rugged than the spectrometric method.

With spectrometric detection, the UV spectrum is prac-
tically without noise. Therefore, UV spectra of interlabora-
tory study participants have been divided into 4 classes (Fig-
ure 9): class 1, a distinct peak in the spectrum, quantitative
calculation without problem; class -, a peak is present, but
not quantitatively calculable; class 3, a very weak slope is
present; class 4, no deviation from a blank is observed. The
results relative to these classifications are presented in Table
3. When classes 1and 2 were “detectable” and classes 3 and
4 were “not detectable,” then, after concentration, all results
were detectable at level C (1.7 mg/kg) and s s % were detect-
able at level D (0.3 mg/kg). That is the same percentage as
found for the LC method at level D. On the basis of these
results, the limit of detection is fixed arbitrarily at 0.5 mg/'
kg for both methods.
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Determination of Natamycin in Cheese and Cheese Rind: Interlaboratory Collaborative Study

WILLEM G. de RUIG

State Institutefor Quality Control ofAgricultural Products, PO Box 230,

2700 AE Wageningen, The Netherlands
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A collaborative test on the determination of natamycin in cheese and
cheese rind was conducted. Participants were from 37 laboratories
in 13 countries. Eight samples, consisting of 4 duplicates, were in-
vestigated by a spectrometric method and a liquid chromatographic
(LC)method. The spectrometric method gave good results (coefficient
of variation [CV] = 12%) and the LC method with ultraviolet detec-
tion gave reasonable results (CV = 25%) for levels down to 15 mg/
kg (0.9 mg/dm?2). For very low levels, a preconcentration step is
necessary, but even then quantitation is poor (CV = 35-37% ) for
both methods at 1.7 mg/kg, although the presence of natamycin can
be detected qualitatively. For a level of 0.3 mg/kg, quantitation is
poor (CV = 39%) for the LC method and impossible (CV = 60%)
for the spectrometric method.

Methods for determining natamycin in cheese rind and in
cheese are described by de Ruig et al. (1). The methods
consist of extraction of cheese and cheese rind in methanol,
precipitation of fat by cooling sample solution : h at -15 to
-20°C, and measurement by spectrometry or liquid chro-
matography with UV detection. For detection of low levels
of natamycin, a concentration step is included.

Internationally, methods of determination have been dis-
cussed by the European Economic Community (EEC) Work-
ing Group on Additives and by the Joint IDF/ISO/AOAC
Group of Experts on Additives (E 43). Both groups felt a
collaborative study was desirable. In the United Kingdom,
the Food Science Division of the Ministry of Agriculture,
Fisheries and Food also was planning a collaborative study
on a national level. It was concluded that one collaborative
study would be preferable, to be organized by the Netherlands
State Institute for Quality Control of Agricultural Products
(RIKILT). In 1983, a pilot cohaborative study was con-
ducted, with 9 laboratories in 4 countries (2). That pilot study
resulted in minor alterations of the methods.

In the collaborative study, conducted in 1984 and reported
here, 37 collaborators in 13 countries participated.

This study concerns the determination and detection steps
only. Although the sampling procedure and the preparation
of the laboratory sample can substantially contribute to the
inaccuracy of the method, they are beyond the scope of this
study.

Collaborative Study

Two methods of measuring the amount of natamycin were
tested: a spectrometric method and a liquid chromatographic
method with UV detection. The aims of the study were to
determine the applicability of both methods, for various con-
centration levels; the reliability cfboth methods, for various
concentration levels, in terms of statistical parameters;
whether both methods give corresponding results; whether
false results may be obtained by interference of degradation
products of natamycin; and the recovery of the methods.

Received July 1, 1985. Accepted October 6, 1986.

Samples

The main problem in preparing samples was that neither
the cheese as such nor natamycin on the rind is stable. In
the Netherlands intercomparisons, no comparable results were
obtained when there were differences in duration and con-
ditions of storage before analysis. For a worldwide intercom-
parison, samples must be stable under normal conditions. In
earlier investigations, it had been found that natamycin in
cheese rind that is homogenized, lyophilized, and then packed
in brown glass bottles under nitrogen is stable for a longer
period. Such samples were used successfully in the pilot in-
ternational study.

For the present study, each participant received s samples,
prepared in May 1984, consisting of lyophilized cheese rind
or cheese packed in brown bottles under nitrogen. Each sam-
ple was ca 15 g, which is sufficient for one analysis. Partic-
ipants were advised to store samples in a refrigerator.

Samples were blind duplicates containing 4 natamycin levels
and were dispatched under code numbers. Participants were
not informed whether they received duplicates or split-level
samples.

Samples are grouped below according to their character-
istics.

Group A.—Samples 1 and 4; cheese rind containing high
level (above EEC limit) of natamycin; cheese production
date, Apr. 10, 1984; treated 4 times with cheese coating
containing 0.005% natamycin during the period May 9-16,
1984.

Group B.—Samples 2 and s ; cheese rind containing low
level (ca EEC limit) of natamycin; cheese production date,
July 15, 1982; treated 3 times with cheese coating containing
0.0125% natamycin during the period July 15-Aug. 31,1982,
and 2 times with 0.005% natamycin during 1983.

Group C.—Samples 3 and s ; cheese, inner part, ground,
treated with natamycin and homogenized; containing nata-
mycin at level above detection limit.

Group D.—Samples 5 and 7; cheese, inner part, ground,
treated with natamycin and homogenized; containing nata-
mycin at very low level.

From earlier investigations, it could be expected that levels
of groups A and B could be determined directly without
concentration of samples, that the level of group C had to
be concentrated, and that the level of group D was at or
below the detection limit. Although no blank samples were
dispatched, the results for group D could have been construed
as false positives.

Homogeneity

The natamycin contents (mg/kg) of 5 lots of each sample,
as dispatched to the participants, were as follows: Group A—
61.7, 65.3, 60.0, 61.2, 59.3; mean, 61.4; standard deviation
(SD), 2.22; coefficient of variation (CV), 3.6%. Group B—
145, 15.2,14.3, 14.5, 14.5; mean, 14.6; SD, 0.35; CV, 2.4%.
Groupe(5x concn)—1.5,1.8, 1.3,1.8,1.5;mean, 1.52;SD,
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Table 1. Interlaboratory results of spectrométrie determina-
tions of natamycin in unconcentrated cheese and cheese rind
samples

Natamycin, mg/kg

Group A Group B Group C Group D
Sample Sample Saméle Sample Sample Sample Sample Sample
Lab. 1 4 2 8 3 6 5 7
1 6320 59.40 16.00 13.20 0.80 0.40 nda nd.
3 6199 55.88 1475 12.85 n.d. n.d. n.d. n.d.
4 6137 56.79 14.01 13.83 1.01 119 n.d. n.d.
5 6210 60.90 16.50 15.90 150 135 n.d. n.d.
6 59.40 60.20 1590 16.00 117 117 n.d. n.d.
7 6436 65.42 1529 14.02 n.d. 0.85 n.d. n.d.
8 66.79 6421 17.30 16.93 n.d. n.d. n.d. n.d.
9 63.03 69.10 17.10 19.20 n.d. n.d. n.d. n.d.
10 59.45 44.47 1452 14.12 2.37 n.d. n.d. n.d.
11 57.08 47.46 12.82 13.83 n.d. n.d. n.d. n.d.
12 7060 65.20 1590 16.80 n.d. n.d. n.d. n.d.

13 63.90 56.47 18.80 17.75 1.60 171 1.30 0.40
14 7590 67.10 18.70 15.50 2.90 2.60 n.d. n.d.
15 5953 57.13 1463 1461 n.d. n.d. n.d. n.d.
16 62.30 61.20 13.60 13.20 0.76 n.d. n.d. n.d.

17 7470 78.20 16.30 16.30 1.60 1.90 0.50 0.50
18 67.14 66.59 13.92 1585 1.29 1.00 n.d. n.d.
19 63.80 63.80 12.80 15.00 1.10 0.90 n.d. n.d.
20 7350 70.80 14.80 15.70 0.40 0.90 n.d. n.d.
21 6190 57.40 14.90 15.30 290 3.00 1.70 n.d.

22 60.66 56.56 15.40 14.53 0.84 125 n.d. nd.
23 54.06 5134 10.68 12.15 2.10 2.30 8.38 0.42
24 4750 40.50 18.10» 10.10»  n.d. n.d. n.d. n.d.
25 7350 63.90 15.60 15.80 130 0.80 n.d. n.d.
26 6825 6342 16.85 18.26 0.63  0.63 039 038
27 7590 70.70 17.60 16.40 n.d. 1.20 n.d. n.d.
28 64.83 62.50 1450 14.66 1.66 1.66 n.d. n.d.

29 6282 6347 15.63 15.27 n.d. n.d. n.d. n.d.
30 6581 67.67 15.68 15.06 1.23 n.d. n.d. nd.
31 6550 61.10 17.C0 16.20 0.70 n.d. n.d. n.d.
32 6893 66.37 1421 1537 n.d. n.d. n.d. n.d.

33 6595 59.55 14.65 16.50 280 270 n.d. n.d.
34 66.58 60.72 14.45 16.12 0.62 147 n.d. n.d.

35 4400 4317 10.67 9.50 0.22 n.d. n.d. n.d.
36 6549 67.44 1581 13.60 n.d. n.d. n.d. n.d.
37 67.12 6512 15.67 15.30 n.d. n.d. n.d. n.d.

*Not detectable.
»QOutlier.

0.28; CV, 17.8%. Group D (10x concn)—0.35, 0.43, 0.47,
0.42, 0.41; mean, 0.42; SD, 0.04; CV, 9.5%.

Degradation Products

Degradation products (3) may interfere with natamycin
and give rise to incorrect results. With LC determination,
these degradation products have a shorter retention time, so
that 2 separate peaks are obtained. The spectrometric method
is less specific, and degradation products may seemingly en-
hance the results for natamycin. One aim of this study was
to test whether this occurs in practice when the described
method is applied. If so, the spectrometric results will be
higher than LC results. This will be the case particularly for
older cheeses where more degradation products can be ex-
pected. Therefore, group B (samples 2 and s) was prepared
from an extremely old cheese that had been treated with
natamycin throughout 2 years. Especially for this group, re-
markable differences between the : methods can thus be
expected.

Recovery Tests

For determination of recovery, participants were asked to
analyze » other samples, which they prepared, as follows:
Cut a piece of rind to a thickness of ca 5 mm from a half-

Table 2. Interlaboratory results of LC determinations of nata-
mycin in unconcentrated cheese and cheese rind samples

Natamycin, mg/kg

Group A Group B Group C Group D
Sample Sample Sample Sample Sample Sample Sample Sample

Lab. 1 4 2 8 3 6 5 7
1 5874 5343 1469 1215 185 n.d." n.d. n.d.
2 63.00 60.20 15.10 15.60 n.d. n.d. n.d. n.d.
3 5258 49.83 15.66 12.63 n.d. n.d. n.d. n.d.
4 58.62 54.04 1557 14.56 165 247 n.d. n.d.
5 6243 61.66 16.57 13.88 193 231 0.77 0.58
7 6376 68.04 17.10 17.66 177 1.93 048 0.46
10 54.37 31.04 13.54 13.14 n.d. n.d. n.d. n.d.
11 5496 35.04 7.56» 14.29» n.d n.d. n.d. n.d.

12 69.40 67.00 17.80 16.40 2.60 1.90 0.60 0.50
13  85.10» 17.09» 25.90» 12.55» 3.13 2.43 190 0.14

14 77.60 85.00 18.00 19.80 180 250 n.d. n.d.

16 39.80 34.20 ndb nd& n.d. n.d. n.d. n.d.
17 63.80 63.60 1410 14.70 1.80 1.80 n.d. n.d.
18 6256 67.42 14.38 14.38 n.d. n.d. n.d. n.d.
19 56.50 57.80 1050 12.20 n.d. n.d. n.d. n.d.
20 6458 50.70 13.95 13.95 206 2.79 n.d. n.d.
24 5430 49.20 15.70 13.80 n.d. n.d. n.d. n.d.
25 81.70 69.60 17.20 18.50 n.d. n.d n.d. n.d.

27 68.60 61.90 9.90 9.64 n.d. 1.00 n.d. n.d.
28 66.33 60.33 12,17  12.50 1.33 133 0.33 0.33
29 5315 53.52 13.50 13.38 1.50 1.04 0.15 0.15
30 64.84 65.87 15.77 14.87 263 232 1.18 1.20

31 87.00 92.00 23.00 25.00 8.00 n.d. n.d. n.d.
32 68.70 66.64 8.11 9.25 n.d. n.d. n.d. n.d.
35 42.67 4233 1350»  4.73» n.d. 2.00 n.d. n.d.
36 65.10 69.00 23.00 23.60 n.d. n.d. n.d. n.d.
37 7100 66.20 21.10 24.40 n.d. n.d. n.d. n.d.

* Not detectable.
“ Qutlier.

hard type of domestic cheese. Grind the rind and homoge-
nize. Weigh 10 g ground rind into 200 mL conical flask.
Dissolve 100 mg natamycin reference sample (91.6% nata-
mycin) in 50 mL methanol. Dilute 1:10 with methanol. Add
1mL ofthis solution to the contents ofthe conical flask. The
concentration in the sample is thus 0.916 x 20 = 18.32 mg/
kg. Proceed as described by De Ruig et al. (1) starting from
Extraction ofSample Solutions.

Results

The results reported by the participants are shown in Ta-
bles 1-4. Recoveries of the spectrometric and LC detection
are reported in Tables 5and s . In these tables, the natamycin
levels are given only in mg/kg. The amount in mg/dm: can
be calculated, taking into account the surface (Y) and the
mass (X) ofthe laboratory sample; in the collaborative study
the values were given in the protocol, namely, X = 15¢, Y =
25 cm2, so that

C'(mg/dm2r = 0.1(15/25)C = 0.06C(mg/Kkg).

Results were sent in a provisional form to all participants to
check the data. In some cases, where something obviously
seemed to be wrong, the institute in question was contacted.
It was found that some institutes had not corrected for the
standard natamycin being 91.6%. After a questionnaire was
sent, some participants corrected their results, and the data
in this report have been corrected where necessary. Because
the method was not conducted as prescribed, results from -
laboratories were excluded in the evaluation of this collab-
orative study. Deviations included use of other LC column,
mobile phase, or flow rate, variations in pretreatment, and
results of a second experiment with less sample.
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Table 3. Interlaboratory results of spectrométrie determinations of natamycin in concentrated cheese and cheese rind samples

Group B Group C Group D
Concn  Sample 2, Concn  Sample 8, Concn  Sample 3, Concn , Sample 6, Concn  Sample 5, Concn  Sample 7,
Lab. level mg/kg level mg/kg level mg/kg level mag/kg level mg/kg level mg/kg
1 —a - - - 10 1.26 10 1.18 10 0.14 10 0.18
3 — — — — 10 0.84 5 1.37 10 n.d.° 10 0.26
4 — — — — 10 0.92 10 1.10 10 0.18 10 0.27
5 — — — — 5 1.32 5 1.56 10 0.31 10 0.30
7 — — — — 10 0.87 10 0.94 10 0.21 10 0.25
10 — — — - 5 1.09 10 0.85 10 0.24 10 0.37
11 5 10.60 — - 5 1.07 10 1.21 10 0.42 10 0.05
12 — — — — 10 1.50 10 1.10 10 n.d.c 10 nd.
13 — — — — — — 5 1.82 5 0.52 5 0.38
14 — — — — = — — — 10 n.d. 10 nd.
15 5 11.88 5 531 10 0.61 10 n.d. 10 n.d. 10 n.d.'
17 — — — — 10 1.20 10 1.50 10 0.30 5 0.30
18 — — — — 5 1.58 10 125 5 0.16 5 0.28
19 — — — — 10 0.60 10 C.30 10 nd.c 10 n.d.’
20 — — — — 10 117 10 C.66 10 0.09 10 n.d.
22 — - - — 10 1.04 10 1.15 5 0.16 10 0.15
23 — — — — 10 4.35' - - - - 10 0.64
24 — — — — 10 1.50 10 1.42 10 0.28 10 n.d.
25 — — — — 5 1.60 5 1.60 5 0.70 5 0.50
27 — — — — 10 1.26 10 1.64 10 0.38 10 041
28 - - - - 5 1.67 5 1.83 10 0.33 10 0.33
29 — - 5 13.39 10 1.01 10 C.88 10 n.d.c 10 n.d.c
30 — - - - 5 1.82 5 1.78 10 0.30 10 0.30
31 5 35.20 5 54.10 10 13.70' 10 6.70' 10 2.40' 10 nd.
32 - - - — 10 1.43 10 1.23 10 0.16 10 0.50
33 - - - - - - 10 2.00 - - - -
34 5 12.44 5 5.73 10 0.55 10 0.73 10 n.d.c 10 nd.
35 - - 10 6.50 - - 10 0.75 10 0.17 10 0.10
36 - - - - 5.6 119 5.6 129 5.6 n.d.' 5.6 n.d.'
37 _ _ _ _ 5.5 1.34 55 1.18 55 n.d.' 55 n.d.
* Missing.
' Not detectable.
' Outlier.
Table 4. Interlaboratory results of LC determinations of natamycin in concentrated cheese and cheese rind samples
Group B Group C Group D
Concn  Sample 2, Concn  Sample 8, Concn  Sample 3, Concn  Sample 6, Concn  Sample 5, Concn  Sample 7,
Lab. level mag/kg level mg/kg level mg/kg level mg/kg level mag/kg level mag/kg
1 _a — — _ 10 1.26 10 115 10 0.35 10 0.26
2 — — — — 10 1.10 10 -.30 10 n.d." 10 nd.
3 — - — — 10 0.92 5 -.46 10 0.24 10 0.32
4 — — — — 10 0.92 10 -.37 10 0.22 10 0.23
5 — — — — 5 1.00 5 -.08 10 0.31 10 0.31
7 — — _ — 5 131 5 -.48 10 0.32 10 0.23
10 — _ — — 5 0.79 10 0.82 10 0.27 10 0.24
11 5 7.42 - — 5 113 10 2.12 10 0.36 10 0.17
12 — — _ — I - 5 1.50 5 0.50 5 0.40
14 — — — — — — — — 10 0.30 10 0.50
16 10 11.60 10 11.70 — — — — — - - -
17 — — — — 10 1.10 10 1.30 10 0.40 5 0.40
18 — _ — — 5 1.46 5 177 10 0.31 10 0.38
19 — — — _ 10 1.10 10 0.22 10 n.d.c 10 nd.
20 — — — — 10 1.26 10 0.73 10 0.29 10 0.18
24 - — — _ 10 2.90 10 2.30 10 1.000 10 0.90'
25 — — — — 5 1.60 5 1.70 5 0.70 5 0.40
27 — — — — 10 1.21 10 1.45 10 0.36 10 0.38
28 — — i _ 5 1.67 5 1.83 10 0.33 10 0.33
29 i — — — 10 1.35 10 0.90 10 0.15 10 nd.
30 — — — 5 2.15 5 2.12 10 0.42 10 0.43
32 — — — _ 10 0.94 10 1.28 10 0.18 10 0.43
35 — 10 8.27 10 0.88 10 2.02 10 1.45' 10 nd.
36 — — — 55 2.10 55 2.00 55 0.70 55 0.40
37 — — — — 55 2.00 55 2.30 55 0.40 55 0.50
* Missing.

' Not detectable.
' Outlier.
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Table 5. Recovery of natamycin by spectrométrie method from
cheese rind samples spiked by individual laboratories

Sample 1 Sample 2 Recovery
Added, Found, Ree, Found, Ree, Mean, Diff.,
Lab. mg/kg mg/kg % mg/kg % % %
1 40.00 42.20 105.50 38.20 95.50 100.50 10.00
3 20.00 18.40 92.00 — — 92.00 —
4 20.00 15.50 77.50 16.20 81.00 79.25 3.50
5 20.00 19.50 97.50 20.30 101.50 99.50 4.00
6 18.30 13.00 71.04 — — 71.04 —
7 20.00 17.20 86.00 17.42 87.10 86.55 1.10
8 20.00 19.51 97.55 19.36 96.80 97.18 0.75
9 20.00 18.90 94.50 17.80 89.00 91.75 5.50
h 20.00 21.00 105.00 21.80 109.00 107.00 4.00
12 20.00 19.20 96.00 19.40 97.00 96.50 1.00
13 20.00 17.50 87.50 17.00 85.00 86.25 2.50
14 20.60 19.50 94.66 — — 94.66 —
15 18.32 17.67 96.45 17.83 97.33 96.89 0.87
16  18.00 12.84 71.33 13.20 73.33 72.33 2.00
17 19.45 19.80 101.80 18.70 96.14 98.97 5.66
18 19.83 17.90 90.28 18.70 94.31 92.29 4.03
19 20.00 18.70 93.50 18.00 90.00 91.75 3.50
20 1957 19.00 97.09 19.60 100.15 98.62 3.07
21 20.00 17.10 85.50 — — 85.50 —
22 19.02 19.42 102.10 — — 102.10 —
23 20.00 19.28 96.40 17.60 88.00 92.20 8.40
24 18.30 13.00 71.04 — — 71.04 —
25 18.40 15.60 84.78 — — 84.78 —
26 20.00 12.47 62.35 13.24 66.20 64.28 3.85
27 20.00 16.40 82.00 17.60 88.00 85.00 6.00
28 21.35 20.27 94.94 19.87 93.07 94.00 1.87
29 20.07 18.52 92.28 — — 92.28 —
30 18.32 17.54 95.74 17.74 96.83 96.29 1.09
31 20.00 20.50 102.50 19.10 95.50 99.00 7.00
32 20.00 27.46 137.30 25.68 128.40 132.85 8.90
33 19.70 21.00 106.60 — — 106.60 —
35 20.12 15.66 77.85 26.00 129.26 103.56  51.40
36 1847 18.55  100.43 — — 100.43 —
37 20.00 19.83 99.15 — — 99.15 —

aMissing.

Evaluation of Results

The results of laboratories that applied the method cor-
rectly were statistically evaluated according to 1SO 5725.
According to this standard, Cochran’s maximum variance
test is used to test the repeatability within laboratories, and
Dixon’s outlier test is used to test the precision between
laboratories. Outliers were rejected, stragglers were kept in.

Values reported as “not detectable” were considered to be
outliers and were not included in the calculations of results.
As was expected, levels in group A and B samples could be
determined without concentration, group C levels could barely
be determined, and group D levels could not be determined
at all without preconcentration. Therefore, only the direct
determinations for groups A and B and the determinations
after concentration for groups C and D were evaluated and
are reported in Table 7. The results are summarized in Ta-
ble s.

Applying the t test for random samples on the spectro-
métrie and the LC results shows that there is no significant
difference in the results of both methods at all 4 levels in-
vestigated; t < 1.96 in all cases. In the spectrometric method,
there could be a risk that degradation products contributed
to absorbance, thus giving rise to significantly higher values.
Especially for group B samples (made from very old cheese
and thus probably containing a high level of degradation
products) this should be the case. However, such interference
did not occur here as shown by the values.

Table 6. Recovery of natamycin by LC method from cheese rind
samples spiked by individual laboratories

Sample 1 Sample 2 Recovery
Added, Found, Ree, Found, Ree, Mean, Diff.,
Lab. mg/kg mag/kg % mg/kg % % %
1 40.00 39.41 98.53 30.42 76.05 87.29 2248
2 50.00 51.00 102.00 45.70 91.40 96.70  10.60
3 20.00 18.30 91.50 —8 — 91.50 —
4 20.00 19.10 95.50 19.10 95.50 95.50 0.00
5 20.00 20.80 104.00 20.40 102.00 103.00 2.00
7 20.00 18.55 92.75 18.76 93.80 93.28 1.05
8
10 20.00 19.09 95.45 19.31 96.55 96.00 1.10
11 20.00 22.00 110.00 17.55 87.75 98.88 22.25
12 20.00 20.50 102.50 20.70  103.50 103.00 1.00
13 20.00 20.87 104.35 19.31 96.55 100.45 7.80
14 20.60 23.00 111.65 — — 111.65 —
16 18.00 15.20 84.40 14.40 80.00 82.22 4.44
17
18 19.83 15.90 80.19 20.10 101.37 90.78 21.18
19 20.00 20.30 101.50 9.40 47.00 74.25 54.50
20 1957 14.97 76.49 16.88 86.25 81.37 9.76
21
22
23 — — —
24 18.30 17.40 95.08 95.08
25 18.40 16.00 86.96 — — 86.96 —
26
27 20.00 14.60 73.00 12.40 62.00 67.50 11.00
28
29 2007 17.84 88.89 — — 88.89 —
30 18.32 19.05  103.99 19.02  103.82 103.90 0.16
31 20.00 24.00 120.00 20.00 100.00 110.00  20.00
32 20.00 16.30 81.50 15.80 79.00 80.25 2.50
35 20.12 14.00 69.60 2650 131.74 100.67 62.14
36 1847 16.40 88.79 — — 88.79 —
37 20.00 18.90 94.50 — — 94.50 —

Missing.

The repeatability and reproducibility of the spectrometric
method are better than those of the LC method for groups
A and B. For group C they are comparable, and for group
D, liquid chromatography is the better method.

Conclusions

The “true values,” i.e., the arithmetic means of the mean
values of natamycin detected by the spectrometric and the
LC methods, of the samples can be estimated to be: group
A, 61.7 mg/kg, 3.70 mg/dm2 group B, 15.4 mg/kg, 0.92 mg/
dm2 group C, 1.31 mg/kg, 0.08 mg/dm2 and group D, 0.30
mg/kg, 0.018 mg/dm2

More collaborators were able to conduct the spectrometric
determination than the liquid chromatographic. Moreover,
more difficulties were reported for the LC determination.
Apparently, the spectrometric determination is more rigid
and straightforward and easier to perform than the LC de-
termination.

Group A levels of natamycin can be determined directly
by both methods. However, for the spectrometric method,
the coefficients of variation within laboratories, CVr, and
those among laboratories, CVR are less than half of those
for the LC method. There is no need to apply the concen-
tration step for this level.

Group B levels can be measured directly by both methods,
too. The CVrisabout the same, but the CVRofthe LC method
is twice that ofthe spectrometric method. For this level, too,
concentration is unnecessary.

About one-third of the laboratories were not able to de-
termine group C levels in unconcentrated samples: spectro-
metric, 11 out of 37; liquid chromatographic, 13 out of 32.
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Table 7. Mean values of natamycir in groups A and B uncon-
centrated samples and in groups C and D concentrated samples
determined by spectrométrie and LC methods

Direct After concentration
Group A Group B Group C Group D
Spec- Spec- Spec- Spec-

Lab. trom. LC trom. LC trom. LC trom. LC
1 61.30 56.09 14.60 13.42 1.22 1.21 0.16 0.31
2 -3 6160 - 15.35 - 1.20 - -
3 5894 5121 13.80 14.15 111 1.19 0.13» 0.28
4 59.08 56.33 13.92 15.07 1.01 1.15 0.23 0.23
5 6150 62.05 16.20 15.23 1.44 1.04 0.31 0.31
6 59.80 - 15.95 - - - - _
7 64.89 65.90 14.66 17.38 0.91 1.40 0.23 0.28
8 65.50 - 11.12 - - - - -
9 66.07 - 18.15 - - - - -

10 51.96 4271 1432 13.34 0.97 0.81 0.31 0.26
11 5227 45.00 13.32 - 1.14 1.63 0.24 0.27
12 67.90 68.20 16.35 17.10 1.30 1.50e - 0.45
13  60.19 - 18.28 - 1.82' - 0.45 -
14 7150 81.30 17.10 18.90 - - - 0.40
15 58.33 — 14.62 — 0.31» - — —
16 61.75 37.00 13.40 - - - - _
17 76.45 63.70 16.30 14.40 1.35 1.20 0.30 0.40
18 66.87 64.99 14.89 14.38 1.42 1.62 0.22 0.35
19 63.80 57.15 13.90 11.35 C.45 0.66 - -
20 72.15 57.64 15.25 13.95 C.92 1.00 0.05» 0.24
21 59.65 - 1510 - - - - -
22 5861 - 1493 - 1.10 - 0.16 -
23 52.70 - 11.42 - - - 0.64» -

24 44.00 51.75 - 14.75 1.46 2.60 0.14» —

25 68.70 75.65 15.70 17.85 1.60 1.65 0.60 0.55

26 6584 - 1756 - - - - -

27 73.30 65.25 17.00 9.77 1.45 1.33 0.40 0.37
28 63.67 63.33 1458 12.34 1.75 1.75 0.33 0.33
29 63.15 53.34 15.45 13.44 C.95 1.13 - 0.08»
30 66.74 65.36 15.37 15.32 1.80 2.14 0.30 —
31 63.30 89.50 16.60 24.00 - - - 0.43
32 6165 67.67 14.79 8.68 1.33 111 0.33 0.31
33 62.75 - 15.58 — oo — - —
34 63.65 — 15.29 — 0.64 — — —
35 4359 4250 10.09 — 0.75e 1.45 0.14 —
36 66.47 67.05 1471 23.30 ‘.24 2.05 - 0.55
37 66.12 68.60 15.49 22.75 .26 2.15 — 0.45
nv 36 26 35 23 27 23 20 20
X 6250 60.80 15.19 15.49 21 1.43 0.28 0.34
S, 7.14 11.90 1.68 3.91 0.41 0.47 0.15 0.11
% 1.19 2.33 0.28 0.82 0.079 0.098 0.034 0.025
1.70 -0.293 -0.222 -0.059
S: 2.62 0.86 0.125 0.042
( 0.65 -0.34 -1.77 -1.40
* Missing.

»Duplicate not detectable.
cDuplicate omitted.
“n = number of evaluated laboratories;
X = total mean value = mean of the mean values;

s, = standard deviation of the mean values;

s, = standard deviation of the total mean value
=sjvn\

a= difference between spectrometric and LC methods;
=X» -

s| = standard deviation of the difference

= - Xj = MUFp + (s~
f=ttest = Alsa

After the samples were concentrated, all participants could
obtain measurable results. CVris slightly better for the spec-
trometric detection, and CVRis comparable.

Most participants were unable to detect group D levels in
unconcentrated samples (spectre metric, 28 out of 37; liquid
chromatographic, 17 out of 29). After the samples were con-
centrated, however, 20 out of 27 laboratories detected na-
tamycin spectrometrically, and 23 of 24 obtained results by
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using liquid chromatography. The CVs for liquid chroma-
tography were better than those for spectrometry.

To judge the applicability of the methods, we can apply,
arbitrarily, the following classifications for CVR 1-15%, good;
16-30%, reasonable; 31-45%, poor; and >45%, not detect-
able. The breakdown of these classifications by group and
method is shown in Table 9.

Recovery at a level of 20 mg/kg is approximately 100%.

Results by the spectrometric and LC methods are not sig-
nificantly different. No contribution of natamycin degrada-
tion products by the spectrometric method was observed.

The difficulties encountered due to interference from pa-
prika and pepper in the analysis of fresh cheeses was referred
to the Joint IDF/ISO/AOAC Group of Experts. The occur-
rence ofthis phenomenon will be obvious from the complete
spectrum, which would be altered, but it can be misinter-
preted when only the 3 relevant wavelengths are measured.
Therefore, in case of spectrometric determination, measure-
ment of the complete spectrum is obligatory. No further
essential alterations in the method were necessary.

The method has been adopted by the Joint IDF/ISO/AOAC
Group of Experts on Selected Food Additives eventually to
become an IDF/ISO Standard Method. It fulfills the require-
ments of the EEC, and the ad hoc EEC working group has
adopted an unambiguous method for analysis of cheese rind
and cheese based on this method.
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Table 8. Overall interlaboratory results expressed as repeatability and reproducibility
Direct After concentration
Group A Group B Group C Group D
Sign. Sign. Sign. Sign.
Measurement Spectrom. LC diff. Spectrom. LC diff.” Spectrom. LC diff. Spectrom. LC diff.
Number of participants 36 27 NA 36 27 NA 29 23 NA 29 24 NA
Number of outliers 0 1 NA 1 4 NA 2 0 NA 9 4 NA
Outliers, % 0 4 NA 15 NA 7 0 NA 31 17 NA
Natamycin, mg/dm2
X0 3.75 3.65 no 0.91 0.93 no 0.071 0.085 no 0.016 0.020 no
re 0.61 0.96 no 0.16 0.19 no 0.034 0.057 yes 0.019 0.017 no
2.8 sC 1.13 1.90 yes 0.26 0.65 yes 0.062 0.070 no 0.019 0.016 no
fl* 1.29 2.13 0.31 0.68 0.070 0.089 0.028 0.023
Natamycin, mg/kg
62.5 60.8 no 15.2 155 no 1.19 1.43 no 0.27 0.34 no
1* 104 16.0 no 2.7 31 no 0.56 0.95 yes 0.32 0.28 no
2.8 su 18.8 317 yes 4.4 10.8 yes 1.03 1.16 no 0.32 0.25 no
R* 215 355 51 11.3 117 149 0.46 0.38
Coefficients of variation
CV, %' 59 9.3 NA 6.2 71 NA 16.5 234 NA 425 29 NA
CVL %» 10.6 184 NA 10.2 24.7 NA 31 29 NA 42.6 26 NA
cVv,, %" 12.2 20.6 NA 119 25.7 NA 35 37 NA 60 39 NA

*no = no significant difference (a < 0.01) between spectrometric and LC methods
yes = significant difference {a < 0.01) between spectrometric and LC methods.
OContent, weighted mean value.

‘ Repeatability value = 2.8 S, where S, = repeatability (within-laboratory) standard deviation.

d SL= between-laboratory standard deviation.

* Reproducibility value = 2.8 SR where Sn = reproducibility (overall among laboratories). Standard deviation, Sn = \/Sr2 + SL2

' Repeatability relative standard deviation as a percent.
»Between laboratories relative standard deviation as a percent.
“ Reproducibility relative standard deviation as a percent, CVn= VCVR2 + CVI2

Table 9. Applicability of spectrometric and LC methods according to level of natamycin in cheese and cheese rind samples

Group, mg/kg (mg/dm2)

Method A, 60 (3.8) B, 15(0.9) C, 1.7(0.1) D, 0.3 (0.02)
Spectrometric, direct good* good not detectable not detectable
Spectrometric, after concentration — — poor not detectable
LC, direct reasonable reasonable not detectable not detectable

LC, after concentration

poor poor

“Good = 1-15%; reasonable = 16-30%; poor = 31-45%; not detectable = >45%.

oratory, Div.A: Nutrients and Food Additives, Soborg,
Denmark

A. J. Harrison, County of Avon Scientific Services, Bristol,
UK

B. Hoffmann, Chemisches Landesuntersuchungsamt
Nordrhein-Westfalen, Munster, FRG

V. Husbands, Department of Regional Chemist, Strath-
clyde Regional Council, Glasgow, UK

I. Ibanez Rico, Laboratorio Arbitral Central de Fraudes,
Madrid, Spain

Masahiro Iwaida, Nestlé K. K., Kobe Port, Japan

T. E. Johnson, Herbert J. Evans and Partners, Camarthen,
UK

J. Leenheer, Netherlands Controlling Authority for Milk
and Milk Products, Leusden, The Netherlands

H. Kdbler, Chemische Landesuntersuchungsanstalt Stutt-
gart, Stuttgart, FRG

T. Linazo Iglesias, Laboratorio Agrario del Estado en Ma-
drid, Madrid, Spain

S. Littman, % Chem. Untersuchungsamt, Hamm, FRG

J. M. Nuijens, Food Inspection Service, Haarlem, The
Netherlands
; H. Overstrom, SMR Central Laboratorium, Malmd, Swe-
en

J. A. Palgrave, Moir and Palgrave, London, UK

S.
erlands

C. Repelius, Gist-Brocades NV, Delft, The Netherlands

Schneider, Milchwirtschaftliche Untersuchungsanstalt
Miinchen der Landesvereinigung der Bayerischen Milchwirt-
schaft e.V., Minchen, FRG

M. J. Scotter, Ministry of Agriculture, Fisheries and Food,
London, UK

D. Scuffam, Laboratory ofthe Government Chemist, Lon-
don, UK

J. H. Shelton, Leo Taylor and Lucke, Bedford House, Lon-
don, UK

M. T. Stijve, Société d’Assistance Technique pour Produits
Nestlé S. A., La Tour de Peilz, Switzerland

R. Tiebach, Max von Pettenkofer Institut des Bundesge-
sundheitsamtes, Berlin, FRG

E. Tsigaridas, General Chemical State Laboratory, Athens,
Greece

v. d. Reek, DMV-Campina B. V., Veghel, The Neth-

References
(1) de Ruig, W. G., van Oostrom, J. J., & Leenheer, J. (1987) J.
Assoc. Off. Anal. Chem. 70, 944-948

(2) de Ruig, W. G. (1983) RIKILT Rep. 83.86, Wageningen, The
Netherlands
(3) Brik, H. (1976) J. Antibiot. (Tokyo) 29, 632-637



STROUP ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

DECOMPOSITION

955

Evaluation of Precision Estimates for Fiber-Dimensional and Electrical Hygrometers for

Water Activity Determinations
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The precision ofinstruments used in 3 collaborative studies conducted
within the Food and Drug Administration over a 4-year period (1981,
1982, 1984) for water activity (a.) determinations according to the
official AOAC method is evaluated. Calibration responses of the
instruments were tested for linearity over the a, range from 0.75 to
0.97. Average absolute percent difference between predicted and as-
signed a,, values for the linear model ranged from 0.3 to 0.7% for a
fiber-dimensional hygrometer (Abbeon) and 3 electrical hygrometers
(Beckman, Rotronics, and W eather Measure). The calibration re-
sponses for another electrical hygrometer (Hygrodynamics) were
nonlinear. The fiber-dimensional hygrometer yielded mean a,, values
and precision estimates that did not differ significantly from those
obtained with the electrical hygrometers for (NH4)25 04slush, KN03
slush, sweetened condensed milk, pancake syrup, and cheese spread.
However, the mean a,, value for a soy sauce was 0.838 for the electrical
hygrometers compared with 0.911 for the fiber-dimensional hygrome-
ter. The fiber-dimensional hygrometer was affected by a volatile com-
ponent(s) in the soy sauce that caused an erroneously high a,, value.
Pooled estimates of reproducibility (Sx) in the 3 studies were 0.008
for the fiber-dimensional hygrometer and 0.010 for the electrical
hygrometers; these values were not significantly different from those
reported in the study that verified the current official AOAC method.

The Food and Drug Administration (FDA) laboratories use
the official AOAC method (1,2) tc measure the water activity
(aw values of foods. Accurate and repeatable a,, measure-
ments are needed by FDA to support the exemption of low-
acid canned foods with a finished product awof 0.85 or less
from the requirements of the Code of Federal Regulations
(3). These measurements are also needed to determine the
appropriate level of humectants for canned foods that receive
a thermal processing less than that required for commercial
sterility.

Within the framework of this AOAC method, several in-
struments with different operating principles may be used
for avmeasurement. These operating principles include change
in electrical conductivity ofimmobilized salt solutions, change
in electrical capacitance of polymer thin films, dew point by
chilled-mirror technique, longitudinal change in dimensions
of water-sorbing fiber, partial water vapor pressure by man-
ometric system, and relative weight of moisture sorbed by
anhydrous hydrophilic solid. A multiinstrument study (2)
determined that awmeasurements by the described method
can be made with an accuracy and precision within o 01
with instruments using immobilized salt sensors (Beckman,
Rotronics, and Hygrodynamics). However, a valid statistical
analysis could not be made for other instruments with dif-
ferent operating principles listed in the method because too
few laboratories were using them at the time (2). The objec-
tives of this study were to determine the precision estimates
for a fiber-dimensional hygrometer which was used by an
insufficient number of laborator.es in the original study (2)
and to compare the precision estimates for this fiber-dimen-

Received September 19, 1986. Accepted March 25, 1987.
1Division of Microbiology.

sional hygrometer with those for selected electrical hygrome-
ters from the original study.

Experimental

Five instruments were used to measure ay. the Abbeon
hygrometer, which is based on the longitudinal change in the
dimensions of a water-sorbing fiber; the Beckman, Hygro-
dynamics, anc Rotronic hygrometers, which are based on a
change in electrical conductivity of immobilized salt solu-
tions; and the Weather Measure hygrometer, which is based
on a change in the electrical capacitance of polymer thin
films. The Hygrodynamics instruments were operated with
narrow-range sensors, so » sensors were used (color-coded
as violet and gray by the vendor) to obtain the necessary
coverage over the awrange from 0.75 to 0.97. All other hy-
grometers evaluated in this study used a single sensor over
this  range.

Sixteen to 18 laboratories participated in each of the 3
intra-FDA collaborative studies. All samples were analyzed
in duplicate for awvalues by using the AOAC method (1).
In the first collaborative study, 5 salt slushes used to calibrate
the Abbeon hygrometers were chosen and prepared by each
participating laboratory from 9 salts {a, > 0.742) listed in
the official AOAC method. In the last 2 studies, the same 5
salt slushes (NaCl, KBr, KC1, BaCT, and K,S04) were pre-
pared by each participating laboratory to calibrate all instru-
ments. Each laboratory submitted the instrument readings
for the calibration responses and the test samples as well as
the calculated awvalues.

For test samples, 2 salt slushes (KN 0z and [NH4].S04) and
» foods (a fermented soy sauce and a pancake syrup) were
portioned from pooled lots of reagent grade salts and prod-
ucts, respectively. In addition, 2 foods (14 oz cans ofa sweet-
ened condensed milk and s oz jars of a cheese spread) were
selected at random from a bulk purchase of foods with the
same container code.

Results and Discussion
Instrument Calibration Responses

In AOAC method 32.004-32.009, a best-fitting line or curve
is drawn through a plot ofthe meter readings for 5 salt slushes
vs their assigned awvalues to determine the calibration re-
sponse. The awvalues are then determined from the meter
readings for the test samples by using the calibration re-
sponse. However, most investigators, including FDA ana-
lysts, prefer to use a mathematical model to characterize the
calibration response for all a,,instruments whenever possible.
This approach tends to minimize between-analyst bias as-
sociated with freehand drawing of a best-fitting line. The
calibration responses for the awinstruments used in this study
were analyzed for linearity by using the method of least-
squares regression (4). The average absolute percent differ-
ences between the observed meter readings and the values
predicted from the linear model were calculated by the meth-
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Table 1. Precision estimates for hygrometers (Abbeon) used in
1981 collaborative study8

Sweetened
kno3 condensed
Statistic slush milk
Mean a,” X 0.928 0.853
Repeatability' S, 0.004 0.004
Among laboratories' S. 0.007 0.008
Reproducibility’ S, 0.008 0.009
(S3X) x 100 CcV 0.4 0.4
(SIX) x 100 CcvL 08 1.0
(83X) x 100 CV. 0.9 1.1

* No electrical hygrometers were used in this study.
6Data from 14 laboratories submitted in duplicate.
' Calculated as a standard deviation.

od of Davis (5). These average absolute percent differences
ranged from 0.3 to 0.7% for all hygrometers except the Hy-
grodynamics instruments.

When a mathematical model is used to characterize the
calibration points, » types of errors can occur: experimental
error associated with the generation of the meter reading,
and failure of the mathematical model to fit the calibration
response. Since the calibration responses for each instrument
consisted of a single meter reading for each salt slush, no
measure of replicate error was available for the calibration.
Consequently, the residual sum ofsquares calculated for each
response could not be used to obtain estimates of lack of fit
for the model and the experimental error. We then assumed
that the repeatability variances (Tables 1-3) for the test sam-
ples are a reasonable estimate for the replicate error associ-
ated with the calibration responses. Thus, the residual error
for the calibration responses can be compared to the esti-
mated value for replicate error, and a statistical test can be
performed to indicate when a mathematical model fails to
adequately “fit” the calibration response. The pooled esti-
mate for replicate standard deviation (SD) calculated from
Tables 1-3 was 0.004 with 259 degrees of freedom (df)- The
/m-ratio was computed for the calibration curves (4). As an
example of this calculation, consider that a linear regression
from an Abbeon instrument yielded a correlation coefficient
of r = 0.9995. The residual mean square was 0.000005505

Table 2. Precision estimates for hygrometers used in 1982 col-
laborative study

(N"fm Soy

Statistic slush sauce

Abbeon hygrometers

Mean a,* X 0.803 0.911
Repeatability* S, 0.004 0.005
Among laboratories* ) 0.006 0.009
Reproducibility* S. 0.007 0.010
(SJx) x 100 o, 0.5 0.6
(SIX) x 100 CV. 08 1.0
(SJx) X 100 Cv. 0.9 1.1
Electrical hygrometers
Mean a,,’' X 0.810 0.838
Repeatability” R} 0.004 0.002
Among laboratories* S 0.007 0.011
Reproducibility* Sx 0.008 0.011
(SJX) x 100 cv0 05 0.3
(SIX) x 100 (6Y4) 0.9 13
(SJIx) x 100 CVv. 1.0 1.3

* Data from 13 laboratories submitted in duplicate.

“ Calculated as a standard deviation.

' Data from 5 laboratories submitted in duplicate. Electrical hygrometers
used included 2 from Hygrodynamics and 1 each from Rotronics, Beck-
man, and Weather Measure.

Table 3. Precision estimates for hygrometers used in 1984 col-
laborative study

KNG Cheese

Statistic slush Syrup spread

Abbeon hygrometers

Mean a,” X 0.930 0.849 0.946
Repeatability” D 0.003 0.004 0.005
Among laboratories* 0.004 0.005 0.006
Reproducibility* S. 0.005 0.006 0.008
(SIX) x 100 CVo 0.4 0.4 0.5
(SIX) x 100 (0] 0.4 0.6 0.7
(SJIX) x 100 Cv. 0.6 0.7 0.8
Electrical hygrometers
Mean a.' X 0.931 0.852 0.946
Repeatability* ) 0.002 0.002 0.003
Among laboratories* 0.008 0.013 0.010
Reproducibility* S. 0.009 0.013 0.011
(SIX) x 100 cv,, 0.2 0.2 0.4
(SIX) x 100 Qw 0.9 15 1.1
(SIX) X 100 CV. 09 15 11

* Data from 16 laboratories submitted in duplicate.

“ Calculated as a standard deviation.

' Data from 8 laboratories submitted in duplicate. Electrical hygrometers
used included 4 from Hygrodynamics, 2 Rotronics, and 2 Beckman.

with 3 df. If we assume as a worst case that the variance is
all due to lack offit, then /, 250 = (0.000005505/0.00001477) =
0.37. This is not significant at the a = 0.05 level. Conse-
quently, a mathematical model for a calibration response
that yields a significant /-ratio indicated an unsatisfactory
(lack-of-fit) model to characterize that response. These tests
show that the linear model adequately fits the calibration
responses for all hygrometers used in this study except the
Hygrodynamics instruments.

The vendor for the Hygrodynamics instruments provides
a calibration curve that is nonlinear for each narrow-range
sensor. We attempted to characterize these curves with sev-
eral common mathematical models; however, we were un-
able to find a simple model that yielded a nonsignificant lack
of fit between the observed and predicted meter readings.
Consequently, when the Hygrodynamics instruments are used,
the <Wof test samples still should be determined graphically
from a “best-fitting” curve drawn through the calibration
points.

Effect of Potassium Nitrate Slush on Calibration Response

A disagreement exists among investigators on the appro-
priate assigned  value for KNO, slush at 25°C. The 2 most
commonly assigned values are 0.925 and 0.936 (s). In the
official AOAC method, the  value of 0.936 was assigned
for KNO, slush on the basis of the recommendations of
Greenspan (7). In the 1981 collaborative study, 9 of the
participating laboratories used KNO, slush in generating their
calibration responses. The participating laboratories sub-
mitted the meter readings for their calibration responses as
well as for test samples; consequently, we were able to sim-
ulate the effect of this disagreement on the means and pre-
cision estimates in calculating the awvalues for test samples.

Table 4 shows the simulated mean and precision estimates
for KNO, slush and sweetened condensed milk when it is
assumed that the KNOs slush had an awvalue of 0.936, the
KNOs slush had an awvalue of 0.925, and the KN 03 slush
was omitted and a 4-point calibration response was used.
The means and precision estimates from the  values for
these > tests were not significantly different (a = 0.05 level)
when calculated from the calibration responses under the s
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Table 4. Simulated means and precision estimates of fiber-dimensional hygrometers used in 1981 collaborative study, obtained by
using different assigned a,, values for KN03slush3

*ND, slush as test samples

Statistic E la
Mean X 0.928 0.924
Repeatability” So 0.003 0.003
Among laboratories* SL 0.007 0.006
Reproducibility* S, 0.008 0.007
(SJX) x 100 Cv, 0.3 0.3
(SLX) x 100 CV. 038 0.6
(SJx) x 100 CV, 0.9 0.8

Sweetened condensed milk

Ik« I | |

0.925 0.850 0.849 0.850
0.003 0.003 0.003 0.003
0.007 0.010 0.009 0.010
0.008 0.010 0.010 0.010
0.3 0.4 0.4 0.4
0.8 1.2 11 1.2
0.8 1.2 1.2 1.2

" Based on results from 9 of the 16 laboratories in the 1981 collaborative study that used KNO3slush in determining their calibration responses.

“ Calculated as a standard deviation.

eKNO3slush assigned an awvalue of 0.936.

“KNO3slush assigned an awvalue of 0.925.

' Four-point calibration response obtained by deleting KN03slush value.

assumed conditions. No effect was shown on the mean aw
value for the sweetened condensed milk, whereas the mean
value for the KN 0s slush as a test sample was lowered by
0.004 units. Consequently, an error associated with the as-
signed value for KN 03 had limited effects on the calculated
for test samples because a 5-point calibration response
was used which diluted an error associated with any one
calibrating slush. The results in Table 4 also indicate that an
value of 0.925 is a better estimate of the awfor KNOs
slush than 0.936 when the Abbeon hygrometer is used.

Precision Estimatesfor Three Collaborative Studies

Tables 1, 2, and 3 show the precision estimates for the
1981,1982, and 1984 collaborative studies, respectively. The
components of variance were estimated independently by
the method of Youden and Steiner (s) for each test sample
after approximately 4% of the data were deleted as outliers.
In all 3 tests, the reproducibility was better for the salt slush
than for the food product(s).

For the Abbeon hygrometer, the pooled reproducibilities
were 0.009, 0.009, and 0.006 for 1981, 1982, and 1984,
respectively. For the electrical hygrometers, the pooled re-
producibilities were 0.010 and 0.011 for 1982 and 1984,
respectively (Table 5). Although Stoloff (2) calculated the
reproducibility for each electrical instrument separately, we
pooled his awdata for the NaCl slush, the KC1 slush, and the
fudge sauce on the Beckman, Hygrodynamics, Rotronic, and
Weather Measure instruments. This pooled reproducibility
was calculated to be 0.008. A Bartlett’s test (4) comparing
the 5 pooled reproducibilities (as variances) from these stud-
ies with the variance adapted from Stoloff (2) showed no
significant difference between any of the variances. Conse-
quently, the FDA laboratories demonstrated a reproducibil-
ity for awdeterminations that does not differ significantly
from that reported in the study used to develop the official
AOAC method (2).

Ofthe 3 food products tested on more than one instrument,
only the soy sauce exhibited a significant product-instrument
interaction (the awvalue depended on the instrument used
to measure it). The mean awvalue for the soy sauce was 0.911
when the Abbeon hygrometer was used compared with 0.838
when the electrical hygrometers were used (Table 2). The salt
content for this soy sauce is approximately 17% (F. A. Phil-
lips, FDA, private communication); consequently, the awval-

Table 5.  Summary of reproducibility variance by instrument and

year
Degrees Standard
Variance of deviation
Instrument Year (2 freedom (ff)
Abbeon 1981 0.0000752 36 0.009
Abbeon 1982 0.0000795 31 0.009
Abbeon 1984 0.0000415 20 0.006
Electricals 1982 0.0000972 9 0.010
Electricals 1984 0.0001168 12 0.011
Stoloff* 1978 0.0000681 51 0.008

«Based on a linear combination of x2 variates (9).

“ Electrical hygrometer data pooled for Beckman, Hygrodynamics, Rotronic,
and Weather Measure instruments for NaCl slush, KCI slush, and fudge
sauce.

ue should be reduced to approximately 0.87 on the basis of
its salt content alone (10). A volatile component(s) in this
product may have affected the  measurement for the Ab-
beon hygrometer and caused an erroneously high reading.
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COSMETICS

Determination of Cinnamyl Anthranilate in Perfume, Cologne, and Toilet Water by Liquid

Chromatography with Fluorescence Detection

FRANCOIS X. DEMERS, RONALD L. YATES, and HENRY M. DAVIS
Food and Drug Administration, Division of Colors and Cosmetics, Washington, DC 20204

A liquid chromatographic method with fluorescence detection was
developed for the determination ofcinnamyl anthranilate in perfumes
and other fragrance compositions. The method was evaluated by
conducting recovery studies of 10 different commercial fragrance
compositions to which cinnamyl anthranilate had been added at levels
0of 0.1, 0.5, and 1.0 mg/mL. Recoveries ranged from 91 to 103% with
a mean of 97% and a standard deviation of £3.3%.

Cinnamyl anthranilate is a synthetic flavor and fragrance
ingredient which is manufactured by condensing isatoic an-
hydride with cinnamyl alcohol (1). Its use in food was pro-
hibited in 1985 after it was found to cause cancer in labo-
ratory animals (2). To assess the hazard to human health
from its use as a fragrance ingredient, the Food and Drug
Administration needs to know to what extent cinnamyl an-
thranilate is present in cosmetics.

In the absence of mandatory registration of cosmetic prod-
uct compositions, the use of cinnamyl anthranilate must be
determined by chemical analysis. The purpose of this study
was to develop a method suitable for determining cinnamyl
anthranilate in alcoholic and hydroalcoholic cosmetic prod-
ucts. A paper chromatographic method has been reported
for the identification of anthranilates, including cinnamyl
anthranilate (3). The anthranilates were visualized by their
fluorescence under UV light and identified by R, values.

The analytical method described here uses a combination
of liquid chromatography (LC) and fluorometry for the re-
spective separation and determination of cinnamyl anthra-
nilate in fragrance compositions.

METHOD
Apparatus

(a) Liquid chromatograph. —Waters Model 204 equipped
with Model 6000A solvent pump and Model Us K universal
injector (Waters Associates, Milford, MA 01757). Operating
conditions: isocratic, flow rate of 1.5 mL/min.

(b) LC detector.—Waters Model 420-E fluorescence de-
tector equipped with FAT5/BL fluorescence source, 340 nm
excitation filter, and 395 nm emission filter (Waters Asso-
ciates).

(c) LC column.—¢;Bondapak CI8 10 fim irregular parti-
cles, 30 cm long x 4.2 mm id (Waters Associates).

Reagents

(@) Methanol.—LC or spectrophotometric grade.

(b) water. —LC or spectrophotometric grade.

(c) Acetic acid.—ACS grade.

(d) Ammonium acetate.—ACS grade.

(e) LC solvent. —Methanol-water-acetic acid (350 +
150 + 1) containing 0.8 g ammonium acetate/100 mL.

Received October 7, 1986. Accepted April 18. 1987.

(f) Cinnamyl anthranilate. —98% purity (Pfaltz & Bauer,
Inc., Stamford, CT 06902). Caution: animal carcinogen.

(g) Standard solutions. —Prepare stock solution of cin-
namyl anthranilate in methanol at concentration of 2.5 mg/
mL. Prepare working solutions with concentrations of 0.1,
0.2, 0.5, and 1.0 mg/mL by dilution of stock solution with
methanol.

Determination

Pump LC solvent through column for ca 15 min, using
isocratic conditions and flow rate of 1.5 mL/min. Inject ca
10 pL working solution (0.1 mg/mL), adjusting gain to keep
emission intensity of cinnamyl anthranilate peak at 50-90%
full scale. Repeat until retention volumes are reproducible.
If cinnamyl anthranilate does not elute in 9-12 min, adjust
water-methanol ratio to achieve elution in the required time.
Increasing the methanol content reduces elution time. Cin-
namyl anthranilate should have an asymmetry factor of ca
1.2 at 10% peak height. If the factor exceeds 1.3, change LC
columns. After system has been equilibrated, inject known
volume (ca 10 pL) of each working solution into liquid chro-
matograph. Adjust attenuation to keep peaks at 50-90% full
scale. Next, inject known volume (ca 10 ~L) of cosmetic
fragrance. If height of cinnamyl anthranilate peak for cos-
metic fragrance exceeds range of peak heights for standard
solutions, estimate cinnamyl anthranilate concentration by
comparing peak heights and make appropriate dilution of
cosmetic fragrance.

Calculation

Measure peak height of each standard solution injected
and adjust values to a common attenuation. Construct stan-
dard curve by plotting micrograms cinnamyl anthranilate vs
peak height. Measure cinnamyl anthranilate peak height for
cosmetic fragrance injected and obtain weight of cinnamyl
anthranilate from standard curve. Calculate concentration of
cinnamyl anthranilate in cosmetic fragrance as follows:

Cinnamyl anthranilate, ug/mL = 1000WJV,

where Wx = pg cinnamyl anthranilate from standard curve,
and Vj = pL cosmetic fragrance injected into liquid chro-
matograph. Adjust attenuation to keep peaks at 50-90% full
to prepare a more dilute solution, multiply above equation
by the dilution factor. Prepare a standard curve daily.

Results and Discussion

Recovery studies were conducted by using 10 different
commercial fragrance oils. The fragrances were prepared as
10% solutions of the fragrance oils in 95% ethanol. Each was
analyzed by the described method to make certain that none
of them contained cinnamyl anthranilate. Cinnamyl anthra-
nilate was then added to 4 of the fragrances at the 0.1 mg/
mL level, to 3 at the 0.5 mg/mL level, and to 3 at the 1.0
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mg/mL ledl. A chromatogram of a typical spiked fregrae

Bshown N FAigae 1 Each fragae wes aslyzad ntrip-
licies peck heaigts were aeraged, and the amount of an-
nanyl anttvanilate was dotaiined from tre stadard are.
Reoveriies are shomn inTable 1

Recovery stiLdlies vere coducted with 10 diffarat ma-
trves to maximize tre staclrd deviation, 1e, todotaina
relistic\alle in terms ofwhat would be expected when a
syissofdiffaet fragass sBaslyzd.

Because of tte aorpllexity of fragrae fonulatia s, it
almost aartain et some campounds willl aelute with ain-
nanyl anttvanilate ad, taefae, such compounds ae
surcss of potential inerfaate. The mean rewery (976)
indicies tret ttere ae, a ket far sore fragrass nthis
gup, sstErticregpiveans. The reptive iNerfaecs
eounterad in flloressae aslysis are due 1 compounds
tret cause quenching and filtratinefledts. Quenchingcanbe
ickntifiedby reerelysisofafragraneaftardiluion. A relatie
inoeeee N flloesate anission dicatess ttetguenciing B
reqosible far at kst some of tte iptive Nafaate.
Dilluiandoes ot sigificantly inoreese reltiveanissionwhen
filtatinefiedsare the sources ofrgative inerfaate. One

fran each caontration led wes dilluted 4-fold
with 95% etharol and rearalyzd to deteymiine tre reture of

trerggative interfarates. Reoveries inproved sigificntly
Torae fragae, iMdicatig tatquenchingves tre primary
niarfaae. The otter 2 fragranees shoned gt inprove-
ments nreaies, iniatigta inerfaateswere casd
by filtratin eflets.

Fagiven fregrane anntairs a compound et causes neg-
aie narfagte, te monituce of tre interfaraewill ke
arstantata geahad diluion. A regaiive nerfaracewll
have an adverse dfet on renery tet B pgortaelly
gedter fartte loer laks of cimanyl attvanilate. When
a saies of revery stidies isdone with a fregrane of this
e, the regressian lire of a plot of cimenyl anthrenilate
Tourd \s cimanyl anttyanilate added willl have aslqe tret
Bgaer tten 10. A regression lrewith a slqe of 0.92
wes dotaired by plottirg tte recovery data fran this ines-
tigption. This rea it irdicates et tre fragracess, assagrap,
ud farte loHleel remvery studies hed na-
Taaresofa lover megnintude then those fragrances usad far
renery studiesat tte higer lbds.

One fragae (\b. 4 antained an goarant posithe in-
tEfaate, which could rot, honever, e varifiedby aelysis
ofﬂeumlled saple.

Reitive interfaratss are causd by compounds et co-
eluewithcimanyl anttranilateand have flloresEaeenis-
sion uder tre aodirias used N thisnetihod. Rsttne -
tafaatss an be idtified afta-tte cimanyl anttranilate
Bedracted ino dilute HC1 fram an eth etter solutian of
te fragate. Aalysis oftte etter solution shows an aniis-
Sin pesk near tte retentian tine of cimanyl anttvanilate
when apsitive interfarate speat

For thisnethod, the srallest measurable guentity of cin-
nanyl anttvanilatewes eqerimatal ly determined e 20
ng when te sigalHooise ratio wes 3 This qantity B
aunalent toacimanyl anttvanilate cocantralian of2 ngJ
mL nafragae. Saidtica aslysis of tte reovery diia,
honever, shoas tret rtation srotrdibkebelov22 "W
mL. Because cimeanyl anttvanillate shighly floesat, it
wes ected tret sraller Tties aould ke determined.
The reesn Tar tte higer limit of rligble measurement B
tre u= ofa fluoressa e cetector with foed eataion ad
anission filas The ecitatimand emissicnvavelagtrs far
cimanyl anttvanilateare 351 and 409 m, reqectinely. The
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Figure 1. LC chromatogram of typical fragrance spiked with
cinnamyl anthranilate. A, methyl anthranilate; B, cinnamyl
anthranilate.

kest corbination ofasilzble fillaswas 340 nm ecitatin
and 3% nm enissian. The bandpess daraderisticsof ttee
fillas idicaie a 27% trasnittance of ecitatin energy ad
a 22% transnitiance of emission aargy. To determine cin-
nanyl anttvanilate at cocentratias loner tren 22 stghl,
it Brec=ssary 10 L a fluoresaee detector equipped with
sigiear dal monodhroneters.

Inaxchusian, treproposedmethod srepid, and tre loner
Imitofdetermiratian i fatreprodlctsaalyzd.
Depite tre inerat seledtiMity of the LC-Aluorescene s

tan, hoever, Enust be assumed tet interfaraces will

Table 1. Recovery of cinnamyl anthranilate from commercial

fragrances
Cinnamyl anthranilate, Mg/mL
Fragrance Added Found Ree., %
1 100 99 99
2 100 94 94
3 100 99 99
4 100 103 103
5 500 480 96
6 500 480 96
7 500 480 96
8 1000 950 95
9 1000 910 91
10 1000 980 98
Mean (n = 10) 97
SD +3.3
Slope 0.942 + 0.0143
Intercept 0.0058 + 0.0088
Standard error of regression +0.0023
Correlation coefficient 0.9989
Lower limi: of reliable measurement, Mg/mL 22
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axssiaally aoar. Because of tte grest aorplexaty of fia-
gass, itk inpossible o soen fardl poental nafa—
atss. The pssihilityof interfae s, hovever, canbemin-
imized by edractirg tre cimanyl anttvanilate inbo diluie
HC1 fram an eth etter olution of the fragae. The acad
edract kthen made tesic ad tre cimeanyl anttyvanilate B
isdissohad nmetrarol, and the solution isaralyzad by LC-
fluxoetry. We did not doose tomake thisedraction Step
part of tte method becase, N aur eqpariate, tte atri-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

butias of positive and ngcatie interfaraas are relatiely
grall.
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Screening Cosmetic Products for /V-Nitroso Compounds by Chemiluminescent Determination

of Nitric Oxide

HARDY J. CHOU, RONALD L. YATES, and JOHN A. WENNINGER

Food and Drug Administration, Division of Colors and Cosmetics, Washington, DC 20204

Cosmetic products were screened for total (V-nitroso compounds by
chemiluminescent measurement of nitric oxide liberated by the re-
ductive cleavage of the .V-nitroso group. The cosmetic was first par-
titioned between methylene chloride and water to separate polar and
nonpolar jV-nitroso compounds. Each extract was then examined for
the presence of (V-nitroso compounds by adding the cleavage reagent
and sweeping the nitric oxide formed into a chemiluminescent ana-
lyzer. Although the method is not intended to be quantitative, re-
covery studies were conducted to determine measurable levels. Re-
covery studies of polar (V-nitroso compounds were conducted by adding
(V-nitrosodiethanolamine (NDELA) to a cream, a shampoo, and a
lotion at 3 levels, i.e., 80, 320, and 960 ppb, and then determining
NDELA by the method. Recoveries ranged from 48 to 83% (mean
68%; SD = 11.9). For recoveries of nonpolar (V-nitroso compounds,
100,200, and 500 ppb of (V-nitrosomethyltetradecylamine were added
to the 3 cosmetic products. Recoveries ranged from 58 to 70% (mean
63%; SD = 5.3).

Carcinogenic (UWniltrcsanines are penesie N tte eviran-
ment at prsE-hillion ke (). (ANirosanines have
alo been reported 1o coour i food @) and same manufac-
tued prodcts such es auttirg fluds G) and beby [ottle
rudoer niplles 6). Fan et d. () rgoorted the presace of
(Araosadiettarolanire (NDELA) nassretic prallots. A
auney of saaal hudred aosretic products by aur lao-
ratory denorstrated trat goproxamately 40% ofttose prod-
utsantainingtteNDELA preaursarsdiettaerolamineand/
o trietrerolanire also aontainad cetecteble leelsofNDE -
LA @) Reently, aosvetic products were foud o aontain
(Hnitrosorethyldodsoylamine @), (Wnilrosorethyitetra-
deoylamine (NMTDA) ©), (VWnirosorethylloctacscylanine
@0, (Hnroosoradolire (1 Thermedics, e, Wobum,
MA, 1985, private comunication), (Anirtrosadinethylan-
e (1), and (Anirtrosodiisgorgoarollemire (1)

Cogretics are fomulatedwith a lagenurber of difflaet
amires, amices, and teirdxnaties; ths, kElidyta
otrer (Uniltraso cerivatives ofamiines and amides aoulld oc-
ar & antamirents in trese pradlcts. Because of tie pos-
shility et aosretics may artain a nurber of difflaat
(AHatrosocorpounds, itwoulld be ussful tohave asaremig
procecure tret indicates tre presace ofane armore of these
compounds kefareattenpting todetermine geafic(Gitios-
amires.

Received October 29, 1986. Accepted February' 19, 1987.

Sveral gprcadeshave been used sssareanimgprocedlres
toestinate tolal (Hitroso camnpounds indiflaatratres
(12-17). The gaoroach most fregpently used inolhes tre
proivticardenical deavege oftre (Hnitrasogroup to form
nitricodce, which isttenmeasured by itschemi luminescent
resctionwith aaxre. Thisgaeral goproach hesbeen ussd o
cetermine edracteble (VWnitreeo compounds in food (1),
biclacal matrdes (12), ad eviramettal saples ().
Breman and Frark (I7) estimated the total vater-solible

i antant of asretic products by acid-catalyzd
dnitrosation of e (Wniltroo compounds folllonad by
demi luninesoent determinataon of the Nitricaxice formed.
Reontly, aters et d. (18) disossd tre pitfllks in deter-
mining (Vntrosd compounds as agrap.

Thiis paper destribes a proosdure far soreing aosetics
ool (Hnitrasocampounds. The aosretiic product ispar-
‘titiaed between methylene dhllarick and vater to ssarate
it ino polar and nopollar (Anitraso conpounds. The re-
gectivedeaae reappisare then added theech edractand
tte nitricaxice formed Bsiept into the demi luninescent
aelyzAr. Because oftre possihillity of positive interfaa s,
reauits tret indicate tre presace of (Aniftrasd campounds
should be verified by Tigud chroratography- or ges dro-
metograpny-thermal energy aslysis (LC-TEA ar GC-TEA,
regedtinely) todeterminewhich, ifary, (Anitriesaniresare
et

METHOD

Note: Nitrosamines are polential caxcirags. Therefare,
e suld be eercisd inhardlling trese naterials.

Apparatus

@ Nitric oxide analyzer.—Thermal Bergy Aalyzer
(Vodel 32, Theymadiics, ., Wobum, MA (01833-179).
QJeratlrgardrtlcns caiytic furee teperature, 550°C;

oldta, of 12cm dDevar flescfillelvith shueh
ofpondered dry ie-ettardl; amiags, heliun, with flov
rate adjustad to dotain pressure of 1.5 tar; aygen flovrate
adjusted 1o dotain inoresee of pressure fram 15 2.5 ar.

@) Degassing apparatus.—SiTila"lDﬁHl.mj WD’E—
gderand Frank (). Glass inpingerwith 10mm - medium
fritand 24/40 male fittilg sC0Tected © 5 mm X 17 cm
tette @n).

© cold trap — Glassmini-impinger (20cm x 13mmod)
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fillwitheN NaOH to led ofges etrance e, Cold trep
isplaced inDevar fleskantaining mixture of iceand vater.

© Absorption trap. — 10cm X 6 mm Stankesssied tLbirg
padked with anhydrous sodiun carorate. Glasswool plugs
are placd neach ad, and unit sfitiedwith Segelok con-
rectars. Trap Bheated at 150°C ovemight kefore Lee.

© Electronic integrator.—Model 3300A, HamMett—-Pack-
ad®., Aorhle, PA 19311.

(f) Chromatographic tube. —25Cm X 1 cm idglesswith

aarse porosity fritted gless disc and Teflon stopoodke

Reagents

(@) Methylene chloride. —DistilledHinCless Burdick &
Jedam Laoratories, e, Muskegon, M1 6442).

@O N-Nitrosodiethanolamine. —Gift fran Battelle Co-
lurous Leboratories, Colurbus, OH. Ruriity and icantty
were \arified by LC and GC/hass . Prepare
Stok solution invater Q-1 my/iL) . Prepare working so-
lutian by dillutarg stodk solutaan @ ¢cgfiL).

© N-Nitrosomethyltetradecylamine.—Giix from Areri-

Fourcation, \alrella, NY . Stock ©:1 mg/iL)
%\AM«@ Q g solutdias vere prepared N chloro-

© 10n exchange resin.—Dowex 1-X8,50-100mesh (Bio-
Rad Leboratories, Ridhmond, CA 9483).

© Reductive cleavage reagent.—Dilute 1.7mL 48% hy-
dradoramic ecid . T. Baker Chemical Go., Fhillgsurg, NJ
083%6) 1© 5 mL with gleol acstaicaad. Add 2 mL astic
ahyarice

(f) Sodium iodidesolution. —Dissol\e2.5990diun iadice
(ACS reggantgrack, J. T. Baker Chemical @) inwater and
dluet S5l Pregare cailyand stoeat4C. When added
tosystemantainirgacsticand sfuricacicdsdurirgaalysis
ofaguenus edrat, this solution arstitutes cleavege reegait
far pollar campounds.

0.2V so-

@Ammonium sulfamate solution. —
lutonofammonium sufarate (allindaodt ke, X Ladis,
MO 63134 n 1.5\ HCL.

(h) Acetic acid, acetic anhydride, sulfuric acid, and hydro-

chioric acid. —ACS resgantgrace . T. Baker Chemical ).

Preparation of Sample

Digerse 1gamsretic proolet in 10mL warm vater. Add
0.2mL ammonium sulfarate solution and edract In s
ratary furel with three 20 mL portias ofimethylere dhllo-
k. Sgarateag eos ((gen) la franmethyleredhlarice
(oer) ba. Dry nethylere dnlorice edract over 5 gan-
hydrous sodium sulfate farminimum of 2 h and then fille
throuch dortbed (10g) ofanhydirous sodiun s ie. Wash
sodiun sifaiewith three 1I5mL porias ofmethylere dillo-
rickand add weshirgs to filice.

Hoentitativeestimate of A-nitroso compounds iscesired,
messure edract volure or edjust 1o knoan volure by di-
lution or il egooration. Store nethyllere dhlarice ex-
tract instoyerad fleskover sodium slfe.

Adjust acidity of agqueaus edract to pH 35 or ks by
dropvise edditian of 6N HCL. Measure fird volure of
agueous edract. arelysis camot begin inmediiately, stare
inck, prefarcbly uder refrigeation
Analysis of Aqueous Extract

Gorect, In s3iss, GAria 8s, dagessig garatLs, @ld
g, and aosaption trep o liguid thermal
aagy aalyzr i, wsing A i od Teflon toirg. (A dia-
gram of thisarragament gypears n el 16) Place thermal
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aagyaalyzr ngeEatian, wsingaditdiasgivenfamitric
axice aalyzr, Apparatus (a). Tum stopoodks o bypess po-
g, reove st tue, and add 5mL NDELA working
solution, 13mL gieal asticaad, and 35mL H23),. Mix,
add 1mL of 10% sodium icdide solution and inedliately
place tue a. degessing goaratLs. Tum stopoods o allov
amiages topess through resction mixture. Contlinue purge
util no furtrer evolutian of nitric axice isdoserved on -
teyrator resthut. Retum stopoodks 1o bypess [position. Ana-
hz25mL aosteticageous edracthby sae procecLre. Make
estinate of nitrosamines i cosetdic product

by relatiy integration valuess of et sarplle and statird.
Hrced, lovpesk iBdosenedon trerecarthr, teaosetic
pruictmaycmalnmrae; remove ssTfdllos. Slury5mL
resnwith 2N HC1 and trasiar to chrareto-
ga:hlctre.WashwrmmoZSmL portiasof2N HC1 ad
two S mL portiasofvater. Add aqueaus edracttocolum
ad eluewith 25 mL water at rate of 2 mL/min. Discard
Tast3mL didte; alletrext20 mL and resene faraslysis.

Analysis of Methylene Chloride Extract

Remove cld trgpand aosorption trgp fram system. Place
20 mL methylere dillarice edract and 02 mL redctive
cleaee reegent @ ntettule. Procesd asdmove. Forquan-
et 20mL NMTDA working solution.

Results and Discussion

Origirel inestigatio s inohed tredeveloprent ofasin-
dle sohat method 1o soren asretics far ol Anfiroso
carpounds. Saveral olar and samipollar sohats auch as
ishud aladol vere eanined.  In thet study, tre cleavee
reegant farthe aalysis of agueous exdradts desoribed inttis
method (0% sodium iadice solutio) wes usd fardanitro-
saticn and NMTDA wes used far stidies. The
NMTDA wes rot sfficentlysolLble n40% propyl aladol,
ad raperieswere lovad ible. Idutd al-
adol and A,A-dimethylformemide resulted inahiich detec-
tor bedground, possibly due o inpuriities in tte Ohats.
These reslits led todevelopment of tre 2-sohvantgyorcech.

The red ctivecleavege of A-nitrosocompounds and ritr e
inagueaus olutias procascs rapidly and gines rietovel -
cefind peeks on tre integrator printut. Nitrite, taeiae,
Ba diet nefaate. The reduction of nitrale proceads
cefired (19). Because of tteir slow reciction rate 1o nitrites,
nitrales do ot e serias inerfae e util tey aepres-
atat ledsof 10 ppm ornore. Nitrite, honever, interfaess
acdl hut tre lowest leAls and nust be removed fram tte
sarple kefore determinaetiion of A-niitroso aontent. Although
tre imedage colum ussd toremove nitraiealoramves
nitrite firly efficetly, lov ledlsoftoth nitrate and ritrite
dill remain intre date. Cox (9) reportad leelsof 10-50
ppb nitriteand nitrate ntteelldie. Nitrate does ot interfae
attree ks, but 50 ppb nitritecould be an interfaree n
cetermining low leels of nitrosanires. Ak, the ion ex-
dae resinmay be refledive for nitrite revoval  iftte
oosretic product antairs relatively lageanounts of stragy
anias tetwould effetivdly fTor atimic des.

Removal ofnitriteby damical red.ction isasinplerand
more effedtivegpproach then imedae. The effectivaes
ofammonium sulfarate wes ealuated by adding ikto a
aosretic alag with nitriite &t ledls raging fram
001 t© 10 AghHard then procsdirgwith aelyais. The ab-
e of regponee when the denitrosating reegenit 0% <0
dium icdice solutian) wes added to the acidified agueous
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Table 1. Recovery of N-nitrosodiethanolamine (NDELA) from a
lotion, a shampoo, and a cream

NDELA
Cosmetic Added, Found,
product ng/g (ppb) ng/g (ppb) Av. rec., %
Lotion 80 56, 58, 54 70
320 250, 243, 237 76
960 720, 691,700 73
Shampoo 80 66, 64, 65 81
320 218, 205, 202 65
960 768, 816, 797 83
Cream 80 37, 39, 40 48
320 170, 166, 176 53
960 624, 595, 643 65
Mean (n = 9) 68
SD (n = 27) 11.5

edrads iticated thet nitrite hed been removed. Cosmetic
products antaining the presenatives 2 -bramo-2 nitro-1,3-
properediol ar 2-hydroynethyl-2 -nitro-1,3-rgoengdiol
may axitain relatively hich ledls of nitrie because of tte
stevise icn of ttese compounds N olutian €o,
2. Hritrite Brot removed fran trese saples, gosan-
aticl emasmay st

Although ttemetthod Iisdesigned ssa soresigproceclre
to cbtect the presace oF Anifitrosd campounds in aosetiic
pralos, sl o have agenttaie estinate of tte
ol Amircso antant. For this reesm, a sriesofremery
studies was aoducted. In stuoiies of pollar A-nitroso com-
pourds, lkedsoMDELA corresoodingto &), 30, and 990
ppb were added 10 a lolion, a shanpoo, and a cream N
solutin. The productswere anallyzad before recoery Studies
o determire ifttey aotained A-nitroso covpounds, Ni-
triles, ar any other compounds whiich mightt give a posiitive
resoee. The products used vere free of psitive nierfa—
atss. The ikedprad ctsvere taken thraugh treprooadure
ad treagueos edratswereexamined TarNDELA . Results
aregivannTable 1 The method hesa limitofdeterminatian
of 0 ppb (tessd oNNDELA) intre test saplles.

In renwery studies of nopolar Anitroso carpounds,
NMTDA wes added toa loianand acream et leelsof 100,
A0, and 500 gh. These testsapleswere trenaallyzd by
tremethod desoribedfarmethylene dhlloriceedract. Results
are shon inTable 2. nitiEl studies reaulted nvery lovar
\aricble repaies. An inesticataon of the prablem irdi-
cated tretvater dissohvad intte nethyllene dhllarick edract
wes bately reqsible Tartte lov effidavy of tre deavee
reegat. After prolaged dryig of tre nethylene dhllariicke
edractoer anhydrous sodium siiate, remeries improved
‘oletterthen 60% andvwere more ible. The method
hes a Iimitofcetemination of gopraximately 50 ppb (tesd
onNMTDA) ntretestsaples.

Table 2. Recovery of N-nitrosomethyltetradecylamine (NMTDA)
from a cream and a lotion

NMTDA
Cosmetic Added Found,
product ng/g (ppb) ng/g (ppb) Av. rec., %
Lotion 100 58, 57, 59 58
200 120, 122, 125 61
500 346, 350, 340 69
Cream 100 58, 58, 59 58
200 124, 122, 120 61
500 350, 340, 360 70
Mean (n = 6) 63
SD (n = 18) 51

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Table 3. Analysis of commercial cosmetic products for water-
soluble JV-nitroso content

Cosmetic NDELA, ppb, Total nitric
product by LC-TEA« oxide, ppb6
Lotion ND« 110
Lotion 1240 1700
Cream 350 410
Cream ND ND
Makeup ND 370
Shampoo ND ND
* Ref. 22.

6Calculated as NDELA for comparison. NDELA to nitric oxide factor =
0.224.
6ND = Not detected.

An LC-TEA method (2) wes carmpared with the cenirtro-
sation method desaribed here by examining 6 comercial
asreticpralots. Forpurposes isn, teLC-TEA
method wes used o determine NDELA, and the dnitro-
sation procacure fartotall A-nitroso campounds ves gllied
oy totte aqueous edrat. R=ults, shoan inTablle 3, were
rauchly comparable Tar4 aosretic prod.ots. In2 pralds,
honever, the dentrosataon procecure indiicated tre presace
offolar nitrcsanires, wheress tte LC-TEA method shoned
no NDELA e pest. It sposible, honeer, tet tte
sigdl dotairned from ttee et sarplles wes die 1 ke
positives insteed of A-nitrosd compounds. Some commonlly
QouTing argeniic Nftro campounds were studiied to ceter—
mine tresrpiental for narfaeee. Agueous solublascon-
tainirg 100 ppm of the aosretic presenatives 2-brom-2—
nitro-1,3argearediol and 5-ororo-5-niro-1, 3-diocaevere
prepared and aralyzed. No meesurable ledlsofnitricaxice
were foud. Nonpolar interfarateswere alsostudied. Meth-
yviaedilorice soluas aritaining 100 ppm of hecommon
nitro fragrae campounds musk arbrette, musk lketoe,
and musk /ol were prepared and examined by tre deni-
tresatinnethod. No messurable lealsofnitricaxick vere
gosssmay be deernved inaralyaes of some aosretiic prod-
udts. The method, tharefae, sinteced anly fartteprelim-
inery Soenirg of ttese prad.cts. A resooee fran
tresaeig sould ke folloned by stardard LC-
TEA ar GC-TEA methods far verification of geaficA-ni-
to=nires.
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Determination of Aspirin and Salicylic Acid by Reverse-Phase Liquid Chromatography

DOROTHY R. HEIDEMANN,

EDWARD S. SCHULENBERG,

and W ILLIAM H. SMITH

Sandoz Consumer Health Care Group (Sandoz Pharmaceuticals Corp.), Analytical Research Department,

Lincoln, NE 68501-3288

Buffered solid dosage forms containing aspirin, magnesium hydrox-
ide, and aluminum hydroxide are blended with acidic ethanol to
extract the aspirin and salicylic acid rapidly. The resulting prepa-
ration is then immediately injected onto a 4.6 mm X 3 cm 5 pm
reverse-phase column. Aspirin and free salicylic acid are determined
simultaneously. The run time is <2 min. The total time from the
initiation of sample extraction to completion of the separation is <5
min.

The aralysis of sgpirin ) (Aigae D) and free AlicAic acid
@an, tre mgjor hydrolysis proolct of agoirin, asvell ss tte
otter minor sAlio/ates, slicAliodic acd (i), ad ae-
WQ,EBIQAICa:ld(I\I)msbeenperfmm inmany dif-
faatvays. essical vet methods (1-3) have been lately
replaced by more rgpid and gedific {efScec
raios. Honever, the rgpid hydrolysis of the agairinmolle-
alle to sAlivAic acid hes been a Iimitirg fctor for typical
reere{iese gaaios. As a rsit, apirin and sliodic
acid are oftendetermined by normal phese chromatogray
sine tre hydrolysis of the agpirin B reclicd n
anomal syaration invwhich tre sarple preparation,
asvelstenbilegese, Bfeefranvater @,5)-Hovever,
Torpadtical reesr s, reere{iese sqaratiosare freq et
ly preferred by aslysts. Sqnal]o'sby reerse pese tet
minimize ar Tar hydrolysis durirg tre aslysis
of tte product have been rgoorted G9).
dyo-

For sstisfectory aralysis of aspirinby r
, 2 praaguisites nust be met: () tte edraction
fran tre t2olet matrix nust be rgpid, aoplete, and per—
formed with a nonagueous sohatt, and @) tre run time of
e sgaration nust also ke rgpid. Normal grindig of tte
et prior bedraction an, N iEdf, antribue o tre fa-
mation of slioAicacid and resut in falsely high resits far
this hydrolysis prod.ct. Furthermore, tre presance of -
arirg agats such as aluminum and magnesium hydroxice
canmake tre agpirinand sdlicAicacid more difficlit o re-
triee. Cossquently, without a rigoras method of edrec-
i, the remvery ofaspirinand sllicAiicacid canbe incom-
plete. Ocnpermtlon of agpirin Molysus during the
iC sgaration spssible ifstarclrdand sam-
ple preparatias hydrolyze at the sane rate. nforturately,
edpiats in the fomulation can altla-tte hydrolysis rate of
te apirn. Ths, tspeferabletoleqo hydrolysis o a
minimum ar, ifpssidle, aredligiole lbd
Werretfndmmdmefraab&sofwﬂ’emdasirh
pradlets Brapid and ligde. A housghold food bleter B
used faredraction. The liguidchraratogrgphilc (LO) system
s an ireqasive guard colum.
METHOD

Apparatus and Reagents

® Liquid chromatograph.—EquUipped t querate as T-

los: flov rae, 3.0 m/min; UV detectian, 206 nm; tem-
perature, arbient;; absorbence path leoth, 10 mm with rise

Received September 15, 1986. Accepted February 9, 1987.

tine of 01 s(LarmbdaMax 431, Waters Associates, Miliard,
MA QI757).

©® column.—RP-8 Jteri-5 sarkess 98, 3cm x 46
mm, pecked with gherical partides, RP-8 padkirg, S5pm
sz (Bronlee Las, SataCara, CA BHD).-

© solvents.—Lc grademettarol, 85% phogdoric aad,

© Extraction solvent.—Anhydrous aladol antainirg 1%
hydrachlloric acid by vollure.

© Mobile phase. — Metharol-water-8 5% phogdoricaad,
0+ D+ 3VAA.

@® B1ender.—Csterizerwith mini-blerd jas.

@ Automatic dispenser. — 100 mL (Repipet, Labindus-
s, o, Baieley, CA 9F710).

) standards.—Aspirin (Dow Gemical), slioAic ecid
(Ada S, AlicAdicAicacid PlRlz& Baer, Wa-
mmél)CT 0608), and astyisioAliodic acid (VMobay

@ samples.—Comercial Eiets, Hel danr agaim,
USP 500 mg; magnesium odce, USP 150 ng; dried alu-
minum hydraxice g, USP 150 mg. The stLdieswere con-
ducted on tEletsexqposad fonaria s periads oftine tostress
of 5, 3, 4, and 50°C atanbient humidity asvell as &t
3B Cwith 90% relativehumidity. Thismethod hesalsobeen
used 1o assay otter leboratory formulations of buffered as-
parin products aontainirg ertrer 325 mg agoirin or calciun
cabespirin @calciun ssitof aspirn) equinallent 1o 325 mg
ag0irn. The stardard prparatia s vere adjusted acoording-
v_

Standard Preparation

@ Aspirin.—\Weigh 500 mg starcard o 100 mL vol-
uretric fiek Dilute to volume with edractian sohait. Di-
lue5mL 1o 10 mL with anhydrous aladol Q.5 my/MlL) .-
Use wthin 60 min.

©) salicylic acid. —\Weigh 500 mg staroard into 100/nL
\oluretric fiek Dilute tovolure with anhydrous aladol.
Dilute 1mL to 100mL withedractionsohat. Dilute 5mL
© 100 mL wath anhydrous aladol fora 1% salioAic acid
stachrd (0.005 mg/iL).

Sample Preparation

Trasfer 5 Eblets o 8 az bleder jar. Add 100 mL ex-
traction sohvant and bled at high sped far 0 s Altera
portian of bleded sanplle through diiess il paper (Whatt-
men, GF/A) and dilule 1 mL 1o 100 mL with anhydrous
aladol. Imediately et 10pL into chraratogragph and
corpare to draratograrns far stacard praparatios of es-
pirinand slicAicaad

Results and Disaussian

Because of tre rgpid aralysis tine (<2 min), hydrolysisof
e aspirin Enominal during chroratogrgphic sgaratian.

te diffarate In tte hydrolysis rae of tre

Gorsenpentdy,
stachrd and sarple due o otter ecipiatts presait intte
t2olet B reduced 1o a reglligiole amount. Sine the aalysis
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Figure 1. Structures of aspirin and degradation products. (I)
aspirin, () salicylic acid, (lll) salicylsalicylic acid, (IV) acetyl-
salicylsalicylic acid.

tire Bsnilarotre edraction tine, treaalyst can edract
tresaple, et iKimediately, and preare tte next sam-
pleclring the2 min nesded toperform tre dhraratographic
sHaaio.

The slicfiicacid pesk derorstrated ecellat lrexrity n
arae tetrgpesatedal t©20% hydrolysis ofagoirin o
slivdicaad. The aeffidetof anelatilmves 1.000 with
ay-interapt of -0.02. Because of tte high degree of Iin-
exity, itwas not necessary o mattch tre slicAicacid sten-
card with tte saplle. A reovery of 1.98% slicdic acid
(mean of 2 INjectios) wes dotained fara 2% salicAicacid
stachrd addition o tte sarple blark. The starclard devia-
tn (D) farAlivdicacid in 10 rplicate determiretias of
afreh saple hreving a trae ledl of 0.4% sAlicAlicacidwes
0.012 (Teble D. The relative starchrd deviation Inproves
stesivdicacid lbd roess.

The injectian Bty overlcedsd with agpirin to dotain
a pesk of messurablle sz for trae leeks of licAicaad.
CosLently, tre lireerity farapirinrauirss tret e sten-
dard e matchedwirthin 5% of ttesanplle faracurate res s
On 10 rdlicate determinatians performed by 3 demistson
a fresh saple of tte commercial ekt the reery aer—
aod 100. 1% of treoreticall agpirinwithan SD of 1.3 (Teble
DA reovery of90.4% of treoretical (mean oF 2 injetios)
wes dotaired fa-tre starcard addition of egpirin to tte sam-
ple blak. The aralysis of highlly stressed t2blets shoned a
goad mess kalance far agpirin ad seilq,ll:a:ld (Teble 2.
No blark interfaraevas deerved. The hydrolysis raieves
0.014%/min farthe stardard . System suitzhility
Ihilssele:ta:lﬂﬁearal)sisofbom agpirin and sAllivdic
acid ae: aefficetoferiation <1 s%, ailigfador<2o,
and resolution >2.0. For tre romelized sspirn data nTa-
ble 2, tre aefiidat ofvariation 50.44%.

The 46mm x 3cm colum <0ld as aguard colum.
Haever, treeffidatyofttecolum saffidattoperfom
tre sgaration (Higure 2. The astoftiiscolum isnaminal
conpared 10 the ast of a typical aslytial colum. The
dortcolum lagthminimizes ol elution tire.

The sgaratiowes notanly Si2bility-i agforagoirin
in tre presaee of sAlioAic acid but also Tar tre additiael
minor sliodes, @ID ad (V) (Agare 3. Trace anounts
of those compounds may be presant in agoirnin pradl.ots,
particdady ifmegnesium or calciun stearates have been
used inthe formulation ss riicants 6). Hovever, because
keds of ttese slicAtesvwere not more then 0 1% of tte-
aetical even inaoomal ly high stressed sarples, tredown-
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Figure 2. Chromatogram of aspirin and salicylic acid in a buff-
ered product. (1) excipients, (2) aspirin, (3) salicylic acid.

fickelution did rot cause significart interfaraes ith BHer

oS

In addirtian to belirng suiiteblle farbuffered agpirinand bufi-
ered ategirin, tre edractinand inarealo st
ble far agpirin prodLcts antaining antihistamires and de-
agstatts. Phenylpropanolamine, chlorpheniramire,
pheniramine, and pyrilanire do ot inarfaewith tredwo-
metogrgphiic ssparatian of aspirin or slicAiicaad.

The unique desiign of tte bleder jar used in this method
allos fartte rgpid sarplle hardling requiired intteaalysis.
The sigie goening with the blleder jar reducss tte time
required 1o sl the antairer. The bllacks remove essily Tar
demirg. By having a number ofbleder fasand blacks, it
s padtical o prgare a late nurber of sarples saHIl.
The blerter blleds become dull over tire and es a 13l
recmerycanbe rellced. Therefare, it inportant toreplace
or sharen tte bledes when they became dull arwom.

The aralysis ssemiautomated by the use ofan autoratic
digeer far celinvary of edrectirg ohatt, an autoratic
injedr, and computeriized cata herdllirg.

Table 1. Replicate data obtained by chemists |, II, and llI
Free salicylic acid,
Aspirin, %/theoretical
Replicate Chemist % theoretical aspirin content
1 | 99.8 0.40
2 | 102.1 0.37
3 | 99.9 0.40
4 | 100.4 0.40
5 | 100.6 0.39
6 | 100.4 0.41
7 Il 101.9 0.41
8 I 99.6 0.39
9 Il 97.9 0.39
10 n 98.6 0.39
Mean 100.1 0.40
SD 1.3 0.012
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2 Table 2. Mass balance of aspirin and hydrolyzed aspirin in var-
] ious laboratory formulations—stressed buffered tablets
J Hydrolyzed aspirin,
] Aspirin, % theoretical % theoretical
j Duplicate Duplicate
] preparations, prepara-
] 1 injection tions,
n Storage each 1 injection Mass
] conditions* Mean each Mean  balance
3 30 mo., 25°C 988,971  97.9 13,17 15 99.4
E 30 mo., 30°C 97.7, 97.5 97.6 2.0, 1.9 2.0 99.6
] 30 mo., 25°C 98.2, 98.9 98.6 1.9, 1.7 1.8 100.4
- 30 mo., 30°C 97.9, 98.5 98.2 2.2,1.8 2.0 100.2
8 1 24 mo., 25°C 97.8,97.9 97.8 1.3,1.4 14 99.2
s 3 24 mo., 30°C 97.0, 97.5 97.3 1.7,1.7 17 99.0
4 ] 3 24 mo., 25°C 96.7, 97.7 97.2 15, 1.3 1.4 98.6
§ ] 24 mo., 30°C 96.4, 97.3 96.8 1.6,1.7 1.7 98.5
<« 1 1 mo., 35°C 97.2, 96.9 97.0 41,41 41 101.1
1 1 mo., 40°C 96.5,96.1 96.3 45,48 4.7 101.0
1 1 mo., 50°C 93.2,91.9 92.6 79,79 7.9 100.5
E * Ambient relative humidity for 25°C, 30°C, 40°C, and 50°C samples; 90%
h relative humidity for 35°C samples.
] h 4 5
T e e s e Care Group (Sadz Prermeceuticals Gap.), Linooln, NE.
They aloacknoMecte ). C. Gk, J.P. Grervet, M. SAriitt,
Minutes and F. Emi ofSadaz, ., Bsle, Svuitzriad, fatefoun-

Figure 3. Chromatogram of buffered aspirin product spiked with
minor salicylates. (1) excipients, (2) aspirin, (3) salicylic acid, (4)
acetylsalicylsalicylic acid, (5) salicylsalicylic acid.

Goclusias

This aalysis providss a rgoid, acaurate, and econanical
method fardetermining agpinnand selicAicacid nhufferd
Hiets. The desighofttebledingequipment providesaunit
which B apletely salad ad cn esily ke cleared Tar
syEllypreared saples. The edractinsohantcanbe safe-
Iy herdlled by tre arelyst without ecial precautios. The
sarple preparation can be syndhranized with the chramatt-
ayghic sgaration far anenient ssEl aelysis. The aal-
Vais can ke semiautomated by tte use of a digesr far
cElinay of edractirg sohat, an autoratic e, ad
aoputerized cata herdlinp.
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Liquid Chromatographic Determination and Identification Tests for Dexamethasone in Bulk

Drugs and Elixirs: Collaborative Study

ELAINE A. BUNCH

Food and Drug Administration, 909 First Ave, Seattle,

WA 98174

Mlldoratars: J F. Brover; D. D. Hges; R. H. Jdvem; M. RaralesUrite; W. T. Snith; S Yuen;

R. H. Albert(statistical Consultant)

A normal phase liquid chromatographic method for the determination
of dexamethasone in bulk drugs and elixirs was collaboratively stud-
ied by 6 laboratories. The method uses a silica column, water-mod-
ified acetic acid-methanol-methylene chloride mobile phase, corti-
sone internal standard, and photometric detection at 254 nm.
Collaborators were supplied blind duplicate samples of 3 bulk drugs,
2 commercial elixirs, and 1 authentic elixir. Dexamethasone elixir
dosage level is 0.5 mg/5 mL. Mean recovery of dexamethasone from
the authentic elixir formulated to contain 0.471 mg/5 mL was 94.5%.
(Authentic elixirs were found to stabilize about 6% below the theo-
retical concentration.) Mean recovery for the bulk drugs was between
97.1 and 100.1%. Mean coefficients of variation for bulk drug and
elixir samples were less than 0.8% and 3.6%, respectively. Identifi-
cation tests for dexamethasone by thin-layer chromatography, in-
frared spectroscopy, and relative LC retention times, as well as the
gas chromatographic determination ofalcohol in the elixirs were also
collaboratively studied. Mean recovery of alcohol from the synthetic
elixir was 98.6%. The mean coefficient of variation for alcohol for
all samples analyzed was less than 1.4%. The LC method for dexa-
methasone in drug substance and elixirs, the identification tests, and
the GC method for alcohol in dexamethasone elixirs have been adopt-
ed official first action.
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The recommendation ofthe Associate Referee was approved interim official
first action by the General Referee, the Committee on Drugs and Related
Topics, and the Chairman of the Officiai Methods Board. The method was
adopted official first action at the 101st AOAC Annual International Meeting,
Sept. 14-17, 1987, at San Francisco, CA. See the General Referee and Com-
mittee reports, J. Assoc. Off. Anal. Cherr. (1988) 71, January/February issue.
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Figure 1. Liquid chromatogram of 7 related corticosteroids. Re-
tention times in min. Flow rate =1.6 mL/min. Key: (A) Cortisone
acetate; (B) hydrocortisone acetate; (C) cortisone; (D) predni-
sone; (E) dexamethasone; (F) betamethasone; (G) prednisolone.

tion tests for samples 1, 2, and 4. Samples 8, 9, and 11
required a TLC identification test.

Each collaborator also received an instruction sheet, copy
ofthe method, report form, vial ofinternal standard, vial of
betamethasone, vials containing drug substance samples, and
small bottles of elixir. For the analysis of the elixir, each
collaborator was instructed to consider the samples to be
formulated as 0.5 mg dexamethasone/5 mL.

Dexamethasone in Drug Substance and Elixirs
Quantitative and Identification Methods

First Action

Principle

Dexamethasone content in drug substance and elixir is detd by
normal phase LC using quaternary mobile phase with controlled
H2 content, UV detection at 254 nm, and cortisone as internal std.
Identity is confirmed in bulk drug substance and elixir by TLC and
in drug substance by IR spectroscopy and relative LC retention time
ratios. Alcohol content in elixir is detd by GC on porous polymer
column using internal std and flame ionization detector.

Liguid Chromatographic Method

Apparatus

(a) Liquid chromatograph.—Model 8100 (Spectra-Physics, 3333

N First St, San Jose, CA 95134-1995) equipped with Model 100-10
photometric detector (Hitachi/NSA, 460 E Middlefield Rd, Moun-
tain View, CA 94043), 15-30 pL injection valve (Valeo Instruments
Co., Inc., P.O. Box 55603, Houston, TX 77255), and Model CR1A
integrator (Shimadzu Scientific Instruments, Inc., 7102 Riverwood
Rd, Columbia, MD 21046). Equiv. LC system, UV detector, auto-
sampler, and strip chart recorder may be used. LC pumping system
in which bubbles develop in mobile phase is unsuitable. 1 jug dex-
amethasone should produce 50% full scale response with appropriate
detectorand recorder orintegration settingsat 254 nm. Mobile phase
flow rate 1.2 mL/min at ambient temp.

CH,OH

SIDE CHAIN

Figure 2. Dexamethasone.

(b) Chromatographic column.—Stainless steel, 25 cm x 4.6 mm
id, packed with 5 pm Zorbax-Sil (E.l. du Pont de Nemours and Co.),
or equiv. meeting appropriate LC system suitability requirements.
3cm x 4.6 mm id stainless steel guard column packed with 10 pm
silica particles may be used. Ifnecessary, dry silica column by eluting
with 20 mL. CH2XCI2HOAc-2,2-dimethoxypropane (90 + 2 + 2
vIviv).

Reagents

(a) Solvents.—Glacial HOAc (J. T. Baker or equiv.), UV grade
MeOH and CHZXC12 (Burdick and Jackson Laboratories, Inc., or
equiv.), and distd-in-glass H2.

(b) Methanol soln.—Pipet 5.0 mL H2 into 100 mL vol. flask
and dil. to vol. with MeOH.

(c) Mobilephase.—Pipet 1.0mLglacialHOAcand45.0mLMeOH
soln into 1L vol. flask, and dil. to vol. with CH2C12. Degas mixt.
Adjust MeOH content to obtain retention times of approx. 6 and 9
min for cortisone and dexamethasone, resp. Cortisone retention time
should be used for mobile phase composition adjustments; increased
MeOH content decreases retention time.

(d) Sodium bicarbonate soln.—1M. Dissolve 8.4 g NaHCO03 in
100 mL HD.

(e) Internalstdsoln.—Dissolve 30 mg cortisone (Sigma Chemical
Co., or equiv.) in 4.0 mL MeOH and dil. to 100.0 mL with CH2C12

(f) Dexamethasone std soln. —4.0 mg/100 mL. Transfer ca 25 mg
accurately weighed USP Ref. Std Dexamethasone (previously dried
30 min at 105°) to 25 mL vol. flask, and dissolve in and dil. to vol.
with MeOH. Transfer 2.0 mL aliquot of this soln to 50 mL vol. flask
contg 6.0 mL internal std soln, and dil. to vol. with CH2C12 Do not
filter thru membrane filter.

Sample Preparation

(a) Drug substance.—Prep, as directed for Dexamethasone std
soln, using 25 mg dexamethasone. Do not filter thru membrane filter.

(b) Elixir.—Transfer accurately measured 10 mL portion of
Dexamethasone Elixir, contg 1 mg dexamethasone, to 125 mL sep-
aratory funnel, add 5 mL 1M NaHCO, soln, and ext with four 20
mL portions of CH2C12 Collect exts in 250 mL separatory funnel
contg 5 mL H2. Back-wash combined exts and filter thru cotton
wet with CH2C12 into suitable beaker. Rinse H2 back-wash and
125 mL separatory funnel consecutively with 10 mL CH2C12 Filter
this rinse into beaker. Evap. filtrate on steam bath under jet of air
to approx. 10 mL and quant, transfer with CH2C12to 25 mL vol.
flask contg 1.0 mL MeOH and 3.0 mL internal std soln. Dil. to vol.
with CH2C12 o - not filter thru membrane filter.

Determination

Equilibrate column with mobile phase at 1.2 mL/min. Monitor
response at 254 nm. Make 3 replicate injections of dexamethasone
std soln. Using either peak area or peak ht measurements for each
injection, calc, coefficient of variation (CV) of peak response ratios
of dexamethasone to internal std. In suitable system, CV should be
£2.5% and resolution factor, Rs, for dexamethasone peak and in-
ternal std peak should be >3. Make duplicate injections of std and
sample solns and det. response ratio for each. Relative retention
ratios ofdexamethasone to internal std should agree within +2.0%.
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If relative retention ratios differ by > 2.0%, then dry silica column
as described in Apparatus (b).

Calculations

Calc, content of dexamethasone as follows:
Drug substance:
Dexamethasone, mg = 625 x C X (RR/RRY
Elixirs:
Dexamethasone, mg/5 mL =12.5 x C X (RR/RR")

where C = final concn of std soln (mg/mL), and RrR and RR' = av.
response ratio for peak ht or area of analyte to that of internal std
for sample and std solns, resp.

Thin Layer Chromatographic Identification

Apparatus, Reagents, and Test Solutions

(@) Thin layer plates.—Glass, 20 x 20 cm, coated with 250 /m
layer of silica gel G with fluorescence indicator (Analtech Cat. No.
02011 [Analtech Inc., 75 Blue Hen Dr, PO Box 7557, Newark, DE
19711], or equiv.).

(b) Developingsolns. —(1)Drug substance.—CHCI3diethylamine
(2 + 1). (2) Elixir.—CHClj-acetone-glacial HOAc (80 + 40 + 1).

(c) TLC std testsolns.—(1) Drugsubstance.—Prep. 1 mg/mL soln
of USP Ref. Std Dexamethasone ir. CH2I2MeOH (1 + 1). (2)
Elixir.—Evap. 10 mL of Dexamethasone std soln (f) just to dryness
on steam bath. Dissolve residue in 1 mL CHXI2MeOH (1 + 1).
Prep, individual 400 My solns of dexamethasone (Sigma Chemical
Co., or equiv.) and cortisone in CHXI2MeOH (1 + 1) to serve as
chromatgc identification stds.

(d) TLC sample test solns.—(1) Drug substance. —Prep, as di-
rected for TLC std testsoln. (2)E lixir.—Evap. 10 mL ofelixir sample
prepn (b) just to dryness on steam bath. Dissolve residue in 1 mL
CH,CI2MeOH (1 + 1).

Chromatography

Equilibrate suitable chromatgc tank with appropriate developing
solv. Spot 5 mL of each test soln ca. 2.5 cm from bottom of coated
plate. Let spots dry and develop chromatogram until solv. front has
moved 10 cm from origin. Remove plate, mark solv. front, air-dry
plate, and locate spots under shortwave UV light. For drug substance,
Rfof major spot in sample test soln corresponds to that for std test
soln. For elixir, relative Rfof dexamethasone to cortisone for TLC
sample test soln corresponds to that for TLC std test soln.

Infrared Spectroscopic Identification

Drug substance.—Prep. KBr dispersions from previously dried
sample and std material. Scan spectra between 2.5 and 15.0 Mm.
Compare sample and std spectra. If difference appears, dissolve por-
tions of both sample and std in CH3CN, evap. solns to dryness, and
repeat test on residues. Sample and std prepns exhibit maxima at
same wavelength.

Identification by Relative Retention Times

Drug substance.—Compare retention ratios of main peak to in-
ternal std peak obtained for dexamethasone std soln and for assay
sample prepn as directed in LC assay. Ratios that do not differ by
>2.0% confirm identity.

Alcohol in Elixir

Gas Chromatographic Method

Apparatus and Reagents

(a) Gas chromatograph.—Model 5830A, with flame ionization
detector and electronic integrator (Hewlett-Packard), or equiv. Op-
erating conditions: column temp. 165° and N gas flow adjusted so
that 2-propanol elutes in 3-5 min.

(b) Chromatographic column.—Glass, 6 ft x 4 mm id, packed
with 80-100 mesh copolymer of ethylvinylbenzene and divinylben-
zene that has nominal surface area of 500-600 sq m/g and av. pore

diam. of 0.0075 Mm. This material has been washed with org. solvs
and acids and then preconditioned in bulk in O-free atm. Super-Q
(Alltech Associates Cat. No. 2735 [Applied Science Labs, 2051 Wau-
kegan Rd, Deerfield, IL 60015]) has been found to be suitable.

(c) Internal std soln.—Dil. 5.0 mL 2-propanol with H2 to 250
mL.

(d) Alcoholstd soln.—Dil. 5.0 mL absolute alcohol with H2 to
250 mL. Pipet 10 mL of this soln and 10 mL internal std soln into
100 mL vol. flask and dil. to vol. with H2.

Preparation of GC Column
With small plug of silanized glass wool in end of column, apply
vac. to exit of column and add packing in small amts to inlet end.
Wi ith aid of gentle vibration, pack column firmly. Condition column
overnight at 235° with slow N flow. Check column for voids after
conditioning. Gently vibrate column to remove voids. Check column
performance by injecting alcohol std soln and calcg following: res-
olution >3; RSD < 1.5% for alcohol peak area relative to 2-propanol
peak area with 6 replicate injections; and tailing factor <2.0 for
alcohol.

Sample Preparation

Pipet 4 mL elixir and 10 mL internal std soln into 100 mL vol.
flask and dil. to vol. with HD.

Determination and Calculation

Inject ca 5 mL each of sample and std solns in duplicate. Calc. %
alcohol in elixir as follows:

% alcohol (v/v) = (RR/RR') X C x D

where RR and RR' = av. response ratio for peak area of analyte to
that of internal std for sample and std, resp.; C = % alcohol in std
soln; and D = sample diln factor.

CAS-50-02-2 (dexamethasone)

Results and Discussion

For the drug substance and elixir determinations, the col-
laborators used 5 different brands ofliquid chromatographs,
both manualinjection and autosamplers (3 brands), and either
electronic integrators (3 brands) or strip chartrecorders. Cal-
culations were based on manual measurement of height (3
collaborators), integrator areas (2 collaborators), and inte-
grator heights (2 collaborators). No differences attributable
to mode of calculation were noted. For the elixir alcohol
analysis, the collaborators used 5 brands of gas chromato-
graphs and either electronic integrators (4 brands) or strip
chartrecorders. Calculations were based on manual area cal-
culation (1 collaborator), integrator areas (4 collaborators),
and manual height measurement (1 collaborator). The al-
cohol method requires that area, not peak height, measure-
ments be used for calculation. One collaborator did not com-
plete the alcohol analyses because the column packed for the
study did not meet the system suitability requirements. Be-
cause of documented problems with alcohol analyses with
Poropak Q columns (6), collaborators were instructed to ter-
minate the alcohol analysis if the system suitability test re-
quirements were not met. Two collaborators chose to com-
plete the alcohol analyses even though theirreported replicate
standard injections and tailing requirements, respectively,
did not meet the study protocol. These data were included
in the statistical treatment because the reported values were
close to the study limits.

The study data, Tables 1-3, were statistically evaluated for
within- and between-laboratory variance. No data points were
discarded for the elixir dexamethasone analyses. An indi-
vidual result from collaborator 4 for sample 1was eliminated
as a Dixon (11) outlier for the dexamethasone bulk drug
substance analyses. Individual results from collaborator 2 for
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Table 1. Collaborative results of dexamethasone bulk drug sub-
stance assay (% by weight on dried basis)

Sample blind duplicate pairs

Call. 1/5* 2/6 3/4
1 97.3 97.0 100.8 1004 9.6 100.0
2 97.0 9.3 100.1 100.2 98.9 9.0
3 97.3 96.2 101.2 9.9 N1 9.7
4 942 %4 98.8 N1 98.6 98.6
5 974 98.0 9.4 101.3 1004 100.3
6 97.7 9%6.9 99.7 9.6 9.3 98.8
7 97.5 97.8 100.1 100.7 94 9.4

Av. 971 100.1 94

S 0.5752 0.7502 0.5839

CV, % 0.59 0.75 0.59

*Standard purity as received from manufacturer.
“Qutlier, eliminated by Dixon s test criteria (11).

samples 10 and 12 and from collaborator 4 for sample 10
were eliminated as Dixon outliers for the elixir alcohol anal-
ySes.

After the data set was normalized by dividing each data
point by its respective sample group average, pooled results
for each analysis were statistically evaluated by the ranking
and analysis of variance criteria presented by Steiner (11).
For the alcohol analyses, the average calculation for sample
group 9/10 did not include the outlier data point, 6.99%.
Inclusion of this data point would cause a positively biased
average and skew the statistical analysis. The author’s results
are reported as collaborator 7.

For the 3 bulk drug substance analyses, the coefficients of
variation, CVs, were between 0.59 and 0.75% (Table 1). For
42 analyses, the pooled mean analysis, the CV for repeat-
ability (CVO0, within-laboratory error), and the CV for repro-
ducibility (CVX within- and between-laboratory error) were
99.8%, 0.81%, and 0.75%, respectively (Table 4). Laboratory
4 was identified as an outlier by the Thompson and Willke
ranking test (11), and those results were eliminated. For the
remaining 36 analyses, the pooled mean, CV0, and CVXwere
100.2%, 0.36%, and 0.40%, respectively (Table 4). For the
elixir dexamethasone analyses, the CVs were between 1.74
and 3.55% (Table 2). The pooled mean, CVQ and CVXwere
99.9%, 2.11%, and 1.19%, respectively (Table 4). For the
elixir alcohol analyses, the CVs were between 0.87 and 1.34%
(Table 3). For 36 analyses, the pooled mean, CVG and CVX
were 100.0%, 4.61%, and 4.13%, respectively (Table 4). Lab-

Table 2. Collaborative results of dexamethasone elixir assay

(mg/5 mL)
Sample blind duplicate pair formulations
Authentic Commercial
Coll. 7/11* 8/12" 9/10*
1 0456 0451 0465 0469 0491 0504
2 0.448 0.444 0.490 0491 0.522 0522
3 0444 0437 0519 0512 0509 0517
4 0.452 0.442 0.505 0.484 0.539 0.539
5 0442 0442 0486  0.485 0510 0513
6 0424 0.450 0.475 0.480 0.483 0.499
7 0448 0445 0458 0482 0508 0512
Av. 0.445 0.486 0513
Av., % 89.0 97.2 102.6
Ree.,, % A5
S 0.00775 0.01723 0.01594
CV, % 174 355 31

* Formulated to contain 0.471 mg/5 mL.
“ Label declaration 0.5 mg/5 mL.
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Table 3. Collaborative results of elixir alcohol assay (% alcohol)

Sample blind duplicate pair formulations

Authentic Commercial

Call. 71 8/12¢ 910
1 ND* ND ND ND ND ND
2 501 501 4.98 5.40" 522 6.99"
3 4.95 499 4.95 497 522 512
4 4,79 4,96 481 493 512 4.96"
5 4.85 493 490 4.82 5.10 515
6 4.96 494 4.89 4.92 516 514
7 4.88 4,90 4,96 4,99 513 5.09

Av. 493 4,92 5.14

Av., % 98.6 984 102.8

Ree., % 98.6

s 0.06612 0.06083 0.04478

CV, % 134 124 0.87

* Formulated to contain 5% by volume.

OLabel declaration 5% by volume.

“ND = not determined. Column packed for this analysis did not meet sys-
tem suitability requirements.

“ Outlier; eliminated by Dixon's test criteria (11).

oratory 2 was identified as an outlier by the Thompson and
Willke ranking test (11), and those results were eliminated.
For the 30 remaining analyses, the pooled mean, CVD, and
CVXwere 99.5%, 0.82%, and 0.89%, respectively (Table 4).

The values for the system suitability tests for the dexa-
methasone drug substance and elixir assays are reported in
Table 5. All of the collaborators successfully met the study
system suitability test requirements by a substantial margin.
Participants were not required to repeat these tests if the
same chromatographic system was used for both analyses.
The collaborators were told that prior to sample analyses
their silica columns could be dried quickly with the meth-
ylene chloride-acetic acid-2,2-dimethoxypropane solvent
system described by Bredeweg et al. (12). Careful control of
the water content on the silica column is necessary for re-
producible results in normal phase liquid chromatography.
The drug substance analysis reflects the precision and ac-
curacy of the normal phase chromatographic system. One
collaborator had difficulty with bubble formation in the
pumping system with the methylene chloride-based solvent

Table 4. Statistical analysis of pooled interlaboratory results

Elixir,
05 mg/ Alcohol,
Drug substance, 5mL 5% by volume
Statistic % by weight decld decld

No. of analyses 42 >H» 42 36 30*
Pooled mean" 0.998 1.002 0.999 1000 0.99
Pooled mean,

as decld 9.8 100.2 0.500 5.00 4.98
553 0.0081 0.0036  0.0211 00461 0.0081
sxa 0.0075 0.0040 00119 0.0413 0.0089
CV0" % 0.81 0.36 211 461 0.82
CVX* % 0.75 040 119 413 0.89

* Data from laboratories 4 and 2 were eliminated for the drug substance and
alcohol analyses, respectively. These laboratories were found to be out-
liers based on Thompson and Willke ranking criteria (11).

“ Pooled results were normalized through the division of each sample point
by Its sample group average. Outliers were not eliminated from any data
sets for the drug substance or elixir for these calculations. One outlier
(132.3% from the average) was eliminated from the alcohol data set when
the average was calculated for the 30-point data pool.

eSD0 and CVOare the repeatability (within-laboratory error) standard devia-
tion and coefficient of variation, respectively.

“ SDXand CVXare the reproducibility (within- and between-laboratory error)
standard deviation and coefficient of variation, respectively.
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Table 5. LC conditions for collaborative study of dexamethasone

Caoll. Column Calculation mode
1 Spherisorb S5W manual height
2 Zorbax-Sl| integrator area
3 Zorbax-SlI integrator height
4 Zorbax-SlI manual height
5 Zorbax-Sil manual height
6 Zorbax-Sil Integrator area
7 Zorbax-Sil integrator height
Study’ Silica height or area

Drug substance Elixir

R CV," % RRT R CV, %

46 0.47 1.35 6.4 133

7.0 0.18 1.44 NC° -

6.1 0.48 14 NC -

NC - 142 75 0.55
11.2 0.013 155 9.0 043

83 0.17 145 9.8« 12

50 021 148 NC —
>3 <25 <2.0%3

* Resolution for dexamethasone and Internal standard cortisone for system suitability test.
«Coefficient of variation for 3 replicate standard Injections for system suitability test.

=RRT = relative retention time of dexamethasone to cortisone.
“NC = not calculated.

*Second Zorbax-SlI column was used.

' Collaborative study requirements.

3Maximum difference allowed between standard and sample relative retention times.

system. It appears that this particular manufacturer’s pumps
tend to form air bubbles with more volatile solvents. How-
ever, another collaborator used the same manufacturer’s in-
strument and did not report any apparent difficulties. Meth-
ylene chloride also has a tendency to form bubbles in this
manufacturer’s autosampler. This solvent system has been
successfully used by the author with 4 different designs of
pumping systems but not including one from this particular
manufacturer. Normal phase systems have greater selectivity
for related corticosteroids (4, 5) than do previously reported
reverse phase systems (13-16).

Brower (17) and Walters (9) have reported collaborative
study results for prednisolone and hydrocortisone with a sim-
ilar normal phase solvent system and samples prepared in
methylene chloride. The major difference in the LC mobile
phase is that ethylene chloride was used in place of methylene
chloride. Because of the toxicity, flammability, lower capac-
ity for water, slightly poorer selectivity for corticosteroids,
and solvent contamination problems associated with ethyl-
ene chloride, the author chose to use methylene chloride.
However, the previously cited studies indicate that satisfac-
tory results could be obtained by substituting ethylene chlo-
ride if air bubbles in the system become a major problem.
The methanol content might have to be adjusted to obtain
the required separations.

The recovery for the authentic elixir was 94.5% of the
theoretical 0.471 mg dexamethasone/5 mL. One month after
preparation, the author recovered 94.8%. The author had
prepared and analyzed 2 other authentic elixirs prior to the
collaborative study. The USP XX (1) blue tetrazolium meth-
od (BT) and the proposed LC method were both used. For
Authentic No. 1, the average of 7 analyses was 98.4% (CV
1.00%) by the BT method and 98.9% (CV 0.88%) by LC
analysis. All analyses of Authentic No. 1were within 1week
of preparation. For Authentic No. 2, the average of 5 analyses
by the BT method was 99.0% (CV 1.76%); the average of 6
LC analyses was 96.5% (CV 0.77%). The USP assay was
within a few days of preparation; the LC analyses were 1
month later. The author’s original LC analyses of the com-
mercial elixirs used for this study were 7.2% higher than the
analyses prior to issuing the study. Thirty-one months had
elapsed between these analyses. Equivalent results are ob-
tained when the blue tetrazolium and LC analyses are done
at the same time. Decomposition of the steroid is detected
by LC analysis a month after formulation. That decompo-
sition continues slowly is evidenced by the change in the
assay of the 2 commercial products. According to Das Gupta

(18), hydrocortisone, a related corticosteroid, appears to be
unstable in both water and polyethylene glycol ointment base.
He also noted that, when mixed with water, either alcohol
or glycerin had a stabilizing effect on the steroid. He further
noted that decomposition occurs both in Ring A and in the
C,7 dihydroxyacetone side chain and commented that the
blue tetrazolium method is not a stability-indicating assay.
Excipients for Authentic No. 1 included alcohol, benzoic
acid, methyl paraben, and propyl paraben. Authentic No. 2
did not include the preservatives, but alcohol, glycerin, and
propylene glycol were present. The collaborative study au-
thentic sample incorporated alcohol, benzoic acid, and glyc-
erin. Both commercial elixirs contained alcohol and glycerin,
but one used benzoic acid, and the other used methyl and
propyl paraben as preservatives.

The elixir preservatives do not interfere in the LC analysis.
Benzoic acid is removed during the extraction; methyl and
propyl parabens elute just prior to the internal standard,
cortisone. No interference was noted in any of the chro-
matograms submitted by the collaborators. See Figure 3 for
a typical chromatogram when methyl and propyl parabens
are present. For the pooled elixir results, the within-labo-
ratory error is larger than the between-laboratory error. This
may be attributed to the loss of small amounts of the steroid
in the extraction step of the procedure or to incomplete pipet
delivery of the slightly viscous product since the within- and
between-laboratory error is quite close for the drug substance
analyses. The average of all the analyses for each sample set
agrees quite well with the author’s results, indicating that this
difference is not significant.

For the alcohol analysis, the collaborative study specified
acolumn packed with a copolymer of ethylvinylbenzene and
divinylbenzene marketed as Poropak Q, and which prefer-
ably had been Soxhlet-extracted with chloroform prior to
conditioning the column. Chloroform extraction has been
reported as a method to reduce tailing of alcohols (7). Sub-
sequent to the issuance of the study, a commercially avail-
able, purified form of Poropak Q, Super Q, was identified.
On the basis of an evaluation in this laboratory, it appears
that this material does not require special treatment to meet
the system suitability tests. For this reason, Super Q or its
commercial equivalent is specified in this report rather than
Poropak Q.

The alcohol method collaborated in this study was a mod-
ification of the USP XX (2) and XXI (3) Method Il. The
USP method has a close correlation to a method for ethanol,
isopropanol, or acetone in drugs by Falcone (19), which was
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Figure 3. Collaborative study chromatogram with the least res-
olution achieved for an elixir with methyl and propyl paraben
preservatives. Retention times in min. Flow rate = 1.2 mL/min.
Key: (A) Propyl and methyl paraben; (B) cortisone;
(C) dexamethasone.

collaboratively studied in 1973 and adopted by AOAC (20).
The USP method specifies a smaller mesh size and lower
column temperature. Both methods use acetonitrile as the
internal standard. It has been documented (7) that ethanol
and acetonitrile frequently are not resolved on the polymer
packing that is commercially available now. For that reason,
2-propanol was chosen as the internal standard for this study.

In accordance with the study instructions, one collaborator

Table 6. GC conditions for collaborative study of alcohol in

elixirs
Chlo-
roform  Date Calculation
Caoll. Rx CV,"% T= extn" packed mode
1 ND* yes 6/82
2 36 017 14 yes 5/83 integrator area
3 4.0 18 12 no 11/82  integrator area
4 38 118 12 no 1/83  manual area
5 36 0.70 12 no 12/82  manual height
6 33 0.23 22 no 10/82  integrator area
7 40 0.60 12 yes  838/82 integrator area
Study’ >3 £15 <20 yes area

* Resolution for alcohol and Internal standard 2-propanoal for system suitabil-
ity test.

6 Coefficient of variation for 6 replicate standard injections for system suit-
ability test.

° Tailing factor for alcohol for system suitability test.

- Method recommends chloroform extraction of Poropak Q packing to im-
prove peak shape for polar compounds such as alcohal.

«ND = not determined. Colurn packed for this study did not meet system
suitability requirements.

'Collaborative study reguirements.
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Figure 4. Gas chromatogram for alcohol analysis. Retention
times in min. Key: (A) Alcohol; (B) 2-propanol; (C) propylene
glycol.

did not complete the analyses because of poor column per-
formance and the inability to meet any of the system suit-
ability tests. Two other analysts submitted data even though
the requirements of at least one of the 3 system suitability
tests, including the generous tailing factor of 2 for alcohol
(Table 6), were not met. The USP method requires a tailing
factor ofnot more than 1.5. Inspection ofthe chromatograms
revealed that random changes in peak height due to peak
broadening continue to be a problem that requires the use
of peak area to obtain accurate results. One collaborator
commented on a late eluting peak, polyethylene glycol, as a
possible source of interference (Figure 4). All the chromato-
grams were examined for possible interference from this peak
and none was noted.

Identification of dexamethasone was confirmed by thin-

Table 7. Conditions and results for thin layer identification tests

Drug Substance
Solv.
front,
Call. R* R" RR' mm Plate source
0.27 034 079 1  Analtech Silica Gel GF
044-045 057 079 103 E Merck F254

0.28 038 074 109

1

2

3 . Supelco Redi-coat-H
4 0.32 040 080 100

5

6

7

Analtech Silica Gel GF
Analtech Silica Gel GF
Analtech Silica Gel GF
Whatman LK5F Silica Gel

030 039 077 108
026027 031 08 145
027 034 079 100

Elixir
Solv.
front,
Call [=V] R° RR" mn Plate source
032 038 084 137  Analtech Silica Gel GF
045-046 056 081 100 E Merck F254

Supelco Redi-coat-H

Analtech Silica Gel GF
Analtech Silica Gel GF
Analtech Silica Gel GF
Baker Si250F Silica Gel

. 049 087 100
0.30 037 081 150
0.32 NR 119
0.28 033 08 100

* Dexamethasone Rf.

“ Betamethasone R.

‘ Relative R, of dexamethasone to betamethasone. Coefficient of variation is
2.8%. Relative R, for collaborator 6 is an outlier by Dixon's test (11).

- Cortisone R.

* Relative R of dexamethasone to cortisone. Coefficient of variation is 3.1%.

- NR = not reported.

~N~NoghwN -
o
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layer chromatography, relative LC retention time, and IR
spectroscopy for the drug substance and by a second TLC
system for the elixir. For the drug substance, each collabo-
rator was also asked to spot betamethasone, the configura-
tional isomer of dexamethasone. The TLC system easily re-
solved this pair. Although the collaborators used a variety
of commercial TLC plates and reported a wide range of Rr
values for both TLC identification tests, the CVs for relative
Rfvalues for each test are around 3% (Table 7). All collabo-
rators successfully identified dexamethasone by the TLC test.
The range of relative LC retention times was 1.35 to 1.55.
The largest reported difference _n relative retention time,
0.7%, was well within the required +2.0% (Table 5). One
sample specified for the IR spectroscopy identification test
had a different crystalline structure and exhibited previously
unreported polymorphism (21). Three of 6 collaborators not
only successfully identified the polymorphic form of dexa-
methasone from its IR spectrum but also found that the
method resolved the spectral differences. Of the remaining
3 collaborators, one missed the spectral difference, one sub-
mitted such poor quality spectra that the polymorphism was
only suggested, and the third clearly did not exhibit poly-
morphism. It has been found in this laboratory that pro-
longed grinding with KBr powder changes the crystalline
form so that the polymorphic effect is reversed. Cohen (7)
reports that 2 crystalline forms of dexamethasone have been
observed so that polymorphism should be expected in its IR
spectrum.

Recommendation

Itis recommended that the LC method for dexamethasone
in bulk drug substance and elixirs, with identification by
TLC, IR, and relative LC retention times for bulk drug sub-
stance and TLC for elixirs be adopted official first action. It
is further recommended that the GC method for alcohol in
elixirs be adopted official first action.
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Determination of Terbutaline Sulfate in Dosage Forms by Liquid Chromatography with

Electrochemical Detection

WILLIAM L. CHILDRESS?

Food and Drug Administration, 585 Commercial St, Boston, MA 02109

A liquid chromatographic method with electrochemical detection has
been developed for the determination of terbutaline sulfate in dosage
forms. A cyanopropyi bonded-phase column is used with a mobile
phase consisting of methanol-0.1M monobasic potassium phosphate
containing 0.1M sodium heptanesulfonate and ImM disodium ethyl-
enediaminetetraacetate (15 + 85). The compound of interest is de-
tected at a glassy carbon electrode held at a potential of +0.9 V vs
silver-silver chloride. The response is linear from 0 to 10 pg/mL
terbutaline sulfate. The method is applicable to tablet composites,
individual tablets, dissolution determinations, and injections. Results
and supporting data are reported for the above analyses.

The bronchodilator terbutaline sulfate is formulated at levels
of 2.5 or 5 mg in tablets or at 1 mg/mL in injections. The
compendial method for the determination ofterbutaline sul-
fate in both products is acolordevelopment method in which
the analyte is oxidized to a colored complex with potassium
ferricyanide in alkaline solution (1). This method has been
successfully used for automated analyses (2), but it requires
precise timing in the addition ofthe reagents, and therefore,
the accuracy and precision obtainable for a manual analysis
could suffer. In addition, the method is neither specific nor
stability indicating. An improved colorimetric method has
been recently developed (3), but the same limitations apply.
Finally, the sensitivity of the method is not as good as de-
sirable in the case ofdissolution determinations, where more
dilute analyte solutions are encountered.

One obvious alternative is liguid chromatography (LC).
Wi illiams and coworkers (4) have used LC with fluorescence
detection for the determination of terbutaline sulfate and
related compounds. They used a reverse-phase C18column
and an ion-pairing reagent in the mobile phase and stated
that the method is applicable to formulations containing ter-
butaline sulfate, although they present no results for actual
formulations.

The phenolic structure of terbutaline sulfate suggests that
it might be amenable to electrochemical detection, which, if
applicable, would provide sensitivity comparable to that ob-
tained with fluorescence detection. Lin and coworkers used
LC with electrochemical detection to determine terbutaline
and related betamimetics in plasma (5). Their method also
involves a reverse-phase, ion-pairing system, with detection
by oxidation at a glassy carbon electrode. They report that
sensitivity of the method is in the low nanogram range for
on-column injections—adequate for the most dilute analyte
solutions likely to be encountered in dosage form analyses.

This paper reports the application of LC with electro-
chemical detection to the determination ofterbutaline sulfate
in dosage forms. Tablet formulations were analyzed for assay
value, content uniformity, and dissolution. Injections were
also assayed, and linearity and recovery studies were per-
formed.

METHOD

Apparatus

(a) Liquid chromatograph.—Model M45 constant-flow
pump (Waters Associates, Milford, MA 01757); Model 7125

Received October 1, 1986. Accepted February 18, 1987.
1Present address: Food and Drug Administration, 109 Holton St, Win-

chester. MA 01890.

fixed-loop injection valve (Rheodyne, Inc., Cotati, CA 94928);
cyanopropyi bonded-phase column, ¢¢-Bondapak CN, 30
cm X 3.9 mm (Waters); Model LC-4B amperometric detec-
tor (Bioanalytical Systems, West Lafayette, IN 47906) with
glassy carbon working electrode, silver-silver chloride ref-
erence electrode, and stainless steel auxiliary electrode; and
Model 4270 recording integrator (Spectra-Physics, San Jose,
CA 95134). Operate at ambient temperature.

(b) Dissolution apparatus.—{Hanson Research Corp.,
Northridge, CA 91324). Equipped with rotating baskets and
held at 37.0 + 0.5°C by circulating water bath (GCA/Pre-
cision Scientific, Chicago, IL 60647).

(c) Membranefilters.-Nylon-66, porosity 0.45 pm (Rainin
Instrument Corp., Woburn, MA 01801).

(d) Ultrasonic bath.—Model SC-150TH (Sonicor,
piague, NY 11726).

(e) Filter paper.—Whatman No. 1 (Whatman, Inc., Clif-
ton, NJ 07014).

Co-

Reagents

(a) Terbutaline sulfate standard.—U.S. Pharmacopeial
Convention, Inc., Rockville, MD 20852, Cat. No. 64350, or
secondary standard assayed according to U.S. Pharmacopeia
(1). Dry at 105°C for 3 h.

(b) Terbutaline sulfate standard solution.—2.5 to 5.0 pgj
mL in water, depending on the analysis being performed.
Accurately weigh reference standard, dissolve in water, and
serially dilute to desired concentration. Filter through mem-
brane filter prior to injection into liqguid chromatograph.

(c) Mobile phase. —Dissolve 13.6 g monobasic potassium
phosphate and 2.2 g sodium heptanesulfonate in ca 800 mL
water. Add 10 mL 0.1M disodium ethylenediaminetetraace-
tate (EDTA) and dilute to 1L with water. Mix 850 mL of
this solution with 150 mL LC grade methanol, filter through
membrane filter, and degas by stirring 10 min under vacuum.

Sample Preparation

(a) Tablets.—Accurately weigh not less than 20 tablets
and grind to pass No. 60 sieve. Transfer accurately weighed
portion of powder equivalent to 5 mg terbutaline sulfate to
100 mL volumetric flask and add ca 80 mL water. Sonicate
15 min, dilute to volume with water, and filter through paper,
discarding first 20 mL filtrate. Dilute 5.0 mL filtrate to 100.0
mL with water and filter through membrane filter.

For content uniformity determination, place individual
tablet in 100 mL volumetric flask with 80 mL water. Let
tablet completely disintegrate prior to sonication (10 to 15
min with occasional shaking). Filter as described above. D i-
lution scheme may be altered depending on tablet strength.

(b) Injections. —Pipet aliquot of injection equivalent to 5
mg terbutaline sulfate into 100 mL volumetric flask and
dilute to volume with water. Dilute 5.0 mL ofthis solution
to 100.0 mL with water and filter through membrane filter.

(c) Dissolution. —Proceed according to U.S. Pharmaco-
peia (1). Rotate baskets at 100 rpm. Use 900 mL water as
dissolution medium; time is 45 min. (Data reported herein
are based on a 60 min dissolution time.) At the end of spec-
ified time period, withdraw aliquot from each vessel and filter
through membrane filter.
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Figure 1. Typical chromatogram of standard solution of ter-

butaline sulfate. Detector potential +0.9 V vs Ag-AgCl, 20 nA

full scale; other conditions are described intext. Chromatograms
of sample solutions were identical.

Procedure

Set instrument flow rate to 1.0 mL/min and set working
electrode potential to +0.9 V vs Ag-AgCl. Adjust detector
sensitivity and/orrecorder attenuation sothat 20 /¢L standard
solution gives ca half-scale deflection. Inject five 20 fiL por-
tions of standard solution. System is suitable if coefficient of
variation (CV) of peak responses of 5 standard injections is
not more than 2.0%.

Inject replicate 20 rL aliquots of standard and sample
solutions into liquid chromatograph and calculate average
peak response for each. Calculate amount ofterbutaline sul-
fate in sample solution by the following formula:

Terbutaline sulfate in sample, mg = [(Ru/Rs)CD]/1000

where C = concentration of terbutaline sulfate in standard
solution, Rg/mL; D = dilution factor; Ru = average peak
response of sample solution; Rs = average peak response of
standard solution. For tablet assay only, multiply above re-
sult by (A/W), where A = average tablet weight and W =
weight of sample.

At the end of each working day, flush system with ca 100
m L each of water and methanol, in that order. Flush system
with ca 100 mL water prior to introduction of mobile phase.

Condition electrode weekly by operating at +1.5 V for 5
min, -1.5 V for 10 min, and at working potential, all with
mobile phase flowing through system. This procedure has
been shown to maintain detector sensitivity while greatly
reducing the need for electrode polishing (6).

Results and Discussion

The previously published methods for the analysis ofter-
butaline sulfate by LC use reverse-phase, ion-pair chroma-
tography (4, 5). Initially, an attempt was made to follow the
procedure described by Lin and coworkers (5), which uses

Table 1. Results of LC and electrochemical detection of ter-
butaline sulfate in tablets

%of labdl
Label, Coment
Sple* gy Assay unifamity” Dissolution”  Rec,, %
A 25 92 91.7-96.2 95.1-1014 971
B 5 972 9231016 93.8-107.4 06
C 5 100.0 920998 99.6-108.6 %84

*A Geig?(/}d 14210, B Merrell-Dowlat 403126; G Geigy lot 27600.
* 10 tablets.
cRange for 6 tablets.

an octadecylsilane bonded-phase column and a mobile phase
consisting of 15% methanolin a 0.1M phosphate buffer con-
taining sodium octanesulfonate as the ion-pairing agent. A
small amount ofdisodium EDTA was also included, acom-
mon practice when electrochemical detection is to be used.
That system was duplicated, except that sodium heptane-
sulfonate was used as the ion-pairing agent rather than so-
dium octanesulfonate which was unavailable at the time.
When terbutaline sulfate was injected, the retention time was
excessively long. Before resorting to adifferent mobile phase,
we tried a more polar cyanopropyl bonded-phase column.
Terbutaline sulfate eluted at a retention time of approxi-
mately 4 min, with a flow rate of 1.0 mL/min. This system
was used for all analyses described here. A typical chro-
matogram is shown in Figure 1.

To determine if the system was linear in the range ofin-
terest, a series of solutions of terbutaline sulfate at 2 to 10
Mg/mL was prepared, and each solution was injected in trip-
licate. A linear curve having a correlation coefficiento f0.9998
was obtained using a least-squares regression. The plot passed
through the origin, within experimental error.

Three commercial samples of terbutaline sulfate tablets
and 2 samples ofterbutaline sulfate injection were analyzed
using the proposed procedure. The tablets were analyzed for
assay value, content uniformity, and dissolution. The injec-
tions were assayed only. A recovery study was performed for
each tablet assay by the method of standard addition. For
the injections, a synthetic mixture was prepared from ter-
butaline sulfate and sodium chloride in the concentrations
stated on the product label, and the resulting solution was
adjusted to pH 3.0-5.0. Because both commercial samples
had the same formulation, only one synthetic mixture was
prepared. Results oftablet assaysranged from 97.2 to 100.0%
of label. Individual tablet determinations ranged from 91.7
to 101.6%, and dissolution results ranged from 95.1 to 108.6%.
Recoveries of added standard ranged from 97.1 to 99.6%.
For the injections, assay values were 100.9 and 101.0% of
label, while the synthetic formulation showed a recovery of
98.5%. Results are summarized in Tables 1 and 2.

No interferences were noted in any of the chromatograms.
Although it is possible to perform the analysis using UV
detection, more baseline noise was encountered in this mode
(7). Because the more sensitive electrochemical detector
needed to be used for the dissolution determination, it was

Table 2. Results of LC and electrochemical detection of ter-
butaline sulfate in injections

Saple* Conen, ng/rL Assay, %
D 1 1009
E 1 101.0
Synthetic 1024 B85

*0 Marell-Dowlat 404067; E Ceigy lat 75079020,
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deemed preferable to use it for the entire analysis. Sample
preparation consists simply of extraction and dilution with
water. Solutions of terbutaline sulfate in the mobile phase
showed a fairly rapid decrease in peak response with time,
whereas straight aqueous solutions showed constant peak
responses for several days. For solutions in mobile phase, no
other peaks were observed, indicating that the degradation
product(s) is not electroactive at the chosen potential. There-
fore, the straight agueous extraction and dilution scheme was
chosen.

Reproducibility was checked by injecting 5 consecutive
aliquots of the standard solution prior to each sample anal-
ysis. Coefficients of variation of the peak responses were
always less than 2.0% and were routinely in the range of 1.2-
1.5%.

Use of LC with electrochemical detection has thus been
shown to be an alternative to previously described methods
for the determination ofterbutaline sulfate in dosage forms.
It is reasonably rapid, potentially stability indicating, repro-
ducible, relatively uncomplicated, and linear over the con-

centration range of interest. The use of electrochemical de-
tection for analyses such as dissolution, which require greater
sensitivity, has been demonstrated to be applicable in this
case and may prove to be a valuable technique for other
drugs having electroactive functional groups.
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Titrimetric Determination of Nonesterified Fatty Acids in Intravenous Fat Emulsions

TERRY D. CYR, ROBERT C. LAWRENCE, and EDWARD G. LOVERING
Health and Welfare Canada, Health Protection Branch, Bureau of Drug Research, Tunney’ Pasture,

Ottawa, Ontario K1A 0L2, Canada

A titrimetric method, suitable for use ata limit of 5 mEq/L, has been
developed for the determination of total nonesterified fatty acids in
intravenous fat emulsion preparations. The method differentiates ti-
trant consumed by the nonesterified fatty acids from that consumed
by egg yolk phospholipids, usually present as an emulsifying agent.
The total nonesterified fatty acids in 8 products from 4 manufacturers
were in the range from 0.4 to 3.8 mEqg/L. The mean standard deviation
of the method is 0.09 mEq/L.

A method is needed to serve as a lim it test for total nones-
terified fatty acids (which include free acids and their sodium
salts), usually presentatlevels below 5mEq/L, in intravenous
fat emulsions. These emulsions typically contain 10 or 20%
soybean or safflower oil, 1.2% egg yolk phospholipids as an
emulsifying agent, 2.2% glycerol for isotonicity, and sodium
hydroxide for pH adjustment, in water forinjection (1). Phos-
phatidic acids—weakly acidic components ofegg yolk phos-
pholipids—are a potential interference in any titrimetric
method. The procedure for total nonesterified fatty acids
described in this paper distinguishes titrant consumed by the
nonesterified fatty acids from that consumed by the phos-
phatidic acids. Typically, the latter titrant exceeds that re-
quired by the fatty acids.

Intravenous fat emulsions are not official in the U.S. Phar-
macopeia (2) or the British Pharmacopoeia (3), but soybean
oil is official in both (as Soya Oil in BP). The USP require-
ment for neutralization offree fatty acids in 10 g soybean oil
isnotmore than 2.5 mL 0f0.020M sodium hydroxide, which
is equivalent to 0.50 mEq/L in 10% fat emulsion. The BP
limit for acid value (mg potassium hydroxide to neutralize
1 g oil) is not more than 0.6, which corresponds to 1.07

Received December 9, 1986. Accepted April 19, 1987.

mEq/L in 10% fat emulsion. A proposed USP monograph
for eggyolk phospholipid (4) specifies that the free fatty acids
in 1.0 g sample require for neutralization not more than 5.0
mL of 0.10M sodium hydroxide, equivalent to 6 mEq/L in
10% fat emulsion. There is also an AOAC method for free
fatty acids in crude and refined oils, based on titration (5).
None of these methods provide for the presence of phos-
phatidic or other weak organic acids.

METHOD
Apparatus and Reagents

(a) Automatic recording titrator.—Mettler Mem otitrator,
equipped with Mettler DG 112 glass calomel electrode with
ground-glass junction for nonaqueous titrations.

(b) Eggyolkphospholipidfractions. —Sigma Chemical Co.
(St. Louis, MO 63178).

(c) Stearicacid. —Gold Label (Aldrich Chemical Co., Inc.,
Milwaukee, W1 53201).

(d) Sodium stearate.—BDH Chemicals (Poole, England).

(e) Primary standard.—Potassium hydrogen phthalate
(Lisher Scientific).

Solutions

(f) Potassium hydrogen phthalate standard solution.—
Transfer 39 mg, accurately weighed and previously dried at
120°C for 2 h, to Erlenmeyer flask; dissolve in 10 m L water,
add 40 mL ethanol, and mix.

(g) Sodium hydroxide solution.—Standardize 0.1M so-
dium hydroxide by titration to potentiometric end point
against potassium hydrogen phthalate solution (f).

(h) Sulfuric acid solution.—Standardize 0.025M sulfuric
acid to potentiometric end point against solution (g).
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Figure 1. First derivative of titration curve for 10% intravenous
fat emulsion, Lot Al. Peaks 1, 2, and 3 correspond to sulfuric
acid, free fatty acid, and phosphatidic acid end points, respec-
tively. Insert represents peak at end point 1, where Vp, Vm, and
Va are the volumes of titrant that correspond to Ep, Em, and Ea,
respectively, and V is the volume calculated at the equivalence

point.

(i) Spiking solution.—7.26 mg/mL stearic acid in isopro-
pyl alcohol.

Procedure

Set automatic recording titrator equipped with glass cal-
omel electrode to record voltage change after increments of
0.025 mL titrant. Three titrations are required for each sam-
ple to be analyzed. Make all intravenous fat emulsion trans-
fers with a “to contain” pipet and rinse pipet with a portion
of the ethanol addition required for each sample. Prepare
and titrate samples consecutively, as follows:

(I) Test preparation: Transfer 10.0 mL fat emulsion to
titration vessel and add a total 0f40.0 mL ethanol, including
pipet rinsings.

(I1) Spiked preparation: Transfer 10.0 mL fat emulsion,
10.0 mL spiking solution, and a total of 30.0 mL ethanol,
including pipet rinsings, to titration vessel.

(111) Spike blank: Pipet 10.0 mL spiking solution and 40.0
mL ethanol into titration vessel.

To each of the above, add 1.0 mL 0.025M sulfuric acid
solution and 3 drops of 1.0% phcnolphthalein in ethanol.
Place vessel in titrator bracket, insert electrode that has been
rinsed for at least 3 min in ethanol, continuously purge vessel
with flow of nitrogen, and stir rapidly for 1 min. Titrate with
standardized sodium hydroxide (g) and record voltage changes
to well past the end points, as shown by pink color of indi-
cator.

Calculation

The end points, in order of toial titrant added, are due to
excess sulfuric acid, total nonesterified fatty acids, and the
phosphatidic acid component of the egg yolk phospholipids
(Figure 1). Equivalence points were determined by interpo-
lation according to the procedure specified by the manufac-
turer of the automatic titrator (6). An example of the inter-
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Table 1. Abridged data from a typical titration of nonesterified

fatty acids
Cumulative NaOH, mL Voltage change, mV
0.25 3.8
0.50 5.2
0.75 5.8
0.425 12.6
0.450 14.6”
0.475 134
0.700 15.0
0.725 16.2*
0.750 132
.075 14.4
-.100 15.8*
-.125 13.2

mFirst end point: excess sulfuric acid.
“Second end point: total nonesterified fatty acids.
“~hird end point: phosphatidic acids.

polation procedure is given below. Milliequivalents of
nonesterified fatty acid per liter are given by 1000 x M(V2-

V,)/A where M is the concentration of the standard sodium
hydroxide solution (mol/L), V, and V2are the amounts of
titrant (mL) required to reach the first and second equiva-
lence points, respectively, and A is the volume (mL) of sam-
ple taken. The concentration of nonesterified fatty acid in
the test preparation is equal to that in the spiked preparation
less the spike blank.

Abridged data from a typical run are presented in Table
1 For a given end point, Ep, Em, and Ea are the potential
changes per increment of titrant just prior to, at, and just
after the maximum (Em) voltage change, respectively. Vp
and Vm are the total volumes of titrant added to achieve
incremental potential changes Ep and Em, respectively (Fig-
ure 1.

For Ep a Ea,

V=Vp+ Qp x Vi (o))

where V is the volume of titrant added to the equivalence
point, Vi is the increment volume (0.025 mL in this work),
and

Qp = (18Rp - 5Rp2- 10RpSp2- 3)/20(I - RpSp2(2)

where Rp = Ea/Ep, and Sp = Ep/Em.
If Ep is less than Ea, then Eq. 1 becomes

V=Vm- Qa x Vi 3
where
Qa = (18 Ra - 5Ra2- 10Ra/Sa2- 3)/20(1 - Ra/Sad (4)

and where Ra = Ep/Ea and Sa = Ea/Em. Thus, from the data
in Table 1and Egs. 1-4, the cumulative total volume of
titrant added to reach equivalence points 1, 2, and 3 are
calculated to be 0.440, 0.707, and 1.084 mL, respectively,
and the total nonesterified fatty acid is 2.67 mEg/L.

Results and Discussion

Total nonesterified fatty acids and phosphatides were de-
termined in 8 samples of intravenous fat emulsions from 4
manufacturers. Results are presented in Table 2.

Excess sulfuric acid is added to the intravenous fat emul-
sion samples prior to titration to convert any sodium salts
of the fatty acids to the free acid forms. The first equivalence
point is due to excess sulfuric acid. When the amount of
added sulfuric acid was increased (compare recovery exper-
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Table 2. Nonesterified fatty acid, phosphatide, and sodium salt
concentrations in intravenous fat emulsion products*

Fatty Phospha-

acid, tides, Na
Lot Lipid, mEq/L mEq/L salt, Expir.
Product No. wt% (RSD%) (RSD%) mEg/L date
Prod.A AL 10 27(.7) 38(1.1) 06 5/86
Spiked* 5525 3739
Spike subtracted* 2.6(5.1)
Prod. A A2 20 38(51) 336 17 12/86
Spiked 6.5(21) 3.5(3.9)
Spike subtracted 3.4 (4.1
Prod. B BL 10 04(89 3922 NDa 187
Spiked 35(0.7) 3.8(0.5
Spike subtracted 0.6 (30)
Prod. B” B2 20 04(29 37(78 ND 1/87
Spiked 3322 3.6(39)
Spike subtracted 0.4 (18)
Prod. C clL 10 13(10) 3709 02 6/86
Spiked 4.3 (44) 4.8(13)
Spike subtracted 1.4(14)
Prod. C Cc2 20 11(46) 36(@86) 02 12/86
Spiked 399 3729
Spike subtracted 1.0(29)
Prod. D* DL 10 04(Q1) 3933 01 9/87
Spiked 35((54) 3.4(56)
Spike subtracted 0.6 (30)
Prod. D* D2 20 05(3%) 35(67) ND 4/87
Spiked 3.3(45) 363
Spike subtracted 0.4 (40)

* Each result is the average of 4 determinations.

BSpiked as described in the method.

eAfter subtraction of spike blank.

ONone detected.

« In samples containing low fatty acid levels, the first and second end points
were not always separated. This leads to unusually high standard devia-
tions. This occurred in one of 4 determinations for products B2 and D2—
both 20% lipid by weight.

iments A and B, Table 3), the amount of titrant required to
reach the first equivalence point also increased.

The second equivalence point is due to the free fatty acids
in the sample. In recovery experiment C, Table 3, the intra-
venous fat emulsion was spiked with stearic acid; only the
amount of titrant consumed at the second equivalence point
increased. Experiment D' recovered a spike of sodium stea-
rate. The amount of titrant to reach the sulfuric acid equiv-
alence point was reduced because a portion of the acid was
consumed in converting sodium stearate to stearic acid, and
the free fatty acid equivalence point was correspondingly
increased. The levels of fatty acids present as sodium salts
are given in Table 2.

The third equivalence point is due to the phosphatidic acid
component ofthe phospholipids in the intravenous fat emul-
sion. In recovery experiments E, F. and G (Table 3) the
emulsions were spiked with egg yolk phospholipid fractions
I11-E, IX-E, and X-E, respectively (7). These are 99, 60, and
60% phosphatidyl choline, respectively. The latter 2 lead to
an increase in the titrant consumed at the third equivalence
point, but type IlI-E, being 99% phosphatidyl choline, does

Table 3. Effect of various solutions on titrimetric end points*

NaOH volume between
equivalence points, mL

Expt Solution 1-0 2-1 3-2
A 1 mL 0.05M H2SO, 0.473 0346 0.34
B 2 mL 0.05M H2SO, 0.996 0.341 0.353
C 1 mL 0.05M H;SO, Stearic acid 0.458 0.678 0.315
D 1 mL 0.05M H2SO, Sodium stearate 0.348 0.702 0.310
E Phosphatidyl choline type IlI-E 0.477 0.333 0.344
(120 mg)

F Phosphatidyl choline type IX-E 0.464 0.356 0.663
(120 mg)

G Phosphatidyl choline type X-E 0482 0.379 0.790

* Solutions were added to 10 mL of product C2.

not. The egg yolk phospholipids used in intravenous fatemul-
sions are believed to be unfractionated (8).

Relative standard deviations, (RSD) are given in Table 2.
The relative error is high at low free fatty acid levels, but at
levels over 1.0 mEg/L, the RSD is generally <5%. Phos-
phatide levels are between 3.3 and 3.9 mEqg/L throughout,
with one result outside this range at 4.8 mEg/L. The RSDs
vary considerably; all but one are less than 10%, and most
are less than 5%. Recoveries of free fatty acids from the
spiking experiments are indicative of the accuracy of the
method. The concentrations of nonesterified fatty acids de-
termined directly and those determined after subtraction of
the spike blanks are presented in Table 2. The results agree
within 0.2 mEg/L for all samples except A2 for which the
difference is 0.4 mEg/L. The average standard deviation of
the spiked samples is 0.01 mEg/L compared to 0.09 mEq/L
forthe unspiked samples. The difference between the amount
of sulfuric acid added (1.0 mL, 0.025M) and that found, as
measured by the volume of titrant consumed to the first
equivalence point, is indicative of fatty acids in the sodium
salt form. The highest level found was 0.17 mEq/100 mL in
lot No. A (Table 2).

Conclusion

The method described in this paper is suitable for the
determination oftotal nonesterified fatty acids in intravenous
fat emulsions, with an RSD of <5% at a limit of 5 mEq/L.
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Colorimetric Determination of a Polymeric Quaternary Ammonium Antimicrobial Preservative

in an Ophthalmic Solution

RALPH M. GOOD, Jr, JOHN C. LIAO, M. JOAN HOOK, and CATHY L. PUNKO
Alcon Laboratories, Inc.,, PO Box 6600, Fort Worth, TX 76115

A simple colorimetric method is presented for the determination of
Polyquad®, a polymeric quaternary ammonium antimicrobial pre-
servative, in an ophthalmic solution. Polyquad and magnesium are
coprecipitated by ion pairing with Ponceau S, a highly colored sul-
fonate dye, at an acidic pH. The sample is centrifuged and the su-
pernate analyzed spectrophotometrically. The concentration of Poly-
quad is determined by the decrease in dye concentration. Formulation
excipients such as disodium edetate, dextran, and hydroxypropyl-
methylcellulose did not interfere with the quantitation. The method
is specific, accurate, precise, and stability-indicating for the quanti-
tation of 10 ppm Polyquad.

Polyquad® or Onamer M®, a polymeric quaternary am-
monium compound chemically known as a-4-[l-tris(2-hy-
droxyethyl)ammonium chloride-2-butenyl]poly-[ 1-dimethyl
ammonium chloride-2-butenyl]-aj-tris(2-hydroxyethyl)-
ammonium chloride, is a mixture of high-molecular-weight
polymers (5000-10000 amu) (Figure 1). Water-soluble
polymers such as Polyquad show great potential for use as
preservatives in the pharmaceutical industry. Polyquad has
been shown to be as effective as the most active commercially
available quaternary ammonium compounds when evalu-
ated as a hard-surface disinfectant and is low in toxicity (2).

The ion pairs formed between acid dyes and quaternary
ammonium compounds can be used in the quantitation of
both moieties (2-9). In the proposed method, Polyquad is
specifically quantitated in an aqueous pharmaceutical for-
mulation containing disodium edetate, dextran, and hy-
droxypropylmethylcellulose. Polyquad and magnesium are
coprecipitated by ion-pairing with Ponceau S (3-hydroxy-4-
[-2-sulfo-4-(4-sulfophenylazo)phenylazo]-2,7-naphthalene
disulfonic acid, tetrasodium salt), at an acidic pH. Ponceau
S is a highly colored sulfonate dye which has been used as a
protein stain (10, 11). Its structure is shown in Figure 2. The
sample is centrifuged and the supemate analyzed spectro-
photometrically. The Polyquad concentration is determined
by the loss in dye concentration.

METHOD

Apparatus and Reagents

(a) Spectrophotometer.—Perkin-Elmer Model 559A dou-
ble beam (Perkin-Elmer Corp., Norwalk, CT 06856) with 1
cm disposable plastic cuvettes (Evergreen Scientific, Los An-
geles, CA 90058).

(b) Test tubes.—20 mm x 125 mm glass, with Teflon-
lined caps.

(c) Centrifuge.—Beckman Model TJ-6 horizontal swing-
ing rotor centrifuge capable of 2500 rpm (Beckman Instru-
ments, Inc., Palo Alto, CA 94304).

(d) .Syringe.—For standard curve, Hamilton gas-tight 100
juL syringe (Hamilton Co., Reno, NV 89510).

(e) Ponceau S solution.—0.2 mg/mL aqueous (Aldrich
Chemical Co., Milwaukee, WI 53201).

(0 Magnesium sulfate solution. —5% magnesium sulfate
in 1% (v/v) sulfuric acid (J. T. Eaker Chemical Co.).

(g) Saline solution.—0.9% NaCl aqueous.

Received October 28, 1986. Accepted February 21, 1987.
Paper presented in part at the 42nd Southwest Regional Meeting of the
American Chemical Society, Nov. 21, 1S86, Houston, TX.

(h) Polyethyleneglycol 4000 solution.—Average mol wt ~
4000 amu, 1.2% aqueous (Union Carbide Corp., Atlanta,
GA 30329).

(i) Freon-Tween solution.—0.05% Tween 21 (polysorbate
21) (ICI Americas, Wilmington, DE 19897) in freon-113 (J.
T. Baker). Note: Freon-113 should be used with adequate
ventilation, and skin contact should be avoided.

(j) Standard Polyquad solution. —0.36% w/v aqueous
(Stepan Co., Northfield, IL 60093).

Preparation of Standard Curve

Dilute a weighed aliquot of Polyquad standard with water
to yield a 1250 ppm solution. Add 30, 40, and 50 /;L aliquots
of this solution to separate 5.0 mL aliquots of saline in test
tubes. Treat each of the these working standards as described
under Assay. Corrected absorbances are plotted against con-
centration to obtain a straight line which demonstrates a
significant positive y-intercept.

Preparation of Sample

Dilute sample solutions containing >10 ppm Polyquad
with saline to 10 ppm. This method was validated for Poly-
quad concentrations from 7.5 ppm to 12.5 ppm. Place a 5.0
mL aliquot of sample solution into a test tube and treat as
described under Assay.

Preparation of Blanks

Place a 5.0 mL aliquot of saline into a test tube and treat
as described under Assay.

Assay

Pipet 5.0 mL polyethylene glycol solution into each of the
working standards, blanks, and products. Immediately cap
test tubes and mix by shaking thoroughly 15 s. Add 2.0 mL
Ponceau S solution to each tube and vortex immediately 15
s. Dispense 2.0 mL of magnesium sulfate solution into each
test tube and immediately vortex 15 s to mix thoroughly.
Add 5.0 mL freon-Tween solution into each tube, cap tubes,
and immediately shake 30 s. Let samples stand at room
temperature 40 min to achieve complete reaction. Centrifuge
test tubes 10 min at 2500 rpm. Measure absorbance of dye
at 510 nm against water. Correct standard and sample ab-
sorbances by subtracting from blank absorbance. Determine
sample concentrations by comparison with the standard curve.

Results and Discussion

It is likely that Polyquad molecules are anchored and
stretched on the linear polyethylene glycol chains, thus open-

CH
(HOOHCOH N-OHOHECHCH - HCH.CHECHCHT-N (01,7 7)),

Lo
(n.2)cl

Figure 1. Structure Cf all trans Polyquad.
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Figure 2. Structure of Ponceau S.

mg them for ion pairing with Ponceau S and coprecipitation
with magnesium ions. Both polyethylene glycol 4000 and
polyethylene glycol 8000 were evaluated and found to be
satisfactory. The volume of the polyethylene glycol solution
also serves to reduce the viscosity of the formulation matrix
by dilution. Freon is used to remove the turbidity from the
aqueous phase before spectrophotometric measurement.
Chloroform is unsuitable for this purpose because it will not
clarify the aqueous phase. The addition of Tween to the freon
causes the precipitate to remain at the aqueous layer-freon
interface, thereby reducing the tendency of the particles to
float up into the aqueous layer. However, the absence of
Tween in the freon produces similar results. Saline is used
in the standard and reagent blanks to produce an environ-
ment similar to that in the products.

The drug formulation vehicle (without Polyquad) was
spiked at 3 concentrations on 3 different days to demonstrate
the reliability and recovery of the proposed method. Recov-
eries (Table 1) were calculated using a standard curve. The
precision of the method was verified by the analysis of 10
product samples (Table 2) which exhibited a 1.3% relative
standard deviation.

Table 1. Recoveries and standard curves from spiked drug
formulations

Recoveries, %

Concn, ppm Curve 1 Curve 2 Curve 3

7.59 97, 98 100, 97 100, 99
10.1 101, 101 99, 99 102,102
12.7 98, 99 98, 98 99,98

Mean recovery, % 99

RSD, % 16

Slope AU/ppm 0.0582 0.0623 0.0607

y-Intercept, AU 0.108 0.0887 0.0845

R2 0.995 0.999 0.996

RSD, % 3.61 2.97 2.84

Table 2. Polyquad product precision data

Blank corrected Concn found,"

Sample No. response, AU ppm
1 0.722 10.4
2 0.742 10.8
3 0.729 10.6
4 0.729 10.6
5 0.725 10.5
6 0.728 10.5
7 0.738 10.7
8 0.742 10.8
9 0.740 10.8

10 0.735 10.7

Mean concn, ppm 10.6
RSD, % 1.34
*Theoretical product concentration is 11.0 ppm.

Method specificity was demonstrated by the analysis of
forcefully degraded drug formulation vehicles and vehicle
standards. No significant interferences were observed. Ben-
zalkonium chloride and chlorhexidine digluconate at com-
parable product concentrations also exhibited no significant
interference.

The data indicate that the method is precise, accurate,
sensitive, specific, and stability indicating for the analysis of
Polyquad in an ophthalmic solution.
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Synthesis, Identification, and Acute Toxicity of Some /V-Alkyl Derivatives of

3,4-Methylenedioxyamphetamine
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A series of (V-alkyl derivatives of 3,4-methylenedioxyamphetamine
(MDA)was prepared inan effortto characterize these potential drugs
of abuse. These secondary amines were synthesized via reductive
animation of the corresponding ketone with alkylamines. The ultra-
violetabsorption spectra for these compounds produced almostequal-
ly intense absorbance at 234 and 285 nm. The compounds were
separated by liquid chromatography using reverse phase (c,g) pro-
cedureswith a ternary mobile phase mixture. Toxicity studies showed
all of the compounds to have LD Mvalues similar to N-methyl MDA
(MDMA).

The pharmacological actions of 3,4-methylenedioxyamphet-
amine (MDA) allow for its classification as a hallucinogen
(1). It has other atypical effects such as a low potential to
produce severe sensory disruption; however, MDA became
a popular drug of abuse primarily because of its enhancing
effect on empathy (2).

Methylation to yield the secondary amine, MDMA, pro-
duces significant changes in the pharmacological properties:
a shorter duration of effect, a general decrease in potency,
and elimination of the hallucinogenic properties. However,
the empathy-enhancing properties are retained and appear
to be more pronounced in MDMA (3). MDMA s claimed
to have unique properties in psychotherapy, reducing the
anxiety that normally accompanies the discussion of emo-
tionally unpleasant events (4). The recent appearance of this
drug on the street market as “Ecstasy” indicates the popu-
larity and potential for abuse of this drug. Its popularity is
probably due to its mild effects and its ability to facilitate
interpersonal communication (5).

The work of Hardman et al. (6) compared the toxicity and
behavioral aspects of MDA and MDMA to mescaline in 5
animal species. The LD® for MDA was significantly lower
than that for mescaline, with the lethality of MDMA inter-
mediate between the two. The toxicity for MDA ranged from
2.68 times that of mescaline in the mouse to 17.65 in the
monkey. Similar values for MDMA were 2.04 in the mouse
and 5.89 in the monkey.

The recent appearance of the A'-ethyl derivative of MDA
in clandestine drug samples has prompted this investigation.
In this study a series of VV-alkyl derivatives of MDA has been
prepared and characterized. The ultraviolet (UY) and nuclear
magnetic resonance spectral properties, liquid chromato-
graphic analysis, and acute toxicity data are reported.

Experimental
General

Melting points were determined in open glass capillaries
using a Thomas-Hoover melting point apparatus and are
uncorrected. All 'H NMR spectra were measured in DMSO
on a Varian T-60A spectrometer with an internal standard
of tetramethylsilane. Infrared (IR) spectra were recorded on
a Perkin-Elmer Model 1500 Fourier transform infrared spec-
trophotometer. The UV absorption spectra were determined
using a Shimadzu 160 spectrophotometer. Solutions for UV

Received January 12, 1987. Accepted March 18, 1987.
1Address correspondence to this author.

studies were prepared in 0.1N H2S04at a concentration of
1x 104M.

Synthesis ofN-alkyl-MDA Analogs

Method A.—A. solution of the ketone (1.78 g, 10 mmol) in
50 mL 70% aqueous ethylamine was stirred at reflux for 30
min. The mixture was then cooled to room temperature, and
2.0 gNaBH,, was added portionwise over a period of 10 min.
The mixture was then stirred at reflux for 30 min, cooled in
an ice bath, and acidified to pH 1 with concentrated HCL.
The resultant aqueous suspension was extracted 3 times with
75 mL each ofCHCI3and then was made basic (pH 14) with
IN NaOH. The basic aqueous solution was extracted 3 times
with 100 mL each of CHC13 and the combined CHC13ex-
tracts were dried over MgSO04. Filtration, followed by evap-
oration of the filtrate solvent, yielded the product base as a
brown oil. Treatment of the base with ethereal HC1 gave a
white solid which was recrystallized from ethanol-ether to
give V-ethyl methylenedioxyamphetamine HC1 as a fine white
granular solid (Table 1).

Method B.—Sodium cyanoborohydride (1.9 g, 30 mmol)
was added portionwise to a solution of the ketone (1.78 g,
10 mmol) and 5.0 mL amine in 50 mL acetonitrile. This
mixture was stirred at room temperature and 1.0 mL glacial
acetic acid added. After stirring for 2 h, more glacial acetic
acid was added (1.0 mL) and the mixture was stirred an
additional 30 min. The reaction mixture was then extracted
twice with 100 mL each of ether, and the combined ether
extracts were washed successively with 100 mL IN NaOH,
100 mL saturated NaHCO03solution, and 100 mL water. The
ether solution was then extracted twice with 100 mL each of
3N HC1, and the combined HC1 extracts were washed with
100 mL CHC13 The aqueous acid solution was then made
basic (pH 12) with 2N NaOH, and this suspension was ex-
tracted 3 times with 150 mL each of CHC13 The combined
CHC13extracts were washed with 200 mL water and dried
over NaZS04. Filtration, followed by evaporation of the fil-
trate, gave the product base as an oil. The base was converted
to the corresponding HC1 or HBr salt after treatment with
ethereal HC1 or HBr, respectively, and recrystallized from
mixtures of ethanol and ether (Table 1).

(" 0
o CH,—C—CH,

R—NH,
NaBH,CN

O,

o@cn,—?u—m—i—k
CH,

Synthesis procedure for preparation of N-alkyl ana-
logs of 3,4-methylenedioxyamphetamine.
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Table 1. N-Alkyl methylenedioxyamphetamine derivatives and their acute toxicities in mice

oy
i cI H-NH-R
~ N
V 7~ CHr by
Compound Synthetic Yield, mp, LDm, mg/kg
No. R method % °C Formula (95% confidence limits)
1 -CHXCH3 A 31 197-198 c,2n, o2 hci 102 (96-108)
2 -chZzhZXh3 B 42 183-186 c,3h,,no2-hci 102 (96-108)
3 -CH(CH32 B 63 174-179 chho?hci 116(109-123)
4 -chZhZhZh3 B 10 180-183 C,4H2INO2 HBr 85 (77-93)
5 -CHZCH(CH32 B 9 175-178 c¥h2Zino? hci 132 (124-140)
6 -CH(CH3CHZCH3 B 46 100-110 c, h2no2hci 104 (98-110)
MDA -H 68 (50-92)»
MDMA -ch3 97 (89-106)*

* Data from Ref. 6.

Chromatographic Procedures

The liquid chromatograph consisted ofa Waters Associates
(Milford, MA 01757) Model 6000A pump, U6K injector,
440 UV detector with dual-wavelength accessory operated
at 254 and 280 nm, and Houston Instrument (Austin, TX
78753) Omniscribe dual-pen recorder. The column was 30
cm x 3.9 mm id packed with ¢¢Bondapak CB (Waters As-
sociates), and the mobile phase consisted of pH 3.0 phosphate
buffer-methanol-acetonitrile-triethylamine (500 + 100 +
25 + 1). The mobile phase flow rate was 1.5 mL/min and
the UV absorbance detector was operated at 0.2 AUFS. Sam-
ple solutions for analysis were prepared in methanol and all
separations were done at ambient temperature.

Acute Toxicological Evaluation

Male ICR Swiss mice were used from Southern Animal
Farms, Prattville, AL. Food and water were available to the
animals ad libitum, and animals were housed in temperature-

and light-controlled quarters. The compounds were admin-
istered intraperitoneally as the salts in distilled water. The
animals weighed between 30 and 40 g. The concentration of
the solution injected was 1-2% so that the total volume never
exceeded 0.5 mL. Three dosing levels were used with 6 an-
imals per dose. Mortality was determined after 24 h for the
LDS) The Lithchfield and Wilcoxon (7) method was used to
calculate the LD®values with upper and lower confidence
limits at the 0.05 level of significance.

Results and Discussion

The V-alkyl analogs of 3,4-methylenedioxyamphetamine
(MDA) were prepared according to the synthesis procedure
shown in Figure 1 The synthesis of these amines involves
condensation ofthe carbonyl moiety of 3,4-methylenedioxy-
phenyl-2-propanone with the appropriate amine to yield the
imine which is reduced in situ to the corresponding secondary
amine. The imine is reduced by using sodium cyanoboro-

500 400 300

(Hz)

200 100

-

.

b
i
!

g Fmappayey ny

—

|
|
5 (s)

Figure 2A.

>

Proton NMR spectrum for A/-alkyl 3,4-methylenedioxyamphetamine compound 1.

| |
See Table

1 for structure of

compound.
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Figure 2B. Proton NMR spectrum for Al-alkyl 3,4-methylenedioxyamphetamine compound 2. See Table 1 for structure of
compound.

hydride, a hydride source selective for imines. Thus, the im-
ines are reduced selectively as formed, and carbonyl reduc-
tion is not a competing reaction (8). The amines were
converted to the hydrochloride salt using HC1 in diethyl ether,
except for compound 4 which was prepared as the HBr salt.
The compounds prepared in this study included the C,-C4
Aralkyl derivatives of MDA, Table 1 summarizes the syn-

| r
500 400 300 (H2)
 S—
e
8 7 6 5 @

Figure 2C.

thetic data obtained for these compounds. The proton NMR
spectra are shown in Figures 2A-2F and are consistent with
the assigned structures.

The UV absorption characteristics for all these compounds
were quite similar, as expected. The 3,4-methylenedioxy-
phenyl group is the major chromophoric unit common to all
these compounds. Figure 3 shows an example UV spectrum

“1
20

l_L

4 3 2 1 0

Proton NMR spectrum for A/-alkyl 3,4-methylenedioxyamphetamine compound 3. See Table 1 for structure of

compound.
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Figure 2D. Proton NMR spectrum for N-alkyl 3,4-methylenedioxyamphetamine compound 4. See Table 1 for structure of
compound.

for the (V-n-propyl-MDA analog. All the TV-alkyl derivatives
of MDA showed UV spectral properties similar to those of
MDA. The major absorption bands occurred at 285 and 234
nm with the absorptivity slightly higher at the lower wave-
length. The observed molar absorptivities were 3.3-3.7 X
103L/mole-cm at 285 nm and 3.6-3.9 x 103L/mole-cm at

234 nm. These absorptivities are considerably higher than
the values for the amphetamines, which fall in the range of
2.0 x 102L/mole-cm.

The liquid chromatographic separation of these MDA de-
rivatives was accomplished using reverse phase techniques
which consisted of a C,8stationary phase and a ternary mo-

T
500 400- 300 (Hz) 200 100 0
P.—
| l | | | |
I T 1 T 1 I T 1
8 7 6 5 (9) 4 3 2 1 0
Figure 2E. Proton NMR spectrum for Af-alkyl 3,4-methylenedioxyamphetamine compound 5. See Table 1 for structure of

compound.
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Figure 2F. Proton NMR spectrum for N-alkyl 3,4-methylenedioxyamphetamine compound 6. See Table 1 for structure of
compound.

bile phase. The ternary mobile phase, which produced max-
imum resolution for these amines, consisted of pH 3 phos-
phate buffer, acetonitrile, and methanol containing
triethylamine. The triethylamine was necessary to improve
peak shape for the basic MDA compounds.

The chromatogram in Figure 4 shows the separation ofall
of the compounds described in Table 1 with the exception
of the sec-butyl-MDA derivative. The elution order of the
compounds is as expected, showing higher k' values for the
more lipophilic compounds. The elution order essentially
parallels the size of the alkyl group attached to nitrogen. The
synthesis of the A-sec-butyl-MDA derivative via reductive
amination of the appropriate ketone produces 2 diastereo-
meric products from racemic sec-butylamine. Figure 5 shows
the presence of 2 diastereomeric forms of the sec-butyl-MDA.
This separation was obtained using the mobile phase that
produced the chromatogram in Figure 4. No attempts were
made to maximize the resolution of these 2 diastereomers.
These compounds, when added to the mixture separated in
Figure 4, produce significant peak overlap with the isobutyl-
MDA derivative. The chromatograms in Figures 4 and 5
were obtained using dual-wavelength UV detection at 254
and 280 nm. These amines are much stronger chromophores
than the amphetamines and do not require chromophoric
derivatization for detectability. The use of 254 and 280 nm
for dual-wavelength detection produces large peak area ratios
(absorbance ratios) since these wavelengths are very close to
the absorbance minimum and maximum, respectively.

The acute toxicity (LDJ) data for the A-alkyl MDA de-
rivatives were determined in male mice following intraperi-
toneal administration. The results of these studies are given
in Table 1 These data indicate that A-alkylation of MDA
produces a general decrease in toxicity. Hardman et al. (6)
observed that yV-methylation of both MDA and mescaline
produced an increase in LD®values when compared to the
parent compounds. The LD® for mescaline (6), 3,4,5-tri-

methoxyphenethylamine, is 212 mg/kg in mice for intraperi-
toneal administration. Thus, MDA and all its A-alkyl deriv-
atives are considerably more toxic than mescaline. The
increased toxicity of the MDA derivatives may be a result
of their enhanced metabolic stability. Mescaline, a primary
amine, is rapidly inactivated in central and peripheral tissues
by oxidative deamination. The presence ofthe a-methyl moi-
ety in MDA or both an a-methyl and A-alkyl moiety in
MDMA and analogs 1-6 would retard oxidative destruction
of these compounds by a steric mechanism and thereby in-
crease their toxicity. The effect of ,V-methylation of am-
phetamine to yield methamphetamine (9), however, pro-
duces an increase in toxicity. The LD®for amphetamine is
91 (86-96) mg/kg in mice (intraperitoneal) while the value
for methamphetamine is 57 (52-62) mg/kg. The observed
differences in the relative toxicities of amphetamine and
methamphetamine compared to MDA and MDMA are con-
sistent with earlier results (5) and provide additional support
for the hypothesis that the amphetamines and MDA deriv-
atives alter neurotransmission in the central nervous system
by somewhat different mechanisms. The MDA derivatives

+1.08A "~ ~ +
8.208
CA/DIV.)
+8.80A -
220.0 28 .9CNMsDIV.) 350.0
Figure 3. Ultraviolet absorption spectrum for N-n-propyl MDA

(1 x 10 4Min 0.1N H2504).
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Figure 4. Reverse-phase liquid chromatographie separation of

MDA and A/-alkyl MDA derivatives at 254 and 280 nm. Peaks: 1,
MDA; 2, N-methyl MDA; 3, N-ethyl MDA; 4, N-isopropyl MDA; 5,
W-n-propyl MDA; 6, N-isobutyl MDA; 7, W-n-butyl MDA.

evaluated in this study seemed to retain the peripheral sym-

pathomimetic effects 0fthe amphetamines such as salivation

and the dopaminergic stereotyped effects. All comﬂounds

Broduced Increased central nervous system activity, with death
y clonic and tonic convulsions.
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Liquid Chromatographic Determination of Levodopa and Levodopa-Carbidopa in Solid

Dosage Forms: Collaborative Study

SUSAN TING

Food and Drug Administration, New York Regional Laboratory, 850 Third Avenue, Brooklyn, NY 11232

Collaborators: L. Cohn; R. E Draper; C. Easter; J. C. llluminati; M. E Richelieu; L. A. Rihbany; D. Shostak; R. H. Albert

{Statistical Consultant), M. Frie berg {Statistical Consultant

A liquid chromatographic method for the determination of levodopa
in tablets and capsules and levodopa-carbidopa in tablets was col-

laboratively studied by 6 laboratories. Collaborators were supplied

with duplicate powdered composites of levodopa (1 synthetic for-
mulation, 1 commercial tablet, and 1 commercial capsule) and levo-
dopa-carbidopa (1 synthetic formulation and 2 commercial tablets),

along with individual levodopa-carbidopa tablets for content uni-
formity determinations. The repeatability coefficient of variation (CV,,)

and reproducibility coefficient of variation (C\VX for levodopa single

component were 0.48 and 0.87%; for levodopa in combination, 0.50

and 0.90%%6; and for carbidopa, 0.77 and 1.20%, respectively. Overall,

the recovery values for levodopa and carbidopa from synthetic for-

mulations simulating tablets were 100.4 and 99.5%, respectively. The

pooled CVDOand CVD, values for the individual tablet assays were
2.07 and 2.30% for levodopa, and 1.80 and 2.24% for carbidopa,
respectively. The method has been adopted official first action for
determination of the active ingredients in levodopa tablets and cap-

sules and in levodopa-carbidopa tablets and for content uniformity
testing in the combination dosage form

In @ previous paper (1), we reported the development of a
rapid and specific I|qIU|d chromatographic (LC) method for
the determination of levodopa and levodopa-carbidopa in
solid dosage forms as well as ofthe corresponding impurities
that are specified in the u.s. Pharmacopeia (2). In'this regard,
the USP ‘methods (2) for the detection of these impurities
are thin layer chromatographic and cation-exchange liquid
chromatogiraphic procedtres, which are either time-Consum-
|n% or insensitive. Assay results for commercial dosage forms
obtained with the proposed method were in good agreement
with those obtained with the compendial method %1). This
paper presents the results of a collaborative study on the
proposed LC method.

Collaborative Study

Blind duplicate samples of 3 powdered composites oflevo-
dopa (1 synthetic formulation, 1 commercial tablet, 1 com-
mercial capsule) and 3 levodopa-carbidopa powdered com-
posites (1 synthetic formulation and 2 commercial tablets)
Were sent to each of 6 participating laboratories along with
10tablets oflevodopa-carbidopa for content umformﬂY test-
ing, a copy ofthe method, report forms for each set of sam-
Ples, and vials containing standards. Collaborators were asked
0 perform one analysis per sample, and to forward their
results along with the worksheets and chromatograms to the
Associate Referee.

Submitted for publication May 29, 1987.

Thisreport ofthe Associate Referee was presented at the 99th AOAC Annual
International Meeting, Oct. 27-31, 1985, at Washington, DC.

The recommendation ofthe 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 was
adopted official first action at the 101st AOAC Annual International Meeting,
Sept. 14-17,1987, at San Francisco, CA. See the General Refereeand Committee
reports, J. Assoc. Off. Anal. Chem. (1988) 71, January/February issue.

Levodopa and Levodopa-Carbidopa in Solid Dosage Forms
Liquid Chromatographic Method

First Action

Principle

Levodopa in tablets orcapsulesand levodopa-carbidopa in tablets
are detd by reverse phase lig. chromatgy on CI8 column with 3%
HOAc as mobile phase, and UV detection at 280 nm. Methyldopa
is internal std for levodopa tablets or capsules; acetaminophen is

internal std for levodopa-carbidopa tablets.
Apparatus

(a) Liquid chromatograph. —isocratic system equipped with
detector capable of monitoring A at 280 nm, suitable strip chart
recorder, and injection valve with 20 pL sample loop.

(b) Chromatographic column.—300 x 3.9 mm id, jtBondapak
C18, 10 Mm particle size (W aters Associates, Inc), or equiv. column
that meets suitability requirements.

(c) Membranefilters.—0.45 ~ra porosity (Millipore, or equiv.).

Reagents

(a) Mobile phase. —% aq. HOAc.

(b) Methyldopa internalstdsoln.—2 mg/mL. Accurately weigh ca
200 mg USP Methyldopa Ref. Std into 100 mL vol. flask, add 50
mL O.IN HCI1, and sonicate to dissolve std. Dil. to vol. with mobile
phase, and mix.

(c) Acetaminophen internal std soln.—0.5 mg/mL. Accurately
weigh ca 125 mg USP Acetaminophen Ref. Std into 250 mL vol.
flask, add 75 mL MeOH, and sonicate to dissolve std. Dil. to vol.
with mobile phase, and mix.

(d) Levodopa stdsoln. —Just prior to use, dry USP Levodopa Ref.
Std 4 h at 105°. Store in tightly covered, light-resistant container.
Accurately weigh ca 100 mg dried std into 50 mL vol. flask. Add 30
mL O.IN HC1, and sonicate to dissolve. Dil. to vol. with 0.IN HC1,
and mix. Filter soln thru 0.45 pm membrane filter, discarding first
5 mL filtrate. Pipet 5 mL filtrate and 10 mL methyldopa internal
std soln into 100 mL vol. flask, dil. to vol. with mobile phase, and
mix.

(e) Levodopa-carbidopa std soln.—Dry USP Carbidopa Ref. Std
to constwt at 100°under reduced pressure not exceeding 5 mm Hg.
Store in tightly covered, light-resistant container. Accurately weigh
ca 100 mg dried USP Levodopa Ref. Std (d)into 50 mL vol. flask.
Add accurately weighed amtofdried carbidopa std so thatcarbidopa-
to-levodopa ratio corresponds to that found in com. levodopa-
carbidopa tablet. Add 30 mL 0.1N HC1, sonicate to dissolve, dil. to
vol. with 0.IN HC1, and mix. Filter soln thru 0.45 Mm membrane
filter, discarding first 5 mL filtrate. Pipet 10 m L filtrate into 100 mL
vol. flask, and add vol. of acetaminophen internal std soln so that
acetaminophen concn is 1.25 times carbidopa concn. Dil. to vol.

with mobile phase, and mix.

Sample Preparation

(a) Levodopa tablets or capsules.—W eigh and finely powder >20
tabletsorcomposite contents of 20 capsules. Weigh portion ofpowder
equiv. to ca 100 mg levodopa into 50 mL vol. flask, and proceed as
directed under levodopa std soln (d), beginning “Add 30 mL 0.1N
HC1 ...”

(b) Levodopa-carbidopa tablets.—Weigh and finely powder >20

tablets. Weigh portion ofpowder equiv. to ca 100 mg levodopa into
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Figure 1. Chromatogram of (1) levodopa (0.64 AUFS); (2)

carbidopa (0.08 AUFS); (3) acetaminophen (0.08 AUFS), internal
standard.B

50 mL vol. flask, and proceed as directed under levodopa-carbidopa
std soln (e), beginning “Add 30 mL O.IN HCI ...”

(¢) Levodopa-carbidopa tablets for content uniformity
determination.—Dissolve 1 tablet in sufficient 0.1N HCI to prep,

soln contg 2 mg levodopa/mL. Filter soln thru 0.45 fimmembrane

Table 1. Collaborative results for levodopa in commercial and
synthetic solid dosage forms9
Found, % of declared )
Synthetic
250 mg 500 mg formulation,”

Caoll. tabletO capsuleO rec., %
1 100.8 97.5 101.3
101.3 96.2 101.4
2 100.3 97.5 99.6
100.5 97.5 101.4
3 99.2 95.9 100.9
99.2 96.0 101.4
4 99.3 95.6 99.9
98.9 95.1 100.1
5 99.8 97.3 97.7
99.9 97.0 100.5
6 100.6 97.6 101.0
101.9 97.2 101.1
Av. 100.2 96.7 100.7

SD 0.92 0.88 0.70

CV, % 0.92 0.91 0.70

Pooled CVD,, 0.48%
Pooled CVDX 0.87%

* Samples furnished as blind duplicates.

6Dosage level 250 mg/tablet; average tablet weight 349.7 mg.

“ Dosage level 500 mg/capsule; average capsule weight 566.0 mg.
OPrepared to simulate tablets containing 100 mg levodopa.

J. ASSOC. OFT. ANAL. CHEM. (VOL. 70, NO. 6, 1987)
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Figure 2. Chromatogram of (1) levodopa; (2) methyldopa, internal

standard.

filter, discarding first 5 mL filtrate. Pipet 10.0 mL filtrate into 100
flask,
levodopa-carbidopa 100/25 tablets, 5 mL forallother dosage levels),
dil. to vol. with 0.1N HCI, and mix.

mL vol. add acetaminophen internal std soln (15 mL for

Table 2. Collaborative results for levodopa (LD) and carbidopa
(CD) combined in commercial tablets and synthetic formulation9

Found, % of declared .
Synthetic formu-

Tablet 1° Tablet 2° lation,” rec., %

Coll. LD CD LD CD LD CD
1 104.1 105.7 101.3 101.0 100.9 95.9
104.1 105.0 101.8 102.0 101.0 97.7

2 102.5 105.2 100.2 102.2 98.9 100.7
102.5 102.7 100.6 101.4 99.1 99.8

3 104.0 103.1 102.2 102.8 101.1 99.1
103.8 103.2 102.1 101.3 101.4 100.0

4 102.5 103.7 101.0 102.1 100.0 99.9
101.7 103.4 100.9 102.3 98.9 100.6

5 103.1 103.6 101.0 101.6 99.3 100.4
101.6 102.3 100.7 101.1 101.1 99.2

6 102.4 104.9 101.3 102.1 99.1 101.1
101.7 103.5 101.7 102.4 99.7 100.2

Av. 102.8 103.9 101.2 101.9 100.0 99.5
SD 0.96 1.08 0.62 0.57 0.99 1.46
CV, % 0.94 1.04 0.61 0.56 0.99 1.46

Levodopa: pooled CVD,,, 0.50%
pooled CVD,, 0.90%
Carbidopa: pooled CVDd 0.77%
pooled CVDX 1.20%

* Samples furnished as blind duplicates.

ODosage level 100 mg LD and 10 mg CD; average tablet weight 225.8 mg.
cDosage level 100 mg LD and 25 mg CD; average tablet weight 232.4 mg.
“ Prepared to simulate tablets containing 100 mg LD and 10 mg CD.
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Table 3. Collaborative results (% of declared found) for content uniformity assays of levodopa (LD, 100 mg)-carbidopa (CD, 25 mg)
individual tablets
Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6
Tablet LD CD LD CD LD CD LD CD LD CD LD CD
1 103.3 104.6 101.1 101.5 102.6 102.0 101.3 103.8 105.8 103.3 103.3 100.1
2 100.5 100.1 101.7 102.9 99.8 99.2 100.3 103.9 99.8 99.7 99.7 101.0
3 100.5 102.7 99.3 100.6 101.4 102.0 98.5 101.5 97.8 98.1 103.0 103.8
4 104.7 106.0 99.8 100.9 104.9 104.4 101.7 105.3 101.5 100.7 102.4 103.5
5 103.7 103.2 98.8 101.1 100.4 99.6 100.5 103.8 102.3 101.5 101.2 103.3
6 102.4 101.2 98.5 100.0 101.8 102.0 100.6 107.0 100.2 101.1 95.3 98.6
7 104.5 105.8 101.8 102.4 104.7 104.0 101.5 106.0 104.1 103.1 103.5 102.8
8 105.7 104.2 102.3 100.1 104.0 103.6 98.0 102.3 101.0 99.8 105.9 103.4
9 107.4 109.0 102.3 100.1 102.1 102.4 99.4 104.5 104.1 102.7 102.7 102.3
10 103.7 103.6 102.0 102.4 102.3 102.4 101.7 106.3 103.3 100.4 99.3 100.5
Av. 103.6 104.0 10C.8 101.2 102.4 102.2 100.4 104.4 102.0 101.0 101.3 101.9

LD, CVDd 2.07%
LD, CVD, 2.30%
CD, CVDO, 1.80%
CD, CVD,, 2.24%

System Suitability Test and Assay

Equilibrate LC system with mobile phase at 1.5 mL/min. Inject
20 /¢L std soln. Approx, retention times are levodopa, 3 min;
methyldopa, 4.5 min; carbidopa, 5 min; and acetaminophen, 9 min.

Calc, resolution factor, R, as follows:
R=2(t2- /)11 (W2+ Wi)

where t2and /, = retention times of the 2 components, and W2and
ILj = corresponding widths ofbasesofpeaksobtained by extrapolating
relatively straight sides of peaks to baseline. R between levodopa
and carbidopa and between carbidopa and acetaminophen should
be >3.5. R between levodopa and methyldopa should be >2.
Change flow rate to improve resolution. For levodopa-carbidopa
tablets, change detector sensitivity between levodopa peak (approx.
0.64 AUFS) and carbidopa peak (approx. 0.08 or 0.04 AIJFS). Set
detector sensitivity to 35-95% AUFS. If necessary, adjust vol. of
internal std soln added to sample soln and std soln to obtain
satisfactory detector response for std soln. Inject std soln 5 times

and compare peak hts. Calc. CV as fellows:

X, - X)2
100
CV %— N- 1
where X = mean of setof Nmeasurements, and X, = an individual

detn of ratio of peak ht of analyte to peak ht of internal std. In
suitable system, CV = <2.0%.
Proceed with sample analysis by injecting 20 fiL each of sam ple

soln and corresponding std soln.

Calculation
Using peak ht ratios R and R’ relative to internal std, calc, mg

drug/tablet or capsule as follows:
mg/tablet or capsule = (R/R ) x C x (D/W) x T

where Rand R" = peak htratios for sample and std solns, resp.; C-=
concn ofstd soln, mg/mL; W= wtofsample taken, mg; D= sample
diln; and T = av. tablet or capsule wt, mg.

CAS-59-92-7 (levodopa)

CAS-38821-49-7 (carbidopa)

CAS-28860-95-9 (carbidopa anhydrous)

Results and Discussion

Figures 1and 2 represent typical chromatograms from the
LC analysis of levodopa and levodopa-car |doPa fablets,
respectively. Tables 1and 2 summarize the collahorative

results for the assay of levodopa and levodopa-carbidopa
solid dosage forms. Statistical evaluation ofthese data showed
the overall repeatapility Q?,,) and reproducibility (DX
coefficients, of variation (CV) to be 0.48 and 0.87% for
levodopa single component, 0.50 and 0.90% for levodopa in
combination, and 0.77 and 1.20%for carbidopain levodopa-
carbidopa combination, respectively. The Synthetic tablet
formulation given to the collaborators was prepared by mixing
the tablet exuﬁlents with a quantity of each drug that was
equivalent to that found in acommercial tablet. Overall, the
recovery values for levodopa and carbidopa from the synthetic
formulation were 100.4 and 99.5%, respectively. .
Collaborative results for the content uniformity testing of
levodopa-carbidopa commercial tablets are Bresen edin Table
3. The pooled CYDOand CVDXwere 2.07 and 2.30% for
levodopa, and 1.80 and 2.24% for carbidopa, respectively.
Noné of the collahorators reported problems with the
proposed method. The formula for the Suitability tests was
Included in the method following a suggestion by Collaborator
1 Collaborator 2 indicated that using a detector sensitivity
setting that will provide greater sensitivity than that
recommended in the proposed method may resultin anoisy
baseline with tablet samples that contain_ low levels of
carbidopa &10 mg/tablet). Although the Associate Referee did
not detect this problem’in the,chromatogzrams submitted by
Collaborator 2, the, prospective analys IS advised of the
possibility of achieving satisfactory detector responses while
malntaln[n%]the same experimerital settings for all tablet
strengths if the volumes offiltrate used for sample preparation
and/or standard preparation are doubled. Under these
conditions, detector responses will still be linearly related to
concentrations of drug injected rangmq from 0.05 to 0.40
mgk/)n&L of levodopa, and from 0.9 T 128 mg/mL of
carbidopa.
Colla%orator 5 also questioned the necessity of manually
swﬂchmg detector setnng< when going from the levodopa
eak to the carbidopa peak, and commented on the hindrance
hat such a step may offer to a laboratory attempting to use
atotally automated LC system. This instrumental adjustment,
which”is required because of the large differences in
concentration between 2 drugs, can be both facilitated and
rendered amenable to automation by using an electronic
integrator. Collaborator 5 commented that the addition of
an internal standard solution to the sample preparation will
Increase the chances for error because the sample reParatlo,n
will become diluted. The Associate Referee decided to retain
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the use of an internal standard solution because its use at the
recommended volume will have no significant effect on the
concentration of the sample, and, more important, it will
improve the precision of the method.

Recommendation

The Associate Referee recommends that the LC method
for the assay of levodopa tablets and capsules and levodopa-
carhidopa fablets, and for content uniformity testing of
levodopa-carhidopa tablets be adopted official first action.
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MICROBIOLOGICAL METHODS

Rapid Fluorogenic Enumeration of Escherichia coli in Selected, Naturally Contaminated High

Moisture Foods

PAUL L. POELMA, CLYDE R. WILSON, and WALLACE H. ANDREWS
Food and Drug Administration, Division ofMicrobiology, Washington, DC 20204

An assay for the enzyme glucuronidase was used to determine the
presence of Escherichia coli in selected, naturally contaminated high
moisture foods. Raw pork sausage, ground turkey, and ground beef
were inoculated into tubes containing the substrate 4-methylumbel-
liferyl beta-D-glucuronide (MUG) in lauryl tryptose (LT) medium
After incubation at 35°C for 24 h, the inoculated LT-MUG tubes
were examined under longwave ultraviolet light for the presence of
afluorogenic glucuronidase end product. A fluorescing tube indicated
the presumptive presence of E. coli. The 10 day most probable number
method of the AOAC and the LT-MUG procedure gave comparable
recoveries of E. coli.

An assay to determine the presence 0f Escherichia coli Can
be used'to assess the sanitary quality of food. The most
Brobable number (MPN) technique, which is recommended
AOAC for the enumeration ofe. coti and other coliforms
(1), takes up to 4 days; confirmation of the organisms aSe.
coli fequires an additional 6 days.
Enumeration ofe. coli by flucrogenic assay for the enzyme
lucuronidase offers a substantial réduction in analytical time.
ilian and Bulow (2) reported that this enzyme was produced
by 97% of e. coli Strains but by few other enteric %enera. To
test for glucuronidase, an appropriate concentration of
4-methylumbelliferyl beta-D-glucuronide _(MUGZ, is added
to the medium during preparation. After incubation of the
inoculated tubes, a fluorescent end product of the MUG sub-
strate is determined by using alongwave (366 nm) ultraviolet
(UV) light. In a previous investigation of sunflower seeds,
crabmeat, and walnuts artificially Contaminated with €. coli,
Andrews et al. (3) established that MUG should be incor-
porated into lauryl tryptose (LT) broth rather than EC me-
dium for those particular foods and that 24 h was adequate
for incubation ofthe LT-MUG troth. The objectives ot this
study were to establish the optimal concentration of MUG
in the LT broth and to evaluate the performance ofthe LT-
MUG medium for the examination of foods naturally con-
taminated with €. coli.

Experimental
Food Products

Raw pork sausage, groun,d turkey, and ?round beef were
purchased at ?rocery stores in the Washington, DC, area and
stored 2-8°C Tor a maximum of 5 days before analysis.

Microbiological Analysis

The protocol used to compare the relative efficiency of
LT-MUG broth with that of the AOAC method is shown in
F|%Hre 1 For each exh)enment, 3replicate 50 g portions were
withdrawn from each food and blended in a armg com-
mercial blender for 2 min at 14000 rpm, Serial 10-fold dli-
lutions were made in Butterfield's phosphate buffer and in-
oculated into LT and LT-MUG broths. The lauryl sulfate
broth was prepared from the dehydrated Rroduct obtained
from Difco Laboratories, Detroit, MI. Both the AOAC and
the LT-MUG methods were then evaluated.

Received November 6, 1986. Accepted February 14, 1987.

For the AOAC method, all LT broth tubes producing gas
were subcultured at 35°C to EC medium after 24 and 48 h
incubation. Inoculated EC tubes were incubated in a water
bath at 45.5°C; at 24 and 48 h intervals, tubes producing gas
were streaked to Levine’s eosin methylene blue (SEMB) agar.
Colonies typical for e. coti were confifmed by indole, methyl
red, Voges-Proskauer, and citrate utilization (IMViC) reac-

tions, lySine decarboxylase h%/,drogen sulfide production, ma-
lonate,” oxidase, urease, ceflobiose, gzram stain, and ability to
Brog#ce gas upon reinoculation ofthe pure culture into’LT

roth.
For the LT-MUG method, serial dilutions of the foods
were inoculated into LT-MUG broth (containing either 50

Food (50 g)

LT LT-MUG
24 and (50 or 100

48 h 24 h

EC

24 and
48 h

EMB

IMViC

Gram stain

LT

Supplemental
biochemicals
Figure 1. Protocol for comparing AOAC and fluorogenic MPN

methods for E. coliin selected, naturally contaminated high mois-
ture foods.
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Table 1. Comparison of AOAC and fluorogenic MPN methods
for the enumeration of E. coli in selected, naturally contaminated
high moisture foods

Mean logl0 E. coli MPN values/g*
LT-MUG, tig MUG/mL
Trial AOAC 100 50
Pork sausage

1 1.099 1.238 1.452
2 0.862 0.564 1.100

Ground turkey

1 0.255 0.543 0.543
2 1.038 0.967 0.774
Ground beef
1 1.745 1.655 1.655
2 1.593 1231 1.300

* MPN values were determined on 3 replicates for each method.

Table 2. Correlation of fluorescence and the presence of E. coll
in selected, naturally contaminated high moisture foods

No. of tubes
containing E. coli

Reactions of media
containing MUG

Fliores- Rec. Not rec.
Growth Gas cence +) )

centration,
ng/mL

Pork sausage

Oo + +

+

N

Oo0oo0oorP,POoOOOOOO

23
2 *
24

+

Vo o+ o+ o+

36
50
19
1 *
21

o+ o+ o+
v

38
Ground turkey

100 + 2 9
- 41
+

13

o+ o+ +

+
19
10*
37

50 + 2

+

[

19
+

[eNeoNeNeoNeNoNeNelNeNe Nl

16
Ground beef

100 4*
17
0
28
0
21
2))
18
1*
26
0
21

o+ o+ 4
+ +
[
w

50

+
o
w

+

o 4+ o+

+

QOO0 O ®WOOOOO®

* False-positive reaction (E. coli not recovered from fluorescent-positive
tubes).
° False-negative reaction (E. coli recovered from fluorescent-negative tubes).

Table 3. Summary of discrepant reactions for E. coli obtained
with fluorogenic MPN methods

LT-MUG concentration, /¢g/mL

100 50
False- False- False- False-
Food positive  negative positive  negative
Pork sausage 5 0 2 1
Ground turkey 9 0 10 0
Ground beef 4 0 3 1

or 100 juyMUG/mL) and incubated for 24 h at 35°C. Tubes
were examined for fluorescence at a wavelength of 366 nm.
All LT-MUG tubes were subcultured to EC medium, in-
cubated in a water bath at 45.5°C, and streaked to Levine's
EMB agar at 24 and 48 h intervals. Suspect . coli colonies
were confirmed as described for the AOAC method. In Ejre-
paring the LT-MUG broth, appropriate amounts of MUG
Wwere Qissolved in warm water, and compensation was made
for the amount of water used o dissolve the MUG. After
preparation, the LT and the LT-MUG broth media were
dispensed into tubes containing inverted fermentation vials
and were sterilized by autoclaving. ,
caution: For safety, analysts should wear glasses with UV-
treated lenseswhen observing fluorescence in LT-MUG broth,

Statistical Analysis

MPN values were converted to the Io? base 10, and the
mean log value was calculated for the replicates analyzed by
each method. For each food, an analysis of variarice was
made ofthe log-transformed data values. Duncan’smultiple
comparison procedure (4) was used to assess differences for
each pair between the method mean log values at a = 0.05.

Results and Discussion

Several investigators (5-7) have been successful in using
MUG in LT broth for the rapid enumeration of €. coli.
Koburger and Miller (8), however, reparted that incorpora-
tion ofMUG into LT broth for determining the Pres,ence of
E. coli I OySters was not successful because of the interfer-
ence of an éndogenous %;Iucuromdase in the oysters them-
selves. Their assay, therefore, was modified b% mcorporatm%
the MUG into EC broth rather than LT broth, even thou
the LT broth is preferable for completm(‘; the analysisin 24,

A comparison was made of 2 concentrations ot MUG (50
and 100 jug/mL) in LT hroth to determine which concentra-
tion gave the more decisive reactions, The LT-MUG me-
dium”containing the 2 levels of MUG was then compared
with the AOAC” method for the enumeration of €. coli in
naturally contaminated foods (Table 1). For hoth trials with
each food type, the mean log MPN values obtained with
either concentration of L T-MUG_did not differ significantly
from those obtained with the AOAC method. Growth, gas
production, and fluorescence in LT-MUG media with Te-
covery (+) and without recovery (= ofis. coti from naturally
contaminated foods are shown in Table 2. The different com-
binations of positive and negative reactions in the LT-MUG
media were correlated with the number of tubes demonstrat-
ing the presence ,ﬁrecovered) or absence énot recovered) of e.
coli. A Talse-positive fluorogenic method reaction was one in
which the LT-MUG meditm fluoresced but e. coli was not
present or was not recovered b}/ the confirmatory procedure.
A false-n%nve fluorogenic method reaction was one in which
the LT-0| G medium did not fluoresce but . coli Was
recovered.
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For pork sausage, the LT-MUG test (100 ug MUG/mL)
reactions for growth, gas production, and fluorescence, re-
spectively, were +, +,+, butE. coli was not recovered (false-
positive reactions) from 3 tubes. This method also gave 2
false-positive reactions for the +, -, + combination. At 50
jug MUG/mL, the MUG test gave a single false-positive re-
action for the +, +, + and the +, -, + combinations, and
a false-negative reaction with the +, +, - combination.

Ground turkey had the highest number of discrepant re-
actions (+, +, +), giving 9 false-positive reactions at 100 g
MUG/mL and 10 at 50 yg MUG/mL. For this product, no
false-negative reactions were obtained with either concen-
tration of MUG in LT broth.

With ground beef, the LT-MUG test (100 pg MUG/mL)
gave false-positive reactions with the +, +, + combination
(4 tubes), but no false-negative reactions. The analysis of this
product with 50 pg MUG/mL gave false-positive reactions
with the +, +, + combination (2 tubes) and the +, — +
combination (1 tube). The only other discrepant reaction at
this MUG concentration was a single false-negative reaction
occurringwith the +, +, —combination. A summary is given
of total discrepant reactions obtained with 2 levels of LT-
MUG (Table 3). The discrepant reaction values were com-
bined for trials 1and 2. These data demonstrate no significant
differences in false-positive and false-negative reactions when
MUG was used at either of 2 concentrations in LT broth.
Because of the high cost of the MUG substrate, a concen-
tration of 50 /ig MUG/mL is recommended for analysis of
the 3 specific food types used in this study.

Several problems are associated with the MUG test. One
of these is autofluorescence of the glass test tube containing
the MUG broth medium (3). To eliminate this potential
problem, we screened all glass test tubes used in this study.
Autofluorescence can also be caused by the presence of gluc-

uronidase, which is endogenous in certain foods, such as
oysters and other mollusks; however, this enzyme did not
cause a problem in our study because fluorescence was ob-
served in only 2 tubes from which E. coli was not recovered.
Another problem is that certain enteropathogenic strains of
E. coli do not possess the enzyme glucuronidase and thus
give a negative MUG reaction (Michael Brodsky, Ministry
of Health, Toronto, Ontario, Canada, and Khalil Rayman,
Health and Welfare Canada, Ottawa, Ontario, Canada, 1986,
personal communication). Finally, because reading of the
fluorogenic reaction is often subjective, appropriate positive
and negative culture controls must be included for each ex-
periment or sample analysis.

A major advantage of the LT-MUG test is the reduction
of analytical time. The LT-MUG procedure also offers a
significant reduction in media and labor costs. Thus, the
fluorogenic LT-MUG test is a reliable alternative to the cur-
rent AOAC method for the enumeration ofE. coli in selected,
naturally contaminated high moisture foods.
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Enumeration of Clostridium perfringens Spores in Human Feces: Comparison of

Four Culture Media

STANLEY M. HARMON and DONALD A. KAUTTER
Food and Drug Administration, Division of Microbiology, Washington, DC 20204

Enumeration of Clostridium perfringens spores was compared using
4 culture media. Duplicate 1 g portions of 35 stools (25 from C.
perfringens food poisoning outbreaks and 10 fromnormal stools) were
heat treated 20 min at 75°C and tested on tryptose-sulflte-cycloserine
(TSC) agar, trypticase-soy-blood (TSB) agar, lactose-sulfite (LS) me-
dium, and iron milk (IM) medium. Dilutions were plated directly
onto TSB and TSC, and a 3-tube most probable number determi-
nation was made with each specimen in LS and IM incubated at
45°C. TSB wes easiest to use and nonhemolytic food poisoning strains
were readily differentiated from the normal hemolytic bictype on this
medium. Confirmed counts on TSC and TSB were similar for all
specimens, but counts of 8 of 25 outbreak specimens were 2-4 log
units lower in LS and 1M than on plating media; spores in specimens
associated with 2 of 5 outbreaks were intolerant of the elevated term-
peratures. Results showed that elevated temperature MPN methods
in LS and IM are inappropriate for the examination of outbreak
stools.

A recent study (1) has confirmed the value of enumerating
Clostridium perfringens spores in feces of food poisoning
patients as a means of confirming outbreaks. Although they
are effective, traditional plating methods are laborious and
require specialized anaerobic apparatus; therefore, a study
was made to determine the efficacy of 2 elevated-tempera-
ture, most probable number (MPN) methods described in a
series of papers published in both the United States and in
France (2-7) for enumeration of C. perfringens. Results of
the iron milk (IM) medium method of St. John et al. (7) and
the lactose-sulfite (LS) method of Beerens et al. (4), both
elevated-temperature, MPN methods, were compared with
traditional plating methods using tryptose-sulfite-cycloserine
(TSC) and trypticase-soy-blood (TSB) agars. The outbreak
specimens examined were stools obtained from persons af-
fected in 1 of 5 different food poisoning episodes; control
specimens were from normal, healthy persons.

To minimize sampling error and to determine the repli-
cability of results, duplicate determinations were made with
each specimen. Enumerations were made by each method,
and the advantages and disadvantages of each method were
evaluated, particularly the ability to differentiate food poi-
soning strains from normal intestinal flora.

Experimental
Fecal Samples

Outbreak stools were collected by personnel from various
state health departments and shipped frozen to the micro-
biology laboratory, Food and Drug Administration (FDA),
where they were stored frozen until examined. Normal stools
were handled and examined in the same manner as outbreak
stools.

Culture Media

IM medium was prepared as described by St. John et al.
(7) and used on the day of preparation. LS medium was
prepared from the ingredients specified by Beerens et al. (4,
5). LS base was routinely stored at 4°C for as long as 7 days
before use. Filter-sterilized components were added to the
deaerated medium just before use. The plating media and

Received March 20, 1987. Accepted May 15, 1987.

procedures used were those previously described (8). TSB
agar plates were purchased from Baltimore Biological Lab-
oratories, Cockeysville, MD 21030.

Test Procedures

Stool specimens weighing 1 g were suspended in 9 mL
sterile 0.1% peptone and heated 20 min at 75°C to kill veg-
etative cells and to encourage germination of C. perfringens
spores. Suspensions were cooled in cold tap water, diluted
in 0.1% peptone, and tested in the 4 different culture media.
Triplicate tests were made of 1 mL volumes in IM and LS
broths; 1 mL volumes were also pour-plated in TSC agar. A
0.1 mL volume of the 10-fold lower corresponding dilution
was plated in duplicate on TSB agar, using a sterile glass rod
spreader. The inoculated plates were incubated for 20-24 h
at 37°C, and presumptive C. perfringens colonies were count-
ed. The presence or absence of complete hemolysis on TSB
agar was noted. (TSB plates were sometimes stored at 5°C
for several hours to allow development of the partial he-
molysis zones characteristic of C. perfringens.) Each 3-tube
series in IM and LS media was incubated in a water bath at
45 £+ 0.5°C. The IM tubes were examined at 18 and 24 h for
evidence of stormy fermentation, which is characterized by
coagulation and fracturing of the curd into a spongy mass.
LS broth was checked after 24 h of incubation for the for-
mation of a black precipitate (sulfite reduction) and fermen-
tation of lactose, as indicated by the presence of gas trapped
in a Durham vial.

Presumptive positive tubes were streaked on TSB agar
plates, and colonies were selected for confirmation tests as
described in the official AOAC method (8). Plate counts were
performed for plates containing between 15 and 150 colonies.
The corresponding counts in IM and LS were calculated by
using the MPN tables in the FDA Bacteriological Analytical
Manual (9). Enterotoxigenicity ofisolates from outbreak stools
was determined by culturing modified AEA medium and
then testing culture supemates for C. perfringens enterotoxin
by the ELISA method as previously described (1).

Results and Discussion

Spore counts obtained with outbreak stools are given in
Table 1; counts with normal stools are given in Table 2.
These data show that TSC and TSB agars were similarly
effective for enumerating C. perfringens spores in stools of
food poisoning patients and in normal stools as reported by
Harmon et al. (1), but, in some instances, the spores were
grossly underestimated in outbreak stools on IM and LS
media, as shown in results for specimen 2 of outbreak No.
3, all specimens of outbreak No. 4, and specimens 2 and 5
of outbreak No. 5 (Table 1). Spore counts of specimens enu-
merated by the other 3 methods were compared to confirmed
counts with TSC agar, which is currently the most widely
accepted method (10). Counts for these 8 specimens in IM
and LS media were 2-4 log units lower than the correspond-
ing plate counts on TSC, and enterotoxigenic colonies usually
could not be isolated from the positive culture tubes. Five
of the 8 specimens that gave false negative results or lower
counts in IM and LS media were associated with the same
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Table 1. Clostridium perfringens spores in stools of food poi-
soning patients counted on 4 culture media8

Spores (log,,)/g of stools6
Out-

TSC": trial TSB" trial IM9trial LS' trial
break Stool
No.  No. 1 2 1 2 1 2 1 2
1 7.75 7.69 8.04 7.2 7.66 8.04 797 7.38
2 828 843 796 7.8 8.38 7.38 7.66 7.97
3 815 820 781 7.06 8.38 7.60 736 7.30
4 685 698 6.49 6.76 6.66 7.38 6.36 7.04
1 5 898 _9 8.06 8.18 8.38 9.38 797 7.63
1 7.36 7.50 754 7.36 7.66 8.04 8.04 7.60
2 820 804 814 7.68 8.04 9.04 7.38 7.66
3 8.02 7.88 8.04 7.75 8.38 7.97 7.66 8.17
4 6.75 7.36 721 8.28 7.38 6.87 6.38 6.66
2 5 6.97 648 738 6.34 6.63 7.04 6.63 7.38
1 700 634 691 6.28 7.04 7.66 6.38 5.17
2 6.26 7.10 6.20 6.88 3.59 4.04 466 3.87
3 6.99 634 7.04 699 3.38 4.66 4.04 5.96
4 599 5.28 _9 510 438 5.36 4.38 <3.00
3 5 591 575 477 5.26 6.38 5.38 418 6.63
1 590 6.15 6.20 533 3.32 2.38 118 2.38
2 548 560 499 563 1.38 2.63 138 3.04
3 651 7.38 6.50 7.04 397 <2.00 4.04 3.66
4 5.85 5.65 6.18 532 317 4.38 3.66 3.04
4 5 7.54 7.00 6.68 7.03 3.63 3.18 436 3.18
1 5.79 5.79 6.00 6.07 5.32 6.38 5.66 5.32
2 572 _9 575 554 338 3.32 338 3.66
3 388 460 399 404 366 338 <2.00 238
4 495 420 478 4.97 5.38 5.04 5.66 4.63
5 5 475 548 407 _3 3.96 3.38 263 232

* Five specimens from each of 5 outbreaks.

6As determined in 2 separate trials.

8rsc agar (8) without egg yolk (pour placed).
OTrypticase-soy-sheep blood agar (surface plated).
Qiron milk medium @).

' Lactose sulfite medium (4).

“ No data available.

food poisoning outbreak, and the 3 remaining specimens
were from separate outbreaks. In contrast, typical growth
and similar counts were obtained with all 25 outbreak spec-
imens on TSC and TSB agar.

Results from replicate trials with liquid media varied more
than those on plating media; however, this was not of prac-
tical importance because precise counts are not needed to
indicate C. perfringens as the probable cause of food poison-
ing. Although IM and LS gave rapid presumptive results, we
found that food poisoning strains sometimes could not be
reliably enumerated in these media, apparently because of
intolerance of some C. perfringens strains for elevated tem-
perature. Both IM and LS media were incapable ofindicating
the presence of enterotoxigenic C. perfringens in stools ofall
5 patients tested from outbreak No. 4, and a highly variable
response was noted with the specimens from outbreak No.
5, which contained a heterogeneous C. perfringens popula-
tion. Two specimens, 2 and 5, associated with outbreak No.
5 were always negative for enterotoxigenic C. perfringens in
IM and LS media, and the remaining 3 specimens yielded
lower counts (Table 1). Counts with normal stools were sim-
ilar on all ofthe media (Table 2) except for a few specimens
that had spore populations too low to be detectable in the
0.02 g portion tested on TSB.

The MPN methods gave satisfactory results with some
(77%) stools examined and thus might prove useful for
screening stools in laboratories that lack the equipment and
trained personnel to perform the standard tests; however,
they are not reliable enough for regulatory work. A pre-
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Table 2. Clostridium perfringens spores in stools of healthy
adults counted on 4 culture media

Spores (log1)/g of stools"

TSC6 TSB" IM" LS9
s trial trial trial trial
Stool
No. 1 2 1 2 1 2 1 2
1 362 285 3.40 3.50 3.66 3.97 297 3.78
2 355 332 3.48 2.70 3.38 397 3.38 387
3 5.64 6.63 5.52 5.78 587 7.04 5.04 6.38
4 247 3.32 <3.00' <3.00' 2.63 3.17 297 2.66
5 284 3.00 <3.00" <3.00' 297 332 2.38 2.66
6 332 344 3.00 3.52 3.66 4.38 3.38 3.66
7 378 295 3.08 <3.00' 3.38 297 3.04 3.17
8 330 3.78 3.20 3.65 3.66 4.38 432 3.66
9 391 356 3.77 3.78 404 295 338 397
10 265 270 3.00 <3.00' 3.97 3.38 3.17 287

* As determined in 2 separate trials.

6rsc agar without egg yolk (pour plated).
"Trypticase-soy-sheep blood agar (surface plated).
“ Iron milk medium (7).

QL actose sulfite medium 4).

"' None detected in 0.02 g of sample.

sumptive result with the elevated-temperature MPN meth-
ods is more reliable for stools than for foods because appar-
ently few sporeformers that might give false positive results
are present in stools. As our results show, false negative re-
sults are much more likely. Other disadvantages ofthe liquid
media MPN methods are the need to prepare culture media
or components just before use and the need to monitor in-
cubation over a protracted period of time. The potential for
spilling contaminated culture contents in the water bath with
IM medium is also high. In general, the MPN methods were
found to be more laborious and less appealing to the analyst.
We are reluctant to accept elevated-temperature methods for
general culturing of C. perfringens, and our experience in this
regard has received support (A. H. W. Hauschild, Bureau of
Microbial Hazards, Health Protection Branch, Ottawa, Can-
ada, personal communication, 1986).

The TSB agar method, on the other hand, was very simple
and yielded the most useful information of any of the 4
methods studied. Prepared TSB plates can be purchased for
a modest price and can be stored up to 30 days without a
demonstrable loss of effectiveness. Nonhemolytic colonies
of enterotoxigenic strains were easily recognized on TSB and
differentiated from the indigenous normal hemolytic biotype
when it was present, and colonies of the characteristic type
were easily selected for enterotoxin testing. Even though some
enterotoxigenic isolates are hemolytic as noted elsewhere (1)
and 1 of the 5 strains in this study was hemolytic, the TSB
agar method is preferable to the other methods currently
available because it provides the most information and can
be performed with a minimum of effort and expense.
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EXTRANEOUS MATERIALS

Extraction of Light Filth from Whole Leaves of Alfalfa, Lemon Balm, Papaya, and
Spearmint: Collaborative Study

MARVIN J. NAKASHIMA and LARRY E. GLAZE
Food and Drug Administration, Division of Microbiology, Washington, DC 20204

Collaborators: A. Bright; C. H. Crewe; Z. Curling; M.-A. Gardiner; A. Gladstein; A. Howlett; F. J. Leahy; E. Levesque;
S. F. Schnittger; M. S. Von Stetina

Results are reported for a collaborative study to extend AOAC meth- vials were numbered to correspond to the appropriate test
od 44.A06 44.A08 to extraction of light filth from whole leaves of  portions. The collaborators were instructed to report their
alfalfa, lemon balm, papaya, and spearmint. A5 g (spearmint)or 10 yegyts and analysis times and to return the extraction papers

g (@lfalfa, lemon balm, papaya) test portion is defatted With iSopro- ¢, that their results could be checked by the Associate Ref-
panol in a simple reflux apparatus. Rat hairs, insect fragments, and

whole insects are isolated by wet sieving on a No. 230 sieve, a deaer- eree.

ating boil in 40%isopropanol, and flotation with mineral oil-heptane

(85 + 15) from Tween 80-NaZEDTA (1 + 1) and 40% isopropanol

in aWildman trap flask. Each product was spiked at a different level. METHOD

For rat hairs, recoveries averaged 82.29% from alfalfa, 88.9% from See secs 44.A06-44.A08 (2): Light Filth in Whole Pepper-

lemon balm, 80.6% from papaya, and 79.6% from spearmint. Re-

coveries of whole or equivalent insects from these products averaged mint Leaves, Flotation Method.

66.1, 218.8, 69.4, and 85.4%, respectively; recoveries of insect frag- ; ;
ments from these products averageegt 89.%/, 94.4, 94.1, and 88.10/6:1;g Resilts and Discussion
respectively. The method has been adopted official first action for This discussion emphasizes the Associate Referee’s counts,
extraction of light filth from whole leaves of alfalfa, papaya, and because collaborators sometimes failed to recognize spike
spearmint. The extension of the method to lemon balm was not rec- material or to distinguish it from intrinsic filth. Two analysts
ommended because of interferences by intrinsic whole insects, which  performed portions of the analysis in the same laboratory
wiere the same species as the spike material. and were considered together as Collaborator 2.
Background striated hairs that were within the size range
This collaborative study was performed to extend the ap-  ofthe spike rat hairs resulted in overcounts for lemon balm
plication of a method for the extraction of light filth from in Table 1, as reflected in the mean recovery of 161.1%. The
whole peppermint leaves (s, 2 ) to the leaves ofalfalfa, lemon  Associate Referee was able to differentiate the spike from
balm, spearmint, and papaya. background hairs by length and color; the actual mean re-
The method involves defatting a 5 g (spearmint) or 109 covery was 88.9%. Student’s (-tests comparing the mean per-
(alfalfa, lemon balm, papaya) test portion with isopropanol  centage recoveries for products or analyte levels (Table 1)

in a simple reflux apparatus (3) for 10 min. Rat hairs, insect  showed significant differences (P < 0.05) for lemon balm
fragments, and whole insects are isolated by wet sieving on (88.9%) and papaya (80.6%).

a No. 230 sieve, a deaerating boil in 40% isopropanol, flo- Mean recoveries of whole or equivalent insects (Table 2)
tation with mineral oil-heptane (85 + 15) from Tween 80-  \were quite variable, as in the previous collaborative study
Na4&DTA (1 + 1)and 40% isopropanol, and trappings ina  ofthe method (1). Background!., serricorne occurred in lem-
Wildman trap flask. on balm (251.2% mean recovery) and was confirmed by the

Associate Referee (218.8% mean recovery). For alfalfa, pa-

Collaborative Study paya, and spearmint, the counts of Collaborators s and 9

Each product was spiked at a different level. The lemon  jncluded nonspike insects in their tallies, and Collaborator
balm spike consisted of 5 rat hairs (2.5-3.5 mm), 20 insect 3 counted any major body part, such as a thorax-abdomen
fragments (elytral squares of Tribolium confusum, ca 0.5 sq.  or an abdomen, as an equivalent insect. As defined in the
mm), and 5 whole insects (adult Lasioderma serricorne, cig-  collaborative study instructions, an equivalent insect must
arette beetle). For alfalfa, the spike consisted of 10 rat hairs, have at least the head. Student’s (-tests comparing the mean

30 insect fragments, and 10 whole insects. The spearmint  percentage recoveries for products or analyte levels (Table
spike consisted of 15 rat hairs, 50 insect fragments, and 15 2) showed significant difference (P < 0.05) for all compari-
whole insects, and the papaya spike consisted of2o rat hairs,  sons with lemon balm because of the high level of intrinsic
20 insect fragments, and 10 whole insects. Two preweighed  whole or equivalent insects. Mean recoveries from alfalfa
test portions of each product together with - vials of each  (66.1%) and spearmint (85.4%) were significantly different at
spike level were sent to each of 9 collaborators. The test P < 0.05.
portions were randomly numbered from . to s; the spike As shown in Table 3, recoveries of insect fragments were
high. The results for Collaborators s and 9 were excluded as

. - outliers because the counts reflected all the insect fragments
Submitted for publication May 29, 1987.

This report of the Associate Referee, M. J. Nakashima, was presented at in the Samples rather than the added elytral squares. Collab-
the 99th AOAC Annual International Meeting, Oct. 27-31, 1985, at Wash- orator » also attempted to count all insect fragments, but
ington, DC. greatly undercounted them. The counts of Collaborator 3

The recommendation ofthe Associate Referee was approved interim official X
first action by the General Referee, the Ccmmittee on Microbiology, and the were low because insect fragments that were not exactly

Chairman of the Official Methods Board. The method was adopted official square were not counted. Four counts of Collaborator 3 were

first action at the 101st AOAC Annual International Meeting, Sept. 14-17, f : e (o : _
1987, at San Francisco, CA. See the General Referee and Committee reports, judged outliers. Student’s (-tests comparing the mean per

J. Assoc. Off. Anal. Chem. (1988) 71, January/February issue. centage recoveries in Table 3 showed significant differences
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Table 1. Collaborative results for recovery of rat hairs (blind duplicates)
Product (spike level)

Coll. Lemon balm (5) Alfalfa (10) Spearmint (15)
1 14(5)* 13(6) 10(9) 11(9) 15(12) 15(13)
2 7(5) 3 2(7) 1(5) 1 6 (9)
3 11(4) 10(5) 6 (9 5(9) 12 9(12)
4 5 7(3) 8 9 9(8) 8(9)
5 6 (4) 5 (4) 10(9) 9 12 10(9)
6 85 8 (5) 9(® 98 17(15) 21(17)
7 8(@3) 95 10(7) 8 12(11) 12(13)
8 10(5) 10(3) 9(8) 10(8) 13(12) 22(14)
9 85 305 7(9) 9 15 il

X 81 (4.4) 7.9 (8.2 12.8(11.9)

x,0 % 161.1 (88.9)A 78.9 (82.2) 85.2 (79.6)

SD
Repeatability 1.6 (1.0) 0.9 (0.6) 29(15)
Reproducibility 31 (L0) 2.8(1.1) 4.3(2.4)

CV, %
Repeatability 19.8 (22.7) 11.4 (7.3 22.6(12.6)
Reproducibility 38.3(22.7) 35.4(13.4) 33.6 (20.2)

* Associate Referee counts are in parentheses if different from those of collaborator.

16.4 (16.1)
82.2 (80.6)A

3.7 (1.8)
3.9(18)

22.6 (11.2)
23.8(11.2)

6same capital letters in this row represent Associate Referee values which are significantly different from one another by Student’s f-test at P <0.05.

(P < 0.05) for lemon balm (94.4%) and spearmint (88.1%)
and for papaya (94.1%) and spearmint (88.1%).

Table 4 compares the results of this collaborative study
(the 4-botanicals study), the results of the previous collab-
orative study (1), and precollaborative experimental data.
No comparisons with the previous study were made for pa-
paya because there was no comparable spike level in the
previous study. Student’s 7-tests comparing the mean per-
centage recoveries for the same spike levels from the 4-bo-
tanicals study and the previous study (Table 4) showed no
significant differences for rat hairs (P > 0.05). For whole or
equivalent insects, only the mean recoveries from lemon
balm were significantly different (P < 0.05) because of the
inflated counts reported in this study. For insect fragments,
mean recoveries from lemon balm in this study were signif-
icantly different from mean recoveries from peppermint at
the low spike level in the previous study.

In both series of 7-test comparisons, no pattern was found
that would suggest that these significant differences in recov-
eries were due to the product or to the spike levels used.

For the alfalfa samples, heavy plant material was found

on the extraction papers returned by Collaborators 1and 2,
whereas the other collaborators returned extraction papers
with noticeable but acceptable amounts of debris. Discus-
sionswith individuals in both laboratories revealed no reason
for the excessive amounts of plant matter on the extraction
papers from the alfalfa samples.

Stems from lemon balm samples were trapped in mineral
oil; they probably floated to the surface because ofincomplete
deaeration. The stems could have been eliminated by dis-
carding them after a thorough examination of the extraction
papers for filth elements.

With the exception of the extraction papers returned by
Collaborators 1and 2 for the alfalfa samples, for which more
than : filter paper should have been used, only : filter paper
per sample would have been required if separate trappings
had not been requested.

In this collaborative study, analytical time was slightly less
than in the previous study: Extraction time averaged 2.4 h
(range, 1.5-3.s h) compared to 2.8 h for the previous study;
extraction paper examination time averaged 0.4 h (range,
0.2-0.7 h) compared to 0.5 h for the previous study.

Table 2. Collaborative results for recovery of whole or equivalent insects (blind duplicates)

Product (spike level)

Coll. Lemon balm (5) Alfalfa (10) Spearmint (15) Papaya (10)
1 14 (12)* 7 4 4 11(10) 10 3“(2) 1" (1)
2 19 (12) 11 (10) 6(5) 8(7) 23(13) 13(10) 9 8 (9
3 10 (8) 14 (12) 10(8) 8(6) 18(15) 28(16) 5 13 (8)
4 15 (14) 7 10 m 14 15(16) 10 10
5 9 10 6 9 12 9 10 9
6 10 n 10 5 17(16) 13 9 7
7 18 8 (7) 9 8 16 14 9 10
8 34" (5)° 36s(2)° 12(2 9(2) 42 (5)" 21 (4)° 1 @2 13 (2
9 27 (19) 11 (10) 13(10) 8(3) 20(14) 10(7) 6 (9 8 (1)
X 12.6(10.9) 8.3 (6.6) 17.0 (12.8) 9.2 (6.9)
X,* % 251.2 (218.8)A,B,C 83.3(66.1)A,D 113.3(85.4)B,D 91.9 (69.4)C
SD
Repeatability 5.9 (4.3) 21 (2.3) 6.6 (2.3) 2.2(15)
Reproducibility 5.9 4.3 2.6 (3.0 81 (2.9 2234
CV, %
Repeatability 46.8 (39.4) 25.3 (34.8) 38.8 (18.0) 23.9 (21.7)
Reproducibility 46.8 (39.4) 31.3 (45.4) 47.6 (22.6) 23.9 (49.3)

* Associate Referee counts are in parentheses if different from those of collaborator or if either duplicate value is an outlier.

Boutlier by Dixon test; not included in calculations.
*Same capital letters in this row represent Associate Referee values which are significantly different from one another by Student's f-test at P <0.05.
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Table 3. Collaborative results for recovery of insect fragments (blind duplicates)

Product (spike level)

Coll. Lemon balm (20) Alfalfa (30) Spearmint (50) Papaya (20)
1 38* (37)*-» 20 (19) 27 (25) 13 (12) 21 (21)* 26 (26)* 22 (20)* 8(7)*
2 20*(18) 32*(19) 19 (20) 24 (25) 31 (35 82 (39) 45(18) 25(18)
3 1%(19) 7+ (19) 11* (29) 0*(28) 18 (44) 23 (50) 3(19) 4(19)
4 16 (20) 16 (19) 29 26 (28) 40 (42) 35 18(19) 16
5 19 18 28 30 36 (39) 50 (49) 20(19) 19
6 16 (18) 20 28 (30) 27 49 40 20 19
7 18 19 30 29 (30) 46 (47) 48 (50) 19 20
8» 461 (20) 343 (18) 251 (28) 330 (28) 412 (43) 358 (70)* 386(19) 123 (20)
% 374 (A7)* 318 (18)* 127 (27) 105 (30) 357 (47) 206 (49) 239(19) 160 (18)
X 18.1 (18.9) 25.8 (26.9) 38.9 (44.0) 18.4(18.8)
x,' % 90.5 (94.4)A 86.4 (89.6) 77.8 (88.1)AB 921 (94.1)B
SD
Repeatability 1.4 (0.9 4.4 (35) 14.5(4.6) 6.6 (0.9)
Reproducibility 1.6 (0.9 5.1 (4.5) 16.5 (5.3) 10.4(1.0)
CV, %
Repeatability 7.7 (4.8. 17.0(13.0) 37.3(10.4) 35.9 (4.8)
Reproducibility 8.8 (4.8. 19.8(16.7) 42.4(12.0) 56.5 (5.3)

* In the Dixon test for outliers, the values 38 and (37), which resulted from a spike of 40 insect fragments, were each given a proportionate value of 19 of 20.

»Associate Referee counts are in parentheses If different from those of collaborator or if either duplicate value Is an outlier.

'Outlier by Dixon test; not Included in calculations.

"All results for this collaborator were outliers by Dixon test; not Included in calculations.
« In the Dixon test for outliers, the value (70), which resulted from a spike of 75 insect fragments, was given a proportionate value of 47 of 50.
'Same capital letters in this row represent Associate Referee values which are significantly different from one another by Student's f-test at P <0.05.

Table 4. Comparison of mean percentage recoveries®0 of rat

hairs (RH), whole or equivalent insects (W/E), and insect frag-

ments (IF) from 4-botanicals study, previous study, and precol-
laborative experimental data

Source of recoveries Product RH WI/E' IP*

4-Botanicals study lemon balm 88.9 (5) 218.8A (5) 94.4B (20)
Previous study peppermint 83.3 (5) 85.0A (5) 79.6B (20)
Experimental data lemon balm 92.5 (20) 90.0 (10) 87.5 (20)

4-Botanicals study alfalfa 82.2(10) 66.1 (10) 89.6 (30)
Previous study peppermint 87.5(10) 80.0 (10) 88.3 (30)
Experimental data alfalfa 86.7 (20) 86.6 (10) 87.5 (20)
4-Botanicals study spearmint 79.6(15) 854 (15) 881 (50)
Previous study peppermint 82.2(15) 77.2 (15) 84.8 (50)
Experimental data spearmint 87.5 (20) 95.0 (10) 80.8 (20)
4-Botanlcals study papaya 8C.6 (20) 69.4 (10) 941 (20)
Experimental data papaya 8C.0 (20) 66.7 (10) 83.3 (20)

* Obtained by Associate Referee.

&pike levels in parentheses.

* Same capital letters In this column represent values which are significantly
different from one another by Student's f-test at P <0.05.

Recommendations

It is recommended that the application of the flotation
method for the extraction of light filth be extended to the
leafy botanicals alfalfa, spearmint, and papaya and that these
applications of the method be adopted official first action.
Recoveries were generally satisfactory, and the filter papers
obtained were usually free of interfering debris. It is also
recommended that the portion of the method title naming
whole peppermint leaves be changed to leafy botanicals,
with the individual botanicals listed.

Because a method to detect light filth in lemon balm is not
greatly needed, and because interference of intrinsic filth

(whole insects) made it difficult to evaluate filth recoveries
of the method for this analyte, it is not recommended that
the method be adopted for lemon balm.
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Comparison of Diethyl Ether and Ethyl Acetate as Extracting Agents for Recovery of Ascaris

spp. and Trichuris Spp. Eggs

RICHARD A. RUDE

Food and Drug Administration, Centerfor Microbiological Investigations, Minneapolis, MN 55401

JAMES T. PEELER

Food and Drug Administration, Division of Microbiology, Cincinnati, OH 45226

NORRIS G. RISTY

Food and Drug Administration, Centerfor Microbiological Investigations, Minneapolis, M N 55401

Ethyl acetate and diethyl ether were compared for their ability to
recover Ascaris Spp. and Trichuris Spp. eggs fromseeded milorganite,
liquid sludge, and cabbage. Concentrations of 10,100, and 1000 eggs/
10 g test sample were prepared for 20 replicates of each product. The
use of diethyl ether yielded fewer eggs/10 g than did ethyl acetate
in 5 of 6 sets of data. For Ascaris spp., recovery from cabbage was
10 times higher with ethyl acetate at the higher concentration than
with diethyl ether. For Trichuris spp., recovery from liquid sludge
was slightly higher with diethyl ether for all egg concentrations. The
other results ranged from 0 to 23% difference in recovery for the 2
agents. Depending on the parasites in question and the products to
be screened, the substitution of ethyl acetate for diethyl ether may
be significant.

Eggs of the pathogenic nematode parasites Ascaris spp. and
Trichuris spp. can survive common methods ofsewage treat-
ment and contaminate food crops that are fertilized with
sewage sludge or irrigated with sewage effluent. The Nac-
conol-ether centrifugation method is used to determine qual-
itatively the presence of Ascaris spp. and Trichuris spp. in
crop irrigants, fertilizers, and on foods (1). The method uses
diethyl ether, which is flammable, explosive, and toxic. Some
laboratories are not equipped to handle diethyl ether safely
and are reluctant to take the risk involved in this method.

Previous studies compared 4 methods: Nacconol-ether
centrifugation (1), zinc sulfate flotation (2), saline centrifu-
gation (2), and the water trough method (3). Nacconol-ether
centrifugation gave the best recoveries and was selected for
these parasites. However, a substitute was needed for the
diethyl ether extraction step.

The Centers for Disease Control (CDC) screened several
solvents for their ability to concentrate parasites. The flam-
mability, density, cost, and carcinogenicity of the solvents
were also evaluated. Ethyl acetate was found to be the most
satisfactory in the CDC study (4). Our experiments were
designed to compare the diethyl ether and ethyl acetate sol-
vents.

Experimental

Apparatus

(a) Gridded tissue culture dishes. —Falcon Integrid 3030
(Becton, Dickinson and Co., Oxnard, CA).

(b) Bolting cloth.—100 nm pores. Nitex HC3-100 (Nitex
Corp., Bern, Switzerland).

(c) Pasteur pipets. —229 mm, with cotton plug and rubber
bulb.

(d) Bottle shaker.—Size 2, midpoint setting. International
shaker.

(e) Centrifuge.-lEC HN-SII, DAMON/IEC Division.

Reagents

(a)  Formalin solution (10%).—Add 730 mL water to 270

mL 37% stock formaldehyde solution.

Received March 10, 1987. Accepted June 30. 1987.

(D) Nacconol 35 SL.—Sodium linear alkylate sulfonate,
35% active (Stepan Chemical Co., Northfield, IL).

(c) Nacconol solution (0.008%). —3.7 mL Nacconol 35 SL
in 16 L physiological saline.

(d) Ether (ethyl) anhydrous.—Reagent grade (Mallinck-
rodt Inc., Paris, KY).

(e) Ethyl acetate.—Analytical reagent (Mallinckrodt).

Determination

Ninety mL 0.008% Nacconol solution was added to seeded
test portion in milk dilution bottle and was shaken vigorously
10 min on automatic bottle shaker. Piece of bolting cloth, ¢
in. X s in., was soaked in 0.008% Nacconol solution im-
mediately before use. Cloth was secured to top of 600 mL
beaker with rubber band, and bottle’s contents were poured
through soaked bolting cloth into 450 mL beaker. Bottle was
rinsed 3 times with 20 mL portions of 0.008% Nacconol
solution, and rinses were poured through bolting cloth into
beaker. Contents of beaker were stirred with glass stirring
rod and then poured into 100 mL conical centrifuge tubes.
Tubes were centrifuged 4 min at 900 x g, and supemate was
decanted. One mL 0.008% Nacconol solution was added to
tubes, and pellicle was resuspended. With Pasteur pipet, sed-
iment was combined into 100 mL conical centrifuge tube.
Emptied tubes were rinsed with 2 mL of 0.008% Nacconol
solution, and rinse was added to 100 mL conical centrifuge
tube containing sediment. Bulb was removed from Pasteur
pipet, and pipet was rinsed through top into 100 mL conical
centrifuge tube. Tube was centrifuged 4 min at 900 x ¢, and
supemate was decanted and discarded. Eight mL of 10%
formaldehyde solution was added, and pellicle was resus-
pended using vortex mixer. Pellicle was loosened with 4 mm
glass rod when needed. Under chemical hood, 3 mL diethyl
ether or ethyl acetate were added to tube. Tube was stoppered
and shaken vigorously 30 s. Tube was centrifuged 4 min at
900 x ,. Tube now contained supemate, organic plug, and
pellicle. Supemate and organic plug were poured into safety
can. One mL 0.008% Nacconol solution was added to tube
and pellicle was resuspended. With Pasteur pipet, suspended
contents were transferred into tissue culture dish. Tube was
rinsed with 1 mL of 0.008% Nacconol solution and then
rinse was poured into tissue culture dish. If background ma-
terial was too heavy, contents were diluted into more tissue
culture dishes. To count recovered parasites, entire tissue
culture dish was scanned with inverted microscope, and re-
sults were recorded.

Statistical Methods

The distribution of eggs was recorded for each series of 20
replicates. A transformation of logio (count + 1) was used to
normalize the data in subsequent analyses. An analysis of
variance (5) was performed on each food product with con-
centration and extraction solvent as factors. A univariate
analysis was performed on Ascaris spp. and Trichuris spp.
as was a multivariate analysis using both variables (5). Dun-
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Table 1. Summary of analysis of variance results for Ascaris
and Trichuris using 2 extraction agents

E-ratio Degrees of
freedom
Factor Ascaris Trichuris for F-ratio
Cabbage
Concn A 198.03’ 2090.08* 2, 114
Extraction solvent B 180.13* 2.90 1, 114
Interaction Ax B 27.95¢ 0.47 2, 114
Milorganite
Concn A 1319.53* 6633.60" 2, 114
Extraction solvent B 0.02 7.23% 1, 114
Interaction Ax B 1.06 3.40* 2,114
Sludge
Concn A 2138.50* 7691.21* 2,114
Extraction solvent B 0.03 7.42* 1,114
Interaction Ax B 0.70 0.85 2,114

« Significant at the a = 0.05 level.

can’s test (s ) was performed to determine if the means dif-
fered significantly. The a = 0.05 level was used for all tests.

Results

Results of the s statistical analyses are shown in Table 1
In each case, the null hypothesis was that means for concen-
trations and the 2 extraction solvents were equal. The null
hypothesis that the interaction between the » factors (con-
centration and extraction agent) equals zero was also tested.
All s concentration effects were significant and 3 of ¢ solvent
comparisons differed. Only 2 of the interactions were sig-
nificant at the a = 0.05 level.

Interaction occurs when results are inconsistent at different
levels of factors. Significant interaction was observed in 2 of
the analyses of variance (Table 1). The mean for Ascaris in
cabbage illustrates the reason for the significant interaction
(F2 ue = 27.95). Means at the lowest concentration are the
same order of magnitude, whereas the geometric means for
the highest concentration differ more than tenfold. A multi-
variate analysis of variance was also computed when the
variables Ascaris and Trichuris were considered together.

Table 2. Geometric means of parasite eggs/10 g for Ascaris in
cabbage, milorganite, and sludge using diethyl ether and ethyl

acetate
Geometric
Concn, egg/10
+ €090 9 mean for
Extn solv. 1000 100 10 extn agent
Cabbage
Diethyl ether 16» 4.4 22 5.4"
Ethyl acetate 285 28 3.7 31
Geometric mean
for concentration 67" un 2.9
Milorgan te
Diethyl ether 262 26 34 28
Ethyl acetate 300 26 3.0 29
Geometric mean
for concentration 280" 26 3.2
Sludge
Diethyl ether 389 42 2.2 42
Ethyl acetate 420 4 37 42
Geometric mean
for concentration 404° 42 4.4

*There were 20 replicate determinations for each mean.
“ Means differ significantly at the a = 0.05 level.

Table 3. Geometric means of parasite eggs/10 g for Trichuris
in cabbage, milorganite, and sludge using diethyl ether and ethyl

acetate
Geometric
Concn, egg/10
9920 9 mean for
Extn solv. 1000 100 10 extn agent
Cabbage
Diethyl ether 601* 51 5.7 56
Ethyl acetate 665 52 6.7 62
Geometric mean
for concentration 632" 51 6.2
Milorganite
Diethyl ether 585 53 5.8 57"
Ethyl acetate 717 53 6.2 62
Geometric mean
for concentration 648" 53 6.0
Sludge
Diethyl ether 715 67 5.7 67"
Ethyl acetate 649 59 6.7 62
Geometric mean
for concentration 681" 63 6.3

*There were 20 replicate determinations for each mean.
OMeans differ significantly at the a = 0.05 level.

The linear correlation between the 2 variables was 0.20,0.08,
and 0.16 for cabbage, milorganite, and sludge. Results from
multivariate analysis did not modify the univariate results.

The experiments were designed so that the concentrations
of parasites increase tenfold. Thus, the geometric means of
the recovered parasites differed significantly (a = 0.05 level)
for concentrations. Tables 2 and 3 present the geometric
means for concentrations and extraction solvents. The sig-
nificant overall means for each concentration and extraction
solvent are marked. Ethyl acetate extraction solvent yielded
mean results equal to or greater than those treated with di-
ethyl ether in 5 of ¢ cases. The overall recovery by ethyl
acetate was significantly higher for the recovery of Ascaris in
cabbage and Trichuris in milorganite. In 1ofs tests (recovery
of Trichuris in sludge) the diethyl ether mean was signifi-
cantly higher than the mean observed from ethyl acetate
results. However, the largest differences were observed for
Ascaris in cabbage. Ethyl acetate recovered more than 10
times as many eggs at the high concentration as did diethyl
ether. The other Ascaris results were s and 15 in recovery
for the 2 solvents. No distortion of parasite morphology was
observed with either extraction solvent.

Discussion

Ethyl acetate is a satisfactory and efficient extraction sol-
vent for use in the Nacconol-ether centrifugation method.
The organic material plug present after the final centrifuga-
tion was thicker and looser with ethyl acetate, but that had
no effect on the recovery of parasites. Overall, the recovery
rate using ethyl acetate was equal to or greater than that with
diethyl ether.

Ethyl acetate is also less hazardous than diethyl ether. Both
solvents are flammable; however, ethyl acetate is less flam-
mable with a flashpoint of -4°C and a boiling point of 77°C
as compared with -45°C and 34.5°C for diethyl ether. Ethyl
acetate has narrower flammability limits: 1.4 to 7.6% per
unit as compared with 1.9 to 48% per unit volume for diethyl
ether. Both solvents are noncarcinogenic.

Based on the parasites and products tested in this study,
it is concluded that ethyl acetate may be substituted for di-
ethyl ether for the recovery of parasites.
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INDUSTRIAL CHEMICAL RESIDUES

Analysis of Phenols by Chemical Derivatization. V. Determination of Pentachlorophenol and

19 Other Chlorinated Phenols in Sediments

HING-BIU LEE, YYONNE D. STOKKER, and ALFRED S. Y. CHAU
Environment Canada, National Water Research Institute, Canada Centrefor Inland Waters,
867 Lakeshore Rd, Burlington, Ontario L7R 4A6, Canada

A method for quantitative and isomer-specific analysis for pentachlo-
rophenol and 19 other chlorophenols in sediment was developed.
After acidification to pH <1, sediment samples were Soxhlet-ex-
tracted with acetone-hexane (59 + 41, v/v) for 20 h. Phenols in the
organic extract were back-extracted into 2% KHCO03and were then
acetylated with acetic anhydride and extracted with petroleum ether.
After evaporation to a small volume, the acetates were cleaned up on
a 5% deactivated silica gel column. Extracts were then analyzed on
a 12 m OV-1 column interfaced to an electron-capture detector and
on a 30 m SPB-5 column interfaced to a mass selective detector. The
procedure has been validated with sediment samples fortified at 100,
10, and 1 ng/g levels of chlorophenols. Recoveries of dichloro- and
the higher chlorophenols were generally between 80 and 95% at all
3 levels of fortification, whereas recoveries of monochlorophenols
were between 65 and 85%. The 2 chloromethylphenols were less than
50% recovered, and recovery of phenol itself was erratic by this
procedure. Using a 50 g sample size, the estimated detection limit
was ca 0.2 ng/g.

Pentachlorophenol (PCP) has long been used as a wood pre-
servative, and other chlorophenols are often used as precur-
sors in the production of many phenoxyalkanoic herbicides
and biocides. According to one report, PCP comprises over
60% of the 3200 tonnes of chlorophenols used annually in
Canada (1). Residues of these phenols are reported in the
environment and especially in industrial wastewaters and
sludges. Because of the acute toxicity of PCP and other chlo-
rophenols, routine methods for the monitoring of these
chemicals in water and sediments are required. Analysis for
chlorophenols in sediment samples is particularly important
because phenols are retained in large quantities by municipal
solid wastes, landfill leachates, and sediments (2-4). Several
papers have been published on the extraction and analysis
for PCP and a few other phenols in sediments (5-9). In pre-
vious publications, we have reported methods for isomer-
specific analysis for chlorophenols in water by the formation
of acetate (10), chloroacetate (::), and pentafluorobenzyl
(PFB) ether (12) derivatives. Presumably because of its sim-
plicity and ruggedness, the acetate procedure is a popular
approach; it has been used by many workers (13-17). How-
ever, application of the acetate procedure to environmental
samples is limited to phenols with - or more chlorine atoms
if an electron-capture detector (ECD) is used for analysis,
because the ECD sensitivity to rr.onochloro- and nonchlori-
nated phenol acetates is poor. Recently, analysis for chlo-
rophenol acetates by gas chromatography/mass spectrometry
(GC/MS) has been reported (17-20). Since strong character-
istic ions were observed for these acetates under electron
impact (El) conditions, GC/MS, operating in selected ion
monitoring (SIM) mode, is potentially a highly specific and
sensitive technique for phenol determination. The recent ad-
vent of the mass selective detector (MSD) interfaced with a
capillary column GC has also provided fully automated ac-
quisition of GC/MS data, but at lower cost. In this paper,
we describe a method for the routine analysis for PCP and

Received October 12, 1986. Accepted November 14, 1986.

19 chlorophenols in sediment samples by formation of ace-
tate derivatives followed by quantitation with GC-ECD and
GC-MSD.

Experimental

Apparatus and Reagents

(a) Gas chromatograph. —Hewlett-Packard Model 5880A
equipped with 6Ni electron-capture detector, Model 7671A
autosampler, level 4 terminal, and split-splitless capillary
column injection port. GC column: 12m x 0.2 mm id fused
silica capillary column coated with cross-linked dimethyl
silicone gum and surface-deactivated by siloxane (Hewlett-
Packard part No. 19091-60312). Operating conditions: in-
jection port, 200°C; detector, 300°C; column initial temper-
ature, 70°C, hold 0.5 min, increase 107min to 120°, hold 5
min at 120°, increase 27min to 160°; splitless valve on for
0.5 min; carrier gas, helium at 10 psi; detector makeup gas,
argon-methane (95 + 5) at 25 mL/min.

(b) Gas chromatograph. —Hewlett-Packard Model 5880A
equipped with 5970B mass selective detector, Series 200
computer, 9133XV disc drive, a split/splitless injection port,
level 2 terminal, and Model 7671A autosampler. Capillary
column: 30 m x 0.25 mm id SPB-5 fused silica (Supelco,
Ltd) directly interfaced to the electron-impact ion source for
maximum sensitivity. Operating conditions: electron energy,
70 eV; injection port, 250°C; interface temperature, 280°C;
column initial temperature, 70°C, hold 0.5 min, increase 307
min to 120° then increase 2.5°/min to 180° hold 10 min at
180°C; splitless valve on for 0.5 min; carrier gas, helium at
4 psi; split vent flow, 50 mL/min.

(c) Chlorophenol standards. —Available from Aldrich
Chemical Co. or Supelco, Inc. (Phenol Kit 27). 2,3,4,6-Tetra-
chlorophenol (Eastman Organic Chemicals). Prepare all stock
solutions in toluene at 5 mg/mL. Prepare mixture of phenols
in acetone at 50 pg/mL for spiking purposes. Store all so-
lutions in the dark at 4°C.

(d) Acetic anhydride. —Distill AnalaR grade (BDH Chem-
icals) reagent 3 times and collect 138-140°C fraction for acet-
ylation reactions.

Fortification of Sediment Samples

Spike 50 g sediment with 100 pL phenol mixture in acetone
at appropriate concentrations. Mix well with spatula and
equilibrate 30 min before extraction.

Extraction

Place sediment sample on top of 5 cm Celite 545 in 45
mm id glass thimble with coarse frit. Acidify samples to pH
< 1with H2S04 (1 + 1, v/v). Put thimble in Soxhlet extractor
and extract sample 20 h with 350 mL acetone-hexane (59 +
41, v/v) at rate of s -s cycles/h. After extraction, add 50 mL
2% aqueous KH CO0sto organic extract and evaporate solvent
to ca 100 mL. Add 50 mL hexane to mixture to facilitate
phase separation and drain aqueous layer into 250 mL vol-
umetric flask. Extract organic layer 2 min with 40 mL of 2%
KHCOs and drain aqueous fraction to above-mentioned 250
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Figure 1. EI-GC-MSD total ion current trace of 21 phenol acetates as recorded on 30 m SPB-5 column. Refer to numbers in Table

2 for peak identification.

mL volumetric flask. Repeat extraction twice with 30 mL
base each time. After final extraction, discard organic layer.
To prepare calibration standard, spike known amounts of
phenols directly to 150 mL of 2% KHCO03and proceed to
derivatization and cleanup procedure described below.

Derivatization and Cleanup

To the 150 mL 2% KHCO03solution containing phenols,
add 3 mL acetic anhydride and 25 mL petroleum ether (30-
60°C). Stir sample slowly until evolution of C 02subsides and
then stir vigorously for 30 min. Separate layers in separatory
funnel and drain water sample back into original container.
Collect organic layer in 250 mL round-bottom flask. Repeat
extractive acetylation twice with 3 mL acetic anhydride and
25 mL petroleum ether each time. Dry organic extract with
anhydrous sodium sulfate. Add 2 mL isooctane and evap-
orate solvent to ca 3 mL using a 3-stage Snyder column.

Prepare mini cleanup column by plugging long Pasteur
pipet (23 x 0.5 cm id) with piece of silanized glass wool. Fill
column with 5 cm of 5% deactivated silica gel. Tap column
gently and add 5 mm anhydrous Na2S04at top. Rinse column
with 5 mL hexane and discard washings. With Pasteur pipet,
quantitatively transfer acetylated products to silica gel col-
umn. Elute column with 5 mL hexane and discard. Continue
elution with 10 mL toluene. Collect this fraction and dilute

Table 1. Retention time windows and characteristic ions used
for selected ion monitoring of chlorophenol acetates by GC-MSD

lon Retention time Characteristic ions
group Corresponding phenols window, min m/z

1 Phenol 4.20-6.00 43,94,136

2 Chloro- 6.00- 8.00 43, 128, 170

3 Dichloro- and 8.00- 12.00 43,142,162,

chloromethyl- 184, 204

4 Trichloro- 12.00-18.00 43, 198, 240

5 Tetrachloro- 18.00-23.00 43, 232, 274

6 PCP 23.00-27.00 43, 266, 308

to final volume of 10.0 mL. Inject 2 nL extract, in splitless
mode, and analyze by GC-ECD (10) and by GC-MSD.

GC-MSD Analysis of Phenol Acetates

(a) Total ion scanning.—Obtain abundance data of the
major fragments for chlorophenol acetates by scanning from
m/z 40 to 320 at a rate of 1.5 scans/s and a scan threshold
of 10.

(b) Selected ion monitoring. —For quantitative purposes,
monitor 3 characteristic ions for each group of phenols as
shown in Table 1and set dwell time to 100 ms for each ion.
To maximize sensitivity, divide ions into 6 groups or reten-

Table 2. Characteristic ions, relative abundances, and relative
response factors* of 21 chlorophenol acetates

Characteristic ions, m/z Rel. response

(rel. abundance) factors
No. Parent phenol CHXO* (M-42)+ M+ MSD» ECO
1 Phenol 43(28) 94 (100) 136(10) 4.0 <0.01
2 2-Chloro 43(59) 128 (100) 170(12) 65 0.03
3 3-Chloro 43(80) 128(100) 170(16) 7.0 0.03
4 4-Chloro 43 (43) 128 (100) 170 (11) 54 0.02
5 2-Chloro-5-methyl 43 (56) 142 (100) 184(15) 2.2 001
6 2,6-Dichloro 43(100) 162 (66) 204(14) 83 0.74
7 4-Chloro-3-methyl 43(49) 142 (100) 184(13) 3.0 0.03
8 2,4-Dichloro 43(100) 162 (99) 204 (11) 60 0.83
9 3,5-Dichloro 43(100) 162 (51) 204 (14) 8.2 0.98
10  2,3-Dichloro 43(100) 162 (52) 204(15) 7.0 087
11 3,4-Dichloro 43(93) 162 (100) 204(14) 6.4  0.76
12 2,4,6-Trichloro 43(100) 198 (50) 240 (7) 84 32
13 2,3,6-Trichloro 43(100) 198(36) 240 (8) 99 30
14  2,3,5-Trichloro 43 (100) 198(40) 240(10) 73 32
15 2,4,5-Trichloro 43(100) 198(59) 240 (7) 57 27
16  2,3,4-Trichloro 43(100) 198 (58) 240 (7) 57 41
17 3,4,5-Trichloro 43(100) 198 (61) 240(12) 50 3.2

18 2,3,5,6-Tetrachloro
19 2,3,4,6-Tetrachloro
20 2,3,4,5-Tetrachloro
21 PCP

43(100) 232 (39)
43(100) 232 (54)
43(100) 232 (59)
43(100) 266 (51)

274(12) 10.0 45
274 8) 70 50
274 (9) 62 7.0
308 (10) 10.0 10.0

* PCP acetate = 10.0.
6Based on ion m/z = 43.
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Figure 2. EI-GC-MSD selected ion monitoring of acetate derivatives. Top, phenol, monochlorophenols, dichlorophenols, and chlo-
romethylphenols; bottom, trichlorophenols, tetrachlorophenols, and PCP.

tion time windows. Integrate the (M-42)+ion. If required,
use phenanthrene-ifio as an internal standard to calibrate MSD
response factors.

Results and Discussion

In a previous paper, we successfully demonstrated that 15
di-, tri-, tetra-, and pentachlorophenols in water samples can
be conveniently analyzed in their acetate forms after an in
situ acetylation reaction (10). With a combination of a high
resolution capillary column and an electron-capture detector,
isomer-specific analysis of the above 15 chlorophenols was
feasible, and quantitative recoveries were obtained from sur-
face water containing as low as C.01ng of phenols/L. Phenol,
monochlorophenols, and chlorcmethylphenols are also ace-

tylated by the same or similar procedures. However, because
the electron-capture sensitivities of these acetates are a few
hundred to over 1000 times lower than that of PCP acetate
(Table 2), these derivatives are normally undetectable by an
electron-capture detector at levels commonly found in en-
vironmental samples. A mass selective detector or other mass
spectrometric detectors do not have a discriminating sensi-
tivity effect against the nonchlorinated and monochlorinated
phenols. For example, the relative response factors of the 21
phenols determined by the mass selective detector on the
CH3IO+ion (m/z = 43) are all within a factor of 5 and within
a factor of 2 with the exception of 3 phenols (Table 2). There-
fore, use of mass selective detection will allow the analysis
of nonchlorinated and monochlorinated phenols at levels
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Figure 3. GC-ECD chromatogram of acetylated extract from a sediment sample fortified to 10 ng/g for each phenol.

similar to phenols of higher chlorination. A reconstructed
total ion current chromatogram of the 21 phenol acetates is
shown in Figure 1

The mass spectrum of each chlorophenol acetate obtained
under El conditions included the following 3 characteristic
masses: (1) the molecular ion (M+), (2) the parent phenol
moiety (M-42), and (3) the CH3 O+fragment. The m/z val-
ues of characteristic masses for the 21 phenol acetate deriv-
atives and their relative abundances are listed in Table 2.
For acetates of chlorophenols, the molecular ions were low
in abundance, and in all cases, they were less than 20% of
their respective base peaks. In cases of phenol, the 3 mono-
chlorophenols and 2 chloromethylphenols, the M-42 ions
were the most abundant ions. For other phenols of higher
chlorination, the most abundant ion was the GT3CO+ frag-
ment.

For quantitative GC-MSD analysis for these acetate de-
rivatives, selected ion monitoring (SIM) of the above-men-
tioned characteristic ions was used. Representative single ion
chromatograms of phenol acetates at each level of chlori-
nation are depicted in Figure 2, top and bottom. The presence
of a phenol in question was confirmed if all 3 characteristic
ions were present at the expected retention time and at a
ratio of not more than +20% deviation from the expected
relative abundance. Once the presence of a phenol had been
confirmed, the (M-42)+ion was used for quantitation to op-
timize sensitivity. Since the retention time windows of chlo-
rophenol acetate do not overlap, the entire chromatogram
can be subdivided into 6 ion groups, one for each level of
chlorination corresponding to phenol through to PCP. In this
case, further enhancement in sensitivity can be achieved by
monitoring only 3 ions for those phenols expected in this
window. Retention times for the acetates of the 2 chloro-
methylphenols fell into the retention time window of dich-
lorophenol acetates. Therefore, characteristic masses ofthese
2 groups of phenols were both monitored within this window.

Chlorophenols in sediments are generally extracted by the

following 3 approaches: (a) with an aqueous buffer solution
or a base at high pH (5, 21); (b) solvent extraction after the
sediment is acidified to a low pH (6-9); or (c) steam distil-
lation of sediments acidified to pH <1 (22, 23). All ap-
proaches provide satisfactory recoveries of PCP and a few
other chlorophenols. In this work, sediment samples were
acidified to pH < 1with HS04(1+ 1) and were then Soxhlet-
extracted with a mixture of acetone-hexane (59 + 41). This
technique was used because the same method produced
quantitative recoveries ofvarious classes of compounds, such
as PCBs (24), chlorobenzenes (25), and chlorinated insecti-
cides, herbicides, and polyaromatic hydrocarbons (unpub-
lished data). By using the same extraction technique, a mul-
ticlass, multiresidue method can be developed in the future.

Back extraction of chlorophenols into a base was a critical
step in this method. Preliminary experiments indicated that
over 90% recovery of all chlorophenols in a hexane solution
could be achieved by 3 successive back extractions with 40 +
30 + 30 mL of 2% KHCO03 Before an efficient back extrac-
tion of phenols could be performed on sediment extracts, the
acetone and acids in the organic layer had to be removed.
Acetone was evaporated in the presence 0f50 mL 2% KHC03
using a 3-stage Snyder column with a heating mantle. The
base was added as a keeper for the phenols during solvent
evaporation and was also used to neutralize the free acids
present in the sample extract.

To enhance phase separation during back extraction, the
organic extract was evaporated to about 100 mL, then 50
mL of hexane was added to the concentrated extract.

Column cleanup was performed with a 5% deactivated
silica gel column. Polar sediment coextractives that were not
removed in the KHCO3partitioning step were removed by
silica gel since they tended to stay on the column. Acetates
of all chlorophenols were eluted in one fraction by 10 mL
toluene. If the analyses of monochlorophenols are not re-
quired, a less-polar toluene-hexane eluant (1 + 1) can be
used (10). If further evaporation of solvent is required, the
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Figure 4. GC-MSD chromatogram of the same sample shown in Figure 3. Note that acetates of phenol, monochlorophenols, and
chloromethylphenols are easily identified by this detector.

toluene should be replaced by acetone-hexane (5 + 95) in
the column cleanup step.

In the present work, recovery data for chlorophenols were
obtained at 100, 10, and 1 ng/g levels. Sediment samples
used in the fortification experiments were prepared from a
bulk composite sediment sample by mixing sandy, loamy,
and clay-based sediments in a 2:1:2 ratio. After fortification,
the sediment samples were equilibrated 30 min before acid-
ification and Soxhlet extraction. Sediment extracts were then
acetylated, cleaned up, and analyzed by GC-ECD and GC-
MSD. At 100 and 10 ng/g levels, the extracts were sufficiently
clean for reliable GC-ECD analysis ofthe di-, tri-, tetra-, and

Table 3. Mean percent recovery of chlorophenols and standard
deviations for fortified sediment samples

Fortification level, ng/g

100 10 Kk

Phenol (n=05) (n= 6) (n=#6)
2-Chloro- 73 + 6* 74 7» 747
3-Chloro- 76 = 4" 79 = 4* 86+ 3
4-Chloro- 68 = 6* 77 + 5* 65+ 8
2-Chloro-5-methyl- 47 = 3* 41 £ 4* 51 + 6
2,6-Dichloro- 84+t 5 92+ 9 76 £ 10
4-Chloro-3-methyl- 42 £ 3* 38 £ 4* 50 £ 7
2,4-Dichloro- 80+ 5 82+ 6 88 * 6
3,5-Dichloro- 78 + 4 77+ 11 83+ 3
2,3-Dichloro- 895 94+ 8 87+ 4
3,4-Dichloro- 76 £ 4 77 £ 12 85* 5
2,4,6-Trichloro- 87 4 87+ 3 88+ 5
2,3,6-Trichloro- 9 = 2 94 + 3 83+ 5
2,3,5-Trichloro- 9 + 2 93+ 4 91+ 3
2,4,5-Trichloro- 9 £ 2 95 + 4 87 2
2,3,4-Trichloro- 95+ 2 94+ 5 93+ 2
3,4,5-Trichloro- 83t 4 86 * 6 9+ 7
2,3,5,6-Tetrachloro- 93+ 5 90+ 2 90+ 4
2,3,4,6-Tetrachloro- 91 £ 3 93+ 3 94+ 8
2,3,4,5-Tetrachloro- 94+ 2 95+ 5 95+ 5
PCP 85+ 5 92+5 9 + 4

mResults obtained by MSD; other results obtained by ECD.

pentachlorophenols. At the 1 ng/g fortification level, this
cleanup procedure did not produce extracts clean enough for
ECD quantitation of the dichlorophenol derivatives, al-
though useful results could still be obtained for the higher
chlorophenols. In such cases, as well as for the analysis of
monochlorophenols, a mass selective detector operating in
the SIM mode was used to provide quantitative results.

As shown in Table 3, recoveries of tri-, tetra-, and pen-
tachlorophenols at all levels of validation were between 85
and 95%, whereas dichlorophenols were between 75 and 90%
recovered. Recoveries of monochlorophenols were slightly
lower at 65 to 85%. On the other hand, the 2 chlorome-
thylphenols were only 40-50% recovered, and the recovery
of phenol itself was erratic by this procedure. The method
detection limit (26) for the 20 chlorophenols by MSD in this
study was estimated as 0.2 ng/g based on a 50 g sample and
a final volume of 1 mL. Acetylated extracts from sediment
samples fortified to 10 ng/g for each phenol as analyzed by
ECD and MSD are shown in Figures 3 and 4, respectively.

The effect of storage time on the recovery ofchlorophenols
was briefly studied. A set of sediment samples was fortified
to 10 ng/g per phenol and stored at 4°C in the dark for 4 and
8 days before extraction and analysis. No significant change
was observed in the recoveries of any of the chlorophenols
after 4 or 8 days of cold storage as compared to the control
samples which were spiked and extracted immediately.
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Reverse-Phase Liquid Chromatographic Determination of Paraquat and Diquat

in Agricultural Products

TOSHIHIRO NAGAYAMA, TOSHIO MAKI, KIMIKO KAN, MAMI IIDA,

and TAICHIRO NISHIMA

The Tokyo Metropolitan Research Laboratory of Public Health, Division ofFood Hygiene,
24-1 Hyakunin-cho 3-chome, Shinjuku-ku, Tokyo, 160 Japan

A simple, rapid, highly sensitive liquid chromatographic method is
described for the quantitative determination of paraquat and diquat
residues in agricultural products. Paraquat and diquat are extracted
with hot dilute hydrochloric acid and are cleaned up on an Amberlite
CG-50 column, followed by reverse-phase liquid chromatography on
an NH2column, with ultraviolet detection at 257 nm (paraquat) and
310 nm(diquat). The minimumdetectable concentration of both para-
quat and diquat was 0.5 ng per injection, which corresponds to a
lower detection limit of approximately 0.02 pg/g in the original sam-
ples. Recoveries of paraquat and diquat added to various samples
were greater than 79% and averaged 91 and 90%, respectively, at
the 0.1 and 1.0 pg/g spiking levels.

Paraquat (1,1'-dimethyl-4,4"-bipyridylium dichloride) and
diquat (1,1-ethylene-2,2'-bipyridylium dibromide) are ef-
fective contact desiccants and are widely used in preharvest
desiccation of various crops, for postemergent nonselective
weed control, and for aquatic weed control. Determinations
of paraquat or diquat in water (1), blood (2-4), urine (4-6),
biological fluids (7), and soft drinks (8) have been published,
but it is difficult to detect small amounts of paraquat in
agricultural products by these methods. Analysis of paraquat
and diquat in agricultural products (9-16) has been reported.
These methods include spectrophotometry (8-11), thin-layer
chromatography (12), gas chromatography (4,13), and liquid
chromatography (LQ (2, 5, 6,14-16). Other methods include
polarography (17) and gas chromatography mass spectrom-
etry (18, 19). Almost all of these methods require extensive
sample treatment, and are time-consuming.

The purpose ofthe present investigation was to develop a
simple analytical method that allows rapid analysis of low
levels of paraquat and diquat residues in agricultural prod-
ucts.

Received December 22, 1986. Accepted March 10, 1987.

METHOD
Apparatus and Reagents

(a) Blender.—(Torio Science Co., Ltd, Tokyo, Japan).

(b) Ultra-high speed homogenizes —Nihonseiki Model bio-
mixer (Nihonseiki, Ltd, Tokyo, Japan).

(c) Liquid chromatograph. —Shimadzu Model LC-5A
(Shimadzu, Ltd, Kyoto, Japan) with Rheodyne sample in-
jector Model 7125 equipped with Model UVIDEC-100-111
variable-wavelength ultraviolet (UV) detector (Japan Spec-
troscopic Co., Ltd, Tokyo, Japan). Chromatographic con-
ditions: temperature, 20°C; flow rate, 1.0 mL/min; wave-
lengths, 257 and 310 nm; injection volume, 50 pL with 50
pL loop.

(d) Data processor.—Shimadzu Model C-R2A(X) with
2-channel module, Model INP-R2A, for integration and cal-
culation.

(e) Chromatographic column.—Glass, 30 cm x 1.0 cm id.

(f) LC column. —Hibar LiChrosorb NH2(Cica-MERCK;
Cat. No. 50376, Kanto Chemical Co., Inc., Tokyo, Japan),
stainless steel, 25 cm x 4.0 mm id, particle size, 5 pm.

Reagents

(a) Glassfiberfilterpaper.—Toyo filter paper GA100 (Toyo
Roshi Co., Ltd, Tokyo, Japan).

(b) Resinfor column chromatography. —Amberlite CG-50
type 1 (Rohm and Haas Co., Philadelphia, PA). Condition
resin as follows: Wash with water and IN HC1, and then
wash with water until pH is raised to 6.0. Discard water, and
wash resin with 0.1M acetate buffer (pH 5.6). Store resin in
0.1M acetate buffer.

(c) Acetate buffer. —Dissolve 3.28 g reagent grade sodium
acetate (anhydrous) in 400 mL water (0.1M sodium acetate
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Figure 1. Elution profiles of paraquat and diquat from Amberlite
CG-50 column. Eluant, 0.1N HCI-methanol. ¢ ------ ¢. paraguat;
0----- 0, diquat.

solution). Add 50 mL 0.1M acetic acid and adjust to pH 5.6
with 0.1M sodium acetate solution and 0.1M acetic acid.

(d) Paraquat and diquat reference standard solutions.—
Paraquat dichloride.—Anhydrous, analytical grade, 99.2%
(Wako Pure Chemical Industries, Ltd, Osaka, Japan). De-
hydrate 24 h in sulfuric acid desiccator under reduced pres-
sure (below 30 mm Hg). Accurately weigh 50 mg dried
paraquat dichloride, dissolve in methanol in 50 mL volu-
metric flask, and dilute to volume with methanol. Diquat
dibromide. —Analytical standard, 1000 ng/mL methanol
(NANOGENS, Inc., Watsonville, CA). Accurately transfer
1.0 mL ofeach standard solution to 10 mL volumetric flask
and dilute to volume with methanol. Store all solutions in
stoppered containers in a refrigerator, but use them at room
temperature. Dissolve 1.07 g ammonium chloride in ace-
tonitrile-methanol-water (2 + 1+ 1)in 100 mL volumetric
flask. Accurately transfer 1.0 mL mixed standard solution to
100 mL volumetric flask and dilute to volume with am-
monium chloride/acetonitrile-methanol-water solution. This
mixed solution contains 1 mg/mL of each compound.

(e) LC mobile phase.—Dissolve 2.92 g sodium chloride
in 150 mL water, add 100 mL methanol and 750 mL ace-
tonitrile, and adjust pH of resulting solution to 3.0 with 8N
phosphoric acid solution.

Extraction

Weigh 10 g sample, finely ground (mesh size less than ca
2 mm), into 100 mL volumetric flask, add ca 30 mL water,
and homogenize using bio-mixer (a). Rinse shaft with ad-
ditional small portions of water, add 25 mL 6N HC1, and
dilute to volume with water. Heat for 30 min on steam bath
and filter through glass fiber paper. Transfer 10 mL filtrate
to 100 mL beaker, adjust pH to 5-6 with ammonia water,
and add 50 mL 0.1M acetate buffer.

Column Chromatography

Prepare Amberlite CG-50 column as follows: Insert glass
wool in bottom of chromatographic column (e) and add slur-
ry of Amberlite CG-50 resin in 0.1M acetate buffer so that
height of settled column is ca 5 cm. Add 50 mL water and
then add sample solution to column. Rinse beaker with ad-
ditional small portions ofwater and transfer rinses to column.
Wash column with 10 mL water and 10 mL methanol at 3-
4 mL/min. Drain and discard water and methanol from col-
umn. Elute paraquat and diquat with 50 mL 0.1N HCI-
methanol at ca 3 mL/min, collecting eluate in 50 mL pear-
shape flask. Evaporate eluate to dryness under reduced pres-
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Figure 2. LC chromatograms of mixture of 1.0 «,g/mL of para-
quat dichloride (1) and diquat dibromide (2). A, detection at 257
nm; B, detection at 310 nm.

sure on warm bath. Dissolve residue in 2 mL acetonitrile-
methanol-water (2 + 1+ 1). Inject 50 nL portions of sample
extract solution directly into liquid chromatograph and quan-
titate by data processor.

Recovery Experiments

Prepare 10 g samples of ground rice, wheat, and com by
adding 1or 10 pg paraquat and diquat in 0.5 mL methanol.
Seal containers with glass stoppers, mix contents by shaking
for 1 min, and let stand for 1 day at approximately 20°C
unstoppered to let solvent evaporate. For samples of cut
potato, peach, and cabbage, transfer appropriate amounts of
paraquat and diquat in methanol into containers, let solvent
evaporate almost to dryness, and add samples. Seal con-
tainers with glass stoppers, mix contents by shaking for 1
min, and let stand in refrigerator for 1day. Determine para-
quat and diquat by LC analysis as described above.

Results and Discussion

Paraquat and diquat have a strong affinity for components
in plant tissues, and even though they are water-soluble, they
cannot be easily extracted once they have been sprayed onto
and incorporated into the plant. Paraquat and diquat can be
extracted almost completely by homogenizing the sample
with the bio-mixer (a) and then heating the homogenized
sample in acidic solution on a steam bath. However, a further
cleanup step is necessary to detect low levels of paraquat and
diquat by liquid chromatography. A chromatographic pro-
cedure using an Amberlite CG-50 column was used to purify
and concentrate residues extracted from agricultural prod-
ucts. The cation-exchange resin in this column removes most
coextracted materials from agricultural products.

Elution profiles from the Amberlite CG-50 column are
presented in Figure 1 Both paraquat and diquat are eluted
with 40 mL 0.1N HCI-methanol.

The LC analytical column is conditioned by passing the
mobile phase through it for about 2 h before use. LC sepa-
ration of paraquat and diquat standards is shown in Figure
2. Retention times are typically 6.5 and 7.8 min for paraquat
and diquat, respectively.
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Figure 3. LC chromatograms of paraquat (1) and diquat (2) in
rice. A, detection at 257 nm; B, detection at 310 nm. Dotted line,
none added; solid line, 1.0 uglg added.

Paraquat and diquat were added to rice and peach, and
the samples were cleaned up on an Amberlite CG-50 column.
Chromatograms of the purified samples (Figures 3 and 4)
show that the naturally occurring background materials in
the sample are well separated from paraquat and diquat, so
that they cause minimal interference in the analyses. Other
cleaned up samples gave similar chromatograms.

Linearity of the UV detector response for paraquat and
diquat was verified by injecting 50 uL of eluant solutions in
which the amount of paraquat dichloride and diquat di-
bromide varied from 1to 50 ng per injection. Results were
plotted as peak area vs amount ofparaquat or diquat injected.
The relationship was linear over the concentration range ex-
amined (r = 0.9998 and 0.9999). The lower limit of detection
was approximately 0.5 ng (signal-to-noise ratio = 2) for both
paraquat and diquat at 257 and 310 nm, at a range setting
of 0.04 absorbance unit full scale. This corresponds to a low-
er detection limit of approximately 0.02 ftg/g in the original
samples. This limit of detection is very low, about 1/100—
1/5 the lower detection limit of previous published methods
(2, 5, 6, 14-16).

Results for recovery of paraquat and diquat added to rice,
wheat, com, potato, peach, and cabbage at concentrations of
0.1 or 1.0 My/gare presented in Table 1 Recovery of paraquat
from spiked samples ranged from 80 to 103% and averaged

Table 1. Recovery by the proposed procedure of paraquat di-
chloride and diquat dibromide added to agricultural products8

Paraquat dichloride Diquat dibromide

added, g/g added, ng/g
Sample 0.1 1.0 01 1.0
Rice 98 + 35 103 + 6.1 98 + 5.0 92 + 34
Wheat 84 + 57 95 + 3.0 90 + 6.8 87 + 41
Corn 90 + 10.6 95 + 64 90 + 5.0 9 + 7.5
Potato 89 + 3.9 89 + 8.0 93 + 3.3 93+ 78
Peach 93 + 9.9 91 £ 7.6 90 £ 6.7 87 £+ 55
Cabbage 84 £ 51 80 + 3.4 8l +11.9 79 £ 41
Av. rec., % 90 £ 6.5 92 £ 95 90 + 6.6 89+ 76

* Average * standard deviation of 3 determinations.
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Figure 4. LC chromatograms of paraquat (1) and diquat (2) in
peach. A, detection at 257 nm; B, detection at 310 nm. Dotted
line, none added; solid line, 1.0 tiglg added.

91%; recovery ofdiquat ranged from 79 to 98% and averaged
90%. Peaks are sharp at an injection volume of 1 or 50 /iL,
which shows high sensitivity for paraguat and diquat. The
proposed method was applied to 25 samples of commercial
agricultural products obtained from retail stores; paraquat
and diquat were not detected.

This method is a simple, accurate, rapid, quantitative pro-
cedure for determining paraquat and diquat in agricultural
products. In particular, this proposed method gives a very
low limit of detection, approximately 0.5 ng per injection,
which corresponds to approximately 0.02 ug/g of paraquat
ordiquatin agricultural products. The method has a potential
for application to the analysis of bipyridylium herbicide res-
idues in various foodstuffs.
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2-Chloroethyl Fatty Acid Esters as Indicators of 2-Chloroethanol in Black Walnuts,

Seasoning Mixes, and Spices

MARTIN P. YURAWECZ

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

Residues of 2-chloroethyl fatty acid esters (CEEs) and 2-chloro-
ethanol (ECH), by-products of ethylene oxide fumigation, were de-
termined in black walnuts, seasoning mixes, and spices. Extracts
containing ECH and CEE were cleaned up by previously described
procedures, and residue levels were quantitatively determined using
a gas chromatograph equipped with a halogen-selective electrolytic
conductivity detector. All food products that contained CEE residues
also contained ECH. ECH residues ranged from <0.2 to 880 ppm
and were <0.2-7 times the CEE levels found.

Since 2-chloroethyl fatty acid esters (CEEs) were first re-
ported in foods (1,2), they have been among the highest level
organic residues found in the U.S. Food and Drug Admin-
istration’s Total Diet Studies. In the most recently published
Total Diet Study reports (3, 4), for 1978-1982, estimates of
the total dietary intake (¢iglkg body weight/day) of 2-chlo-
roethyl linoleate (CEE182 ranged from 0.79 to 0.228 for adults
and from 0.145 to 0.448 for toddlers.

CEEs and 2-chloroethanol (ethylene chlorohydrin or ECH)
are by-products of ethylene oxide fumigation (2, 5). Fur-
thermore, CEEs are converted in model digestive systems to
ECH, and ECH is the focus of toxicological concern asso-
ciated with CEE residues in foods (6). Levels of ECH found
in spices (7-10) are similar to those of CEEs. The above facts
emphasize the need to assess human exposure to these by-
products in foods. Estimates of dietary intake are available
for CEEs, which are recovered from a wide variety of foods
by methods normally employed for determining organo-
chlorine and organophosphate pesticides (11); however, di-
etary intake data are not available for ECH because no meth-
ods have been reported for determining it in composite foods,
e.g., hot dogs, chili, etc.

This study is the first to investigate the relationship of
residues of ECH and CEEs in spices, nuts, and seasoning
mixes to determine the extent to which CEE residues are
indicative of the presence of ECH. The ultimate goal of this
research is to evaluate whether a relationship exists between
ECH and CEE levels which could be used to estimate the
human dietary exposure to both ECH and ECH bound to
fatty acids (CEEs). ECH residues were determined in 46 sam-
ples of black walnuts, seasonings, and spices, and 21 of the
samples were analyzed for CEEs. All of the food products
used in this study were purchased from local grocery stores.

Experimental
Reagents

(@)  General reagents.—See sec. 29.002 (11). Solvents and

reagents were tested for interferences using the gas chro-
matographic (GC) parameters described below.

Received May 6, 1987. Accepted July 3, 1987.

(b) 2-Chloroethanol (ECH). —Aldrich Chemical Co., Inc.,
Milwaukee, WI 53233, No. 18,574-4.

(c) I-Chloro-2-propanol.—Aldrich, No. 17,552-8.

(d) 2-Chloroethyl esters. —Synthesized in manner similar
to that previously described (2): Add 0.1-1.0 g fatty acid to
5-10 mL ECH. Add 1 drop of HC1 and place solution on
steam bath for 15 min. Transfer solution to 1 L separatory
funnel with 100 mL pentane and 200 mL water. Shake 1
min, then discard aqueous layer. Wash pentane solution with
three 200 mL portions of water, dry by passing through 50
g NaZ 04, then chromatograph on Florisil with 200 mL 15%
ethyl ether (EE) in pentane. Evaporate solution on steam bath
to remove pentane. Purities of CEEs were >95% in all cases
as determined by gas chromatography using flame ionization
detector.

Apparatus

(a) General apparatus.—See sec. 29.005 (11).

(b) Gas chromatograph.—Varian 3700 equipped with
Tracor 560/700A Hall electrolytic conductivity detector op-
erated in halogen-selective mode and following columns: (/)
6 ft (1.8 m) x 2 mm id 20% Carbowax 20M on 80-100 mesh
Supelcoport; (2) 6 ft (1.8 m) x 2 mm id 5% SE-30 on 80-
100 mesh Supelcoport. Operating conditions: solvent flow
rate (mL/min)—«-propanol, 0.35, hydrogen reactant gas, 70,
nitrogen carrier gas, 30; temperatures (°C)—injection port,
250, reactor base, 250, nickel reactor tube, 1000, column 1,
130, column 2, 150 raised 57min to 250; solvent vent, 1.75
min. Signal was recorded with Hewlett-Packard 3388A in-
tegrating terminal with attenuator set to give h full scale
deflection (FSD) for ca 5 ng ECH, which elutes in 5 min using
column 1. Attenuator was set to give Vi FSD for ca 15 ng
2-chloroethyloleate (CEEISY), which eluted in 17 min using
column 2.

(c) Gas chromatograph.—Varian 3700 equipped with
flame ionization detector and column 2 as described above.
Operating conditions: as described above with detector tem-
perature, 300°C; flame gases—hydrogen, 30 mL/min, and air,
300 mL/min. Attenuator was set to give FSD for ca 1 ug
CEE.

(d) Gas chromatograph. —Hewlett-Packard 5880 series
equipped with Finnigan MAT 700 ion trap detector and 25
m x 0.20 mm id 0.25 film thickness, 5% phenyl-95%
methyl silicone-wall-coated open tubular capillary column.
Operating conditions: temperatures (°C)—column, 60 for 1
min, raised to 200 at 307min, then raised 57min to 250,
injector, 250, manifold, 230, transfer line, 250; helium flow
set to 28 cm/s linear velocity; multiplier 1950 V. Full scan
acquisition from 50 to 500 m/z was acquired at 1 scan/s,
using IBM PC XT with software supplied with ion trap de-
tector.
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Figure 1. Chromatograms of ECH, using GC parameters in Ap-
paratus (b), column 1: A, 5.58 ng ECH; B, 0.00965 mg equivalent
injection of paprika extract containing 361 ppm ECH.

(e)  Gaschromatograph/massspectrometer/data system. —

Finnigan MAT 4023 quadrupole gas chromatograph/mass
spectrometer interfaced to INCOS 2300 data system equipped
with 50 m x 0.25 mm Carbowax 20M silica-wall-coated
open tubular capillary column. Operating conditions: tem-
peratures (°C)—injection port, 150, separator transfer line,
180, column, 40 for 1 min, then increased to 200 and held
constant, source, 220; helium carrier gas to 40 cm/s linear
velocity. Spectrometer was operated in chemical ionization
mode using methane reagent gas at 0.1 torr. Full positive ion
scans from m/z 60 to 560 were acquired at rate of 1 s/scan.

Extraction and Cleanup

For ECH determination, test portions weighing from 2 to
10 g were extracted 4 h with 30 mL acetone-water (5 + 1)
(7). The extract was filtered through sharkskin and, where
appropriate, diluted with acetone before GC analysis. Spices
and seasoning mixes were cleaned up for CEE determination
using the AOAC method for organochlorine and organo-
phosphate pesticides in dry products, sec. 29.011(d) (11). Test
portions were extracted with acetonitrile-water, partitioned
into petroleum ether (PE), and chromatographed on Florisil.
CEEs eluted in both the 6 and 15% EE/PE eluates, sec. 29.015
(12).

Black walnuts were extracted and cleaned up for CEE de-
termination as follows: Ten g black walnuts was added to
100 mL glass-stopper graduated cylinder, 100 mL EE was
added, and cylinder was shaken 10 s. Shaking was repeated
for 10 s 12 h later, solution was filtered through 50 g Na2504
into 400 mL beaker, and EE was evaporated on steam bath.
Walnut oil was dissolved in 100 mL PE; 15 mL aliquot of
PE (1.5 g equivalent test portion) was cleaned up using ace-
tonitrile-PE partitioning, sec. 29.014 (11), and was chro-
matographed on Florisil, sec. 29.015 (11).

Gas Chromatography

For CEE determination, the volumes ofthe Florisil eluates
were adjusted to obtain 20-80% FSD in a 3-8 jxL injection
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Figure 2. Chromatograms of CEEs, using GC parameters in Ap-
paratus (b), column 2: A, 1.5 ng CEE10 3.0 ng CEE12 3.8 ng CEE14,
7.6 ng CEE1§ 15.2 ng CEE1L; B, 0.069 mg equivalent injection
of 6% EE/PE Florisil eluate of ground pepper showing presence
of 1, 48 ppm CEEBand 2, 187 ppm CEE182

for the major CEE residue present. The response was com-
pared with that obtained for a comparable amount of ref-
erence material (external standard procedure). Using column
2 [Apparatus (b)], a 20 mg test portion equivalent injection
could typically be used to determine ca0.2 ppm 2-chloroethyl
palmitate (CEE® or CEElg, at a signal-to-noise ratio of
10:1.

ECH residues were determined using column 1 [Apparatus
(b)]. Method sensitivity for a 1 mg equivalent injection, 3
/¢L/30 mL for a 10 g test portion, was typically 0.4 ppm with
a 10:1 signal-to-noise ratio.

Results and Discussion

The selectivity of the Hall detector for halogen relative to
hydrocarbon- and oxygen-containing compounds allows for
determination of ECH without the need to isolate the diace-
tone alcohol (4-hydroxy-4-methyl-2-pentanone) which is
present in the acetone-water (5 + 1) extraction solvent. Fig-
ure 1 shows chromatograms of 5.58 ng ECH and 0.00965
mg equivalentinjection ofpaprika extract that contained 361
ppm ECH. These chromatograms are typical of the quality
obtained for residues at levels >3 ppm. No extraneous re-
sponses were recorded at retention times >10 min. The col-
umn operating temperature was held constant at 130°C
throughout this study, and typical total analysis time was
<20 min/sample. Although extensive recovery studies on
the extraction procedure have been previously reported (7),
the commodities used here were not examined. In the present
study, ECH was recovered from paprika (spike 3.6 ppm) at
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Table 1. BCHand CE=s* found (ppm) in commercial products

Ratio
Product ECH CEE ECH/CEE

Allspice 810 280 2.9
Allspice 830e 250e 35
Black pepper, ground 0.2 _d —
Black pepper, ground 0.5 ND« —
Black pepper, ground 45 — —
Black pepper, whole 43 — —
Black walnuts 19 6.7 0.29
Black walnuts 2.2 11 0.20
Black walnuts 2.3 10 0.23
Black walnuts 4.8 22 0.22
Chili powder 18 — —
Chill powder 25 — —
Chili powder, hot Mex. style 1.4 — —
Chili powder, inst. chill mix 0.8 — —_
Chili powder, inst. chili mix 15 — —
Chili seasoning mix 45 - —
Cocoa ND — —
Cocoa ND — —
Mint flakes, dehydrated 0.6 — —
Mushroom slices, freeze dried ND — —
Mushroom slices, freeze dried 0.4 — —
Nacho cheese mix ND — —
Nacho cheese mix 14 — —
Nutmeg, ground 18 7.7 2.3
Nutmeg, ground 16 — —
Nutmeg, ground 30 — —
Nutmeg, ground 37 — —
Onion, powder ND — —
Onion, powder ND — —
Paprika ND ND —
Paprika 0.1 ND —
Paprika 0.8 — —
Paprika 360 660 0.55
Paprika 513« 1034e 0.50
Parsley flakes 0.4 — —
Red pepper, crushed 475 67 71
Red pepper, crushed 490e 97e 51
Red pepper, ground 3.6 2 1.8
Red pepper, ground 192 140 14
Red pepper, ground 356 268 13
Seafood seasoning 33 140 14
Taco seasoning mix 115e 48e 2.4
Taco seasoning mix 117 28 4.2
Vegetable flakes 0.35 — —
Vegetable flakes 0.6 — —
White pepper 0.78 ND —

* Sum of C,4C 16 CEEs.

b Raw values, not uniformly rounded off to indicate proper number of signifi-
cant figures.

cQualitatively confirmed by GC/MS: ECH using Apparatus (e), CEEs using
Apparatus (d).

" No analysis.

« ND = not detected for ECH (<0.1—<0.6 ppm), for CEEs (<0.2-<2 ppm).

93 and 97% and from walnuts (spike 1.8 ppm) at 80 and
84%. It was considered that these commaodities were repre-
sentative of those studied here and that comprehensive re-
covery experiments were unnecessary.

The chromatograms in Figure 2 show 1.5 ng 2-chloroethyl
caprate (CEEi0, 3.0 ng 2-chloroethyl laurate (CEELD), 3.8 ng
2-chloroethyl myristate (CEEY), 7.6 ng CEE® 15.2 ng CEE®R,,
and 0.069 mg test portion equivalent injection of a 6% EE/
PE Florisil eluate of ground pepper. In nutmeg, CEEK was
the major residue. In all other products, CEE182was the major
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residue. In all products, CEE18], which has the same response
as CEEI8on the Hall detector, was used to quantitate resi-
dues eluting after CEE,6. CEE recoveries ranged from 73 to
112% in black walnuts and from 71 to 122% in paprika.

Food product selection was based primarily on previously
reported findings (2, 7-10). Residue findings for the 46 prod-
ucts are presented in Table 1 The wide range of ECH levels
found, 0.14-880 ppm, is similar to previously published val-
ues (7-10) as are the CEE levels, 2-1034 ppm (2). As indi-
cated in Table 1, some results were qualitatively confirmed
by mass spectrometry (MS). In addition, I-chloro-2-propa-
nol (average 15 ppm) was confirmed by GC/MS in 3 of the
4 black walnuts. No relationships were observed with residue
levels vs various products or brands.

Ratios of ECH/CEE (total of C#C,8 ranged from 0.2 to
7.1 for those products that contained measurable levels of
both residues. The ratios are probably determined by the
fatty acid content of the products examined (2). ECH/CEE
ratios were within a narrow range for particular products,
e.g., ground red pepper 1.3-1.8 and black walnuts 0.20-0.29.

Conclusions

In all 17 test portions that contained CEE residues, ECH
was also found. This demonstrates that CEE residues are
indicators of the presence of ECH in the products examined.
Furthermore, the relatively narrow range of ratios of ECH/
CEEs for particular products suggests that by studying the
food ingredients fumigated with ethylene oxide not examined
in this work it may be possible to obtain an estimate of the
total dietary human exposure to free and bound ECH (CEEs)
using the existing Total Diet intake values for CEE residues
(3, 4).
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Behavior of 78 Pesticides and Pesticide Metabolites on Four Different Ultra-Bond Gas

Chromatographic Columns

JOHN F. SUPROCK and J. HOWARD VINOPAL

U.S. Army Environmental Hygiene Agency, Aberdeen Proving Ground, MD 21010

The gas chromatographic (GC) elution order and relative retention
time data (compared to aldrin) are presented for 78 pesticides and
pesticide metabolites on 4 different types of commercially available
2 mm id Ultra-Bond columns including Ultra-Bond 20M (20M),
Ultra-Bond 20SE (20SE), Ultra-Bond 20M coated with 1% OV-210
(OVv-210), and Ultra-Bond 20M coated with 0.5% OV-210 + 0.65%
OV-17 (mixed phase). Relative retention time data (compared to
parathion) are also represented for 19 organophosphorus insecticides
on the 4 Ultra-Bond columns evaluated. Corresponding 4 mm id
Ultra-Bond columns were evaluated at the same time as the 2 mm
id columns, and results and comparisons for these larger-diameter
columns are discussed. These data indicate that, with aldrin as a
reference peak, a complement of the mixed-phase column and either
the 20M, the 20SE, or the OV-210 column represents a useful chro-
matographic tool for dual-column analysis of pesticide residues. The
2 mm id columns were more useful in chromatographing later-eluting
pesticides whereas the corresponding 4 mm id columns were more
useful in chromatographing earlier-eluting pesticides.

Ultra-Bond® 20M column packing, introduced commer-
cially in 1976 by RFR (now ULTRA Scientific), was the first
in a family of gas chromatographic (GC) packings based on
a method developed by Aue et al. (1). The product of this
method was a packing having an ultrathin film of surface-
bonded Carbowax 20M on highly deactivated Chromosorb
W. Carbowax 20M can be used by itself or lightly coated
(e.9., 1-5%) with common liquid phases.

Lorah and Hemphill (2) used this surface-modified support
with an alkali flame detector to chromatograph intact several
carbamate pesticides. Later, Hall and Harris (3), using elec-
trolytic conductivity detection, determined relative retention
indices for 24 carbamate pesticides on 6 different commer-
cially available Ultra-Bond 20M and coated Ultra-Bond 20M
surface-modified supports.

Our laboratory has been using the Ultra-Bond 20M col-
umn packings since 1978 for specific types of pesticide res-
idue analyses, for confirmatory column determinations, and
for certain difficult separations. The success achieved with
the use of these packings has led us to further investigations
on the GC behavior ofnumerous pesticides ofdifferent classes.

The chromatographic elution order and relative retention
times of 78 pesticides and pesticide metabolites from 9 pes-
ticide classes on 4 different Ultra-Bond GC columns using
electron-capture detection are presented. The chromato-
graphic data generated in the present study of Ultra-Bond
columns should prove useful to laboratories involved in pes-
ticide residue analyses. To our knowledge, information on
the chromatographic behavior of many ofthe pesticides stud-
ied in this paper on Ultra-Bond columns has not been pre-
viously published.

Received November 4, 1986. Accepted April 8, 1987.

Ultra-Bond® is a registered trade name of ULTRA Scientific, Hope, RI
02831. Use of trade names does not imply endorsement by the U.S. Army
but is intended only to assist in identification of a specific product.

The opinions or assertions contained herein are the private views of the
authors and are not to be construed as reflecting the views of the Department
of the Army or the Department of Defense.

Experimental
Apparatus and Reagents

(a) Gaschromatograph. —Tracor Model 560 equipped with
dual linearized 6Ni electron-capture detectors. Operating
conditions: argon-methane (95 + 5 v/v) carrier gas flowing
at 25-30 ml/min (2 mm id column) or 55-60 mL/min (4
mm id column); temperatures, °C—detector, 325°, column,
190-205 (depending on column type used), inlet, 160 (an
early Tracor 560 model with recessed septum retainer was
used, necessitating a reduced inlet temperature to prevent
rapid septum deterioration); detector saturation current, 6.0 X
10-9A.

(b) Analytical balance.—Electronic, Mettler Model AE163.

(c) Ultra-Bond GC columns.—Ultra-Bond 20M (20M),
Ultra-Bond 20SE (20SE), Ultra-Bond 20M coated with 1%
0OV-210 (OV-210), and Ultra-Bond 20M coated with 0.5%
OV-210 + 0.65% OV-17 (mixed phase) (ULTRA Scientific,
Hope, R1 02831). Empty silanized glass columns—6 ft x 2
mm id or 6 ft x 4 mm id (Supelco, Inc., Bellefonte, PA
16823-0048)—were rinsed with acetone and petroleum ether,
dried under nitrogen, and packed with appropriate Ultra-
Bond packing, using house vacuum and hand-held vibrator.
Silanized glass wool (Supelco) was used to plug column ends.

All Ultra-Bond columns were heat-conditioned 1 week at
230°C, using ultrahigh purity nitrogen as carrier with flow
rates of 20-30 mL/mm for 2 mm id columns and 50-60 mL/
min for 4 mm id columns. Columns were not connected to
the detector during conditioning.

(d) Solvents.—lIsooctane, toluene, methanol, acetone, pe-
troleum ether, and ethyl acetate, distilled in glass (EM Sci-
ence, Cherry Hill, NJ 08034, and Anachemia, Montreal,
Quebec, Canada).

(e) Analytical standards.—Methyl esters of 2,4-D, 2,4,5-
T, 2,4-DB, and silvex were obtained from PolyScience Corp.
(Niles, IL 60648); all other standards were obtained from
EPA Pesticides and Industrial Chemicals Repository (Re-
search Triangle Park, NC 27711). Using appropriate solvent,
primary standard solutions of 100-200 pg/mL concentration
were prepared for each compound. Primary standard solu-
tions were diluted with isooctane (and in some instances
toluene) to achieve working range level (generally 25-75%
full-scale deflection under GC operating conditions used).
All analytical standards were prepared fresh before chro-
matography. All primary and secondary dilutions of analyt-
ical standards were stored in freezer at - 1 5°C.

Chromatographic Procedures

In this study, solutions of individual compounds were
chromatographed on each of the Ultra-Bond columns. In-
jection volumes of 6-8 pL were used. Standards ofaldrin (or
parathion) were not present in each injected solution, but
were chromatographed at the beginning ofeach day and then
rechromatographed after every fourth or fifth injection
throughout the day. Relative retention time data were de-
rived in most part from single chromatographic determi-
nations at the working concentration level.
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Table 1. Pesticides and pesticide metabolites (by pesticide
class) subjected to GC on Ultra-Bond columns

Benzenhexachloride (BHC) insecticides:

a-BHC
)?-BHC
6 BHC
Lindane

DDT insecticides:
o. p'-DDE
p, p'-DDE
0,p'-DDD
p.p-DDD
O.p-DDT
AP'-DDT

Cyclodiene insecticides:
Aldrin
frans-Chlordane
c/s-Chlordane
a-Chlordene
7- Chlordene
Chlordene
Compound C
Dieldrin
Endosulfan |
Endosulfan I
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide
Oxychordane
frans-Nonachlor

Organophoshorus insecticides:

Carbophenothion
Chlorfenvinphos
Chlorpyrifos
Cyanophos

Diazinon

Diazinon oxygen analog
Dichlofenthion
Dimethoate

Ethion

Fenitrothion

Isofenphos

Malathion

Malathion oxygen analog
Methyl parathion
Monocrotophos
Parathion

Phencapton

Ronnel

Zytron

Miscellaneous insecticides:
Methoxychlor
Mirex

Chlorophenoxy and benzoic acid herbicides:
2.4- D, methyl ester
2.4- DB, methyl ester
Dimethyl-2,3,5,6-tetrachloroterephthalate (DCPA)
Dicamba, methyl ester
Dichlorprop, methyl ester
Fenac, methyl ester
Methylchlorophenoxyacetic acid (MCPA), methyl ester
Silvex, methyl ester
2,4,5-T, methyl ester
Triazine herbicides:
Atrazine

Propazine
Simazine

Miscellaneous herbicides:
Alachlor
Benefin
Bromacil
Chloroallyl diethyldithiocarbamate (CDEC)

Table 1. Continued

Dichlobenil

Nitrofen

Oxadiazon

Picloram, methyl ester

Pronamide

Propanil

Trifluralin
Miscellaneous fungicides:

Captan

Chloroneb

Chlorothalonil

Ethazol

Hexachlorobenzene
Pentachloronitrobenzene (PCNB)
Triadimefon®

Results and Discussion

The pesticides and pesticide metabolites chromatographed
in this study are listed (by pesticide class) in Table 1. Table
2 presents the chromatographic behavior and relative reten-
tion times (compared to aldrin) for the 78 pesticides and
pesticide metabolites on the 4 different Ultra-Bond 2 mm id
column types. Table 3 presents the chromatographic behav-
ior and relative retention times (compared to parathion) for
19 organophosphorus insecticides on the same 4 Ultra-Bond
2 mm id columns.

The 78 pesticides and pesticide metabolites listed in Table
1represent 9 diverse classes of pesticides. Standards for these
compounds were obtained and prepared over a period of
several years. As a result, not all of the compounds listed in
Table 1 were available at the time a particular Ultra-Bond
column type was being evaluated. The Ultra-Bond columns
were evaluated in the following order: 20M, 20SE, OV-210,
and mixed-phase. Of the compounds listed in Table 1,61
were chromatographed on all 4 columns. The remaining 17
compounds were chromatographed only on the OV-210 and
mixed-phase columns except for CDEC and PCNB which
were chromatographed only on the mixed-phase column.

The absolute retention times for aldrin (measured from
the beginning ofthe solvent peak) under the chromatographic
operating conditions described above were 1.10 min for both
the 20M and 20SE columns, 1.46 min for the OV-210 col-
umn, and 2.28 min for the mixed-phase column. The relative
retention time (RRT) data (compared to aldrin) for the pes-
ticides and pesticide metabolites listed in Table 2 were gen-
erated at slightly differing oven temperatures for the 4 col-
umns. The oven temperature used for each of the 2 mm id
columns represented the highest temperature at which the
earliest eluting compound evaluated was separated from the
solvent front on the corresponding 4 mm id columns. The
2 different sized columns were evaluated at the same time,
and the results of these evaluations are discussed later in this
section. In spite of slightly differing oven temperatures, sev-
eral general statements regarding the RRT data of Table 2
can be made. The 20M and 20SE columns showed very
similar RRTs for most of the compounds evaluated. The
RRTSs for most of the compounds evaluated on the OV-210
column were similar to the RRTs on the 20M and 20SE
columns. However, overall, the RRTs for the 20M and 20SE
columns were closer to each other than they were to the RRTs
for the OV-210 column. The RRTs for most of the com-
pounds on the mixed-phase column were dissimilar to the
RRTs obtained using the other 3 columns. In general, the
RRT values for the mixed-phase column were numerically
lower than those for the 3 other Ultra-Bond columns.



1016 SUPROCKE&MNCPAL: ] ASSOC GFF ANAL GHEMI (ML 0, NQ 6, 1987)

Table 2. Chromatographic behavior and relative retention times Table 2. Continued
(compared to aldrin) for 78 pesticides and pesticide metabolites

on 4 different Ultra-Bond columns, using electron-capture Type of Ultra-Bond column*

detection 0.5%
u OV-210-
Type of Ultra-Bond column 1% 0.65%
0.5% 20M 20SE OVv-210 OVv-17
0V-210- Pesticide* (205°C) (190°C)  (195°C)  (200°C)
1%  0.65%
20M 20SE OV-210 OV-17 Picloram, methyl ester 6.89 6.96 8.24 3.77
Pesticide" (205°C) (190°C) (195°C)  (200°C) Ethion - - 6.62 451
Endosulfan II 6.11 6.45 7.00 4.73
Ethazol _C _ 0.24 0.20 p,p'-DDD 7.07 7.27 8.49 4.90
Dichlobenll coelutes coelutes 0.30 0.23 Nitrofen 7.30 7.64 8.95 5.24
with solvent with solvent p.p-DDT 6.81 6.96 7.97 531
Benefin — — 0.38 0.28 Carbophenothion 7.26 8.12 8.43 5.62
Trifluralin — — 0.38 0.29 Bromacil 12.89 14.20 15.76 6.10
Chloroneb — — 0.38 0.30 Endrin aldehyde 9.26 8.85 10.53 6.30
Dicamba, methyl ester coelutes coelutes 0.41 0.32 Mirex 7.04 7.04 8.08 7.02
with solvent with solvent Endosulfan sulfate 11.59 12.40 14.26 8.20
MCPA, methyl ester — — 0.54 0.40 Phencapton 11.89 13.70 14.27 9.23
Dichlorprop, methyl ester _ — 0.54 0.40 Methoxychlor 14.93 16.00 18.24 10.87
Hexachlorobenzene 041 041 041 0.44 * Listed In order of relative retention time on mixed-phase column.
Fenac, methyl ester - - 057 8‘51; “ All columns were 2 mm Id x 6 ft long; column oven temperatures are giv-
CDEC - 0_8 _4 0'55 en in parentheses.
2/4-D, methyl ester 081 '70 0'3 ’ “ Analytical standard for this pesticide was not available at the time this col-
0-BHC 0.79 0.76 0.76 0.59 umn was evaluated.
Diazinon 081 822 8 62 059 “ Absolute retention times for aldrin (measured from the beginning of the
Chlordene 0.70 ' " ’ 822 solvent peak) on the 20M, 20SE, OV-210, and mixed-phase columns were
Slivex, methyl ester 081 08 081 ' 1.10, 1.10, 1.46, and 2.28 min, respectively.
PCNB — — — 0.63
Diazinon oxygen analog 1.00 115 0.92 0.66
Compound C 0.74 0.76 0.76 0.71
Heptachlor 0.93 0.93 0.92 0.85 . . .
2,4,5-T, methyl ester 1.30 132 135 087 The absolute retention times for parathion under the chro-
Lindane 115 1.08 116 0.88 matographic operating conditions used were 3.30,3.47, 5.10,
a-Chlordene 0.96 1.00 0.97 0.90 and 4.74 min for the 20M, 20SE, OV-210, and mixed-phase
E'rzh'g;‘i*:;h"’” 122 igg 12‘21 8'3‘2) columns, respectively. Regarding the RRTs (compared to
Aldfi’n“ 100 100 100 100 parathion) for the organophosphorus insecticides listed in
2,4-DB, methyl ester — — 1.46 1.00 Table 3, it is apparent that the 20M and 20SE columns again
Alachlor 1.37 1.42 1.43 1.07 have very similar RRTs for this group of pesticides. Also,
Pronamide o ou 208 o the RRTs for the OV-210 column were similar to those on
razine . . . "
7-Chlordene ot 132 138 119 the 20M and 20SE columns for most of the organophospho-
Ronnel 148 1.50 159 1.20 rus compounds. In contrast to the RRT data of Table 2
Simazine 2.48 2.50 2.68 130 (relative to aldrin), the RRT data for the organophosphorus
Chlorothalonil — oo 173 13; compounds listed in Table 3 (relative to parathion) on the
/3-BHC 2.24 . 2.35 . R P
mixed-ph lumn wer
Cyanophos 219 519 a6 e | ed-phase colu ere similar to those of the other 3
Chlorpyrifos 1.63 181 1.70 1.39 columns. ) )
Oxychlordane 159 1.62 1.65 1.44 It appears that the data of Table 2, using aldrin as the
Zytron 2.15 2.35 2.32 152 reference compound, shows greater overall diversity in RRT
Malathion oxygen analog 2.48 217 273 158 values for the 4 columns evaluated than do the data of Table
DCPA 2.04 2.12 2.30 161 3 usin rathion the referen d. F
Heptachlor epoxide 1.96 1.92 2.16 1.68 ! g parathion as the refe e ce cpmpour} - From a prac-
3.BHC _ 2.93 3.22 173 tical chromatography standpoint, with aldrin as a reference
Dimethoate 311 3.08 3.49 175 peak, we can conclude that a complement ofthe mixed-phase
:"Aolnft’lffowphos 222 3-21 ‘2‘-33 i;g column and either the 20M, the 20SE, or the OV-210 column
alathion . . . .
irans-Nonachlor L3 508 205 183 represents a useful ar_ld powerful t_ool f_or the dua_l-(_:olumn
frans-Chlordane 2.8 2.3 235 188 identification, resolution, and confirmation of pesticide res-
Triadimefon — — 3.22 1.93 idues. The data presented in Table 2 represent perhaps the
c/s-Chlordane 2.24 217 241 197 most significant contribution of this paper.
Methy! parathion 3.00 2.96 346 197 As mentioned earlier in this section, in addition to the
Isofenphos — — 2.86 2.02 . .
Fenltrothion 311 319 359 207 evaluation of the four 2 mm id Ultra-Bond columns shown
Parathion 3.00 3.15 3.49 2.08 in Tables 2 and 3, a comparable evaluation was made with
Endosulfan 1 2.26 223 2.37 2.10 4 mm id columns of Ultra-Bond 20M, 20SE, OV-210, and
b o e a0 mixed phase. The chromatographic behavior and RRT data
orfenvinphos . . . . . .
p.p-DDE 315 315 254 262 for the 4 mm |_d columns are not preser}ted in tab_ular form
Dieldrin 311 3.04 338 266 in this paper since these data are essentially identical to the
Oxadiazon — — 3.76 2.67 corresponding 2 mm id column data. Identical elution order
Erc;p_aml 5.93 631 711 3.00 and RRTs (compared to aldrin and parathion) were obtained
0.5-DDD o2 P P with all the compounds studied on corresponding 4 mm id
Captan 4.70 473 538 347 and 2 mm id Ultra-Bond columns. Some differences, how-
0,p-DDT 434 423 478 3.63 ever, were noted between the 2 mm and the 4 mm id columns.

The absolute retention times for chromatographed com-
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Table 3. Chromatographic behavior and relative retention times

(compared to parathion) for 19 organophosphorus insecticides

on 4 different Ultra-Bond columns, using electron-capture
detection

Type of Ultra-Bond column”

0.5%
OV-210-

1% 0.65%

20M 20SE OV-210 Oov-17

Pesticide* (205°C) 1190°C) (195°C) (200°C)
Diazinon 0.27 0.30 0.21 0.28
Diazinon oxygen analog 0.33 0.37 0.26 0.31
Dichlofenthion 0.38 0.39 0.33 0.43
Ronnel 0.49 0.48 0.46 0.57
Cyanophos 0.73 0.67 0.71 0.65
Chlorpyrifos 0.54 0.57 0.49 0.67
Zytron 0.72 0.74 0.67 0.73
Malathion oxygen analog 0.83 0.88 0.79 0.74
Dimethoate 1.04 0.98 1.00 0.82
Monocrotophos 1.16 1.21 117 0.83
Malathion 0.84 0.89 0.78 0.86
Isofenphos —¢C — 0.82 0.92
Methyl parathion 1.00 0.94 0.99 0.93
Fenithrothion 1.04 1.01 1.03 1.00
Parathion” 1.00 1.00 1.00 1.00
Chlorfenvinphos 1.05 115 1.00 1.10
Ethion B B 191 2.13
Carbonphenothion 2.39 2.57 2.44 2.57
Phencapton 3.96 4.35 4.13 4.46

* Listed in order of relative retention time on mixed-phase column.

" All columns were 2 mm id x 6 ft long; column oven temperatures are giv-
en in parentheses.

" Analytical standard for this pesticide was not available at the time this col-
umn was evaluated.

OAbsolute retention times for parathion (measured from the beginning of the
solvent peak) on the 20M, 20SE, OV-210, and mixed-phase columns were
3.30, 3.47, 5.10, and 4.74 min, respectively.

pounds on the 4 mm id columns were approximately twice
as long as those obtained on the 2 mm id columns. This
can be an advantage when early-eluting compounds are being
chromatographed, but it is a disadvantage for later-eluting
compounds. The electron-capture detector response (in terms
of peak height) to the compounds listed in Table 1was greater
when these compounds were chromatographed on the 2 mm

id columns than when these same compounds were chro-
matographed on the 4 mm id columns. For most of the
compounds, at least a 2-fold detector response difference (in
terms of peak height) was noted between the 2 mm id and
4 mm id columns. Overall, for the compounds listed in Table
1, the amount of material to give approximately 50% full-
scale deflection under the GC operating conditions used ranged
as follows: 0.015 ng (for hexachlorobenzene) to 200 ng (for
monocrotophos) on the 2 mm id 20M column (the most
sensitive 2 mm id column type evaluated); and 0.050 ng (for
hexachlorobenzene) to 1400 ng (for monocrotophos) on the
4 mm id 20M column (the most sensitive 4 mm id column
type evaluated). For some reason, captan could only be chro-
matographed on one of the 4 mm id columns—the mixed
phase—whereas this compound was satisfactorily chromato-
graphed on all four 2 mm id columns. With the 4 mm id
20SE column, and to a lesser extent with the corresponding
2 mm id column, some undesirable peak broadening was
observed for compounds eluting later than aldrin. In general,
most of the differences observed in this paper between cor-
responding 2mm id and 4 mm id Ultra-Bond columns reflect
known, basic GC principles.

Our laboratory plans to continue evaluating and obtaining
RRT data for Ultra-Bond columns. Relative retention data
for additional pesticides and pesticide metabolites using elec-
tron-capture detection will be completed for the 4 types of
Ultra-Bond columns. We plan to generate Ultra-Bond RRT
data for the organophosphorus insecticides listed in Table 1,
as well as for additional organophosphorus compounds, us-
ing flame photometric detection. Also planned is the collec-
tion of Ultra-Bond RRT data for a series of triazine type
pesticides using nitrogen-phosphorus detection.
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Extraction of Polycyclic Aromatic Hydrocarbons from Spiked Soil
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A homogenization method was evaluated for extracting polycyclic
aromatic hydrocarbons (PAHs) from soils. Fifteen PAHs were spiked
and recovered from 2 soils at concentrations ranging from 1 to 1000
jig/g, using the homogenization method and a Soxhlet extraction
method. Each extraction method performed well in removing the 15
PAHs from both soils over a broad range of concentrations. In gen-
eral, Soxhlet extraction yielded slightly but significantly (P < 0.05)
higher recoveries than did the homogenization method. The homog-
enization method, however, was easy to use, and the extraction step
turnaround time was less than 15 min/sample. The method should
be suitable for other applications requiring the extraction of hydro-
phobic organic compounds from soils.

Several techniques have been developed for the extraction
of hydrophobic organic compounds from soils and sedi-
ments. The most widely used techniques include Soxhlet
extraction (1-6), shake flask methods (7, 8), sonication (9),
and homogenization methods (6, 10-13). Three important
criteria in the selection of an extraction technique for quan-
titative analysis of environmental samples are recovery ef-
ficiency, processing time, and ease of use.

Factors affecting recovery efficiency include the physical
and chemical nature of the sample matrix and the structure
and concentration of the analyte. Correlations between soil
organic matter content and sorption of nonpolar organic
compounds from aqueous solution have been observed (14),
which suggests that the organic matter fraction of a soil or
sediment may influence extraction efficiency. Sorption is also
influenced by the physical and chemical characteristics of the
sorbate, indicating that recovery efficiencies must be deter-
mined for each analyte (14, 15). Extraction efficiencies have
been observed to vary with analyte concentration (6) sug-
gesting the need to investigate recovery efficiencies over the
entire range of concentrations expected. Finally, processing
time per sample must be considered, especially when the
number of samples to be analyzed is large.

As part of a comprehensive laboratory research effort to
investigate the biological degradation of polycyclic aromatic
hydrocarbons (PAHSs) present in vadose zone soils at haz-
ardous waste sites (16), a study was undertaken to determine
the efficiency of a homogenization technique for extraction
of these compounds from soil. The 15 PAH compounds
examined in this study were selected because oftheir presence
in organic wastes associated with vadose zone soils (16) and
because they are regulated as hazardous constituents by the
U.S. Environmental Protection Agency (EPA). The degra-
dation experiments involved the use of small soil micro-
cosms to monitor the loss of PAHSs over time in 2 soils. Each
microcosm represented a discrete sample, and PAH concen-
trations in the incubating soil were periodically determined
by solvent extraction of the entire contents of individual
microcosms and quantitation of the PAHs recovered. The
homogenization method was selected for evaluation because
it permitted extractions to be performed directly in the mi-
crocosm glassware, thus minimizing sample handling. In ad-
dition, significant savings on the extraction solvent were ex-
pected over costs with a conventional Soxhlet extraction
method.

Received November 17, 1986. Accepted March 24, 1987.
1Address correspondence to this author.

The extraction study consisted of spiking both experimen-
tal soils with a mixture of 15 PAHSs at concentrations ranging
from 1to 1000 fig/g and extracting the compounds to de-
termine recovery efficiency. A Soxhlet extraction procedure
approved by EPA for the chemical characterization of solid
wastes (17) was also evaluated for comparison.

Experimental
Experimental Design

Spiked soil extraction recoveries of 15 PAHs were deter-
mined in 2 soils by using a homogenization method and a
Soxhlet extraction method. Extraction efficiencies at PAH
concentrations of 100, 10, and l/ug/g were evaluated for the
following compounds: acenaphthylene, acenaphthene, flu-
orene, phenanthrene, anthracene, fluoranthene, pyrene,
benz[a]anthracene, chrysene, benzo[6]fluoranthene, benzo-
[E]fluoranthene, benzo[u]pyrene, dibenz[a,/j]lanthracene,
benzo[g,/u]perylene, and indeno[l,2,3-a/]pyrene. In addi-
tion, extraction efficiencies for the first 9 compounds were
evaluated at a concentration of 1000 ng/g. The concentration
ranges were selected to bracket levels typically found in the
soils of controlled and uncontrolled hazardous waste sites
containing PAHSs. Triplicate extractions were performed at
each experimental matrix position.

Apparatus and Reagents

(a) Standardsolutions. —Solutions containingall 15 PAHs
were prepared in LC grade dichloromethane for spiking soil
samples. Compounds were >98% purity except for ace-
naphthylene (95%) and were obtained from Aldrich Chem-
ical Co. (Milwaukee, W 153201) andFoxboro Analabs (North
Haven, CT 06473). PAHs of 99% purity (Foxboro Analabs)
were used to prepare analytical standards in LC grade ace-
tonitrile for liquid chromatographic (LC) analysis.

(b) Tissumizer homogenization system.—Tekmar (Cin-
cinnati, OH 45222), consisting of Model SDT-1810 motor,
Model SDT-182EN shaftand generator assembly, and Model
TR-10 speed controller.

(c) Liquid chromatograph.—Shimadzu Model LC-6A,
equipped with Model SCL-6A system controller, Model SIL-
6A autosampler, Model C-R3A computing integrator, and
Model SPD-6A variable wavelength UV detector.

(d) LC column.—LC-PAH, 4 mm x 15 cm ODS with 5
um packing (Supelco, Bellefonte, PA 16823).

Spiked Soil Sample Preparation

Two soils, which differed in texture and organic matter
content, were used as sample matrixes in the extraction study.
The Durant clay loam contained 3% organic carbon by weight
and was collected from a plot at an EPA Field Test Facility-
in Ada, OK. The Kidman sandy loam contained 0.5% organic
carbon by weight and was obtained from a Utah State Uni-
versity agricultural experiment station in Kaysville, UT. Prior
to use in the extraction study, both soils were air dried and
screened to <2 mm.

Spiked soil samples were prepared in 125 mL Erlenmeyer
flasks by pipetting 3 mL standard solution containing all 15
PAHSs onto 10 g soil. After mixing the solution with soil, the
solvent was allowed to evaporate at 20°C for 2 days prior to
sample extraction.
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Chromatograms of (a) PAH standard and (b) PAH-spiked soil extract. Peak identification: 1, naphthalene; 2, acenaphthylene;

3, acenaphthene; 4, fluorene; 5, phenanthrene; 6, anthracene; 7, fluoranthene; 8, pyrene; 9, benz[a]lanthracene; 10, chrysene; 11,
benzo[b]flouranthene; 12, benzo[k]fluoranthene; 13, benzo[a]pyrene; 14, dibenzfa,h]anthracene; 15, benzo[gA<]perylene; 16,
indenof 1,2,3-cdjpyrene.

Extraction and Analysis

All glassware was washed with soap and water, rinsed with
deionized water, and heated in a muffle furnace at 550°C
prior to use.

Soxhlet extraction of the soil samples was conducted fol-
lowing EPA Method 3540 (16). A 10 g soil sample was com-
bined with 10 g anhydrous Na,S04in a solvent-cleaned cel-
lulose thimble and was Soxhlet-extracted with 300 mL
dichloromethane for 16 h which corresponded to ca 60 sol-
vent cycles. The extract was then dried with anhydrous NaZS 04
and concentrated to between 0.5 and 1 mL in a Kudema-
Danish apparatus. The concentration extract was diluted to
the desired volume with acetonkrile for LC analysis.

A 10 g soil sample was homogenized in the Tissumizer
with 70 mL dichloromethane for 45 s. The solids were al-
lowed to settle in the flask, and the supemate was transferred
to a drying column containing anhydrous Na2S 04 The solids
were reslurried with 40 mL solvent and transferred with
rinsing to the drying column. Dried extracts were concen-
trated as described above for the Soxhlet extracts.

Extracts were analyzed by reverse phase LC using a gra-
dient mobile phase program consisting of 2 min isocratic
elution with 40% acetonitrile in water followed by 15 min
linear gradient to 100% acetonitrile at a flow rate of 2 mL/
min. Analytes were detected at a wavelength of 254 nm.

Results and Discussion

Method blanks, spiked blanks, and unspiked soil samples
were processed through each analytical system before spiked
soil samples were extracted. Both systems were free of in-
terferences, and all 15 PAHs were quantitatively recovered
when spiked blanks were processed. Chromatographic anal-
ysis of the unspiked soil extracts demonstrated that interfer-
ences contributed by natural soil components were minimal
and that background soil PAH concentrations were below
the detectable level of approximately 0.1 ;:g/g. Representa-

tive chromatograms of a PAH standard and a PAH-spiked
soil extract, presented in Figure 1, demonstrate the degree
of analyte resolution and freedom from interferences en-
countered during the study.

Percent recoveries of the 15 PAHSs, using both the Soxhlet
and Tissumizer extraction techniques, are summarized in
Table 1 Efficiencies in this table represent averages of results
from 9 or 12 extractions, depending on the concentration
range investigated and reflect the influence of the 2 soils on
extraction recovery independent of the effect of concentra-
tion. One-way analysis of variance was conducted on the
factor concentration for each soil/method combination to

Table 1. Average PAH percent recoveries from sandy loam and
clay loam soils by Soxhlet and Tissumizer extraction methods8

Tissumizer method Soxhlet method

Compound Sandy loam Clay loam Sandy loam Clay loam
Acenaphthylene’ 71+ 12 8 * 5 77 4 82+ 8
Acenaphthene” E 84 £ 6 93 £ 1 92 £ 1
Fluorene' 99 £ 1 96 * 2 107+ 2 105 1
Phenanthrene' 102 1 103+ 3 109+ 2 109+ 1
Anthracene' 82 £ 1 85+ 3 67 £ 3 7
Fluoranthene' 94+ ] % + 6 109+ 1 111 =1
Pyrene* 98 = 2 100 + 8 102+2 101 +2
Benz[a]anthracene' 97 % 2 99 £ 1 1011 103+ 2
Chrysene" 96 £ 1 95+ 1 104+ 1 105+ 1
Benzo[d]fluoranthene® 711 70+ 1 83+ 0 83+ 1
Benzo[K]fluoranthene“ 104 + 2 103+ 2 113+ 1 113 % 1
Benzo[a]pyrene* 68 + 3 70* 5 46 = 1 49 £ 4
Dibenz[a,/tlanthracene* 94 4 97 + 3 115+ 3 118+ 1
Benzo[g,/t,/]perylene* 95+ 1 98+ 3 94+ 1 95+ 2
Indeno[1,2,3-cdjpyrene" 98+ 1 102 + 1 107+ 0 108+ 1

* Average + 95% confidence Interval, rounded to nearest percent.
6Concentrations represented: 10, 100, and 1000 jig/g.
‘Concentrations represented: 1, 10, 100, and 1000 iiglg.

“ Concentrations represented: 1, 10, and 100 ixglg.
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Table 2. Average PAH percent recoveries at each concentration by Soxhlet and Tissumizer extraction methods9

1020
Tissumizer method
Concn, "g/g
Compound 1 10 100
Acenaphthylene ND* 61 + 21 86+ 7
Acenaphthene ND 73 £ 4 83+ 9
Fluorene 99 + 5 95 + 4 97 + 1
Phenanthrene 113+ 6 99 + 3 9+ 1
Anthracene 61+5 84 + 4 91 + 2
Fluoranthene 87 £ 13 98 + 1 100 + 2
Pyrene 77 £ 20 104 + 4 108 + 2
Benz[a]anthracene 98 + 4 98 + 2 98+ 1
Chrysene 96 + 3 97 + 2 92+ 1
Benzo[b]fluoranthene 87 + 2 64 + 1 61 + 0
Benzofluoranthene 102 + 3 104 = 2 104 + 1
Benzo[a]pyrene 65 + 8 64 £ 4 77+ 2
Dibenz[a,/ijanthracene 82+ 5 102 + 6 103 + 3
Benzo[g,6,/]perylene 107 + 4 91 + 2 ”2+1
Indeno[!,2,3-cd]pyrene 104 £ 2 98 + 2 98+ 1

Soxhlet method

Concn, iiglg
1000 1 10 100 1000
86+ 7 ND 53+ 2 124 + 6 61 £+ 14
85+ 4 ND 89 + 2 9 + 1 93+ 2
98+ 1 105+ 5 106 + 2 109 + 1 104 £ 1
99+ 1 112 £ 6 110 + 3 110 £ 1 103+ 1
97 £ 6 44 + 10 67 + 5 92+ 0 74 £ 15
96 + 2 107 + 2 115+ 4 114 + 1 106 + 1
107 + 3 100 + 3 104 + 5 103+ 0 98+ 1
97 £ 2 100 + 3 101 £ 2 108 + 0 100 £ 2
96 * 1 103+ 1 106 + 1 107 £ O 100 + 1
ND 90+ 1 79+ 1 81+0 ND
ND 111 £ 1 112 + 1 116 £ 1 ND
ND 49 + 6 29+ 2 65+ 1 ND
ND 127 + 6 111 + 1 112 £ 1 ND
ND 95 + 3 88+ 2 101 £ 1 ND
ND 110 + 1 104 + 1 109 + 1 ND

« Average * 95% confidence interval, rounded to the nearest percent (average of 6 recoveries, 3 from each soil).

6ND = not determined.

establish confidence intervals on the reported means. In gen-
eral, high extraction efficiencies with good precision were
obtained regardless of soil type or extraction method. Re-
coveries from both soils were essentially the same for a given
extraction method despite the fact that the organic matter
content of the clay loam was about 6 times the value for the
sandy loam. Furthermore, recoveries were high for PAHs of
both low and high molecular weight.

Extraction recoveries remained high over the range of con-
centrations tested, as demonstrated in Table 2. Efficiencies
in this table represent averages of results from 6 extractions,
3 from each soil, and reflect the influence of concentration
level on extraction recovery independent of the effect of soil
type. Confidence intervals were again established using anal-
ysis of variance mean square errors.

Each extraction method performed well in removing the
15 PAHSs from both soils over a broad range of concentra-
tions. In general, Soxhlet extraction yielded slightly but sig-
nificantly (P < 0.05) higher recoveries than did the homog-
enization method. In degradation experiments conducted in
this laboratory, the homogenization method presented here
minimized sample handling by permitting extractions to
be performed directly in soil microcosm glassware. In ad-
dition, the method was easy to use and the extraction step
turnaround time was less than 15 min/sample. The method
should be suitable for other applications requiring the ex-
traction of hydrophobic organic compounds from soils.
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Determination of Naptalam and Its Metabolite in Foods, as 1-Naphthylamine, Using Liquid
Chromatography with Oxidative Electrochemical Detection

BRIAN L. WOROBEY and J BRIAN SHIELDS

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

Ontario K1A 0L2, Canada

A new method is described for the determination of the herbicide
naptalam and its metabolite 1-naphthylamine in several foods. The
method is sensitive, selective, and extremely rapid compared with
previously reported methods. Liquid chromatography with electro-
chemical detection (LC/ECD) is used to determine 1-naphthylamine
produced from the metabolism or base hydrolysis of naptalam in
asparagus, peaches, and cranberries. These foods were spiked with
naptalam at 0.05 and 0.11 ppm and hydrolyzed with 30% NaOH
with concomitant distillation of 1-naphthylamine. Aliquots of the
distillate were injected onto a reverse-phase PRP-1 LC colurmn for
separation of 1-naphthylamine from coextractives near the solvent
front and detection at an applied potential of +0.83 V using an
amperometric electrochemical detector in the oxidation mode. Re-
coveries ranged from 89% + 2%%to 97% + 8% for all foods at both
spiking levels. Accuracy of these recoveries was confirmed by use of
KC-radiolabeled naptalam and radioassay by liquid scintillation spec-
trometry of the WC-I-naphthylamine released.

The herbicide 2-[(I-naphthalenylamino) carbonyl] benzoic
acid (N- 1-naphthylphthalamic acid) (naptalam; Alanap®) or
its sodium salt is registered for use on several fruits and
vegetables in Canada and other countries. Naptalam breaks
down rapidly into 1-aminonaphthalene (1-naphthylamine)
and phthalic acid via metabolic and other degradative pro-
cesses (1, 2). 1-Naphthylamine has been reported to be cy-
totoxic and genotoxic in mammals (3, 4), and its 7V-hydroxy
metabolite is a potent, direct-acting carcinogen and mutagen
(5). Naptalam residues in foods (plants, crops) are typically
analyzed by hydrolyzing the naptalam to 1-naphthylamine,
distilling off the 1-naphthylamine, partitioning against hex-
ane, extracting with aqueous acetic acid, and forming a col-
ored derivative by coupling 1-naphthylamine with diazotized
sulfanilic acid (Ama 535 nm) (6-8).

A more rapid method was sought for routine analysis of
naptalam and 1-naphthylamine using the electrochemical de-
tector. Electrochemical detection (ECD) monitors the changes
in current associated with the reduction or oxidation of a
sample component. When combined with liquid chroma-
tography, it has proven to be a highly sensitive and selective
method of instrumental analysis (9, 10). The LC/ECD anal-
ysis of 1-naphthylamine as a standard or in laboratory wastes
has been previously reported (11-13). The present study was
implemented to develop a more rapid, selective, and sensi-
tive analysis for naptalam and 1-naphthylamine in several
foods by using LC/ECD.

METHOD
Reagents

(@ Standards.—Naptalam, obtained as the sodium salt
from U.S. Environmental Protection Agency (Washington,
DC) at 94% stated purity; 1-naphthylamine, >99% purity
(Aldrich Chemical Co., Milwaukee, WI 53201). Safety pre-
cautions: 1-Naphthylamine is genotoxic and is a suspected
carcinogen and should be handled with due caution. Deter-
mine mass spectra of both compounds by direct inlet probe-
mass spectrometry.

(b) AC-naptalam.—Ring-labeled, sodium salt, 54.81 gCi,

Received November 21, 1986. Accepted February 18, 1987.

11.86 mCi/mmol, radiochemical purity > 99% (UniRoyal
Chemical Co., Naugatuk, CT 06770).

(c) Standard solutions.—Prepare in 0.1N aqueous Na-
HCO03 Prepare 1-naphthylamine stock solution by dissolving
weighed standard in minimum volume of acetonitrile fol-
lowed by dilution with LC mobile phase. Prepare serial di-
lutions in mobile phase for working standards.

(d) Mobile phase.—Acetonitrile-0.15M aqueous »-phos-
phoric acid (40 + 60). Filter through 0.45 millipore filter
and degas 5 min on Branson ultrasonic bath.

(e) Zinc granules.—&0 mesh; use to maintain reducing
conditions during hydrolysis (Fisher Scientific Co., Ottawa,
Ontario, Canada).

() Antifoam A.—(Dow Coming Co., Toronto, Ontario,
Canada).

(9) Paraffin.—(Fisher Scientific).

(h) Solvents. —Distilled-in-glass, pesticide grade (Caledon
Chemical Co., Georgetown, Ontario, Canada).

(i) o-Phosphoric acid.—88% H3® 04 (sp gr 1.75), Analar
grade (BDH, Toronto, Ontario, Canada).

Apparatus

(a) Blender.—Waring Blendor.

(b) Hydrolysis and distillation apparatus. -All-glass,
equipped with splash head and condenser with receiving flask,
as shown in Figure 1

(c) Heatingplate.—Coming PC-351 (Fisher Scientific Co.,
Ottawa, Ontario, Canada).

(d) Magnetic stirrer. —(Fisher).

(e) LC apparatus.—100 pL loop attached to Model 7125
Rheodyne injector (Cotati, CA 94928); injector connected to
Model P/N 080040 Guard-Pak CBguard column (Waters
Associates, Milford, MA 01757), which is connected to PRP-
1 10 gm, 305 mm x 7 mm analytical column (Hamilton
Co., Reno, NV 89502); Varian (Ottawa, Ontario, Canada)
Model 4270 printer/plotter to record analog output from
ECD. Operating conditions: column temperature, 20°C; chart
speed, 0.5 cm/min; LC pump flow rate, 2 mL/min. Equili-
brate 30 min before applying voltage to electrode. At end of
day, purge 1 min with water followed by 2 min with meth-
anol.

(f) Electrochemical detector—Model LC-4B (Bioanalyt-
ical Systems, West Lafayette, IN 47906) amperometric de-
tector with a glassy carbon working electrode. Set to oxida-
tion mode (+) and apply optimum voltage of +0.83 V at 2
or 5 nA full-scale output current.

(9) Liquid scintillation spectrometer.—Beckman Model
LS2800 (Beckman Instrument Co., Toronto, Ontario, Can-
ada).

Spiking

Mascerate 300 g of a food (fresh peaches, asparagus, or
cranberries) at medium speed for 30 s in a blender. Weigh
50 g of mascerated food into a beaker and spike with nap-
talam by dripping 0.5-1.0 mL aqueous spiking solution evenly
onto surface of mascerate from a volumetric pipet and stir-
ring 30 s with a glass rod. Spiking levels are 0.05 and 0.11
ppm. Spike foods with 14C-naptalam at the rate 0f0.5-1.0 x
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Figure 1. Diagram of all-glass apparatus used for the hydrolysis

and distillation procedure.

106 dpm per 50 g of mascerate. Let spiked foods equilibrate
30 min before extraction.

Extraction

Transfer spiked food to 1L boiling flask with 300 mL of
30% aqueous NaOH solution. To this, add 1gzinc granules,
1g paraffin, and 0.5 mL antifoam A. Attach flask to splash
head and condenser with a receiving flask as shown in Figure
1. Heat with a heating plate, starting with a high rheostat
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setting for distillation and then reducing the heatto maintain
distillation at arate ofca 3 mL/min. Leave magnetic stirrer
on high throughoutdistillation. If foaming occurs (especially
for asparagus), apply a cold cloth to the splash head for ca 1
min. Cover transfer line between splash head and condenser
inlet with aluminum foil and maintain distillation until 250
mL ofdistillate is collected.

LC/ECD Analysis

Inject distillates into 100 ii.L loop attached to Rheodyne
injector. Completely fill loop for all injections. Inject samples
in duplicate followed by a standard of similar peak height.

Perform quantitation for LC/ECD analysis by using ex-
ternal standard method and peak height comparisons. Cal-
culate recoveries on the basis of 1-naphthylamine released
from sodium salt (i.e., 0.457mol 1-naphthylamine/mol nap-
talam sodium salt) and correct for purity (94%) ofnaptalam.

Radioassay

Pipet two 1.0 mL aliquots of each distillate into glass
counting vials. Add 15 mL Aquasol and acidify mixture to
pH 3 with concentrated HC1. Determine 14C-1-naphthyl-
amine by counting 10 min in aliquid scintillation spectrom-
eter. Determine quench correcticn by external standard counts
related to an “H” number and determine percentage effi-
ciency from a quench curve (% efficiency vs H number).
Monitor chemiluminescence by using a random coincidence
monitor accessory. Subtract background values from sample
counts and then convert from cpm to dpm. Count all samples
and standards as soon as possible after dispensing into count-
ing vials.

Results and Discussion

During the development of the method just described, it
was necessary to optimize several variables. Figure 2 illus-
trates the percentage recovery ofnaptalam from spiked cran-
berries (0.05 and 0.11 ppm) asafunction ofdistillate volume.

0 25 50 75 100

Figure 2.
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VOLUME (mL)
Percentage recovery of 1l-naphthylamine from naptalam as a function of distillate volume collected (from spiked cran-

berries); (m) cumulative percentage recovery at 0.05 ppm, (0) cumulative percentage recovery at 0.11 ppm, (¢) percentage recovery
for separate 25 mL fractions (at 0.05 ppm level).
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Figure 3. Voltammogram for 1-naphthylamine; ECD response (peak height, mm) as a function of applied potential (E°, V); 5 nA full
scale and a 0.382 M9/mL standard.

From this graph, we were able to select 250 m L distillate as
a suitable volume containing >80% 1-naphthylamine. The
figure also illustrates that over half (approximately 58%) of
the naptalam is hydrolyzed and distilled off in the first 75
mL (3 x 25 m L), but the remainder distills off slowly over
the next 175 mL.

Figure 3 illustrates a voltammogram for 1-naphthylamine
and is agraph ofdetector response (peak height) as a function
ofapplied potential (voltage). From this curve it was possible
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to select the optimum applied voltage for the highest sensi-
tivity towards 1l-naphthylamine (+0.83 V). Linearity of the
LC/ECD system was checked (Figure 4) and found to exhibit
a wide linear range 0f 0.0035-3.95 ¢¢g/mL 1-naphthylamine
with a lower detection limit of 0.30 ng per injection (S/N =
3/1). Typical LC/ECD chromatogram« o fextracts from blank
and spiked foods are shown in Figure 5. The high degree of
selectivity is evidenced by the absence of any peaks near
1-naphthylamine. The retention time was 11.1 min under

J— 1 T

0.1 10 100
CONCENTRATION (/ig/mL)

Figure 4. Linearity curve for 1-naphthylamine by LC/ECD. Log peak area units (x 106 vs 25 nL injected from standards 0.0035-3.85
/tg/mL at 5 nA full scale, SD = +1.5-10% for triplicate injections per data point.
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Figure 5. LC/ECD chromatograms. A, l-naphthylamine stan-

dard (------ ) and control food extracts; B, spiked food extract
(0.05 ppm).

the conditions described. Use of a preparative column fa-
cilitated repetitive injections of 100 /¢;L of extracts without
overloading the column.

Distillates were injected by LC/ECD and counted by liquid
scintillation spectrometry (LSS) for comparison. Table 1lists
recoveries of naptalam from 3 foods at 2 spiking levels per-
tinent to negligible residue levels of <0.1 ppm (Food and
Drug Act, Health and Welfare Canada). Recoveries were
>88% as determined by LC/ECD analysis and >81% as
determined by LSS analysis. Standard deviations (SD) were
< + 10% for all analyses and as low as + 1%. LSS results were
very similar to LC/ECD data, thus confirming the accuracy
ofthe data by the latter method.

Several other observations are worth reporting.
1-Naphthylamine stock solutions are best prepared in the
acidic mobile phase to reduce sorptive or degradation losses
(1-naphthylamine was stable for 2-3 months in mobile phase).
Large-volume pipetting (>1.0 mL) is preferred because it
reduces sorptive losses and increases accuracy. For example,
a working standard at 0.14 ng/mL prepared by pipetting 10
fiL stock solution and then diluting it for analysis was only
one-fifth the peak area ofa 0.14 /;,g/mL solution prepared by
pipetting and then diluting 1.0 mL.

A standard curve of 1-naphthylamine at +0.75 V applied
potential resulted in curvilinear responses atthe lowest (0.02
Mg/mL) and highest (0.8 pg/mL) concentrations. Attempts to
distill offthe 1-naphthylamine during the hydrolysis ofnap-
talam without using antifoam A or paraffin were fruitless for

Table 1. Recoveries of naptalam from spiked foods

Recovery + SD, %

Spiking
Sample level, ppm LC/ECD LSS
Peaches 0.00 0o @ 0o @
005 A+ 24 %5+ 1(2)
0.11 %+ 3@ 0+ 30
Asparagus 0.00 0 @ 0o @
0.05 9%+ 7(7) ax+70
0.11 % + 5(5) 87 + 43
Cranberries 0.00 0 ® 0 @
0.05 88 + 8(4) 8+ 1Q)
011 94+ 8(4) 93+ 9(3

* Number of replicates in parentheses.

all foods except cranberries. Chromatograms for canned
peaches, asparagus, and cranberries were identical to those
shown in Figure 5 for extracts of fresh foods. Three of the
most common pesticide chloroaniline metabolite/degrada-
tion products—4-chloroaniline, 3-chloroaniline, and 3,4-
dichloroaniline—did not interfere or coelute with
1-naphthylamine (retention times were 9.4, 13.8, and 49.6
min, respectively). Moving the auxiliary electrode connec-
tion from the cell to the waste stainless steel tube on the
reference electrode reduced the baseline noise at 2 nA output
from 2 mm to approximately 0.5 mm. This would permit
an extrapolated lower detection limit of <0.030 ng/injection.

The electrochemical detector provides sensitivity (pg/in-
jection) and selectivity (solvent front peaks only) and, in
tandem with LC analysis, provides a rapid method for the
determination of naptalam and its metabolite in foods,
without derivatization and without preconcentration or
cleanup of the distillate from base hydrolysis.
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Enzyme-Linked Immunosorbent Assay of Benomyl and Thiabendazole in Some Foods

W. HARVEY NEWSOME and PETER G. COLLINS

Health and Welfare Canada, Food Research Division, Bureau of Chemical Safety, Foods Directorate,

Ottawa, Ontario K1A 0L2, Canada

Enzyme-linked immunosorbent assays were developed for benomyl
as its decomposition product, methyl 2-benzimidazole carbamate, and
thiabendazole in foods. Immunogens consisting of human serum al-
bumin coupled to 2-succinamidobenzimidazole or 2-(2'-succinamido-
4'-thiazolyl)benzimidazole were used in rabbits to raise antisera that
were specific for the respective fungicides. Lower limits of quanti-
tation of 0.35 ppm for benomyl and 0.03 ppm for thiabendazole were
established without cleanup of the ethyl acetate extract. Recoveries
of benomy! from 3 crops spiked at 0.5 to 10 ppm averaged 89% (range
73-109%) and of thiabendazole from 5 crops spiked at 0.1 to 2.0 ppm
were 93% (range 81-105%).

The benzimidazole fungicides benomyl and thiabendazole
are widely used on food crops to prevent storage rot, with
maximum residue limits in Canada ranging from 0.4 to 10
ppm for thiabendazole and 0.5 to 10 ppm for benomyl or
its decomposition product methyl 2-benzimidazole carba-
mate (MBC) in different foods.

Several methods are available in the literature for the de-
termination ofthiabendazole residues, including liquid chro-
matography (LC) with fluorometric (1, 2) or ultraviolet (UV)
detection (3, 4) and gas chromatography (5). Similar proce-
dures are available for benomyl, which is determined as its
degradation product MBC, because benomyl is unstable in
solution and decomposes rapidly to MBC by loss ofits bu-
tylcarbamoyl side chain (6, 7). These methods have been
reviewed by Baker and Hoodless (8).

In a previous report (9), aradioimmunoassay (RIA) meth-
od for benomyl was described which compared well in ac-
curacy with liquid chromatography while affording a 5-fold
increase in the rate ofdata generation. A disadvantage ofthe
procedure was the requirement for a radiolabeled ligand and
associated counting equipment and the problem of waste
disposal. In the present study, enzyme-linked immunosor-
bent assay (ELISA) was investigated as a simpler means of
screening large numbers of samples for benomyl and was
extended to the determination cf thiabendazole residues in
the same extract.

METHOD
Reagents

(a) 2-Aminobenzimidazole, benzimidazole, 2-benzimid-
azoleurea, succinamide, succinic anhydride, o-phenylenedi-
amine, thiourea, 3-bromopyruvic acid.—(Aldrich Chemical
Co., Inc., Milwaukee, WI).

(b) Human serum albumin, bovine serum albumin, oval-
bumin, goat anti-rabbit IgG-peroxidase conjugate, l-ethyl-
3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC),
Tween 20 (polyoxyethylene sorbitan monolaurate). —(Sigma
Chemical Co., St. Louis, MO).

(c) Analytical standards. — Thiabendazole (Merck Sharp
and Dohme Canada, Ltd., Montreal, Quebec); benomyl,
methyl 2-benzimidazole carbamate (DuPont of Canada Ltd,
Montreal, Quebec).

(d) Tri-n-butylamine, isobutyl chloroformate. —(Eastman
Kodak Co., Rochester, NY).

(e) 2-Succinamidobenzimidazole (l1).—Prepare from

Received October 17, 1986. Accepted March 7, 1987.

2-amino benzimidazole and succinic anhydride as previously
described (10). Structure is shown is Figure 1.

(f) 2-Amino-4-carboxythiazole hydrobromide. —Prepare
by reacting 10.1 g of 0.13 mol thiourea with 16.7 g of 0.1
mol 3-bromopyruvic acid in 50 mL water as described by
Sprague et al. (10). Filter white crystals which form on cool-
ing, wash with acetone, and air-dry (yield 19 g, mp 280°C
dec.).

(@) 2-(2'-Amino-4'-thiazolyl)benzimidazole. —HezX 3.22
g of 143 mmol 2-amino-4-carboxythiazole hydrobromide
with 2 g of 18.5 mmol o-phenylenediamine in 60 g poly-
phosphoric acid 3 h at 240°C. Pour cooled solution onto 200
g ice, stir, and filter insoluble material. Adjust to pH 6 with
NaOH, remove resulting precipitate by filtration, wash with
acetone, and dry (yield 4.9 g, mp 247-250°C). Electron im -
pact mass spectrometry (EIMS) by direct probe gives the
molecular ion of aminothiazolyl benzimidazole as the base
peak at m/z 216.

(h) 2-(2'-Succinamido-4'-thiazolyl)benzimidazole (I1). —
Reflux 1.0 gof20 mmol aminothiazolyl benzimidazole with
2.0 gof20 mmol succinic anhydride 24 hin 10 mL pyridine.
Add sufficient IN HC1 to bring pH to 1 and filter resulting
precipitate. Wash the solid with water, then with methanol,
and dry in vacuum desiccator to give 1.3 g product. Electron
impact mass spectrometry gives a molecular ion at m/z 316
and base peak at m/z 298 for M —H 20. Structure is shown
in Figure 1.

(i) Immunogens and coating antigens.—Prepare immu-
nogens for raising antisera to MBC or thiabendazole by cou-
pling 2-succinamidobenzimidazole (1) or 2-(2'-succinamido-
4'-thiazolyl)benzimidazole (1) to human serum albumin with
EDC as previously described (9). Prepare antigen used to
coat microtiter plates for MBC assay by coupling (1) to oval-
bumin using the mixed anhydride procedure described for
metalaxyl (11). For thiabendazole assay, use this procedure
to couple (II) to gamma globulin.

(j) Buffers.—Prepare phosphate-buffered saline, anti-
serum diluent, pH 9.6 coating buffer, citrate buffer, and per-
oxidase substrate as described previously (11). PBS-Tween
washing solution contains 0.1% Tween 20 in PBS.

Microtiter Plate Preparation

Wash polystyrene microtiter plates having U-shape wells
with 10% diethyl ether in ethanol and coat by incubation at

)
N I

/>— NH-C-CH,-CH,-COOH
N

I

OL<T

I

Figure 1. Structures of 2-succinamidobenzimidazole (I) and
2-(2'-succinamido-4'-thiazolyl)benzimidazole (ll).
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Figure 2. Inhibition curves for assay of thiabendazole (m-—- m)

and MBC (*------ ¢); values are the means of quadruplicate
readings.

pH 9.6 as described (11), using 8 pg/mL of antigen for MBC
or 2 pg/mL for thiabendazole.

Antisera

At monthly intervals, inject New Zealand rabbits with 0.5
mL each of a 1 mg/mL emulsion of immunogen in a 1:1
mixture of 0.14N NaCl and Freund’s complete adjuvant
(1 + 1). Collect blood and prepare serum 1 week after 6th
and subsequent injections.

Sample Preparation

Cut crop material into small pieces and homogenize in
Waring Blendor. Add 0.1-0.5 mL freshly prepared meth-
anol solution ofbenomyi or thiabendazole to 10 g subsamples
ofcrop homogenate in 125 mL boiling flask to give spiking
concentrations of 0.5-10 ppm benomyi or 0.1-2.0 ppm
thiabendazole. Add 40 mL ethyl acetate and 2 mL saturated
Na2C 03and reflux 15 min. Filter through Whatman No. 1
paper on Buchner funnel and bring filtrate to 50.0 mL in
volumetric flask.

For thiabendazole assay, place 10 pL aliquot of extract in
12 x 75 mm glass tube and permit solvent to evaporate
overnight in fume hood. For benomyi, remove solvent from
25 mL aliquot of 1:5 dilution of extract in the same fashion
as for thiabendazole assay. Dissolve residue in 25 /;L meth-
anol.

Immunoassay of MBC

Add 1.0mL ofa 1:150 000 dilution ofantiserum in diluent
to tubes containing extract residue and to tubes containing
0,0.06,0.13,0.25,0.50, and 1.0ngMBC in 25/¢L methanol.
After mixing and equilibrating for 15 min at room temper-
ature, add 200 pL aliquots of sample and standard in qua-

Table 1. Recovery of MBC from various commaodities fortified

with benomyi
0,
Benomy , MBC recovered, %
ppm Lemor Grape Apple
0.50 73 82 109
25 72 a 82
5.0 79 97 97
10 76 100 100

Table 2. Comparison of concentrations of various compounds
required to inhibit binding by 50%

Concn, ng/mL
Thiabendazole
Compound MBC assay assay

MBC 14 145
Thiabendazole 380 0.208
2-Benzimidazoleurea 70 225
2-Aminobenzimidazole >500 >500
Benzimidazole >500 >500
Succinamide >500 —

druplicate to wells of sensitized plate and maintain 1 h at
room temperature. Empty plate, wash 4 times with PBS-
Tween, and determine amount of adsorbed antibody using
second antibody consisting of goat anti-rabbit IgG coupled
to horseradish peroxidase. Dilute commercial second anti-
body 1:1000 with antiserum diluent and add 225 pL to each
well. After 30 min at room temperature, empty wells, wash
4 times with PBS-Tween, add 200 pL substrate, and permit
reaction to proceed for 20 min in the dark. Terminate re-
action with 50 pL of 2.5M sulfuric acid and read optical
density (OD) at490 nm on dual beam microtiter plate reader.
Calculate concentration of analyte in samples by reference
to least-squares plot of the log of the concentration against
OD of standards run concurrently.

Immunoassay of Thiabendazole

Prepare standards by diluting solutions of thiabendazole
in 0.1N HC1 1:10 with 1:15 000 dilution of antiserum in
diluent to give concentrations of 0, 0.03, 0.06, 0.13, 0.25,
and 0.50 ng/mL. Add 1.0 mL ofdiluted antiserum to sample
tubes, mix, and, after 30 min of equilibration at room tem-
perature, transfer quadruplicate aliquots of standards and
samples to sensitized microtiter plate. Permit antibody ad-
sorption to occur for 1h at4°C, wash, and determine amount
of adsorbed antibody as for MBC.

Results and Discussion

An ELISA procedure was developed which is capable of
determining benomyi, as its degradation product MBC, in
an ethyl acetate extract of fruit without cleanup. Compared
to the R 1A procedure (9), the ELISA method is less sensitive,
producing a more shallow inhibition curve (cf., Figure 2).
However, ELISA has a lower lim it of detection, with 0.12
ng/mL producing a 20% inhibition in binding compared to
2ng/mL for RIA. As with the RIA method, the initial extract
did not produce interferences and satisfactory recoveries were
obtained from 3 different commodities at concentrations
ranging from 0.5 to 10 ppm (Table 1). Extracts of samples
spiked at 2.5 ppm and above were diluted to bring the con-
centration of MBC within the linear portion of the standard
curve. The lowerlim it of quantitation, defined as 10 standard
deviations above background, was 0.35 ppm benomyi. A
mean recovery of 91% and a within-run coefficient of vari-
ation (CV) of 12.7% was obtained from 6 samples of apple
spiked at 0.35 ppm. A between-run CV of 15.8% was found
by repeating the recovery study on 3 different occasions.

A comparison of the ability of related compounds to in-
hibit the binding of MBC antiserum is shown in Table 2.
There was little cross-reactivity with thiabendazole and none
with 2-aminobenzimidazole or benzimidazole. 2-Benzimid-
azoleurea was recognized to a moderate degree but does not
occur as a metabolite and thus would not be expected to
interfere with the determination of benomyi.
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Table 3. Recovery of thiabendazole from various fortified
commodities

Thiabendazole recovered, %

Thiabenda-

zole added, Grape-
ppm Pear Potato Lemon frOit Apple
0.10 81 83 98 95 88
0.20 95 91 105 93 85
0.50 92 96 94 90 96
1.0 87 92 96 86 9
2.0 94 92 98 98 105

The ELISA for thiabendazole was more sensitive than that
for benomyl, as shown by the data in Figure 2. The lower
lim it of quantitation was below that of benomyl, being 0.03
ppm or less for a variety of extracts. Recoveries from 5
commodities spiked with 0.1-2.0 ppm thiabendazole ex-
ceeded 80% asindicated in Table 3. Replicate determinations
(n = 6) on grapefruit spiked with 0.2 ppm of thiabendazole
yielded a within-run CV of 7.3% and between-run CV of
11.7%.

The specificity ofantiserum directed toward thiabendazole
is indicated by the data in Table 2. There was a slight cross-
reactivity with MBC, and in contrast to the MBC antiserum,

AOAC ANNUAL

little cross-reactivity with 2-benzimidazoleurea. Thus, thia-
bendazole, benomyl, and MBC may be determined in asingle
extract using the appropriate antisera and plate coating an-
tigens.
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Comparison of LECO FP-228 “Nitrogen Determinator” with AOAC Copper Catalyst

Kjeldahl Method for Crude Protein

ROSE A. SWEENEY and PAUL R. REXROAD

University of Missouri, Experiment Station Chemical Laboratories, Agriculture Building,

Columbia, MO 65211

The LECO FP-228 “Nitrogen Determinator” was compared with the
AOAC copper catalyst Kjeldahl method, 7.033-7.037, for the deter-
mination of crude protein in feed materials. The completely micro-
processor-controlled instrument determines nitrogen by measuring
the nitrogen gas following combustion of the sample; it was easy to
operate and broadly applicable. A wide variety of feed materials of
various nitrogen levels were analyzed in one mixed sequence. Results
were precise, accurate, and rapid. Analysis time for one sample was
approximately 3 min. Fourteen samples containing 2.5-15.5% N were
selected for study and consisted of meals, grains, forages, and stan-
dard organic materials. The overall mean for the 14 samples by the
LECO combustion method was 8.61% N compared with an overall
mean of 8.58% N for the AOAC Kjeldahl method. Within-sample
standard deviations for the LECO combustion method ranged from
0.013 to 0.052% N with a pooled standard deviation (SD) 0f0.033%
N for the 14 samples. Standard deviations for the AOAC Kjeldahl
method ranged from 0.006 to 0.035% N with a pooled SD of 0.022%
N. Combined average recovery of nitrogen from tryptophan, lysine-
HC1, and EDTA determined by the LECO combustion method was
99.94% compared to 99.88% determined by the AOAC Kjeldahl
method.

The search continues for “ better” methods for crude protein
determination. A new instrument for the determination of
crude protein or “total nitrogen,” the LECO Corp. FP-228
Nitrogen Determinator, employs combustion chemistry to
determine nitrogen in a wide variety of materials. The in-
strument is completely controlled by an automated micro-
processor. Once a sample is weighed (150 mg recommended)
into atin capsule, it proceeds automatically through the anal-
ysis. Different sample types covering a wide range ofnitrogen
can be analyzed in mixed sequence without recalibrating.
Analysis time for one sample is about 3 min, and the result
is printed directly as percent nitrogen or percent protein as
selected. No postanalysis treatment is needed to arrive at the
final result. The instrument has built-in routines to perform
automatic calibration and blank determinations and w ill also
compensate for normal changes in atmospheric pressure.
Many other routines assist the operator in analyzing samples
and in performing instrument diagnostics. A built-in alarm/
message system w ill alert the operator when a reagent needs
changing or when an improper condition is sensed. An au-
tosampler is also available which can hold up to 50 samples
for unattended analysis. The instrument is housed in a single
cabinet, 31 in. high, 26 in. wide, and 27 in. deep, which is
easily located on mostany laboratory bench space. No special
installation is required other than 230 V power and access to
3 gases; oxygen for combustion, helium used as a carrier, and
an inert gas or compressed air to drive the valve system.
The operational advantages ofthe automated combustion
method over manual Kjeldahl and other nitrogen methods
such as the block digester are obvious. The key, of course,
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is how well the results of the combustion method compare
with AOAC official methods for the determination of crude
protein. This paper presents a study comparing the LECO
combustion method with an AOAC Kjeldahl method with
this objective in mind.

In our laboratory, major research efforts have been directed
toward the development of nitrogen methodologies for both
feeds and fertilizers. We have studied and published exten-
sively on manual Kjeldahl methods, semiautomated and au-
tomated methods, and methods without digestion. In 1975,
W all and Gehrke (1) reported on an automated method for
total protein nitrogen which used a block digesterand Techn-
icon AutoAnalyzer. This method is now an official AOAC
method (2) for determining protein in feeds. Rexroad and
Cathey (3) developed a modified macro-Kjeldahl method for
crude protein which replaced mercury catalyst with copper.
The copper catalyst method is official in AOAC (4) and is
the method we chose to use in this study for comparison
with the LECO combustion method.

It is appropriate that we point outthatin 1967 the Dumas
combustion method (5) for the determination of protein/
nitrogen was successfully collaborated and in 1968 became
an AOAC official method (6). It is debatable whether the
combustion method implemented in the LECO instrument
could become an official method by virtue of the successful
1967 collaboration ofthe Dumas method. A basic difference
between the official Dumas and the current LECO method
lies in the final detection technique. In general, both methods
use combustion with oxygen at high temperature followed
by reduction to liberate N2 and similar techniques are used
to remove excess oxygen. The Dumas method, however,
measures evolved N 2by volume over C02absorbing KOH.
This technique is inherent to the Dumas method and hence
gives it its name. In the LECO instrument, the isolated N2
is measured by thermal conductivity. This difference may be
enough to justify a full or perhaps a mini-collaborative study
ofthe LECO combustion method.

Experimental

Fourteen samples ranging in nitrogen content from 2.5 to
15.5% were selected for study. The sample set consisted of
meals, grains, forages, 2 amino acid standards, and standard
EDTA. All samples were analyzed in duplicate on 3 different
days by the LECO combustion and AOAC Kjeldahl methods.
The analyses by both methods were done during the same
2-week period to minimize any effects caused by changes in
the moisture content of the samples. The meals, grains, and
forages were ground to pass a U.S. No. 35 (0.5 mm) sieve
and stored in tightly sealed polyethylene bottles. The amino
acids and EDTA were dried for 2 h at 105°C and stored in
a desiccator. The same dried standard EDTA used in the
study was also used to calibrate the LECO instrument. The
analyses done by the combustion method could have been
done easily on 3 consecutive days, which could have had an
influence on the results. To avoid this possibility, the com-
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bustion method runs were made several days apart and the
instrument was completely powered down between runs.

LECO Combustion Method
Principle

A sample is combusted at 950°C in pure oxygen. The prod-
ucts of combustion, mainly C02 H2, NO, and N 2 plus
excess 0 2 are collected in a glass ballast volume and allowed
to equilibrate. A portion of the combustion gases is then
forced into a 10 mL aliquot loop, and the remainder is
discarded.

The aliquot is swept via helium carrier gas through a train
ofchemicals which leaves only N 2and helium carrier. Excess
0 2is converted to CuO and removed as the stream passes
through hot copper turnings. NO xproducts are converted to
N 2when heated in the presence of N-catalyst reagent. C02
is absorbed by Ascarite Il reagent (silica impregnated with
NaOH) and H2 is absorbed by Mg(C1042 The isolated N 2
carried by helium gas, is measured as it flows through a
thermal conductivity cell containing 2 pairs of matched fil-
aments—a reference and measure filaments. Cell output is
multiplied by a calibration factor and a “K factor” which
corrects for barometric pressure and ballast volume pressure.
The final result is adjusted for blank and sample weight and
displayed as percentnitrogen or as percentprotein ifaprotein
conversion factor had also been supplied.

Apparatus and Reagents

(a) Nitrogen combustion analyzer and accessories. —Mod-
el FP-228 with the following reagents and accessories is avail-
able from LECO Corp., 3000 Lakeview Ave, St. Joseph, M |
49085-2396: combustion crucibles No. 529-026; Ascarite |1
No. 183-001; iron chips No. 501-077; anhydrone (Mg(C1042
No. 501-171; copperturnings No. 501-621; tin weighing cap-
sulesNo. 502-040; N-catalyst 502-049; quartz wool No. 501 -
608.

(b) Gases.—Oxygen, 99.99% pure; helium, 99.99% pure;
compressed air.

(c) Balance.—Accurate to 0.1 mg.

(d) Barometer.—Hg type, readable to 1 mm.

Determination

Operate instrument according to manufacturer’s instruc-
tions. Use manufacturer’'srecommended settings for oxygen
profile, furnace temperature (95C°C), and other system con-
stants. Let furnace and catalyst heater reach operating tem-
perature and stabilize. Warm-up time takes ca 30 min from
acold start. Enter current barometric pressure. Establish sys-
tem blank by running at least 3 blank determinations. Cal-
ibrate instrument at beginning of each day by selecting Cal-
ibrate System procedure to perform auto-calibration from at
least 3 analyses (5 are recommended) of standard EDTA
(9.59% N) or other suitable organic material of high purity
and known nitrogen content. Weigh samples, or standards if
calibrating instrument, into tin weighing capsules. Weigh 130-
160 mg for samples containing 2-16% N. Larger weights
having a volume of0.5 mL orless may be taken for samples
low in nitrogen; however, do not exceed 150 mg for samples
containing 50% N. Sample size depends on a combination
offactors including oxidation rate, volume ofgas produced,
and volume, 0.5 mL, of weighing capsule. Enter sample
weights into instrumentweight stack. The stack has acapacity
to retain 50 weights.

Samples may be analyzed in one of 2 modes, manual or
auto mode which requires the automatic sampler. In manual
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mode, press analyze key and drop first sample into open
loading port. Press analyze key again to close port and start
analysis. When analysis is complete, in ca 3 min, press ana-
lyze key again and drop next sample into loading port. Con-
tinue in this fashion for all samples. Samples are analyzed
in the same order as their weights appear in the weight stack.

If automatic sampler is used, switch to auto mode and
place samples in sampler tray in weight stack order. Press
analyze key to begin. Samples will be automatically loaded
and analyzed in sequence until weight stack is empty.

AOAC Kjeldahl Method
Follow AOAC copper catalyst Kjeldahl method (4).

Results and Discussion

Results obtained by the LECO combustion and AOAC
Kjeldahl methods are shown in Table 1. Agreement between
the 2 methods was good. The overall average ofthe 14 sam-
ples analyzed by the AOAC Kjeldahl method was 8.58% N
compared to 8.61% N for the LECO combustion method.
The accuracy of the LECO combustion method was mea-
sured by the recovery ofnitrogen from standard organic ma-
terials (samples 12, 13, and 14). Average values for EDTA,
tryptophan, and lysine-HCI| were 9.58, 13.70, and 15.35%
N, respectively, by the LECO combustion method. These
compare with expected theory 0f9.59% N forEDTA, 13.72%
N for tryptophan, and 15.34% N for lysine *HC1. The average
values for Kjeldahl were 9.57% N for EDTA, 13.68% N for
tryptophan, and 15.36% N for lysine-HCI.

Overall, the Kjeldahl method gave slightly lower results
than the LECO combustion method as can be seen from the
tabulated differences, AOAC — LECO. Except for sample
11, all negative differences are less than or equal to —0.05.
These small consistent differences result in a 7-test which
shows a significant difference between methods at the 95%
confidence level. It would be interesting to see if this pattern
would hold in a collaborative study. We feel the difference
between methods indicated by these data is of no practical
concern.

The largest difference between methods, for average results
per sample was -0.19% N for sample 11. This difference
was found in the high nitrate grass which contains about
O. 5% N from nitrate. It is known that the Kjeldahl method
used in this study does not completely recover nitrate-nitro-
gen, so it was judged appropriate to include this sample in
the study because we were comparing dissimilar methods.
The average value by the combustion method is higher, which
indicates that the combustion method does recover more
nitrate. Sample 11 was also analyzed by the sulfuric-salicylic
manual Kjeldahl method (7), which is quantitative for ni-
trate. The average of 3 determinations by this method was
2.50% N, which falls between the combustion (2.62% N) and
Kjeldahl (2.43% N) values obtained in the study. These data
show that the difference is not easily resolved. Further study
ofthis point is indicated.

W ithin-sample standard deviations for the LECO method
ranged from 0.013 to 0.052% N and those for the Kjeldahl
method ranged from 0.006 to 0.035% N. these precision data
compare well with expected within-laboratory standard de-
viations (SO of 0.031 to 0.11 for samples containing 1.6 to
14.400 ]\j. respectively. These SO data are the performance
criteria specified in AOAC Official Methods ofAnalysis for
the Kjeldahl method (4) used in this study.

The Kjeldahl method was generally more precise than the
LECO combustion method. Six ofthe 14 within-sample stan-
dard deviations by the LECO combustion method were ap-
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Table 1. Comparison of AOAC Kjeldahl (7.037) and LECO combustion methods'l

LECO combustion method

Diff.,
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AOAC Kjeldahl method
Sample Description Av. % N SD
1 cattle concentrate 6.64 0.007
2 alfalfa pellets 2.76 0.015
3 broiler finisher 3.42 0.008
4 soy protein cone. 13.98 0.026
5 soybean meal 7.98 0.021
6 blood meal 13.04 0.030
7 dry milk 5.54 0.016
8 feather meal 13.56 0.034
9 meat meal 8.73 0.014
10 hog feed 3.38 0.006
1 high nitrate grass 2.43 0.024
12 EDTA» 9.57 0.025
13 tryptophan» 13.68 0.021
14 lysine-HCI3 15.36 0.035
Av. 8.58 0.022s

* Each result is the average of 6 analyses.
bLECO calibration standard, theory = 9.59% N.
cTheory = 13.72% N.

OTheory = 15.34% N.

>, sp:

n

8Pooled SD =

proximately twice those obtained by Kjeldahl. This differ-
ence in precision is most likely due to sampling variation in
the matrix samples because the uniform materials, EDTA
and the amino acids, did not follow this pattern. A smaller
sample size ranging from 70 to 160 mg was taken for the
combustion assays; most weighings were in the 130-160 mg
range compared to a 500 or 1000 mg sample taken for the
Kjeldahl assays. The amino acids and EDTA are very uni-
form materials, and sample size would not contribute much
to variability, hence the standard deviations were nearly the
same. M atrix samples 6 and 7 also had standard deviations
ofthe same magnitude by both methods. Sample 7 was much
more finely ground and more uniform in appearance than
the other matrix samples. Sample 6 was blood meal. Added
digestion difficulties for Kjeldahl may be more ofa contrib-
uting factor for this sample.

The extremely precise Kjeldahl data obtained in this study
allow us to see variations due to sample uniformity. A larger
sample could have been taken for the combustion assays for
many of the study samples without exceeding the range of
the instrument, 0.01 to 50.0% N. The sample size taken was
that recommended by the manufacturer (150 mg) or nearly
so for the level of nitrogen being measured. From a practical
standpoint, sample size also depends on the density of the
material because the tin weighing capsule has a limited ca-
pacity of 0.5 mL. Weights less than 100 mg are common for
light fluffy grasses (sample 11 in this study) which are harder
to pack into the capsule. A larger capsule would be helpful
overall and especially for the lighter materials.

Conclusions

The LECO combustion method has been shown in this
study to agree with the AOAC copper catalyst Kjeldahl meth-

RSD, % Av. % N SD RSD, % AOAC - LECO
0.11 6.69 0.020 0.31 -0.05
0.53 2.77 0.031 111 -0.01
0.24 3.42 0.013 0.39 0.00
0.19 14.02 0.052 0.37 -0.04
0.26 8.00 0.043 0.54 -0.02
0.23 13.06 0.033 0.25 -0.02
0.29 5.58 0.022 0.39 -0.04
0.25 13.61 0.048 0.35 -0.05
0.16 8.75 0.032 0.37 -0.02
0.19 3.39 0.024 0.71 -0.01
1.00 2.62 0.048 1.85 -0.19
0.26 9.58 0.016 0.17 -0.01
0.16 13.70 0.024 0.18 -0.02
0.23 15.35 0.033 0.21 0.01

8.61 0.033s

od for the determination of crude protein. The LECO com-
bustion method provides avery attractive alternative to Kjel-
dahl and various other methods for the determination of
crude protein in agricultural feeds, foods, and biological ma-
terials. The instrument is easy to operate, and results are
obtained quickly and accurately over a wide mix ofsamples
without repeated calibration. The 150 mg sample size rec-
ommended for the combustion method is reasonable. Using
a small sample, however, does emphasize the importance of
sample preparation. In our experience with the instrument
we have found it to be well designed and reliable. We rec-
ommend that this method be considered for AOAC collab-
orative study to evaluate its official method potential.
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DRUG RESIDUES IN ANIMAL TISSUES

Liquid Chromatographic Determination of Sulfamoyldapsone in Swine Tissues

YUUKO S.ENDOH,RYOZO YAM AOKA,

and NOBUO SASAKI

M inistry ofAgriculture, Forestry and Fisheries, National Veterinary Assay Laboratory, 1-15-1 Tokura,

Kokubunji, Tokyo 185, Japan

A liquid chromatographic (LC) method is described for the quanti-
tative determination of sulfamoyldapsone (2-sulfamoyi-4,4'-diami-
nodiphenyl sulfone) in swine muscle, liver, kidney, and fat. Sulfa-
moyldapsone was extracted from tissues with acetonitrile saturated
with «-hexane. The extract was washed with «-hexane saturated with
acetonitrile, concentrated, and cleaned up by alumina column chro-
matography. Sulfamoyldapsone was separated on an ODS column
by usingacetonitrile-methanol-water(6 + 18 + 76) and was detected
at 292 nm Overall average recovery of sulfamoyldapsone added to
tissues at levels of 0.1 and 0.5 jig/g was 93.3% + 6.0. Detection limit
was 0.02 gg/g in these tissues.

Sulfamoyldapsone (2-sulfamoyl-4,4'-diaminodiphenyl sul-
fone), an antitoxoplasmic agent developed in Japan, has been
widely used as a prophylactic or therapeutic drug for pigs.
The prophylactic (1, 2) and therapeutic (3) effects of this
compound were studied in pigs, and investigations with tri-
tium-labeled drug in mice and rats showed that residues
remained for a longer time in the liver and kidney than in
other tissues (4, 5). According to Japanese regulations, this
drug must not be given in feed for 5 days before slaughter
and must not be injected within 30 days before slaughter.
Thus, a simple, reliable, and sensitive method for determi-
nation of this compound in swine tissues is necessary. At
present, no method is available for determination of this
compound in animal tissues, except in guinea pig serum (6).
In contrast, many determination methods for other widely
used antitoxoplasmic agents, pyrimethamine, and sulfadrugs
in tissues of animals used for food have been reported (7-
10). In the present paper, we describe a simple and sensitive
method for determination of sulfamoyldapsone in swine
muscle, liver, kidney, and fat tissues by reverse-phase liquid
chromatography (LC).

METHODS
Reagents

All chemicals are analytical reagent grade.

(a) Solvents. —Acetonitrile, methanol, and «-hexane (Wako
Pure Chemical Industries, Ltd, Osaka, Japan).

(b) Anhydrous sodium sulfate. —(\Wako Pure Chemical In-
dustries Ltd.)

(¢) Alumina.—AluminaWoelmBAkt. 1(WoelmPharma
GmbH & Co., D-3440 Eschwege, FRG).

(d) Sulfamoyldapsone.—Purity 100%(TanabeSeiyakuCo.,
Ltd, Osaka, Japan). Standard solution. —Dissolve 10.0 mg
sulfamoyldapsone in 100 mL methanol. Dilute 5 mL aliquot
ofthis solution to 100 mL with methanol to prepare working
solution that contains 5 ¢;g sulfamoyldapsone/mL.

(e) Internal standard solution.—Dissolve 100 mg acetan-
ilide (standard for elementary analysis, E. Merck, Darmstadt,
FRG) in 100 mL methanol. Dilute 30 mL of this solution
to 100 mL with methanol to prepare solution that contains
300 fig acetanilide/mL.

(f) Quartz wool.—Fine (Nihon Chromato Works, Ltd,
Tokyo, Japan).

Received February 4, 1986. Accepted January 30, 1987.

Apparatus

(a) High-speed homogenizer.—Bio-mixer BM-2 (Nihon
Seiki Kaisha Ltd, Tokyo, Japan).

(b) Meat mincer.—Bonny Mincer (Bonny Co., Japan).

(c) Evaporator.—Rotary evaporator MINI Model RE-21
(Yamato Scientific Co., Tokyo, Japan).

(d) Centrifuge. —Model 90-3 (Sakuma Seisakusho, Tokyo,
Japan).

(e) Cleanup column. —Place a small quartz wool plug at
the bottom ofa 24 cm x 10 mm id column, pack 6 galumina
into column »with 40% methanol in acetonitrile, and wash
with 50 mL of 40% methanol in acetonitrile before use.

(f) Liquid chromatograph. —Japan Spectroscopic Co.
(Tokyo, Japan) Model Trirotar-111 equipped with Model
Uvidec-100-111 detector set at 292 nm, and Shimadzu Sei-
sakusho Ltd (Kyoto, Japan) Model C-R3A integrator for
recording retention times and responses (measured as peak
height or peak area). Column: 25 cm x 4.6 mm id stainless
steel packed with Nucleosil 5 C18(Machery-Nagel, D-5160
Dueren, FRG). Operating conditions: Mobile phase, aceto-
nitrile-methanol-water (6 + 18 + 76); flow rate, 0.8 mL/
min; column temperature, 40°C; chart speed, 5 mm/min;
injection volume, 10 julL

(g) Ultrasonic generator.—Ultrasoniccleaner 1UC-2811
(San-Ei Seisakusho Ltd, Tokyo, Japan).

Tissue Samples

Five nonmedicated pigs were sacrificed, and the muscles,
liver, kidneys, and fat were removed. Muscle tissues were
minced and other tissues were chopped. Samples were stored
frozen at -20°C wrapped in aluminum foil.

Extraction and Cleanup

Accurately weigh 10 g minced muscle or chopped liver,
kidney, or fat, homogenize twice for 2 min with 50 mL ace-
tonitrile saturated with «-hexane, and centrifuge 10 min at
3000 rpm. Add 10 g anhydrous sodium sulfate to supemate
and let stand 30 min. Filter mixture through G-4 glass filter,
wash filtrate twice with 40 mL «-hexane saturated with ace-
tonitrile, and concentrate to ca 3 mL under vacuum on rotary
evaporator at 40°C (complete evaporation results in some
decomposition of sulfamoyldapsone and increased back-
ground interference from tissue components). Add 2 mL
methanol and sonicate for 1-2 min to dissolve remaining
residue and then apply to alumina column. Elute sulfamoyl-
dapsone with 20 mL of 40% methanol in acetonitrile. Evap-
orate eluate to dryness under vacuum on rotary evaporator
at 30°C and dissolve residue in 1 mL internal standard so-
lution (e).

Analysis and Calculation

Inject 10 pL each ofworking standard and sample solution
into chromatograph and measure peak area ratios with re-
spect to area of internal standard peak. Calculate concentra-
tion in tissue by using the following formula:
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Table 1. Recovery of sulfamoyldapsone from fortified swine

tissues
Sample Added, ng/g Ree., %* CV, %
Muscle 0.1 91.2 1.9
05 95.0 2.4
Liver 0.1 94.8 35
0.5 95.5 34
Kidney 0.1 98.2 2.9
0.5 99.3 1.2
Fat 0.1 81.7 7.0
0.5 89.8 2.8

* Each value is the average for 5 samples.

Sulfamoyldapsone, pg/g tissue = RJR,, x Cwx 0.1

where Rsand R,, = peak area ratios of sample and working
standard solutions injected, respectively, and Cw= concen-
tration of sulfamoyldapsone in working standard solution
(Mg/mL).

Results and Discussion

Reverse-phase liquid chromatography was used for the
determination of sulfamoyldapsone, on the basis of a pre-
vious study on LC analysis of sulfamoyldapsone (6). The
ODS (Nucleosil 5 C,g column gave better separation of sul-
famoyldapsone from tissue components than did the octyl
silane (Nucleosil 5 C8 column. Maximum absorptions of
sulfamoyldapsone were observed at 221 and 292 nm; 292
nm was selected for the detection of the compound in LC
analysis because many interfering peaks derived from tissue
components showed absorption at 221 nm.

We used acetonitrile saturated with «-hexane for extrac-
tion, and «-hexane saturated with acetonitrile for subsequent
washing because sulfamoyldapsone is soluble in acetonitrile
saturated with «-hexane. Methanol was also used as an ex-
tracting solvent instead of acetonitrile saturated with «-hex-
ane. However, because methanol dissolved more interfering
tissue components than did acetonitrile saturated with «-hex-
ane, it was unfavorable for subsequent analysis. Further-
more, recovery from methanol extract was about 10% lower
than that from acetonitrile saturated with «-hexane extract.

Because the concentrated extracts still contained many kinds
of interfering materials derived from tissues, further cleanup
was examined by using several column materials (silica, al-
umina, and Florisil). Of them, alumina was the most effec-
tive. Almost all interfering peaks could be removed by eluting
with 20 mL 40% methanol in acetonitrile.

The optimal LC operating conditions given in Apparatus
(f) were chosen after several trials. Figure 1 shows typical
chromatograms from a swine kidney blank and a swine kid-
ney fortified with 0.02 pg/g of sulfamoyldapsone. Under the
conditions used, sulfamoyldapsone was well separated from
the solvent front and from interfering components from tis-
sues. Chromatograms of extracts from muscle, liver, and fat
were similar (data not shown).

A calibration curve was prepared over the range of 2-100
ng sulfamoyldapsone. A plot of the ratios of the peak areas
of sulfamoyldapsone to the area of the internal standard
against the concentration of sulfamoyldapsone gave a straight
line. Acetanilide was selected as the internal standard because
its retention time was sufficiently longer than that of sulfamo-
yldapsone and its peak was well separated from other peaks.
Recovery studies were conducted by adding 0.1 and 0.5 pg/
g sulfamoyldapsone to 10 g tissue samples. These samples
were analyzed by the present method. Table 1 shows the
recovery data of sulfamoyldapsone. These recoveries are sat-
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Figure 1. Typical chromatograms obtained from swine kidney
tissues. A, blank; B, fortified with 0.02 pglg sulfamoyldapsone.
Peak 1, sulfamoyldapsone; peak 2, acetanilide internal standard.

isfactory for residue analysis. The detection limit of this
method is as low as 0.02 pg/g. the concentration with the
signal-to-noise ratio of 3.

Finally, we examined the interferences from other anti-
microbial agents used in pigs: 5antibiotics (chlortetracycline,
Oxytetracycline, tetracycline, chloramphenicol, and tylosin);
12 sulfonamides (sulfisoxazole, sulfadiazine, sulfisomidine,
sulfathiazole, sulfamerazine, sulfamonomethoxine, sulfa-
methoxypyridazine, sulfamethazine, sulfadoxine, sulfaphen-
azole, sulfaguinoxaline, and sulfadimethoxine); 3 nitrofurans
(nitrofurazone, nitrovin, and furazolidone); and 7 other drugs
(trimethoprim, ormetoprim, ciaveridine, pyrimethamine,
nalidixic acid, carbadox, and olaquindox). Under our LC
conditions, tetracyclines, tylosin, nitrovin, trimethoprim, or-
metoprim, diaveridine, nalidixic acid, and pyrimethamine
were not eluted until 50 min, and drugs other than nitrofura-
zone were well separated from sulfamoyldapsone and acetan-
ilide (internal standard). Nitrofurazone could not be removed
by treatment on the alumina column. However, because res-
olution of sulfamoyldapsone and nitrofurazone peaks was
0.98 at 1pg/mL sulfamoyldapsone and 20 ;tg/mL nitrofur-
azone, and because sulfamoyldapsone was detected at 0.1
Pg/mL in the presence of 10 pg/mL nitrofurazone, the in-
terference of nitrofurazone could be marginal. Therefore, this
method should be applicable to the routine determination
of sulfamoyldapsone in commercial swine tissues.
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Determination by Liquid Chromatography with Electrochemical Detection of Cysteamine and
Cysteine, Possible Precursors of yV-Nitrosothiazolidine
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A method is described that is selective, sensitive, rapid, and accurate
for the quantitative measurement in meat products of both cysteamine
and cysteine, potential precursors for A'-nitrosothiazolidine (NTHZ)
and A-nitrosothiazolidine-4-carboxylic acid (NTHZC), respectively.
In general, a ground meat sample is homogenized with acetonitrile-
formate buffer in the presence of dithiothreitol, and then is centri-
fuged, filtered, and recentrifuged in a disposable microfilter. The
thiols are quantitated by liquid chromatography using an ampero-
metric detector equipped with a gold/mercury electrode operated in
the oxidative mode. Cysteamine was found in 6 of 20 samples of raw
pork belly in concentrations ranging from 150 to 450 ppb, and cys-
teine was found in all samples in concentrations ranging from 2.4 to
36.5 ppm Analysis for the thiols and their corresponding nitrosa-
mines—NTHZ and NTHZC—ef bacon before and after processing
showed no correlation between cysteamine and cysteine levels before
processing nor with nitrosamine levels after processing. Liquid chro-
matography with electrochemical detection was found to be an ex-
tremely selective technique to measure the 2 free sulfhydryl com-
pounds in a complex food substrate.

The occurrence of A-nitrosothiazolidine (NTHZ) in smoked,
cured meat products, particularly bacon, prior to home cook-
ing has led to an investigation for the precursors of and
mechanism for NTHZ formation. Unlike A-nitrosopyrroli-
dine, whose precursors are present in the adipose tissue of
bacon (1), the precursors for NTHZ were found in the lean
tissue (2). Several possible pathways have been proposed to
account for the formation of NTHZ in bacon. In a model
system study (3), it was found that cysteamine in meat can
react with formaldehyde from smoke to form thiazolidine,
which in turn reacts with nitrite to form NTHZ. It has also
been hypothesized (4, 5) that cysteine reacts similarly to form
A-nitrosothiazolidine-4-carboxylic acid (NTHZC), which can
then thermally decarboxylate to form NTHZ. Although no
correlation has been found between NTHZ and NTHZC in
raw bacon (4), Sen et al. (6) reported a good correlation
between NTHZC before and NTHZ after frying bacon. In
elucidating the mechanism of NTHZ formation, it is im-
portant to ascertain whether cysteamine and cysteine are
present in sufficient quantities to favor a particular pathway.
Given this information, it will be easier to develop potential
inhibitors or treatments to reduce the content of these nitro-
samines in foods. This work takes on added importance since
NTHZC has been found in human urine, and it also is claimed
to be an indicator of in vivo nitrosamine formation (7).

At present, the only information available on the cyste-
amine content of edible meats comes from the analysis of
kidney, liver, heart, and brain tissue from pork and beef (8,
9); for cysteine, the values are usually reported as the disul-
fide, cystine. This is due, in part, to the lack of an accurate
quantitative method for these compounds in food products
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because cysteamine and cyteine are highly reactive and readi-
ly oxidized. However, Lunte (10) recently reported an effec-
tive method for the detection ofcysteine and cystine in urine
by liquid chromatography with electrochemical detection
(LCEC). Using a gold/mercury electrode, we have developed
a selective, rapid, and accurate method for determining low
concentrations of cysteamine and cysteine in meat products.
A description ofthe method and the results from the analysis
of pork bellies for the 2 thiols in question are reported herein.

METHOD
Reagents

(@) Acetonitrile. —Distilled-in-glass solvent (American
Burdick and Jackson Labs, Muskegon, MI 49442).

(b) Dithiothreitol.—(Aldrich Chemical Co., Milwaukee, WI
53201.) Prepare fresh weekly at a concentration of 5 mg/mL
in acetonitrile-formate buffer.

(c) Cysteamine and cysteine. —(Aldrich Chemical Co.) 1.0
ng//iL each in acetonitrile-formate buffer solution as stan-
dard in liquid chromatography with electrochemical detec-
tion.

(d) Other reagents.—Purchased from local suppliers and
used without further purification.

(e) Formate buffer. —0.2M formic acid, 0.1 M potassium
hydroxide, 0.0002M EDTA in 2 L water (pH 3.5).

(f) Mobile phase. -Acetonitrile-formate buffer solution
(50 + 50 viv).

(9) Meatproducts. —Fresh pork bellies were obtained from
a local supplier within 2 h of slaughter and frozen at -1 8°C
until analyzed. Thawed bellies were ground and thoroughly
mixed prior to analysis. Bacon was prepared as described
previously (3).

Apparatus

Usual laboratory equipment and the following items:

(a) Homogenizer.—VirTis Model 45 (VirTis Co., Inc.,
Gardiner, NY 12525) with 100 mL flask and U-shaped “Tur-
bo-Shear” blades (No. 16-107).

(b) Refrigerated centrifuge. —Sorvall Model RC-5B
(DuPont Co.. Wilmington, DE 19898).

(c) Microfilter—Centrex disposable microfilter unit (No.
DF 101-1), 0.2 /im nylon (purchased from Schleicher and
Schuell, Inc., Keene, NH 03431).

(d) Liquid chromatograph-electrochemical detector.—Al-
tex Model 100A pumping system (Altex, Berkeley, CA 94710)
with Rheodyne Model 7125 injector (Rheodyne, Cotati, CA
94928) and a 25 cm x 4.6 mm id 10 gm Partisil PXS 10/
25 SCX ion exchange column (purchased from Whatman
Ltd., Clifton, NJ 07014) interfaced to a Bioanalytical Systems
LC-4B amperometric detector (Bioanalytical Systems, West
Lafayette, IN 47906) equipped with a Au/Hg electrode op-
erated in the oxidative mode (+0.15 V) vs Ag/AgCl (10).
Mobile phase flow rate, 1.1 mL/min. Under these operating



1034 PENSABENE ET AL.:

GROUND MEAT SAMPLE

1 ADD=DITHIOTHREITOL

2 HOVOGENZE =ACETONITRILE / FORVIATE
BUFFER (50:50 V/, pH35)

3 CENTRIFUGE: 5000 RPM  0°C

4. FILTER: GASS WOCL

1
SOLD RESDUE FILTRATE
(DISCARD)
. CENTRFRUGE THRU 0.2im
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FILTRATE

LCEC
ANALYSS

Figure 1. Fow diagram of cysteamine-cysteine LCEC Method.

conditions, the Au/Hg electrode is usually operational with
good sensitivity and repeatability for ca 2 weeks before it is
necessary to recoat the electrode.

Procedure

Note: A'-Nitrosamines are potential carcinogens. Exercise
care in handling these compounds.

(@)  Cysteamine-cysteine analysis. —A flow diagram ofthis
method is shown in Figure 1 Accurately weigh 10.0 + 0.1
g ground pork belly into 100 mL VirTis flask. Add exactly
40 mL acetonitrile-formate buffer solution and 0.5 mL di-
thiothreitol solution. Homogenize sample 2 min at medium
setting. Quantitatively transfer sample, using 9.5 mL-ace-
tonitrile-formate buffer (total volume of solution is 50 mL),
to 150 mL glass centrifuge bottle and centrifuge 30 min at
5000 rpm at 0-5°C. Filter sample through glass wool into
125 mL Erlenmeyer flask and transfer a 3 mL aliquot of
filtered solution to the 2-stage microfilter unit. Centrifuge
unit 20 min at 3000 rpm at 0-5°C. Remove lower section of

1

/3.3 ppm CYSTEINE

U 4\50 ppb CYSTEAMINE

_

-

0 2 4 6 8 10
TIME (min)
Figure 2. LCEC chromatogram of unprocessed pork belly.
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Figure 3. LCEC response for A, cysteamine, and B, cysteine.

microfilter, which contains the sample, for quantitation by
LCEC.

(b) Cysteamine-cysteine determination.—A. sample chro-
matogram of unprocessed pork belly is shown in Figure 2.
Inject 15.0 nL cysteamine-cysteine standard (1 ng/VL) into
LCEC at lowest attenuation that yields a peak suitable for
quantitation. Repeat standard injection to ensure reproduc-
ibility of retention time and response. Inject 15.0 ;L sample
solution and measure peak heights. Calculate cysteamine-
cysteine based on 10.0 g sample in 50 mL solution. The
minimum detectable level for cysteamine was 100 ppb and
for cysteine, 200 ppb.

(c) N-Nitrosothiazolidine (NTHZ) and N-nitrosothiazoli-
dine-4-carboxylic acid (NTHZC) analysis and determina-
tion.—Perform procedure and requisite calculations for de-
termining NTHZ and NTHZC in cured bacon as described
previously (4, 11).

(d) Statistical analysis. —Perform according to the meth-
ods of Snedecor and Cochran (12).

Results and Discussion

The isolation and quantitation of cysteamine and cysteine
from fresh or processed meat samples was performed using
an extraction procedure designed to prevent the further ox-
idation of the free thiols. This was accomplished by adding
the antioxidant dithiothreitol (DTT). Cleland (13) reported
that in a model system at pH 7 or above, DTT is capable
both of maintaining monothiols in the reduced state and of
reducing disulfides quantitatively. We found, however, that
although DTT at neutral or alkaline pHs can reduce cyst-
amine (the disulfide of cysteamine), the rate of oxidation of
cysteamine back to cystamine or another disulfide was so
rapid under conditions present in a meat sample that cys-
teamine could not be accurately quantitated. Dupre and Au-
reli (14) also found that the oxidation of thiols to disulfides
was faster in the alkaline range, especially in the presence of
catalytic amounts of copper or other cations under mild ox-
idizing conditions. We found that by extracting cysteamine
and cysteine in an acidic medium in the presence of DTT,
both thiols remained intact and the symmetric disulfides—
cystamine and cystine—if present, were quantitatively re-
duced to their corresponding thiols. Caldwell (15) also suc-
cessfully reduced disulfides to th:ols at pH 3.2 in the presence
of DTT by heating the reaction to 100°C for 5 min. We found,
however, that the reaction is so facile that the heating step
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Table 1. Cysteamine and cysteine in raw pork belly

Sample No. Cysteamine, ppb Cysteine, ppm
1 198 17.9

2-5 ND* 10.5, 13.6, 7.8, 20.0
6 150 145

7 450 3.3

8 292 26.1

9 218 21.6

10-12 tré 23.4,16.1, 121
13, 14 ND 6.1, 7.6

15 170 36.5

16-18 ND 10.3,10.3, 8.3

19, 20 (ham) ND 14.5,2.4

*ND = none detected.
“tr = trace (i.e., <100 ppb).

was unnecessary. In addition, extraction ofthe meat samples
with the LCEC mobile phase solvent system both increased
the recovery of the thiols and eliminated erratic detector
response. Recovery of cysteamine and cysteine during the
procedure was verified by adding known amounts of these
compounds to the meat sample prior to analysis. Recovery
of cysteamine fortified at the 200 ppb level was 82 + 6.0%;
recovery of the more prevalent cysteine spiked at the 2.5
ppm level was 89 + 2.1%. The LCEC response for both
cysteamine and cysteine was linear (Figure 3) over the range
of 1to 50 ng injected for cysteamine (equivalent to 100 ppb
to 16 ppm) and from 1to 110 ng injected for cysteine (equiv-
alent to 200 ppb to 32 ppm).

Some typical concentrations of cysteamine and cysteine in
unprocessed pork belly are shown in Table 1 Cysteamine
concentrations ranged from none detected to 450 ppb; cys-
teine, from 2.4 to 36.5 ppm. To determine if there was a
correlation between these 2 compounds and their corre-
sponding nitrosamines, cysteamine and cysteine were mea-
sured before and after processing; NTHZ and NTHZC were
measured after processing. Results are shown in Table 2. No
correlation was found between cysteamine levels before and
NTEIZ levels after processing, nor between cysteine and
NTHZC in the 9 pork belly samples. It is interesting to note
that NTHZ was present in a few samples that contain no
detectable cysteamine in the preprocessed pork belly. Be-
cause the NTHZ amine precursors were previously found in
the lean tissue (2), and to eliminate the dilution effect of the
adipose tissue, lean tissue was physically separated from the
pork belly before processing. Again, no apparent correlation
was found between the thiols and their corresponding nitro-
samines.

It now appears that the mechanism of NTHZ formation
is more complex than previously thought. In model system
studies, it was shown that NTHZ forms from thiazolidine 3
times faster than from cysteamine; hence, the formation of
thiazolidine from cysteamine and formaldehyde may be the
limiting factor (3). Formaldehyde might also be limited in
either concentration or exposure to the amine precursor, which
may be present in the interior of the meat rather than just
on the surface. The high concentrations of cysteine present
in the samples analyzed suggest that it may contribute to
NTHZ formation indirectly, even though no correlation was
found between cysteine and NTHZ. Although the thermal
conditions during processing are not sufficiently high for
NTHZC or cysteine decarboxylation, as indicated in model
systems (4), other components in meat may favor this path-
way. Certainly, enzymatic decarboxylation would not be a
consideration because meat enzymes are deactivated by the

Table 2. Cysteamine, cysteine, and nitrosamines in smoke-
house processed bacon

Before processing After processing

Cyste- Cyste-
Sample amine, Cysteine, amine, Cysteine, NTHZ* NTHzZC*
No. ppb ppm ppb ppm ppb ppb
1 tr" 121 ND" 3.9 ND 350
2 ND 7.6 ND 53 10.8 510
3 ND 23.4 ND 17.4 ND ND
4 ND 16.1 ND 13.9 ND ND
5 292 26.1 ND 111 ND ND
6 218 21.6 ND 144 ND ND
7 ND 10.3 ND 21 9.8 453
8 ND 8.3 ND 2.3 12.7 368
9 ND 10.3 ND 8.0 4.3 576
10" 189 30.3 ND 4.7 15 498
11 114 8.0 ND 0.8 7.1 586
12 ND 12.6 ND 21 7.7 547
13 337 16.3 ND 19.2 5.9 1055
14 137 8.6 ND 1.2 7.3 486
15 159 9.9 ND 14 7.5 542

*NTHZ = N-nitrosothiazolidine; NTHZC = N-nitrosothiazolidine-4-carboxylic
acid.

“tr = trace (i.e., <100 ppb).

cND = none detected.

"Sample 10-15 are lean tissue.

heat treatment The low levels of cysteamine compared to
those of cysteine also suggest that cysteamine may be much
more reactive than cysteine, thereby forming reaction prod-
ucts that might be much less efficient in forming NTHZ than
cysteamine itself, but might be present in sufficiently high
concentrations to contribute to the total NTHZ content of
bacon.

In conclusion, we have shown that liquid chromatography
with eletrochemical detection is a sensitive technique for
measuring cysteamine and cysteine in extracts from a com-
plex food substrate. The low redox potential of the gold/
mercury electrode resulted in a high degree of selectivity.
This method should be applicable to these and other thiol
compounds in a wide variety offood products and biological
samples.
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Anthocyanin Pigment, Nonvolatile Acid, and Sugar Composition of Red Raspberry Juice

GEORGE A. SPANOS and RONALD E WROLSTAD

Oregon State University, Department of Food Science and Technology, Corvallis, OR 97331

Liquid chromatographic methodology for determination of red rasp-
berry anthocyanin pigments, nonvolatile acids, and sugars was de-
veloped and applied to authentic juices pressed in our pilot plant as
well as to samples of European origin. Sugar analysis utilized an
Aminex HPX-87C colurm; the mean contents of sucrose, glucose,
and fructose were 0.17, 2.59, and 2.97 g/100 mL, respectively. Citric,
malic, and isocitric acids were best quantitated on two C-18 columns
in series with refractive index detection; the mean content of citric,
malic, and isocitric acids was 21.0 g/L, 872 mg/L, and 158 mg/L,
respectively. Anthocyanins were resolved with high selectivity on a
C-18 column using 15% acetic acid as organic modifier. The mean
values for individual anthocyanins were: cyanidin-3-sophoroside,
74.2%6; cyanidin-3-glucoside, 12.294 cyanidin-3-glucorutinoside, 8.6%G
cyanidin-3-rutinoside, 1.79%4 and pelargonidin-3-sophoroside, 2.9%
Anthocyanin pigment content ranged from 23.8 to 101.0 mg/100 mL.
Carbon stable isotope ratios ranged from -23.2 to -24.7%0o with a
mean of -24.1%0. Additional data include color density, polymeric
color, browning index, UV-visible spectra, pH, “Brix, titratable acid-
ity, and Hunter color parameters.

The attractive color and flavor of red raspberries (Rubus
ideaus L.) have led to increased demand for red raspberry
juice and juice concentrates. Red raspberry juice is increas-
ingly used in blended fruit drinks and in other formulated
food products. The relatively high cost of red raspberry fruit
makes red raspberry juice concentrates products of high eco-
nomic value; prices in 1985 ranged from $70 to $75 per
gallon for 68° Brix (% soluble solids) concentrate. The in-
creased demand along with its high value makes red rasp-
berry juice a likely target for adulteration. Much attention
has been given to establishing methodology and criteria for
detecting adulteration in more widely consumed fruit juices
such as apple (1-3) and orange juices (3, 4) and, recently, in
the popular cranberry juice cocktails (5-8). However, both
methodology and the compositional data base for red rasp-
berry juice are limited.

The purpose of this work was to develop methodology for
analyzing red raspberry juice for sugar, nonvolatile acid, and
pigment composition and to create a reference data base for
authentic red raspberry juice.

METHOD
Samples

Red raspberry fruit samples (10-15 Ib per sample) were
obtained from Oregon North Willamette Station (ORNWS),
Aurora, OR; Agriculture Canada Research Station (ACRS),
Vancouver, British Columbia; and Western Washington Re-
search and Extension Center (WWREC), Puyallup, WA. These
samples had the following varietal makeup: Meeker (ORNWS,
ACRS, and WWREC), Willamette (ORNWS and ACRS),
and Skeena (ACRS). Fruit samples were washed, individually
quick-frozen (IQF), and stored frozen at —12°C until needed.
A New Zealand sample, variety Marcy, supplied in freeze-
dried form by the Department of Scientific and Industrial
Research (DSIRNZ), Auckland, New Zealand, was recon-
stituted to initial moisture with water before pressing.

Three juice samples of European origin, certified to be

Received June 17, 1986. Accepted January 9, 1987.
Technical Paper No. 7917 from the Oregon State Agricultural Experiment
Station.

authentic by the supplier, were obtained from Bayemwald
Fruchteverwertung GmbH, Hengersberg, West Germany.
These had been pressed from Bavarian wild raspberries
(picked from Buchelstein), Romanian wild raspberries (picked
from central Cluj.), and Hungarian cultivated raspberries
(northern Hungary, no name variety). The European samples
had been pasteurized but not depectinized. After arrival,
samples were stored frozen at - 12°C. Before analysis, they
were thawed and centrifuged.

Apparatus

(@) Liquid chromatograph. —Perkin-Elmer Series 400
(Perkin-Elmer Corp., Analytical Instruments, Norwalk, CT);
Varian Model 5000 equipped with a column heater (Varian
Instrument Group, Walnut Creek, CA).

(b) Detectors.—Varian UV 50 variable wavelength detec-
tor; Varian refractive index detector.

(c) Integrators.—Perkin-Elmer LCI-100; Hewlett-Pack-
ard HP 3380A (Hewlett-Packard Corp., Avondale, PA).

(d) LC columns.—Bio-Rad Aminex HPX-87C column,
300 x 7.8 mm id, fitted with Bio-Rad Carbo C 4 cm x 4.6
mm Micro-Guard column (Bio-Rad Laboratories, Rich-
mond, CA); Supelcosil LC-18 (5 jim), 250 x 4.6 mm id
column (Supelco, Inc., Bellefonte, PA); Nucleosil C-18 (10
jim), 250 x 4.6 mm id column (Alltech Associates, Inc.,
Deerfield, IL); ODS-10, 4 cm x 4.6 mm id, Micro-Guard
column (Bio-Rad Laboratories).

(e) Bath circulator.—Lauda Model RMT-6 refrigerated
circulator.

() Uv-visible spectrophotometer. —Varian DMS 100 in-
terfaced with Varian DS-15 data station.

(g) Color difference meter.—Hunter DP-25P-2 (Hunter
Instruments, Reston, VA).

(h) CI8 minicolumn.—Sep-Pak CB (Waters Associates,
Milford, MA). To activate, pass 5 mL methanol through
cartridge, followed by 5 mL water.

(i) Disposable Poly-Prep chromatography columns.—
Graduated, 0.8 x 4 cm, holding up to 2 mL chromatographic
media and including an integral 10 mL reservoir (Bio-Rad
Laboratories).

Reagents

(a) LC mobile phase for nonvolatile acids. —Phosphate
buffer pH 2.4. Dissolve 27.2 g KHZ 04in 1000 mL glass-
distilled, deionized water and adjust pH to 2.4 with concen-
trated phosphoric acid. Filter through 0.45 )im Millipore
filter, type HA (Millipore Corp., Bedford, MA), and degas.

(b) LC mobilephasefor sugars.—200 mg Ca(N0321000
mL water.—Dissolve 200 mg Ca(N032in 1000 mL glass-
distilled, deionized water. Filter through 0.45 Millipore
filter, type HA, and degas.

(c) LC mobile phasefor anthocyanins.—Solvent A: 15%
acetic acid. Add 150 mL LC grade glacial acetic acid to 850
mL glass-distilled, deionized water, mix, filter through 0.45
jim Millipore filter, type HA. and degas. Solvent B: 15%
acetic acid in methanol. Add 150 mL LC grade glacial acetic
acid to 850 mL LC grade methanol, mix, filter through 0.45
jim Millipore filter, type HV, and degas. (Prepare solvent B
fresh daily.)

(d) LC mobilephasefor anthocyanidins. —Solvent A: 10%
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acetic acid. Add 100 mL LC grade glacial acetic acid to 900
mL glass-distilled, deionized water, mix, filter through Mil-
lipore 0.45 jun filter, type HA, and degas. Solvent B: ace-
tonitrile-methanol (2 + 1). Add 600 mL LC grade aceto-
nitrile to 300 mL LC grade methanol, mix, filter through
0.45 Mm Millipore filter, type HV, and degas.

(e) Organic acid standards 1. —Add 1000 mg reagent grade
D,L-malic acid and 200 mg reagent grade D,L-isocitric acid
to 1000 mL volumetric flask and dilute to volume with water.

(f) Organic acid standards 2. —Add 1.500 g reagent grade
citric acid to 100 mL volumetric flask and dilute to volume
with organic acid standard solution 1

(9) Sugar standard solution 1 (internal standard). —Add
6.500 g reagent grade mannitol to 250 mL volumetric flask
and dilute to volume with sugar mobile phase, (b).

(h) Sugar standardsolution 2. —Add 0.250 g reagent grade
sucrose, 2.000 g reagent grade glucose, and 2.400 g reagent
grade fructose to 100 mL volumetric flask and dilute to vol-
ume with sugar standard solution 1

(i) Enzymatic analysis kits.—-Malic acid, D-isocitric acid,
and citric acid kits (Boehringer Mannheim Biochemicals,
Indianapolis, IN).

(i) Anion exchange resin.—Use intermediate base anion
exchange resin, Bio-Rex 5 (Bio-Rad Laboratories), chloride
form, 50-200 mesh size, and 8.8 meq./g resin (dry basis) or
2.8 meq./mL ofresin bed ion-exchange capacity. Slurry resin
in water. Make 1.2 mL and 1.4 mL resin bed volume to
prepare samples for sugar analysis and for acid analysis, re-
spectively. Rinse packed bed with 5 mL water. Do not let
bed become dry.

Production of Red Raspberry Juice

Let frozen fruit thaw at ambient temperature. Grind berries
through hammer mill (Model D Comminuting Machine, W.
J. Fitzpatrick Co., Chicago, IL) equipped with /i in. diameter
circular pore mesh at speed that produces about 'i berries.
Heat crushed fruit to 45°C and depectinize by incubating
with 0.1 mL Rohapect D5L liquid pectic enzyme (Rohm &
Haas, Co., Philadelphia, PA 19105) per Ib fruit. Add 1%
cellulose as press aid and press in Willmes bag press (60 type,
Moffet Co., San Jose, CA) with final pressure of 4.0 bar.
Take 25-30 mL sample, add 0.05% diatomaceous earth, filter
through Whatman No. 1 paper, and conduct alcohol test. If
precipitate forms, incubate juice at 42°C with 0.1 mL Roha-
pect/1000 mL juice to complete depectinization. Pasteurize
juice at 98-100°C for 11-13 s. Add 0.05% diatomaceous
earth and filter through Whatman No. 1 paper. Store juice
frozen.

Concentration of Samples

Concentrate ca 250 mL single strength juice on rotary
evaporator (water bath, 35°C) to 50° Brix. For analysis, re-
dilute with water to 10° Brix.

Titratable Acidity

Determine titratable acidity by using AOAC glass electrode
method, sec. 22.059 (9). Express results in terms ofanhydrous
citric acid per 100 mL juice.

Spectral Analyses

For visible spectra, dilute single strength juice \&Vu (de-
pending on pigment concentration) with water and scan from
700 to 400 nm. For UV spectra, dilute juice \20with water
and scan from 400 to 200 nm. Scanning conditions: 1.0 cm
quartz cell, water as blank, 1nm slit width, 50 nm/min scan
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rate. Recompute first and second derivative spectra from
original zero order.

Measure anthocyanin concentration, color density, poly-
meric color, and browning index as described by Wrolstad
et al. (10). Express anthocyanin concentration as mg cyani-
din-3-glucoside per 100 mL juice, using the extinction coef-
ficient for cyanidin-3-glucoside, e = 29 600, reported by
Blundstone anc Crean (11).

Hunter Parameters

Set up instrument to read transmitted color, spectral com-
ponent included (arrangement I11). Calibrate instrument ac-
cording to manufacturer’s instructions. Read L, a, b and X
Y, Z parameters of single strength juice, using 0.5 cm path-
length cell.

nC/I2C Stable Isotope Ratios

Concentrated samples (ca 50° Brix) were sent to Coastal
Science Laboratory (5321 Industrial Oaks Blvd, Suite 103,
Austin, TX 78735) for analysis.

Nonvolatile Acids—LC Determination

Sample preparation.—Adjust pH of sample to 6-7 with
concentrated ammonium hydroxide (NH40OH). Prepare 1.4
mL Bio-Rex 5 resin bed in Poly-Prep column and rinse bed
with 5 mL water. Carefully apply 3 mL sample to resin bed
and wash bed with 3 mL water. Place test tube under column
and elute acids with 3.5 mL 10% sulfuric acid followed by
3.5 mL water. Mix eluate well and pass it through activated
Sep-Pak CBcartridge. Discard first 3 mL, collect remaining
eluate, filter through 0.45 Mm Millipore filter (type HA), and
inject onto LC system.

Chromatography.—Operate liquid chromatograph (Vari-
an 5000) under following conditions: columns, Supelcosil
LC-18 and Nucleosil C-18 fitted with ODS-10 Micro-Guard
column; mobile phase, 0.2M KH2P 04pH 2.4; flow rate, 0.7
mL/min; elution temperature, 25°C; detection, refractive in-
dex, 1x attenuation; detection temperature, 20 + 0.1°C(con-
trolled with bath circulator); integrator, Perkin-Elmer LCI-
100; injection volume, 50 Ms-

calculate organic acid composition by using external stan-
dard method and graphical interpretation of results. Take
1.0, 2:3, 1.1, and 1:3 dilution of organic acid standard so-
lution 2, plot peak area (peak height for isocitric acid) vs
concentration, and fita curve with the linear regression model
for each individual acid:

C=a+0XA @)

where C is concentration, mg/mL; A is peak area (peak height
for isocitric acid); a is curve intercept; and 0 is curve slope.
Calculate concentration, Q, of individual acids in prepared
sample from peak area (peak height for isocitric acid) and
formula (7). Acid concentrations, Cs, in original sample can
be calculated by the formula:

Cs=Q x DFIR )

where R is recovery and DF is dilution factor. To determine
recovery, R, of each individual acid, subject standard acid
solution to anion exchange and Sep-Pak cleanup procedure,
calculate concentrations, C(,d, of individual acids in treated
mixture from peak area (peak height for isocitric acid) and
equation (7), and compare to concentrations, C3d in original
mixture. Percentage recovery is given by the formula:

%R = C'td x DF x 100/Csd )
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Table 1. General properties of red raspberry juice

pH Titrat.” acidity Titrat.*-6acidity 6I3C, %o (PDB)

North American and New Zealand samples”

(3.19) .77 (1.95)

(3.19) (1.45) (1.93)

3.19 161 1.94 -24.7
3.07 1.49 1.84 -23.3
3.10 141 132 -24.4
(3.15) (1.85) (2.53)

(3.14) (1.86) (2.51)

3.15 1.86 251 -24.7
3.02 1.80 2.78 -23.8
2.94 1.68 2.10 -24.4
3.23 1.40 250 -23.2
2.94 1.40 1.32 247
3.23 1.86 2.78 -23.2
3.10 161 214 241
0.09 0.17 0.46 0.6
3.0 10.6 215 2.4

European samples

Sample Yield, % Yield,* %, “Brix
Meeker (ORNWS)
(Repl. 1) (68.7) (62.5) 9.1
(Repl. 2) (81.9) (61.4) (7.5)
Av. of repl. 1,2 75.3 62.5 8.3
Meeker (ACRS) 90.1 73.0 81
Meeker (WWREC) 74.7 79.9 10.7
Willamette (ORNWS)
(Repl. 1) (77.8) (56.8) (7.3)
(Repl. 2 (72.6) (53.7) (7.4)
Av. of repl. 1,2 75.2 55.6 74
Willamette (ACRS) 915 59.5 6.5
Skeena (ACRS) 86.4 69.1 8.0
Marcy (DSIRNZ) 90.1 50.5 5.6
Min. 74.7 50.5 5.6
Max. 915 79.9 10.7
Mean 83.3 64.3 7.8
Std dev. 7.3 9.5 15
CV, % 8.8 14.8 191
Bavarian 7.7
Romanian 8.4
Hungarian 8.9

*Normalized to 10° Brix.
" Expressed as g citric acid/100 mL.
cSamples prepared at Oregon State University pilot plant.

Nonvolatile Acids—Enzymatic Determination

Determine citric, D-isocitric, and L-malic acid content by
following the procedure provided with Boehringer Mann-
heim test kits. Dilute samples with water, 1:50 for citric acid
and 1:0 for isocitric acid analysis. For malic analysis, add 1
mL sample to 10 mL volumetric flask, adjust pH to 7-8 with
0.1N NaOH (estimate required volume ofO.IN NaOH from
titratable acidity data), and dilute to volume with water.
Monitor absorbance at 340 nm.

Sugars

Sample preparation.—Mix 5 mL juice with 3 mL sugar
standard solution 1 (internal standard) and pass mixture
through activated Sep-Pak C,8cartridge. Discard first 3 mL
and collect remaining eluate. Apply 4 mL eluate to 1.2 mL
Bio-Rex 5 resin bed. Discard first 2 mL, collect remaining
eluate, mix, filter through 0.45 ~m Millipore filter (type HA),
and inject onto LC system.

LC determination.—Operate liquid chromatograph (Var-
ian 5000) under following conditions: column, Bio-Rad Ami-
nex HPX-87C; mobile phase, 200 mg Ca(N0321000 mL
water; flow rate, 0.7 mL/min; elution temperature, 85°C;
detection, refractive index, 4x attenuation; detection tem-
perature, 25°C; integrator, HP 3380A; injection volume, 25
rL.

Quantitate sugars via internal standard method and graph-
ical interpretation of results. Take 1.0, 2:3, 1:1, and 1:3 di-
lution of sugar standard solution 2, plot area vs concentra-
tion, and fit curve with linear regression model for each
individual sugar and for internal standard:

C=a+ 8xA 4

where C is concentration, mg/mL; A is peak area; a is curve
intercept, and (i is curve slope. Calculate concentration of
each individual sugar and internal standard in prepared sam-
ple from peak area and equation (4). Sugar concentration,

3.17 1.59 2.06
3.23 123 1.46
3.22 1.58 177

Cs, in original sample can be calculated by the formula:
Cs(mg/mL) = Q x Cs x DFI/C'S (5)

where DF is dilution factor, C' is concentration of sugar in
question in prepared sample, Qsis concentration of internal
standard after sample preparation, and Cisis concentration
of internal standard in sample before sample preparation.

Anthocyanins

Sample preparation. —Adsorb pigments contained in 3-7
mL juice sample (depending on anthocyanin concentration)
onto activated Sep-Pak C,8cartridge. Wash bed with 5 mL
0.01% HC1 and elute pigments with minimum required vol-
ume of acidified methanol (4-6 mL) in 10 mL beaker. Evap-
orate methanol to ca 2 mL under nitrogen stream and dilute
pigments to ca 5mL with 0.01% HCL. Filter isolated pigments
through 0.45 ¢tm Millipore filter (type HA) and immediately
inject onto LC system. Store sample in the dark in ice bath
between injections.

LC determination. —Operate liquid chromatograph (Per-
kin-Elmer 400) under following conditions: column, Supel-
cosil LC-18 fitted with ODS-10 Micro-Guard column; mo-
bile phase—solvent A, 15% acetic acid, solvent B, 15% acetic
acid in methanol; flow rate, 1.2 mL/min; elution progam,
100% A isocratic for 10 min followed by a 0-5% linear gra-
dient with B for 8 min and holding with 5% B for an addi-
tional 7 min (isocratic), equilibrate column to initial con-
ditions for 5 min between injections; detection, visible at 515
nm, 0.2 absorbance unit full scale (AUFS); integrator, Perkin-
Elmer LCI-100; injection volume, 25 pL.

Calculate anthocyanin ratios from area percentage of in-
dividual anthocyanins.

Anthocyanidins

Sample preparation.—Prepare samples for LC determi-
nation of anthocyanidins according to procedure described
by Hong and Wrolstad (7).
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Table 2. Compilation of general properties of red raspberry juice

No. of Brix
Ref. samples Min. Max. Mean
12 12 9.0 15.0 11.3
12 54 7.2 14.4 10.8
13 16 8.2 10.9 8.9
14 260
—C 49

* Original data expressed as mL 0.1 NaOH/100 mL.
“Titrated to pH 7.0; original data expressed as tartaric acid.

1039
pH Titrat, acidity, g citric acid/100 mL
Min. Max. Min. Max. Mean
1.01* 1.82* 1.23*
1.38 2.01 1.88
1.15* 1.70* 1.45*
29 3.4

“G. W. Varseveld (1969) Oregon State University, Dept of Food Science and Technology, Corvallis, OR, unpublished data.

LC determination.—Operate liquid chromatograph (Per-
kin-Elmer Series 400) under following conditions: column,
Nucleosil C-18 column fitted with ODS-10 Micro-Guard
column; mobile phase—solvent A, 10% acetic acid, solvent
B, acetonitrile-methanol (2 + 1); elution, isocratic 84% A
and 16% B; flowrate, 2.0 mL/min; elution temperature, 25°C;
detection, visible at 530 nm, 0.2 AUFS; integrator, Perkin-
Elmer LCI-100; injection volume, 25 ~L.

Calculate anthocyanidin ratios from area percentage of in-
dividual anthocyanidins.

Results and Discussion
General Properties

Table 1 shows vyield, degree Brix, pH, titratable acidity,
and onC values for the juice samples prepared in our pilot
plant. Table 2 shows °Brix, pH, and titratable acidity data
compiled from the literature.

There were 2 replications for Meeker (ORNWS) and Wil-
lamette (ORNWS) samples, which showed considerable vari-
ation in juice yield and °Brix. Factors contributing to this
variation would have been the relatively small sample size,
and washing of the fruit and/or washing of the equipment
between pressing. Normalization of the yield to 10° Brix
(Table 1) shows close agreement between replications, which
implicates dilution as the cause of variation in yield.

Degree Brix values range from 5.6 to 10.7 with a mean of
7.8. These values are lower than those reported in the lit-
erature (Table 2) and well below the 10.5° Brix standard for
red raspberries specified by the U.S. Department of Agri-
culturejelly standard. However, 10.0° Brix is commonly used
for single strength red raspberry juice within the fruit juice
industry, and all of the analytical data were normalized to
that value. Normalization facilitates compositional compar-
isons between samples and circumvents the problem ofyield
variation and sample dilution.

Values for pH range from 2.94 to 3.23 and agree with those
previously reported (Table 2).

Titratable acidity ranges from 1.40 to 1.86 g citric acid per
100 mL juice, which is similar to values reported in the
literature (Table 2). There is a large difference in the titratable
acidity between the replications of the Meeker (ORNWS)
samples. However, ifthese values are normalized to 10° Brix
they show no difference, again suggesting that dilution was
the primary cause of the yield differences between replica-
tions.

The &3 values show a narrow range and low CV. These
data provide a reference value which can be used for esti-
mating the content of Hatch-Slack sweeteners such as cane
sugar or com syrup in a red raspberry product. Krueger et
al. (15) reported -26.1 and -24.6%0 as 5I3C values for 2 red
raspberry juice samples.

The European samples (Table 1) exhibit similar °Brix, pH,
and titratable acidity characteristics.

Nonvolatile Acid Analyses

Red raspberries contain citric acid as the major acid, low
levels ofmalic acid (14,16-19), and trace amounts ofisocitric
acid (14); trace amounts of lactic and succinic acids have
also been reported (19).

Reverse phase LC quantitation of isocitric acid is difficult
because it elutes very close to malic acid, and it is present
at very low levels. Adequate resolution of isocitric acid from
malic acid can be achieved, however, by using two C-18
columns in series. Figure 1A shows a chromatogram of red
raspberry nonvolatile acids, using UV detection at 227 nm
and a 2 column system. Sample preparation involved only
cleanup with a Sep-Pak CBcartridge. In addition to malic
acid (peak 1), isocitric (peak 2), and citric (peak 5), the fol-
lowing acids were tentatively identified: a-ketoglutaric (peak
3), shikimic, and ascorbic coeluting under peak 4, succinic
(peak 6), and fumaric (peak 7). Identification of a-ketoglu-
taric acid was based on its retention time and production of
symmetrical peak in spiked samples. Presence of a-ketoglu-
taric and shikimic acids has not been previously reported.
Quantitation of isocitric acid on the basis of this procedure
was about 4 times higher than quantitation on the basis of
enzymatic analysis. This was probably due to coelution of
an unidentified, highly UV-absorbing compound with iso-
citric acid. Moreover, late-eluting compounds with high re-
sponse in the UV region made the total time ofanalysis very
long, about 1h. Modification in the sample preparation using
anion exchange resin resulted in no change in the measured
concentration cf isocitric acid. Thus, the interfering com-
pound is believed to be acidic and not a neutral compound.

A typical chromatogram of the red raspberry acids ob-
tained by using refractive index detection and anion exchange
cleanup is shown in Figure IB. The more uniform response
of refractive index detection to analytes allowed for quan-
titation of isocitric acid and shortened the total time of anal-
ysis to less than 25 min. The percent recoveries ofindividual
acids in a standard solution containing 12 g citric, 500 mg
malic, and 100 mg isocitric/L, were: citric acid 89.9, SD 2.8;
malic acid 83.7, SD 2.7; and isocitric acid 87.3, SD 9.4.

Tables 3 and 4 show the results of the LC and enzymatic
analyses, respectively, of the nonvolatile acids for the juice
samples prepared in our pilot plant and for the European
samples. Agreement between the 2 analytical methods is rea-
sonably good. LC values for citric and malic acids are con-
sistently lower than enzymatic results by 5-8%. LC deter-
minations for isocitric acid show a wider range than do
enzymatic determinations. However, statistical analysis us-
ing the paired t-test shows that the concentrations of citric
and malic acids as well as total acid content by liquid chro-
matography are significantly different from those by enzy-
matic analysis at the 0.05 level. Citric and malic acid con-
centrations expressed as percent of total acids (by summation)
do not differ significantly by the 2 different methods.
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Figure 1A. LC separation of red raspberry nonvolatile acids:

UV detection at 227 nm. Peak identification: 1, malic; 2, isocitric;
3, a-ketoglutaric; 4, shikimic and ascorbic; 5, citric; 6, succinic;
7, fumaric.

The German Ridwerte und Scwerkunggorerten bestim-
mer Kennzahlen (RSX) \vallLesareamgjor dataleseaaikble
Tor red regaries (M). The valles rgoorted N 1981 were
besad on 260 rdlstrially produced saplles as vell as in-
formatian fran te soatafic Intaaiure. The median vallues
of atr, nallic, and BOtricacdswere 5 g4, 500 my/L,
and 10my/L, reseanely. The ragesfamalicand Baitrc
antents were 200-1200 mg/L and 60-220 ng/L, regc-
thaly. Cur cataehibitwider ragesand higrermean \valles.
The RSK ditricto-iswitric ratio hed a median of 150 ad
rage between 80 and 0. Our rage Brarroer but aur
mean valle Bsirilar for this raio. It svworth roting thet
one Eurgpean saple (Rorenian, Tebles 3 and 4) edibits
aypical malic and sdtricantant corpared with te RSK
\alLes. The malic antat, honever, ntamsof
the actial Brix B Inagrearentwith the RSK valles.

The acid pofilke of red regtenty issinple; ditricacid ac-
aunts farup 1 97% of treadids. icdtricacid stte
most lielyacidulant 1o ke usd inadlteration of red rasp-
berrypuiee, and iscetecticowouldbedifficdt. The lov leels
ofmalic caatratias Imit e use ofmallic acidd asa po-
i alitarat. A very high dtricto-mtric ratiowould
agestad iteratiowithatricacid. Addition of isaitricecid
sulikelybecause ofitsrelativehich ast. Miardbial ativity
hes been rgorted o iy redce the BOtricoon-
et (14) and could also aooount: fara high atrictosadtric
ratio.

Sugar Analyses

A tpical chranatogram of red ragderTy S.oas sshon
in Agure 2. Removal of acids fran e juice viaan anian
edxhage minicolum s required, hoever, becase ta-
actias of ecics with tre callciun of the resin cause callcium
ledhiry. The resulirg protorated resinand the high elutian
teperature G0 on-ocolum suocee hydohysis.
This can be prevented by edtirtian of calciun o trenobile
pfrese; honever, interactios between calcium and carlbogA
groys st in inoreesed retantion of tte rnvollatlle acics
and treir celudonwith Sgars. The paroant remvery of in-
dividal a.oas ina stadard olution, axtaining 04 g -
atead 1.2 geach of g, frioiose, and memitol (-
tard ,wes: e B9, SD 19, gluoe 948, SD
17, friciose A2, SD 1.7; and memitol 94.9, SD 18
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Figure 1B. LC separation of red raspberry nonvolatile acids:

detection by refractive index. See Figure 1A for peak
identification.

The reatsoftte uoar aalyses ofjuice sarplles prepared
inourpilotplantare shomn nTable 5 There Baxsicerable

\ariatin in tre individ el and tolal g antents but e
glurse-to-fructose ratio ad tre irdividal sL.oar antatt
(ith tre exosption of L.0GE) eqoressd as parcant of ol
show much less\ariation. All saaples antainaed dligtly
more fructose then gluaee, hardly any sLoose, and no sor—
kil The gluoose-to-fructose ratio shoas esstially an in-

vert S pettem. ) ]
The red ar pofilke, as aonpiled from tre ik
aature by Wrolstad and Sel @), shoned much

higer soce ledsad loer gluose and frudicee ks,
The total s.gar antant and tre gluose-o-fiidoee ratioare
in agreanentt with aur cila. The suacee leeks rported In
tre litaaturearehigh farfruitiout lovfarjuice. The replicates
of Meeker (ORNWS) and Willarette (ORNWS) sanples
(eble 5 showdiflaataace bds. Tracesofatevwere
cetected N ore replication of Meeker (ORNWS) but ot in
tre dter; lov kel ofsooe 0.B g0 ML) were mea-—
ausdanly nare replicaaanofivillarette (ORNWS) . Amal-
yaisoFS)° Brix aocentrates prepared inour lsboratory fram
Seena (ACRS) and Willlarette (ACRS) juicss shoned about
7% deareee N tte sLocee antent. Simillar firdigs have
been reported by Aitelsn D) who found no sLarcee inau-
trentic rad ragtoen y juiee caoatrates. Although inertese
actiMity hes ot been documented for red ragdoer y fiut,, it
Bway lidytet itsreqosiblefate lovaooe antatt
ofprooessad juie relative to tret of the fitit

The s.oar coposition oftte Burgpean saplles (Teble 5
ehibitstre sare pattermwitha tradfordigtlyhiger toiel
S antent and gluose-to-fruoioee riatio.

The sLoar pdfile hes Timited utillity in dedkiing authen-
ity of red ragden y juicss and juice oaraies. itisa
sinple inartpdik, ad inatspys o fiutswith inat
pattemaould be difficittodtect. Presence ofsataitol, how-
e, Ba\ery u=ful irdicator of dilution with a sabitol-
antainim juice such as deny, plum, gple, or e
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Table 3. Nonvolatile acid composition8of red raspberry juice—LC determinations
Citrc, Malic soditic,  Total, Percent of total Cicd  Ctid  Maid
Sample 9L mg/L mg/L gﬂ_ Citric Malic Isocitric malic Isocitric isocitric
North American and New Zealand samples”
Meeker (ORNWS)

(Repl. I (19.9) (4%) (180)

(Repl. 2) (184 (480) 172

Av. of repl. 1,2 188 488 179 194 96.6 25 0.9 384 104.7 27
Meeker (ACRS) 187 834 119 197 94.9 45 0.6 211 156.7 74
Meeker VWWREC) 131 393 75 135 9%.5 29 0.6 333 174.3 52
Willamette (ORNWS)

(Repl. 1) (23 (561) (181)

(Repl. 2 (24.1) (539 (169)

Av. of repl. 1,2 237 550 175 244 97.0 23 0.7 43.0 135.2 31
Willamette (ACRS) 2711 1903 231 29.2 R.7 6.5 0.8 14.2 117.4 82
Skeena (ACRS) 211 812 123 21 95.8 37 0.6 26.0 1718 6.6
Marcy (DSIRNZ) 24.8 1075 205 26.1 b1 41 0.8 21 1211 5.2
Mn. 131 393 s 135 R7 23 0.6 14.2 104.7 27
Max. 271 1903 231 292 97.0 6.5 09 430 174.3 82
Mean 210 872 158 21 %5 38 0.7 285 140.2 55
Std dev. 44 476 51 4.8 14 14 01 95 25.6 19
CV, % 20.7 54.6 320 216 14 35T 182 332 183 348

European samples
Bavarian 219 742 119 27 96 2 33 05 295 183.9 6.2
Romanian 14.8 1326 trace" 161 91.8 82 00 111 - -
Hungarian 191 483 al 19.6 97.1 25 05 395 209.6 53

« Results normalized to 10° Brix.
" Samples prepared at Oregon State University pilot plant.
°Less than 50 mg/L.

Antnocyanin Analyses

The anthooyeniins of red regdamieshave been troraughly
nesl]gaﬁjwrmﬁeweoﬁhn lyardraratography (TLC)
peperdraratogrady . Four major athooyenin pigrents

ra/e been idntified (2227): oenidin3-sqdarosice (od-

3sqd), gendin3-gluxsice QA3dl), oenidin3-glu-
corutinosice (od3-gluut), and oenidin-3—+utircsice (o,d-
3+up). Al four do ot coor ndll \arieties and sstios.
Rellated pelargmidin (@) anthooyeniins and oenidin3,5-
digluassick (0,d-3,5-dighu) have allso been reported asminor
pigrets &)

Table 4. Nonvolatile acid composition8of red raspberry juice—enzymatic analysis

Citric, Malic, lsocitic,  Total, Percent of total Cid  Ciid Ml
Sample gL mg/L mg/L gL Citric Malic Isocitric malic Isocitric isocitric
North American and New Zealand samples”
Meeker (ORNWS)
(Repl. 1) (204 (529 (159
(Repl. 2 (198 (611) (165
Av. of repl. 1,2 201 520 162 207 9%.7 25 08 386 1238 32
Meeker (ACRS) 201 887 128 211 95.2 42 0.6 22.6 156.7 6.9
Meeker \WMVREC) 138 m 83 143 9%.5 29 0.6 336 166.1 5.0
Willamette (ORNWS)
(Repl. 1) (a7 (639) (182
(Repl. 2) (25.5) (614 74
Av. of repl. 1,2 2.1 626 178 259 96.9 24 0.7 401 1411 35
Willamette (ACRS) 29.0 1928 179 311 932 6.2 0.6 150 1617 10.8
Skeena (ACRS) 24 856 119 234 9.8 37 05 261 1881 7.2
Marcy (DSIRNZ) 26.7 1062 1 280 9.5 38 0.7 252 145.2 58
Min. 138 11 83 143 932 24 05 15.0 1238 32
Max. 29.0 1928 184 311 9.9 6.2 0.8 401 181 108
Mean 24 899 148 235 95.7 37 0.6 287 154.7 6.0
Std dev. 4.7 470 35 51 12 12 01 84 19.0 24
CV, % 209 523 241 21.7 12 31 131 293 12.3 396
European samples
Bavarian 22.86 786 m 2376 96.22 33 047 2.1 205.9 71
Romanian 15.42 1445 45 1691 91.19 855 0.27 10.7 3427 R1
Hungarian 1981 532 103 20.45 96.89 260 0.50 372 192.3 5.2

* Results normalized to 10° Brix.
" Samples prepared at Oregon State University pilot plant.
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Figure 2. LC separation of red raspberry sugars. Peak identi-

fication: 1, sucrose; 2, glucose; 3, fructose; 4, mannitol (internal
standard).

The ue of reerse prese liquid chraratograahy far sp-
aration of anthooyenins and reliated sUbstanaess hes been re-
ported fara number of commodities such as eldatarTies,
aataries, and conbarries (28-30) but ot for red ragder—
rs. Most of tte rgortad systens incluck gradient eluian
withmethanol aracorbination ofmethanol and acstonitrile
ssagmicnoifias. it inestigptios naur ldoratory
shoned tret such systars did not have enough slectiMity ©
rephe treattooenins of red regden y. Foreaple, od-
3gudt, od-3glu, and pyd-3-sooh aeluted s ane pesk
when tre follovirg caditias vere tsad: ohatA = 10%
acticadd, ohvent B = metharol; elutianprogram, isaoatic
with 7% B and flow rate 15 mL/min. We Sooeeced in re-
oivirg tte antihooyenins of red ragdmaies through use of
aetic acid as an aganic nodirfier, inoessirg isaattra-
o © 15%. The sohat nvwhich the isolated antihooyaniin
pigrentswere dissohadwes foud tostragly infliee tte
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syaation. Iftte injedted antihooyeniins vere dissohved in
aadifidmettarol, doublle pesls Tartremggor anthooyenins
ad asymetrical pedks with gredal up sigee and darp
down slgee Tarminor anthocyenins resltadl. The methanol
injected with tte pigrerts moves fed|a then tre nobile
prese ntte colum and aesiesa koAl netrerolicgadie it
This frat of metharol causss festar pigrent elutian then
does tre mbile phese and may aooount far the poor pesk

Seedsnal. icnofmetharol and rediluionwith
0.01% HC1 improved pegk 95, givirg a sirgle pesk Tar
each It sworth roting thet despiite the acidity

ofﬂ‘errdailemase(pl-l of 15% asticacid 1.920), trere
wes no lossof resolution or pesk shepe ceteriaratianoer a
lag periad ofcolum use tisH

Pesk icbntificationves besed on @ﬁed*emsﬂyofsqo—
aratiawhich inrdiucss tteoarall ollarity of theantiocyenin
noleaule, tre reture of te atteded a0, and the SUsti-
tudon of tre B rig; (2) tre relative megnirtuce of tre ped;
ad(3) tre retentiontines ofanttooyenins aontained nsour
deny, bladdeny, bladk arratt, and stranbernry fiuits. Ex-
tasof ttese fiuitswere raphed uder te same
aodition &s tret desoribed far red regdamies. Chromatto-
grars of ttese edradts are showmn N FHigare 3 Chromato-
grars of Medker, Willarette, and Marcy anthooyenins are
shomn nAgure4.

Pesk 1 B te mgjor pesk n dl red regdeny saples
anlyzed (R.0-86.30). Sweral nesticptos (2-27) hae
artificdloyd-3-sghas ttemgjor pigrent inred regdaries.
Pesk 2ves icntified ss gd-3-glurut, tre mgjor pigrert of
s daries Q). Barittad Torre (5, ) rigortd et
oa-3-gluut Bpresmt inMeeker but rot nWillarette va—
rety. Peak 2 Bttemgjor pesk intte sour derry chrarato-
gram, ad ispresace distirguidesMeeker and Wil larette
chraratograms (Figares 3A; 4A and B). Peek 3vess icentified
as0od-3-glu, which scommon o bladdamiesas tte mgjor

Table 5. Sugar composition of red raspberry juice

Concentration,* g/100 mL Percent of total sugars
Sample Sucrose Glucose Fructose Total Sucrose Glucose Fructose tose
North American and New Zealand samplesO
Meeker (ORNWS)

(Repl. 1) (0.00) (2.74) (3.00)

(Repl. 2 (trace)0 278 (309

Av. of repl. 1,2 0.00 2.76 3.05 581 0.0 475 525 0.90
Meeker (ACRS) 0.10 299 337 6.46 15 46.3 52.2 0.89
Meeker VWWWREC) 0.00 344 379 723 0.0 475 524 091
Willamette (ORNWS)

(Repl. 1) (0.00) @2zn (256)

(Repl. 2 (0.08) @) (250)

Av. of repl. 1,2 0.04 225 253 4.82 0.8 46.7 525 0.89
Willamette (ACRS) 0.17 223 262 502 34 44 522 0.85
Skeena (ACRS) 091 2.69 304 6.64 137 405 458 0.88
Marcy (DSIRNZ) 0.00 1.80 241 421 0.0 423 57.2 0.75
Min. 0.00 1.80 241 421 0.0 405 458 0.75
Max. 091 344 379 7.23 137 47.6 57.2 091
Mean 0.17 259 297 574 28 451 521 0.87
Std dev. 031 051 0.46 102 46 25 31 0.05
CV, % 175.6 195 154 17.7 1655 55 59 6.0

European samples
Bavarian 0.36 276 321 6.32 57 436 50.8 0.86
Roman!an 0.00 351 3.69 7.19 0.0 488 51.2 0.95
Hungarian 0.16 31 3.69 6.96 23 4T 531 0.84

mExpressed as single strength juice normalized to 10.0° Brix.
0Samples prepared at Oregon State University pilot plant.
OLess than 0.02 g/100 mL.
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Figure 3. LC separation of anthocyanins from A, sour cherry;

B, blackberry; C, black currant; D, strawberry. Peak identification:

1, cyd-3-soph; 2, cyd-3-glurut; 3, cyd-3-glu; 5, cyd-3-rut; 7,
pgd-3-glu.

plgTEﬂt(B, ). 0d-3glu hes al=o been foud N strawv-
bladk auxrant as a minor pigrent () ad n
atun@rrredlate lkds (B3-2). Pesk 3 Btteally
peakcommon o tte chraratograrns of ttese fiuits, and it
Btte mjor pesk i bladdany, minor peek in strakerty
ad black arrat, and intermediate peek in red ragdarry
(Rgaes 3B, C, and D; and 4A, B, and O). Pesk 4 wes rot
cetected invarieieswith traceamounts ofpelargmidin, and
itves tentatiely intified ss po-3-sqh. Of tre pelargm-
idinpigrats in red regdaies, pod-3-s0ch Bantained n
bgstg entities (5). Pesk Swes idntifiddas o d-3+ut, tte
major pigrent nbladkarrant (&), Marion bledderry ),
ad sar denry @D and the minor pigrent inMeeker red
regenyaidtha; itsotpesstinvillaette\aiety (5,
). Peck 5fisthisnatrix. Peak 6 was tantatively idsntified
as py-3glurut (G kelaw) . Pesk 7 wes idsntified as pod-3-
glubecaee Esttemgjor pesk ntre stranberry chronato-
gram (Fgure D).

Sumariizing, the elution arcey of the genidin pigrants
wes ssfollos: od-3-s7h, od-3-gluut, od-3glu, and o d-
31ut. Thiis elutian order sugpests thet tre hydirgphobic CH3
grap of rhanmose caless inoressed retentionof e rutinose
ghasictessand reasss ttegaaral rule et the eluianorder
B, di-, noo-sacdarice of tre sare golyaoe. Cansid-
enirg tre efflext of tre rhanmose CH 3 groyp on anthocyanin
retentao, tre eluion order far tre pelargmidin pigrents
shouldbe tre follovirg: pgﬂ—?rsqm pop-3-glurut, 3o,
ad ppk3+ut This tentatively idntifies pesk 6 as poi-3-
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Figure4. LCseparation of red raspberry anthocyanins: A, Meeker

(ORNWS); B, Willamette (ORNWS); C, Marcy (DSIRNZ). Peak

identification: 1, cyd-3-soph; 2, cyd-3-glurut; 3, cyd-3-glu; 4, pgd-
3-soph; 5, cyd-3-rut; 6, pgd-3-glurut; 7, pgd-3-glu.

dluut. Conbining tte effletofs.oarmoiety, deteymined by
trenurber ofsugar unitsand tre presace oftte CHagrap,
with tre eflet of B rirg abstitution on tre oarall pollarity
oftteathooyaninmolleculegives tre resultirgeluionachr:
od3s7h, od3dlut, od3dlu, pk3-ah, od3 L,
pop-3-gluut, pop-3glu, and popk3Hut. The presace of tre
‘trace pelargmidin pigrentswes regdilly cdetectedby injection
ofmore coontratedanthooeninprgaratio s. Intteeesss,
od-3-shexxsated tredynamic rage of ttedstedtor, which
would not alllov far acourate guentitation of dll pigrents.
The pigrentassigmentby LC retentionatifiedprevios
chahaosofred ins. No actirtaael
pigrertsweredetectad. Gyd-3,5-diglu, whichwas tatatively
cntifiedon trelesisof TLC retentdasby Barittand Torre
(&) asaminor pigrent insome \arietiss, wes ot found in
any oftte sanples ttatwe arallyzd. From our analyseswe
oould not aaclusively determiine whether this pigrernt wes
aosent or aelutes, possibly with oyd-3-s0ch, bescause we do
rot have a starcerd souree far determinatian of retentaian
te. All otrer anthooyenin pigrents thet: have been pre-
viasly rgorted in red \arieties vere detected
ad sgaated. Sinilardy, tre LC pofiles farbladk aat,
o deny, bladdenry, and axtfarmed tte pub-
lised anthooyenin corposition ofttese fruits (&3, 3L, ).
The resiits of tte anthooyenin aalyees of tre saples
pressd in aur pilot plant are shown i Teble 6. Teble 7
shans the gentitatian of genidiin pigrents by TLC den-
sitoretry as determined by Baritt and Torre () Tar 37
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Table 6. Anthocyanin and anthocyanidin composition (%) of red raspberry juice
Anthocyanins Anthocyanidins
Cyanidin Pelargonidin Pelar-
Sample 3-soph 3glu 3-glurut 3-rut 3-soph 3-glurut Cyanidin gonidin
North American and New Zealand samples*
Meeker (ORNWS)
(Repl. 1) (79.2) (109 37 (%)) 52 trace6 (96.0) 4.0
(Repl. 2) (78.7) (115 35 1y 52 trace (96.4) (36)
Av. of repl. 1,2 78.9 11.2 36 11 52 0.0 96.2 38
Meeker (ACRS) 5.7 108 86 19 29 0.0 %81 19
Meeker \WMREC) 75.8 89 9.3 17 42 0.0 97.2 28
Willamette (ORNWS)
(Repl. 2) (855 (10.7) ©0 ©0 39 ©0 973 29
(Repl. 2) 85.2) (105 00 00 42 ©0 (96.9) 3D
Av. of repl. 1,2 85.3 10.6 0.0 0.0 40 0.0 97.0 30
Willamette (ACRS) 85.2 126 0.0 0.0 22 0.0 95 15
Skeena (ACRS) 76.1 239 0.0 0.0 0.0 0.0 100.0 trace
Marcy (DSIRNZ) 420 7.6 383 70 20 32 %1 49
Mn. 420 76 0.0 0.0 0.0 0.0 %1 0.0
Max. 85.3 239 383 70 52 32 100.0 49
Mean 742 122 86 17 29 05 974 26
Std dev. 137 50 127 23 16 11 15 15
CV, % 184 40.9 1485 136.8 54.9 2449 15 58.0
European samples
Bavarian &1 149 0.0 0.0 0.0 0.0 100.0 trace
Romanian 531 130 215 95 15 14 9.4 16
Hungarian 80.1 144 0.0 0.0 55 0.0 97.6 24

*Samples prepared at Oregon State University pilot plant.
6Less than 1%

althasand dletios. Related pelargmnidin pigrentswere
lidad as trae (s then 20). Our data show higer mean
\valuss Taroyd-3-soph and gd-3glurutand lorervallles far
od-3gluand g, d-3+ut. Rartial hydrolysisarpolyrerization

ofantihooyenins during the more rigoraus pigrant. isolation
Tar TLC aslysis as vell as guentitation by darsitoretry
auld acoount for trese diffaacs.

The resiits of tte anthooyeniin analyees of the Burgpean
saplesarealoshomn nTables -These sanples hed uder—
gore arsickrable anthooyaniin degracation as evidenoad by
tre lorermonameric pigrentand higrerparaatage ofjoly-
meric clar (Teble 8). The anthooyenin pofiles, hovever,
are\ery siilarto tihose far-the juiicss processad inour ploe

plat.

The atthooyanin pdfile of red regdamies Edistirdie
with 2 diffaet patterrs preconiretdng. \arieties such ss
Willarette and Seaa and tre Bavarian and Hungarian
saples possess asinpler pofilewith 2 major oenidinpig-
ments precominetding. \arieties auch as Meeker and Marcy
ad tteRomaniian sarple have amore conplex pattemwith
4 oyenidin pigrents presat nskstantal qautlesqiigre
4. There Barsiterable \ariatin intte

oyenidin pigrents between sanples (Teble 6).

Table 7. Red raspberry anthocyanin composition (%) as de-
termined by Barritt and Torre (25)

Statis- Cyanidin

tic 3-soph 3glu 3-glurut 3rut 3-diglu
Min. 20 n 0 0 0
Max. 72 45 43 32 6
Mean 472 24 189 109 0.6
Std dev. 152 82 134 94 14
CV, % 32 37 71 86 250

Most antihogyenin-antaining fruitshave g alitativelyard
qentitatively diffaat athooyanin pofiles fran rad ragp-
berry and should be detected by thisaelyais.

Anthocyanidin Analyses

The resulits of tte anthooyenidin aalyss are shonn n
Table 6 and a typical chramatogram inFHigure 5 Genidin,
which istte anly compound detected insome sanples, pre-
doniretes; pelargmidin hes a maximum led of 3%. An-
thooyenidin aalysiswoulld be Lesful in cetectairg acliltera-
tios with olaants axtainirg malvinidin, - celpinidin,
[pEmidin, ar petLnidin.

Spectral Characteristics and Hunter Parameters

The collar daraderisticsoftte sarplles pressed inourpillot
plentareshown nTables Athocyenin cocenraliasrae
between 23.8 and 101.0 mg/100 mL.  In teir aalysis of
fiuit, Torre and Baritt (&) foud a loer rage of atho-
oyenin aaoatratian between 20 and 60 mg/100 g of it
\ériety, aign, and maturity can dll acoount for diffaraos
nanthooyenin ks, Our datashow ttetil larette isabout
50% higrer npigrent trenMeeker ifcorparisosaemade
within the same geogrgahic region. Torre and Barritt ()
smla‘lyfardV\/illaYetteﬁuttobe about 50% higer n
anthooyaniin pigrent then Mesker. The number of saaples
we aalyzd, honever, stoo Iimited toesertaintre prinary
suree ofveriatian N anthooyeniin pigrent antent. Mea—-
surarents of clar darsity, peraat polyreric colar, ad
broaning index irdicate thet juicss antain a lov led of
polyrerizedanthooyeninpigrants. Thereves \ery littledi-
Tarae betveen replicatios Tar e olar idicss (saples
Meeker ORNWS and Willlarette ORNWS) .

The effect of cooentration (Under leboratory cooitias)
on monomeric and polymeric clar i shown in Teble s
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Table 8. Color analyses of red raspberry juice

Antho- Per-
cyanin cent
conen,"-6 Poly- poly-  Brown-
mg/100  Color meric meric ing
Sample mL density6 color6  color index6
North American and New Zealand samples'
Meeker (ORNWS)
(Repl. 1) 682 (226) ((X0) (4.6) 064
(Repl. 2 9 (45 15 69 (089
Av. of repl. 1,2 68.6 236 13 53 0.77
Meeker (ACRS) 29.0 135 14 101 0.86
Meeker WWREC) 31.6 131 0.8 6.0 0.45
Willamette (ORNWS)
(Repl. 1) 986) (329 ()] 4.3 (0.91)
(Repl. 2 (1035 (342 (16 @7 (101
Av, of repl. 1,2 101.0 33.6 15 4.6 0.96
Willamette (ACRS) 53.0 24.6 17 71 105
Skeena (ACRS) 238 113 0.7 6.6 0.45
Marcy (DSIRNZ) 571 199 21 107 126
M. 238 113 0.7 4.6 05
Max. 101.0 33.6 21 107 13
Mean 52.0 199 14 72 0.8
Std dev. 252 74 05 22 03
CV, % 484 37.2 34.0 30.3 33.6
Authentic samples concentrated to 50° Brix
Meeker
(ORNWS Repl. 1) 631 26.8 25 9.3 156
Willamette (ACRS) 45.9 242 34 14.0 209
Skeena (ACRS) 199 122 14 19 0.93
Marcy (DSIRNZ) 53.2 22 32 145 198
European samples
Bavarian 9.2 80 29 36.3 17
Romanian 9.6 4.7 10 20.2 0.65
Hungarian 10.0 6.2 20 322 131
* Expressed as cyd-3-glu (t = 29 600).

6Results normalized to 10° Brix.
O0Samples prepared at Oregon State University pilot plant.

(s=@ples aatrated 1© 35° BriK). Monomeric alar de-
aeeees by an aerage of 11% while olar dasity Inoreeses
by an aerage of 9%. Polyneric oo, peraat polymeric
alar, and broaning index Inresseby evenmorre then 100%.

Anthocyanin aonoentratian and aollar dasiity of tte Eu-
rgpean sarplles (Teble 8) show tret ttese sarplles are low
mnanthooyeninpigrertand high inpolymericolar. Pigrent
cgrachtion with processing and/or storage would et lesst
pertaally acoount far the lov monomeric pigrent antat,
although \arietal and geogrgphiic influace aould also con-
trihie

inTeble 9; the HuNter are shown inTable 10.
The BEurgpean saples show higer L values due to teir

lighter ok

Summary

Methodology was develgped for agar, mvollatille aod,
and anthooyenin aallysis by liquid chraretogragy in red
ragdeny juie. Adeguate resolution ofrallic acad from -
atrichy reerse prese C-18 daratogrgphic media can e
achiead through use of 2 reerse phese C-18 colums in
s3ies. The more uniform resporese of analiytes o refradtive
index detecticn alllons far g .entiitation of sxditricacd. For
gradhais, removal ofecics inttejuiceviaionedae
treatnat srecomended. Athocyanin pigrerts vere re-
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LC separation of red raspberry anthocyanidins. Peak
identification: 1, cyanidin; 2, pelargonidin.

Figure 5.

ohad through use of 15% acstic acid n tte nobile prese
where itfunctiaed as selective arganiic naoifier.

The mnvolatileacid, a.gar, and anthooyenidinprofilesare
sinple, limitirg treirutillity indetectirgad iteratio s. Pres-
axe of sabitol or detection of anthooyenidins otter then
oenidinand low ledls ofpelargidin, honever, would ke
bstentive evidence Tarad iteration. The anthooyeninpro-
fik g alitately distidive, with 2 prirciel g entitatine
patters fourd. Anthooyanin aslysissouldprove teseful in
chtecting aclteration of red ragdmries with otter antto-
oenin-axtainirg fruits. Total anthocyenin pigrent aatant
ehibited a\very wide rarge with \ariety, geogrgphic aign,
and pro=ssirg s infllecing fedors.

It 5 recomended tat in fulre work the cbta bese ke
extard o incdiuce more auttentic sarplles and tret tte

Table 9. Spectral characteristics of red raspberry juice

Wavelength range, nm

Mode Maxima Minima
Absorbance 513-515
273-278
First derivative 664-665 537-541
477-479 282-283
391-392 224-230
258-260 207-209
202-204
Second derivative 550-551 503-504
284-285 264-274
226-232 210-211
215-216
204-209



1046 SPANOS & WROLSTAD: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)
Table 10. Hunter and ClEaparameters of red raspberry juice
Hunter parameters CIE parameters
Sample L a b Y X z Hue Sl» Hue/SI
North American and New Zealand samples”

Meeker (ORNWS)

(Repl. 1) (2.3 (48.5) (153 (5.0 (209 01 (72.5) (50.9 49

(Repl. 2) (24.2) (51.4) (16.6) 58 (12.6) 03 (72.1) (4.0 @3

Av. of repl. 1,2 233 50.0 160 54 118 0.2 723 525 14
Meeker (ACRS) 352 61.3 241 124 24.1 03 68.6 65.9 10
Meeker \WWREC) 300 58.3 20.7 9.0 185 01 705 61.9 11
Willamette (ORNWS)

(Repl. 1) (20.2) (44.8 (137 @1 90 03 (73,0 (46.8) (1.6

(Repl. 2) (20.0 (44.5) (136 4.0 88 01 (73.0) (46.5) (16

Av. of repl. 1,2 201 4.7 137 41 89 01 730 46.8 16
Willamette (ACRS) 303 582 209 9.2 188 01 70.3 61.8 11
Skeena (ACRS) 377 63.0 25.2 142 271 0.8 68.2 67.9 10
Marcy (DSIRNZ) 325 5.1 2.2 10.6 210 0.3 69.4 631 11
Min. 20.1 4.7 137 41 89 01 68.2 46.8 10
Max. 377 63.0 252 142 271 08 730 67.9 16
Mean 299 56.4 204 9.3 186 03 703 60.0 12
Std dev. 58 6.1 39 33 6.0 02 17 7.0 0.2
CV, % 194 108 189 359 320 852 24 117 156

European samples

Bavarian 36.2 535 19.9 131 236 33 69.6 57.1 12
Romanian 475 56.3 24 225 36.9 87 68.3 60.6 11
Hungarian 40.6 54.8 21 165 285 43 681 59.1 12

*Commission Internationale de I'Eclairage.
63 = Saturation Index.
»Samples prepared at Oregon State University pilot plant.

develgoed methodology e gollied to camercial sarples
eadlak isdafetiaes.

Adknovledgrents

This work was goosored by tre follovirg corpaniies
thraugh antributaas o tte Oregon State Lhiversity Agri-
adtural Ressarch Fourdatian: Clemont FuitPders, Ic;
Gama Foods, Fc.; Gereral Mills, kc.; e & Baararss,
Ic; KerrGoontrates, e ; Lenis Packing@. ; Miinot Food
Pedears, Ic; A. F. Murch .; Ocean Soray Qataries,
kc; M. Srucker @.; ad Tree Top, e

The auttors therk Donalld J. Buns, Department of Sci-
etificand Ird.strial Resserch, New Zeallard; Lloyd Vartin,
Oregon North Willarette Bqeerimental Statian; Hugh Dau-
bery, Agriauiture Canada Research Station; and Tom Che-
kn, Westerm Washington Research and Bxtarsian Gater,
farproviding tre fiuit saoples. The auttors also therk Bay-
emvald Fruditevernerturg GmbH far providirg te Eu-
rgpean juice saples.

References

Mattick, L. R., & Moyer, J. C. (1983)7. Assoc. Off. Anal. Chem.
66, 1251-1255

Brause, A. R., & Raterman, J. M. (1982) 7. Assoc. Off. Anal.
Chem. 65, 846-849

Bielig, H. J., Faethe, W., Wallrauch, S., & Wucherpfennig, K.
(1982) Flussiges Obst. 49, 188-199

Petrus, D. R., & Vandercook, C. E. (1980) in “Citrus Nutrition
and Quality,” ACS Symp. Ser. No. 143, Chapter 17
Coppola, E. D., Conrad, E. C., & Cotter, R. (1978) 7. Assoc.
Off. Anal. Chem. 61, 1490-1492

Francis, F. J. (1985) 7. Food Sei. 50, 1640-1642, 1661

Hong, V., & Wrolstad, R. E. (1986) 7. Assoc. Off. Anal. Chem.
69, 199-207

Hong, V., & Wrolstad, R. E. (1986) 7. Assoc. Off. Anal. Chem.
69, 208-213

a

—

@
©)
4)
®)

(6)
Q]

®)

)
(10)

(11)

(12)
(13)

(14)

(15)
(16)
(17
(18)
(19)
(20)

(21)
(22)

(23)

(24)
(25)

(26)
@7
(28)

(29)
(30)

(31)
(32)

Official Methods o fAnalysis (1984) 14th Ed., AOAC, Arling-
ton, VA

Wrolstad, R. E., Culbertson, 5. D., Cornwell, C. J., & Mattick,
L. R. (1982) 7. Assoc. Off. Anal. Chem. 65, 1417-1423
Blundstone, H. A. W., & Crean, D. E. C. (1966) The Pigments
ofRed Fruits. Report on Investigations Jan. 1964-July 1966,
The Fruit and Vegetable Preservation Research Association,
Chipping Campden, Glos., England

Oshom, R. A. (1964) 7. Assoc. Off. Agric. Chem. 47, 1068—
1086

Boland, F. E., Blomquist, V. H., & Estrin, B. (1968) 7. Assoc.
Off. Anal. Chem. 51, 1203-1209

Wallrauch, S., Gotz, M., Greiner, G., Olschimke, D., Ottene-
der, H., Reinhard, C, Starke, H., & Faethe, W. (1981) Indus-
trielle Obst. 66, 363-365

Krueger, D. A., Krueger, R.-G., & Krueger, H. W. (1986) 7.
Assoc. Off. Anal. Chem. 69, 1035-1036

Benk, E., & Bergmann, R. (1977) Flussiges Obst. 45, 199-201
Whiting, G. C. (1958) 7. sei. Food Agric. 9, 244-248
Sweeney, J. P., Charman, V. J., & Hepner, P. A. (1970) 7. Am.
Diet. Assoc. D7, 432-435

Ryan, J. J., & Dupont, J. A. (1973) 7. Agric. Food Chem. 21,
45-49
Wrolstad, R. E., & Shallenberger, R. S. (1981) 7. Assoc. Off.
Anal Chem. 64, 91-103

Fitelson, J. (1970) 7. Assoc. Off. Anal. Chem. 53, 1193-1197
Harbome, J. B., & Hall, E. (1964) “Plant Polyphenols-XI11,”
Phytochemistry 3, 453-463
Barritt, B. H., & Torre, L. C. (1973) 7. Chromatogr. 75, 151—
155

Misic, P. D. (1973) Hortic. Res. 13, 45-48
Barritt, B. H., & Torre, L. C. (1975) 7. Am. Hortic. Sei. 100(2),
98-100
Torre, L. C,, & Barritt, B. H. (1977) 7. Food Sei. 42, 488-490
Tesovic, Z. V. (1980) Acta Hortic. 112, 245-248

Hansen, K. B,, & Hansen, S. H. (1983) 7. Chromatogr. 262,
385-392
Camire, A. L., & Clydesdale. F. M. (1979) 7. Food sei. 44, 926-
927
Andersen, 0. M. (1985)7. Food Sei. 50, 1230-1232
Dekazos, E. D. (1970) 7. Food Sei. 35, 237-241
Chandler, G. V., & Harper, K. A. (1962) Aust. 7. Chem. 5,
114-120



STUBBLEFIELD:

MYCOTOXINS

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

1047

Optimum Conditions for Formation of Aflatoxin M r Trifluoroacetic Acid Derivative

ROBERT D. STUBBLEFIELD

U.S. Department ofAgriculture, Northern Regional Research Center, Agricultural Research Service,

Peoria, IL 61604

Because thin-layer chromatographic (TLC) confirmation of identity
and reverse-phase liquid chromatographic (LC) determination with
fluorescence detection of aflatoxin M, both require the derivative
formed in the reaction of M, and trifluoroacetic acid (TFA), various
reaction conditions were studied to obtain complete derivative for-
mation. Of the various organic solvents tested, the reaction between
M, and TFA proceeded best in the nonpolar solvents hexane and
isooctane. Other parameters investigated were reaction temperature
and time, aflatoxin M, concentration, and solvent volume. The fol-
lowing procedure is considered optimum: 200 pL each of hexane and
trifluoroacetic acid are mixed with M, standard in a silylated glass
vial or with milk residue in a regular glass vial with a Teflon-lined
screw cap and heated 10 min at 40°C. The mixture is evaporated to
dryness under N2 and the derivative is saved for TLC or LC. No
unreacted aflatoxin M, was detected by reverse-phase LC after this
procedure was incorporated for analysis of milk samples.

The hamiacetal darivatives of aflatoarsB, and G, (Baad
G 3) have been used for thin-laar dyaratographic (TLO)
anfimation of identity sine 1971 (). The darivatives are
hichly flloresent and used edasively fartte g entitatian
of ttee aflatoars by reerse{tese liquid chroretography
(O, becaseB, andG, arem nagueos
mobile dresss. Derivatives Bzand G 2are regdlily prepared
by tre trifliacecetic acid (TFA)-catalyzed hydration of af-
laodarsB, and G! atroom teperature @. This Brot tne
with aflatodn M, because the reection rarely goes 1o com-
pletion. The fast LC method far determining
aflaoanM, inmillkand milk praclcts, which measured tre
fluoesareofteM, -TFA darivative (Csk M B,wes
reported by Beebe and Takaheshi in 1980 Q. No formal
evidance hes been pblished thet cefniely ichrntifies this
cernatie &5 tte remiacetal; honever, far with
otrer atiors, itisrefare o here asM 21 Boehe and Taka-
heshi were aoessfull in the rgaradcible derivatization of
afldoanM, M Zhoever, other soantasts have encoun-
tarded inooplete darivatization and have incorporated dif-
faetresctioncoitias @-10). , Some ofttese
workershave dosen togentitateaflatodanM, diradtly, even
thoughM, BlesfluoesmattenM 2

In this rgart, tre reecion parareters far derivatization
ofaflaloanM, arM Zareeanined, and tre tat
prodlces aoplete aonversian of M, 1o tre M 2dkerivative
BOha.

: 1

Apparatus and Reagents

@ solvents.—All are resgatgak.
(b) Trifluoroacetic acid (TFA).— Rty 9%+%.

© pichlorodimethylsilane (D0s). —Prepare 5% (A) so-
vt intoheel

Received December 29, 1986. Accepted April 2, 1987.

Presented at the 99th AOAC Annual International Meeting, October 27-
31, 1985, Washington, DC.

The mention of firm names or trade products does not imply that they are
endorsed or recommended by the U.S. Department of Agriculture over other
firms or similar products not mentioned.

(CD Aflatoxin standard solutions. — AflatoanM, stardards
were 05, 7.04,and 8.37pg/m L Inaetnitriletearae @ +
9. Aflatoan B land G, stardard solutianwes 8.0pg eedvV
mL macstitrileteme + D).

© Mobile phase.—Mix water-isqorgoyl aladol-acsto-
nitrile @ +12 + 8) Degas with ultrasmicprde.

@ H eating block. — Reacti-thermhestigmodule Plaee
Chemical ., Rockford, 1L 61106) or eqpinalent.

@ Silylated vials.—Add 5% DDS soluianto 1-1.5dram
viaks and heat ca 40 miin at45-55C. Discard solution and
rreevisks 3 tireswith luareand then 3 timesswithmetth-
aol. Heat vidksat 75°C far 20-30 min t evgoorate meth-
aol. Cap viaks (th Teflon lires) and stae.

@ Lc system.—JmctraHysics Model 8700, equipped
with injedtor (Rneodyre Model 7125) with 20 mL lap,
(St (ecrf Serathysics P220), flloesate
cetedtor (Kratos FO/0), sstat 366 nm far ecitation and
418 nm farenissian, and 4.3mm id X 25 cm Zorbax ODS
LC colum @uRant, Wilmington, DE  1988). Mobilepess,
vater-isoqrgp/ aldol-acetonitrile @ + 12+ 8), 1.0mL/
miin.

Initial Derivative Formation

The follommvere mixed maTeflo-liredsorev-capvel:
200pL sohvat, PVpL TFA, and Dp L aflatoanM! stachrd.
The mixture was allored 10 reect at room tenperature far
I5minand thenwes evgporated under nitragm. The reside
was dissohvad N 2000 pL vater-aetonntrile (B + 5) far
LC. The ijectinvolume was FpL.

Results and Disoussian

This studywas initiated by dplicating the reection con-
ditios ofBeebe and Takaheshi Q. They usad «texare a8
abese Dhattodissohe tre cailry edract resid e artainirg
aflatoan\, . Although heare Ban ecallietsohatt farthis
pumose, itisapoor ohattfartte pollar aflatoanM! when
presmt inpure form @g., aflatodnM! stathd). Trarefore,
otter Dhatsvere aistituted far hexare 1o determire if
any improvement aouldbe dotained (Teble D). Sohantswere
dosntatscaraedte icsies, withvaluesof—0.25
100.%5 (12). The catairdicate et tre sohvants thetproduced
tremost M 2and tre lesstureected M, were the narpollar
«teae, isodae, ad 1,1 2-tridlootrifllocetrare.
Grerally, asthe sohant pollarity roessd, treM! conver—
sioncaressy. Unreacted aflatiodnM, wes detectedwith dll
ohats. When vater was added 1 the resction mixture,
poor yields of M 2vere dotained (Cata ot down). Bven
though aflatodanM, s lesollble nnopolar ohatts, te
resctinwes more anplete with tham. In this study, afle-
todan M tstachrd was added 1o the solvent=TFA mixture
in 0 pL digots. This tedmige prevented adsorpdian of
M, 1o the disss vial- a proolem encountered with aflatodn
stambrds:lﬂms(]@arddm&ed nmore cail Ha-

Next, the optimum reectian was determined
Torhexare and isooctare as bese ohvants (Table 2. 1,12
TrichlootrTfluorcettere wes ot testad because it ot a
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Table 1. Comparison of the effects of various solvents on the
aflatoxin M,-TFA reaction

Aflatoxin peak area,

counts/riL”

Solvent E° (AIA)” M,
1,1,2,-Trichlorotrifluoroethane -0.25 1239 1
Hexane 0.00 1289 9
Isooctane 0.00 1299 10
Toluene 0.29 651 214
Chloroform 0.40 935 144
Methylene chloride 0.42 1049 55
Ethyl ether 0.38 292 303
Tetrahydrofuran 0.45 257 292
Acetone 0.56 528 237
Ethyl acetate 0.58 274 348
Acetonitrile 0.65 551 158
2-Propanol 0.82 140 334
Methanol 0.95 239 226

* Elutropic value of solvent on alumina (12).
bEach value represents average of 5 samples.

common laoratory denical. The reectina@oiitiasvere
ikl otoe given inttetedand Tartte data nTeble
1, et tre taperature wes variied from 10 o 50°C. As
tre taperature esyd, aflatloan M 2wves produced n
geater yield untill adeoresse wes cetected a 50°C. The op-
timum resctian was 40°C. No urescted M,
ooulld be detected at terperatures above arbient; m/\aer,
some nust have been present at 0 and 50°C becaee s
M 2wes presat. AflatodnM, Brotas flloresatasM 2N
polar mbile preses, <0 sEll, udstectsd amounts of M,
ould be pesai.

The effectof inoreessd reection tines Bgiven inTable 3
The resction tanperature was held a40°C, and hexane was
sl a5 tre residle sohvant because most aflatoan lao-
raries e itrautirely intrelirassas. No uveectedM, wes
found after 15 min, and maximum aflaiodnM 2peek aress
ooaurred at 3045 min. Thiswves a laer reection tine then
desired, 0 tte TFA vollure wes inoressed from 50 1 200
mL, and the experimat wes reeeated. With egual volumes
(Q0mD) of hexare and TFA, tre reectian wes aompllete et
10 min, and anly M 2ves cetectsd. On e kesis of trese
chia, itgpaars tatttelbest coditias fa-formingM 2dram
M, are mixing equal 200 i portdas of heae and TFA
with the dhiiry edract reside and lettirg the mixture resct
a40°C far 10 min.

These resctin vere tested with inoreesirg
qentitiesofaflaoanM, todetermine tremax imum amount
of todn tretwould ret. The realtsare given inTeble 4
Only aflatoanM 2wes visidlewhen gqentities of less tren

Table 2. Effect of temperature on the aflatoxin M,-TFA
reaction”
Aflatoxin peak area, counts/iiL"

Solvent Temp, °C M2 M,
Hexane 10 1029 79

33 1171 ND

40 1241 ND

50 935 ND
Isooctane 10 978 8l

33 1197 ND

40 1228 ND

50 1025 ND

* Reaction carried out as specified in text except for temperatures given in
column 2.

“ As determined by reverse-phase LC; ND = not detected; each value =
average of 10 samples.
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Table 3. Effect of reaction time on the aflatoxin Nh-TFA reaction

in hexane”
Aflatoxin peak area,
counts/iiL"

TFA, riL Time, min m2 M,
50 5 970 47
50 10 1038 43
50 15 1158 39”
50 20 1183 ND
50 25 1109 ND
50 30 1219 ND
50 45 1236 ND
50 60 1161 ND

200 5 1072 trace
200 10 1217 ND
200 15 1209 ND

* Reaction carried out as specified In text except as given above and tem-
perature = 40°C.

“As determined by reverse-phase LC; ND = not detected; each value =
average of 3 samples.

" Only 2 samples had unreacted M, present; aflatoxin M, was not detected
in other 8 samples.

oreyal o 150 ngor 30 M, stadardvere treatedwith
TFA. The datasgest et thisvolume (300 P of staclrd
solutin dilluted tre resction mixtLre ecessively. To deter-
mine ifthisvwes e, a cooatrated M, solutian (1675 g
iN200n D)wes trested, and avery sralll unvesctedM, peak-—
63 armacounts—wes cetected (Teble 4). Trerefore, trequan-
tityofaflatioanV, Botagitcal fedtor ntredarnatization,
but diluion of tte resctants sto ke aoidd. With most of
te arantnethods, the dhiry product edract isevgporated
before it Btrastadwith heae and TFA; taddare, trepro-
pcsedtafmqevullsn&sﬂyformﬁeM 2crnatie.
faflaodnM, stacthrdsare inadgiessvel, M,
i ineasibly adsorbed 1o tte giess (D). Glass vials sould
ke siMiatEd o avoid adsorption of M duriing evgoration.
Stadard olutias (rrEe-actmitrilke) of ks then 200
txL Gan ke added o tte hexane-TFA mixture directly (Teble
4, and tre reectinvilll go toaopletion. The data inTeble
4 show tret 1408 ng aflatioanM,  rescted anpletely when
e 200 nL cocentrated stadard solution wes evgporated
na sy vl priar o tre reection. Trerefare, itsbest
B u=e siyiEd visks Tar tre derivatization of aflatoan M,
statats. This ot necessary with daliry sanplles because
aflaoan M, will anpletely redissolhe when presstwath

Table 4. Effect of aflatoxin M, quantities on the reaction with
TFA in hexane”

Aflatoxin M, added Unreacted M,
mk ng countsAiL"
100 50 D
150 75 ND
200 100 ND
800 150 160
400 200 340
100 837 ND
200 1675 63
200" 8 ND

* Reaction carried out as specified in text except as shown above and tem-
perature = 40°C, time = 10 min, and 200 nL TFA.

6As determined by reverse-phase LC; M2awas off scale in all experiments;
ND = not detected; each value = average of 2 samples.

‘ Added to silylated vial and evaporated under Nz before reacting with hex-
ane and TFA.
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contaminants and impurities commonly found in dairy ex-
tracts (12).

The derivatization procedure was tried also with standard
solutions containing aflatoxins B, and G,, and it converted
them completely to Baand G2 In a recent international
collaborative study (14), four collaborators obtained incom-
plete reaction of aflatoxin M, with TFA, probably because
the specified procedure did not use heat. Since then, the 4
collaborators have successfully used the procedure given in
this paper (private communications).

In summary, the optimum conditions for converting af-
latoxin M, to aflatoxin M2aare to add equal 200 /uL volumes
of hexane and TFA to dry dairy extract in a screw-cap vial,
mix well, heat the vial at 40°C for 10 min, evaporate the
mixture under N2 and save the residue for either TLC or
reverse-phase LC determinations. This procedure also will
successfully form aflatoxins Baand G2 from aflatoxins B,
and G,. Standard aflatoxin solutions should be transferred
to silylated vials, prior to forming the derivatives, to prevent
irreversible adsorption ofthe aflatoxins to the glass; however,
sample extracts do not need silylated vials.
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Optimization of Chick Embryotoxicity Bioassay for Testing Toxicity Potential of

Fungal Metabolites

DAN B. PRELUSKY, ROBERT M. G. HAMILTON, BRIAN C. FOSTER, H. LOCKSLEY TRENHOLM, and

BRIAN K. THOMPSON*

Agriculture Canada, Animal Research Centre, Ottawa, Ontario K1A 0C6, Canada

The optimization of a simple, sensitive procedure using a chick em-
bryotoxicity screening test (CHEST) bioassay for detection of toxic
compounds is presented. Dosing protocols of eggs, using several my-
cotoxins (aflatoxin B, deoxynivalenol, T-2 toxin) and appropriate
controls, were evaluated forembryonic sensitivity, overall practicality
of the procedure, and consistency of results. It was found that both
type of carrier solvent and volume injected could significantly affect
overall embryonic mortality. The chick embryo was most sensitive
to the effects of toxins and solvents after 1 or 2 days of incubation;
a rapid decrease in response was observed as the age of the embryo
atdosing increased. Following adm inistration ofthe toxinsjustbelow
the shell membrane by way of a small hole (<0.5 mm diameter)
punched in the shell, a good dose-response (°/0 mortality) could be
obtained regardless of the site of injection (except directly into the
yolk), although dosing via the air sac position resulted in a slightly
better statistical outcome. Although some variations in calculated
LD 5 values were found among repeated assays, statistical analyses
showed that the differences were not due to dosing protocol but to
the variations in embryo sensitivities among batches of eggs. Thus,
if standard reference toxins for comparison are run concurrently, the
CHEST assay can prove to be a very satisfactory model, as well as
having considerable flexibility to be adapted to the needs and re-

sources of many laboratories.
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The identification of unfamiliar fungal metabolites and de-
termination of their potential toxicities can be an arduous
task. To aid in the isolation of these unknown mycotoxins,
a biological assay is usually required to monitor the analytical
progress from the initial identification of the toxic source,
through purification of the extracts, to the establishment of
relative toxicity of the purified compound. A number of ap-
proaches have been reported in the literature, such as lethality
to brine shrimp (1), army worm larvae (2), mosquito larvae
(3), and day-old ducklings (4); rabbit skin sensitivity test (5);
in vitro reticulocyte lysate assay (6); and even the use of
mammalian tissue cultures (7).

One such bioassay that has become highly regarded be-
cause of its simplicity and sensitivity and because it avoids
many of the criticisms leveled at the nature and waste of
mammalian (small-animal) LD® determinations and the
limitations of in vitro testing is the chick embryo toxicity
assay commonly referred to as the CHEST (chick embryo-
toxicity screening test) bioassay (8-11). Several studies have
shown a high predictive value with the CHEST assay when
compared to classic rodent acute toxicity tests (10-13). How-
ever, a review of the literature indicated an absence of stan-
dardization in the assay procedure among different labora-
tories. Although the Association of Official Analytical
Chemists (AOAC) has a recommended protocol for use of a
CHEST bioassay for determining aflatoxin B, levels (14) which
appears to have adequate sensitivity and precision (15), we
believe the stringent requirements of the method, difficult
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Table 1. Incidence of unhatched eggs (%) of controls and fol-

lowing treatment with carrier solvents
For 144 control eggs set (no treatment), unhatched eggs = 14.6%

% Unhatched" and site

No of injection” '
eggs 45°
Treatment set' Airsac angle Equator Yolk
Puncture (<0.5 mm) 48 16.7 125 16.7 -
Puncture + beeswax 96 14.6 16.7 16.7 —_
Sham injection
(no solvent) 48 125 16.7 16.7 29.2*
Test solvent injections, mL*
Normal saline:' 5 72 15.3 16.7 16.7 33.3*
20 48 229 22.9 25.0
30% ETOH: 5 72 181 16.7 125 41.7*

20 48 20.8 20.8 16.7
100 64s 60.9* 64.1* 57.8* —

95% ETOH: 5 72 22.2 25.0 16.7 50.0*
20 72 43.1* 37.5* 25.0 -
100 48 100.0* 95.8* 100.0*

100% ETAc: 5 48 125 16.7
20 48 33.3* 29.2*

100% CHZCI2 5 48 16.7 12.5

5% DMSO: 5 64 45.8* 31.3*

20% DMSO: 5 48 50.0* 37.5*

90% DMSO: 5 48 54.2* 41.7*

Distilled water:" 10 72 125
100 72 29.2*

* For each of yolk tests, 48 eggs were set.

" Includes ca 4-5% of eggs that were infertile.

cSee Figure 1; injections made on day 1 of incubation.

" Approximate standard error of percentage (P) is given by [P(100 - P)I
10 000 x N]'rwhere N is the number of eggs set.

*ETOH = ethanol; ETAc = ethyl acetate; CHZCI2= dichloromethane;
DMSO = dimethyl sulfoxide.

'0.9% NacCl, sterile.

For air sac, 72 eggs set.

" Sterile.

* Denotes significantly higher lethality than the controls, based on Dunnett's
test by column at the 5% level.

injection protocol, and requirement of large numbers of eggs
make it impractical as a routine screening procedure. There-
fore, this study describes a simplified and adaptable, but
completely practical, approach to the CHEST bioassay for
routinely predicting the toxic potential of isolated metabo-
lites. Depending on the application, the bioassay either can
be used as a 7 day test to establish whether a substance is
nontoxic, moderately toxic, or very toxic, or can be taken
until the chicks hatch at full term (21 days) to determine
more accurately the comparative LD values of test com-
pounds. Many of the protocol variables that could affect
overall embryonic mortality were investigated.

Experimental

Analytically pure aflatoxin B, and T-2 toxin were pur-
chased from Sigma Chemical Co. (St. Louis, MO). Deoxy-
nivalenol (DON, vomitoxin) was provided by R. Green-
halgh, Plant Research Centre, Agriculture Canada, Ottawa,
Ontario. Solvents used as carrier vehicles were LC grade.
Water was double-distilled in glass and filtered through Mil-
lipore filters HA-0.45 mM (Millipore Ltd, Mississauga, On-
tario); just prior to injection, all distilled water and normal
saline solutions were filter-sterilized using Millipore Millex-
GS sterilizing filter units. Dimethyl sulfoxide (DMSO), (pu-
rity 90%, medical grade) was obtained from Diamond Lab-
oratories (Calgary, Alberta) as Domoso® (D.l.N. 3.29584).
Fertile eggs from White Leghorn hens ofa random-bred con-
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INJECTION
AIR CELL SITE
(AIR SAC) —~—~—

s AIR SAC

SHELL —45° ANGLE
MEMBRANE -
,—— YOLK
EGG
MEMBRANE EQUATOR
ALBUMEN

Figure 1. Sites of injection tested for administration of toxins
to chick embryos.

trol stock (strain 10) maintained at the Animal Research
Centre were collected for up to 8 days prior to incubation.
The eggs were stored on fiber trays at 4°C and 100% relative
humidity until set in the incubator. At the time of setting,
eggs were distributed into groups of 24, so that each group
contained a similar number of eggs from each day’s collec-
tion. After being numbered sequentially, the eggs were set in
a Jamesway incubator (Model 252B) where the temperature
was maintained at 39°C dry bulb and 28-29°C wet bulb; the
eggs were turned automatically through a 90° arc every 4 h.

Aflatoxin B,, deoxynivalenol, and T-2 toxin were selected
as test compounds. The toxins were dissolved in carrier sol-
vent (30% ethanol) and administered 1, 2, 3, 5, or 7 days
after the start of incubation. Unless indicated otherwise, 5
nL ofthe test solution was injected per eggat one of4 possible
injection sites (Figure 1). Injections were made through a
small hole (<0.5 mm) punctured in the shell with a common
kitchen egg punch used to put holes in eggs prior to hard-
boiling to prevent cracking of the shell. Needle (27 gauge)
depth was 1-2 mm below the surface of the shell, except
when administration directly into the yolk required a 50 mm
needle.

On day 7, the eggs were candled. Eggs that appeared clear
or to contain a dead embryo were counted, removed, and
stored at 4°C. The remaining eggs were returned to the in-
cubator and candled again on days 14 and 18. On day 18,
eggs were transferred from the turning racks in the incubator
and placed in compartmental baskets for hatching in a second
incubator where the dry- and wet-bulb temperatures were
39°C and 30-31°C, respectively. Frequency of hatching was
noted, and any eggs that remained unhatched by day 23 were
classified as dead and were examined; extra incubation time
of several days was included to allow for any “late-hatched”
chicks. All eggs with nonviable embryos were opened within
1to 2 days of removal from the incubators and examined
for fertility and/or day of death (developmental stage) (16).

The mortality data of Tables 1and 2 were analyzed using
least-squares analyses of variance with the response for each
egg coded as 0 if it hatched and 1 otherwise. This approach
was taken rather than using contingency tables, partly be-
cause of complexities of design arising from the different
batches, but also to facilitate hypothesis testing involving
single degree-of-freedom comparisons and multiple com-
parison tests. Examples of this type of analysis are common
in the literature (see, for example, Harvey [17]). Analyses of
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Effect of time of injection and site of injection on overall mortality of carrier solvents

% Unhatched" and site of injection0'

Table 2.
Air sac
Time of 5id 20 jiL 20 mL 100 mL 20 nL 20 mL
injection, Normal ~ Normal 30% 30% 95% 95%
day saline saline ETOH ETOH ETOH DMSO
1 15.3 22.9 20.8 59.7 43.1* 40.0%
(72 (48) (48) (72 (72 (40)
2 16.7 25.0 125 62.5* 50.0* 40.0*
(48) (48) (48) (64) (48) (40)
3 16.7 27.1 125 66.7* 590.7* 66.7*
(24) (48) (48) (48) (72 (29
5 125 16.7 13.9 50.0* 50.0% 62.5*
(249 (24) (72) (64) (48) (40)
7 125 12.5 139 125 141 14.3
(249 (24) (72) (72) (64) (56)

45° angle Equator  Yolk sac
5nL 20 m_ 29 ml 100 mL 100 nL 100 nL 5 juL
Normal ~ Normal 30% 30% 95% 30% 30%
saline saline ETOH ETOH ETOH ETOH ETOH
16.7 22.9 20.8 64.1* 95.8* 57.8* 41.7*
(72) (48) (48) (64) (48) (64) (48)
20.8 18.7 14.6 73.4* 87.5% 37.5* 47.9*%
(48) (48) (48) (64) (48) (64) 48)
16.7 25.0 125 31.2 38.9*% 25.0 50.0*
(24) (48) (64) (48) (72 (48) (48)
16.7 14.6 141 31.2 20.8 25.0 25.0
(24 (48) (64) (48) (48) (48) (48)
16.7 14.6 125 16.7 16.7 17.2 125
(24) (48) (64) (48) (48) (64) (48)

* Mortality of control (no treatment) eggs = 14.5% and includes 4-5% infertile eggs.

b See Figure 1.

*No. of eggs set (N) given in parentheses; approximate standard error for percentage (P) given by [P(100 - P)I10000 x A/]12
* Denotes significantly higher lethality than controls, based on Dunnett's test by row at the 5% level.

variance were applied to various subsets of the data, but
generally the treatments with high mortality were excluded
to reduce the heterogeneity of variance. In fact, exclusion of
these values had little impact on interpretation because they
were so obviously higher. Results in the columns of Table 1
and the rows of Table 2 were compared against the controls
using Dunnett’s test described by Steel and Torrie (18). Some
minor changes to the method were necessary to take into
account the unequal sample sizes. Estimates of variance for
the test were taken from the analyses of variance but differ
little from those derived from the formulas given in Tables
land 2.

The dose-response curves were analyzed using single-line
probit analyses in the manner described by Finney (19). Sev-
eral transformations of dose level were tried; the log dose
was the most satisfactory and was applied throughout. Par-
allel-line probit analyses were used to compare both the same
assays conducted at different times and similar assays con-
ducted at the same time but with different injection dates.
No evidence could be found of differences in hatchability of
the nonpunctured eggs included with the assays conducted
at different times. Hence, the pooled measure of mortality
for these eggs was used as the background mortality for all
probit analyses.

Statistical tests noted in the text were conducted at the 5%
significance level, unless otherwise designated.

Results and Discussion

The aim ofthis study was to provide a simplified, sensitive,
and practical protocol for the chick embryotoxicity bioassay.
Optimization of the procedure used for administering the
toxic materials was carried out using 3 test mycotoxins—
aflatoxin B,, T-2 toxin (T-2), and deoxynivalenol (DON).
The main parameters investigated were site and day (incu-
bation age of embryo) of injection, type of carrier solvent,
and volume injected. The need to cover the injection site
with beeswax was also examined.

Several sets of assays were repeated during a period of
approximately 8 months. In instances where a certain treat-
ment obviously interfered with the bioassay (e.g., caused
unacceptably high mortality levels) or was found eventually
to have no effect, the treatment was eliminated from sub-
sequent assays. These 2 criteria helped speed up development

ofthe assay protocol, improved overall sensitivity, and saved
resources.

In all instances, groups of control eggs which were set as
received from the hens were included to determine fertility,
hatchability, and effect of physical treatment. When dose-
response data were interpreted, these normal background
control values, determined as nonhatchability by 23 days’
incubation time, were subtracted from results before final
mortality was determined. Table 1 summarizes the param-
eters tested. A mortality ofabout 15% for control eggs, which
included approximately 4-5% infertility, agreed with high
hatchability of eggs set that was previously reported for this
strain of White Leghorn hen (20). Hatchability did not change
throughout the 8-month duration of this study (no batch
effect) before the hens were forced molted, nor was there any
apparent problem observed, as expected (21), using eggs stored
up to 8 days prior to incubation.

Of initial interest was whether any effect was produced by
puncturing a small hole (<0.5 mm) through the shell and
membranes to allow entry of the needle for injection of the
test toxins. As indicated in Table 1, no increase in mortality
occurred, regardless ofthe site on the shell where the puncture
was made (Figure 1) and whether beeswax was applied as a
sealant. The absence ofany effect due to puncturing supports
the results of Hamilton and Thompson (22) who investigated
the results of puncturing eggs with up to 4 holes ofsize similar
to that used in the current study and found no significant
change in the overall hatchability of the eggs from Leghorn
hens. Application of beeswax was not required, since minor
punctures of this type quickly reseal, presumably because of
albumen congealing around the opening (except when the
puncture site was above the air sac). The ease and practicality
of this puncture method avoids all of the obvious problems
associated with earlier reported methods that required pre-
cision drilling into the shell for the removal of sections of
shell (up to 15 x 10 mm) prior to dosing, as well as having
to aseptically reseal these openings (8, 9, 13, 14, 23, 24).
Using the procedure presented in this paper, it was possible
for 2 people to dose a tray of 180 eggs in about 35-40 min.
Rapid dosing was aided by the use of Hamilton repeating
syringes (Model PB-600).

It was interesting to note that embryos were very sensitive
to solvent type, and particularly to the volume of injection,
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Table 3. Effect of time and site of injection on overall mortality3of chick embryos for various mycotoxins0

LDj,,,' ng toxin/egg

Aflatoxin B,
injection Air sac 45° Angle Equator Air sac
1 0.097 0.085 0.099 0.70
(0.071-0.118)  (0.062-0.108)  (0.096-0.102) (0.51-0.87)
2 0.074 0.026 0.072 0.88
(0.058-0.092) (0.017-0.036)  (0.055-0.087) (0.68-1.06)
3 0.129 0.077 0.088 3.59
(0.096-0.161)  (0.058-0.093)  (0.066-0.111) (3.00-5.36)
Parallel lines?*
yes no no yes
Same intercepts?
no —t — no
Satisfactory model?
yes yes yes yes

T-2 Toxin Deoxynivalenol
45° Angle Equator Air sac 45° Angle Equator
0.37 1.28 5.15 3.14 15.30
(0.25-0.50)  (1.04-1.49) (3.77-6.37) (2.24-4.03) (14.34-16.39)
0.34 0.76 4.79 8.18 7.33
(0.24-0.43)  (0.57-0.91) (3.43-6.04) (6.16-9.53) (5.52-8.64)
3.87 6.75 17.78 19.81 26.38
(3.27-8.65) (-)" (15.00-20.88)  (18.18-21.65) (-)f
no yes yes no no
— no no — —
yes yes yes yes yes

*"Background" mortality of 14.6% incorporated into assay; toxins administered in 5 fiL 30% ethanol.

* See Figure 1.

*95% confidence limits for LD®in parentheses, unless otherwise indicated.

* Confidence limits not calculated because regression was not significant.
"Tests of parallel lines for the probits within a column.

'Tests for the same intercept appropriate only when parallelism criterion met.

a fact only a few other research groups (24, 25) have ad-
dressed. Of the solvents/volumes tested (Table 1), the least
toxic effect was observed with 10 tiL distilled water and 5
txL each of normal saline, 30% ethanol, ethyl acetate, or
dichloromethane. Generally, analysis of variance showed
mortality to be significantly higher (P < 0.05) with 20 nL
injections than with 5 fiL injections, but the differences for
30% ethanol and normal saline were sufficiently small that
the 20 /;L level could be considered borderline acceptable.
All other solvent/volume combinations caused unacceptable
increases in mortality (P < 0.05). McLaughlin and coworkers
(24) also observed that normal saline (0.9% NaCl) and 95%
ethanol were slightly more toxic than distilled water, and
mortality of the embryos increased significantly as the amount
of NaCl or ethanol injected was increased.

Except for directly into the yolk, site of injection (air sac,
45° angle, or equator) did not influence (P > 0.05) the mor-
tality caused by solvent injections. A significantly toxic sol-
vent/volume combination remained toxic regardless of the
site where it was administered. However, a sham injection
into the yolk produced a response that far exceeded accept-
able background mortality levels, and administration of any
solvent at this site only increased the overall lethality. For
this reason, the yolk was eliminated as a practical site for
administration. Jelinek (10) arrived at the same conclusion
about yolk injections, but for different reasons; there was
serious concern about the reproducibility ofthis method, not
knowing if and in what form or concentration an adminis-
tered compound reaches the embryos (26, 27).

Results shown in Table 2 indicate that overall sensitivity
to solvent and/or volume was affected by the age of the chick
embryo at time of injection; as age increased, toxicity de-
creased. By day 7 after injection, no solvent tested was sig-
nificantly toxic regardless ofthe volume used (up to 100 ¢L).
In the most severe circumstance—100 pL of 95% ethanol
injected at 45° angle—mortality decreased from 96% on day
1to approximately 17% on day 7. Thus, in instances where
a larger volume of injection is necessary because of the sol-
ubility characteristics ofthe toxin, an older embryo may have
to be used. However, as shown in Table 3, a considerable
loss in sensitivity of the bioassay to certain toxins will prob-

ably result with the use of older embryos. Estimation of
conventional LD®values indicated that T-2 toxin and DON
were most lethal when administered at 1 or 2 days of incu-
bation; by day 3, sensitivity of the embryos to the toxins had
decreased sufficiently that LD®values had risen severalfold
(Table 3), and by day 4 and in subsequent days, LD®values
could not be determined below the maximum dosages ad-
ministered (4.0 /ig/legg and 32.0 ng/egg for T-2 and DON,
respectively) (data not shown in table). Because of the greater
amounts oftoxins required, no attempt was made to establish
LD®values in eggs beyond 4 days’ incubation time. How-
ever, with aflatoxin B,—the most toxic of the 3 compounds
examined—the decline in sensitivity as a function ofembry-
onic age was not as rapid as that observed with the 2 trich-
othecene toxins. Over the initial 3 days’ incubation period,
LD values for B, remained relatively consistent (Table 3),
and when administered on days 5 and 7, 0.1 tig B,/egg still
produced a 50% and 38% mortality (corrected for back-
ground), respectively, regardless of the injection site (data
not shown in table).

In contrast to the effect of carrier solvent, which showed
no significant variation in toxicity among injection sites, sen-
sitivity of the embryo (based on LD®values) to certain my-
cotoxins could vary with the location of injection. Typically,
when day 1 injections were compared, LD® values for T-2
and DON were always consistently higher following admin-
istration at the equator than at the air sac or 45° angle (Tables
3 and 4). The toxicity of B, did not appear affected by the
injection site.

Similarly, it was of interest to note that the probit model
provided a satisfactory fit to the dose-response curve for all
injection sites, but the overall response seemed to be inferior
for injection at a 45° angle and the equator, because the
parallel line test between days of injection was positive for
all 3 toxins only with air sac injections (Table 3). Dosing at
the equator (DON, T-2) appeared to produce a threshold-
type pattern in which a minimal response occurs over a wide
dose range until sufficient toxin has been added to cause a
very rapid increase in mortality. The explanation for these
differences is unclear, but there is an indication that early
embryonic development begins at or about the equator of
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Table 4. Reproducibility of chick embryotoxicity bioassay9

LDSvalues, g toxin/egg”

Aflatoxin B
Date of atoxin 5,
test Air sac 45° Angle Equator Air sac
Feb. 21 0.053
(0.044-0.065)
Mar. 24 0.097 0.085 0.099 0.49
(0.071-0.118)  (0.062-0.108)  (0.096-0.102) (0.33-0.70)
June 9 0.064 0.050 0.074 0.70
(0.052-0.077)  (0.036-0.066)  (0.054-0.093) (0.51-0.87)
Sept. 11 0.074 0.055 0.44
(0.057-0.091)  (0.041-0.069) (0.30-0.60)
Parallel lines?"
yes yes no yes
Same intercepts?
no no t yes
Satisfactory model?
yes yes yes yes

T-2 Toxin Deoxynivalenol
45° Angle Equator Air sac 45° Angle Equator
0.52 3.26
(0.38-0.67) (2.30-4.26)
041 159 5.53 4.45 6.13°
(0.28-0.54)  (1.51-1.68) (4.04-6.98)  (3.12-5.88) {-r
0.37 123 5.15 3.14 15.30
(0.25-0.50)  (1.04-1.49) (3.77-6.37)  (2.24-4.03)  (14.34-16.59)
0.40 2.55 6.59
(0.27-0.54)  (1.97-3.27) (4.64-8.35)
yes yes yes yes no
yes no no yes —
yes yes yes yes no

* |njections carried out on day 1 of incubation; “background” mortality of 14.6% incorporated into assay. Toxins administered in 5 mL 30% ethanol.

5% confidence limits for LD*, in parentheses.

° Significant lack of fit (P < 0.05) for single probit analysis (x2test for goodness-of-fit).

" Confidence limits not calculated because regression was not significant.
' Tests of parallel lines for probits within a column.
'Tests for the same intercept appropriate only when parallelism criterion met.

the yolk (24, 28); consequently, dosing at the equator would
deposit the toxin anywhere from very close to the embryo
to the furthest point from the embryo on the opposite side
ofthe yolk. This random administration ofthe toxin relative
to the developing embryo could contribute to the peculiar
dose-response profile obtained with injections at the equator.
Only the highly toxic aflatoxin displayed somewhat consis-
tent LD values, regardless of location or day (1, 2, or 3) of
injection; a “threshold” response was not observed for Bl
administered at the equator. Furthermore, the solubility or
binding characteristics of certain toxins in the egg albumen
can also affect the rate and extent ofthe response. This raises
questions as to the fate of certain toxins if they are admin-
istered in such a manner as to impede delivery of the sub-
stance to the embryo. For example, Bata et al. (29) found
that both T-2 toxin and diacetoxyscirpenol (DAS) injected
into the yolk underwent extensive metabolism upon incu-
bation of the egg; the proportions of resulting metabolites
varied with the length of incubation. Miura (30) observed
that the extent of metabolism of aflatoxin B, was influenced
dramatically by the location of the injection into the egg.
The reproducibility of the bioassay was investigated by
applying parallel-line probit analyses to the results from as-
says repeated several times during a period of 8 months
(Table 4). The resulting LD values (intercepts of dose-re-
sponse data) did show significant differences among repeat
assays (P < 0.05), but the slopes (probit scale) remained
consistently parallel for injections into the air sac and at a
45° angle (i.e., the shape of dose-response curves remained
similar). This indicates that, although the toxicity levels may
vary among duplicate assays, the extent and direction ofany
changes occur equally for each toxin being tested. Thus, it
appears that a combination of factors that influence the tol-
erance of the embryo—such as age ofthe flock producing the
fertile eggs, storage time ofeggs prior to incubation (1-8 days
in the present study), time of the year when the bioassay was
done, or even changes in personnel performing the assays—
may all contribute to changes in the sensitivity of the assay.
Fortunately, though, the impact of most of these variables
can be eliminated if results from an assay are expressed rel-

ative to an adequate standard reference compound run con-
currently with the toxins being tested. The reliability of this
procedure among several laboratories remains to be estab-
lished.

As part of the present study, the reliability of the dose-
response was determined when embryo mortality was ex-
amined at 7 or A days after administration of toxins (day
1) instead of taking the incubation to our standard 23 days.
A shorter time period would expedite the assay and would
eliminate the need for investigators to have access to hatching
facilities. A comparison to the standard protocol (full incu-
bation, 1-23 days) was made by establishing the time of
embryonic death following dosing and then examining dose-
response curves based on percent mortality after 1-7 days’
incubation and 1-14 days’ incubation. It was observed that
a reduced incubation period can produce slightly different
results (LD values), which may or may not be acceptable
for all experimental protocols.

As shown in Table 5, using mortality data for doses that
led to about 50 and 95% mortality (above controls) as ex-
amples, the mortality pattern following T-2 or DON admin-
istration (air sac. day 1) had a >90% incidence of all deaths
occurring during the initial 7 day period. Only a few later
deaths occurred, which was similar to the pattern of natural
mortality observed with the untreated controls. In contrast,
the pattern following B, administration showed that a higher
proportion of deaths occurred after the initial 7 day period.
Even at the high dose level, over 25% of all deaths still
resulted during the final week of incubation with the majority
occurring between days 8 and 14. Thus, when compared to
23 day LD®data, values based on mortality by day 7 or 14
would translate to only a very minor difference for DON or
T-2, but a significant increase (1.8- to 3.3-fold) in the LD
value for B, (Table 6). In all practicality though, it should be
recognized that in attempting to establish whether a com-
pound is nontoxic, toxic, or very toxic, a 3-fold difference in
calculated LD values may not be all that important. Such
differing results could typically be obtained upon repetition,
or ifthe study were to be conducted in different laboratories.
Subsequently, depending on the objective ofthe toxicity test-
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Table 5. Time of death of chick embryos, based on dose levels
which led to approximately 50% and 95% mortality9

Number of embryos that
died within a certain period

Mortal- Total (days incubation)
ity No, of no. of .
level* eggs embryo 1-7 8-14 15-23
Toxin % set6 deaths  days days days
Control 115 12 6 2 4
DON 50 92 49 42 3 4
95 91 87 83 2 2
T-2 50 89 47 39 2 6
95 92 88 82 4 2
B, 50 114 62 6 7 49
95 92 88 17 46 25

*Data chosen from 4 or 5 runs where mortality, after adjustment for back-
ground mortality, approximated 50% or 95% lethality.
6Viable eggs only, Infertile eggs excluded from the counts.

ing, a shortened incubation time could be completely ac-
ceptable. Furthermore, by the time doses reach 2-3 times
the LD®B dose level, all deaths occurred within the initial
7-day period regardless of the toxin involved (not shown).
This prevents values determined at 7 days from being more
than just a few-fold higher than those calculated at the end
of the incubation period (day 23).

Conclusion

The results obtained demonstrate the importance ofa stan-
dardized bioassay procedure. Although the overall toxicity
of the chick embryo to the highly toxic compound aflatoxin
B, did not appear to change considerably with the varying
methodologies tested, the results for the other toxins (T-2,
DON) could be affected substantially. Differences associated
with the site of injection (Table 1) could be due to the sol-
ubility, binding, or diffusion characteristics of the toxin and
to how rapidly detoxification/metabolism occurs, if at all.
Miura and Aibara (25) noted that overall toxicity could be
influenced by the effect of the carrier solvent on the egg
environment surrounding the injection site, thus leading to
a disturbed diffusion of the toxin. In the current study,
administration at the site of the air sac appears to minimize
much of the variation. This could be due to delivering the
toxin to a constant area (air sac) in relation to the developing
embryo, whereas injection at the equator would allow some
variation to occur between where the embryo develops and
where the toxin is deposited.

Age-dependent changes in toxicity to the embryo also oc-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

curred (Table 2). Those changes as a function of age were
consistent with other studies that have generally demonstrat-
ed that sensitivities decrease as embryo age increases (23,
31), although recommendations for dosing as late as 6 (25),
7 (19), or 10 (4) days into the incubation period have been
reported. The current study showed that greatest suscepti-
bility occurred on day 1or 2 of incubation (Table 2). By day
3, the effect of T-2 and DON had declined considerably; B,
retained a relatively higher toxicity during the embryo’s ini-
tial week of development.

In summary, the chick embryotoxicity assay has excellent
capabilities for supporting existing chromatographic meth-
ods used in the isolation and identification of potentially toxic
substances. The CHEST method adapted by our laboratory
has demonstrated practical advantages over existing proce-
dures, the foremost being the simplicity ofthe injection tech-
nique utilizing a common household egg punch to permit
entry into the egg, thus greatly increasing the speed of the
dosing procedure. The assay protocol established for opti-
mum sensitivity, dose-response, and reproducibility involves
injection into air sac on day 1or 2 of incubation, using an
absolute minimum amount of carrier solvent (usually < 10
mL) which has been pretested for nontoxicity against the chick
embryo. A minimum of20 viable eggs per dose level provides
sufficient numbers to examine the dose response, although
under certain circumstances, such as pretesting of carrier
solvents or preliminary approximations of toxicity (i.e., very
toxic, toxic, nontoxic) prior to further investigation, fewer
eggs could be used. However, if attempting to determine
conventional LD®values, too few eggs per dose will under-
standably reduce the precision of the bioassay. To obtain a
useful picture ofthe dose-response curve itself, it is important
to include a number of dose levels in the area where inter-
mediate response is expected. Finally, to minimize the effect
of certain factors pertaining to diffusion or metabolism, eggs
should be allowed to incubate for the full period, although
under limitations of resources or time constraints associated
with practical acute toxicity testing discussed earlier, a short-
er incubation period would be acceptable.
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Table 6. Estimated LDM values from parallel-line probit assays, based on embryo mortality as determined over 3 different time

periods9
LDm,6 g toxin/egg
Time period, days
. P y Same Satisfactory

Toxin 1-7 1-14 1-23 Parallel lines intercepts model
DON 5.54 5.47 5.17 yes yes yes

(4.18-6.80) (4.03-6.76) (3.77-6.37)
T-2 0.75 0.72 0.70 yes yes yes

(0.56-6.94) (0.53-6.89) (0.50-0.87)
B, 021 0.12 0.064 no d no

() (0.091-0.150) (0.052-0.077)

*Based on June 9 bioassay, injection into air sac on day 1 of incubation; background mortality of 8.3%, 12.5%, and 14.6% incorporated into assay for

respective time periods.
095% confidence limits for LD*, in parentheses.
cConfidence limits not calculated because regression was not significant.
"Test for the same intercept appropriate only when parallelism criterion met.
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Gas Chromatographic Determination of Alachlor in Microencapsulated Formulations:

Mini-Collaborative Study

DAVID F. TOMKINS
Monsanto Co., PO Box 473, Muscatine, 1A 52761

Collaborators: F. Brill; T. Riggs; R. Speth; L. Torma; R. Wiley; J. L. Hansen (Statistical Consultant)

An isothermal gas chromatographic method for measuring alachlor
in Micro-Tech® (microencapsulated) formulations was tested by 5
collaborators. The samples were prepared in acetone, and alachlor
was determined using a gas chromatographic column of 10% SP-
2250 on 100-120 mesh Supelcoport. Di-n-pentylphthalate was used
as the internal standard. Collaborators made single determinations
on 5 samples distributed as blind duplicates. The mini-collaborative
study generated 47 data points. The coefficient of variation (CV0
pooled) was 1.35%, and CV xpooled was 0.73% . The method was
simple to use and did not reveal any interferences in samples tested.
The method has been adopted official first action as an AOAC-
CIPAC method.

Alachlor (2-chloro-2',6"-diethyl-A-(methoxymethyl) acetan-
ilide) is the active ingredient in Lasso® Micro-Tech®, a mi-
croencapsulated herbicide for weed control in soybeans and
other listed crops. It is used before planting as a surface-
applied or shallowly incorporated herbicide to control yellow
nutsedge, annual grasses, and broadleaf weeds ().

Methods of analysis based on gas chromatography (GC)
have been used by Monsanto Co. (2). A method described
in that paper was adopted by AOAC (3). This collaborative
study evaluated a GC method developed by B. W. Mueller
and D. F. Tomkins for alachlor microencapsulated formu-
lations (4).

Collaborative Study

Five pairs of alachlor microencapsulated samples (blind
duplicates marked 1-10 in random order), together with stan-
dards, practice samples, and detailed guidelines, were sent
to 5 collaborators. Collaborators were requested to pack a
column, stabilize their equipment, and establish good reso-
lution and quantitation during injections of practice sample
solutions. The collaborators were asked to make a single
determination (with duplicate injections) on each of the 10
samples. The participants were also requested to provide the
raw data and sample chromatograms along with the data
report sheet. The method was tested for interferences by
obtaining all known impurities over 0.1%. The method suc-
cessfully separated all components, and these were complete-
ly resolved from the alachlor and internal standard peaks at
up to 10 times the expected levels.

Submitted for publication June 2, 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 Pesticide Formulations
and Disinfectants, and the Chairman of the Official Methods Board. The
method was adopted official first action at the 101st AOAC Annual Inter-
national Meeting, Sept. 14-17, 1987, at San Francisco, CA. See the General
Referee and Committee reports, J. Assoc. Off. Anal. Chem. (1988) 71, January/
February issue.

Alachlor in Microencapsulated Pesticide Formulations
Gas Chromatographic Method
First Action
AOAC-CIPAC Method

Principle

Sample is dissolved in acetone contg di-n-pentyl phthalate as in-
ternal std, analyzed by gas chromatgy with flame ionization detec-
tion, and quantitated by comparison of integrated peak areas.

Safety

LD5ofalachlor has been found to be 930 mg/kg in rat acute oral
studies (M onsanto Co., 1985, MSDS No. 015972608). Alachlor has
been detd to produce tumors in laboratory animals. W ear protective

clothing to avoid excessive exposure.

Apparatus
(a) Gas chromatograph._w ith flame ionization detector and on-

column injection ports. Operating conditions: temps—column oven
230°, injection port 250°, detector 260°; gas flows (mL/min)—He
carrier gas 35, H 30, air 250; sample size 1.0 mL; run time 15 min.

(b) Column. —Glass, 6 ft x 2 mm id (on-column configuration),
packed with 10% SP-2250 on 100-120 mesh Supelcoport (Supelco
Inc.), or equiv. SP-2250 is methyl-phenyl silicone (50 + 50).

Reagents

(a) Acetone.—Pesticide grade (Fisher or equiv.).

(b) Di-n-pentyl phthalate internal and std soln.—w eigh 5.3 g di-
n-pentyl phthalate (CTC Organics, PO Box 6933, Atlanta, GA 30315)
into 1L vol. flask. Dissolve in acetone and dil. to vol. with acetone.

(c) Alachlor std SO|n.—RecrystaIIize alachlor (Monsanto Co., PO
Box 473, Muscatine, I1A 52761) from MeOH. Accurately weigh 0.2
g recrystd alachlor into small flask. Add by pipet 30.0 mL internal
std soln and shake mixt. to dissolve.

Instrument Setup and Calibration

Condition chromatgc column ovenightat 250° with He flow at 35
mL/min. Suggested conditions represent best compromise for sepn
and quantitation ofempds ofinterest. Some minor adjustments may
be required in otherinstruments and columns. Column, when work-
ing properly, should generate 4000-5000 plates ealed as follows: N =
16 (x/v)2, where N =no. oftheoretical plates, x = distance from point
of injection to peak max., and Y = distance along baseline between
intercept points of lines drawn tangent to slope of peak, with x and
Y measured in same units. Typical retention times for alachlor and
internal std are ca 6 and 11.5 min, resp. Impurity in internal std
(peak C), which elutes at ca 9.9 min, should be completely resolved
from internal std peak atca 11.5 min (Fig. 6:D1). Internal std con-
tains another impurity that elutes slightly after internal std causing
slight tail on that peak. Careful control of integrator conditions is
required to integrate internal std peak.

A fter instrument equilibration, make >3 injections of std soln
before calibration.
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FIG. 6:D1-GC chromatogram of alachlor standard (A), Internal
standard di-n-pentyl phthalate (B), and unknown from internal
standard (C).

Determination

Accurately weigh, to nearest 0.1 mg, ca. 0.45 g alachlor microen-
capsulated formulation into 2 oz sample bottle. Avoid spilling sam -
ple on inside wall or neck of bottle; entire sample should be on
bottom of bottle.

Pipet 30.0 mL internal std soln (b) into sample bottle. To reduce
stirring time, use lig. stream from pipetto remove mostofalachlor
sample from bottom ofbottle. Add mag. stirring bar (13 x 15 mm)
and cap bottle with polyethylene-lined cap.

Mag. stir mixt. until sample is completely removed from inside
wall and bottom of bottle. During stirring, aggregated sample turns
fluffy and easily floats in acetone. For most samples, this requires
ca 2-3 min moderately fast stirring. Then place bottles on shaker
and shake 10 min at high speed.

Let solids settle and pipet off clear acetone soln.

M ake replicate 1 fiL injections of alachlor std soln and measure
response ratio, R (area alachlor peak/area internal std peak) for each
injection. Repeatuntilconsecutive response ratios agree within 0.5%.

M ake duplicate injections of acetone sample soln and det. av. R.
Follow with injection of alachlor std soln. Det. av. R for std before

and after sample injection.
Alachlor, % = (R/R:D x (W?W) x P

where R and R" = av. response ratios for sample and std, resp.; W

and W' = wt (g) of sample and std, resp.; P=w purity of std.

CAS-15972-60-8 (alachlor)

Table 1. Results from collaborative study of alachlor (%) in
microencapsulated formulations by using an isothermal GC
method*

Collaborator

Sample* 1 2 3 4 5
1A 44 25¢ 42.89 41.77 42.12 42.43
B 42.10 42.97 42.16 43.00 4231
2 A 45,57 42.86 41.60 42.10 4231
B 42.62 42.68 41.65 43.19 42.57
3 A 44.26% 42.79 41.87 42.17 42.36
B 42.15 42.93 42.34 43.16 42.86
4 A 43.60 42.44 41.76 42.54 41.65
B 43.97 42.40 41.48 42.39 41.94
5 A 42.35 43.18 42.29 42.98 4221
B 42.58 43.01 42.22 43.08 42.38

“Each result Is the average of 2 Injections.
6Samples were randomly numbered blind duplicate pairs.
'Outlier by Dixon test at 95%; not Included In statistical evaluation.

Table 2. Statistical summary of collaborative results for GC de-
termination of alachlor in microencapsulated formulation

Sample

Statistic 1 2 3 4 5
Data points 9 9 9 10 10
Mean, % 42.39 42.42 42.48 42.42 42.63

S, 0.344 0.402 0.429 0.180 0.112

SL 0.292 0.375 0.070 0.841 0.397

S, 0.451 0.550 0.434 0.860 0.413

Ccvo 0.812 0.947 1.01 0.424 0.263

CVX 1.07 1.30 1.02 2.03 0.968

Results and Discussion

Results were reviewed and tabulated and were statistically
analyzed by the methods committee statistician. Calculations
with 47 data points from 5 laboratories were used for eval-
uation and are presented in Table 1 Using 95% confidence
limits, results from collaborator 1 (samples 1A, 2A, 3A) were
omitted as outliers. The outliers are all marked in Table 1

Although a few results were rejected as outliers, a more
than adequate number of collaborators achieved satisfactory
performance from the method to recommend it for official
first action. The statistics are given in Table 2. The results
gave Sxvalues from 0.413 to 0.860 and SOvalues from 0.112
to 0.429. The coefficients ofvariation (CV,,) were from 0.968
to 2.03%. The CVXvalue of 2.03% for sample 4 was nearly
twice the value for the other samples. The pooled CVXwas
1.35% for the 5 samples. The pooled statistic is calculated
as follows:

S-pooled = x5

where fi = degrees of freedom at i level;
f = sum of individual degrees of freedom;
g = standard deviation at i level.

Notes on instrument setup and calibration are included in
the method. Minor adjustments may be necessary to obtain
optimum separation and quantitation. An AOAC committee
on gas chromatography of pesticide formulations discussed
column preparation which included calculation oftheoretical
plates (5). A properly working column should generate 4000-
5000 plates.

Recommendation

It is recommended that the gas chromatographic method
for determining alachlor in microencapsulated formulations
be adopted official first action as an AOAC-CIPAC method.
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Liquid Chromatographic Determination of Cholecalciferol in Rodent Baits

CONNIE C. GEHRIG and RODGER W. STRINGHAM

Purdue University, Department ofBiochemistry, West Lafayette, IN 47907

Cholecalciferol (vitamin D3 is extracted in acetonitrile on a Goldfisch
apparatus, diluted to volume, and determined by reverse phase liquid
chromatography (LC). The sum of the peak heights of pre-vitamin
D3 and cis-vitamin D3 is used for quantitation. The method was
tested for precision, linearity, and recovery. Quadruplicate analyses
of 5 formulation samples gave relative standard deviations of 1.56-
2.65%. Linearity was excellent with regression and correlation coef-
ficients of 0.9997 and 0.9998, respectively. Recovery was 98.0 *
2.7%. The method is applicable to 0.075% cholecalciferol rodent
baits.

The raznt inradlctaion of dolecalafaol (ataninDJasa
rocnticick raguires tre develgprent of a suiteble metthod
of aelysis. Virtamin D3 in fexs hes been determined by
TIiquad dhraratography (LO) (-6); LC hesbeen shoamn tohbe
e most geEdficmethod far icntifyarg e D 3 1soers Q.
The difidel AOAC method (@) far viltamin D3 in fas re-
quires conpllex edractias and cleanp procedures because
oftrecamplexmatriesand tte presae of intarfarirgcom-
pounds. These edraction and clearnup Stgs might be dir-
amerted ntre aselysisof rodent kaitsbecause cleanp B
rot nesckd, and no otter ingredients of inlarest are presa

In tre method presanted hare, the sanplle Babgjected 1O
asinple edractionad cleenpprooaireatiaalyzedw

METHOD
Apparatus and Reagents

@ Extractant.—01 mg butylated hydroytoluere BHT)/
mL a=tonitrile (LC gab).-

@) Extraction apparatus. — Goldfisth Fat Bdtractor with
100mL beskersand 19x9 mm celiulcseedractinthinbles
(Laboonoo Gap., Kansas Gity, MO 64139).

© Liquid chromatograph — VarianModel m@l[}m
with Varian UV-50 \aricble-vaelagth detector sstat 26
nm and 02AUFs, andValeo CeU injecticnvalhe, areouiv-
alet (Varian Assc., Palo Alto, CA 9438).

(O) LC column.—Iso X 46mm AllechCl8, 10 Amar
aunalent Qleth Assc., o, Derfield, 1L 60015).

© Mobile phase. —CHLN-2% actic ecad-tetrahydro-
fuan @O + 5+ 5 \AA); flavrae, 1.5m/min.

Extraction and Liquid Chromatography

(a) sample —Method BatEble far0.075% rodent kats.

Grind pelieted sanples manually with mortar and pestie.
Weigh 4.0 g freshly ground Ellets ar unground ssos into
edractin thinble, tspdown sarple, plugwith cottn, and

Received February 2, 1987. Accepted April 10, 1987.
Purdue Agricultural Experiment Station No. 11,029.

edractwith40mL edractantfar4 h on GColdfischayaratis.

Cool saple 5 min, trasfar 0 mL volu-
metric fi and dilute t© volure with edradtat. Hler
throch diess fila file pad (Gelman Sdess, I, Ann
Arbor, M1 48106) and et SOmL into dhramatogrgoh.

(b) standard.—Prepare save day as adhysis. eigh 15
mg stadard (Sigra Chemical ., S Lauis, MO 63178)
into edraction thinble and edract as Tar saplle. Quanti-
aidly trasfa 1 50 mL oluretric flesk ad diluie ©
volure with edradiat. Dilute 10 mL 1 50 mL with ex-
traoat; fillerand nject into dhvoratograch. Bradet every
3 sapleswith stadard Injetios.

Calculations

Use sum ofppre~virtaminD 3and ris-vitanin D 3pegk Feigts
& tte dolealafad regoee; bicctivity 5 due 1o both
isorers @. For stathrd regoese, use average of stachrts
bradeting saple. Gllalate as follos:

Golezlafad, % = (R/R*) X (W'/W) X (V/V)
X % stdpuity
wherer andr' = regoee far saple and statid, re-

sEanely; w andw = weight of sarplle and stadard re-
sectinely; v ad v = wvolure of sanple and starchrd, re-
sgenely. Hre, v = Dadv = ZD.

Results and Disaussion

Hgure 1 rgoesats a typical dhromatogram of dolecal-
afad edracted fran a0.075)% roont ket Heating duriing
tre edraction reaits intte isorerization of tre viltamin D3
into tte pre- and ar-fans. it Bths esntial O et te
stathrd in tte sare manner as tte saiples. The ratio of
pesk heights Tartre stachrd and sarplle vere aorstant a2
difflaatvaelagts, inplying tte aosence of nprities
ucker tre sarple pes.

Lirearity of tte method wes tested by dhraratographing
dilutosoftte stadard raging ncocentratdian fran 0.33
©0.07 mg/nl. Leest-soares aalysis gae reg@maml
axrelation aefliaats of 0.9997 and 0.998,

Recovery ofdilluted starchrd added thaground sarple (n
5 ves clalasd tobe B0 + 2.7%.

Table 1shonstersilts icateaalysssofdo-
kzlafad in 5 rodant aits and a sirgle stathrd. Sanple
8-6/9 Ban ugrourd, mixed, wole-seed ait, wherees tre
ottersarepEs. The g rethestacirddviation (RD)
dotaind for tre saad kit 510 be eqoected due 1o the het-
aageity of tte saple. The precision s quite good far
saples with this led of adle. itcanot be determined
iftre diffaae betveen A claim and aslyte foud n
some saples sdue  inooplete edraction or o Incom-
plete fomulation.
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Figure 1. Typical chromatogram of cholecalciferol rodent bait.
Peaks used for quantitation were pre-vitamin D3(ca 13 min) and
c/s-vitamin D3(ca 18 min).

Grinding tte saples imediately kefore adlysis -
aeessaalye renay. Badatdy, ground saples tetare
alloned 1o Sthecome oxidizd or are degraded intie I
Carewes taken tominimize eqoaure © I tthrougout tre
aelysis. BHT was included intre edractant to prevant ox—
ichtion. The Goldfischgyparatus antinuously provides ol
edradat, thuisminimizing treedractionof nterfairgsub-
staes. Furtremore, tre caliulceedractin thinbles sene
o asorbwax fran tre edract. Astonitrilevas dosen s
the edradant becase itwes strag enough 1o edract tte
doealafadl, but not strag enough 1o edract uvarnted
compounds fram tre sarplle natrix.
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Table 1. Results of quadruplicate analyses of cholecalciferol
in rodent bait formulations

Label claim, %
0.075

Formulation Found,%

86-679 0.0581
0.0556
0.0557
0.0546

0.0560 + 0.0015 (2.65%)

0.0750
0.0746
0.0768
0.0770
0.0759 + 0.0012(1.61%)

0.0747
0.0716
0.0737
0.0737
0.0734 + 0.0016(1.78%)

0.0705
0.0683
0.0682
0.0694
0.0691 + 0.0012(1.56%)

0.0662
0.0639
0.0650
0.0659
0.0653 + 0.0012(1.59%)

Av. + SD (RSO)

86-680 0.075

Av. £ SD (RSD)

12646 0.075

Av. £ SD (RSD)

12757 0.075

Av. + SD (RSD)

13756 0.075

Av. + SD (RSD)

The method presated here s sinple and hes ecallat
precision, renary, and lirerdty far tre aslysis of dole-
clafad inront kats.
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Titrimetric Determination of Carbon Dioxide in Wine: Collaborative Study

ARTHUR CAPUTI, Jr, and DURWARD R. WALKER

E. & J. Gallo Winery, PO Box 1130, Modesto, CA 95353

Mlldoators: S, Blitren; R. Burell; M. Burs; R. Dowrie; S Ale; B. Gump; R. Joes; B. Masuda; M. Saldhi

The AOAC official methods for determination of carbon dioxide in
wine are time-consuming, relatively complex, and may not be suitable
for newer wine products with higher levels of carbonation. A different
procedure was collaboratively studied. In this method, NaOH is added
to convert COzin the wine to the carbonate form. The solution is
then titrated with a standard H 2 0 4solution, and the titer is recorded
between pH 8.6 and 4.0. A degassed sample of the same wine is
analyzed in the same manner to provide a blank, and that titer is
subtracted before the C 02concentration is calculated. Ten labora-
tories participated in the collaborative study. Each laboratory re-
ceived 6 pairs of coded samples covering a range of approximately
200 to 380 mg CO2100 mL. The results from 2 laboratories were
excluded as outliers. Although the samples used were commercially
produced wines whose carbon dioxide content can vary due to normal
bottling equipment variations, average standard deviations for re-
producibility and repeatability were 10.97 and 9.96, respectively. The
method has been adopted official first action.

The determinatian of carbon diaxice nwire hes become
more frequently requiired with tre advent of an imyessirg
number of ligtly carborated wine pradlots. The 3AOCAC
dificel methods 1o this detemiinetion ) are dll very tine
consuming far roudire e where many sanples nust e
analyzd. The mananetrricmethod, 11.062-11 0865, hesnev-
a progressd beyond fstaction StatLs, ad, because of its
apledty, it s seldon w=d. The woluretric method,
11.0657-11.03, hes been declared auplus and also ramairs
infadectindats. Prablens tretcoourwith e thirdmeth-
a, 10011071, an erzyratic method, have been re-
ported previasly Q. ltves desigatad suplus atone tine.
Furthermore, thet method wes desiged 1o accommodate
CO, aomtratiason tte order of 250 mg/100 L. Levels
ofalnmost 400 mg/100 mL arenow commonlly encounteyed.

The method tested i this aolleboratine stidy, which hes
been desoribed previ @ 3, awoids nost of te diffi-
alties fourd intte presa it AOAC methods. In lrief, 50%
NaOH Badded o adjust tte sanple pH 10 10411, and tte
Dlutin B ttratedwith a stardard acid soluion ntre pres-
ee of caartonic ahydrase. The il between pH 8.6 ad
40 sreoxcd, and tteeunalet titaofacsgpsssd sanple
of tte same wire sabtrected ss a blark. The differa®e B
used 1o caladae te CO, artant of tte sarple. Carboniic
ahydrase Badded 1o the blark sanple riar 1 dagssig
o catalyze tre reectianH2C03 = CO2 + H20. Data deel-
oped Inaur leooratory irdicate tret blark values as much
1% loner are dotaiined usirg thisgoproach insteed of fist
cpssig tre blark saple, then adding tte enzyne after
pH adjustmentwith NaOH .

Submitted for publication June 10, 1987.

This report of the Associate Referee, A. Caputi, Jr, was presented at the
100th AOAC Annual International Meeting, Sept. 15-18, 1986, at Scottsdale,
AZ.

The recommendation of the Associate Referee was approved interim official
first action by the General Referee, the Committee on Foods 11, and the
Chairman of the Official Methods Board. The method was adopted official
first action at the 101st AOAC Annual International Meeting, Sept. 14-17,
1987, at San Francisco, CA. See the General Referee and Committee reports,
J. Assoc. Off. Anal. Chem. (1988) 71, January/February issue.

Data nttes ldoratoryhed shown acefiiaetohariation
fatstadnigevwhidhves asistedyucer 1% when tre
sarpleveas repeatedly aralyzd. Honever, thisolldoratinve
study recessitated the use ofagreat number ofcomercial ly
bottled wares. Some diffarae can east ntre CO2 concen-
tratin from ore bottle toaother of tie sane wire type due
o redenical fados n te filliggeation. To estinate
the degree of enrar tretwoulld ke intraclod into tre study
by this inerent prdblan, a e (12 ottles) of ae of tte
etpradctsvwes aalyad; each saple was dneded thice.
The dplicte were dll within 2 mg CO2100 L,
hut tre aeragess of tte d plicates of tte 12 saples had a
mean of 38.9 mg COZA00 mL with arage of 17 and a
staard deviataion of4.34 (CV 1.29). This eqerinentves
repeated with aother 12 ottles and gave tre follomirg re-
slts mean 367.3mg QK/100 mL, rae Z, ad stadard
cbviatian 8.15 (CV 2.20). This unawoideble led ofFhomo-
greity intte saiples must ke kept inmiind when te resulits
of tre study are ealuated.

Collaborative Study

Ten ldoratories participated in tre oolldorative Study.
Each was syplied with the necessary sanplles as 6 blird
dplicate pairs and correspoding d plicates fartte blads,
Tresh carbniic anhydrase whilch wes 1o be refrigerated on
reept, and a sarple of sodiun carboete i vater tret
antaingd tre equinalat of 315 mg CO2100 mL. Each ol
lcoratorwes asked 1o practice the procedure by aalyzirg
te sodiun carboate sanple utill tre corect reslit wes
arsistently dotaired. Only thenwes the analyst to proceed
o aualyz tre saiple. To ke as much as possible about
thismethod when itwas used by denists ufaniliar with
it, tergxrtformves more edasive trenta al. Inacditian
o rgortig tre fird realts fareach saplle, we aded each
aslyst o record the pH of each aftaraddiicn ofNaOH, a8
vell sstte tiastatte saples oftte correspordirg blarks.

Carbon Dioxide in Wines
Titrimetric Method
First Action
(Applicable to wines contg <400 mg CO2100 mL)

Principle

Sample is made alk. with NaOH and carbonate formed is titrd
with stdzd H2S04 Degassed sample is titrd as blank.

Apparatus and Reagents

(a) pH meter.—Stdzd at pH 4 and 10 with appropriate buffers.

(b) Buret.—25 mL with automatic zero.

(C) Magnetic stirrer.

(d) sulfuric acid. —0.0455N H2504. At this normality, 1 mL =
20 mg CO2100 mL.

(e) carbonic anhydrasesoln.—0.1 mg/mL HD. Keep refrigerated;
soln is stable for 1 week. (Use carbonic anhydrase from bovine
erythrocytes. Available from Sigma Chemical Co., Cat. No. C-7500.)

(f) sodium hydroxide soln. —50% soln of reageant grade NaOH.
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Table 1. Individual collaborative results for study of C02in blind duplicate wine samples (mg CO2100 mL sample)
Dry white Rosé Semisweet Special Special
table wine table wine table wine Wine cooler natural wine natural wine 2 Stan
Coll. A L B H C G D | E J F K dard
1 21 218 220 223 201 01 370 371 299 296 159 160 316
2 215 205 215 215 201 19 364 392 01 305 160 17 319
3 21 217 200 214 188 199 371 373 301 303 161 156 316
4 216 220 220 235 182 196 363 365 296 300 157 157 320
5 204 206 208 218 183 191 362 362 285 288 152 152 316
6 208 243 210 212 178 194 355 371 287 300 143 135 338
7 223 231 202 224 207 202 367 367 298 308 153 173 314
8 212 237 204 247 14 227 330 406 282 292 150 171 318
9 237 222 244 223 215 177 352 347 307 290 176 164 317
10 198 200 190 188 176 178 355 355 263 265 114 116 318
X 219.8 217.7 194.9 365.8 297.8 154.7 (157) 319.2
S 114 n2 104 101 70 141 (10.2) 77
o), % 488 439 580 224 2.08 805 (4.28)
OVR), % 521 518 5.80 281 2.33 9.16(6.48)

*Sum of this value and its duplicate did not meet Dixon'’s criteria as an outlying pair; the value was included in the statistical evaluation. Values in parenthe-

ses show the effect of deleting this pair.

6Results from this laboratory eliminated from statistical evaluation on basis of Steiner's test for variation between replicates (4).
cResults from this laboratory eliminated from statistical evaluation on basis of Youden's ranking test (4).

Determination
Cool sample to ca 5° open bottle, and add equiv. of 5 mL NaOH
soln per 375 mL sample. Immediately recap bottle, mix contents,
pipet 10 mL portion ofsample into 40 mL H2, add 3 drops carbonic
anhydrase soln, and titr. to pH 8.6 with 0.0455N H25 04 Refill buret
and continue titm to pH 4.0. Record titer between pH 8.6 and 4.0.
Obtain blank as follows: Degas 25 mL duplicate of sample with
agitation ca 1 min under >28 in. vac. in 500 mL filter flask contg
3 drops carbonic anhydrase soln. Add 0.33 mL NaOH soln. Pipet
10 mL degassed sample into 150 mL beaker contg 40 mL H2. Stir
and titr. as for sample detn.
Calc, as follows:

mg CO,/100 mL = (mL sample - mL blank) x 20 x 1.013
CAS-124-38-9 (carbon dioxide)

Results and Recommendation

The raw cata fram tte study are given inTeblle 1, alag
with the sarple axks. The ranked resuits, shown inTeble
2, indicated tretcata fran leboratory 10 shouldbe el imireted
tis Boatoy ae edraely naestiy The \ariation
between lqallcasﬂltarrajls Bte testofay ofte
olldaos. Treir resitsare gararally doout 10% lov, and

adbiticel onersatiaswith teaaelysthave filed
o loate tte soure of tre anar, although tte raw datashow

Table 2. Ranked results for collaborative study of C02in wine*

Sample
Dry Semi-
white Rosé  sweet Special  Special
table table table Wine natural natural
Lab. wine wine wine cooler wne wne2 Total
1 5 7 9 7 5 7 40
2 3 6 8 9 95 2 375
3 6 2 6 8 8 6 36
4 4 9 3 5 6 5 R
5 2 45 4 3 2 4 195
6 8 3 2 4 4 3 24
7 9 45 10 6 95 9 48
8 7 8 5 10 3 8 41
9 10 10 7 1 7 10 45
10 1 1 1 2 1 1 7

* Results ranked by Youden's ranking test (4).

highvaluss fartteirblank titretio s. Inooplete
cpssirg of tre blark sarple Ba possible eplaation Tar
tre disogaETy, ecause this ldoatory waes using avater
agpiratarwhich may rot have provided sffidat vaocuum.
Inadtiion, Steirer's@) testfanariation between replicies
cisy allified cata from leboratory 8 . I ithed been possible
todotainsaples ichantainedmore uniform
aoatratias of carbon diodde, this ldoratorys reslits
might have been acopteble. Nevertteless, the relts fram
trese2 loatorieswere ecluded from furtter cladatios.
The means, stathrd dbviatios, and rgeatbility ad
rgqaad cibility aceffidents ohariation ae shown inTeble
Iwithreaiitstattes22 looratoriesecliud. The unaelly
hich CVs far seecial retural wine 2 can ke attribuied th a
ssaodale of ldoratary 2 far thissaple. Althaugh it
i ananoralous resdttte sun with itsconresooding
dplicte did not meet Dixonsaitariaas an autdyirg -
The alues inparantteses (Teble Dobrorstrate tre sttt
effect of cletirg thisdplicate pair from trese cGlalatios.
The reaits fran tre aslysis of variane ae shon n
Teble 3 Nertrer the betven-laboratories variance raornor
te laoatory-saple intaraction i Sgifiat at the 95%
anfidae ked 6. Itseans lidy tet iftte saaples usd
intte stuoy aould have been more N regect
©C0, antatt, tteevarianeswould heve beeneven lover
Naertieless, tre reaults of this study warrant the
recomendation tret thismethod be adopted as dfificel fast
actian.

Table 3. Analysis of variance for collaborative study of C02in

wine
Degrees
Sum of of Mean Variance
Source of variation squares freedom square ratio

Between labs 1867.8 7 266.8 292

(MSJ  (MSYMS™)
Between (adjusted! samples 1001 5 — —
Lab.-sample interaction 3190.7 35 91.2 0.83

(MSls)  (MSIKMS0)
Between replicates 5293 48 110.2 —

(MSO)

Total 1 3525 %

Est. of repeatability SD 9.9

Est. of reproducibilty ~ SD 10.97
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Comparison of Methods for Determination of Lactose (Nonfat Dry Milk) in Meat Products

P. CHRISTOPHER ELLIS

Rhode Island Department ofHealth Laboratories, Food Chemistry Laboratory, 50 Orms St, Providence, R 102904

ARTHUR G. RAND, ir

University ofRhode Island, Food Science, Nutrition, and Dietetics, Kingston, R1 02881

Four enzymatic methods were compared with the official AO AC yeast
fermentation procedure for determining nonfat dry milk (NFDM) as
lactose in meat products. The four enzymatic procedures included a
commercially available UV test kit, 2 colorimetric assays using Kits
prepared in the laboratory, and a commercially available instrument
with an immobilized enzyme electrode to detect lactose electrochem-
ically. The enzyme procedures were compared with the AOAC meth-
od in terms of analysis time, accuracy, precision, sensitivity, speci-
ficity, and ease of performance. The UV kit and immobilized enzyme
electrode appeared to be the most promising alternatives to the AOAC
method on the basis of statistical data and analysis time. Particular
needs of a laboratory would dictate the method of choice, but either
one could be used as a screening procedure for regulatory purposes.
Samples containing levels of NFDM in excess of 3.5% by weight
could then be verified by the AOAC yeast method.

Nonfat ary millk (NFDV) , cosistirg ofggoraxinetely 50%
bdoe (), Barutritive ingredientadded toprocessed meatt
productsasafillbaredader toreduce astsand ssabincer
fartedual inprovement. NFDM does ot adversely effect
ay flaa daadaisticsof tre meat at tte lbalspermintted
by tre U.S. Food and Drug Adninistration (FDA)-. NFDM
salloed by itsdiforwith fillbsauch ss oy ar caeal wp
3.5% by saple veigt @, J. Some marufecturers tad
= NFDM I edcesss of 3.5 becase it B ks eqasive
then neat. To esure ttet tte 3.5% led s ot viokaied,
regulatory ldovatories et for ldoe inproosssed oold ats
and sausap todetemine NFDM antent.
The dificd AOAC proosdure (@) uees a yesst SUgEsian
1o famatt dl sgas in e meat prod.cts ecept bdoe.
Lactose Bthen redWaslumm
‘ttration besad on the amount of aoper reduosd inalkoillirg
Beredlict solution. Honever, e AOAC method isnonspe-
dfic, timre-coauming, and tedias, and reguiires numerous
reggats. The method leds geafidtybecause treyesst can-
rot ferment maltose fran com syryp ar com syryp i,
which are common adbiitives i processd meats @). The
AOAC methad inciudss a legthy maktoseyesst acclination
procedlre 1o Felp the yesst ferment maltose but somre re-
sardershave hed difficityaccoplishingthis ). The pres-
axe of otrer nofermentzble red.cing sUsstanaes incom
sy ik, besices naltose, can furtter aoplicate ttess-
sy (). The desired essay for iestig NFDM eiter on a
rtu]recrarcmutlrebaas in tre ldoratory Sould ke
rgoud, acurale, prease, yet ecoanical . The AOAC yesst
rrelfrndobesmtsxlsli/dlﬂmemlera
Inaddiilntotrestacbrd AOAC yesstpracdre, ldoe
hesbeen anventiaal ly determiined usirg demiicall methods
such as Fehling titratio's (@other aggper rept), qotical
methods irciudirg pollarinetry and refractoretry, and dhwro-
matographic tedmigues such es gs, thindbyar, ey, ad
liquad @) The Lseoferymaticmethods todetermine lectoe
nmeat praclcts might offer oertte
AOAC yesstmethod interms of siplicity, dorter aelysis

Received January 6, 1987. Accepted April 21, 1987.

nes, hlqersarsluvny ardgmers;mﬁcny@-]l) Otrer
methods tet have proen soessiul far kctose determil-
retian include liquid chraretography (12)and amperomet—
maralysns (13-15). Liquid chraoratography ssasitiveut
reguiresmore carplex instrurentatian. One ofttemethods
=t in te study usss a comercial sSLopr aelyzr tek
‘Hes advantage oftoth arperoretric and enzyme aslysis
far gedfic o gentitation.

The ressarch presanted stte resltofa study
|nol\nrg4enzynat|crreﬁndsardﬂ“edﬁaalAOAC meth-
od fardetemining ledtoe nmeat pradlcts. Meat saiples,
ke stathrds, and meat sarples ikedwirth lctosevere
aralyzed by dl tre methods and tre data vere setitically
‘trested 10 determiine any Sigificat diffareess intte pro-
oxlres interms of acouracy and predision. A study ofaral-
yais timevas alsodone on dll tre methods.

METHOD
Principles

The AOAC yesstproosdureand tte 4 epyatic resctias
are audined belov ad in Scheme 1 The AOAC method
bresis down  ledce denically, vwhile 2 of tte erymatic
methods (UV and B-Gal/GAX) inohehydrolysisof lectoe
o glurse and galadioee with the enzyme /3-gplactcsicee.
Both hexoses aould be used thassay ledtoseantent; cplectose
stte s.opprofdoice because ofhigh glucose blarks inmany
foods (06, I7). The UV method (08; Boehringer-Marmheiim

Scheme 1. Reactions for 5 lactose methods

(1) Yeast Method:

(@ Lactose + fermentable sugars (maltose-acclimated yeast) -
fermented sugars

(b) Lactose + Benedict solution (heat) -
oxide precipitate

(© Red cuprous oxide precipitate + excess 12Kl solution (dilute H3P04 -
liberated 12

(d) Liberated 2+ starch indicator solution (blue) (NaS203 -
solution (light green)

lactose -

oxidized lactose + red cuprous

starch indicator

(2) UV Method:

(@ Lactose + HD (beta-galactosidase) - glucose + beta-galactose

(b) Beta-galactose + NAD- (beta-galactose dehydrogenase) - galactono-
lactone + NADH + H+

(3) B-Gal/lGAX Method:

(@ Lactose + HD (beta-galactosidase) - glucose + beta-galactose

(b) Beta-galactose + 0 2(galactose oxidase) - D-galactohexodialdose + HD,

(©) HD2+ reduced chromagen (ABTS) (peroxidase) - oxidized chromagen
(ABTS)

(4) GAX Method:

(@ Lactose + 02(gaactose oxidase) - HD 2+ oxidation product

(b) HD + reduced coromagen (ABTS) (peroxidase) - oxidized chromager
(ABTS)

(5) YSI Method:
(@ Lactose + 02(galactose oxidase) - H2 2+ oxidation product
(b) HD2(platinum anode) - 2H- + 02+ 2e

(© 4H* + 02+ 4e (silver cathode) - 2HD - 4e
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PmdctngwIlqls ‘Jly 1983) usss tte enzyme /Bl
plus the coenzyme nicotinemice adeniine
dlru:leoude (NADH) 1o oxddie Bgldoe 0
lectoe and NADH . The amourtt ofNADH formed ispro-
108l 10 tre oo aotentand can e measured &340
rm. The B-Gall/GAX method (19) uees calactoe axiicese 10
axicize /3-galsdcse fran lediose hydrolysiis 1 hydrogen per—
axiace (H0 2 and D-galectdeadialdose. The H202 formed
is redlosd by i in tte presae of tte chraregen
2,2"-azirn-di-G-ethyltarthiaolire)-6-ulfoete (ABTS)
which Baxidized 1o isolared fom; the inoeese nabsor—
banee Bresd a425 i Intte GAX (@) and YSI metihods
& J. Hiningn, Yellow Sxings Instrurent Go., 198),
te enzyme axddeee Busad o oddize bBdoe
H20 2and agalactoeedialddhyce darinative. The GAX meth-
od clametrically determines bdoe as desribed in e
B-Gal/GAX metihod. The YSI method uses an immdbi lized
oaobseenzyme incoporated i tre YSI
Model 27 IrdJsmaIAmezer which electradenically de-
s tte H20 2 formed assaprgortiaal measurement of tre
lkdoe presant. Thils isdigplayed onan LED ssmy/dL, pre-
viasly clirated with a known amourntt of lediose.

Reagents and Apparatus

(1) Yeast Method:
Reagents. —See 24.072 (4). Nbdlfy (a). Acclimated yeast
suspension (for use in presence or absence of maltose) s

lo's: 2 pedeges of FleishmamnSAll Natural Dry Yesst (&
@z ar 7 g pedee) per 100 mL yesst solution (oreparad in
luof2 ces oftders yest).

(2) UV Method:

(a) Lactose/galactose UV kit.—Cat No. 176308, Boeh
ringer-Marmheim Bicdemicals, Irdiargolis, IN 46230.

(b) Lactose standard.—05 g/ Weigh 0.5%7 g kdoe
monchydrate AlliedChemiicall Gap., Morristoan, NJ 07980)
and dilute o 1L withvater. Use 01 mL oftiissoluionfar

=Y.

© spectrophotometer. —Bausch and Lomb  Spectranic
2000 ,doublle beam.

(3) B-Gal/GAX Method:

@ Beta-galactosidase. — Liquid Maxillact LX 2000 (2000
NLU/g ar 8000 ONPG UA), GB Fermertation Irdlstries,
Ic., Des Plaires, I Dilute 01 g Maxilact with 10.0 mL
vater farest. Prepare chily.

(b) Potassium phosphate buffer. — O.1IM, pH 6 8 .Disolhe
6.8 gKH,PO4ad 8.7gK2HP04 nvater and diluieto 1L
with water involuretric flesk Check and edjust topH 6.8
sy, Store in Efriggatorand preare

© Peroxidase.—Type J,VUSHECES"I 50000 U, 5CDmg
sdid, 100 U/mg olid (Sigra Chemiical ., & Lauis, MO
&3178, Ga. No. P-81%5). Dissohe 25 mg psro<iobse n10
mL huffar (b). Freeze sgarately 1.0mL aliqots in plestic
Eettbswith g (12 X B mm dearwith ap, Falan,
Orard, (8). When reedy to Lee, dilutie oluian t© 5.0mL
with4.0mL kuiffar @). Solutian antaiins peyoxicese with 50
U/mL adtimMty.

@) calactose oxidase.—Type 5, 450 U, 90 U/mg sdid
(Sigra Chamical @., Gat. No. G-3335). Dissohe anitets
ofvil Nn45mL hiffar(b) and digeese04mL aligois n
pliestic et tues T frezig. When reedy to Lee, thaw ad
recrstitute e antentswith 1.6mL hfler. Solutian con-
tars galectose oxickse with 20 U/mL adtivity.

(e) 2,2'-Azino-di-(3-ethylbenzthiazoline)-6-sulfonate
(ABTs).— Sigra Chemical (., Gat. No. A-1838. Dissohe
50 mg ABTS n 100mL vater. Store narber bottle ad

ELLIS & RAND: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

refriggate. Prapare monthily. Solution aontairs 5.0 mg/mL
of ABTS

@ calactose standards.—\Weiigh 01 g D(+)galactose an-
hydrous (Matheson, Coleman and Belll Manufacturing
Chamists, Norwood, OH 45212) and dilute to 100 mL with
vater Omg/l). Piet 1, 2, 3 4,5 ad 6 mL of ts
Dlutim N sgarate et tues and dillutie o 10 mL with
water (100, 200, 310, 400, 53C, and 600 g/imL ofgplladices,
regeEctinely). Use 01 mL of eech soluion for &t Store
stok solutin i refrigaaor and prepare weskdy. Prepare
working solutias chilly.

@©) spectrophotometer. —See UV method.

(4) GAX Method:

@ Lactose standards.—Weigh 0.527 g lectose monohy-
drate and dilutie © 100 mL with vaiter Gmg/l) - Papet 1,
2,3,4,6 ,and 8 mL oftissoluaan Gmg/nlL) o sgarate
tEettesand diluie © 10mL withvater @5, 10, 15, 20,
30, and 4.0mg/mL of ko, regedtively). Use 01 mL of
each olution far et Store stodk solutian inrefrigraiorand
prare wesddly. Prepare workiing solution chilly.

(©©) Reagents.—See B-Gal-GAX method.

G) Spectrophotometer.—S&UV method.

(5) YSI Method:

Apparatus.—YSI Model 27 IrdslrialAralyzer(YelION
Sorirgs Instrurent ., Yellow Sxirgs, OH 45337) with
acoampanying merbranes, regpts, and stathrds.

Determination

(1) Yeast method. —FOllov sactios 24.072-24.073 @) 1
determire bdose, using adl mated yesst 9 BION.

(2) uv method. —Folllov Irstiuictias with
e ktNo. 176308 farerymaticUV obmrmwatlmoflac
=

(3) B-Gal/lGAX and (4) GAX methods.—Folllov Sactin
2.03 @, u 1o “Pipet 40 mL fileate into 50 mL \dl.
flad ... Irsteed, pipet 25 mL fileeke into 50 mL beder
adajjusttopH 7.0, usirgpH meterand 2-3mL 5N NaOH
follonsd by dropvise acditian of INNaOH. HpH 570,
= IN HC1 o reum torautral. Add 5.0mL hiffer o da-
hiliz pH and gentitatively trasfawith vater to 50 mL
\oluretric flak

Reegent sequence far B-Gall /GAX method: To test e
add 02mL hiffer, 01 mL sanplle solution or ledtose sten-
chrd solutian, and 0.(bmL ichese; Hestad 10min
a room teperature. Add 2235 mL hafier, 01 mL ABTS
solution, and 01 mL peroxicese solutia; eilibrate 5min
in 37°Cvater kath. Add 01 mL galactose oxidese solutia;
cettymix, and inoate 10miin at37°C. After 10 min, stp
olar develgament with 01 mL 4N HC1, vorteamix, ad
reeda (@a) a425 nm gpirst a resgant blark of water
irsteed of sanple.

Reegent seqece fTar GAX metihod: To et tue add 2.6
mL hiffer, 01 mL ofeittar sarple solutian, gallectose stan-
chrd solutaan o determine stacardane, o bc-
o= stachrd olution o determiine ldoe stachrd ane,
01 mL ABTS solutian; and 0.1 mL peroxicese solutian;
eguilirate 5min a 37°C nawater ath. Add 01 mL g
ledtose oxiicese solutian, gantdly mix, and inuate 60 min &t
37°C navater ath todetermire ledoe insaple or ke
stachrd olution. Inouate galledicee starchrd solutian 10
minand use stathrd aune todetermine galactose
fram kedoeas cetermined by the B-Gal /GAX methad. Stop
laretric resctionwith 01 mL 4N HCL, vortexamix, ad
reeda at425 nm agpirst resgant blark ofwater irsteed of
saple. To detemire parcat reery far B-Gal /GAX
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Table 1. Ranges and standard deviations for multiple analyses of galactose and lactose standards by GAX method*“
Galactose Lactose
M5 Ab
Std, tig Trials Range Mean SD Std, ng Trials Range Mean SD
10 16 0.070-0.125 0.101 0.014 50 6 0.080-0.204 0.135 0.045
20 4 0.145-0.200 0181 0.026 100 n 0.181-0.380 0.263 0. 067
0 17 0.255-0.380 0311 0.028 150 2 0.340-0.345 0.343
40 4 0.365-0.410 0.389 0.025 200 8 0.410-0.650 0. 523 0.087
50 13 0.475-0.585 0531 0.038 250 1 0.565 —
60 2 0.565-0.575 0.570 — 300 6 0.680-0.885 0.773 0.073
400 5 0.810-1.096 0.929 0.107
* Regression equations:
XMy = 1471 + 92.859 Y (ADD X(My) = 0773 = 397.278 Y (MY
Correlation coefficient, r = 0.985 r=0964
Total trials = 56 pairs of standard X, Y values Total trials = 39 pairs of standard X, Y values
method, prepare 60 vg ol ledtoe olutian by pipetirg60 where 1.9= fadorbanvert formed from ke

mL of 1L.Omg/mL kedtosestarchrd o testtuieand dilutarg
t 10 mL with vater. A 01 mL alig.ot of this solutian
rgresaits 60 vy and isusd 1o determiine parcant reoay.

(5)  YsI method. —Place 5 g homogenized Sarple in 10

mL voluretric Kohlirausch agar fled, add 70 mL warm
@0 vater, agitate o bresk up saplle, and heat 30 min
on steam bath with frequent Seking- Let aooll to room tem-
perature, dilute o mark with water, and mix. Place in re-
Triggatar 30 min o pecpitate £rad then file-thragh
Whatman No. 1 pgoer- Use diear ar ligtly turbid solutian
Tarassay as presribadby YSI Model 27 IrdLstrial Arallyzer
rstruiotios. Dilute ifrecessary.

Calculations

(1) AOAC method, from USDA laboratory guidebook (5):

% Lactose= (mL I,— [A X mL NaBZD 3P x B x 100/C

mwhichA = NaS2 3ratio, where P= vollume of Padoed
o flekand NaS2 3= volume ofNaZ52) 3olution recuiired
ttaie 20 ML ;B = kdosy/Pratio, where ldoce rep-
resmismg ledoe n 10 mL alligot of stacard leotose so-
lticmand 2= vollune ofNaZ52 3required 1 kedetitrate
P;,C = mg sample naligot= Q0 /10 mL x 10mL X
@YD) x 1000 my/g) = 800 ng.
% NFDM = (% koo X 2)- corectian

where correctian = 0.4% naosanee of com syryp olicsar
aomsp, ar0.8% inpresance ofcom syryp solidsarcom
SP.

(2) UV method, from instructions in lactose/galactose kit:

Sarple camatratian = 5¢/10mL or S0 g/
% Lactose = (@ koL (@ saplel) x 100

(3) B-Gal/lGAX method:

% Lactose = (ug cpllactose fram calactoe Stdane
X 1AMy saple) x 10

Table 2.

Statistic AOAC w
Lactose spike,' 263 mg 527 mg/L
Mean % lactose reed 88.15 9347
Std dev. 0.94 333
95% Confidence limits, % 117 177
Range, % 1.65 11.78
Coeff. of var., % 107 356
No. of trials 5 16

* Lactose monohydrate.

tocrlgrel lectoee presait= (MW lactose/MV gallectose) =

sarplenﬁelsoltnm A0 /100) ()
/10) (A0BMYE) = 500 ng

(4) GAX method:

% Lactose = (ug ledtoee from kedioee std aune/g saplie)
x 10
vg saple in fird solutian = 5000 vg

f5) YSI method:
% Lactose = (mg lectos/dL)y/ (g saple/dl) x 100
mg sarple/d. = 5¢/100 mL = 5000 mg/dL

Results and Disaussion

The cliraticnanedatausd todetermine galadtceeand
koo coeratias by tteGAX method are presanted in
Teble 1 The rage and starchrd ceviation ofvalues ateech
aatratinassayed are included alagwith tre lireofiest
fitas determined by tre lest spares method @). The pre-
dicted dsorbanoes (Y valuss) far e anes can ke deter—
mined by sistituting the gyrgoriate galectoe and ldoe

aatratios in te regression eg.etdian. The wilde rages
and starchrd daviatias dotained fran e numerous aal-

yaes irdicate tret stadard aurves sould e run on eech et
auessian o aocoount far enzyme and est\arillity. Time
stidies on tre resgats Tar tre gallactose axiidese methods
shoned them both o be steble Tar at lesst 60 days when

a 05C. The diluted Mexillect /3-glectosickee
wes prepared chily. A U sian fran Boeh-
ringer-Varmheim aoulld also be dotained with a delflie of
at kst 1year a4C. On trelesisofsyartivityand lirearity
=ty intte koatory, ABTS was dosen oer
o-dianisidire HC1 and otolidire as tte chraregen in te
B-Gal/GAX and GAX metihods. ABTS salso mcarcino-

Recovery comparison for AOAC and enzymatic lactose analysis methods

B-Gal/GAX GAX Ysi
623 mg/L 1054 mg/L 211 mg/dL
10054 105,62 99.83
468 26.80 225
270 18.88 112
12.68 7151 850
465 2537 225
14 1 18
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Table 3.
AOCAC w
Statistic 10 25 10 25

Sample weight, g 10 10 5 5
Lactose spike," mg 105 263 53 132
No. of trials 5 5 5 5
Mean % lactose reed 99.06 90.54 85.00 92.00
Std dev. 6.37 2.50 351 224
95% Confidence limits 791 310 4.39 2.78
Range, % 16.00 6.60 9.00 6.00
Coeff. of var., % 6.43 2.76 412 243

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Precision and accuracy of AOAC and enzymatic methods for bologna spiked with lactose at 1.0 and 2.5% levels

* Lactose monohydrate, MW 360, was used as spike (1.053 g lactose monohydrate is equivalent to 1.000 g anhydrous lactose).

gic, meking itkessofaleatth riskconpared tottecarciro-
ganiic o-dianisidire HC1 and o-tollidire.

of kediose monohydratte wes deteyrmined fartte
5 e adlysis nethods, and tre reslitsare presaited n
Table 2. The GAX method gave a remvery of 10662 Tol-
loned by the B-Gall /GAX method at 100.54%, YSI method
a P.8, UV method at B.4~%, and AOAC methad et
8.1596. The YSI and B-Gal/GAX methods gae tre kst
ranay, wiile te AOAC and YSI methods vere the most
precie on tre besis of starcard cbviatian, 95% arfidae
Iinits, rae, and aefiiaatonariation. The 2 olarmetric
methods, B-Gal/GAX and GAX, were tte lestreprod.cible
while te UV method was in tte micdlle, both faracourecy
od S

The precisicnand aocouracy of tte 5 ke aalysismeth-
ads, wsirg bolagra iked with lediose monohydraite et 1.0
ad 2.5% leds by wvaldit, are presated in Teble 3 The
1.0% leotoee pike rgresateda Al oNFDM - (2.0/) com-
monly foud nmeat prad.cts, whille tre 2.5% ledtoe soike
(5-09) would ke casicered high farextatars (3.80NFDM
stte Iimit) by Rhode Islard meatt startlrds. The bologa
antaired a lov led ofNFDM, <o tre saplle bedground
wes fastdetermined then sLbtracted fram tre frd res s o
dotain peroat renay.

The Iamxereme’yrallsﬁrag\ple matrix Suistan-
tellydifiaed fron tedata pressted inTeble 2. The GAX
and B-Gal/GAX methodsgave lover renaries,
.20 and 73.5Mwitha 1.0sh ke, 78.32and 81.13)hwith
a 2.5 soke, compared o the 106.62 and 100-54% recow-
aies ntte aosence of a sanplle matrix. The UV procedre,

Spiking level, %
B-Gal/lGAX GAX YS|

10 25 10 25 10 25

5 5 5 5 5 5
53 12 53 12 53 12

5 5 5 5 5 5
73.57 81.13 62.20 78.32 100.80 103.52

264 249 3.03 6.13 8.90 579

244 261 3.76 761 11.04 7.19

9.00 6.00 8.00 14.40 20.00 15.20

4.87 307 359 7.82 882 559

which usss tre enzyme galactose dehyadrogernese: irsteed of

cplectoee odckse, did not show tre dramattic dclire inre-
ey (66.00wwitha 1.0vile, 2.00witha2.Sh e,
93.47% far nometrix renay). Some corponent n te
sarple netrixmay have rterfere:lwnﬁﬂeenzyratlc
e reectian inoMirg H$2foma—
‘ton intteB-Gal /GAX and GAX procedures. Asoorbicadd,
often added o aured neats (irduding tre bolaya used n
tre saple Foikes) as a presnatine, might aooount far e
renery disagadies; ttanattasaredcirgaudstanceand
inarfae intre reectian inolvirg gallactiose axiidese (Yellow
s Instrurentt @., 1983). The geafiaty of
odceee, whichwould ke etterfargalectioe then Tar o,
might have aontributed alag with netrix nerfaracs
te loer GAX remaries. The AOAC method ganve similar
renary raltsat tre sane ikirg lkbaklswith and without
saple natrix (0.54witha 2.5 gpile, and 88.15% usirg
263 mg lactoeemonohydratte fran Teble 2 as the nommattrix
egunalet toa 2.5 sile); attte 1.0% oike led ahiger
99.06% remery was dotained. Bogpt for tte AOAC &,
te e reneriesoftte ic methods were grester
with a 2.5% spike tren with a 1.0 spile. Bcluding tre
GAX prozdlre, ttemethods were more preasewith a 2.5k
sile. On te esis of ttee alts, \arhility B ks ad
renery Bgasterwitha gy liedoesaplesie The YSI,
AOAC, and UV methods were tte most acorate, with tte
YSI dearlysperiaratioth tre 1.0sand 2.5 soikirg ledls
(100806, 103.524)-

The YSI wes al0 tte most \ariicble of tte 3 according
treprecisingetErs. The inrerantenrarntteYS1 aslyzer

Comparison of AOAC and lactose enzyme methods for determination of lactose and NFDM concentrations in a variety of

formulated meat products®

Table 4.
AOAC w
% b % %
Sample Lac. NFDIVb> Lac. NFDIVb>

Frankfurter 1 147 254 133 2.66
Frankfurter 2C 0.50 0.20 044 0.88
Knockwurstc 051 0.22 041 0.82
Liverwurst" 194 3.08 145 290
Bockwurst 595 1150 6.28 12.56
Linguica 104 1.68 1.13 2.26
Chourico 161 2.82 112 224
Qlive loaf" 252 424 1.90 3.80
Bologna' 0.58 0.36 0.42 084
Luncheon loaf" 3.67 6.54 2.84 5.68
Imitation chicken loaf* 2.06 3.26 1.68 3.36

* Each value Is the average of 5 analyses.

(Oapproximate NFDM was determined by multiplying % lactose by 2. For AOAC method, % NFDM = (% lactose x 2) -

or % NFDM = (% lactose x 2) -
" Corn syrup declared on label.

0.8% if corn syrup was present.

B-Gal/lGAX GAX YSI
°b % % % % %
Lac. NFDIVb> Lac. NFDIVb> Lac. NFDIVb>
178 356 152 3.04 215 4.30
0.65 130 0.24 0.48 109 218
0.62 124 0.19 0.38 103 2.06
122 244 104 2.08 2.27 454
6.63 13.26 744 14.88 6.98 13.96
132 264 0.89 178 324 6.48
142 284 110 2.20 179 358
1.89 378 2.78 5.56 4.76 9.52
013 0.26 061 122 0.84 1.68
3.02 6.04 0.92 184 4.20 8.40
185 3.70 219 4.38 244 4.88

0.4% If no corn syrup was present,
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Table 5. Analysis times for AOAC and enzymatic lactose meth-

ods tested
B-Gal/

Step AOAC uv GAX GAX YSI
Sample prepn, h 1 1 1 1 1
Reagent prepn,» h 2 03 0.83 0.83 0.83
Yeast prepn, h 5 - - - -
Yeast incubation, h 48 - _ _ _
Sample incubation, h 3 — — — _
Direct analysis, h= 0.83 0.50 0.75 142 0.05
Total analysis, h 59.83 1.50 2.58 3.25 1.88
Total analysis, h" 4.83 1.50 175 2.42 1.05

mPreparation time required to make fresh reagents.

OCommercial kit was used, so reagent preparation was minimal.

* Includes sample plus any standards required to run complete analysis.
aExcludes preparation of reagents.

(£2% from O to 200 mg/dL, +5% from 200 to 500 mg/dL)
could account for this. Therefore, higher concentrations can
yield greater errors. To avoid this, further sample dilutions
are sometimes necessary.

A variety of meat products containing NFDM were ana-
lyzed for their lactose content by using the 5 lactose analysis
methods (Table 4). The NFDM value was obtained by mul-
tiplying the lactose content by 2, assuming that NFDM was
approximately 50% lactose. The AOAC calculation em-
ployed a subtraction correction factor of 0.4% when com
syrup solids were not present, and 0.8% when they were
contained in the product. This correction factor accounted
for interference associated with com syrup/com syrup solids
which could cause erroneously high readings. The majority
of the meat products tested contained com syrup/com syrup
solids according to the label (Table 4).

Viewing the results in Table 4 from a regulatory stand-
point, there were some obvious violations ofthe 3.5% NFDM
cutoff level (no other fillers were declared on the ingredient
labels of the meat products tested). All 5 methods found
NFDM in excessive amounts of the regulatory level in the
bockwurst and olive loaf while all but the GAX method
detected violations in the luncheon loaf. Although the AOAC
procedure showed no other samples exceeding the 3.5% reg-
ulatory limit, the YSI method detected 5 additional viola-
tions (frankfurter 1, liverwurst, linguica, chourico, and im-
itation chicken loaf), the B-Gal/GAX method detected 2
(frankfurter 1 and imitation chicken loaf), and the GAX
method detected one (imitation chicken loaf). The incon-
sistencies of the B-Gal/GAX and GAX methods with spiked
lactose recoveries placed some doubt on the validity of their
respective estimates for NFDM in the meat products. How-
ever, the YSI data are very interesting. It would appear the
Y SI method is a more sensitive method of measuringNFDM
content in meat products than the AOAC method, on the
basis of the small sample population tested.

Aside from statistical parameters, analysis time would dic-
tate the best method for determining NFDM as lactose in
meat products. The times required for each method, incor-
porating sample and reagent preparation time, direct anal-
ysis, and total analysis time, are illustrated in Table 5. Anal-
ysis times were determined over multiple test occasions as
conducted by an analyst familiar with the methods involved.
The main disadvantage of the AOAC procedure was the
length of time required for a complete analysis. Final results
could not be obtained for 3 days if fresh reagents needed
preparation, while reagent preparation times for the enzy-
matic methods were considerably shorter. Even without re-
agent preparation, the AOAC test took approximately 5 h to
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complete. The UV method required the shortest analysis
time but was also the most expensive because of the cost of
the enzymes involved, in particular, d-galactosidase. The
/3-galactosidase also makes the B-Gal/GAX assay more ex-
pensive than the AOAC method. The GAX method was
inexpensive because fewer enzymes were needed, but it was
also the least desirable analytical choice on the basis of the
data obtained. The YSI method provided a rapid (second to
the UV method in total analysis and reagent preparation)
and inexpensive mode of analysis once the initial cost of the
equipment was accounted for; the enzyme membranes can
be used repeatedly.

The YSI and UV methods appear to be promising alter-
natives to the AOAC yeast procedure on the basis of statis-
tical analyses and time and cost factors. The enzymatic UV
kit provides a simple, accurate, and precise means of de-
tecting lactose with minimal instrumentation. The kit is sta-
ble for at least 3 months at 4°C. The UV kit would be a good
spot check assay for infrequent testing of meat products for
NFDM. The YSI method showed good agreement with the
AOAC method, offering simplicity of operation, fast analysis
times, accuracy, and precision. As evidenced by the high
percent lactose recoveries and percent lactose determined on
the meat products tested, the immobilized enzyme system
offers many advantages over the colorimetric and UV re-
actions because of reduced interferences from color, turbid-
ity, refractive index, specific gravity, temperature, and pres-
ence of other nutrients. The immobilized enzyme membrane
is stable for about 1week once installed in the analyzer; this
makes it suitable for handling large sample loads over a short
period of time. The needs of the laboratory dictate the meth-
od of choice, but in either case, the UV and Y SI procedures
can be used to screen possible NFDM violations for retesting
by the official AOAC yeast method. The data obtained from
the YSI method concerning NFDM violations that were not
detected by the AOAC procedure suggest there is a more
accurate method available for determining NFDM from lac-
tose.
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CHEMICAL CONTAMINANTS MONITORING

Sample Accountability Quality Assurance for the “Integrated Air Cancer Project” Research
Program of the U.S. Environmental Protection Agency

RANDALL R. WATTS and LARRY T. CUPITT®

U.S. Environmental Protection Agency, Health Effects Research Laboratory, Research Triangle Park, NC 27711

Asample accountability quality assurance (QA) programis described
for a field and laboratory research effort which resulted in collection
of approximately 2000 samples for analysis by several EPA and
contractor laboratories. A QA program was specifically developed
for this research program to include sample transfer from collection
site to storage maintenance, record development, transfer to research-
ers, and sample tracking at all stages. A sample identification system
and sample custody records are described for field and laboratory
application. The functions of a sample coordinator are also described
as relating to sample custody, coordination of sample analysis with
researchers, and development of computer record files to facilitate
research and sample tracking.

The Integrated Air Cancer Project (IACP) of the U.S. En-
vironmental Protection Agency (EPA) was established in 1984
as a multiyear research program in response to the Agency’s
mandate for regulating the emission of carcinogens into the
air. Past research on hazardous air pollutants was generally
conducted on individual primary pollutants at sites selected
for specific reasons. The IACP has adopted a different ap-
proach of monitoring ambient residential neighborhood air
for all chemical species likely to be mutagenic and/or car-
cinogenic. The goals of the project are to (7) identify the
principal airborne carcinogens, (2) determine which emission
sources are the major contributors of carcinogens to ambient
air, and (5) improve the estimate of comparative human
cancer risk from specific pollution emission sources. Meeting
these goals required the IACP planners to bring together the
multidisciplinary talents of chemists, engineers, and health
scientists to conduct a series of coordinated field studies of
emission sources and of atmospheric transport and trans-
formation and toxicological studies to address the complex
issues involved. This mix of scientific capability was accom-
plished by combining expertise from the 4 EPA Office of
Research and Development laboratories at Research Tri-
angle Park, NC.

Phase 1(1985) ofthe sampling program of the IACP stud-
ied simplified residential air sheds in 2 neighborhoods heavi-
ly impacted by woodsmoke. The objectives of this first phase
were to (7) identify and quantitate carcinogens in ambient
air resulting from residential wood combustion and motor
vehicles, (2) quantitate the relative contributions of specific
emission sources to the mutagenic activity, organic, and fine
particulate mass of ambient airborne pollutants, and (3) de-
velop and test exposure assessment methodology for selected
carcinogens. The diversified goals of this phase 1 study re-
sulted in 25 research projects and collection of about 2000
air samples.

The complexity of coordinating this large sampling effort
with the numerous researchers and research tasks involved

Received December 16, 1986. Accepted March 10, 1987.

The research described in this article has been reviewed by the Health Effects
Research Laboratory, U.S. Environmental Protection Agency, and approved
for publication. Approval does not signify that the contents necessarily reflect
the views and policies of the Agency nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.

1Atmospheric Sciences Research Laboratory, EPA, Research Triangle Park,
NC 27711.

was recognized during study planning. Sample tracking and
coordination was a particular concern because 2 or more
laboratories were often expected to perform different func-
tions on the same sample, i.e., extraction, determination of
total extractable organic matter, analytical fractionation,
characterization, and bioassay. The study planners therefore
directed the development of a sample accountability quality
assurance (QA) program. Detailed procedures were to be
established for storage and transfer of samples and related
documentation so that strict integrity of the study would be
maintained.

A committee was appointed to establish procedures, de-
velop forms, and designate key personnel to institute a QA
program for sample transfer from collection site to storage
maintenance, record development, transfer to researchers,
and sample tracking at all stages. Quality assurance plans
were also adopted for management of the field sampling pro-
gram but will not be discussed here.

Data management was also of primary concern. Research
findings would be forthcoming from the various laboratories
with data that would often apply to the same samples or
sample sets. A central data management office was therefore
established to receive copies of all sample records coming
from the field sampling site as well as research results from
individual laboratories and researchers.

The purpose of this paper is to relate the QA procedures
developed and information gained from this first phase of
the IACP and to make recommendations relevant to QA
plans for similar field sampling and research programs. The
procedures described proved adequate and are recommended
for research programs involving a number of research tasks
and many field and laboratory personnel. Not all aspects of
this QA plan, however, would be appropriate for regulatory
investigations. An excellent review of other forms and ap-
plications of QA programs may be found in an AOAC pub-
lication on quality assurance (Garfield, F. M. [1984] Quality
Assurance Principlesfor Analytical Laboratories, AOAC, Ar-
lington, VA).

Sample Identification

The starting point of this sample accountability QA pro-
gram was the development of a sample description/identi-
fication form that would be used at the field sampling sites.
An example of the subsequently developed form is shown in
Figure 1 The form provides 2 types of sample information.
The top portion relates all pertinent sample collection in-
formation, and the lower portion is devoted to assignment
of an alphanumeric sample identification number.

The sample numbering system was given careful consid-
eration because several hundred samples would be generated
in the field, and the same sample might be subject to ana-
lytical operations in 2 or more laboratories. The system need-
ed to be simple for field use and flexible enough to reflect
subsequent analytical manipulations as later discussed. A
sample numbering system was developed which would (7)
identify the sample program, year, and collection site, (2)
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sitP tw M rlaiSt Collector Inr.ation Filter Number— 30l oo

Sampler-Type Date (MMDDYY) 0285 Start Hour 073 _ Stop Hours250
Hi-VoI-TSP....... __A Flow_% 0/5  Flow Units_# ¥ma  Sampler-ID_+776___
PM-10 Hi-Vol..... _B
PM-2.5 Hi-Vol(A).. _C Paired Sample Code Sample Type
PM-2.5 Hi-Vol(§).. __D Dichot Coarse.. ___C Cannister.... __C
PM-10 4CFM..... » E Dichot Fine....___F Tenax....... T
PM-2.5 Mod. Sierra __F Denuder....... D XAD......... X Original
PM-10 Dichot. .. .. G Non-Denuder... N Paliflex ...... P Keep
S-M Dichot....... __H Other (___).....__ Teflon....... _F With
Denuder. . .. 1 Else Quartz.......__ 2 Sample
Tenax ........... _J Non-Paired .... ¢ g Nylon ....... __N
VOC....ooo'ene _K Aldehyde .... __A
Aldehyde (IMP)... __L Collector Plate___ L
Aldehyde (Cart)... M Other (__)...___

Massive AV..... N
McFarland....... .0
Lundgren. ...... __P SampleD: IACP85R_E &/ 00680
Other........... __ }
Figure 1. Sample identification form.

relate descriptive information about the sample, and (3) con-
tain a distinguishing 5 digit number. The sample form as
supplied to the field contained a preassigned sample iden-
tification number with the exception of the 3 descriptor spaces
as later described, e.g., IACP85R 00680 (see Figure 1).
This simple precaution of supplying forms with serialized
identification numbers precluded the possibility of the sam-
pling team issuing duplicate numbers. The IACP first portion
of the preprinted identification number represented the In-
tegrated Air Cancer Project and 85R designated the 1985
sampling program in Raleigh, NC. The next 3 letter char-
acters related the sample descriptive information and were
to be assigned by sampling team personnel. The first space,
selected from the field indicated on the form in Figure 1,
identified the sampler type. The second letter entry, selected
from the “paired sample code” field, distinguished between
2 samples collected simultaneously by the same sampler, e.g.,
C and F entries for a dichot sampler coarse and fine filters.
The third space entry identified the sample medium used.

Assignment in the Field

Instructions accompanying the forms to the field gave di-
rections for special case situations as follows: (7) sample
blanks be indicated by writing “blank™ on the ““other’ line
in the “‘sampler-type” field and a “Z”’ letter code entered
which would also become the first letter of the 3 space iden-
tification code number; (2) samplers not listed in the sampler-
type field would be written in on the ““other’ line and a *Y ”’
letter code also entered which would become the first letter
of the 3 space identification code number; and (3) sample
types not listed would be described on the “other” line of
the third field and a “Y” letter code entered in the third
space.

A gquantity of the preserialized identification forms were
prepared as 2 part duplicates and supplied to the sampling
site along with detailed instructions for their use. After the
form was completed, it was separated at the perforation and
one portion was transmitted to the central data management
office; the duplicate portion was kept with the sample for
subsequent transport and receipt by the laboratory sample
custodian.

Laboratory Modifications/Expansions

Instructions for the sample identification system also in-
cluded special case situations for the analytical laboratory as
follows: (7) blank samples generated from the laboratory
would be accompanied by a new sample identification form
with the first of the 3 descriptor letters again designated with
a “Z”’; and (2) samples or extracts that were com posited in
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the laboratory would also have a new identification form
prepared with a “Z”” designation in the middle, or “paired
sample code,” field. The new identification form would also
contain a listing of parent samples used to make up the
composite.

Two other analytical operations were considered which
affected the sample identification number, namely, the use
and transfer of aliquots and the creation of additional sub-
samples through some analytical fractionation scheme. Since
these operations did not change the accuracy of the infor-
mation associated with the original sample, new identifica-
tion numbers were not required. Instead, these operations
were indicated by suffixes added to the original sample iden-
tification number. The suffix rules adopted directed alternate
aliquot field, fractionation field, aliquot field, fractionation
field, etc. Specific format was as follows.

Aliquot field. — This was denoted by 3 characters, Ann,
where “A”” is a mnemonic for “Aliquot™ and “nn’” was a 2
digit number. The bulk sample was assumed to be AOO. Even
if no aliquots were taken and the whole sample were used
for fractionation, the Sample ID suffix would be written ID#-
AOO-FXnn.

Fractionation field. — This field consisted of 4 characters,
FXnn, where “F” represented ““Fractionation,” “X”” was a
letter code for the type of fractionation, and “nn”” was a 2
digit number. The letter codes for the type of fractionation
were: N —normal phase fraction, R —reverse phase fraction,
and G —silica gel fraction. The 2 digit number represented
the various ““cuts” from the fractionation. ““Cut” points were
to be documented in the laboratory’s internal records. The
use of the number 00 had a special meaning. If no fraction-
ation was actually performed, but an aliquot was taken from
a previous aliquot, then the suffix “FX00” was used as a
“place keeper” to separate the aliquot fields. For example, a
sample identification number with multiple aliquots and/or
fractionations would take the form:

IACP85RXXXnnnnn-Ann-FXnn-Ann-FXnn.

where “X” represents an alphanumeric character and “n”
represents an appropriate digit. Note that the aliquot fields
and the fractionation fields must alternate.

Sample Accountability

The IACP Steering Committee developed overall goals for
the sample accountability program from sampling site stor-
age and maintenance, transport and transfer to the laboratory
sample custodian, transfer to individual researchers, and
sample tracking/record keeping. Although this first phase of
the IACP was not directly related to a regulatory activity,
the committee determined that sample custody procedures
would be used and that one person should be designated as
asample coordinator. This person was responsible for sample
custody and tracking from the field sampling site through all
analytical operations. Collected samples were properly la-
beled and immediately stored at the sampling site under
cryogenic conditions (~80°C). Sample transfers from the col-
lection sites were made with samples contained in a cooler
packed with dry ice. Sample custody forms and identification
forms for all transferred samples were included with samples
received by the laboratory sample custodian. Samples were
immediately stored in a cryogenic freezer subsequent to dis-
tribution to individual researchers.

Sample Custody and Transfer

All sample transfers were recorded on a custody form as
shown in Figure 2. A “pedigree” file consisting of at least a
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Integrated Air Cancer Project
Sample Custody Form

Sample ID No

Description:

Reason
Received by Date Time for
Transfer

Storage and/or
Transfer
Conditions

Released by

Comments: (Parent ID No., etc.)

Figure 2. Sample custody form.

sample identification form and a custody record accom-
panied each sample during transfer. One copy of the signed
custody form was forwarded to the sample custodian, a sec-
ond copy was retained by the person releasing the sample,
and the original form was transferred with the sample to the
laboratory analyst.

Sample Operations Record

The “pedigree” file transferred with the sample could also
contain a sample operations record which detailed preceding
laboratory manipulations or measurements. A copy of a sug-
gested operations record is shown in Figure 3. This particular
format was not mandatory because laboratories usually had
their own specialized forms which better reflected their par-
ticular operations.

Sample Coordination

The sample coordinator was responsible for 3 primary
functions: sample custody, tracking all sample operations
from collection site through the research tasks, and working
with researchers to develop and assemble specific sets of
samples required for special research tasks. A sample tracking
computer file that used a Lotus software program was de-
veloped by the sample custodian. An excerpted portion of
the file is shown in Figure 4. This file represents the total
inventory of samples available and also relates pertinent sam-
ple collection parameters, i.e., sampler flow rate, total col-
lection time, and fine particle mass concentrations for that
time period. This added information gave invaluable assis-
tance to analysis planning since samples could be ordered by
concentration or amount collected. The file also contained
sample custody information with fields for transfer date, re-
ceived by, and reason for transfer. This portion of the file
was periodically updated as custody sheets were received for
processing. Fields were chosen to allow maximum flexibility
in sorting or ordering samples by various parameters such
as the 5digit portion of the identification number, the 3letter
sample descriptor numerics from the identification number,
collection date, individuals releasing or receiving samples,
transfer dates, laboratory operations, or sample site. A de-
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) Page.
IACP Sample Operations Record

Amount of Date Received

Sample ID No. Sample Description
P P riet Original Sample Received by

Analyst Sample Amount of Amount of Result
Date and Analysis Sample Sample or
Organization Procedure Consumed Remaining Data

Storage
Location or
Disposition

Figure 3. Sample operations record.

scription or notes field was also included to give added flex-
ibility to sample records.

Additional computer files were also prepared for specific
research tasks that required compilation of special sets of
samples. For example, a residential sampling portion of the
program required development of a file to show matched
samples collected inside homes with samples from like col-
lectors immediately outside the home and at the primary
collection site located some blocks away. The sample coor-
dinator assembled these samples as laboratory investiga-
tional units and coordinated their analyses with the various
laboratories involved.

Conclusion and Recommendations

This first phase of the IACP provided valuable experience
regarding sample accountability QA for a large field and lab-
oratory research program. The QA procedures and formats
described here proved adequate; however, they were not
completely instituted until after the field samp] ing had begun.
This initial delay caused some confusion for both field and
laboratory personnel during the early part of the program.
This phase 1 effort, however, was intended to be a learning
experience in combining expertise and coordinating the work
of 4 separate laboratories within EPA.

From the experience gained in the first phase of the IACP,
some general thoughts and specific recommendations might
now be made fer future studies. QA considerations for sam-
ple handling, coordination, and tracking should be of primary
importance to program planners. A sample coordinator should
be appointed during preliminary planning. A committee con-
sisting ofboth field sampling and laboratory personnel should
also be established in early phases of planning to ensure
development and finalizing of sample accountability proce-
dures far in advance of actual field work. These QA consid-
erations should include sample labeling and storage at field
site, development and use of sample identification forms and
custody forms for sample transfer, sample transfer condi-
tions, receipt and storage of samples by the laboratory sample
custodian, sample coordination and tracking, and data man-
agement.

Specific recommendations resulting from this study relate
to sample coordination and use of the sample identification
form which also contains the vital sampling parameter in-
formation. The 2 part duplicate form as used in this study
led to a few copying errors. This form should consist of an
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Integrated Air Cancer Project—Raleigh, NC, 1985 (IACP85R...)
Sample Inventory and Disposition

CDS:% &%Z IACP# Filter# ';\,R"A Site mg?n"‘;n T,\%ﬁ' /J.gF'/”; 5 TD;‘;; Recd by  Reason Notes
850119 COP 00567 2 PM PRI 1.088 789.5 78 860400 R, Willams Extraction Alaska Biostudy 3
850119 COP 00563 5 PM PRI 1.357 789.6 78
850119 COP 00568 6 PM PRI 1.217 789.5 78 851224 R. Williams Task 20 Task 20, Follow-up Study
850119 COP 00566 3 PM PRI 1.322 7896 78

Figure 4. Lotus file: Sample inventory and disposition.

original and 2 carbon copies to be completed by field per-
sonnel. The original should always be kept with the sample
and one copy should be retained by the sample coordinator.
The remaining copy would be forwarded to the data man-
agement staff. The sample coordinator should develop and
continually update a sample inventory/custody record com-
puter file. It is necessary for the sample coordinator to have
an active part in planning the sample accountability portion
of the QA plan and also be an active participant in specific
research tasks requiring development of special sample sets

and interlaboratory coordination for the various aspects of
sample analysis.

The sample identification number expansion system for
identification of analytical fractions was found to be inflexible
since only forms of column chromatography were consid-
ered. An improved version would account for other frac-
tionation techniques, e.g., liquid/liquid partitioning. An “O”’
letter for ““other” could be used to indicate a fractionation
technique other than those specifically mentioned.

Expanding and Tracking the Capabilities of Pesticide Multiresidue Methodology Used in the
Food and Drug Administration’s Pesticide Monitoring Programs

BERNADETTE M. McMAHON and JERRY A. BURKE
Food and Drug Administration, Division of Contaminants Chemistry, Washington, DC 20204

Foods analyzed for pesticide residues in the monitoring programs of
the U.S. Food and Drug Administration (FDA) are most often ex-
amined by using one or more of the multiresidue methods developed
for this purpose over the years. Because no single method can be used
for all potential residues, each commodity is examined by a method
or methods which will identify and/or determine the chemicals most
likely to have been used. FDA conducts research to develop new
multiresidue methods, which are included in monitoring prograns
as needed to cover additional chemicals. FDA’s multiresidue methods
have undergone continuous study over a 20 year period to ascertain
which compounds can and cannot be recovered by them. FDA con-
tinues to perform tests to discover a compound’s analytical charac-
teristics. Protocols have been published to direct the testing of ad-
ditional compounds so that new information can be added to the
existing compilations. Methods capable of determining residues of
single pesticides are used to analyze selected commodities for residues
of high priority that cannct be determined by existing multiresidue
methods. Pestrak, a computerized listing of pesticide analytical in-
formation, has been developed by FDA to keep track of the capa-
bilities of multiresidue methods and the coverage of residues by the
single residue methods used in FDA monitoring.

In the United States, the Environmental Protection Agency
(EPA) has responsibility for registering (approving) pesticides
for use, under the requirements of the Federal Insecticide,
Fungicide and Rodenticide Act. Where uses may lead to
residues in food or feed, EPA has the responsibility under the
Federal Food, Drug and Cosmetic Act to set tolerances which
limit the amount of pesticide residue that may legally be
present in food or feed moving in interstate commerce. En-
forcement of these tolerances is the responsibility of the U.S.
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Food and Drug Administration (FDA), except for meat and
poultry, for which the U.S. Department of Agriculture is
responsible.

Tolerances or exemptions from the requirement for a tol-
erance are required for the residues of all pesticides which
are registered for use on foods or animal feedstuff; tolerances
are specific for individual commodities or groups of com-
modities. Tolerances for residues on foods are currently es-
tablished for over 300 pesticides in the United States (2).
Many uses result in residues which include alteration prod-
ucts that are included in the tolerance description when they
are considered to be toxicologically significant.

Because each food or feed item for which a pesticide use
is approved has a separate tolerance, the number of legal
residue/commodity combinations is in the thousands. (For
the remainder of this article the term “food” will include
human food as well as feed for food-producing animals.)

Foods containing residues of pesticides at levels higher
than the established tolerances are in violation of the law
and are subject to regulatory action. The presence of a pes-
ticide residue on a commaodity for which no tolerance exists
is also in violation. Therefore, FDA must be able to identify
and measure residues of pesticides that are not registered in
the United States as well as residues on commodities for
which no tolerances exist.

In addition to prescribed tolerances, action levels (admin-
istratively established regulatory limits) have been estab-
lished to protect the consumer from unavoidable residues of
certain persistent pesticides that may be present in some
foods (e.g., fish) as a consequence of their presence in the
environment (2). Industrial chemical contamination of food
items is also sometimes detected by analytical methods used
for the determination of pesticide residues.
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General Commodity Total Diet Study
Monltorlng (234 food types x 4 samples/year)
(approx. 12,000 annual samples)
(936 individual food items analyzed)
Domestic Import
Samples Samples N &= O
(7,000 annual samples) (5,000 annual samples) §\\§ NS,

(90% surveillance; 10% compliance)

(80% surveillance; 20% compliance)

Core District Selected Glenr:e;e;: Mﬁ::'?r?
Samples Option Surveys @ 5’300) @ EOO) MRMs for fatty foods
(1,000) (5,000) (1,000) N ' (method 1 and others)
N A,
MRMs for nonfatty foods
. L (methods 2-5 and others)
shell eggs, fruits, headquarters- .
milk, cheese, vegetables, directed surveys; x‘Et:'(r)\die fs;mr?)s'gs:s
local fish, etc. of local high interest ing pou
shellfish importance chemicals on Other MRMs

selected products

(method for CPAs, etc.)

Figure 1. Various types of analytical methods used in FDA monitoring programs.

Note that all numbers of samples are approximate and refer to an average year. Codes for analytical methods refer to those most often
used for analysis of the samples in any category. Abbreviations: MRM = multiresidue method; CPA = chlorophenoxy acid. Definitions:
compliance samples = samples collected from shipments for which there was prior evidence or suspicion of illegal pesticide residues (i.e.,
subjective samples); surveillance samples = samples collected from shipments for which there was no prior evidence or suspicion of illegal

pesticide residues (i.e., objective samples).

FDA enforces tolerances and action levels for pesticide
residues by a program which includes analysis of selected
domestic and imported foods. The design and strategy of
FDA’s pesticide program are described in detail by Reed et
al. (3. The monitoring is done with 2 goals in mind: first,
to remove from the market those foods containing illegal
pesticide residues, according to the definitions provided in
the law; and second, to gather information on the incidence
and levels of pesticide residues in the food supply.

Two main programs support these goals: (7) general com-
modity monitoring, i.e., regular sampling and analysis of raw
agricultural commodities, processed foods, and animal feeds
in interstate commerce; and (2) the Total Diet Study, which
determines the dietary intake of residues in foods as con-
sumed, i.e., washed, cooked, or otherwise prepared for eating.

Most samples analyzed in the FDA monitoring programs
are of unknown treatment history, i.e., they are selected ran-
domly, generally without specific knowledge of which pes-
ticides may have been used during their growth or prepa-
ration. It is therefore essential to analyze these samples by
using one or more multiresidue methods capable of deter-
mining residues of many pesticides in a single test portion.
These multiresidue methods are described in the FDA Pes-
ticide Analytical Manual, Volume | (PAM 1), which is com-
piled and issued by FDA (4, 5).

Other commodities analyzed for pesticide residues are cho-
sen because of some background information on their treat-
ment history. As the situation dictates, these foods may be
analyzed by methods capable of measuring the residues of
the specific compound known to have been used, if these
residues cannot be determined using multiresidue methods.

To ensure that a method is available for the residues of
each pesticide for which food tolerances have been estab-

lished, FDA and EPA cooperate in producing the FDA Pes-
ticide Analytical Manual, Volume Il (PAM II) (4), which
contains such methods. Most PAM |1 methods were devel-
oped by pesticide manufacturers to determine the residues
of a single pesticide. They are considered to be the methods
of choice for the determination of residues not amenable to
guantitation by multiresidue methodology.

The paper by Reed et al. (3) explains how FDA decides to
expend the time and resources available to its pesticide pro-
grams. That paper discusses the considerations which cause
FDA to use multiresidue methods for analysis of most foods,
while also directing the use of the generally less efficient single
compound methods when the importance of the residue or
commodity requires.

Figure 1 displays an overview of the commodity types
chosen and the methods used in the FDA monitoring pro-
grams in an average year. The categories of products are more
fully described by Reed et al. (3).

The present paper is intended to complement that by Reed
et al. by describing the application of FDA’s multiresidue
methods in its pesticide programs. In particular, it describes
FDA’s continuing effort to increase its analytical coverage of
potential pesticide residues in foods. Since 1959, FD A s abil-
ity to identify and measure pesticide residues with multires-
idue methods has increased from determination of the 13
organochlorine residues by the multiresidue method of Mills
(6) to determination of the current 321 total pesticides or
pesticide-related compounds by at least one of the 5 multi-
residue methods shown in Table 1

This improvement was brought about by continual testing
ofthe behavior of pesticidal compounds through the methods
in use to increase the known scope of these methods and by
adding new methods to the program to provide monitoring



1074 McMAHON & BURKE:

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Table 1. Information on commonly used FDA pesticide multiresidue methods
No. of No. Of
No. of compounds compounds
PAM | compounds with recovered
Original (ref. 4) with AOAC recovery through
Common title ref. sec(s) AOAC (ref. 7) secs official status tested* method*0
Mills fatty food method 6 211.1,252 29.001-29.002, 29.005, 29.008- 11 200 149
29.010, 29.012, 29.014-
29.018, 29.044-29.049
Mills, Onley, & Gaither nonfatty food 8 212.1,252 29.001-29.002, 29.005, 29.008- 20 274 194
method 29.011,29.015, 29.018, 29.044-
29.049
Storherr method 9 232.3 29.054-29.058 5 95 94
Luke method 10, 11 232.4,212.2 29.A01-29.A04 (ref. 12) 8 192 191
Krause method 13 2422 29.A05-29.A13 (ref. 12) 9 33 33

mData as of December 2, 1986. “Compounds” refers to parent pesticides plus their components, metabolites, impurities, and photoproducts.
Olncludes recovery through all versions of the methods; includes recoveries of any percentage.

for additional chemical types. (It should be noted that an
increase in the number of pesticides that FDA is obliged to
monitor has occurred concommitantly.)

This paper also discusses other aspects of the application
of multiresidue methods in FDA programs and describes an
internal FDA system for tracking the overall status of pes-
ticide program capabilities.

Increasing Knowledge of Current Method Capabilities

At the present time, FDA’s 5 most commonly used mul-
tiresidue methods are each described in detail in PAM | (4).
Each method was published in the scientific literature before
inclusion in PAM |, and each has undergone collaborative
testing under the auspices of AOAC.

Table 1 lists the 5 methods. References to the original
literature, PAM |, and the official Methods ofAnalysis (7)
are included for each. Table 1also lists the number of com-
pounds for which each method is considered official by AOAC.

Because the most efficient and effective way to analyze
samples is to use multiresidue methods, considerable re-
search effort is invested in multiresidue methods beyond
their initial development. If a method is found to be useful,
additional work is done to apply it to other commodities and
other residues. In some cases, alternative steps in the method
are needed to extend its applicability (e.g., 11, 14-18).

A large effort is also expended on the testing of many
compounds through the steps of the multiresidue methods,
so that a database of each method’s capabilities can be com-
piled. Such a compilation is valuable for several reasons.
Most important, the information permits evaluation of the
agency’s monitoring programs in regard to the residues that
are covered by the analyses conducted and those that can
therefore be inferred to be absent from a particular sample
or set of samples.

The analyst examining a sample is also better able to iden-
tify residues if information on method capabilities is avail-
able. FDA’sDivision ofContaminants Chemistry in the Cen-
ter for Food Safety and Applied Nutrition has for many years
led the effort to collect, compile, and publish such data so
that analytical chemists will be provided with as much as-
sistance as possible in use of the methods.

Table 1also includes the number of compounds for which
method performance data are available for each of the 5
multiresidue methods. The last column in Table 1 lists the
number of compounds which are at least partially recovered,
since some of the compounds tested have been found not to
be recovered by the methods. Note that these numbers rep-
resent many more compounds than just the parent pesticides.

Metabolites, impurities, and photoproducts of pesticides are
included, as are individual components of parent pesticides
that are made up of several distinct components.

These data have been accumulated by pesticide residue
chemists in many FDA laboratories. Chemists in headquar-
tersand in FDA’s 16 field laboratories that conduct pesticide
residue analyses have contributed to the data. Some of the
work was done as a routine adjunct to the monitoring pro-
gram in each laboratory, whereas other studies were con-
ducted as a part of special research projects. Many of the
results are published in FDA’s internal Laboratory Infor-
mation Bulletin series. Others are reported directly to the
Division of Contaminants Chemistry, where the data com-
pilations are maintained. Results of some of these studies
are published in the scientific literature.

A particularly interesting source of new data is from the
identification of residues originally labeled as “‘unidentified
analytical responses’” (UARs) by the laboratories which de-
tected them. The increasing use of mass spectrometry has
facilitated the identification of residues whaose presence was
originally detected as peaks in gas or liquid chromatograms
(19).

Factors that are used in deciding which of the routinely
encountered UARs will be further examined include a par-
ticularly large detector response, especially if the detector is
one with a high degree of selectivity; repeated occurrence of
the peak in chromatograms from analyses of different sam-
ples; and the importance of the commodity in which the
residue occurred. Once the LIAR is chosen for further work,
samples in which it occurred are prepared for mass spectral
examination.

A number of residues have been identified in this way;
results of this type of research are usually published in the
scientific literature (e.g., 20-23). If a reference standard is
available for the newly identified UAR, further work is done
to establish the behavior of the compound through multi-
residue methods. If no standard is available, notation is made
ofthe fact that the compound is recovered through the meth-
od, but with no known percentage recovery.

FDA field and headquarters laboratories will continue a
program of testing additional compounds through the cur-
rently used multiresidue methods. The eventual goal is to
know the analytical behavior of all pesticidal and industrial
chemicals with potential for contaminating food. Com-
pounds whose chemistry suggests the likelihood of recovery
through these methods will be tested first. Highest priority
is given to chemicals classified as being of particular impor-
tance by FDA’s Surveillance Index (SI) program (3, 24).
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It is hoped that in the future other users of PAM | methods
will also contribute method behavior data to the compilation.
Protocols have been developed by FDA to describe an effi-
cient means of determining the behavior of compounds tested
through the steps of the multiresidue methods. These pro-
tocols have recently been publishedin PAM | (4) as Appendix
1. Laboratories using these methods are invited to contribute
to FDA data collected according to these protocols, so that
the database available to all PAM | users will be increased.

EPA has recently issued a requirement (25) that organi-
zations submitting food tolerance petitions or reregistration
data must include with their data the analytical behavior of
their compound through FDA multiresidue methods. The
protocols in PAM |, Appendix Il, are to be used to develop
these data. In this way, FDA will eventually be able to de-
scribe analytical behavior through these methods for all
chemicals with newly established food tolerances.

Compiling the Data

Development of analytical behavior data for many poten-
tial residues is of little value unless that information is readily
available. Both the FDA staffwho evaluate the overall find-
ings of the monitoring program and the field analysts need
to be able to consult tables in which the data are compiled.

Most of the data on behavior of compounds through the
multiresidue methods, collected over the last 20 years, are
published in PAM 1 in several tabular formats. Tables
201-A, 201-H, 201-1, and 201-J list all the data available on
the recovery of compounds through PAM | methods 211.1
and 212.1, 232.3, 232.4, and 242.2, respectively. These data
include values for the percent recovered of those compounds
that are determined as well as information on compounds
known not to be recovered through the method. Additional
details, such as the eluate in which the compound elutes from
a cleanup column, are included.

A computerized listing of analytical method data is also
included in PAM [ as Appendix I. This table combines most
of the data from other PAM | tables. The entry for each
chemical includes, where available, relative retention times
(RRTs) on each of the 4 gas chromatography (GC) columns;
detector responses to the compound for the commonly used
GC detectors; and recoveries through 3 of the 5 methods
listed in Table 1 of this paper.

The recent revision (Oct. 1987) of these tables included
data for a fourth method, the Luke method, PAM 1, Sec.
232.4. Since the Krause method, PAM 1, Sec. 242.2, relies
on liquid chromatography [LC] for determination of most
residues, there are no current plans to include data for it in
Appendix I.

The individual entries in Appendix | are printed in dif-
ferent orders in 6 tables: alphabetically by name, numerically
by standard number (referring to repositories of reference
standards maintained by EPA or FDA), and 4 tables in order
by the RRTs on each of the 4 GC columns included.

The latter lists are especially useful for the analyst who has
used a method, has injected the test solution into a particular
GC column, and is making a tentative identification of the
peaks in the chromatogram. A typical page from the table
showing pesticides ordered by OV-101 RRTs is included as
Figure 2

Using this table, the analyst compares the RRTs of the
chromatogram peak(s) to those listed in the table. Certain
possible identities (compounds with similar RRTs) can be
eliminated or supported, based on the information in the
table on known recovery of these compound(s) through the
method that was used. Once tentative identification is made,
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the detector response data in the table provide some indi-
cation of the approximate amount of the residue.

The molecular formula for each compound assists in
choosing other element-selective detectors for confirmation
of the original tentative identification. The RRTs on other
GC columns can also be useful for confirmatory analysis.
Usually, one of the other columns provides separation of
chemicals which elute close to one another on the first column
used.

Separate tables of GC data (RRTs and detector responses)
were previously published in PAM |, in tables numbered
331-A, etc. These tables are no longer being updated for
publication, because all the information in them is presented
in a more efficient format in Appendix |. Some of these
tables contain RRTs on columns not included in Appendix
I. These should be retained for reference in case data for
these GC columns are needed.

The tables in the 201 series are updated and the revisions
are published in PAM | on an irregular schedule dictated by
the amount of new data collected. Appendix | has been re-
vised approximately every 2 years (most recently October
1987). Updated versions of Appendix | are often distributed
to FDA laboratories in the interim between their publications
in PAM I.

Special effort to share data is made within FDA whenever
a UAR is identified. Information on the analytical charac-
teristics of the residue is sent to all field laboratories by elec-
tronic mail so that any other FDA laboratory encountering
the same residue will be able to recognize it without repeating
the laborious identification process. The data are also sup-
plied to the Division of Contaminants Chemistry for inclu-
sion in the next published compilation of data.

Tracking the Methods’ Expansion

The efforts to expand the capabilities of FDA multiresidue
methods have continued in FDA since the 1960s. During
those years when data were increasing, the U.S. Congress,
public interest groups, and other organizations evaluating
public health made frequent requests for information on
FDA’s enforcement of pesticide tolerances, in terms of the
number of chemicals covered by multiresidue methods in
use. Response to each of those requests required a manual
count of the number of chemicals in the PAM | tables.

During 1983-1984, FDA created a computerized system
to help track the ability of the monitoring programs to de-
termine residues in the food supply. The system, named
Pestrak, contains separate databases for pesticides and their
metabolites, divided according to the tolerance status of the
pesticides.

Thus, Pestrak includes 5 types of lists for pesticides, their
metabolites, and other related compounds: (7) with food tol-
erances listed in 40 CFR 180; (2) with interim tolerances (40
CFR 180.319); (2) with pending tolerances; (4) with tem-
porary tolerances and action levels; and (5) with no toler-
ances. The last list contains certain selected pesticides con-
sidered to be of current or potential FDA interest because of
rescinded tolerances, known usage in foreign countries, or
other reasons.

Complete lists of the Pestrak databases can be printed for
use as reference. A typical page from the first list of Pestrak
is displayed as Figure 3.

Included for each entry in the Pestrak lists are codes and
other information used by FDA in planning monitoring pro-
grams and in reporting results. Information on the ability of
the 5 multiresidae methods to determine each compound is
included, as is reference to special surveys which have in-
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PESTICIDE ANALYTICAL MANUAL - VOLUME 1 - APPENDIX

PESTICIDES BY OV-IOI RRT (CHLORPYRIFOS) 23:29 MONDAY, MARCH 18, 1985

RRT/IC  RRT/C RRT/C RRT/C NI63-ECD H3-ECD  TID PREFERRED NAME MOLECULAR FAT  NONFAT MIXED CH2CL2 CARBON STD
OV-101 OV-225 0OV-17 DECS  SEMS SENS SENS FORMULA METHOD METHOD ETHER METHOD NO
PIRIMIPHO5-ETHYL C13H24M303PS c - 15 - C ES5642
iig 1'93 e ! 152'_ * CYPROMID C1 0H9CL2NO - - NR 2 - X 948
117 ' 1.01 t 1. - ISODRIN C12118CL6 c c 6 1 E4045
117 1.58 3.5 4. CHLORFEHVIHPHOS, ALPHA C12H14CL304P NR . . : F 458
117 “ 200 . METHYL 4-CHLOROINDOLYL-3- C11H1OCLNO2 P 50 NR X 942
: ACETATE (PEA GRITTH HORNN) ]
1.19 ft 12. TDE, 0, P»- OLEFIN C14H9CL3 F 207
1.20 1.85 - 2. 1.5 - CAPTAN C9HBCL3N02S P 50 3 - El020
1.21 150. THIABENDAZOLE C10H7N3S NR - s E6660
1.21 2.73 . 6.5 - - 2. DES N-I50PROPYL C121118H04PS P 50 X 972
’ ISOFENPHO5
1.23 3 - FOLPET (EV) C9H4CL302NS P C 1550 23 C E3660
1.24 - 7. 7 ANILAZIME.(RV) CYH5CL3N4 P c 15 2 - E2920
1.41 - 3.3 70. TOLYLFLUANID C10H13CLFNO5 - - - - - E6700
1.25 2.92 « 5 3. PHENTHOATE C12H1704PS2 - C 1550 - C F 530
1.26 4 - SULPHENONE C12H9CL 028 - - 2025 3 F 134
1.26 1.93 - - 2.5 4. CHLORFEHVINPHOS, BETA C121114CL 304P . - . - F 459
1.29 1.93 - - 6.  CHLORFEHVIMPIIOS* C12H14CL304P - NR NR NR C EI300
1.29 1.15 1. 1. - HEPTACHLOR EPOXIDE C 10H5CL7 0 c c 6 2 E3880
1.33 - 1. 1. OCTACHLOR EPOXIDE C10I14CL80 c c 6 1 . E5200
1.22 - 8. - ALLETHRIN C19H2603 c - 50 - - E 100
1.36 1.73 2.12 20 . 2. ISOFENPHOS C I5H24N04PS . C 1550 . X 971
1.37 1.74 5.6 - 11. CROTOXYPHOS C14H1906P - NR - . C E1500
1.37 12. - - PROCYMIDOME C13H11C! 2N02 p c 15 - " E5741
1.39 - ft 2 - CHLORBENSIDE (ERV) C13H10CL2S p P 6 1 - F 19
3.33  2.11 10 7 METHIDATHI OH C6H11N204PS3 p P 50 3 C E6340
1.43 - 2. PHOTODIELDRIN B C13M9CL50 - - - - X 914
1.44 - 60 . NITROFEN, AMINO C12H9CL 2NO . - . X 921
1.45 - 7. TDE, P, P'-, OLEFIN C14H9CL3 c c 6 1 E1800
1.34 1 1. CHLORDANE, TRANS C IQH6CL8 c c 6 1 E1240
1.50 2. - GENITE 923 C12H8CL203S c c 15 - h 186
2.39 15 10. DISULFOTON SULFONE C8H1904PS3 - NR - C F 616
1.42 1.33 3 - 4. BROMOPHOS-ETHYL CIOHI2BRCL203PS p c 6 - . E 860
9 40. - PERTHANE OLEFIN C18H19CL c c 6 1 - F 493
1.54 3.6 20 2,4-D PROPYLENE GLYCOL X CI51120CL204 X 908
BUTYL ETHER ESTER
1.28 1.51 - 1.5 2. - DDE, 0, P'- C14H8CL4 c c 6 1 E1840
1.55 3.8 2.37 “ 10. 21 .  METHYL TRITHION OXYGEN C9H12CLO3PS2 F 448
ANALOG
1.57 — - 4000 TEPP* (RV) C8H2007P2 - . - - p F 168
2.72 1.97 4.4 5 8. GARDONA C10H9CL404P - NR - NR C E3740
400 .  PROMECARB C121117H02 - . - . - E5752
2.04 1.84 8 180 . - DDA, P, P'-, METHYL ESTER C15H12CL202 - - F 294
- 1.5 ENDOSUL FAN* C9HBCL603S - . - - E3180
3.41 2.20 - - 3. OVEX C12118CL203S c c 15 2 X 906
1.63 1.38 1.47 - 1.5 1.5 ENDOSULFAN | C9H6CL603S c c 15 2 E320 0
1.66  1.54 1.48 - 1. 1 CHLORDANE, CIS C10H6CL8 c c 6 1 . El220
1.66 3.7 2.41 - - 7 FEHAMIPHOS (OV-17 GCV) C 13H22N03PS - “ NR NR C E3470
1.66 1.18 - - 60. 2,4-D BEP ESTER* Cl7H24CL204 - - - - - F 225
1.75 .95 1.42 - 1.5 2. NOHACIILOR, TRANS cloliscL 9 c c 6 1 “  E5080
TRANSMTTAL
D 85-1 (04/85) PACE 30

Figure 2. Sample page from PAM | Appendix | table showing pesticides in order by relative retention time (RRT) on an
OV-101 column.

volved analysis for particular residues by other methods.
Inclusion of the latter allows users of Pestrak to measure
more easily the overall scope of the monitoring program.

Computer programs have been written for searching the
Pestrak lists according to many different criteria. Such search-
es provide FDA personnel with the following capabilities:

(1) Information is readily available to evaluate the findings
of the monitoring programs. The Pestrak tables include gen-
eral information on whether or not a particular pesticide or
related compound is being analyzed for in the current pro-
grams. Use of these tables provides a reasonably complete
search for pesticides likely to be used in the United States
on foods, since the tables contain all pesticides with toler-
ances, at all stages of the tolerance-setting process.

(2) Information is readily available to provide answers to
questions concerning the capabilities of the current moni-
toring programs. Examples of the responses to such searches
are shown in Figures 4 and 5. The system allows the user at
a terminal to determine the number of chemicals which meet
particular specified criteria; alternatively, printouts contain-
ing any or all of the information for each chemical can be
obtained (Figures 4 and 5).

(i) Pestrak can be used to help plan future work on ex-

panding the method behavior data for FDA’s multiresidue
methods. Gaps in the data are readily identified in these
listings, and the classifications assigned to chemicals that
have undergone FDA’s Sl process are included among the
data in Pestrak. The Sl classification indicates the relative
importance, based on potential hazard, given to the need for

including the particular chemical in the monitoring pro-
grams. The Pestrak search programs permit the data to be
sorted by Sl class and therefore can produce lists which in-
clude a system of assessing priority. Figure 6 is an example
of the results of such a search and sort.

(4)  Pestrak is used internally in FDA to provide the agency

with a means of tracking work in progress on the continuing
expansion of the method behavior data. Notations are made
of which laboratory has agreed to test a compound for its
analytical behavior. Compounds recommended for testing
through one or more of the 5 usual multiresidue methods,
through other multiresidue methods, or through a single
compound method are also noted.

Adding Other Multiresidue Methods

Increasing the data for the recovery of chemicals through
existing methods is only one aspect of the effort to extend
coverage to as many chemicals as possible in FDA programs.
At least as important is the development of other multires-
idue methods capable of determining residues not amenable
to determination by existing methods. The 5 methods cur-
rently used most often by FDA were themselves developed
and added to the programs as the need for them arose.

It is expected that the need to develop additional multi-
residue methods will continue as pesticide manufacturers
develop products of new chemical types, and as older pes-
ticides are found to require closer surveillance. The chloro-
phenoxy acid (CPA) herbicides and ethylene bisdithiocar-
bamate fungicides are good examples of the latter.
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OF PESTICIDES WITH 40CFR TOLERANCES; RELATED COMPOUNDS [15 DECEMBER 1986 (REV:

SURVEILLANCE

2 DECEMBER 1986)] P 1

55 A ? A
OTHER
LUS siIs USE 40 E I | HABE ?EIUZE‘%EQ?VESE SUEUEI
204 25 | 180.108 3 ACEPHATE I P ICo|
180.230 4 M ACETAMIDE, N-METHYL-2,2-DIPHENYL (DIPHENAMID DESMETHYL METAB.) o1
760 H 180.383 ACIFLUORFEN
180.383 M ACIFLUORFEN ACID (ACIFLUORFEN METABOLITE) ’Vl\/l \A q
180 .383 M ACIFLUORFEN AMINO ANALOG (ACIFLUORFEN METABOLITE)
180.383 M ACIFLUORFEN METHYL ESTER (ACIFLUORFEN METABOLITE) \A \/f \/f \/f Vv
227 4160 H 180.249 D 2 ALACHLOR cgicgi i i 15
167 60 IM 180 .269 R 2  ALDICARB 1 1c
168 62 180 .269 R 2 M ALDICARB SULFONE (ALSO ALDOXYCARB, 180.001, PENDTOL) o1 1e
169 61 180.269 R 2 M ALDICARB SULFOXIDE o e
1 80 | 180.135 L ALDRIN c 1c Icolc | 15
2 100 | 180.113 4 ALLETHRIN cxicel 11 15
1140 H 180.282 ALLIDOCHLOR 0Xx10 1| 1 1
) 180.371 C2 M ﬁhLOPHANATE, DIMETHYL-4,4%*-0-PHENYLENEBIS- (THIOPHANATE METHYL METABOLITE) o
110 § 180.395 DRO W
156 120 H 180.258 AMETRYN 11 |CD|| 19
233 195 | 180.287 C 3  AMITRAZ 1 Vol
180.287 C 3 M AMITRAZ METABOLITES (CONTAINING 2,4-DIMETHYLANIL INE MOIETY) ol
135 F 7 H 180.188 AMMONIUM SULFAMATE VI vivlv
33 2920 N 180.158 4 ANILAZINE P o1c 1 1|
180 .249 D 2 M ANILINE, 2,6-DIETHYL- (ALACHLOR METABOLITE) o
180.250 4 M ANILINE, 4-BROMO- (METOBROMURON METABOLITE) I
E 170 180.279 4 M ANILINE, 4-BROMO-3-CHLORO- (CHLORBROMURON METABOLITE: [
E 65 180.216 3 M ANILINE, 4-CHLOROPHENOXY (CHLOROXURON METABOLITE)
180.227 4 M ANISIC ACID, 3,6-DICHLORO-5-HYDROXY-0- (DICAMBA METABOLITE) VI VI \\;I \\;l
731 f s 1 180.179 ANTIMONY POTASSIUM TARTRATE Vv
1 180.107 ARAMITE 0 4P
310 H 180.360 ASULAM \li V \/' \/' Vv
305 420 H 180 .220 4 ATRAZINE 1SGI 1Col 19
42 3820 | 180.154 2 AZINPHOS-METHYL 0 10 1c 1C 1C«
F 249 180.154 2 M AZINPHOS-METHYL OXYGEN ANALOG I IP 1C 1C«
400 H 180 .268 BARBAN |
191 480 H 180.208 BENFLURALIN coac
192 500 N 180.294 A 2 BENOMYL VI1 vivivliVv 1
239 520 H 180.241 3 BENSULIDE CGPGIC, IG |
F 607 180.241 3 M BENSULIDE OXYGEN ANALOG t (| CI
425 H 180.355 BENTAZON [
F 581 180.355 M BENTAZON, 6-HYDROXY [
F 582 180.355 M BENTAZON, 8-HYDROXY [
577 H 180.270 BENZADOX VI \A MMV
180.254 R 2 M BENZOFURANDIOL, 2,3-DIHYDRO-2,2-DIMETHYL-3,7- (CARBOFURAN METABOLITE) |
F 549 180.254 R 2 M BENZOFURANOL, 2,3-DIHYDRO-2,2-DIMETHYL-3-OX0-7- (CARBOFURAN METABOLITE) I
1043 180.254 R 2 M BENZOFURANOL, 2,3-DIHYDRO0-2,2-DIMETHYL-7- (CARBOFURAN METABOLITE) |
180.345 M BENZOFURANYL CH4 SULFONATE, 2-OH-2,3-DIHYDRO-3,3-CH3-5- (ETHOFUMESATE METAB o
F 587 180.345 M BENZOFURANYL CH4 SULFONATE, 2,3-DIHYDRO-3,3-CH3-2-0X0-5- (ETHOFUMESATE META
180.273 M BENZOIC ACID, 2,3,6-TRICHLORO (TRICHLOROBENZYL CHLORIDE METABOLITE) vV,
180.273 M BENZOIC ACID, 2,4 ,5-TRICHLORO (TRICHLOROBENZYL CHLORIDE METABOLITE) \VA
180.231 M BENZOIC ACID, 2,6-DICHLORO (DICHLOBENIL METABOLITE) Vv
733 H 180.351 4 BIFENOX [ | |
7 740 N 180.141 BIPHENYL I 1 ICol
180.103 D 2 | BIS(TRICHLOROMETHYL)DISULFIDE (CAPTAN IMPURITY) IRXT 11

Figure 3. Sample page from Pestrak alphabetical list of chemicals with tolerances on foods.

Current research efforts involve the consideration of com-
pounds, grouped according to their chemistry, to determine
those which might be measured by a single multiresidue
method. Modem instrumental techniques for compound sep-
aration and measurement are being explored for potential
use in the field of residue analysis. Of particular interest are
various versatile LC techniques, including those using pho-
toconductivity and electrochemical detectors.

Groups of pesticides for which new or improved multi-
residue methods are in use or under development include
the CPAs and certain pesticides and metabolites containing
the urea moiety. Methodology for CPA residues has recently
been included in PAM 1 (4) as Sec. 221.2. The method in-
cludes extraction from an acidified sample, cleanup by gel
permeation chromatography, methylation with diazometh-
ane, and determination by electron-capture (EC) GC. The
method is capable of determining 6 CPAs and pentachlo-
rophenol. Other acids are being tested for recovery. Improve-
ments in this method have recently been developed. lon-pair
alkylation can now replace the potentially hazardous diazo-
methane methylation step in this procedure (26).

A method for residues containing the phenylurea moiety
is also under development (27, 28). When available, this
method will permit analysis for residues of at least 6 parent
compounds with current U.S. food tolerances, as well as other
similar compounds used elsewhere. The potential also exists
for expansion of this method to other compounds whose
structure will permit quantitation by the determinative step
devised for the phenylureas (27).

Other groups of chemicals which seem amenable to mul-
tiresidue methodology are the organotin compounds and the
synthetic pyrethroids. These compounds are also of partic-
ular interest to FDA in its goal of regular monitoring for

important pesticide residues. Long-term activities will cer-
tainly include the testing of those pesticides likely to be de-
termined through these methods once basic methods are es-
tablished.

Multiresidue Methods in FDA Monitoring Programs
Usage

FDA’s multiresidue methods form the backbone of the
agency’s monitoring programs. Detailed instructions for their
application are published in PAM I. FDA laboratories may
choose from among these methods, or from other variations
if needed, to analyze the samples collected as part of the
monitoring program (3). Certain modifications to these
methods have been developed and applied in field labora-
tories over the years. For example, certain residues, such as
that of methamidophos, are known to be only partially re-
covered through the Luke procedure, PAM 1, Sec. 232.4. A
triple extraction must be used to achieve quantitative recov-
ery of the compounds from the matrix (29). Such a modifi-
cation is used when there is evidence or suspicion that the
test sample contains such a residue.

There are also other cases in which a multiresidue method
can be used to identify a residue but not to measure it quan-
titatively. Once the original analysis indicates the presence
of such a residue, however, an additional analysis of the
sample can be conducted with a method that is known to
produce a quantitative result for that residue in that com-
modity. The example of methamidophos given above is one
approach to this follow-up analysis.

The monitoring program directions, issued annually to
field laboratories, include a number of specific cases for which
such additional analyses are required. For example, terbufos,
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PESTRAK INFORMATION ON CHEMICALS REQUESTED 15 DECEMBER 1986 PAGE 1
(PESTRAK LAST UPDATED 2 DECEMBER 1986)
FOLLOWING LISTCS) SEARCHED:TOLERANCES (624 TOTAL CHEMICALS)

LISTED CHEMICALS MEET fiLL THE FOLLOWING CRITERIA (NUMBER OF CHEMICALS MEETING THIS AND EACH PRECEDING CRITERIA):

CATEGORY OF CHEMICAL: PARENT COMPOUND (312 CHEMICALS)

RECOVERY THROUGH PAM | 242.2; HPLC+DERIV.+FLUORES. DETN: C, P (20 CHEMICALS)

THIS LIST INCLUDES 20 ENTRIES

THE CFR NUMBERS USED IN THIS LIST HAVE THE FOLLOWING MEANINGS:

180.102-180.XXXIEXCEPT 180.319): SECTION OF 40CFR IN WHICH THE TOLERANCES ARE LISTED.
180.319: INTERIM TOLERANCES LISTED IN A SPECIAL SECTION SET ASIDE FOR THAT PURPOSE.

180.001: PENDING TOLERANCES; ARBITRARY NUMBER CHOSEN.
180.002: TEMPORARY TOLERANCES; ARBITRARY NUMBER CHOSEN.
180.000: NO TOLERANCES; ARBITRARY NUMBER CHOSEN.

c
Ss A
siE USE 40 cre g | MaME
60 IM  180.269 R 2  ALDICARB
3820 | 180.154 2  AZINPHOS-METHYL
960 | 180255 4  BUFENCARB
1060 | 180.169 C 3  CARBARYL
1040 | 180 .254 R 2 CARBOFURAN
2080 | 180153 R DIAZINON
2420 | 180.204 C 3  DIMETHOATE
4260 | 180.111 MALATHION
4500 | 180.320 3  METHIOCARB
4520 | 180 253 2 METHOMYL
4640 | 180.157 3  MEVINPHOS
2010 H 180.328 NAPROPAMIDE
5186 | 180.303 3 OXAMYL
5245 | 180.121 PARATHION
4580 | 180.121 PARATHION-METHYL
5520 | 180263 PHOSALONE
5620 | 180.127 C 4  PIPERONYL BUTOXIDE
4880 R 180.309 NAPHTHALENEACETAMIDE
5642 | 180.308 4  PIRIMIPHOS-ETHYL
F 681 | 180.407 THIODICARB

SURVEILLANCE
HEThd RECOVERY OTHER
1 2 3 4 5 B5UBVEI

1 1 1 1C
O 10 1C 1C 1C»
1 1 1 1C
1 1C» IColC
1 1le»1C
¢ 1C 1C 1C ICo 15
10 1C IColCo
c 1C 1C 1C ICo
1 1 |IColC 15
1 1 IColC
IONIC IColCo
1 1 IColCo
1 1 1 1C
c 1C 1C 1C ICo 15
¢ 1C 1C 1C ICo 15
¢ 1C 1c 1C ICo
1 1 1 ICo

1 1 1 IP«
C#1 1C 1C IP»
1 1 ! P

Figure 4. Example of printout resulting from search of Pestrak database.
Only the list of chemicals with 40 CFR 180 tolerances was searched; selected chemicals are parent compounds which are completely (C)

or partially (P) recovered through the Krause method (method 5).

an organophosphorus pesticide, produces metabolites which
are included in the tolerance and are expected to constitute
major portions of the total residue, but are not amenable to
determination by multiresidue methodology. Field analysts
are directed to reanalyze samples found to contain the parent
terbufos if the level exceeds 30% of the established tolerance.
Reanalysis in this case is to done by the PAM Il method,

which converts the total residue to one compound for iden-
tification, quantitation, and comparison to the tolerance val-
ue.

Reporting Results

As a part of FDA’s pesticide programs, residue results are
reported by each laboratory into a computerized system,

PESTRAK INFORMATION ON CHEMICALS REQUESTED 15 DECEMBER 198b PAGE 1
(PESTRAK LAST UPDATED 2 DECEMBER 1986
SEARCH PERFORMED ON ALL LISTS OF CHEMICALS (840 TOTAL CHEMICALS)

LISTED CHEMICALS MEET ALL THE FOLLOWING CRITERIA (NUMBER OF CHEMICALS MEETING THIS AND EACH PRECEDING CRITERIA):

CATEGORY OF CHEMICAL: METABOLITE (273 CHEMICALS)

RECOVERY THROUGH AT LEAST ONE SURVEILLANCE METHOD (68 CHEMICALS)

51 CLASS: 1, 2, 3 (37 CHEMICALS)

THIS LIST INCLUDES 37 ENTRIES

s
I IVELF

SURVEILLANCE

935" SR

2 ALDICARB SULFONE (ALSO ALDOXYCARB, 180.001, PENDTOL) 11 1 1C
2 ALDICARB SULFOXIDE 11 1 P
2 AZINPHOS-METHYL OXYGEN ANALOG 1 P 1C ICo
2 DISULFOTON OXYGEN ANALOG (ALSO DEMETON-S, 180.105) IONIC  1C 7
2 DISULFOTON SULFONE IONIC 1C 7
2 ENDRIN ALCOHOL colPOl 1
2 ENDRIN ALDEHYDE C*1P*1 1
2 ENDRIN KETONE cic1 1
2 ETHYLENE THIOUREA (METABOLITE OF ZINEB AND OTHER ETHYLENEBIS DITH10CARBAMATES) 101 IV« 10
2 PENTACHLOROANILINE (QUINTOZENE METABOLITE) cic1 1
2 PENTACHLOROBENZENE (QUINTOZENE METABOLITE) C#1CX1 1
2 PENTACHLOROPHENYL METHYL ETHER (QUINTOZENE METABOLITE) cic1 1
2 PENTACHLOROPHENYL METHYL SULFIDE (QUINTOZENE METABOLITE) c 1
2 PHORATE OXYGEN ANALOG f l 1 ICo 6
2 PHORATE SULFONE 1 1C ICo 6
2 PHORATE SULFOXIDE 1 1 ICo 6
2 3-HYDROXYCARBOFURAN (CARBOFURAN METABOLITE) 11 1 1c
2 4-CYCLOHEXENE-I, 2-DICARBOXIMIDE, CIS" (CAPTAN HYDROLYSIS PRODUCT) OXIONI  1C
3 CARBOPHENOTHION OXYGEN ANALOG 10 IC 1
3 CARBOPHENOTHION SULFONE 1 I1Cc 1c
3 CHLORPYRIFOS OXYGEN ANALOG IONIC 1
3 DEMETON-S SULFONE 1 Ic ICo
3 DES N-ISOPROPYL ISOFENPHOS (ISOFENPHOS METABOLITE) 1snl 1C
3 DIMETHOATE OXYGEN ANALOG (ALSO SEE TABLE V, NO TOLERANCES, OMETHOATE) ONIO IC iCo
3 FENSULFOTHION OXYGEN ANALOG IONIC 1
3 FENSULFOTHION SULFONE IONIC 1
3 FENTHION OXYGEN ANALOG o010 1 1c
3 FENTHION OXYGEN ANALOG SULFOXIDE oIl 1 1C
3 FENTHION SULFONE 0l 1 1¢
: s c " "
| GEfDOPIrAIIpIIAEAEAI“IJEF>NI35—CI.2:1-B\M_)-24D001IHD°K]JDI\EDOFB)<IHDEL bk 15
3 METHIOCARB SULFOXIDE - 1 1 ISo1c 15
3 OXYDEMETON-METHYL SULFONE 1 1 ICo
3 2.356-TETRACHLOROANISIDINE (TECNAZENE METABOLITE) R 1 1
3 2,3,5,6-TETRACHLORONITROANISOLE (TECNAZENE METABOLITE) R 1 1
3 3-(3,A-DICHLOROPHENYL)--METHOXYUREA (DIURON AND LINURON METABOLITE) ONIONI IR
3 3,4-DICHLOROANILINE (DIURON AND LINURON METABOLITE) IONI IV

Figure 5. Example of printout resulting from search of Pestrak database.
All 5 lists In Pestrak were searched; selected chemicals are the metabolites recovered through at least 1 of the 5 common multiresidue
methods and classified as 1, 2, or 3 inthe Surveillance Index project (24).
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PES5TRAK INFORMATION ON CHEMICALS REQUESTED 15 DECEMBER 1986

PAGE 1

-— (PES5TRAK LAST UPDATED 2 DECEMBER 1986)
FOLLOWING LISTCS ) SEARCHED;TOLERANCES (624 TOTAL CHEMICALS)

LISTED CHEMICALS MEET iLL, THE FOLLOWING CRITERIA (NUMBER OF CpEMICALS MEETING THIS AND EACH PRECEDING CRITERIA):

CATEGORY OF CHEMICALI PARENT COMPOUND (312 CHEMICALS)
ASSIGNMENT TO: *#1 (34 CHEMICALS)
S| CLASS: 1, 2, 3, 4, 5, (34 CHEMICALS)

THIS LIST INCLUDES 34 ENTRIES

SIE UAME

F 715 FLUCYTHRINATE
4050 ISOFENPHOS
2920 ANILAZINE

940 BUTYLATE

1100 CARBOXIN

1491 CHLORTHIOPHOS
1552 CYANAZINE
1591 CYCLOATE

1600 CYCLOHEXIMIDE
2006 DESMEDIPHAM
2560 DINOCAP

3620 FLUOMETURON
3940 HEXACHLOROPHENE
7001 HEXAZINONE
4620 METOLACHLOR
5148 ORYZALIN

5300 PEBULATE

5742 PROFENOFOS
5940 PYRETHRINS
F 440 TCMT3

6630 TETRASUL

2902 CHLORPYRIFOS-METHYL
F 740 CHLORSULFURON
1615 CYPRAZINE
F 669 DIMETHIPIN
2653 DIPROPETRYN
F 754 FLUVALINATE
4446 MEFLUIDIDE
5410 PHENMEDIPHAM
5925 PYRAZON

6068 SETHOXYDIM
6408 TEBUTHIURON
3980 TERBUTRYN
6661 THIDIAZURON

L I N N N N N N N N N N N N N A )

SURVEILLANCE
METHD RFCOVFRY
1 2 3 4 5 fiSH

t1 1c 1 *1
1cl ic 1 *1

P 1c 1 1 1 **1
11 11 *1
O#10«l 1 1 *1
coicpic 1c 1 *1
10+l Pe 1 *1

1 1 ICo! *1
11 1 1 *1
101 1 1 *1
PMIP* 1 1C» 1 *1
1 ! 1 1 **1
0*10*1 101 ¥l
101 1 **1
P11 1 **1
101 1 *x1

i 11 1 **1
POIPDIC 1C 1 *1
c*1c*l 101 *x1
10 1 1 *1
c 1c 1 1 1 1
1 1c 1 *1
11 1 1 *x1
11 1 1 *x1
11 1 1 *x1
11 01 1 **1
101 1 1 **1
i1 1 1
11 i 1 **1

1 1 1c 1 **1
11 1 1 *1
111 **1
11 1 i e
11 1 1 **]

Figure 6. Example of printout resulting from search of Pestrak database.
Only the list of chemicals with tolerances was searched; selected chemicals are parent compounds which have been designated as worth
testing further through multiresidue methods ("Assignment to **1"); these have been grouped by Surveillance Index classification, but no

compounds classified as 1 or 2 occur in this list.

along with codes which refer to the method(s) used. Separate
codes are used for the extraction-cleanup portion of the an-
alytical method and for the determinative step.

The complete set of data from all laboratories for the mon-
itoring samples is then examined and reported. Separate re-
ports are prepared to describe the general commodity mon-
itoring program (e.g., ref. 30, which describes results from
several years of monitoring) and the Total Diet Study (31,
32). Descriptions of the numbers and amounts of pesticide
residues found in the U.S. food supply are derived from these
data and included in the reports.

A complete listing of residues which were not found, but
which could have been found had they been present, is much
more difficult to prepare. This kind of report is usually not
included in descriptions ofthe results ofthe overall programs,
but is done when there is particular interest in the residues
of a specific pesticide.

Tables of method capabilities, such as PAM | Tables 201
and Appendix I, can be used to determine which compounds
were not present in any given sample. Examining residue
data in this way is very time consuming, however. Each
combination of extraction-cleanup code and determinative
step code is capable of determining different residues. The
nature of the commodity analyzed can also affect the meth-
od’s ability to determine particular residues. The Pestrak
system does not contain sufficiently detailed method capa-
bility data to be useful in this type of data examination.

Total Diet Study Application of Methods

Methods used to analyze the samples collected and pre-
pared for the Total Diet Study are somewhat different from
those used in the general commodity monitoring program.
The Total Diet Study currently uses all 5 methods in Table
1, but some of these are adjusted to permit the identification

and measurement of residues at a lower limit of quantitation
than that used in commodity monitoring. In some cases,
additional cleanup of the sample is required to achieve these
lower limits, which are generally about one-fifth of the quan-
titation limits in the commodity monitoring. The PAM |,
Sec. 221.1, method for CPAs is also included in the Total
Diet analyses.

(Total Diet samples are examined for a number of toxi-
cologically and nutritionally important elements and radio-
nuclides, in addition to residues of pesticides and industrial
chemicals.)

Quality Assurance

Both intra- and interlaboratory quality assurance (QA)
programs are maintained by FDA. Results from the early
years of these studies (33) support the adequacy of the meth-
ods used as well as the performance ofthe laboratories. These
quality assurance measures have continued in the years since
that report was published. 1fa QA program uncovers prob-
lems with a laboratory’s application of a method, corrective
action is taken.

Method Limits of Quantitation

Methods used in FDA’s commodity monitoring program
have been developed and are applied to provide quantitation
at residue levels sufficiently below tolerance limits to generate
reliable data on the incidence and levels of residues in the
food supply. Residues below tolerance levels are quantitated,
and the data are compiled. Because there are so many com-
pounds to consider and because the analytical response varies
for the different compounds determined by a multiresidue
method, it is not possible to achieve the same quantitation
limit for all pesticides and their alteration products. As a
broad generalization, the quantitation limits for commodity
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monitoring are in the range 0.01-0.1 ppm. As mentioned
above, quantitation limits in the Total Diet Study are lower,
generally ranging from 0.002 to 0.02 ppm, so that lower
residue levels can be measured for the calculation of actual
dietary intakes.

FDA strives to maintain uniform limits of quantitation
for a given pesticide among its field laboratories conducting
monitoring analysis. To achieve this, laboratories are guided
on key method operating parameters affecting quantitation
limits. For the GC and LC multiresidue methods, the target
quantitation limit is described in terms of detector response
ofa specified magnitude to a particular compound; minimum
magnitude of detector response that will be considered for
quantitation; and weight equivalent of test portion that will
be injected into the gas or liquid chromatograph for analysis.
The limit of quantitation for other compounds in the mul-
tiresidue analysis is then based on the response of the same
detector to these compounds at the specified conditions.

For example, Sec. 143 of PAM 1 defines limit of quanti-
tation by specifying that the GC electron-capture detector be
set to produce half-scale recorder deflection when responding
to 1ng heptachlor epoxide. One-tenth scale recorder deflec-
tion is specified as the lowest quantitatable response. Prep-
aration and cleanup are designed so that 20-30 mg equivalent
of the test portion can be introduced to the chromatographic
detection system, resulting in a quantitation limit of ap-
proximately 0.01 ppm heptachlor epoxide.

Although the tritium source electron-capture detector re-
ferred to in PAM |, Sec. 143, is now obsolete, this mechanistic
approach remains applicable to defining how a method will
be used to achieve a consistent quantitation limit in different
laboratories. Chlorpyrifos, a pesticide containing chlorine,
phosphorus, nitrogen, and sulfur in the molecule, is now used
as the compound to which the response is standardized for
halogen-, phosphorus-, nitrogen-, and sulfur-selective GC
detectors, as well as for the less selective nickel source elec-
tron-capture detector.

This approach to defining limit of quantitation was adopt-
ed so that the limits of quantitation achieved in each FDA
laboratory would be consistent, sufficiently below tolerance
limits to provide data on incidence and levels of residues in
the food supply, and realistic in terms of effort required for
each analysis. This last provision is intended to avoid un-
necessary expenditure of resources in pursuit of ever-de-
creasing and toxicologically insignificant residue levels.

With the availability of more analytical approaches and
determinative techniques, it is now more difficult to maintain
a generally uniform and acceptable quantitation limit among
a large group of laboratories. For example, some detection
techniques used today must be operated in their most sen-
sitive mode to achieve adequate limits of quantitation for
the residues of interest. The parameters of operation may
vary from one instrument to another for a variety ofreasons,
such as purity of available reagents or operator experience.
As a result, some laboratories may be capable of achieving
the desired limit of quantitation while others may not. Such
variations affect only the degree to which the quantitation
limit is below the tolerance or action level; applications of
methodology which do not provide quantitation limits that
are somewhat below the regulatory levels of pesticides of
interest are not used.

FDA maintains a centralized program of analytical meth-
ods development. Among its several objectives is a continu-
ing effort to provide field laboratories with the guidance nec-
essary to achieve the necessary quantitation limits, to maintain

uniform quantitation limits among the laboratories, and to
do so without expending resources merely to measure lower
levels of residues.

Future Applications of Multiresidue Methodology

FDA has made a concerted effort in recent years to extend
the coverage of its pesticide programs to chemicals which
are not amenable to analysis by multiresidue methods. Each
year, field districts are required to survey some locally im-
portant commodity for selected residues which require single
compound methodology.

There is no question, however, that most products will
continue to be examined by the various multiresidue meth-
ods available to the agency. In fact, it is expected that de-
velopment and use of multiresidue methods will increase as
the agency attempts to maintain an adequate level of mon-
itoring in the face of budgetary constraints.

The evaluation of additional chemicals for recoverability
by the current multiresidue methods will continue indefi-
nitely. The increase in knowledge regarding which chemicals
can be recovered strengthens the efficacy ofthe FDA pesticide
programs.

As mentioned previously, research will continue to de-
velop multiresidue methods for compounds that are not de-
terminable by current methods because of their chemical
structure. Newly developed instrumental techniques will be
examined for potential application to the determination of
residues that are not quantitatively recovered through current
methods. New instrumentation may also lead to the devel-
opment of completely new analytical methods.

The trend toward miniaturization of existing and future
methods is expected to continue because of the cost savings
inherent in the use of smaller amounts of solvents and in the
shorter analysis times usually involved. A study currently
under way in FDA will provide statistical information to
guide the choice ofthe smaller test portion size used in these
methods (L. R. Kamps, S. J. V. Young, & J. Link, FDA,
Division of Contaminants Chemistry, 1987).

The application of automation to multiresidue method-
ology is being explored and may eventually provide a means
of increasing the number of samples that FDA can analyze
(34-36). Certain methods already include automated steps,
and that trend is expected to continue (37).
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Residues of Insecticides, Fungicides, and Herbicides on Ontario-Grown Vegetables,

1980-1985

RICHARD FRANK, HEINZ E. BRAUN, and BRIAN D. RIPLEY
Ontario Ministry of Agriculture and Food, Provincial Pesticide Residue Testing Laboratory, Agricultural Labo-
ratory Services Branch, University of Guelph, Guelph, Ontario NIG 2W1, Canada

Between 1980 and 1985, 354 composite vegetable samples repre-
senting 9 vegetable commodities were collected from farm deliveries
to the market place in Ontario, Canada. All samples were analyzed
for insecticides, 275 for fungicides, and 135 for herbicides. The anal-
yses included organochlorine, organophosphorus, synthetic pyre-
throid, and A'-methylcarbamate insecticides; dithiocarbamate, acy-
lalanine, phthalimide, dicarboximide, and other fungicides; and,
chlorophenoxy acid, chlorobenzoic acid, bipyridilium, phenylurea,
carbamate, and other herbicides. The commodities tested included
asparagus, beans, carrots, cauliflower, cucurmbers, onions, potatoes,
sweet corn, and tomatoes.

In most samples, pesticide residues were below the detection limits
(i.e,, 0.005 to 0.1 mg/kg), and most of the positive findings were a
fraction (i.e., <1 to 20%) of the maximum residue limit (MRL)
permitted for each commodity under the Canadian Food and Drugs
Act and Regulations. A small number of samples had residues that
exceeded the MRL, and these involved aldicarb and linuron on po-
tatoes and chlorobromuron on carrots.

A wide range of vegetables is grown within the Province of
Ontario. The following 9 are among the most important:
asparagus, wax and green beans, carrots, cauliflower, cu-
cumbers, onions, potatoes, sweet com, and tomatoes. Ac-
cording to 1983 statistics, these 9 vegetables were grown on
55 500 ha and had a combined market value of $200 million
(1). The number of pesticides that were registered and rec-
ommended for use in the production of each of these 9 com-
modities in 1980 and in 1985 (2) appears in Table 1 In this
study, we monitored 34 of 36 registered insecticides; 13 of
15 fungicides; 28 of46 herbicides and growth regulators; and
none ofthe 3 registered nematocides. In 1983, 39 herbicides,
12 fungicides, and 29 insecticides were used in vegetable
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production in Ontario, and the quantities of materials used
were 101, 155, and 101 tonnes, respectively (3).

The analytical program reported here was undertaken to
monitor for (7) insecticides and fungicides, because these
treatments were mainly foliar and treatments were made
close to harvest, (2) chlorophenoxy and chlorobenzoic acid
herbicides because of possible spray drift to edible crops, (i)
phenylurea herbicides because of damage to carrots and po-
tatoes from previous field use in other crops, and (4) her-
bicides used in vegetable production (2) because few data
exist on their residues in edible food stuffs. Overall, the data
indicate if pesticide residues were present in Ontario-pro-
duced vegetables, if these residues were in violation of max-
imum residue limits (MRL) permitted under the Canadian
Food and Drugs Act and Regulations (4), and if the current
vegetable production recommendations (2) resulted in ex-
cessive residues.

METHOD
Field Collections

Composite samples of vegetables were collected either at
the farm gate or on delivery to farmers’ wholesale markets
at Leamington and Toronto, Ontario. Asparagus, cauliflower,
cucumbers, sweet com, and tomatoes were sampled at the
farmers” markets. Beans and potatoes were collected when
farm deliveries were made to each of 2 processors. Onions
and carrots were collected at the farm gate on the Holland-
Bradford Marsh at time of shipment to a cooperative whole-
sale outlet. Each composite sample consisted of 5 kg potatoes,
2 kg carrots, onions, or tomatoes, 0.5 kg beans or asparagus,
and 5-10 cauliflower heads, cucumbers, and sweet com cobs.
Samples had already been prepared for market by the pro-
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Table 1. Summary of pesticides registered and recommended
for use on each of 9 crops in Ontario in 1980 and 1985

Pesticides registered and
recommended (Ontario)

Commodity 1980 1985
Asparagus 15 20
Beans 15 17
Carrots 17 19
Cauliflower 25 31
Cucumbers 23 20
Onions 24 27
Potatoes 39 42
Sweet corn 21 28
Tomatoes 29 29

ducer, and other than for sweet com, analyses were per-
formed on the samples as received, that is, as shipped to the
market place. In the case of sweet com, husks were removed
and kernels stripped from cobs prior to analysis. All samples
were shipped to the laboratory within 2 days of collection,
and analyses were commenced within 2 days ofreceipt. Sam-
ples were refrigerated until delivery and analysis.

Analytical Procedure

Vegetables were sliced and composited into small pieces
using a Hobart food chopper; subsamples were taken for
analyses using the following 12 analytical procedures. Com-
pounds analyzed and detection limits are shown in Table 2.
The number of samples and the analyses are shown in Table
3. Residue results are uncorrected for recoveries.

(a) Organochlorine, organophosphorus, and synthetic py-
rethroid insecticides, and phthalimide fungicides. —50 g mac-
erated sample was blended with 200 mL acetonitrile-water
(2+1) and was filtered. A one-halfaliquot was removed (5),
was diluted with 500 mL water and 25 mL saturated NaCl
solution, and was extracted with two 50 mL portions of
dichloromethane. Dichloromethane was dried by percolation
through anhydrous Na2504, isooctane was added, and the
extract was concentrated just to dryness using a rotary vac-
uum evaporator. The residue was redissolved in 5.0 mL
isooctane.

A portion of concentrated sample (4.5 mL) was cleaned
up and fractionated for organochlorine and pyrethroid in-
secticides and phthalimide fungicides according to the pro-
cedure of Mills et al. (6) as described by Braun and Stanek
(7). The remaining portion was used without cleanup for
determination of organophosphorus insecticides by packed
column gas chromatography (GC) with a flame photometric
detector (FPD). Recoveries ranged from 85 to 97%.

(b) Acephate, methamidophos, and oxydemeton-meth-
yl. —Acephate and methamidophos were extracted according
to the procedure described for methamidophos by Braun et
al. (8). Oxydemeton-methyl was extracted as in (a) along with
the other organophosphorus insecticides; a portion of the
extract was oxidized to convert oxydemeton-methyl to its
sulfone (9) prior to GC/FPD analysis. Recoveries were 81-
93%.

(c) N-methyjcarbamate insecticides, acylalanine and di-
carboximide fungicides, and allidochlor.—50 g macerated
vegetable tissue was extracted as described in (a). All com-
pounds were determined without cleanup by capillary col-
umn GC with a nitrogen-phosphorus detector (NPD) as de-
scribed by Ripley and Braun (10). Some potatoes were
analyzed for metalaxyl by using the method of Bruin et al.
(11). Recoveries ranged, from 85 to 110%.
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Table 2. Compounds used and monitored between 1980 and
1985 and their detection limits
Detec-
tion
limit,
Group Name mg/kg
Insecticides (1)
Organochlorine” (dieldrin), lindane (DDT, DDE, TDE), en- 0.001
(ocI) dosulfan”
chlordane”, dicofol 0.002
methoxychlor 0.01
Organophosphorus" dlazlnon, disul'oton, fonofos, mevin- 0.005
(OPI) phos, phorate, terbufos, chlorpyrifos,
demeton, dimethoate, ethion, Isofen-
phos. malathion
parathlon 0.01
chlorfenvinphos, methidathion, phosa- 0.02
lone
fensulfothion 0.05
naled 0.1
phosmet 0.2
azinphos-methyl 0.5
Special OPI oxydemeton-methyl* 01
methamidophos 0.02
N-methylcarbamate carbaryl, carbofuran, pirlmicarb 0.01
(MCI)
Special MCI aldicarb* 01
Synthetic pyre- permethrin, fenvalerate, Cypermethrin, 0.005
throids deltamethrin
Herbicides (H) or fungicides (F)
Bipyridilium (BPH) diquat, paraquat 0.02
Chloroacetamide atrazine, alachlor, metrlbuzin, meto- 0.01
and trlazine (ATH) lachlor, prometryn, simazine, cyana-
zine
Chlorophenoxy chloramben, 2,4-D, 2,4-DB, dichlorprop, 0.01
(CPH) and chloro- MCPA, MCPB, dicamba, diclofop-
benzoic acids methyl
(CBH)
Phenylurea (PUH) chlorbromuron, dluron, linuron, mono- 0.01
linuron, metobromuron
Carbamate (TCH) butylate, chlorpropham, EPTC, pebu- 0.01
late
Dalapon 0.01
Allidochlor 0.01
Acylalanine (AAF) metalaxyl 0.01
DicarboxImide iprodione 0.01
Organochlorine captan, captafol, folpet, dichloran 0.002
(OCF)
Special OCF (CTF) chlorothalonil 0.01
Dlthiocarbamates maneb, mancozeb, metiram, zineb, zir- 01

(DCF)

am, thirarr

* Dieldrin not used since 1969; DDT not used since 1970.

“Total endosulfan—endosulfan |, Il, and sulfate.

“Total chlordane— cis and trans chlordane, heptachlor epoxide, and non-
achlor; not used since 1978.

" Includes some oxon, sulfoxide, and sulfone metabolites.

“ Total—parent, sulfoxide, and sulfone; determined as sulfone.

(d) Aldicarb.—100 g macerated potato was extracted and
oxidized using the procedure of Maitlen et al. (12) prior to
GC/FPD (S-mode) analysis. Recoveries from fortified po-
tatoes were 65-85%.

(e) Chlorothalonil. —Chlorothalonil was determined using
procedure (c) or as described by Northover and Ripley (13).
The latter analysis included the parent compound and the
4-hydroxy metabolite with recoveries of 85-88%.

(f) Dithiocarbamate fungicides.—These fungicides were
determined as their zineb equivalent by using the carbon
disulfide evolution technique based on the method of Pease
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(14) with modifications described by Ripley (15). Recoveries
were 90-98%.

(9) Bipyridilium herbicides. —Potatoes were analyzed us-
ing the reduction with sodium borohydride method de-
scribed by King (16). Determinations were made by packed
column GC with N-P detection. Recoveries from fortified
potato were 50-75%.

(h) Chloroaceiamideandtriazine herbicides. —25 g macer-
ated vegetable tissue was extracted, and residues were quanti-
tated using the procedure of Ramsteiner et al. (17) as de-
scribed by Sirons et al. (18). Recoveries were 70-80%.

(i) Chlorophenoxy and chlorobenzoic acid herbicides. —50
g samples of vegetables were extracted, and residues were
quantitated by gas chromatography of their methyl esters
using a procedure described by Yip (19) and modified by
Sirons et al. (20). Mean recovery for residues above 0.01 mg/
kg was 80%.

(J) Phenylurea herbicides. —25 g macerated vegetables was
extracted with hexane-dichloromethane and cleaned up on
a Florisil column. Herbicides were quantitated on a liquid
chromatograph with a UV detector (254 nm). The analytical
procedure was described by Frank etal. (21) and was adapted
from Lawrence (22) and Farrington et al. (23). Recoveries
varied from 85 to 90% using fortified vegetable samples.

Carbamate herbicides. —50 g macerated vegetables was
acidified and then extracted with isooctane, and thiocarba-
mate residues were determined by GC/FPD (S-mode) as de-
scribed by Frank et al. (24); chlorpropham was determined
by GC with an electron capture detector. In the latter 3 years
of this survey, method (c) was used. Recoveries were 85-
110%.

(I) Dalapon.—50 g macerated vegetable tissue was used
to determine dalapon residues by GC according to a method
described by Getzendaner (25,26). Recoveries were 85-95%.

The methods used represent routine standard procedures
within the laboratory, and recoveries were periodically con-
firmed as part ofan ongoing quality assurance/quality control
program. Duplicate field samples were also analyzed at ran-
dom, and internal laboratory checks were performed. For-
tification levels ranged from the detection limit of the pro-
cedure to greater than the maximum residue limit (MRL).
Detection limits (Table 2) represent the lowest limit to which
the individual procedure was reproducible, and these varied
somewhat depending on the particular instrumentation used
and the substrate being analyzed. Confirmation techniques
were applied when residues were high enough to allow al-
ternative procedures to be used. These included the use of
(7) element-specific GC detectors, e.g., electrolytic conduc-
tivity (or Hall) detection in the CI- or N-specific modes or
flame photometric detection in the P- or S-specific mode, (2)
alternate-column gas chromatography, e.g., using column
packings of different polarity so that characteristic retention
times were significantly changed, or (3) a capillary gas chro-
matograph and mass selective detector using either full scan
or single- or multiple-ion monitoring.

Results

Table 1 shows the number of pesticides available for the
production of vegetables during the study period; however,
individual producers would use only a few of these to protect
their crops. Because the treatment history ofthe produce was
unknown, surveillance was designed to check for as many of
these pesticides as possible (Table 2).

Whenever possible, multiresidue procedures were applied
to determine several pesticides in the vegetable samples. Every
effort was made to examine Ontario-produced vegetables for
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the recommended pesticides (2) that could have been applied.
Individual procedures were used for those vegetables that
may have been treated with chemicals not determined with
the screening methodologies. The multiresidue procedures
could also detect numerous other pesticides that were not
recommended but may have been present through nonre-
gistered use, residue carry-over from past use or drift from
other treatments in nearby fields. Not all commodities were
examined for all pesticides described. Of the 100 pesticides
that may have been used (Table 1), analytical procedures
could detect 76, including most of the major chemicals used
during 1980-1985 (Table 2). Notable exceptions were the
insecticide methomyl, fixed copper fungicides, and the her-
bicide trifluralin.

The results of the analysis of the 354 vegetable samples
appear in Table 3 and are compared to the MRLs as they
appear in the Canadian Food and Drugs Act and Regulations

4.
Insecticides

The 354 vegetable samples were analyzed for the following
insecticide classes: 251 for organochlorines, 258 for organ-
ophosphorus, 23 for synthetic pyrethroids, and 151 for
A-methylcarbamates (Table 4). Five organochlorine insec-
ticide residues were identified to a detection limit 0f 0.01 to
0.005 mg/kg (Table 3). These included dieldrin, DDT, and
chlordane, which were not applied to any ofthe commodities
between 1980 and 1985 but were present as residues in soils
from use in past years. Registrations of dieldrin, DDT, and
chlordane were cancelled in 1969, 1970, and 1978, respec-
tively. For all 3 compounds, residues averaged between 0.01
and 0.02 mg/kg. Dicofol, endosulfan, lindane, and meth-
oxychlor are the only remaining organochlorine insecticides
still being recommended (2) and used; only residues ofdicofol
and endosulfan were detected. Dicofol was present in a single
sample ofcucumber at 0.02 mg/kg. Endosulfan was identified
on cauliflower, cucumbers, and tomatoes; however, the con-
centrations were well below the MRL.

Four organophosphorus insecticides were identified (2 on
carrots and 2 on tomatoes). Diazinon and parathion were
found on some carrots but at a concentration well below the
MRL (Table 3). Chlorpyrifos and malathion were each iden-
tified in one tomato sample but, again, below the MRL.

Three carbamate insecticides were identified. Carbaryl was
observed at low levels in some samples of asparagus, cauli-
flower, and tomatoes (Table 3). Carbofuran was identified
on one sample oftomatoes at a concentration well below the
MRL. Aldicarb residues were detected in 79 of 96 potato
samples, with 71 below the 0.5 mg/kg MRL and 8 above.
The incidence and level of aldicarb residues appear in Ta-
ble 5.

Analysis for synthetic pyrethroid insecticides commenced
in 1984, and no residues were identified.

Fungicides

Of 275 composite samples analyzed for fungicides, 224
were analyzed for phthalimides, 70 for chlorothalonil, 9 for
acylalanines, and 53 for dithiocarbamates (Table 4).

Captan was identified on tomatoes at residue concentra-
tions that were a fraction ofthe 5.0 mg/kg MRL; chlorothalo-
nil was identified on cauliflower, cucumbers, and tomatoes
also at only a fraction of the MRL (Table 3). No acylalanine
fungicides were identified. Dithiocarbamate fungicides were
detected in cauliflower, cucumbers, and tomatoes; however,
residues were low in relation to the MRL. No other fungicides
were detected.
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Table 3. Summary of vegetable samples analyzed for pesticides, number of sample composites with no detectable residues, and
type of pesticides detected, Ontario, 1980-1985

Composites
Pesticides detected
No. below
Commodity No. detection No. of Mean + SD, MRL,
(no. of samples) Pesticide group* analyzed limit Identity samples mag/kg mag/kg
Asparagus OCl, OPI 22 22 — — — —
(24) MCI 5 2 carbaryl 3 041 + 0.83 10
CPH, CBH 6 5 MCPA 1 0.06 01
OCF 22 22 — — — —
DCF, CTF 5 5 — — — _
Green & wax beans OClI, OPI 40 40 — — — —
(40) OCF 40 40 — — — —
Carrots OocCl 15 15 — — — —
(26) OPI 15 8 diazinon 4 0.04 £ 0.02 0.75
parathion 4 0.06 + 0.04 0.70
SPI 3 3 — — — —
PUH 26 8 chlorbromuron 9 0.03 + 0.03 0.1
chlorbromuron 3 0.14 + 0.04 0.1
monolinuron 1 0.03 0.1
linuron 5 0.05 + 0.03 0.1
OCF 15 15 — — — _
Cauliflower OCl 21 20 endosulfan 1 0.01 1.0
27 OPI 21 21 — — — —
MCI 2 1 carbaryl 1 0.70 5.0
CPH, CBH 14 13 2,4-D 1 0.02 0.1
OCF 21 21 — — — —
DCF 2 0 zineb eq. 2 10+ 0.8 7.0
CTF 4 chlorothalonil 4 0.42 + 0.52 5.0
Cucumber OocCl 49 22 dicofol 1 0.02 3.0
(52) dieldrin 9 0.02 £ 0.02 01
endosulfan 26 0.04 + 0.04 1.0
OPI 49 49 — — — —
MCI 34 34 — — — —
CPH, CBH 12 12 — — — —
OCF 22 22 — — — —
AAF 3 3 - - — —
DCF 4 1 zineb eq. 3 01 4.0
CTF 12 10 chlorothalonil 2 0.01 + 0.01 5.0
Onions OCl, OPI 10 10 — — — —
(10 CPH, CBH 2 2 — — — —
allidochlor 14 14 — — — —
OCF 10 10 — — — —
PotatoesO ocCl 17 12 DDT 4 0.01 + 0.01 0.5
(96) chlordane 1 0.01 01
OPI 24 24 — — — —
OPI-special 14 14 — — — —
MCI 31 31 — — — —
MCl-special 96 17 aldicarb 71 0.23 + 0.13 0.5
aldicarb 8 0.67 + 0.15 0.5
SPI 20 20 — — — _
BPH 40 38 diquat 2 0.02 01
CPH, CBH 5 5 — — — _
dalapon 18 18 — — — —
PUH 33 30 linuron 3 161 + 1.87 01
ATH 25 25 — — — _
TCH 33 31 chlorpropham 2 0.18 15
OCF 17 17 — —
AAF 6 6 — _ _ _
CTF, DCF 31 31 — — — —
Sweet com OCl, OPI 23 23 _ _ _ _
(28) MCI 5 5 — — _ _
CPH, CBH 7 6 dicamba 1 0.02 01
OCF 23 23 — _ _
CTF, DCF 5 5 — — — _
Tomatoes ocCl 54 29 endosulfan 25 0.06 + 0.13 1.0
(63) OPI 54 52 chlorpyrifos 1 0.02 01
malathion 1 0.01 3.0
MCI 9 7 carbaryl 1 0.06 5.0
carbofuran 1 0.01 0.1
CPH, CBH 14 12 dicamba 1 0.03 01
2,4-D 1 0.02 01
OCF 54 50 captan 4 0.03 + 0.04 5.0
DCF 6 4 zineb eq. 2 01+ 01 4.0
CTF 13 8 chlorothalonil 5 0.07 + 0.13 4.0

' OCI, organochlorine insecticides; OPI, organophosphorus insecticides; MCI, carbamate insecticides; SPI, synthetic pyrethroid insecticides; CPH, chlorophen-
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Table 4. Numbers of composite vegetable samples containing
pesticide residues below and above MRL, Ontario, Canada, 1980-

1985
Composites
Pesticides
No. detected
below
No. detec- No. No.
Pesticide class ana- tion below above
(No. of samples) Pesticide group*  lyzed limit MRL  MRL
Insecticide ocCl 251 164 87
(354) OPI 258 248 10
Special OPI 14 14 -
SPI 23 23 -
MCI 86 80 6
Special MCI 96 17 71 8
Herbicide CPH, CBH 60 55 5
(135) BPH 40 38 2
allidochlor 14 14 -
dalapon 18 18 -
PUH 59 38 15 6
ATH 25 25 -
TCH 33 31
Fungicide OCF 224 220
(275) CTF 70 59 1
AAF 9 9 -
DCF 53 46 7

* See Table 3 footnote *

Herbicides

Of 135 composite vegetable samples analyzed for herbi-
cides, 60 were analyzed for chlorophenoxy and chlorobenzoic
acids, 40 for bipyridilium, 59 for phenylureas, 25 for chlo-
roacetamides and triazines, 33 for carbamates, 14 for alli-
dochlor, and 18 for dalapon (Table 4).

Two chlorophenoxy and one chlorobenzoic herbicides were
identified—MCPA on asparagus, 2,4-D on cauliflower and
tomato, and dicamba on sweet com and tomatoes. Residue
levels were well below the negligible limit (0.1 mg/kg) per-
mitted under the Canadian Food and Drugs Act (4). The
residues on cauliflower and tomatoes were most likely de-
rived from spray drift when other crops were treated. No
hormone injury symptoms were observed on the product at
the time of sampling.

Diquat was identified on 2 potato samples but at trace
levels. Three phenylurea herbicides (chlorbromuron, mono-
linuron, and linuron) were identified on carrots. Three sam-
ples containing chlorbromuron were slightly above the MRL,

Table 5.
Not
detected,

Potato Aidicarb found, <0.02

Year samples mg/kg (mean + SD) mag/kg
1983 36 0.27 = 0.21 7
1984 28 0.13 £ 0.15 9
1985 32 0.27 + 0.28 1

* Maximum residue limit = 0.5 mg/kg.

whereas all the others were below the limit. Three of 33
potato samples had linuron residues, and all were above the
MRL. No chloroacetamide, triazine, dalapon, or allidochlor
residues were found on commodities analyzed for these her-
bicides.

Discussion

Other than aidicarb on potatoes, most of the insecticides
used in the production ofvegetables were below the detection
levels at harvest time. Those samples that contained detect-
able residues had levels that ranged from < 1to 20% of the
maximum residue limit (MRL). Aidicarb appeared in most
potatoes sampled, and 7% were above the 0.5 mg/kg MRL.
These residues appeared lower in 1984 than in 1983 and
1985.

No fungicide residues were found on asparagus, beans,
onions, or sweet com. Fungicide residues found on other
vegetables were at a fraction of the permitted MRL, ranging
from < 1to 14% of the limits.

Residues of phenylurea herbicides exceeded the MRL in
a few carrot and potato samples. One of these herbicides,
chlorbromuron, was removed from the market by the man-
ufacturer in 1983.

In general, the use of pesticides on vegetables in Ontario
resulted in edible commaodities that contained no detectable
or very low levels ofresidues. In the few cases where excessive
residues were found, changes in recommendations on rate of
application, e.g., aidicarb from 3.3 to 2.2 kg/ha, or preharvest
interval, e.g., diazinon from 7to 14 days, have been sufficient
to reduce residues to permitted levels. Occasionally, a use
has been discontinued because of the persistence of high
residues, e.g., endosulfan on greenhouse lettuce.

Many of the pesticide recommendations for preharvest
intervals were determined from field dissipation studies un-
der local conditions. Since residue levels in samples from the
farm gate are acceptable it appears that current recommen-
dations are satisfactory to achieve low or nondetectable ter-
minal residues on foods and that growers are not using more
chemical than is recommended on the label.
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1086

(3)

@)
)
(6)
)
®)
)

(10)

)

12)

(13)

(14)
(15)

FRANK ET AL.:

Survey ofPesticide Use in Ontario, 1983 (1984) Report No. 84-
OS, Economics Information, Ontario Ministry of Agriculture
and Food, Toronto, Ontario, Canada

Food and Drugs Actand Regulation (1985) Health and Welfare
Canada, Ottawa, Ontario, Canada
Pesticide Analytical Manual (1985) Vol.
Administration, Washington, DC, sec. 212
Mills, P. A., Bong, B. A., Kamps, L. R., & Burke, J. A. (1972)
J. Assoc. Off. Anal. Chem. 55, 39-43

Braun, H. E., & Stanek, J. (1982) J. Assoc. Off. Anal. Chem.
65, 685-689

Braun, H. E., Ritcey, G. M., Frank, R., McEwen, F. L., &
Ripley, B. D. (1980) Pestic. Sci. 11, 605-616

Thornton, J. S., Olson, T. J., & Wagner, K. (1977) J. Agric.
Food Chem. 25, 573-576

Ripley, B. D., & Braun, H. E. (1983)/. Assoc. Off. Anal. Chem.
66, 1084-1095

Bruin, G. C. A,, Edgington, L. V., & Ripley, B. D. (1982) Can.
J. Plant Pathol. 4, 353-356

Maitlen, J. C., McDonough, L. M., & Beroza, M. (1969) J.
Assoc. Off. Anal. Chem. 52, 786-789

Northover, J., & Ripley, B. D. (1980) J. Agric. Food Chem. 28,
971-974

Pease, H. L. (1957) J. Assoc. Off. Agric. Chem. 40, 1113-1118
Ripley, B. D. (1979) Bull. Environ. Contam. Toxicol. 22, 182—
189

I, Food and Drug

(16)
(7)

(18)

(19)
(20)

(21)

(22)

(23)

(24)

(25)

(26)

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

King, R. R. (1978)/. Agric. Food Chem. 26, 1460-1463
Ramsteiner, K., Hormann, W. D., & Eberle, D. O. (1974) /.
Assoc. Off. Anal. Chem. 57, 192-201

Sirons, G. J., Frank, R., & Sawyer, T. (1973) /. Agric. Food
Chem. 21, 1016-1020

Yip, G. (1971) /. Assoc. Off. Anal. Chem. 54, 966-969
Sirons, G. J., Anderson, G. W., Frank, R., & Ripley, B. D.
(1982) Weed Sci. 30, 572-578

Frank, R., Braun, H. E., Ritcey, G. M., McEwen, F. L., & Sirons,
G. (1982)/. Econ. Entomol. 75, 560-565

Lawrence, J. F. (1976) /. Assoc. Off. Anal. Chem. 59, 1066—
1070

Farrington, D. S., Hopkins, R. G., & Ruzneker,J. H. A. (1977)
Analyst (London) 102, 377-381

Frank, R., Braun, H. E., Sirons, G. J., Holdrinet, M. V. H,,
Ripley, B. D., Onn, D., & Coote, R. (1978) Stream Flow Qual-
ity-Pesticides in Eleven Agricultural Watersheds in Southern
Ontario, Canada, 1974-1977, Pollution from Land Use Ref-
erence Group, International Joint Commission, Windsor, On-
tario, Canada

Getzendaner, M. G. (1963)/. Assoc. Off. Agric. Chem. 46, 269-
275

Getzendaner, M. G. (1969)/. Assoc. Off. Anal. Chem. 52, 824-
831



JUNGE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70. NO. 6, 1987)

1087

TECHNICAL COMMUNICATIONS

Determination of Malic Acid, Lactic Acid, Citric Acid, Sodium, Potassium, Magnesium,
Calcium, and Chloride in Wine: Summary of Collaborative Study of the

International Office of Wine (OIV)

CHARLOTTE JUNGE

Office International de la Vigne et du Vin, 11, rue Roquépine, Paris (8¢, France

Thirty-six laboratories analyzed 4 wines—1 white, 2 reds,
and 1 dessert wine—in the following order: The first deter-
mination on each commodity, then the second determination
on each commodity, etc., until 5 tests had been performed
on each commodity.

Malic, lactic, and citric acids were determined by enzy-
matic procedures (OIV) and, in comparison, by the following
chemical methods:

Citric acid was determined by precipitation by barium ion,
decolorization, oxidation by lead(lV) acetate, and colori-
metric determination, using diazotized sulfanilic acid (OIV
No. A29 common method with modifications/EEC No. 1108/
82).

Malic acid and lactic acid were separated by an ion-ex-
change column and determined colorimetrically (OIV No.
A33 for malic acid by determination with chromotropic acid;
OIV No. A27 for lactic acid by oxidation with ceric sulfate
to acetaldehyde and determination with sodium nitroprus-
side and piperidine).

Sodium and potassium were determined by atomic ab-
sorption spectrometry, and, in comparison, by the following
flame photometric methods: sodium, OIV No. A25; potas-
sium, OIV No. A8.

Calcium and magnesium were determined by atomic ab-
sorption spectrometry (AAS) and by the complexometric
method, OIV No. AZ26.

Chloride was determined by the potentiometric micro-
method, OIV No. A15.

Collaborators were instructed to report malic and lactic
acids as g/L to 2 decimals; citric acid as mg/L; and sodium,
calcium, magnesium, and potassium as mg/L.

Statistical analysis was done by ISO 5725-1981, calculating
the following data: mean (in appropriate units as indicated
with each method); within-laboratory (sr) and among-labo-
ratory (sR) standard deviations obtained by 1-way analysis
of variance, material by material; 1SO repeatability critical
value (r = 2-2/ sr) and reproducibility critical value (R =
2-2* sR. The numbers in parentheses in the tables are the
associated degrees of freedom. The standard deviations are
converted to relative standard deviations (coefficients ofvari-
ation) by multiplying the corresponding standard deviations
by (100/mean).

The following outlier test was used: Check the 5 replicates
by the Grubbs test (2-sided) at the 95% confidence level. If
the critical value is exceeded, make 3 additional determi-
nations. Check the 8 values at the 99% confidence level. If
the critical value is exceeded, omit the extreme value from
the calculation, but report it.

Performance parameters are given in Table 1 For sodium
by flame photometry, a product dependence must be as-
sumed for repeatability: r = 1.4 (red and white) and 2.0
(dessert). There is a linear correlation for reproducibility with
concentration, Q: R = 4.7 + 0.08Q (mg/L). For sodium by
AAS, there is a linear correlation for repeatability and re-

producibility with concentration, Q: r = 1.0 + 0.024Q; R=
2.5 + 0.054Q. We conclude that both methods work well
but that flame photometry gives better results within labo-
ratories and unsatisfactory results between laboratories.
Therefore, flame photometry cannot be recommended for
determination at the limit value of 60 mg/L.

Since the standard deviations for magnesium by AAS are
compatible, the following values can be assigned: r = 3.1 and
R = 7.8 mg/L. Because of considerable differences between
laboratories of means and standard deviations for the com-
plexometric determination of magnesium, a large number of
laboratories were eliminated, so the evaluation of this meth-
od is not satisfactory.

In the determination of calcium by AAS, the repeatability
depends on the concentration: for <60 mg/L, r = 2.7; for
>60 mg/L, r = 4.0. There is a linear correlation for repro-
ducibility with concentration, Q: R = 0.114C, - 0.5. For
the complexometric determination, again, the considerable
differences between laboratories eliminated too many labo-
ratories for a satisfactory evaluation of the method.

For potassium by flame photometry, the following values
are calculated: r = 17; R = 66 mg/L. For potassium by AAS,
the following values are calculated: r = 35; R = 66 mg/L.

The chemical method OIV A27 gives high values and high
reproducibility critical values. Therefore, this method is not
recommended for lactic acid. For lactic acid by the enzymatic
method, there is a linear correlation for repeatability and
reproducibility with concentration, Q: r = 0.02 + 0.07C,;
R = 0.05 + 0.125Q.

The purpose of the malic acid study was to determine
whether the addition of DL-malic acid could be detected using
a combination of chemical and enzymatic methods. This
does not appear to be possible because the chemical method
gives high results. Therefore, only the enzymatic method is
recommended. For the latter method, there is a linear cor-
relation for repeatability and reproducibility with concen-
tration, C;: r = 0.03 + 0.034C,; R = 0.05 + 0.071Q.

The reproducibility of the first collaborative study of the
colorimetric method OIV A29 for citric acid was poor. The
ranges of means of the 4 wines were: white, 458-640; red 1,
80-210; red 2, 788-985; and dessert, 725-882 mg/L. Method
OlV A29 modified to include a separation on an ion-ex-
change column also did not work well. OIV is abandoning
both methods.

For the citric acid enzymatic method, standard deviations
for repeatability and reproducibility are compatible, so the
following values are calculated: for <400 mg/L, r = 14, R =
39; for >400 mg/L, r = 28, R = 65. OIV recommends this
method as the official method for European Economic Com-
mission regulation (EEC No. 1108/82).

Standard deviations for repeatability and reproducibility
for potentiometric micromethod for chlorides are compati-
ble, so the following values are calculated: r = 1.2 mg/L;
R = 4.1 mg/L.
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Product

White wine
Red wine
Dessert wine

White wine
Red wine
Dessert wine

White wine
Red wine
Dessert wine

White wine
Red wine
Dessert wine

White wine
Red wine
Dessert wine

White wine
Red wine
Dessert wine

White wine
Red wine
Dessert wine

White wine
Red wine
Dessert wine

White wine
Red wine 1
Red wine 2
Dessert wine

White wine
Red wine 1
Red wine 2
Dessert wine

White wine
Red wine 1
Red wine 2
Dessert wine

White wine
Red wine 1
Red wine 2
Dessert wine

White wine
Red wine 1
Red wine 2
Dessert wine

Mean

89
18
69

90
18
69

63
104
88

155
57

928
1035
825

926
1031
825

2.08
4.29
0.46

1.56
3.60
0.29

3.40
0.94
2.36
1.96

3.07
0.27
1.03
1.09

548
137
924
773

493
179
964
985

567
961
173
832
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Table 1. Design and performance parameters for various analytes in wine

_ Outlying labs
Original removed Repeatability Reproducibility
labs No. % r RSD,, % R RSD,, %
Analysis: sodium (mg/L) by flame photometry
15 2 13 16 (59 0.62 12. 67) 4.8
15 1 7 1.2 (55 24 6.3 (68) 12.3
15 2 13 2.0 (55 1.0 9.8 (67) 5.0
Analysis: sodium (mg/L) by atomic absorption spectrometry
11 2 18 31 (36) 1.2 75 (44) 3.0
11 3 27 14 (32 2.7 35 (39 6.9
11 3 27 28 (32 14 59 (39 3.0
Analysis: magnesium (mg/L) by atomic absorption spectrometry
20 5 25 3.0 (60) 17 71 (74) 4.0
20 7 35 3.0 (52 1.0 81 (64 2.7
20 8 40 3.3 (5)) 13 84 (62 3.4
Analysis: calcium (mg/L) by atomic absorption spectrometry
20 8 40 41 (50) 17 86 (61) 35
20 8 40 39 (59 0.89 175 (65) 4.0
20 8 40 2.7 (51) 1.6 6.6 (62) 4.1
Analysis: potassium (mg/L) by flame photometry
15 4 27 15 47) 0.56 62 (57) 2.3
15 5 33 10 (40) 0.34 62 (49) 2.1
15 5 33 20 (43) 0.84 70 (52) 3.0
Analysis: potassium (mg/L) by atomic absorption spectrometry
11 1 9 41 43) 1.58 67 (52) 25
11 2 18 34 (36) 1.15 61 (44) 2.1
11 2 18 28 (42) 1.18 73 (50) 31
Analysis: lactic acid (g/L) by chemical method OIV A27
16 0 0 0.22 (65) 3.8 0.56 (80) 9.5
15 2 13 0.35 (54) 29 1.29 (66) 10.6
15 4 26 0.07 (62) 5.7 0.17 (76) 12.8
Analysis: L-lactic acid (g/L) by enzymatic method
15 3 20 0.12 (48) 2.7 0.23 (59) 51
15 5 30 0.28 (43) 2.7 0.5- (52) 5.0
15 2 13 0.05 (55) 6.1 0.10 (67) 12.1
Analysis: DL-malic acid (g/L) by chemical method OIV A33 (common method)
15 4 27 0.24 (50) 25 0.49 (60) 51
14 3 21 0.17 (46) 6.2 0.49 (56) 18.2
12 3 25 0.28 (36) 4.2 0.44 (44) 6.6
14 4 29 0.20 (40) 3.6 0.34 (49) 6.2
Analysis: L-malic acid (g/L) by enzymatic method
16 2 13 0.134(61) 15 0.258 (74) 31
16 2 13 0.036 (59) 4.8 0.071 (72) 9.2
15 2 13 0.072 (52) 25 0.117(64) 4.0
16 4 25 0.068 (48) 2.2 0.124(59) 4.0
Analysis: citric acid (mg/L) by colorimetric method OIV A29
12 4 33 34 (36) 2.2 94 (39 6.0
11 4 36 31 (41) 8.0 69 (46) 17.8
12 4 33 38 (36) 15 174 (39) 6.6
12 3 25 56 (40) 25 114 (44) 5.2
Analysis: citric acid (mg/L) by colorimetric method modified with ion-exchange
143 10.3
66 13.0
214 7.8
169 6.1
Analysis: citric acid (mg/L) by enzymatic method (first collaborative study)
12 4 33 30 (32 1.8 40 (39) 25
12 4 33 28 (38) 1.0 79 (45) 2.9
12 4 33 12 (34) 24 34 (41) 6.8
12 4 33 24 (32 1.0 62 (39) 2.6

Ratio
R/r

7.6
5.2
4.9

2.4
25
2.1

2.3
2.7
25

2.1
45
2.4

41
6.2
35

1.6

2.6

25
3.7
2.4

19
1.8
2.0

2.0
29
1.6
17

2.6
19
4.6
2.0

13
2.8
2.8
2.6
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Table 1. Continued
. Outlying labs
Original . -
o of - removed Repeatability Reproducibility Ratio
Product Mean labs No. % r RSD, % R RSD,, % RIr
Analysis: citric acid (mg/L) by enzymatic method (second collaborative study)
White wine 493 12 1 8 24 (44) 4.9 33 (54) 2.3 13
Red wine 1 167 12 1 8 16 47) S4 42 (57) 8.8 2.6
Red wine 2 976 12 3 25 32 (38) 1.2 58 (46) 2.1 1.8
Dessert wine 974 12 5 42 16 (28) C59 58 (34) 2.1 3.6
Analysis: chlorides (mg/L) by potentiometric micromethod (OIV A15)
White wine 23.0 17 3 18 14 (55) 2.4 4.3 (68) 7.1 31
Red wine 34.3 17 4 24 1.1 (5 1.1 3.9 (63) 4.0 35
Dessert wine 66.1 17 4 24 1.2 (54) 0.6 4.0 (66) 2.3 3.3

Determination of Density, Alcohol Content, and Extract in Alcoholic Beverages:

Summary of Collaborative Study

CHARLOTTE JUNGE

M ax von Pettenkofer-Institut des Bundesgesundheitsamtes, Abteilung: Chemie der Lebensmittel und
Bedarfsgegenstdnde, Postfach 33 00 13, D-1000 Berlin 33, Federal Republic of Germany

Collaborators: Bundesmonopolverwaltung fur Branntwein, Offenbach; Bundesmonopolverwaltung fur Branntwein, Berlin;
Zolltechnische Priifungs-und Lehranstalt, Berlin; Institut fir Garungsgewerbe und Biotechnologie, Berlin;
Bundesgesundheitsamt, Berlin; and research laboratories in Berlin, Minster, Wirzburg, Mainz, Wiesbaden, Stuttgart,

Braunschweig, Karlsruhe, Lubeck, Firma Eckes, Nieder-Olm

Thirteen laboratories analyzed 5 alcoholic beverages—fruit
juice liqueur (25% alcohol by volume), light spirit (Klarer;
32%), brandy (38%), rum (53%), and raw spirit (Rohbrand;
63%) for the following parameters: alcohol content (as % by
volume), density (mass per unit volume), and extract, all by
the pycnometric method described in “Chemisch-Tech-
nische Bestimmungen der Bundesmonopolverwaltung fir
Branntwein, M 3.”

The collaborators were instructed as follows:

Statement of results. —Report density (mass per unit vol-
ume) to 5 decimal places; report alcohol content (as % by
volume) to 2 decimal places calculated from the mass per
unit volume of the distillate determined by the pycnometer
method calculated to 5 decimal places; report extract (g/100
mL) to 2 decimal places, calculated from the density of the
residue from distillation calculated to 5 decimal places.

Table 1. Design and performance parameters for pycnometric determination of alcohol content, density, and extract of alcoholic

beverages
. Outlying labs
®rl9i&a_1 removed Repeatability Reproducibility
no.
Product Mean labs No. % r RSDQ % R RSD,, % RIr
Analysis: mass per unit volume at 20°C by pycnometer
Fruit juice liqueur 1.08315 13 3 23 0.00015(43) 0.0047 0.00046 (52) 0.0150 32
Light spirit (Klarer) 0.95943 13 2 15 0.00012(58) 0.0044 0.00025 (68) 0.0093 2.1
Rum 0.92234 13 2 15 0.00012(48) 0.0046 0.00020 (58) 0.0078 17
Brandy 0.95644 13 2 15 0.00013(51) 0.0049 0.00023 (61) 0.0085 1.8
Raw spirit 0.89992 13 4 31 0.00012(43) 0.0047 0.00027 (51) 0.0105 2.2
Average or (total) (65) (13) 20 0.00013 0.0047 0.00028 0.0102 2.2
Omit liqueur (52) (10) 19 0.00012 0.0047 0.00024 0.0090 19
Analysis: alcohol content (% by volume)
Fruit juice liqueur 25.11 13 2 15 0.14 47) 0.20 0.23 (57) 0.33 1.6
Light spirit 32.33 13 1 8 0.19 (55) 0.21 0.30 (66) 0.33 1.6
Rum 53.99 13 2 15 0.224  (45) 0.-5 0.397 (55) 0.260 1.8
Brandy 38.17 13 3 23 0.207  (43) 0.-9 0.343 (52) 0.318 17
Raw spirit 63.90 13 1 0.274  (60) 0.15 0475 (71) 0.263 17
Average or (total) (65) ©) 14 0.07 0.18 0.349 0.298 17
Omit raw spirit (52) 8) 15 0.19 0.32 17
Analysis: extract (g/100 mL)

Fruit juice liqueur 30.78 13 1 8 0.186 (50) 0.21 0.268  (60) 0.307 14
Light spirit 0.082 13 2 15 0.0430 (50) 185 0.0531 (60) 229 1.2
Rum 0.102 13 1 8 0.0356 (51) 12.4 0.0436 (61) 15.1 1.2
Brandy 152 13 2 15 0.0591 (48) 1.38 0.0982 (58) 2.28 17

Raw spirit 0.0
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Testing of outliers. —Make 5 tests. Check the 5 replicate
values by the 2-sided Grubbs test at the 95% confidence level.
If the critical value is exceeded, make 3 additional deter-
minations. Check the 8 values at the 99% confidence level.
Ifthe critical value is exceeded, omit the extreme value from
the calculation, but report it.

Calculation of the Grubbs statistic. —Grubbs statistic =
jExtreme value —average of all values|/standard deviation
of all values.

Order of determinations. —Make the first determination
from each of the 5 commodities, then the second determi-

nation from each of the 5 commodities, etc., until all 25
determinations have been performed.

After outlier testing was performed by each laboratory as
directed above, the within-laboratory variances of all the
laboratories were checked for homogeneity by the Bartlett
test. The mean values from all the laboratories were checked
for systematic deviations by 1-way analysis of variance.
Flagged outliers are not included in the final calculations of
the parameters, but the percentage of laboratories removed
is indicated in Table 1
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Acetaldehyde
in povidone, square-wave voltammetric
assay, 566
Acetaminophen
in tablets, LC determination:
collaborative study, 212
Additives
see Color additives; Food additives
Adulteration
see Food adulteration
Aflatoxicol
in porcine liver, LC method, 475
Aflatoxins
aflatoxicol in porcine liver, LC method,
475
B, in agricultural commodities by
improved ELISA, 854
M, in cheese by fluorometric
determination, 472
M, in milk and milk products at low
levels by TLC, 470
M ,, certification of content in milk
powder reference standards, 605
M ,-trifluoroacetic acid derivative,
optimum conditions for formation,
1047
see also Mycotoxins
Agricultural liming materials
see Fertilizers and agricultural liming
materials
Air
M ethods Com m ittee report, 337
BFICs, PCBs, and phthalates
determination, simplified method,
721
particulate matter, simultaneous
ultrasonic extraction and silylation
for organic acids, alcohol, and
phenols, 897
Air sampling and analysis
Intersociety Committee report, 357
Alachlor
in microencapsulated formulations, GC
method: mini-collaborative study,
1056
Alcohol
in dexamethasone elixirs, GC:
collaborative study, 967
simultaneous ultrasonic extraction and
silylation from airborne particulate
m atter, 897
Alcoholic beverages
Changes in Methods, 386
M ethods Com mittee report, 326
referee report, 288
density, alcohol content, and extract:
summary of collaborative study,
1089
ethyl carbam ate residues by capillary GC
with GC/MS confirmation, 749
wine, C 02by titrimetric method:
collaborative study, 1060

wine, malic acid, lactic acid, citric acid,

Na, K, Mg, Ca, and chloride
content: summary ofcollaborative
study of International Office of
Wine, 1087
wine, phosphorus in, comparison of AAS
methods, 61
Aldrin
Florisil cartridges to separate fat in
adipose tissue extract, 100
Aluminum
trace levels in foods, AAS, 118
Aminacrine HC1
in creams, jellies, and suppositories,
spectrophotometry: interlaboratory
study, 560
Amino acids
acid hydrolysis of proteins for
chromatography, 147
capillary GC analysis, 253
capillary GC by enantiomer labeling, 234
cystine, methionine, lysine, and 9 other
amino acids, quantitation by single
oxidation™! hour hydrolysis method,
171
in feeds and feedstuff's, precolumn
phenylisothiocyanate derivatization
and LC, 425
in foods by phenylthiocarbamyl
derivatization/reverse phase LC, 241
G C analysis as /V-hcptafluorobutyryl
isobutyl esters, 151
G C analysis as TV-trifluoroacetyl «-butyl
esters, 160
ion-exchange separation with postcolumn
o-phthalaldehyde detection, 248
for meat protein evaluation, 77, 80
symposium on chromatography, 146,
234
Amphetamines
3,4-methylenedioxyamphetamine, N-
alkyl derivatives, synthesis,
identification, and acute toxicity,
981
Ampicillin
LC quantitation, 206
Amprolium
in poultry feed and premixes by LC with
postcolumn derivatization and
fluorometric detection, 920
Analytical mycology of foods and drugs
Changes in Methods, no changes
M ethods Comm ittee report, 333
referee report, 304
Antibacterials
in cultured fish, simultaneous LC assay,
714
Antibiotics
Changes in Methods, no changes
M ethods Comm ittee report, 335
referee report, 309
ampicillin, LC quantitation: collaborative

study, 206
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in animal tissues, identification by TLC/
bioautography, 197

chlortetracycline in high mineral feeds,
by AOAC microbial diffusion
method, 788

enrofloxacin (BAY Vp 2674) in poultry
tissues, spectrofluorometric
determination, 813

erythromycin and other macrolides in
livestock products, TLC assay, 691

erythromycin in beefand pork, GC/MS
assay, 708

monensin in biological samples, antibody
production and ELISA, 201
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assays, 641

salinomycin sodium in feed premix and
biomass samples, LC method, 504

sedecamycin and major metabolites in
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method, 818
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Committee, report, 357
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Official Methods of Analysis, “changes in
Methods,” 385
president, 1988, 164A
president’s address, 1986, 190
recommendations for official methods,
committee reports, 318
referees, 1987, 366
regional sections com mittee, report, 360
reviewers of Journal manuscripts, 46A
safety comm ittee, report, 360
scholarship winner, 1987, 140A
Secretary/Treasurer appointed, 44A
Secretary/Treasurer’s report, 344
standing com mittees, 1987, 363
state and provincial participation
committee, report, 361
statistics com mittee, report, 361
transactions, 317
Treasurer’s report, 344
ways and means com m ittee, report, 361
W iley Award address, 1986, 181
Wiley Award winner, 1987, 66A
Archives
committee report, 350
Aroclor
coplanar PCBs in mixtures, 451
Arsenic
in foods, residue determination by
sequential wet digestion, dry ashing,
coprecipitation with ammonium
pyrrolidine dithiocarbamate, and
graphite furnace AAS, 866
in northern prairie wetlands sediments,
correlations with organic matter and
texture, 916
Artemia salina
bioassays for trichothecenes, solid phase
extraction systems to improve
sensitivity, 661
Artificial sweeteners
see Preservatives and artificial sweeteners
Ascaris spp.
eggs, diethyl ether vs ethyl acetate as
extractants for recovery, 1000
Ascorbic acid
in beverages, spectrophotometry with
Fe(lll) and 1,10-phenanthroline as
reagents, 518
in nonfat dry milk, stabilization and LC,
806
Aspergillus spp.
cyclopiazonic acid and aflatoxin
production by spp. isolated from
dried foods, 123
Aspirin
in formulations by reverse phase LC, 964
Atomic absorption spectrophotometry
graphite furnace, aluminum trace levels
in foods, 118
graphite furnace, arsenic in foods,
method performance, 866
phosphorus in wines, methods
comparison, 61
Authentic data
red raspberry juice, anthocyanin
pigments, nonvolatile acids, sugars
and other parameters, 1036
Automated methods
GPC and evaporation systems for
pesticide residues in fatty samples,
724
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sample cleanup for pesticide multiresidue

analysis in vegetables, 109

Baked goods
calcium propionate in bread, GC
determination, 763
Baking powders and baking chemicals
Changes in Methods, no changes
Benomyl
in apples, monitoring, 596
and thiabendazole in foods, by ELISA,
1025
Benzoic acid
in benzoin preparations, LC method, 689
and sorbic acid in foods, simultaneous
LC method, 892
Benzoin
cinnamic and benzoic acid content, LC
method, 689
Bethanechol chloride
in tablets, proton NM R spectroscopy,
557
Beverages
dry bases, sodium dioctylsulfosuccinate
determination by LC, 15
multifumigant determination, 734
saccharin determination by LC: NMKL
collaborative study, 58
see also Alcoholic beverages;
Nonalcoholic beverages
Bioassays
Artemia, solid phase extraction systems
to improve sensitivity for
trichothecenes, 661
chick embryotoxicity screening test
optimization for testing toxicity of
potential fungal metabolites, 1049
protein synthesis inhibition in cultured
fibroblasts for trichothecene
screening in maize, 129
Bioautography
antibiotics in animal tissues, 197
Biochemical methods
M ethods Com m ittee report, 321
Biological samples
bovine blood selenium determinations:
interlaboratory study, 664
ELISA of monensin, 201
see also Drug residues in animal tissues;
Veterinary analytical toxicology
Biomonitoring
M ethods Com mittee report, 337
Biota
M ethods Com m ittee report, 337
Bithionol sulfoxide
and major metabolites in bovine milk,
LC determination of depletion, 810
Books in Brief, 19A, 35A, 74A, 114A,
135A, 171A
1,3-Butadiene
in rubber-modified plastics and foods,
headspace GC determination, 18
Butter

see Dairy products

Cacao
see Chocolate and cacao products
Cadmium
in market milk and infant formulas in
Canada, 754

in northern prairie wetlands sediments,
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correlations with organic matter and
texture, 916
Calcium pantothenate
in multivitamin preparations and raw
m aterials, LC method, 510
Capsaicinoids
in green Capsicum fruits, GC, 926
Captan
phase solubility analysis, 638
Carbamazepine
and related compounds in formulations,
LC assay, 836
Carbendazim
monitoring in apples, 596
Carbidopa
levodopa-, in solid dosage forms, LC
method: collaborative study, 987
Carbon
total organic carbon analysis as index for
specification of water for injection,
681
Carbon dioxide
in wine, titrimetric method: collaborative
study, 1060
Carbon disulfide
in table-ready foods, purge and trap
method, 215, 68A (corr.)
Carbon isotope analysis
of adulterated natural bitter almond oil,
175
Carotenoids
in alfalfa products, simple LC method,
428
Cassia bark
volatile oil analysis, 18A (corr.)
Ceramic fiber
filter aid, acid-insoluble lignin in forages,
423
Cereal foods
Changes in Methods, 387
M ethods Com mittee report, 326
referee report, 288
aflatoxin B, in, ELISA, 854
halogenated fumigants in, steam
distillation and capillary GC-ECD,
446
nivalenol and deoxynivalenol in,
simultaneous LC method, 479
rice, cyclosporin A isolation and LC
determination, 126
see also Grains
Changes in Official Methods, 385
index, 398
Cheese
see Dairy Products
Chemical contaminants monitoring
As, Cd, Hg, Pb, and Se, correlations with
organic matter and texture in
northern prairie wetlands sediments,
916
carbendazim (applied as benomyl) and
thiabendazole in apples, 596
FD A pesticides monitoring program, 591
FD A pesticide monitoring programs,
expanding and tracking capabilities
of pesticide multiresidue
methodology, 1072
Pb, Cd, and fluoride levels in market
milk and infant formulas in Canada,
754
pesticide residues in Lake Albufera,

Valencia, Spain, 752
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pesticide residues on Ontario-grown
vegetables, 1980-1985, 1081
sample accountability quality assurance
for “Integrated Air Cancer Project”
research program of EPA, 1069
Total Diet Study, 1961-87, history, 772
Chemiluminescence methods
nitric oxide determination, cosmetic
screening for jV-nitroso compounds,
960
Chick embryotoxicity bioassay
optimization for testing toxicity of
potential fungal metabolites, 1049
Chloride
in food, using ion-selective electrode
after isolation as HC1, 924
Chlorinated solvents
in decaffeinated coffee, purge and trap
procedure, 176
2-Chloroethanol
in black walnuts, seasoning mixes, and
spices, 2-chloroethyl fatty acid esters
as indicators, 1011
Chlorophenoxy acids
pentafluorobenzyl derivatization for GC,
889
Chlorothalonil
phase solubility analysis, 638
Chlorsulfuron
in agricultural runoffwater, capillary GC
of trace levels, 745
Chlortetracycline
in high mineral feeds, by AOAC
microbial diffusion method, 788
Chocolate and cacao products
Changes in Methods, no changes
M ethods Com m ittee report, 326
referee report, 289
Cholecalciferol
in liquid multivitamin preparations,
quantitation by reverse phase, solid
phase extraction LC, 599
in rodent baits, LC method, 1058
Chromatographic instrumentation
classification of octadecyl-bonded LC
columns, 465
Cinnamic acid
in benzoin preparations by LC, 689
Cinnamyi anthranilate
in perfume, cologne, and toilet water by
LC with fluorescence detection, 958
CIPAC
30th annual meeting, report, 602
Cleanup procedures
assisted distillation of pesticide residues
in animal fats, 862
for GC of organophosphorus pesticides
in crops, 460
H,S04and KOH-ethanol treatment for
organochlorine pesticides and PCBs
in wastew ater samples, 727
on-column partitioning of fatty extracts
for organophosphate pesticide
residue determination, 106
sample cleanup for pesticide multiresidue
analysis in vegetables, 109
solid phase Florisil cartridges to separate
fat from semivolatile organic
compounds in adipose tissue, 100
Clostridium perfringens
spore enumeration in human feces:

4 culture media compared, 994

Coffee and tea
Changes in Methods, no changes
M ethods Com mittee report, 323
referee report, 271
coffee, LC method for melamine, 457
decaffeinated coffee, residual chlorinated
solvents by purge and trap
procedure, 176
Coliforms
fecal, in Pacific oyster (Crassostrea
glgas), A -1M method limitations for
enumeration, 535
Collaborative International Pesticides
Analytical Council
see CIPAC
Collaborative studies
acetaminophen in tablets, LC method,
212
alachlor in microencapsulated
1056

alfalfa, lemon balm, papaya, and

formulations, GC method,

spearmint, filth extraction from
whole leaves, 997

aminacrine HC1 in creams, jellies, and
suppositories, spectrophotometry:
interlaboratory study, 560

ampicillin, LC quantitation:
interlaboratory study, 206

beefand poultry detection by serological
field screening tests (ORBIT and
PROFIT), 230

CO02in wine, titrimetric method, 1060

coumarin anticoagulants in tablets, LC
method, 834

cyclamate in foods, spectrophotometric
method: Nordic Committee on Food
Analysis (NMKL), 588

cypermethrin in pesticide formulations,
GC method, 51

density, alcohol content, and extract in
alcoholic beverages, summary, 1089

dexamethasone in bulk drugs and elixirs,
LC method and identification tests,
967

isofenphos in technical and formulated
products, GC method, 53

levodopa and levodopa-carbidopa in
solid dosage forms, LC method, 987

malic acid, lactic acid, citric acid, Na, K,
Mg, Ca, and chloride in wine:
International Office of Wine,
summary, 1087

mammalian feces identification in foods
by coprostanol TLC method, 499

methyl mercury in fish and shellfish,
rapid GC method, 667

natamycin in cheese and cheese rind,
interlaboratory study, 949

A'-nitrosamines in baby bottle rubber
nipples, GC-TEA method, 64

permethrin in pesticide formulations, GC
method, 53

pipeline in pepper preparations, UV
spectrophotometric method, 112

protein (crude) in animal feed, HgO vs
CuSO04Ti02as catalysts in manual
Kjeldahl digestion, 907

recommendations on sample preparation
for AOAC microbiological studies of
foods, 931

S. aureusin foods, isolation and
enumeration by MPN method, 35
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Salmonella in foods, DNA hybridization
assay, 521
Salmonella in 1ow-moisture foods,
enzyme immunoassay, 530
sulfites in foods, differential pulse
polarography, 572
Color additives
Changes in Methods, no changes
M ethods Com mittee report, 326
referee report, 289
Colorimetry
furfural in citrus juices, improved
efficiency, 601
maneb, zineb, mancozeb, and selected
mixtures, simple method to
distinguish, 923
polymeric quaternary ammonium
antimicrobial preservative in
ophthalmic solution, 979
terbutaline sulfate and orciprenaline
sulfate bulk drug and dosage forms,
via nitrosation and difference
spectrophotometry, 568
tetracycline HC1 in formulations, 686
uric acid in biological samples and food
products, review, 1
Computer-assisted data handling
mass spectral library of trichothecenes,
based on PC1| spectra, 647
sample accountability quality assurance
for “Integrated Air Cancer Project”
research program of EPA, 1069
Condiments
see Spices and other condiments
Confectionery
sweets, LC determination of saccharin in:
NMKL collaborative study, 58
Constitution
comm ittee report, 350
Coprostanol
as fecal indicator in foods, 496
as fecal indicator in foods, TLC:
collaborative study, 499
Corn
see Grains
Corrections, 18A, 68A
Cortisone acetate
in bulk drug substances and
formulations, LC method
development, 829
Cosmetics
Changes in M ethods, no changes
M ethods Com mittee report, 333
referee report, 304
A'-nitroso screening by chemiluminescent
determination of nitric oxide, 960
perfume, cologne, and toilet water,
cinnamyi anthranilate determination
by LC with fluorescence detection,
958
Cottonseed
mecarbam and metabolites in, GC, 870
Coumaphos
in animal fat, sweep codistillation
apparatus optimization, 442
Culture methods
cell toxicity assay, trichothecenes in com,
844
media comparison for enumeration of
Clostridium perfringens spores in

human feces, 994
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Cyclamates
in foods, spectrophotometry: NMKL
collaborative study, 588
Cyclopiazonic acid
in poultry meat, LC method, 121
production by cultures of Aspergillus and
Penicillium spp. isolated from dried
foods, 123
Cyclosporin A
in rice, isolation and LC determination,
126
Cypermethrin
G C determination in pesticide
formulations: collaborative study, 51
Cyromazine
and melamine in Chinese cabbage, GC
method, 455
Cysteamine and cysteine
possible precursors of N-
nitrosothiazolidine in meat products,
LC method, 1033

Dairy microbiology
Changes in Methods, no changes
M ethods Com mittee report, 334
see also Microbiological methods
Dairy products
Changes in Methods, 387
M ethods Com mittee report, 323
referee report, 271
bovine milk, depletion of bithionol
sulfoxide and major metabolites, LC
method, 810
butter, phytosterols by capillary GC, 912
cheese and cheese rind, natamycin assay
by spectrophotometry and LC, 944
cheese and cheese rind, natamycin assay:
interlaboratory collaborative study,
949
cheese, aflatoxin M, by, fluorometric
method, 472
cheese, sorbic, dehydroacetic, and
propionic acids by LC and GC
method, 507
cheese, sterigmatocystin determination
by TLC: interlaboratory study, 842
fermented milk, melamine by LC, 457
market milk, Pb, Cd, and fluoride levels
in Canada, 754
milk and milk products, aflatoxin M, at
low levels by TLC, 470
milk powder, reference materials certified
for aflatoxin M, content,
development, 605
nonfat dry milk, ascorbic acid
stabilization and LC assay, 806
Dalapon products
comparison of ion-pair and ion-exchange
LC assays, 47
2,4-D amine formulations
GC-TEA determination of N-
nitrosodimethylamine levels, 49
Daminozide
1,1 -dimethylhydrazine in apples and
peaches, GC method, 718
Decomposition and filth in foods (chemical
methods)
Changes in Methods, no changes
M ethods Com m ittee report, 324
referee report, 272
Dehydroacetic acid
in cheese, LC method, 507

Deoxynivalenol
and nivalenol in cereals, simultaneous
LC method, 479
Derivatization procedures
aflatoxin M ,-trifluoroacetic acid,
optimum conditions for formation,
1047
amino acids as A-heptafluorobutyryl
isobutyl esters, 151
amino acids as A-trifluoroacetyl «-butyl
esters, 1160
amino acids in feeds and feedstuff's,
precolumn phenylisothiocyanate,
425
amino acids in foods,
phenylthiocarbamyl for LC, 241
chlorinated herbicide acids,
pentafluorobenzyl and methyl
esterification, 889
chlorophenols in sediments, chemical,
1003
organic acids, alcohol, and phenols from
airborne particulate matter,
silylation, 897
Dexamethasone

in bulk drugs and elixirs, LC method and

identification tests: collaborative
study, 967
Dexamethasone acetate
in bulk drug substances and
formulations, LC method
development, 829
Diagnostics and test kits
Changes in Methods, no changes
M ethods Com mittee report, 321
2,4-Dichlorophenoxyacetic acid
in water, 2 enzyme immunoassays, 874
Dicumarol

in tablets by LC: collaborative study, 834

Dimethoate
residue confirmation by triple stage
quadrupole MS, 858
Dimethylhydrazine
residues in apples and peaches, GC
method, 718
Dimetridazole
in swine feed, GC/M S quantitative
confirmation, 630
in swine feed, rapid LC method, 626
Dinoseb
A -nitrosodiethanolamine assay by LC-
TEA and GC/MS, 792
Diquat
in agricultural products, reverse phase
LC method, 1008
Disinfectants
Changes in Methods, 385
M ethods Com mittee report, 318
referee report, 263
testing, standardization of bacterial
numbers on penicylinders:
interlaboratory study, 635
use-dilution method, evaluation of
bacterial attachment on and surface
texture of penicylinders, 903
use-dilution method, regression analysis
of test data for product registration,
413
see also Pesticide Formulations:
Fungicides and Disinfectants
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Distillation methods
halogenated fumigants in cereal products,
steam, and GC-ECD, 446
organophosphorus pesticide residues in
animal fat, sweep codistillation
apparatus optimization, 442
pesticide residues in animal fats, beadless
tube for cleanup, 862
S02in foods, modified Monier-W illiams,
and polarography, 114
DNA hybridization method
Salmonella in foods: collaborative study,
521
Drinking, ground, and surface waters
see W ater
Drug and device related microbiology
Changes in Methods, no changes
M ethods Com m ittee report, 334
referee report, 304
Drug residues in animal tissues
Changes in Methods, no changes
M ethods Com mittee report, 321
referee report, 268
antibiotics, identification by TLC/
bioautography, 197
bithionol sulfoxide and major
metabolites in bovine milk, LC
determination of depletion, 810
desamir.osulfamethazine, sulfamethazine,
and /V'*-acetylsulfamethazine, by GC-
ECD with confirmation by GC-
CIMS, 546
enrofloxacin (BAY Vp 2674) in poultry
tissues, spectrofluorometric
determination, 813
erythromycin and other macrolide
antibiotics in livestock products,
TLC assay, 691
erythromycin in beefand pork, GC/MS
assay, 708
monensin in biological samples, antibody
production and ELISA, 201
olaguindox in swine tissues, LC assay,
706
sedecamycin and major metabolites in
swine plasma and tissues, LC
method, 818
sulfamoyldapsone in swine tissues and
fat, LC method, 1031
synthetic antibacterials in cultured fish,
simultaneous LC assay, 714
see also Veterinary analytical toxicology
Drugs in feeds
Changes in Methods, no changes
M ethods Com mittee report, 335
referee report, 310
amprolium in poultry feed and premixes,
LC method with postcolumn
derivatization and fluorometric
detection, 920
dimetridazole and ipronidazole in swine
feed, GC/M S quantitative
confirmation, 630
dimetridazole and ipronidazole in swine
feed, rapid LC method, 626
salinomycin sodium in feed premix and
biomass samples, LC method, 504
see also Antibiotics
Drugs
acetaminophen in tablets, LC method:
collaborative study, 212
allergenic extracts and diagnostic
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antigens, GC, LC, and titrimetry for
glycerin: comparative study, 825

aminacrine HCI in creams, jellies, and
suppositories, spectrophotometry:
interlaboratory study, 560

ampicillin, LC quantitation: collaborative
study, 206

aspirin and salicylic acid, reverse phase
LC assay, 964

benzoin preparations, cinnamic and
benzoic acid content by LC, 689

bethanechol chloride in tablets, proton
NMR spectroscopy, 557

calcium pantothenate in multivitamin
preparations and raw materials, LC
method, 510

carbamazepine, 10,11-
dihydrocarbamazepine, and related
compounds in drug substances and
tablets, LC assay, 836

coumarin anticoagulants in tablets, LC
method: collaborative study, 834

dexamethasone acetate and cortisone
acetate in bulk drug substances and
formulations, LC method
development, 829

dexamethasone in bulk drugs and elixirs,
LC method and identification tests:
collaborative study, 967

ergotamine tartrate in tablets, LC with
fluorescence detection, 538

hydralazine HCI in tablets, UV
spectrophotometric determination,
42

intravenous fat emulsions, nonesterified
fatty acids by titrimetric method,
976

levodopa and levodopa-carbidopa in
solid dosage forms, LC method:
collaborative study, 987

3,4-methylened:oxyamphetamine, N-
alkyl derivatives, synthesis,
identification, and acute toxicity,
981

nitrosamine (volatile) content, GC/TEA
method, 554, 840

ophthalmic solution, polymeric
quaternary ammonium antimicrobial
preservative assay by colorimetry,
979

penicillin V potassium in tablets and
powders for oral solution, LC
determination, 39

piperazine formulations, A-nitrosamines
by GC-TEA, 840

potassium guaiacolsulfonate,
physicochemical properties and
method, 673

povidone, acetaldehyde assay by square-
wave voltammetry, 566

Rauwolfia serpentina preparations,
reserpine and rescinnamine assay by
LC with fluorescence detection, 540

rifampin-isoniazid in formulations,
spectrophotometric assay, 679

terbutaline sulfate and orciprenaline
sulfate bulk drug and dosage forms,
colorimetry via nitrosation and
difference spectrophotometry, 568

terbutaline sulfate in dosage forms, LC
with electrochemical detection, 974

tetracycline HCI in formulations,
colorimetric assay, 686
vitamin D3in liquid multivitamin
preparations, LC method, 599
water for injections, total organic carbon
analysis of purity, 681
see also Drugs in feeds; Drug residues in
animal tissues
Drugs |
Changes in Methods, 392
Methods Committee report, 321
referee report, 268
Drugs 11
Changes in Methods, 392
Methods Committee report, 322
referee report, 268
Drugs 111
Changes in Methods, no changes
Methods Committee report, 322
referee report, 269
Drugs IV
Changes in Methods, no changes
Methods Committee report, 322
Drugs V
Changes in Methods, no changes
Methods Committee report, 322
referee report, 270
Dumas method
nitrogen in infant food, modified
automatic vs Kjeldahl method, 227

Editorial board
annual report, 345
Effluents
Methods Committee report, 337
Eggs and egg products
Changes in Methods, no changes
Electroanalytical methods
uric acid in biological samples and food
products, review, 1
ELISA
see Immunoassays
Emmerie-Engel method
vs GC method for supplemental alpha-
tocopheryl acetate in feed
concentrates, 417
Enrofloxacin
in poultry tissues, spectrofluorometric
determination, 813
Enzyme methods
E. coll in high-moisture foods,
glucuronidase assay for fluorogenic
enumeration, 991
nonfat dry milk as lactose in meat
products, AOAC yeast fermentation
procedure vs, 1063
thiamine determination, enzyme
substitutes for AOAC method, 514
Enzyme-linked immunosorbent assays
see Immunoassays
EPA project summaries, 18A, 170A
Ergotamine tartrate
in tablets, LC with fluorescence
detection, 538
Erythromycin
in beefand pork, GC/MS assay, 708
in livestock products, TLC assay, 691
Escherichia coli
naturally occurring, in high-moisture
foods, fluorogenic enumeration, 991
in Pacific oyster (Crassostrea gigas),
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A-1M method limitations for
enumeration, 535
recovery from foods, glucuronidase assay
in rapid MPN determination, 31
Ethyl carbamate
in alcoholic beverages, capillary GC
method with GC/MS confirmation,
749
Ethylene oxide
in ethoxylated surfactants and
demulsifiers by headspace GC, 796
Etrimfos
residue confirmation by triple stage
quadrupole MS, 858
Executive Director
annual report, 338
Extraction
organic acids, alcohol, and phenols in
airborne particulate matter,
ultrasonic method, 897
PAHSs in spiked soil, Soxhlet method,
1018
sodium dioctylsulfosuccinate in dry
beverage bases, post-column ion-pair
method, 15
solid phase systems to improve
sensitivity of Artemia bioassays of
trichothecenes, 661
W V -tri-n-butyl phosphorotrithioate in
fish and water, 103
Extraneous materials in foods and drugs
Changes in Methods, 393
Methods Committee report, 333
referee report, 305
Ahasverus advena (Waltl) (foreign grain
beetle) and A. rectus (LeConte)
(Coledptera: Cucujidae) by
micromorphology of adult
fragments, 484
Ascaris spp. and Trichuris spp. eggs,
diethyl ether vs ethyl acetate as
extractants for recovery, 1000
filth extraction from whole leaves of
alfalfa, lemon balm, papaya, and
spearmint: collaborative study, 997
mammalian feces in foods, identification
by coprostanol TLC: method
development, 496; collaborative
study, 499

Fat

adipose tissue, Florisil cartridges to
separate fat from semivolatile
organic compounds, 100

animal, pesticide residue cleanup with
assisted distillation, 862

animal, sweep codistillation apparatus
optimization for organophosphorus
pesticide residues, 442

emulsion preparations, nonesterified fatty
acids by titrimetric method, 976

fatty extract cleanup for organophosphate
pesticide residue determination, 106

total lipids and lipid subclasses in meat
and meat products, methods review,
74

see also Oils and fats

Fatty acids

2-chloroethyl esters as indicators of 2-
chloroethanol in black walnuts,
seasoning mixes, and spices, 1011
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linoleic acid in infant formulas, GC
quantitation, 702
nonesterified, in intravenous fat
emulsions, titrimetric method, 976
Feeds
Changes in Methods, 386
Methods Committee report, 335
referee report, 311
aflatoxin B, in, ELISA, 854
alfalfa products, carotenoids by LC, 428
amino acid analysis, precolumn
phenylisothiocyanate derivatization
and LC, 425
commercial pig feed mixes, infrared
spectroscopy for composition
analysis, 420
concentrates, alpha-tocopheryl acetate by
Emmerie-Engel method vs GC
method, 417
crude protein assay, HgO vs CuS04Ti02
catalysts in manual Kjeldahl
digestion: collaborative study, 907
crude protein assay, “LECO FP-228
nitrogen determinator” vs AOAC
copper catalyst Kjeldahl method,
1028
forages, acid-insoluble lignin
determination using ceramic fiber
filter aid, 423
high mineral, chlortetracycline assay by
AOAC microbial diffusion method,
788
see also Antibiotics; Drugs in feeds
Fertilizers and agricultural liming materials
Changes in Methods, 385
Methods Committee report, 335
referee report, 311
water-soluble fertilizers, N, P, and K
content by ICP emission
spectrometry, 760
Filter aids
ceramic fiber, use in acid-insoluble lignin
determination in forages, 423
Filth
see Decomposition and filth in foods
(chemical methods); Extraneous
materials in foods and drugs
Finance committee
annual report, 344
Fish and other marine products
Changes in Methods, no changes
Methods Committee report, 324
referee report, 272
common fish species, LC identification,
618
cultured fish, simultaneous LC of
synthetic antibacterial residues, 714
methyl mercury in, EC-GC method, 24
methyl mercury in, rapid GC method:
collaborative study, 667
minced fish as protein supplement in
meat products, 91
minced fish in meat products, 77
Pacific oyster (Crassostrea gigas), fecal
coliform enumeration, A-1M
method limitations, 535
SjS.S'-tri-n-butyl phosphorotrithioate
extraction and GC determination,
103
Flavors
Changes in Methods, no changes
Methods Committee report, 327
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referee report, 290
adulterated natural bitter almond oil, 14C
analysis, 175
Fluoride
in market milk and infant formulas in
Canada, 754
Fluorometry
aflatoxin M, in cheese, 472
Focus papers
quality assurance in Canadian pesticide
analysis, 941
regulatory perspective of pesticide
analytical enforcement methodology
in U.S., 937
Folpet
phase solubility analysis, 638
Food additives
Changes in Methods, 387, 388
Methods Committee report, 324
referee report, 273
benzoic and sorbic acids, simultaneous
LC method, 892
1,3-butadiene in rubber-modified plastics
and foods, headspace GC
determination, 18
calcium propionate in bread, GC
determination, 763
ethyl carbamate in alcoholic beverages,
GC/MS confirmation, 749
in meat products, 77
melamine in beverages, LC method, 457
multiple substances, reverse phase LC,
578
natamycin in cheese and cheese rind,
spectrophotometric and LC
methods, 944
natamycin in cheese and cheese rind:
interlaboratory collaborative study,
949
nonfat dry milk, determination as lactose
in meat products, method
comparison, 1063
saccharin in beverages and sweets, LC
method: NMKL collaborative study,
58
sodium dioctylsulfosuccinate in dry
beverage bases, LC method, 15
soy protein in meat products, improved
ELISA, 582
sulfites, by differential pulse
polarography: collaborative study,
572
sulfites, by modified Monier-Williams
distillation and polarography, 114
Food adulteration
beefand poultry detection by serological
field screening tests (ORBIT and
PROFIT): collaborative study, 230
bitter almond oil, #4C analysis, 175
phytosterols in butter, capillary GC, 912
potato in prepared horseradish,
microscopic detection, 502
see also specific analyte or matrix
Food and Drug Administration
pesticides monitoring program, 591
Total Diet Study, 1961-87, history, 772
Food microbiology
Changes in Methods, 393
Methods Committee report, 334
referee report, 305
see also Microbiological methods
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Food packaging
rubber-modified plastic containers,
headspace GC determination of 1,3-
butadiene migration from, 18
Foods
see specific analyte, food, or food class
For Your Information, 15A, 42A, 66A,
92A, 139A, 164A
Forensic sciences
Changes in Methods, no changes
Methods Committee report, 323
Fruits and fruit products
Changes in Methods, 389
Methods Committee report, 327
referee report, 290
apples and peaches, 1,1-
dimethylhydrazine residues by new
GC method, 718
canned fruitjuices, cordials, and soft
drinks, ascorbic acid determination
by spectrophotometry with Fe(lll)
and 1,10-phenanthroline as reagents,
518
citrus juices, furfural by improved
colorimetry, 601
juices, melamine by LC, 457
multifumigant determination, 734
red raspberry juice, anthocyanin pigment,
nonvolatile acid, and sugar
composition by LC, 1036
Wellspur apples, monitoring
carbendazim and thiabendazole, 596
see also specific crop or product
Furfural
in citrus juices, improved colorimetry,
601

Gas chromatography

amino acids as A-heptafluorobutyryl
isobutyl esters, 151

amino acids as iV-trifluoroacetyl «-butyl
esters, 160

calcium propionate added to bread, 763

capillary column, amino acids, 253

capillary column, amino acids by
enantiomer labeling, 234

capillary column, ethyl carbamate in
alcoholic beverages, 749

capillary column, phytosterols in butter,
912

capillary column, trace chlorsulfuron
levels in agricultural runoff water,
745

capillary column with ECD of
halogenated fumigants in cereal
products, 446

capillary column with splitless injection,
to determine solvent effects on
response factors of PAHs, 929

capsaicinoids in green Capsicum fruits,
926

cypermethrin in pesticide formulations:
collaborative study, 51

cyromazine and melamine in Chinese
cabbage, 455

1,1 -dimethylhydrazine in apples and
peaches, 718

electron capture, methyl mercury in fish
and shellfish, 24

electron capture, relative retentions of
organophosphorus and
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organochlorine pesticides on 9
packed columns, 878

electron capture, sulfamethazine and
metabolites in animal tissues, 546

electron capture (halogen-specific), 2-
chloroethyl fatty acid esters as
indicators of 2-chloroethanol in
black walnuts, seasoning mixes, and
spices, 1011

glycerin in allergenic extracts and
diagnostic antigens, comparison with
LC and titrimetry, 825

headspace, ethylene oxide in ethoxylated
surfactants and demulsifiers, 796

headspace, residual 1,3-butadiene in
rubber-modified plastics and foods,
18

isofenphos, technical and in
formulations: collaborative study, 53

isothermal, alachlor in
microencapsulated formulations,
1056

linoleic acid in infant formulas, 702

mecarbam and metabolites in
cottonseeds, 870

organophosphorus pesticides in crops,
460

permethrin in pesticide formulations:
collaborative study, 53

propionic acid in cheese, 507

TEA, A-nitrosamines in baby bottle
rubber nipples: collaborative study,
64

TEA, nitrosamines (volatile) in baby
bottle nipples and pacifiers, 434

TEA, nitrosamines (volatile) in drug
formulations, 554

TEA, A'-nitrosamines in piperazine drug
formulations, 840

TEA, A-nitrosodimethylamine in 2,4-D
amine formulations, 49

A.A.A-tri-n-butyl phosphorotrithioate in
fish and water, 103

Ultra-Bond columns, behavior of 78
pesticides and some metabolites,
1014

uric acid in biological samples and food
products, review, 1

vs Emmerie-Engel method for
supplemental alpha-tocopheryl
acetate in feed concentrates, 417

Gas chromatography-mass spectrometry

capillary column, with multiple ion
detection, dimetridazole and
ipronidazole in swine feed,
quantitative confirmation, 630

erythromycin in beefand pork, 708

ethyl carbamate in alcoholic beverages,
confirmation, 749

GC/CIMS, sulfamethazine and
metabolites in animal tissues,
confirmation, 546

macrocyclic trichothecenes detection and
quantitation, 132

methylated homologs in trichothecene
standards, 193

A'-nitrosodiethanolamine in dinoseb, 792

Gel electrophoresis

for soy protein analysis, 85

Gel permeation chromatography

automated, for pesticide residues in fatty
samples, system evaluation, 724

Gelatin, dessert preparations, and mixes
Changes in Methods, no changes
General referee reports, 263
Glucosinolates
in rapeseed and meal digests,
quantitation, 141
Glucuronidase
assay in rapid MPN determination for
recovery of E. coll from foods, 31
Glycerin
in allergenic extracts and diagnostic
antigens, by GC, LC, and titrimetry:
comparative study, 825
Grains
com, trichothecenes by cell culture
toxicity assay, 844
maize, trichothecene screening by using
protein synthesis inhibition in
cultured fibroblasts, 129
moniliformin in, stability and LC
determination, 850
whole, milled, and low-fat products,
multifumigant determination, 734
Guaiacolsulfonates
physicochemical properties and assay
method, 673

Halocarbons
in table-ready foods, purge and trap
method, 215, 68A (corr.)
Halogenated pesticides
see Pesticide formulations; Pesticide
residues
Hazardous substances
Changes in Methods, no changes
Methods Committee report, 337
A'-nilrosamines in baby bottle rubber
nipples, GC-TEA method:
collaborative study, 64
nitrosamines in baby bottle rubber
nipples and pacifiers, improved GC-
TEA method, 434
see also Industrial chemicals
Herbicides
see Pesticide formulations; Pesticide
residues
Hexachlorobenzene
Florisil cartridges to separate fat in
adipose tissue extract, 100
Hexachlorocyclohexanes
with PCBs and phthalates in air,
simplified method, 721
High performance (pressure) liquid
chromatography
see Liquid chromatography
Honey
review of 100 years of federal research,
181
Horseradish
potato adulteration of prepared product,
microscopy, 502
Hydralazine HC1
in tablets, UV spectrophotometric
determination, 42
Hydrolysis methods
acid hydrolysis of proteins for
chromatography of amino acids, 147
single oxidation-4 hour method for
quantitation of amino acids, 171
Hydroxyproline
use for meat protein evaluation, 80
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Hygrometers
fiber-dimensional and electrical,
evaluation for water activity
determinations, 955

Immunoassays
ELISA, benomyl and thiabendazole in
foods, 1025
ELISA, improved, aflatoxin B, in
agricultural commodities, 854
ELISA, improved, soy protein in meat
products, 582
ELISA, indirect, simultaneous T-2, HT-2
determination, 657
ELISA, monensin in biological samples,
201
enzyme, Salmonella in low-moisture
foods: collaborative study, 530
radioimmunoassays vs
radiochromatography of T-2
mycotoxin in rat organs, 654
solid-phase enzyme, for 2,4-
dichlorophenoxyacetic acid in water,
874
soy in meat products, 85
Industrial chemicals
chlorinated solvents in decaffeinated
coffee, purge and trap procedure,
176
chlorophenols in sediments, chemical
derivatization, 1003
coplanar PCBs in Aroclor and Kanechlor
mixtures, 451
ethylene oxide in ethoxylated surfactants
and demulsifiers, headspace GC, 796
fumigants in whole grains, legumes,
milled, and low-fat grain products,
spices, citrus fruit, and beverages,
multiresidue method, 734
halocarbons (volatile) and carbon
disulfide in table-ready foods, purge
and trap method, 215, 68A (corr.)
melamine in beverages, LC method, 457
PAHs in spiked soil, Soxhlet extraction,
1018
PCBs with organochlorines in
wastewater, H2 04cleanup and
KOH-ethanol treatment, 727
PCBs, phthalates, and BHCs in air,
simplified method, 721
Infant products
bottle nipples and pacifiers, improved
GC-TEA method for volatile
nitrosamines, 434
food, protein content, Dumas method vs
Kjeldahl method, 227
formulas, linoleic acid content by GC,

702

formulas, Pb, Cd, and fluoride levels in
Canada, 754

milk powders, vitamin D assay by LC,
802

vitamin premix formulation, taurine
assay by LC, 799
Infrared spectroscopy
composition of pig feed mixes, 420
Instructions to Authors, 23A, 53A, 78A,
119A, 149A, 174A
Instrumental methods and data handling
committee report, 351
Interim methods
1987, 18A, 68A, 94A, 144A, 170A



1106 SUBJECT INDEX:

Interlaboratory studies
committee report, 352
International coordination
committee report, 356
International Office of Wine
collaborative study summary, of malic
acid, lactic acid, citric acid, Na, K,
Mg, Ca, and chloride in wine, 1087
lodine values
in edible oils, titrimetric determination
using A-chloroimides, 762
lon-exchange chromatography
amino acids as iV-trifluoroacetyl «-butyl
esters, 160
with postcolumn o-phthalaldehyde
detection of amino acids, 248
lon-selective electrode methods
chloride in foods after isolation as HC1,
924
Ipronidazole
in swine feed, GC/MS quantitative
confirmation, 630
in swine feed, rapid LC determination,
626
Isofenphos
GC determination in technical and
formulated products: collaborative
study, 53
Isoniazid
with rifampin in formulations,
spectrophotometric assay, 679
Isotope measurements
of carbon in adulterated natural bitter
almond oil, 175

Kanechlor
coplanar PCBs in mixtures, 451
Kjeldahl methods
crude protein in feeds, AOAC copper
catalyst vs “LECO FP-228 nitrogen
determinator,” 1028
crude protein in feeds, HgO vs CuSO,/
Ti02as catalysts: collaborative
study, 907
nitrogen assay, Hach and Kjeltec
methods vs, 410
nitrogen in infant food, modified Dumas
method vs, 227
semiautomated, nitrogen assay to
validate analytical protocol, 405
using peroxide and sulfuric acid, method
performance, 783

Laboratory quality assurance
committee report, 358
Lactose
in meat products, method comparison,
1063
Lead
in market milk and infant formulas in
Canada, 754
in northern prairie wetlands sediments,
correlations with organic matter and
texture, 916
Levodopa
in solid dosage forms, LC method:
collaborative study, 987
Liaison representatives
1987, 364
Lignin
acid-insoluble, in forages, ceramic fiber
filter aid in determinations, 423

Linoleic acid

in infant formulas, GC quantitation, 702

Liquid chromatography

aflatoxicol in porcine liver, 475

alumina column, sulfamoyidapsone in
swine tissues and fat, 1031

ampicillin quantitation: collaborative
study, 206

anthocyanin pigment, nonvolatile acid,
and sugar composition of red
raspberry juice, 1036

antibacterials (synthetic) in cultured fish,
simultaneous assay, 714

ascorbic acid in nonfat dry milk, 806

carbamazepine, 10,11-
dihydrocarbamazepine, and related
compounds in formulations, 836

cholecalciferol in rodent baits, 1058

classification of octadecyl-bonded
columns, 465

coumarin anticoagulants in tablets:
collaborative study, 834

dexamethasone in bulk drugs and elixirs:
collaborative study, 967

dimetridazole and ipronidazole in swine
feed, rapid method, 626

electrochemical detection, cysteamine
and cysteine, possible precursors of
A'-nitrosothiazolidinc. in meat
products, 1033

electrochemical detection, naptalam and
metabolite in foods as 1-
naphthylamine, 1021

electrochemical detection, terbutaline
sulfate in dosage forms, 974

fluorescence detection, ergotamine
tartrate in tablets, 538

fluorescence detection, for cinnamyl
anthranilate in perfume, cologne,
and toilet water, 958

fluorescence detection, reserpine and
rescinnamine in Rauwolfia
serpentina preparations, 540

free and added niacin and niacinamide in
beefand pork, 698

glycerin in allergenic extracts and
diagnostic antigens, comparison with
GC and titrimetry, 825

identification of common fish species,
618

ion-pair, melamine in beverages, 457

ion-pair vs ion-exchange, for assay of
dalapon products, 47

levodopa and levodopa-carbidopa in
solid dosage forms: collaborative
study, 987

ligand-exchange, cyclopiazonic acid in
poultry meat, 121

moniliformin in cereal grains, 850

natamycin in cheese and cheese rind, 944

natamycin in cheese and cheese rind:
interlaboratory collaborative study,
949

nivalenol and deoxynivalenol in cereals,
479

olaquindox in swine tissues, 706

postcolumn derivatization and
fluorometric detection, amprolium
in poultry feed and premixes, 920

reverse phase, nonaqueous, carotenoids
in alfalfa products, 428
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reverse phase, acetaminophen in tablets:
collaborative study, 212

reverse phase, aspirin and salicylic acid
assay, 964

reverse phase, benzoic and sorbic acids
in foods, 892

reverse phase, calcium pantothenate in
multivitamin preparations and raw
materials, 510

reverse phase, cinnamic and benzoic
acids in benzoin preparations, 689

reverse phase, cyclosporin A in rice, 126

reverse phase, dexamethasone acetate
and cortisone acetate in bulk drug
substances and formulations:
method development, 829

reverse phase, food additives (multiple),
578

reverse phase, paraquat and diquat in
agricultural products, 1008

reverse phase, penicillin V potassium in
dosage forms, 39

reverse phase, saccharin in beverages and
sweets: NMKL collaborative study,
58

reverse phase, sorbic and dehydroacetic
acids in cheese, 507

reverse phase with fluorescence detection,
for aflatoxin M, in cheese, 472

reverse phase with phenylthiocarbamyl
derivatization, for amino acids in
foods, 241

reverse phase with precolumn
derivatization, amino acids in feeds
and feedstuff's, 425

reverse phase with solid phase extraction,
vitamin D3in liquid multivitamin
preparations, 599

salinomycin sodium in feed premix and
biomass samples, 504

sedecamycin and major metabolites in
swine plasma and tissues, 818

sodium dioctylsulfosuccinate in dry
beverage bases, 15

substituted urea herbicides in foods, 740

taurine in vitamin premix formulations,
799

TEA, A-nitrosodiethanolamine in
dinoseb, 792

uric acid in biological samples and food
products, review, 1

vitamin D in food products, 802

Listeria monocytogenes

report on current dilemma, 769

Long-range planning

committee report, 359

Maize, see Grains
Mancozeb

simple method for identifying, 923

Maneb

simple method for identifying, 923

Mass spectrometry

collisionally activated decomposition
MS/MS, of organophosphorus
pesticide residues in foods, 439

positive chemical ionization, of
trichothecenes, mass spectral library
development, 647

triple stage quadrupole, etrimfos and
dimethoate residue confirmation,
858
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see also Gas chromatography/mass
spectrometry
Meat, poultry, and meat and poultry
products
Changes in Methods, 389
Methods Committee report, 324
referee report, 274
amino acid analysis for meat protein
evaluation, 80
beefand pork, LC of free and added
niacin and niacinamide, 698
beefand poultry detection by serological
field screening tests (ORBIT and
PROFIT): collaborative study, 230
meat foods, symposium on critical
analysis of analytical methods, 69
meat products, chemical analysis, 77
meat products, cysteamine and cysteine
as possible precursors of N-
nitrosothiazolidine, LC method,
1033
meat products, improved ELISA for soy
protein assay, 582
meat products, minced fish as protein
supplement in, 91
meat products, nonfat dry milk content
as lactose, method comparison, 1063
meat products, soy content, 85
nitrogen and protein content, methods
review, 69
poultry meat, cyclopiazonic acid by LC,
121
rapid methods for determining
composition, 95
total lipids and lipid subclasses, methods
review, 74
see also Drug residues in animal tissues
Mecarbam
and metabolites in cottonseeds, GC, 870
Meetings, symposia, and educational
programs
committee report, 359
see also Symposia
Melamine
in beverages, LC method, 457
and cyromazine in Chinese cabbage, GC
method, 455
Mercury
in northern prairie wetlands sediments,
correlations with organic matter and
texture, 916
Metals and other elements
Changes in Methods, 390
Methods Committee report, 328
referee report, 295
aluminum at trace levels in foods, AAS,
118
As in foods, sequential wet digestion, dry
ashing, coprecipitation with
ammonium pyrrolidine
dithiocarbamate, and graphite
furnace AAS, 866
As, Cd, Hg, Pb, and Se, correlations with
organic matter and texture in
northern prairie wetlands sediments,
916
methyl mercury in fish and shellfish, EC-
GC determination, 24
methyl mercury in fish and shellfish,
rapid GC method: collaborative
study, 667
Pb, Cd, and fluoride levels in market

milk and infant formulas in Canada,
754
Se in bovine blood: interlaboratory
study, 664
Method performance
rapid methods for determining meat and
poultry product composition, 95
ruggedness test, pentafluorobenzyl
derivatization methods for
chlorinated herbicide acids, 889
systematic errors in volatile oil analysis
of cassia bark, 18A (corr.)
Methods committees
annual reports, 318
3-Methyl-histidine
use to estimate muscle meat content of
comminuted meat products, 80
Methyl mercury
in fish and shellfish, EC-GC
determination, 24
in fish and shellfish, rapid GC method:
collaborative study, 667
Microbiological methods
chlortetracycline in high mineral feeds,
AOAC microbial diffusion method
evaluation, 788
Clostridium perfringens spores in human
feces, enumeration: 4 culture media
compared, 994
E. coli in foods, glucuronidase assay :n
rapid MPN determination for
recovery, 31
E. coti in high-moisture foods,
fluorogenic enumeration, 991
fecal coliforms in Pacific oyster
(Crassostrea gigas), A-1M method
limitations for enumeration, 535
food sample preparation for AOAC
collaborative studies, 931
Listeria monocytogenes, special report,
769
Salmonella in foods, DNA hybridization
assay: collaborative study, 521
Salmonella in low-moisture foods,
enzyme immunoassay: collaborative
study, 530
S. aureus in foods, MPN method for
isolation and enumeration:
collaborative study, 35
simplified plate diffusion for microbial
assays of antibiotics, 641
see also Drug and device related
microbiology; Dairy microbiology;
Food microbiology
Microchemical methods
Changes in Methods, no changes
Micromorphology
of adult fragments of Ahasverus advena
(Waltl) (foreign grain beetle) and A.
rectus (LeConte) (Coledptera:
Cucujidae), 484
Microscopy
polarizing, of potato adulteration of
prepared horseradish, 502
Microwave oven drying method
total solids in tomatoes, survey, 758
Milks
see Dairy products
Molds
see Analytical mycology of foods and
drugs
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Monensin
in biological samples by ELISA, 201
Monier-Williams method
sulfites in foods, with polarographic
detection, 114
Moniliformin
in cereal grains, stability and LC
determination, 850
Monitoring studies
see Biomonitoring; Chemical
contaminants monitoring
Most probable number method
E. coli from foods, glucuronidase assay
for recovery, 31
S. aureus in foods, isolation and
enumeration: collaborative study, 35
Multiresidue methods
Changes in Methods, 391
Methods Committee report, 329
referee report, 296
fumigants in whole grains, legumes,
milled and low-fat grain products,
spices, citrus fruit, and beverages,
734
organophosphorus pesticides in crops,
GC-flame photometric detection,
460
PCBs, phthalates, and BHCs in air,
simplified method, 721
pesticide, expanding and tracking
capabilities of methodology of FDA
pesticide monitoring programs, 1072
pesticide residues in vegetables,
automated cleanup, 109
substituted urea herbicides in foods, LC
method, 740
Mycology of foods and drugs
see Analytical mycology of foods and
drugs

Mycotoxins

Changes in Methods, 390

Methods Committee report, 324

referee report, 276

aflatoxin B,, deoxynivalenol, T-2 toxin,
use in optimization of chick
embryotoxicity screening test, 1049

cyclic peptide cyclosporin A in rice,
isolation and LC determination, 126

cyclopiazonic acid and aflatoxin
production by cultures of Aspergillus
and Penicillium spp. isolated from
dried foods, 123

cyclopiazonic acid in poultry meat, LC
determination, 121

joint committee report, 357

moniliformin, in cereal grains, stability
and LC determination, 850

nivalenol and deoxynivalenol in cereals,
simultaneous LC method, 479

sterigmatocystin in cheese by TLC:
interlaboratory study, 842

T-2 and HT-2 toxins, simultaneous
determination by indirect ELISA,
657

T-2 toxin in rat organs,
radioimmunoassay vs
radiochromatography, 654

trichothecenes, demethylated homologs
in standards, 193

trichothecenes in com, cell culture
toxicity assay, 844

trichothecenes in maize, screening by
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protein synthesis inhibition in
cultured fibroblasts, 129

trichothecenes, macrocyclic, detection
and quantitation by GC/NICIMS,
132

trichothecenes, mass spectral library
based on PCI spectra, 647

trichothecenes, solid phase extraction
systems to improve sensitivity of
Artemia bioassays, 661

see also Aflatoxins

Naptalam
and metabolite in foods as 1-
naphthylamine, LC with oxidative
electrochemical detection, 1021
Natamycin
in cheese and cheese rind,
spectrophotometric and LC
methods, 944
in cheese and cheese rind: interlaboratory
collaborative study, 949
New Products, 10A, 38A, 70A, 90A, 132A,

Niacin and niacinamide
in beefand pork, LC method, 698
Nitrites
stability in frozen microbial cultures and
aqueous media, 22
Nitrogen
assay by Kjeldahl analysis to validate
analytical protocol, 405
assay in various sample types,
comparison of Hach, Kjeltec, and
Kjeldahl methods, 410
in feeds, “LECO FP-228 nitrogen
determinator” vs AOAC copper
catalyst Kjeldahl method, 1028
in infant food, Dumas method vs
Kjeldahl method, 227
in meat and meat products, methods
review, 69
peroxide Kjeldahl digestion method, 783
in water-soluble fertilizers by ICP
emission spectrometry, 760
Nitrosamines
in baby bottle rubber nipples and
pacifiers, improved GC-TEA
method, 434
in baby bottle rubber nipples, GC-TEA
method: collaborative study, 64
in cosmetics by chemiluminescent
determination of nitric oxide, 960
in drug formulations, GC/TEA method,
554
in piperazine drug formulations, GC/
TEA method, 840
yV-Nitrosodiethanolaminc
in dinoseb by LC-TEA and GC/MS, 792
(V-Nitrosodimethylamine
in 2,4-D amine formulations, GC-TEA
determination, 49
TV-Nitrosothiazolidine
precursors in meat products, LC method,
1033
Nivalenol
and deoxynivalenol in cereals,
simultaneous LC method, 479
Nonalcoholic beverages
Changes in Methods, no changes
Methods Committee report, 327
referee report, 291

SUBJECT INDEX:

see also Beverages
Nuclear magnetic resonance spectrometry
'H, for bethanechol chloride in tablets,
557
Nutrients
see Vitamins and other nutrients
Nuts and nut products
Changes in Methods, no changes
black walnuts, 2-chloroethyl fatty acid
esters as indicators of 2-
chloroethanol in, 1011
peanut butter, aflatoxin B, in, ELISA,
854

Officers
1987, 363
Official methods board
annual report, 346
Official methods committees
1987, 366
annual reports, 318
Official Methods of Analysis
Changes in Methods, 385
Oils and fats
Changes in Methods, no changes
Methods Committee report, 325
referee report, 281
edible oils, I-Br numbers using N-
chloroimides in titrimetric method,
762
fatty samples, automated GPC and
evaporation systems for pesticide
residues, 724
see also Fat; Fatty acids
Olaquindox
in swine tissues, LC assay, 706
Ophthalmic solutions
polymeric quaternary ammonium
antimicrobial preservative assay by
colorimetry, 979
Orciprenaline sulfate
bulk drug and dosage forms, colorimetry
via nitrosation and difference
spectrophotometry, 568
Organic acids
simultaneous ultrasonic extraction and
silylation from airborne particulate
matter, 897
Organic carbon analysis
as index for specification of water for
injection, 681
Organohalogen pesticides
see Pesticide formulations; Pesticide
residues
Organophosphorus pesticides
see Pesticide formulations; Pesticide
residues
Oven drying methods
microwave, for total solids in tomatoes,
survey, 758

Paper chromatography
uric acid in biological samples and food
products, review, 1
Paraquat
in agricultural products, reverse phase
LC method, 1008
Peanut butter
aflatoxin B, in, ELISA, 854
Penicillin V potassium
in tablets and powders for oral solution,
LC determination, 39
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Penicillium spp.
cyclopiazonic acid production by spp.
isolated from dried foods, 123
Pepper
UV spectrophotometry of pipeline:
collaborative study, 112
Permethrin
GC determination in pesticide
formulations: collaborative study, 53
Pesticide formulations
alachlor in microencapsulated
formulations, GC method: mini-
collaborative study, 1056
cypermethrin, GC determination:
collaborative study, 51
2,4-D amines, GC-TEA determination of
V-nitrosodimethylamine levels, 49
dalapon products, ion-pair vs ion-
exchange LC assays, 47
dinoseb, V-nitrosodiethanolamine assay
by LC-TEA and GC/MS, 792
isofenphos, technical and in
formulations, GC determination:
collaborative study, 53
maneb, zineb, mancozeb, and selected
mixtures, simple method for
identifying, 923
organochlorine fungicides, phase
solubility analysis, 638
permethrin, GC determination:
collaborative study, 53
rodent baits, LC method for
cholecalciferol, 1058
Pesticide formulations: carbamate and
substituted urea insecticides
Changes in Methods, 385
Methods Committee report, 318
referee report, 264
Pesticide formulations: fungicides and
disinfectants
Changes in Methods, 385
Methods Committee report, 318
referee report, 264
Pesticide formulations: general methods
Changes in Methods, no changes
referee report, 264
Pesticide formulations: herbicides |
Changes in Methods, no changes
Methods Committee report, 319
referee report, 264
Pesticide formulations: herbicides I1
Changes in Methods, no changes
Methods Committee report, 319
referee report, 265
Pesticide formulations: herbicides 111
Changes in Methods, 385
Methods Committee report, 319
referee report, 265
Pesticide formulations: inorganic pesticides
Changes in Methods, no changes
Pesticide formulations: organohalogen
insecticides
Changes in Methods, 385
Methods Committee report, 319
referee report, 266
Pesticide formulations:
organothiophosphorus pesticides
Changes in Methods, 385
Methods Committee report, 319
referee report, 266



SUBJECT INDEX:

Pesticide formulations: other insecticides,
synergists, and insect repellants
Changes in Methods, 385
Methods Committee report, 320
referee report, 266

Pesticide formulations: other
organophosphorus insecticides
Changes in Methods, no changes
Methods Committee report, 320
referee report, 264

Pesticide formulations: rodenticides and
miscellaneous pesticides
Changes in Methods, no changes
Methods Committee report, 320
referee report, 264

Pesticide residues
analytical quality assurance in Canada,

941
in animal fats, assisted distillation
cleanup, 862

As in foods, sequential wet digestion, dry

ashing, coprecipitation with
ammonium pyrrolidine
dithiocarbamate, and graphite
furnace AAS, 866

behavior on 4 Ultra-Bond GC columns,

1014
benomyl and thiabendazole in foods, by
ELISA, 1025

BHCs with PCBs and phthalates in air,
simplified method, 721

carbendazim (applied as benomyl) and
thiabendazole, monitoring in apples,
596

chlorinated herbicide acids, evaluation of

pentafluorobenzyl derivatization
methods, 889

2-chloroethanol in black walnuts,
seasoning mixes, and spices, 2-
chloroethyl fatty acid esters as
indicators, 1011

chlorsulfuron in agricultural runoff water,
capillary GC of trace levels, 745

coumaphos in animal fat, optimization
of sweep codistillation apparatus,
442

cyromazine and melamine in Chinese
cabbage, GC method, 455

2,4-dichlorophenoxyacetic acid in water,
2 enzyme immunoassays, 874

1,1-dimethylhydrazine in apples and
peaches, GC method, 718

etrimfos and dimethoate, confirmation
by triple stage quadrupole MS, 858

expanding and tracking capabilities of
multiresidue methodology of FDA
monitoring programs, 1072

in fatty samples, automated GPC and
evaporation systems for, 724

FDA monitoring program, 591

halogenated fumigants in cereal products
by steam distillation and capillary
GC-ECD, 446

in Lake Albufera, Valencia, Spain, 752

mecarbam and metabolites in
cottonseeds, GC, 870

naptalam and metabolite in foods as 1-
naphthylamine, LC with oxidative
electrochemical detection, 1021

on Ontario-grown vegetables, 1980—
1985, 1081

organochlorines, and PCBs in

wastewater, H2S0O,, cleanup and
KOH-ethanol treatment, 727

organophosphates, fatty extract cleanup,
106

organophosphates in animal fat,
optimization of sweep codistillation
apparatus, 442

organophosphates in crops, simplified
cleanup and GC method, 460

organophosphates in foods, collisionally
activated decomposition MS/MS,
439

organophosphates and organochlorines,
GC-ECD relative retentions on 9
packed columns, 878

paraquat and diquat in agricultural
products, reverse phase LC method,
1008

regulatory perspective of U.S. analytical
enforcement methodology, 937

semivolatile organic compounds in
adipose tissue, Florisil cartridges to
separate fat, 100

substituted urea herbicides in foods, LC
multiresidue method, 740

in table-ready foods, purge and trap
method, 215, 68A (corr.)

S',S,.S'-tri-«-butyl phosphorotrithioate,
extraction and GC determination in
fish and water, 103

in vegetables, cleanup for multiresidue
analysis, 109

in whole grains, legumes, milled and low-

fat grain products, spices, citrus
fruit, and beverages, multiresidue
determination, 734

see also Multiresidue methods

Pesticide residues: organohalogen pesticides

Changes in Methods, 390
Methods Committee report, 330
referee report, 297
Pesticide residues: organonitrogen
pesticides
Changes in Methods, no changes
Methods Committee report, 331
referee report, 298
Pesticide residues: organophosphorus
pesticides
Changes in Methods, no changes
Methods Committee report, 332
referee report, 300
Phase solubility analysis
of organochlorine fungicides, 638
Phenols
from airborne particulate matter,
simultaneous ultrasonic extraction
and silylation, 897
chlorinated, in sediments, determination
by chemical derivatization, 1003
Phenprocoumon

in tablets by LC: collaborative study, 834

Phosphorus
in water-soluble fertilizers by ICP
emission spectrometry, 760
in wines, comparison of AAS methods,
61
Phthalates
with PCBs and BHCs in air, simplified
method, 721
Phytosterols
in butter, capillary GC, 912
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Piperazine
in drug formulations, GC-TEA for N-
nitrosamines, 840
Piperine
in pepper preparations, UV
spectrophotometry: collaborative
study, 112
Plant toxins
Changes in Methods, no changes
Methods Committee report, 325
referee report, 284
glucosinolates, quantitation in rapeseed
and meal digests, 141
Plants
Changes in Methods, no changes
Methods Committee report, 336
referee report, 312
Polarography
differential pulse, of sulfites in foods:
collaborative study, 572
S02in foods, with modified Monier-
Williams distillation, 114
Polybrominated biphenyls
solid phase Florisil cartridges to separate
fat in adipose tissue extract, 100
Polychlorinated biphenyls
in Aroclor and Kanechlor mixtures, 451
Florisil cartridges to separate fat in
adipose tissue extract, 100
with organochlorines in wastewater,
H204cleanup and KOH-ethanol
treatment, 727
with phthalates and BHCs in air,
simplified method, 721
Polycyclic aromatic hydrocarbons
solvent effects on response factors,
determined by capillary GC with
splitless injection, 929
Soxhlet extraction from spiked soil, 1018
Polypeptides
recombinant-DNA-derived,
recommendations for establishing
reference standards, 610
Polyvinyl pyrrolidone
square-wave voltammetric assay of
acetaldehyde content, 566
Potassium
in water-soluble fertilizers by ICP
emission spectrometry, 760
Potassium guaiacoisulfonate
physicochemical properties and assay
method, 673
Poultry and poultry products
see Meat, poultry, and meat and poultry
products
Preservatives and artificial sweeteners
Changes in Methods, 387
Methods Committee report, 327
referee report, 291
benzoic and sorbic acids, simultaneous
LC method, 892
calcium propionate added to bread, GC
determination, 763
cyclamate in foods, spectrophotometry:
NMKL collaborative study, 588
natamycin in cheese and cheese rind,
spectropbotometric and LC
methods, 944
natamycin in cheese and cheese rind'
interlaboratory collaborative r
949
saccharin, LC determination in



110 SUBJECT INDEX:

and sweets: NMKL collaborative
study, 58
sorbic, dehvdroacetic, and propionic
acids in cheese by LC and GC, 507
sulfites in foods, by differential pulse
polarography: collaborative study,
572
sulfites in foods, modified Monier-
Williams distillation and
polarography, 114
Processed vegetable products
Changes in Methods, 392
Methods Committee report, 327
referee report, 292
tomatoes, microwave oven drying
method for total solids
determination, survey, 758
Propionic acid
in cheese, LC method, 507
Protein
crude, in animal feed, HgO vs CuSO,,/
TiO, as catalysts in manual Kjeldahl
digestion: collaborative study, 907
crude, in feeds, “LECO FP-228 nitrogen
determinator” vs AOAC copper
catalyst Kjeldahl method, 1028
hydrolysis for chromatography ofamino
acids, 147
in infant food, Dumas method vs
Kjeldahl method, 227
in meat and meat products, methods
review, 69
meat, amino acid analysis, 77, 80
minced fish as supplement in meat
products, 91
nonmeat, in meat products, 77
recombinant-DNA-derived,
recommendations for establishing
reference standards, 610
Purge and trap procedures
residual chlorinated solvents in
decaffeinated coffee, 176

Quality assurance
Canadian pesticide analysis, 941
committee report, 358
sample accountability, for “Integrated
Air Cancer Project” research
program of EPA, 1069
Quaternary ammonium compounds
as preservative in ophthalmic solution,
colorimetry, 979

Radioactivity
Changes in Methods, 397
Methods Committee report, 332
referee report, 303
Radioimmunoassays
see Immunoassays
Rapeseed
total glucosinolates, quantitation, 141
Rauwolfia serpentina
reserpine and rescinnamine in powder
and tablets, LC method, 540
Referees
1987, 366
Reference standards
milk powder certified for aflatoxin M,
content, development, 605
recombinant-DNA-derived proteins and
polypeptides, recommendations for
establishing, 610

trichothecene, demethylated homologs in
standards, 193
see also Standard solutions and certified
reference materials
Reference tables
Changes in Methods, no changes
Regional sections
committee report, 360
Regression analysis
of use-dilution disinfectant test data as
alternative to current registration
practices, 413
Regulatory analysis
pesticide, analytical enforcement
methodology in U.S., 937
pesticide, Canadian quality assurance,
941
symposium on critical analysis of
analytical methods for meat foods,
69
Relative retention data
for organophosphorus and
organochlorine pesticides on 9
packed GC columns, 878
PAHSs, solvent effects on response
factors, determined by capillary GC
with splitless injection, 929
of 78 pesticides and pesticide metabolites
on 4 Ultra-Bond GC columns, 1014
Rescinnamine and reserpine
in Rauwolfia serpentina preparations, by
LC with fluorescence detection, 540
Review papers
uric acid methodology, 1
Wiley award address: a century of federal
honey research, 181
Reviewers
of Journal manuscripts, 46A
Rice, see Cereal foods
Rifampin
with isoniazid in formulations,
spectrophotometric assay, 679
Rubber products
baby bottle nipples and pacifiers,
improved GC-TEA method for
volatile nitrosamines, 434
baby bottle nipples, GC-TEA
determination of A'-nitrosamines:
collaborative study, 64

Saccharin
LC determination in beverages and
sweets: NMKL collaborative study,
58
Safety
Changes in Methods, no changes
committee report, 360
Salicylic acid
in aspirin formulations by reverse phase
LC, 964
Salinomycin sodium
in feed premix and biomass samples, LC
method, 504
Salmonella
in foods, DNA hybridization method:
collaborative study, 521
in low-moisture foods, enzyme
immunoassay: collaborative study,
530
Sample preparation
food products, for vitamin D assay by
LC, 802
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food test samples for AOAC
collaborative studies of
microbiological procedures,
recommendations, 931
purge and trap method for volatile
halocarbons and carbon disulfide in
table-ready foods, 215, 68A (corr.)
Samples and sample handling
in amino acid analysis for meat protein
evaluation, 80
microbial cultures and aqueous media,
effects of freezing on nitrite stability,
22
Seafood toxins
Changes in Methods, no changes
Methods Committee report, 325
referee report, 285
Secretary/Treasurer
annual report, 344
Sedecamycin
and major metabolites in swine plasma
and tissues, LC method, 818
Sediments
chlorinated phenol determination by
chemical derivatization, 1003
northern prairie wetlands, organic matter
and texture correlated with selected
trace elements, 916
Selenium
correlations with organic matter and
texture in northern prairie wetlands
sediments, 916
in bovine blood: interlaboratory study,
664
Serological screening tests
ORBIT and PROFIT, for beefand
poultry detection: collaborative
study, 230
Shellfish
see Fish and other marine products
Sodium dioctylsulfosuccinate
in dry beverage bases, LC determination,
15
Soils and sediments
Methods Committee report, 337,.
referee report, 315
PAH extraction, 1018
Sorbic acid
and benzoic acid in foods, simultaneous
LC method, 892
in cheese, LC method, 507
Soy protein
in meat products, analysis, 85
in meat products, improved ELISA
method, 582
Species identification
beefand poultry detection by serological
field screening tests (ORBIT and
PROFIT): collaborative study, 230
fish, LC method, 618
Spectrofluorometry
enrofloxacin (BAY Vp 2674) in poultry
tissues, 813
Spectrometry
ICP emission, of N, P, and K in water-
soluble fertilizers, 760
Spectrophotometry
aminacrine HC1 in dosage forms:
interlaboratory study, 560
difference, colorimetry of terbutaline
sulfate and orciprenaline sulfate in
dosage forms, 568
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Fe(lll) and 1,10-phenanthroline as
reagents, ascorbic acid in beverages,
518
natamycin in cheese and cheese rind, 944
natamycin in cheese and cheese rind:
interlaboratory collaborative study,
949
rifampin-isoniazid in formulations, 679
UV, cyclamate in foods: NMKL
collaborative study, 588
UV, hydralazine HC1 in tablets following
derivatization with nitrite, 42
UV, pipeline in pepper preparations:
collaborative study, 112
Spectroscopy
uric acid in biological samples and food
products, review, 1
Spices and other condiments
Changes in Methods, 391
Methods Committee report, 327
referee report, 292
2-chloroethyl fatty acid esters as
indicators of 2-chloroethanol, 1011
cassia bark, volatile oil analysis, 18A
(corr.)
green Capsicum fruits, capsaicinoid
determination by GC, 926
multifumigant determination, 734
pepper preparations, UV
spectrophotometry of pipeline:
collaborative study, 112
Standard solutions and certified reference
materials
Changes in Methods, no changes
see also Reference standards
Standing committees
1987, 363
Staphylococcus aureus
in foods, MPN method for isolation and
enumeration: collaborative study, 35
State and provincial participation
committee report, 361
Statistical analysis
regression analysis of use-dilution
disinfectant test data as alternative
to current registration practices, 413
Statistics
committee report, 361
Sterigmatocystin
in cheese by TLC: interlaboratory study,
842
Sugars and sugar products
Changes in Methods, 392
Methods Committee report, 328
referee report, 293
honey, review of 100 years of federal
research, 181
Sulfamethazine
and metabolites in animal tissues, GC-
ECD with GC-CIMS confirmation,
546
Sulfamoyldapsone
in swine tissues and fat, LC method,
1031
Sulfites
in foods, differential pulse polarography:
collaborative study, 572
in foods, modified Monier-Williams
distillation and polarography, 114
Sweeteners
see Preservatives and artificial sweeteners

Symposia
chromatography of amino acids, 146,
234
critical analysis of analytical methods for
meat foods, 69
see also Meetings, symposia, and
educational programs

Taurine
in vitamin premix formulations, LC
assay, 799
Tea
see Coffee and tea
Terbutaline sulfate
bulk drug and dosage forms, colorimetry
via nitrosation and difference
spectrophotometry, 568
in dosage forms, LC with electrochemical
detection, 974
Tetracycline HC1
in formulations, colorimetric assay, 686
see also Chlortetracycline
Thermal energy analyzer (TEA)
see Gas chromatography; Liquid
chromatography
Thiabendazole
in apples, monitoring, 596
in foods, by ELISA, 1025
Thiamine
evaluation of enzymes for AOAC
method, 514
Thin layer chromatography
aflatoxin M, in milk and milk products
at low levels, 470
with bioautography, antibiotics in animal
tissues, 197
coprostanol for identification of
mammalian feces in foods, 496
coprostanol for, identification of
mammalian feces in foods:
collaborative study, 499
dexamethasone identification in bulk
drugs and elixirs: collaborative
study, 967
erythromycin and other macrolide
antibiotics in livestock products, 691
with fluorodensitometry, for aflatoxin M,
in cheese, 472
sterigmatocystin in cheese,
interlaboratory study, 842
uric acid in biological samples and food
products, review, 1
Titrimetric methods
C02in wine: collaborative study, 1060
glycerin in allergenic extracts and
diagnostic antigens, comparison with
LC and GC, 825
nonesterified fatty acids in intravenous
fat emulsions, 976
using A'-chloroimides, of I-Br numbers of
edible oils, 762
Tobacco
Changes in Methods, no changes
Methods Committee report, 336
referee report, 312
Tocopherols
alpha-tocopheryl acetate in feed
concentrates, Emmerie-Engel
method vs GC method, 417
Total Diet Studies
FDA pesticide monitoring program, 591
FDA pesticide monitoring programs,
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expanding and tracking capabilities
of pesticide multiresidue
methodology, 1072
history, 1961-87, 772
Total solids
in tomatoes, microwave oven drying
method survey, 758
Toxins
see Aflatoxins; Mycotoxins; Plant toxins;
Seafood toxins
Transactions, 317
Treasurer
annual report, 344
Trichothecenes
in com, cell culture toxicity assay, 844
demethylated homologs in standards,
193
macrocyclic, detection and quantitation
by GC/NICIMS, 132
in maize, screening by protein synthesis
inhibition in cultured fibroblasts,
129
mass spectral library based on PCI
spectra, 647
T-2 and HT-2 toxins, diacetoxyscirpenol,
and deoxynivalenol, solid phase
extraction systems to improve
sensitivity of Artemia bioassays, 661
T-2 and HT-2 toxins, simultaneous
determination by indirect ELISA,
657
T-2 toxin in rat organs,
radioimmunoassay vs
radiochromatography, 654
see also Mycotoxins; specific toxin
Trichuris spp.
eggs, diethyl ether vs ethyl acetate as
extractants for recovery, 1000
S.A.A-Tri-n-butyl phosphorotrithioate
in fish and water, extraction and GC
determination, 103

Uric acid
in biological samples and food products,
methodology review, 1
Use-dilution method
evaluation of bacterial attachment on
and surface texture of penicylinders,
903
regression analysis as alternative to
current disinfectant product
registration practices, 413
standardization of bacterial numbers on
penicylinders: interlaboratory study,
635

Vegetables
automated cleanup for pesticide
multiresidue analysis in, 109
Chinese cabbage, GC method for
cyromazine and melamine, 455
legumes, multifumigant determination,
734
Ontario-grown, 1980-1985, pesticide
residues, 1081
see also Processed vegetable products
Veterinary analytical toxicology
Changes in Methods, 397
Methods Committee report, 336
referee report, 312
aflatoxicol in porcine liver, LC method,
475
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bovine blood selenium determinations:

interlaboratory study, 664
Vitamins and other nutrients

Changes in Methods, no changes

Methods Committee report, 328

referee report, 294

alpha-tocopheryl acetate in feed
concentrates, Emmerie-Engel
method vs GC method, 417

amino acids in feeds and feedstuffs,
derivatization for LC, 425

ascorbic acid in beverages,
spectrophotometry with Fe(lll) and
1,10-phenanthroline as reagents, 518

ascorbic acid in nonfat dry milk,
stabilization and LC, 806

calcium pantothenate in multivitamin
preparations and raw materials, LC
method, 510

carotenoids in alfalfa products, LC
method, 428

D.,, LC quantitation in liquid
multivitamin preparations, 599

D, in food products, sample preparation
and LC assay, 802

E, in feed concentrates, Emmerie-Engel
method vs GC method, 417

niacin and niacinamide in beefand pork,
LC method, 698

protein in infant food, Dumas method vs
Kjeldahl method, 227

symposium on chromatography, 234

taurine in vitamin premix formulations,
LC, 799

thiamine determination, evaluation of
enzymes by AOAC method, 514

Voltammetry

square-wave, of acetaldehyde in

povidone, 566

Warfarin sodium
in tablets by LC: collaborative study, 834
Waste materials
Methods Committee report, 337
referee report, 315
Water
agricultural runoff, trace levels of
chlorsulfuron by capillary GC, 745
2,4-dichlorophenoxyacetic acid
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determination by 2 enzyme
immunoassays, 874
for injections, total organic carbon
analysis for purity, 681
Lake Albufera, Valencia, Spain, pesticide
residues, 752
S.S.S-tri-n-butyl phosphorotrithioate in,
extraction and GC determination,
103
wastewater, H,SO,, cleanup and KOH -
ethanol treatment for confirmation
of organochlorine pesticides and
PCBs. 727
Water activity
evaluation of 1 fiber-dimensional and 4
electrical hygrometers, 955
Water: drinking, ground, and surface
Changes in Methods, no changes
Methods Committee report, 337
Ways and means
committee report, 361
Wine
see Alcoholic beverages

Zineb
simple method for identifying, 923
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