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N o  s w e a t . . . j u s t  p la in  w a t e r

W h y  b o t h e r  w i th  c o m p l e x  g r a d ie n t  H P L C  w h e n  y o u  
c a n  s e p a r a t e  all o f  t h e s e  s a m p le s  in p la in  D l w a te r ?
All y o u  n e e d  is a n  a f f o r d a b le ,  p r e te s te d ,  p r e p lu m b e d  
HRLC® i s o c r a t i c  a n a l y z e r  f r o m  B io -R a d .  P lu s  a n  
A m i n e x 8 c o l u m n  e s p e c ia l ly  ta i lo r e d  fo r  y o u r  a p p l i c a 
t io n .  It's t h a t  e a s y !

Biotechnology
M o n i t o r  ■ s u b s t r a t e  c o n s u m p t i o n  ■ b y p r o d u c t s  o f  
m e ta b o l i s m  ■ f e r m e n ta t io n  a c id s

Biomedical/biochemistry
A n a ly z e  ■ c i t r ic  a c id  c y c le  a c id s  ■ p la s m a  o r g a n ic  a c id s  
■ s ia l ic  a c id

Fruits and vegetables
M o n i t o r  ■ s p o i la g e  ■ f ru it  j u i c e  a d u l t e r a t io n  ■ g r a p e  
j u i c e  q u a l i ty  ■ t o m a t o  q u a l i ty  ■ s o lu b le  v i ta m in s

HRLC isocratic analyzers
■ S im p le ,  s t r a ig h t fo rw a rd  H P L C  in D l w a te r  u s in g  u n i q u e  
A m in e x  c o l u m n  c h e m is t r i e s  ■ n o  e l a b o r a t e  s a m p l e  p r e p
■ d a t a  a n a ly s i s  a n d  s to r a g e  ■ w i d e  s e le c t io n  o f  c o l u m n s  
to  p e r fo rm  all o f  t h e s e  a n a l y s e s — a n d  m o r e

F o r m o r e  d e ta i l s  o n  
t h e  s i m p le s t  w a y  
to  d o  a ll t h e s e  j o b s — 
a n d  m o r e — c o n t a c t  
y o u r  B io -R a d  r e p r e 
s e n t a t i v e  o r  c a ll  
1 -8 0 0 -4 B IO -R A D .

B I O - R A D

1414 Harbour Way South Also in Rockville Centre, NY; Hornsby, Australia; Vienna,
C h e m ic a l Richmond, CA94804 Austria; Brussels, P'Jjurn; Mississauga, Canada; Watford,
D iv is io n  (415) 232-7000 England; Paris, F mMMunich, Germany: Hong Kong;

1 -800-4-BIO-RAD Milan, Italy; Tok'^ ^ jS k  itrecht. The Netherlands, and
Glattbruqg, Sv
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Robot Coupe U.S.A., Inc. is a manufacturer and 
supplier of a full line of vertical cutter mixers with bowl 
capacities from 2 quarts up to 60 quarts all with the 
“stock pot” design. Write or call for full information:
1-800-824-1646

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

K > b o t » Î , ç o u p e

Robot Coupe U.S.A., Inc. • P.O. Box 16625 
Jackson, Mississippi 39236-6625 • (601) 956-1531

Robot Coupe R4Y 
is a rugged, electric, 
counter-top vertical 
cutter mixer with 
4-quart “stock-pot” 
design bowl and 
a stainless steel 
cutting!:

m e a t

P t o d u c l  

A i u i i i j m  i t  

G o i n g  t o  P o l l

Stock-Pot"
Titoli)»!

CIRCI F fiq  ON R F A n F R  SFR VIC F C A R D



Just filter and go!
Biotechnologists discover the food industry’s 

most reliable column technology.

| he Aminex® line of

HRLC® colum n chem istries from Bio-Rad has long been the most reliable way to 
analyze carbohydrates, organic bases, organic acids, and alcohols in food products.

Now this superio r Aminex technology has proven equally effective for many 
applications in the biomedical, pharm aceutical, and biotechnology1 fields. A simple 
isocratic separation is all that's needed to get results. Just filter the sam ple and go!

ANALYSIS OF 
OLIGOSACCHARIDES 
IN CORN SYRUP

Peaks:
1. Higher saccharides
2. Dp 4
3. Dp 3
4. Dp 2
5. Glucose
6. Mannose
7. Fructose
8. Ribitol

Conditions 
Detector: Rl Monitor 
Column: Aminex CSA 
Sample: 2% 35 DE

corn syrup plus 
mannose, fructose, 
and ribitol standards

u u

Food and beverage HRLC applications
♦ High fructose corn syrup ♦ Meat and fish 
spoilage analysis ♦ Sulfites in foods ♦ Apple juice 
adulteration ♦ Fusel alcohols ♦ Fermentation 
broths ♦ Oligosaccharides through DP 11
♦ Fermentable sugar analysis ♦ 35 DE corn 
syrup standard analysis ♦ -pentose, -tetrose, 
-triose, -maltose sugar analysis

ANALYSIS OF 
MICROBIAL 
FERMENTATION 
PRODUCTS

Conditions

Column: Aminex HPX-87H,
300 mm x 7.8 mm 

Sample: P. anaerobiusextract 
Detector: UV Monitor (S 210 nm

u 12 U

li Ut

Peaks:
1. Solvent Peak
2. Lactic
3. Fumarlc
4. Formic
5. Acetic
6. Propionic
7. Isobutyric •
8. Butyric I
9. Isovaleric I

10. Valeric
11. Media

components
12.4-methylvaleric
13.3- (p-hydroxyphenyl)

propionic - _____  _ _____
14.3- phenylpropionic 20 30 «  50 60 “

Chromatogram courtesy of Guerrant, G.O., etal . . J o u r n a l  o f  C lin ic a l 

M ic ro b io lo g y , 16 (2), 355 (1982).

Biochemical/biomedical HRLC applications
♦ Analyze plasma organic acids ♦ Monitor cell 
metabolites ♦ Measure acetylated amino sugars
♦ Detect serum lactate and pyruvate ♦ Follow 
citric acid cycle acids ♦ Determine fermentation 
metabolic byproducts ♦ Assess ketones, neutral 
metabolites in clinical patient studies

| ooklets on HRLC

food and beverage applications and biochemical and biomedical HRLC applications 
are yours for the asking. Call your Bio-Rad representative o r contact:

B IO - R A Di i l u.TP i '|il ■ tiltil lini 'T
C hem ica l
D ivision

C IR C LE 8 3  ON R EADE R  SERVICE C A R D

1414 Harbour Way South Also in Rockville Centre, NY; Hornsby, Australia; Vienna, 
Richmond, CA 94804 Austria; Brussels, Belgium; Mississauga, Canada; Watford,
(415) 232-7000 England; Paris, France; Munich, Germany; Hong Kong:
800-843-1412 Milan, Italy; Tokyo, Japan; Utrecht, The Netherlands; and

Glattbrugg, Switzerland.

It s  th e  C hem istry that Counts™
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D efective packages m ay leak  and allow  en trance o f  m icroorgan ism s 
that cause  b o tu lism  and  o th er form s o f  food  p o iso n in g .T o  av o id  th is risk , you 

need  to be  able to  recogn ize  harm fu l defects easily  and  quick ly , befo re they reach  the public.

T o  an sw er th is need, A O A C  is o ffering  the poster,

Classification of Visible Exterior Flexible Package Defects
usefu l to  all w ho  deve lop , m anufactu re , regu la te , d istribu te , o r  use  these  con tainers.

T h is easy -to -u se  p o ster
• E m p lo y s clear, fu ll-co lo r pho tos and a co lo r code system  to help  you iden tify  and  c lassify  defects
• Ind icates w hat to  look  fo r in  rou tine  inspection
• C lassifies po ten tia l h azard  o f  defects as m inor, m ajor, o r  critical
• A ddresses p aperboard  and flex ib le  pouch  packages and plastic packages w ith  hea t-sealed  m etal ends
• U nfo lds from  a pam p h le t to  a tw o-sided  24  by 36 inch chart

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

To order, please send check (U.S. funds on U.S. banks only) or credit card information (VISA or MasterCard number, 
expiration date, signature, and date) along with your name, address, and the number of posters you wish to order to: 

AOAC, 2200 Wilson Blvd., Suite 400-J, Arlington, VA 22201-3301 
(703) 522-3032, FAX (703) 522-5468 
Credit card orders may be placed by phone or FAX.

IDENTIFY P O TE N TIA LLY  D AN G ER O U S

FOOD PA C K A G E  DEFECTS

Q U IC K LY  

AND 

EASILYf f iÉ ff iw a w E
n f f t C i b

Developed ̂  Association/
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Food Additives

216 Determination of Sulfite in Foods and Beverages by Ion Exclusion Chromatography 
with Electrochemical Detection: Collaborative Study 
Hie-Joon Kim

223 Determination of Free (pH 2.2) Sulfite in Wines by Flow Injection Analysis: 
Collaborative Study
John J. Sullivan, Thomas A. Hollingworth, Marken M. Wekell, Victor A. Meo, 
Ali Etemad-Moghadam, John G. Phillips, and Barry H. Gump 

226 Determination of Ten A-Nitrosoamino Acids in Cured Meat Products 
John W. Pensabene and Walter Fiddler

M eth od  Perform ance

231 Diagnostic Data Evaluation. Part I. Collaborative Studies: How To Do It 
Anthony J. Malanoski

235 Diagnostic Data Evaluation. Part II. Collaborative Study Evaluation: Coefficient of 
Variation Considered To Be A Constant 
Anthony J. Malanoski

M icrobiological M ethods

242 Dry Rehydratable Film for Enumeration of Total Aerobic Bacteria in Foods: 
Collaborative Study
Michael S. Curiale, Therese Sons, J. Sue McAllister, Barbara Halsey, and 
Terrance L. Fox

248 Colorimetric Deoxyribonucleic Acid Hybridization Assay for Rapid Screening of 
Salmonella in Foods: Collaborative Study 
Michael S. Curiale, Mary Joan Klatt, and Mark A. Mozola

M yco to x in s

257 Improved Spectrophotometric Determination of Cyclopiazonic Acid in Poultry 
Feed and Corn
Ivan Chang-Yen and Keshore Bidasee

260 Liquid Chromatographic Method for Determination of Aflatoxins B,, B;, G|, and 
Gj in Corn and Peanut Products: Collaborative Study
Douglas L. Park, Stanley Nesheim, Mary W. Trucksess, Michael E. Stack, and 
Richard F. Newell

266 Rapid Screening Method for Deoxynivalenol in Agricultural Commodities by 
Fluorescent Minicolumn 
William C. Gordon and Linda J. Gordon 

270 Criteria for Determining Purity of Fusarium Mycotoxins 
Glenn A. Bennett and Odette L. Shotwell

P estic ide  and Industrial Chem ical Residues

276 Gas Chromatographic-Electron Capture Detection Method for Determination of 29 
Organochlorine Pesticides in Finished Drinking Water: Collaborative Study 
Viorica Lopez-Avila, Raymond Wesselman, and Kenneth Edgell 

287 Liquid Chromatographic Determination of the Herbicide Isoxaben and Its Soil 
Metabolite in Soil and Soil-Turf Samples 
Bonnie S. Rutherford

290 Polymeric Film Dialysis in Organic Solvent Media for Cleanup of Organic 
Contaminants
James N. Huckins, Mark W. Tubergen, Jon A. Lebo, Robert W. Gale, and Ted 
R. Schwartz

294 Gas Chromatographic Method for Determination of Chlorpyrifos and Its 
Metabolite 3,5,6-Trichloro-2-Pyridinol (TCP) in Dates 
Charles R. Mourer, Gregory L. Hall, William E. Whitehead, and Takayuki 
Shibamoto

298 Liquid Chromatographic Determination of 5-(Methylamino)-2-Phenyl-4-[3- 
(Trifluoromethyl)phenyl]-3-(2//)-Furanone in Soil
Thomas C. Mueller, Philip A. Banks, Parshall B. Bush, and William C. Steen
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300

306

Plants

Relative Retention Time Diagram as a Useful Tool for Gas Chromatographic 
Analysis and Electron-Capture Detection of Pesticides 
Masami Omura, Kumiko Hashimoto, Kunio Ohta, Tomoyuki Iio, Shigekazu 
Ueda, Keiko Ando, Hikaru Hiraide, and Naohide Kinae 

Extraction of Gasoline Constituents from Soil 
Susan G. Donaldson, Glenn C. Miller, and W. W. Miller

312 Near Infrared Reflectance Spectroscopy. I. Calibration Techniques for Forage 
Quality Assessment
Franklin E. Barton II, G. W. Burton, and W. G. Monson

Plant Toxins

318 Hypoglycin A Content in the Aril, Seeds, and Husks of Ackee Fruit at Various 
Stages of Ripeness
G. William Chase, Jr, William O. Landen, Jr, and Abdel-Gawad M. Soliman

Technical Communications

320 Determination of Copper, Iron, and Nickel in Oils and Fats by Direct Graphite 
Furnace Atomic Absorption Spectrometry: Summary of Collaborative Study 
Stephen G. Capar

322 Adsorption of Aqueous Nonylphenol Ethoxylate Surfactants on Metal Sample 
Loops: Effect on Quantitation by Liquid Chromatography 
B. B. Sithole, B. Zvilichovsky, C. Lapointe, and L. H. Allen

325 Mass Spectrometric Confirmation of the Presence of A -̂Nitrosopyrrolidine in 
Instant Coffee
Nrisinha P. Sen, Stephen W. Seaman, and D. Weber

328 Quantitative Multiresidue Analyses for Volatile Organics in Water and Milk, 
Using a Fused Silica Open-Tubular Wide-Bore Capillary Column and 
Automated Headspace Gas Chromatography 
Timothy P. McNeal and Henry C. Hollifield

331 Recommendations on Test Kit Methods: Task Force Report 
Donald Mastrorocco and Michael Brodsky

332 Validation of Methods Used in Crisis Situations: Task Force Report 
Henry B. S. Conacher

335 Joint AOAC-AOCS-AACC-IUPAC Mycotoxin Committee 
Peter M. Scott
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The 15th Edition of 
OFFICIAL METHODS OF 

ANALYSIS OF THE AOAC 
Is Now Available

O r d e r  Y o u r  C o p y  T o d a y !

Since 1884

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

Prices for the 15th Edition
The nonmember price is $215.00 per set in the U.S., 
$220 outside the U.S., and the discounted AOAC 
member price is $194.00 in the U.S., $199 outside the 
U.S. All prices include handling and shipping costs.

Included in Purchase Price:
• Two-Volume Set
• Annual Supplements with Newly Adopted or 

Revised Methods
• Looseleaf Binder for Supplements

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

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

All orders must be accompanied by a check or credit card information. Please make checks payable to
AOAC, U.S. funds on U.S. banks only. Credit card orders may be placed by mail, telephone, or FAX.
The binder for your supplements will be shipped with the first annual supplement.

3 2 A J. ASSOC. OFF. ANAL. CF1EM. (VOL. 73, NO. 2, 1990)



J A O A C

N e w  P r o d u c t s

Automatic Operation of SpeedVacs
A dryness controller reduces labor 
and enhances the concentrating and 
drying capabilities of existing Speed- 
Vac systems. Using the dryness con
troller, Model SCD1020, an operator 
can set his/her SpeedVac to start and 
automatically end a run when the de
sired end-point dryness for samples 
has been achieved. Constant, precise 
control of the process ensures consis
tent results and protects bioactive 
samples from bumping and foaming. 
Savant Instruments, Inc.
Circle No. 318 on reader service card.

Advanced Purification Glass Columns
New sizes of biocompatible glass col
umns complement Waters’ AP series 
of high performance columns. These 
AP-1 (10 mm id), AP-2 (20 mm id), 
and AP-5 (50 mm id) columns pro
vide higher resolution and faster sep
aration than open column methods, 
and are available in 4 column lengths 
enabling separation of microgram to 
gram quantities of biomolecules. 
Waters Chromatography Division of 
Millipore Corp.
Circle No. 319 on reader service card.

Magnetically Rotated Mixing System
A high speed, magnetically rotated 
packless mixing system, Autoclave
1.5-02 MagneDrive, provides a stat
ic torque of 60 in. pounds. The new 
MagneDrive is designed for blending 
or heat transfer of chemical reactions 
in research and pilot plant opera
tions. Autoclave Engineers Group. 
Circle No. 320 on reader service card.

HPCPC System
A high performance centrifugal par
tition chromatography (HPCPC) 
system uses a new liquid chromato
graphic technique with liquid-liquid 
partition, counter-current distribu
tion to fractionate complex mixtures 
of chemical substances. It can be 
used to separate and purify a broad 
range of synthetic and naturally oc
curring chemical species; it offers 
distinct advantages for the isolation 
of polar substances and materials of 
biological origin, e.g., natural prod
ucts, pharmaceutical biopolymers, 
antibodies, and genetically engi

neered molecules. Sanki Laborato
ries.
Circle No. 321 on reader service card.

Formaldehyde in Air Monitor
The new improved TGM 555 air 
monitor reliably and continuously 
monitors formaldehyde levels in the 
ppb range. Typical full scale range of 
the analyzer is 0-1 ppb, adjustable 
from 0-100 ppb full scale, detecting 
as low as 2 ppb, up to 0-10 ppm full 
scale. The unit using the pararosani- 
line procedure has no known interfer
ences and has been shown to corre
late with NIOSH chromotropic acid 
technique with ±3%. CEA Instru
ments, Inc.
Circle No. 322 on reader service card.

Environmental Standards for GC
Analysis

A comprehensive line of environmen
tal standards and kits includes pur- 
geable, surrogate, and calibration 
check compounds for GC analysis of 
volatile, base-neutral/acid extract- 
ables and pesticides. The extensive 
volatile standards series provides a 
selection of single components and 
test mixtures, such as the purgeable 
halocarbon mixture for EPA method 
601, a mixture of 28 components, and 
the companion EPA method 601 kit, 
with individual vials of each compo
nent, a sample of 2-chloroethylviny- 
lether, plus the mixture. J&W Scien
tific.
Circle No. 323 on reader service card.

Universal, Low Cost LC Autosampler
The Model 738 autosampler can in
ject 1 nL  to 1 mL from up to 96 
different samples without any loss of 
sample and fits any liquid or ion 
chromatograph. Furthermore, the 
unit can make an umlimited number 
of injections from any single sample 
and requires no accessory gases for 
operation. Alcott Chromatography. 
Circle No. 324 on reader service card.

Soil Safety Sampler
Designed for those interested in her
bicide carryover, other chemical resi
due studies, soil structure investiga
tions, or other studies where cross
contamination between samples

Protein
Nitrogen
Analysis.

Kjeldahl's
Choice.

Johan Kjeldahl would 
have done his Kjeldahls 
on our new Kjeltec 1026 
Distiller.

The preferred choice 
for protein and nitrogen 
analysis in today’s food 
laboratories around the 
world is one of Tecator’s 
Kjeltec Distillers.
We have an extensive 
product range from 
manual to fully auto
mated systems.

Make your Kjeldahl 
choice today.

Please call or write 
for product details.

oDatecator
A Perstorp Analytical Company

Perstorp Analytical. Inc.
2875C Towerview Road
Herndon, Virginia 22071 

Phone: 703/435-3300 
Fax: 703/435-3363

In the USA distribution exclusively 
by Fisher Scientific Company

CIRCLE 99 ON READER SERVICE CARD
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Essential References for 
Food Analysis from AOAC

FDA B a c te r io lo g ic a l  
A n a ly tic a l M a n u a l, 6th Ed.
1984. 448 pp. Lopseleaf.
ISBN 0-935584-29-3.
Members: $4185; Nonmembers: $46.50.

Provides regulatory and industry 
laboratories with methods for detection 
of microorganisms. Includes one FREE 
Classification of Visible Can Defects
poster (see below).

Key for Id e n tif ic a tio n  of 
M a n d ib le s  of S to re d -F o o d  
In sec ts
1985. vi +166 pp. Illustrated. 125 
photographs. Softbound.
ISBN 0-935584-32-3.
Members: $40.50; Nonmembers: $45.00.

Enables food sanitation analysts to 
Identify species from all major stored- 
food Insect pest groups.

C la ss if ic a tio n  of V isible 
C a n  D e fe c ts -p o s te r /  
p a m p h le t
1984. 24" x 36" chart. In color with 
photographs. Minimum order, 1 package 
of 10 charts, $40; 2nd package of lO, 
$30; 3rd package of 1Ö, $25.

For rapid identification of can defects.

A n im al Drug A n a ly tic a l 
M a n u a l
1985. xll + 352 pp. Illustrated. Looseleaf with 
binder. ISBN 0-935584-30-7.
Members: $40.95; Nonmembers: $45.50.

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

P rinc ip les of F o o d  A nalysis 
for Filth, D e c o m p o s it io n , a n d  
F o re ig n  M atter-FD A  
T e c h n ic a l  Bulletin No. 1
1981. 286 pp. 2nd printing, 1985. Illustrated. 
Softbound. ISBN 0-935584-33-1.
Members: $39,60; Nonmembers: $44.00.

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

FDA F o o d  A dd itives  
A n a ly tic a l M a n u a l (FAAM) 
V o lu m es  I a n d  II
Volume I -1983. 2nd printing, 1988. xv + 364 
pp. Illustrated. Softbound.
ISBN 0-935584-22-6. Volume II - 1987. 
xlv + 346 pp. Illustrated.
ISBN 0-935584-34-X.
Members: $41.40 each volume; 
Nonmembers: $46.00 each volume.

ORDER THESE A O A C  F O O D  ANALYSIS 
PUBLICATIONS TODAY!
To order, please note quantity desired in the box 
beside each title; then complete and mail (or pho
tocopy) this page and payment or credit card in
formation to:
AOAC 
Suite 400-J
2200 Wilson Boulevard 
Arlington, VA 22201-3301 USA 
(703) 522-3032, FAX (703) 522-5468

Total Book Order $----------------
All prices Include handling and shipping.

□  Check enclosed.
□  Charge my □  VISA □  MasterCard.
Card Number_________________ Expires------------------
Signature___________________ Date----------------------
US funds drawn on US banks only
Send to: (Please Print)

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

□  T raining M a n u a l for
P  A n a ly tic a l E n to m o lo g y  in th e  

F o o d  Industry-FD A T e c h n ic a l 
Bulletin No. 2

1978.184 pp. Looseleaf.
ISBN 0-935584-11-0.
Members: $24.75; Nonmembers: $27.50.

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

Name

Organization

Street Address

City

State (Country) Zip
Member No. VM_________________________ is required
to qualify for member price.
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needs to be eliminated, this easy to 
use hand sampler withdraws soil 
cores % inch in diameter and up to 12 
inches in length. Soil cores are totally 
enclosed in 16 inch acetate liners that 
are easily inserted and removed from 
the soil tube. Oakfield Apparatus, 
Inc.
Circle No. 325 on reader service card.

Hydrogen Generator
A new hydrogen generator is avail
able with many desirable features 
compared to older models. The Mod
el 8200 hydrogen generator features 
a more reliable, higher capacity cell 
providing hydrogen flowrates of up 
to 250cc/min at 60 psi. A larger wa
ter reservoir allows for longer run
ning times between refills, and sever
al safety features have been added. 
Like the older models, only pure wa
ter needs to be added. This means no 
risks of handling highly caustic solu
tions. Alltech Associates, Inc.
Circle No. 326 on reader service card.

Sanitary, Automatic Washbottle
A new washbottle allows the user to 
direct a controlled forceful jet of 
washing or rinsing liquid in virtually 
any direction, and stops almost im
mediately as needed. The washbottle 
is easily operated by either hand, 
leaving one hand free for other needs. 
Because of its sanitary design, the 
spread of disease organisms is mini
mized. Guth Products Co.
Circle No. 327 on reader service card.

Lamps Specifically for Spectroscopy 
Applications

The series D800/900 Deuterium 
Lamps produce a continuous line free 
spectrum in the UV range between 
160 and 360 nm. They are an ideal 
source of optical rays for spectral 
photometers, flourometers, refrac- 
tometers, chromatographs, other 
photometric equipment, and atomic 
absorption spectroscopy. Lamp 
Technology Inc.
Circle No. 328 on reader service card.

Refractive Index Detector
With an exceptionally wide RI range 
from 1.00 to 1.75, The ShodexSE-61 
refractive index detector supports 
more applications than ever before. 
Detection limits of <1 /¿g/mL for 
sugars in water make its sensitivity 
unmatched among RI detectors. The 
signal-to-noise ratio is excellent. 
Drift is <1.5 X 10“7 RlU/h. Spec- 
tra-Physics.
Circle No. 329 on reader service card.

Motorized Pipet for 96-Well Plates
The eight-channel, 250 /uL EDP-Plus 
M8 motorized electronic pipet is de
signed for use with 96-well plates. 
Five liquid measurement modes can 
be selected: pipet, multiple dispense, 
dilute, titrate, and measure. In addi
tion, EDP-Plus M8 can mix liquids 
after dispensing, and can pick up and 
deliver up to 12 programmed vol
umes in each of three modes. Rainin 
Instrument Co.
Circle No. 330 on reader service card.

/ / A /J

T h e  C lo c k  Is  T i c k in g . .  
o n  t h is
Im p o r t a n t  D e a d lin e !

A b s t r a c t s A p r i l  1 6 ,  1 9 9 0

AOAC 1 0 4 th
A n n u a l  I n t e r n a t i o n a l  M e e t i n g  i n  N e w  O r l e a n s
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I n d i s p e n s a b l e  S t a t i s t i c a l  
R e f e r e n c e  B o o k s

for
E v e r y  A n a l y t i c a l  

S c i e n t i s t
STATISTICAL MANUAL OF THE AOAC
D o - i t- y o u r s e lf  s ta tis tic a l tech n iq u es f o r  in te r la b o ra to ry  c o lla b o ra tiv e  te s ts

W.J. Youden and E.H. Steiner
This manual is a composite, with revisions, of two publications — Statistical Techniques fo r  Col

laborative Tests, by the late W.J. Youden, and Planning and Analysis o f  Results o f  Collaborative 
Tests, by E.H. Steiner — for use in statistical analysis regarding interlaboratory collaborative 
tests. The manual also presents guidelines for planning collaborative tests.

Written as a “ do-it-yourself” manual for those with little or no experience with formal 
statistics, this publication presents simple and flexible statistical techniques, using examples 

related to familiar questions concerning the significance of apparent differences among 
results. It introduces the analysis of variance technique with examples of its use with inter

laboratory tests.

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

1975. 5th printing, 1987. 96 pages. With illustrations. Softbound. ISBN 0-935584-15-3.
Price—Members: S22.55 in U.S., $27.55 outside U.S. Nonmembers: $24.50 in U.S., $29.50 outside U.S. 
Prices include handling and shipping.

USE OF STATISTICS TO DEVELOP AND
EVALUATE ANALYTICAL METHODS

c, W in ner o f  th e  A m eric a n  S ta tis t ica l A s so c ia tio n  1987  W .J. Y ouden  A w a r d  in
In te r la b o ra to ry  T esting.

Grant T. Wernimont, Author 
William Spendley, Editor
Use o f  Statistics is a natural extension of and a valuable addition to the classic Youden-Steiner, 

Statistical Manual o f  the AOAC.

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

variability.

The book reviews the basic operations in the process of making measurements, offers sug
gestions for planning experimental work so that appropriate statistical methodologies can be 

used to interpret results, includes a number of experimental plans for developing and modifying 
analytical procedures, and discusses evaluation of data.

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

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

1985. 2nd printing, 1987. xvi + 183 pages. 11 figures. 54 tables. Index. Glossary. Softbound. ISBN 
0-935584-31-5.
Price—Members: $49.55 in U.S., $54.55 outside U.S. Nonmembers: $54.50 in U.S., $59.50 outside U.S. 
Prices include handling and shipping.

To order, specify the book(s) you wish to purchase and send with your check or credit card information (VISA or MasterCard 
number, expiration date, signature, date) and your name and address to:
AOAC, 2200 Wilson Blvd., Ste. 400-J, Arlington, VA 22201-3301 USA 

(703) 522-3032, FAX (703) 522-5468
(U.S. funds on U.S. banks only)
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F o r  Y o u r  I n f o r m a t i o n

M eetings
A p r il 2 -6 , 1990: AO AC Analytical 

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

A p r i l  9 - 1 0 ,  19 9 0 : Mid-Canada 
AOAC Regional Section Meeting. 
Contact: Ezzat A. Ibrahim, Manitoba 
Agriculture, University of Manitoba, 
Feed Analysis Agriculture Service Co., 
Winnipeg, MB R3T 2X7, Canada, tele
phone 204/945-7675.

M a y 7 -9 , 1990: Northeast AOAC 
Regional Section Meeting. Contact: 
Jon Schermerhorn, New York State 
Dept of Agriculture and Markets, 1220 
Washington, Albany, NY 12235, tele
phone 518/485-8098.

M ay 1990: Eastern Ontario-Quebec 
AOAC Regional Section Meeting. 
Contact: Mireille Gougeon, Institut 
Armand Frappier, 531 Boul des Prai
ries, Laval, PQ H2N 4Z3, Canada, 
telephone 514/687-5010.

M ay 10, 1990: New York-New Jer
sey AOAC Regional Section Meeting. 
Contact: Jeff Singer, Pall Corp., 30 
Seacliff Ave, Glencove, NY 11542, 
telephone 516/671-4000.

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

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

June 2 1 -2 2 ,1 9 9 0 :  Pacific Northwest 
AOAC Regional Section Meeting. 
Contact: Steve Pope, Environmental 
Protection Agency, PO Box 549, Man
chester, WA 98353, telephone 206/ 
442-0370.

S e p te m b e r  1 0 - 1 3 ,  1990 : 104th 
AOAC Annual International Meeting 
and Exposition. The Clarion Hotel, 
New Orleans, LA. Contact: AOAC 
Meetings Department, Suite 400, 2200 
Wilson Blvd, Arlington, VA 22201- 
3301, telephone 703/522-3032.

O ctober 11 -12 , 1990: AOAC/Eu

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

H arvey W. Wiley A w ard to  Landis W. 
Doner

Landis W. Doner, a research chemist 
in the Plant Science Research Unit at 
the Eastern Regional Research Center,
U.S. Department of Agriculture, in 
Wyndmoor, PA, has been named to re
ceive AOAC’s 1990 Harvey W. Wiley 
Award, the most pregious recognition 
extended by AOAC for outstanding 
contributions to methodology. He will 
receive the Wiley Award at the opening 
session of the 104th AOAC Annual In
ternational Meeting and Exposition in 
New Orleans, LA, September 10-13, 
1990.

Doner is internationally recognized 
for developing methods to combat food 
adulteration; analytical LC methods 
for sugars, vitamin C, and alkaloids; 
and HPTLC of sugars, and has devel
oped new concepts and techniques of 
considerable interest to science. In the 
field of food adulteration, conventional 
analytical approaches are not sufficient 
for detecting the sophisticated adulter
ations that are practiced today. A high 
degree of creativity is required to ex
tend existing theory and methodology 
and combat such economic frauds. 
Contributions to this and other areas of 
particular significance to analytical 
methodology and to AOAC garnered 
the Wiley Award for Doner.

For more than 20 years, Doner has 
been concerned wtih evidence that 
adulteration is widespread. His re
search in the 1970s concentrated on 
adulteration with products derived 
from corn or sugar cane and revealed 
that sugars in honey and apple and or
ange juices possess characteristic stable 
isotope ratios of carbon-13: carbon-12. 
Doner, in collaboration, established the 
uniformity in carbon-13:carbon-12 ra
tios of domestic and imported honey 
samples, providing the basis for using 
this ratio to detect the presence of 
HFCS in honey. As a result of a suc
cessful collaborative study, the SCIRA 
(stable carbon isotope ratio analysis)

method for honey adulteration was 
adopted by AOAC, and with Doner’s 
leadership as AOAC Associate Referee 
in the area of isotope ratio analysis, 
SCIRA analyses have been extended to 
include detection of apple and orange 
juice adulteration.

Doner has also recently completed an 
AOAC collaborative study based on 
measurement of oxygen-18:oxygen-16 
ratios in juice water as an indicator of 
adulteration. This is in response to un
scrupulous, but scientifically astute 
processors, who have begun adulterat
ing with beet invert syrups, which are 
not detectable on the basis of carbon 
isotope variations. This has been the 
major adulteration problem facing the 
orange juice industry. In addition, 
Doner has recently reported on a spec- 
trometric determination of carbon- 
bound D/H ratios in orange sucrose, 
which, if applied, could result in signifi
cant decreases in orange juice adultera
tion with sugar beet derived syrups.

In work at the USDA Plant Science 
Research Unit, Doner is carrying out 
current research entitled “Reduction of 
Postharvest Microbial Spoilage: Role 
of Plant Extracellular Matrix in Resis
tance.” The objectives of his work are to 
isolate and characterize cell well associ
ated enzymes, hydroxyproline-rich gly
coproteins, and polysaccharides, and to 
examine their interactions with patho
genic microorganisms. His special em
phasis through independent and collab-
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A Handbook on 
How to Set Up or Improve 

Laboratory Quality 
Assurance Programs

Quality Assurance Principles 
for Analytical Laboratories

by Frederick M. Garfield 
former Assistant Administrator 

US. Drug Enforcement Administration

T his h a n d b o o k  p rov id es essen tia l inform a
tion  n eed ed  to  d esign , d o cu m en t, im plem ent, 
or im p rove a laboratory quality assurance p ro
gram  . . .  A program  that can  en ab le y o u  to  
d o cu m en t th e  cred ib ility  o f  you r laboratory’s 
analytical data.

T h e h a n d b o o k  a lso  p rov id es a rational and  
so lid ly  b ased  justification for co m m itm en t o f  
resou rces to  im p ro v ed  laboratory operation .

D raw in g  from  p ub lish ed  prin cip les, prac
tices, gu id e lin es, and  p roced u res, th e  b o o k  
brings togeth er  th e  ex p er ie n c es  o f  ex p erts  w h o  
have d e v e lo p e d  an d  im plem en ted  successful 
“ QA” program s.

CONTENTS:
Chapters —
I. A dm inistrative C onsideration s
II. P ersonn el M anagem ent
III. M anagem ent o f  E q uipm ent and  Supplies
IV. R ecords M aintenance
V. Sam ple A nalysis
VI. P rofic ien cy  T esting
VII. Audit P roced ures
VIII. D esign  and  Safety o f  Facilities
IX. Laboratory A ccred itation  Program s and  

G o o d  Laboratory' Practices R egulations
on U.S. banks only).

Appendices —
A. Q uality  A ssurance P ub lications  

and  Program s
B. Form s U sed  b y  U.S. Federal A gen cies
C. Instrum ent P erform ance C heck s
D. C ontro l Charts
E. FDA Audit M easure P rocedures
F. Safety P ublications
G. G lossary

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

Price—Members: S43.25 in U.S., $48.25 outside U.S. 
Nonmembers: $47.50 in U.S., $52.50 outside U.S. 
Prices include handling and shipping.

QUALITY 
ASSURANCE 
PRINCIPLES For 
ANALYTICAL 
LABORATORIES
fmSvrtck M Oomsld

Since 1884

AQAC

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

information (VISA or 
MasterCard number, 

expiration date, signature, 
date) with your name and 
address to: AOAC, 2200 
Wilson Blvd., Ste. 400-J, 

Arlington, VA 22201-3301 
USA. (703) 522-3032, FAX 
(703) 522-5468. (U.S. funds
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orative research is in the structural and 
analytical areas.

Doner has also conducted research 
since the early 1980s resulting in great
ly improved analytical method for sug
ars, vitamin C, and secondary plant me
tabolites, and developed an aminopro- 
pyl bonded phase HPTLC plate, which 
provides carbohydrate chemists with 
plates analogous to commercially avail
able aminopropyl silica HPLC col
umns.

The author of 88 publications, Doner 
holds a B.S. degree from Winona State 
University, Winona, MN, and M.S. de
gree from North Dakota State Univer
sity, and a Ph.D. degree from Purdue 
University. He is a member of AOAC, 
as well as the American Association for 
the Advancement of Science, and the 
American Chemical Society’s Carbo
hydrate Division, Agricultural and 
Food Chemistry Division, and Philadel
phia Section.

Help W anted for “M ethods of Air 
Sampling and A n alysis”

The Intersociety Committee on 
Methods of Air Sampling and Analysis 
is soliciting members of AOAC who are 
interested in participating in preparing 
the fourth edition of the book “Methods 
of Air Sampling and Analysis.” Pro
posed additional or updated topics in
clude a new chapter on statistics, quali
ty assurance, spiking, radioactive pol
lutants, indoor air pollutants, air toxics, 
asbestos, acid rain, impactors, continu
ous emission monitors, and visibility 
standards. Members of AOAC who are 
interested are invited to contact their 
representative and to indicate their ar
eas of expertise.

R eference Materials D esigned to Help 
Monitor W ater Pollution

Environmental agencies, as well as 
others studying pollution in the nation’s 
waterways, need materials containing 
an accurate composition of various 
compounds as a check to verify the reli
ability of laboratory instruments and 
methods. Now the National Institute of 
Standards and Technology has devel
oped a bottled standard reference mate
rial (SRM) for this purpose. It contains 
marine sediment with a wide range of 
pollutant compounds of interest to envi
ronmental scientists. The sediment ma

terial, which has certified values for 11 
polycyclic aromatic hydrocarbons 
(PAHs), was collected from the Chesa
peake Bay area near Baltimore harbor. 
It is in dry powdered form, which can be 
reconstituted into wet form so that the 
compounds can be extracted by solvents 
for organic analysis. The material also 
contains noncertified values for other 
PAHs, polychlorinated biphenyls, and 
chlorinated pesticides. It is available 
from the Office of Standard Reference 
Materials, NIST, Room 204, Building 
202, Gaithersburg, MD 20899. The 
SRM is among the more than 1,000 
SRMs available in NIST’s inventory. 
Each year about 44,000 units are sold 
to over 10,000 customers throughout 
the world.

Interim First Action M ethods
The following methods have been re

viewed by the appropriate General Ref
eree, Committee Statistician, and 
Methods Committee, and have been 
approved interim official first action by 
the Chairman of the Official Methods 
Board: by the Committee on Pesticide 
Formulations and Disinfectants—(7) 
Gas chromatographic method for de
termination of p ,p '-DDT in DDT tech
nical and formulated products, submit
ted by D. L. Mount and F. C. Churchill 
(Centers for Disease Control, Center 
for Infectious Diseases, Division of Par
asitic Diseases, Atlanta, GA); (2) Liq
uid chromatographic method for deter
mination of technical deltamethrin and 
deltamethrin in pesticide formulations, 
CIPAC-AOAC method, submitted by 
A. R. Hanks (Purdue University, Dept 
of Biochemistry, West Lafayette, IN); 
by the Committee on Drugs and Relat
ed Topics—Liquid chromatographic 
method for determination of penta- 
erythritol tetranitrate in pharmaceuti
cals, submitted by M. Carlson (U.S. 
Food and Drug Administration, Min
neapolis, MN); by the Committee on 
Foods I—Atomic absorption spectro
scopic method for determination of po- 
lydimethylsiloxane residues in pineap
ple juice, submitted by R. D. Parker 
(Dow Corning Ltd, Barry, U.K.); by 
the Committee on Foods II—ASBC 
steam distillation method for determi
nation of essential oil in hops and hop 
pellets, submitted by P. W. Gales (An
heuser-Busch, Inc., St. Louis, MO); by

the Committee on Microbiology and 
Extraneous Materials—(7) Improved 
hydrophobic grid membrane filer 
(ISO-GRID) method for detection of 
S alm on ella  in foods, submitted by P. 
Entis (QA Laboratories, Ltd, Toronto, 
Ontario, Canada); (2) Presumptive 
identification by Vitek Gram-Negative 
Identification Card of S alm on ella , E s
cherichia coli, and other E nterobacter- 
iaceae isolated from foods, submitted 
by M. T. Knight, D. W. Wood, J. F. 
Black, G. Gosney, R. O. Rigney, and J. 
R. Agin (Q Laboratories, Inc., Cincin
nati, OH) and C. K. Gravens and S. M. 
Farnham  (Vitek Systems, Inc., 
Hazelwood, MO).

The methods will be recommended 
for adoption official first action at the 
104th AOAC Annual International 
Meeting, September 10-13, 1990, at 
New Orleans, LA. Copies of the meth
ods are available from AOAC Scientif
ic Publications.

H arvey W. Wiley A w ards Fund 
Contributors

The following members of AOAC 
have contributed to the Harvey W. Wi
ley Awards Fund: Otto Ackermann, 
Thomas G. Alexander, Canan D’Avela, 
Raymond J. Barber, Mark Billedeau, 
Leon Boyar, Juan Carlos Medina Bra
vo, Howard Casper, Charlie S. Chang, 
Forrest W. Cross, James W. Fitzger
ald, Michael G. Goergen, Willie L. 
Hinze, Tetslya Kato, Paul G. King, Leo
J. Lipinski, Jr, Janusz L. Lorenz, Ste
phen Ludvig, Frank G. Pilkiewicz, For
rest W. Quackenbush, Ulysses S. Rhea, 
Robert C. Rund, Peter M. Scott, 
Odette L. Shotwell, Bernard F. Taylor, 
John K. Taylor, Bradley L. Thompson, 
David C. Woollard, and Cas Woss.

The Harvey W. Wiley Award Fund 
was established in 1956 to honor Har
vey W. Wiley, “Father of the Pure 
Food Laws” and a founder of AOAC. 
This fund supports the Harvey W. Wi
ley Award for the Development of Ana
lytical Methods and the Harvey W. Wi
ley Scholarship Award. Contributions 
to sustain the Harvey W. Wiley 
Awards Fund will be appreciated and 
should be sent to AOAC.

N ew  Sustaining M em bers
AOAC welcomes the following new 

private sustaining members: Kuwait
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Institute for Scientific Research, Safat, 
Kuwait, and Ohio Dept of Agriculture, 
Reynoldsburg, OH.

Fifteenth Edition of Official M ethods of 
Analysis Published

The new 15th edition of O fficial 
M eth ods o f  A n a lysis, just published, 
comprises all the official methods of the 
Association.

For the First time, the methods have 
been published as a two volume set, and 
all have been assigned permanent refer
ence numbers. New features are also 
representative of the increasing scope 
and technology of analytical chemistry, 
including methods on near infrared, 
ELISA, and DNA hybridization tech
niques.

While the number of AOAC official 
methods and the scope of their applica
tions has multiplied dramatically in the 
past 100 years, the meaning and signifi
cance of the designation “AOAC offi
cial methods” has not changed. The 
term has consistently identified accu
rate, reproducible, and proven methods 
that have been validated through inter
laboratory testing and found accept
able by AOAC. The 15th edition of O f
f ic ia l M eth ods o f  A n a lysis continues 
the AOAC tradition as a recognized 
international source of methods that 
are definitive for their recommended 
uses and conditions.

The AOAC bylaws define official

methods and outline the procedure for 
their adoption. Methods of analysis are 
adopted as official first action and offi
cial final action. No method is adopted 
“official first action” until it has been 
recommended by the appropriate Gen
eral Referee and Methods Committee. 
A method is adopted “official final ac
tion” only after the adoption of such 
method as “official first action.” In 
both cases, the method must be ap
proved by vote of the membership at the 
annual business meeting. A two thirds 
majority of the voters present and vot
ing is necessary for approval.

Both the first action and the final 
action methods are official and desig
nate full acceptance by AOAC. Most 
first action methods are elevated to fi
nal action status after at least 2 years of 
official recognition. However, as stated 
in the Preface to the 8th edition, 
“ . . . the distinction is more one of sci
entific courtesy than a difference in sta
tus. The same degree of performance is 
required by the Association for adop
tion of a method as first action as is 
required for its adoption as official. 
Since it is impossible for all chemists 
affected by a given method to partici
pate in the collaborative study and since 
it is impossible to perform the study on 
all possible types and variations of sam
ples that may be encountered in routine 
work, the Association, by custom, has 
provided the opportunity for those in

terested in the method to study it fur
ther before its final adoption.” In in
stances where no feedback on a method 
occurs, it might remain in first action 
status. This does not affect the validity 
of the method, since it has passed all the 
requirements for official recognition, 
including vote by the membership.”

A sampling or sample preparation or 
other type of procedure for which an 
interlaboratory study is impractical 
may be adopted as official when accu
mulated data or statistically planned 
studies indicate that the procedure is 
reliable. On recommendation of the 
General Referee and Methods Com
mittee, these are adopted by the mem
bership as “procedures.”

An analytical method that has un
dergone interlaboratory study between 
annual meetings and has been approved 
by the appropriate General Referee and 
by the Method Committee, and Chair
man of the Official Methods Board is 
designated “interim official first ac
tion” until the Association votes on full 
acceptance at the first subsequent an
nual meeting. This procedure serves to 
alert interested analysts and adminis
trators to emerging methods that will 
be voted on at the next annual meeting.

The 15th edition of O fficia l M ethods  
o f  A n a lysis may be ordered now from 
AOAC for immediate delivery.

COMING IN THE NEXT ISSUE
SPECIAL REPORTS__________________________________________________________

•  Evaluation of Protein Digestibility-Corrected Amino Acid Score Method for Assessing Protein Quality of 
Foods—G h u la m  S a rw a r  an d  F rank E . M cD onough

•  Liquid Chromatographic Approaches to Antibiotic Residue Analysis— W illia m  A . M o a ts

METALS AND OTHER ELEMENTS
•  Continuous Flow Vapor Generation for Inductively Coupled Argon Plasma Spectrometric Analysis. Part 

I: Selenium—M a r k  L. T ra cy  a n d  G regory  M o lle r

•  Influence of Automatic Dishwashings and Scrubbings on Release of Lead from Glazed Ceramicware— 
John  H . G o u ld , S u sa n  C. F light, G eorge H . A lv a re z , C a th erin e  E. N elso n , an d  S tep h en  G. C a p a r

and
75 YEARS OF REPORTING ANALYTICAL SCIENCE 

1915-1990
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T h a n k s  t o  R e v i e w e r s

Each year at this time, we take the opportunity to convey our gratitude to the hundreds of individuals who voluntarily set aside 
valuable time to assist the Journal o f  the A O  A C  by reviewing submitted manuscripts. The reputation of a scientific journal 
rests on the quality of the science reported therein. Those of you listed below have helped immeasurably to assure the reputation 
of the Journal o f  the A O  A C  by insisting on high standards of experimental design, method execution, and data interpretation. 
Please accept our thanks for your contribution to fulfilling AOAC’s mission.

R. G. Ackman M. J. Charles J. Flawrence J. L. Johnson
V. K. Agarwal A. Y. Chau W. G. Fong P. F. Kane
I. Ahmad H. Cheng J. F. Frank S. E. Katz
D. Anderson V. Chew C. Franklin L. H. Keith
R. Ashley T. C. Chiang N. Frawley P. C. Kelly
S. H. Ashoor M. Chiba D. C. Fung S. Kevra
A. M. Au F. S. Chu W. A. Garland E. J. Kikta
R. Bailey D. Clark C. Garner H. J. Kim
R. J. Baker W. P. Cochrane F. C. Garner D. Kindack
E. W. Balcer R. J. Cole L. T. Gelbaum T. C. Knott
R. Baldwin M. R. Coleman J. Gilchrist Y. Konishi
J. Balsinger B. A. Colenutt G. Gipson W. A. Korfmacher
R. Bandler M. K. Conditt U. Goff S. Kornfeld
D. M. Barbano R. F. Cook J. Grant R. T. Krause
F. Barbatsch E. D. Coppola R. Grappin B. Krinitz
C. J. Barnes P. E. Corneliussen J. Gray D. A. Krueger
R. W. Beaver J. E. Cowell F. M. Gretch I. Krull
R. L. Beine D. Craven H. Grill F. Lancaster
F. Belken D. G. Cunningham P. A. Guarino W. 0. Landen
S. Bell M. E. Cutrufelli R. A. Guinivan R. D. Larson
S. Bellman M. Czech D. F. Gurka R. R. Laski
G. A. Bennett R. W. Dabeka J. Haas D. R. Lauren
D. A. Benton P. K. Dadgupta C. C. Hach T. L. Lavy
J. Benton-Jones B. A. Dawson H. C. Hamaker M. W. Law
D. Bernard V. K. Dawson A. Harding G. L. Lebel
M. Bicking A. Dekok E. E. Hargesheimer M. Lebelle
L. Bighley R. A. Depalma M. Hasselberger J. A. Lebo
P. D. Bland A. V. Del Grosso D. C. Havery L. S. Lee
S. 1. Blittman D. E. Dixon-Flolland D. L. Heikes S. Lee
J. A. Boatman J. W. Dolan C. J. Henry J. Lepore
J. L. Boese K. F. Donahue J. Hershey S. Lesage
K. W. Boyer L. W. Doner C. Hesseltine D. Leyden
M. Brady A. L. Donoho R. Highet V. Lopez-Avila
W. P. Brindly G. M. Doose D. A. Hinckley E. M. Lores
M. Brooks J. W. Dorner C. A. Hitchcock E. G. Lovering
M. W. Brooks H. Dorough R. A. Hites W. Loy
K. Brunnemann J. M. Dunham C. Ho R. G. Luchtefeld
C. Brunner J. Dziedzic W. Holak R. C. Lundstrom
W. Buchholz D. B. Easty G. Hoogenboom J. A. Maga
W. Bucholz J. Eble C. Hope J. M. Magnuson
V. Burse S. Eisenberg M. L. Hopper R. E. Majors
L. C. Butler R. G. Elkin L. Q. Huang A. J. Malanoski
A. D. Candlish R. Eppler W. Hunter E. L. Malin
S. G. Capar D. Erney S. Hurlbert V. N. Mallet
A. Caputi A. A. Fatmi H. E. Hurst H. Marks
W. F. Carey E. Fedeli W. Hurst P. Marquis
G. Carignan M. Feeney M. Ihnat R. C. Massey
M. P. Carlson N. V. Fehringer R. A. Isaac D. A. Masterorocco
E. E. Cary W. Fiddler A. V. Jain J. D. Mattice
A. J. Cessna D. Firestone W. G. Jennings M. S. Maynard
L. Chafetz D. L. Fish F. L. Joe F. D. McClure
D. Chaput J. Fisk D. B. Johnson F. McClure
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S. McCormick R. J. Pierce J. N. Seiber J. F. Suprock
K. A. McCully W. Pilnik N. P. Sen R. A. Sweeney
R. F. McFeeters R. M. Pollman P. Shea K. Takatsuki
B. D. McGarvey I. Pomerantz E. Sheinin G. Takeoka
E. D. McGary W. G. Potter A. J. Sheppard K. Tanaka
E. J. McGonigle H. A. Price J. Sherbon R. F. Taylor
D. I. McGregor R. L. Price J. Sherma M. H. Thomas
G. McKay S. M. Prinsloo D. L. Shotwell J. Thompson
V. J. Meinen L. Prosky R.Shoup C. Thorpe
D. Millie M. Rabinowitz D. H. Sieh S. Ting
C. V. Mitchell H. S.Ragheb R. C. Sims D. F. Tompkins
W. A. Moats S. Ramesh M. Singh V. Trost
R. M. Montgomery K. Ramsteiner B. B. Sithole W. J. Trotter
B. Mopper W. Ratnayaki P. T. Slack M. W. Trucksess
M. A. Morgan R. Reding R. V. Slates R. Tscherne
M. F. Morselli L. Reiman J. E. Slayton L. G. Tuinstra
D. J. Murray K. Reimann R. L. Smallidge J. F. Uthe
E. Neidert E. P. Reyes D. Smith J. P. Van Buren
J. Neucere H. L. Reynolds L. M. Smith P. J. Van Soest
G. A. Neville B. D. Ripley L. R. Smith J. T. Vanderslice
W. Newsome T. R. Romer S. Solieau T. L. Veum
E. C. Nicolas J. D. Rosen T. D. Spittler A. B. Vilim
T. Nowicki F. Ross J. A. Springer D. Wagner
G. Nygard L. Ross S. Spurlin C. R. Warner
D. D. Oehler P. F. Ross K. Stainbrecher J. D. Weber
C. Olieman S. C. Ross H. Stan M. M. Wekell
F, I. Onuska G. Rottinghaus W. F. Staruskiewicz S. D. West
B. O. Page N. W. Rowe W. Staruszkiewicz L. Weston
S. W. Page J. Rudling B. Stavric C. Wetherell
P. J. Palermo R. C. Rund E. Steffen L. D. Wilken
C. H. Parfitt G. E. Russell K. Steinbrecher T. D. Wilson
D. L. Park A. M. Rustum F. H. Steinke G. Wogan
M. D. Parkins E. Sarnoff J. T. Stewart B. L. Worobey
O. W. Parks G. Sarwar D. B. Stonys D. Wright
W. Pask L. D. Sawyer N. Strojny D. P. Wright
J. T. Peeler W. S. Saxton J. Strom H. Wu
J. J. Pestka R. A. Scanlan R. D. Stubblefield R. L. Yates
D. R. Petrus U. S. Schwertschlag R. J. Stubbs E. W. Zahnow
R. E. Phillips P. M. Scott D. M. Sullivan R. W. Zumwalt 

L. C. Zygmunt

UPCOMING AOAC ANNUAL MEETINGS

1 0 4 th AOAC Annual International Meeting in New Orleans, Louisiana
September 1 0 - 1 3 , 1 9 9 0

1 0 5 th AOAC Annual International Meeting in Phoenix, Arizona
August 1 2 - 1 5 , 1 9 9 1
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The United States Pharmacopeia, 22nd 
revision, and The National Formu
lary, 17th edition. Published by The 
United States Pharmacopeial Con
vention, Inc., 12601 Twinbrook 
Pkwy, Rockville, MD 20852, 1990. 
2,067 pp. Price: $250.00 (main vol
ume and all 1990 supplements).

The 22nd revision of The United 
States Pharmacopeia and the 17th edi
tion of The National Formulary, the 
official U.S. compendia of standards 
for drugs and the inactive ingredients in 
drug dosage forms, have been com
bined, for the third time, into a single 
volume. Together, they publish all the 
legally enforceable standards set by the 
United States Pharmacopeial Conven
tion, Inc., (USP), on the strength, qual
ity, purity, packaging, and labeling for 
drugs used in the United States. The 
United States Pharmacopeia includes 
nearly 3,000 monographs on drug sub
stances and dosage forms; The Nation
al Formulary includes approximately 
250 monographs on inactive agents or 
excipients known as pharmaceutic in
gredients. Where an article is used as 
both a therapeutic agent and a pharma
ceutic ingredient, it is included in The 
United States Pharmacopeia, with a 
cross-reference from The National 
Formulary to that USP monograph. A 
combined index facilitates reference to 
the contents of the respective compen
dia.

Standard M ethods for the Examination 
o f W ater and W astewater, 17th edi
tion. Edited by Lenore S. Clesceri, 
Arnold E. Greenberg, and R. Rhodes 
Trussell. Published by American 
Public Health Association, 1015 
15th St, NW, Washington, DC 
20005, 1989, 1,644 pp. Price: 
$120.00 ($96.00 for A PH A , 
AWWA, and WPCF members). 
ISBN 0-87553-161-X.
This internationally acclaimed refer

ence includes more than 300 methods 
with step-by-step procedures for precise 
analysis of chemical constituents, sani
tary quality, physical, and biological 
characteristics of water and wastewa
ter. In all, more than 60 sections have 
been revised and 30 new methods added 
to reflect the latest technological ad-

B o o k s  i n  B r i e f

vances and regulatory requirements. 
These major changes make the 17th 
edition of “Standard Methods” the 
most comprehensive, up-to-date compi
lation of water and wastewater analysis 
methods available anywhere.

Hazardous W aste M inim ization M an
ual for Small Quantity Generators, 
2nd edition. Published by the Center 
for Hazardous Materials Research, 
University of Pittsburgh, Applied 
Research Center, 320 William Pitt 
Way, Pittsburgh, PA 15238, 1989. 
300 pp. Price: $40.00.

In understandable language, this 
manual is a valuable guide to business 
owners and managers on how to ap
proach and implement a pollution pre
vention program and meet the waste 
minimization certification require
ments of EPA. Industry can no longer 
afford to handle wastes after they are 
generated. Costs for disposal and treat
ment are soaring, requiring industry to 
explore new approaches and technol
ogies to reduce hazardous wastes before 
they are generated. A special chapter of 
the manual targets waste reduction 
techniques for 11 specific industries. In 
addition, organizations and sources 
that can provide additional assistance 
in waste minimization are listed for 
each of the 50 states. This manual is an 
update of the first edition, which was 
awarded the 1988 Environmental 
Achievement Award for the best envi
ronmental product for the U.S. EPA 
Region III Center for Environmental 
Learning.

Cosmetic and Toiletry Formulations, 
2nd edition. By Ernest W. Flick. Pub
lished by Noyes Data Corp., Mill Rd 
at Grand Ave, Park Ridge, NJ 
07656, 1989. 964 pp. Price: $125.00. 
ISBN 0-8155-1218-X.

More than 1,800 cosmetic and toilet
ry formulations are described in the 
second edition of this well-received and 
useful book. The book is based on infor
mation obtained from industrial com
panies and their organizations. The 
data represent selections from manu
facturers’ descriptions, in their own 
words, made at no cost to, nor influence 
from, the makers or distributors of

these materials. Only the most recent 
formulas have been included. It is be
lieved that all of the tradenamed raw 
materials listed are currently available, 
which will be of utmost interest to read
ers concerned with raw material discon
tinuances.

Hazardous W aste M anagement Facili
tates Directory: Treatment, Storage, 
Disposal, and Recycling. By U.S. En
vironmental Protection Agency, Ver- 
sar, Inc., and Camp Dresser & 
McKee, Inc. Published by Noyes 
Data Corp., Mill Rd at Grand Ave, 
Park Ridge, NY 07656, 1989. 327 
pp. Price: $64.00. ISBN 0-941459- 
02-0.

This book provides a listing of 1,045 
commercial hazardous waste manage
ment facilities, along with information 
on the types of commercial services of
fered, e.g., treatment, storage, disposal, 
or recycling, and types of wastes man
aged. It is a compilation of recent data 
from EPA data bases. Facility name, 
address, contact person, and phone 
number are listed for each site as avail
able. The purpose of this book is to as
sist in locating pertinent waste manage
ment facilities in specific geographic 
areas.

Algorithms for Chemists. By Jure Zu- 
pan. Published by John Wiley & 
Sons, Inc., 1 Wiley Dr, Somerset, NJ 
08875-1272, 1989. 290 pp. Price: 
$87.95. ISBN 0-471-92173-4.

This book describes and explains the 
many computational methods, and al
gorithms and their implementation, 
throughout the natural sciences in gen
eral, and chemistry in particular. The 
book is divided into three sections: data 
representation, data preprocessing, and 
data handling. It provides the chemist 
(or anyone interested in computerized 
data handling) with basic procedures 
encountered in the routine use of ex
perimental data: from random number 
generation to two-dimensional pattern 
(image) processing. Among others, 
there are methods for handling chemi
cal structures, different transforma
tions, clustering, optimization, pattern 
recognition, cellular automata, and 
fundamentals of expert system design.
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I n s t r u c t i o n s  t o  A u t h o r s

Scope o f Articles and Review Process
T h e Journal of the AOAC p u b lish es artic les  
that p resent, w ith in  the fields o f  in terest o f  
the A sso c ia tio n : u n p u b lish ed  orig inal re
search; n ew  m eth od s; further stu d ies  o f  pre
v io u sly  p u b lish ed  m ethods; background w ork  
lead in g  to  d ev e lo p m e n t o f  m eth od s; c o m 
p ila tio n s o f  a u th en tic  data  o f  co m p o sit io n ;  
m o n ito r in g  data  o n  p estic id e , m eta l, and  in 
d ustria l ch em ica l co n ta m in a n ts  in fo o d , t is 
su es, and  th e  en v iro n m en t; tech n ica l c o m 
m u n ic a t io n s ,  c a u t io n a r y  n o te s ,  a n d  
co m m e n ts  o n  tech n iq u es , apparatus, and  re
agents; in v ited  rev iew s and  features. E m 
p h asis  is o n  research  and  d ev e lo p m e n t o f  
precise , accurate, s e n s itiv e  m eth o d s for a n a l
y sis  o f  fo o d s , fo o d  a d d itiv e s , su p p lem en ts  
and  co n ta m in a n ts , co sm e tic s , drugs, to x in s , 
h azard ou s su b stan ces, p estic id es , feed s, fer
tilizers, and  the e n v iro n m en t. T h e  usual re
v ie w  process is as fo llow s: (7 ) A O A C  e d i
torial office tran sm its each  su b m itted  paper  
to  ap p rop riate  su b ject m atter  ed itor , w h o  s o 
lic its  peer rev iew s; (2) ed ito r  returns paper  
to  au th or for rev is io n  in resp on se  to  rev iew 
ers’ co m m en ts; ed ito r  a ccep ts or rejects re
v is io n  and  returns paper to  A O A C  ed itoria l 
office; (3) A O A C  ed itor ia l s ta ff ed its  a ccep t
ed  papers, returns th em  to  au th ors for ap 
proval, and  tran sm its a p p ro v ed  m an u scrip ts  
to  typesetter; (4) typ esetter  sen d s page p roofs  
to  au th or for final ap p roval.

General Information
C on tr ib u ted  m an u scr ip ts accep ted  for p u b 
lica tio n  after p eer rev iew  are su b ject to  a 
charge o f  U S $ 4 0  per prin ted  page. P aym en t  
is  n o t a c o n d itio n  o f  p u b lica tio n , h o w ev er , 
and  w a ivers are granted  on  rece ip t o f  a w rit
ten request to  the M an agin g  E d itor b y an  
ad m in is tra tiv e  officer o f  th e  au th or’s in s t i
tu tion .

F o llo w  th ese  in stru ctio n s c losely ; d o in g  so  
w ill sa v e  t im e  and  rev is io n . F or all q u estio n s  
o f  form at and  sty le  n o t ad d ressed  in  th ese  
in stru ction s, co n su lt recent issu e  o f  Journal 
or current ed itio n  o f  Council of Biology Ed
itors Style Manual
1. W rite in clear, gram m atica l E nglish.
2. T o  M anaging E ditor, A O A C , S u ite  4 0 0 , 

2 2 0 0  W ilso n  B lvd , A rlin g to n , V A  222 0 1  - 
3301 U S A , su b m it typew ritten  original 
plus 3 p h o to c o p ie s  (1 s id e  on ly , w h ite  
b on d . Wi x 11 in . [2 1 V2 x 28  cm ]) o f  
co m p le te  m an u scr ip t in ord er as fo l
lo w s — 1. T itle  page; 2. A bstract; 3. T ext  
(in trod u ction , m eth o d  or ex p erim en ta l, 
resu lts a n d /o r  d iscu ss io n , a ck n o w led g 
m en ts, references); 4 . F igure cap tion s; 5. 
F ootn otes; 6. T a b les w ith  ca p tio n s , o n e  
per page; 7. F igures.

3. Suggest in  a co v er in g  letter th e  n a m es o f  
at least 4 q u a lified  rev iew ers, i.e ., in d i
v id u a ls  engaged  in or versed  in research  
o f  the type reported .

4. D O U B L E  S P A C E  a ll typed m ater ia l.
M an u scr ip ts n o t d o u b le  sp aced  w ill be 
returned for retyp ing. D o  n o t right ju stify  
or use p rop ortional spacing; a v o id  h y 
ph en ation .

5. U se  letter q u a lity  printer for w o rd -p ro 
cessed  m anuscrip ts; m an u scr ip ts pre-

pared on  d o t m atrix  printers o f  less than  le t
ter q u a lity  m ay be refused .

Format and Style
1. T it le  p age (separate sh ee t, d ou b le  spaced): 

T itle  o f  article, au th ors’ n a m es (full first, 
m id d le  in itia l i f  any, full last), au th ors’ 
a d d resses in c lu d in g  m ail cod es.

2. A b stract (separate sh ee t, double spaced): 
< 2 0 0  w ord s. P ro v id e  sp ec ific  in fo rm a 
tio n , n o t gen era lized  sta tem en ts .

3. T e x t (co n secu tiv e  sh ee ts , double spaced):
Introduction. In clu d e in fo rm a tio n  on  

w h y  w ork  w as d o n e , p rev io u s w ork  d on e , 
use o f  c o m p o u n d  or p rocess b ein g  stu d 
ied .

Method or Experimental. C on su lt re
cen t issu e  o f  Journal for proper form at. 
Separate sp ec ia l reagen ts/ap p aratu s from  
d eta ils  o f  p rocedure and  list in sectio n s  
w ith  ap p rop riate  head ings; list in  generic  
an d  p erform ance term s, a v o id  use o f  
brand n am es. (C o m m o n  reagen ts/ap p a
ratus or th o se  w h ich  require n o  specia l 
trea tm en t n eed  n o t be listed  separately .)  
P lace d eta iled  op era tio n s in  separate sec 
t io n s  w ith  ap p ropriate h ead in gs (e.g., 
P reparation  o f  S a m p le , E xtraction  and  
C lean u p ). In clu d e n ecessary  ca lcu lation s;  
n u m b er o f  sign ifican t figures m ust reflect 
accuracy o f  m eth o d . U s e  m etr ic  u n its for 
m e a s u r e m e n ts  o f  q u a n t it ie s  w h e r e v e r  
p o ssib le . W rite Method (r eco m m en d a 
tio n  for use o f  sp ec ific  m eth o d ) in  im 
p era tive  v o ic e  (“ A d d  10 m L  . . . H eat to  
b o ilin g  . . . W ash  flask s” ); w rite Experi
mental (d escr ip tion  o f  lab oratory exp er
im en t) in p a ss iv e  or a c tiv e  v o ic e  (“ T en  
m L  w as ad d ed  . . . W e h eated  to  b o ilin g  
. . . F lasks w ere w a sh ed ” ). N o te  h azard
ou s a n d /o r  carc in ogen ic  ch em ica ls .

Results/Discussion. C ite tab les and  fig
ures c o n se cu tiv e ly  in  tex t w ith  A rab ic  n u 
m erals. Do not in tersp erse tab les and  fig
ures in text.

Acknowledgments. G iv e  b r ie f  thanks  
(n o  soc ia l or aca d em ic  titles) or ack n o w l
edge financia l a id  in th is  section .

References. S u b m itted  papers or un 
p u b lish ed  ora! p resen ta tion s m ay n o t be  
listed  as references; c ite  th em  in tex t as 
u n p u b lish ed  d ata  or personal c o m m u n i
ca tio n s. C ite a ll referen ces to  p rev iou sly  
p u b lish ed  papers or papers in  press in 
n u m er ica l order in  tex t w ith  n u m b er in  
p aren theses on  lin e (not superscrip t). L ist 
references n u m er ica lly  in  “ R eferen ces” in  
exactly (arrangem ent, p u n ctu ation , ca p 
ita liza tio n , use o f  am persan d , etc .) sty les  
o f  ex a m p les  sh ow n  b elo w  or see  recent 
issu e o f  Journal for less  o ften  u sed  types  
o f  en tries. F o llo w  Chemical Abstracts for 
a b b rev ia tio n s o f  jou rn a l titles .
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5. F ootn otes (separate sh ee t, d ou b le  spaced): 
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“ R ece iv e d  . . . A cce p ted  . . .” line; loca-  
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6. T a b le s  (on e  per page, double spaced): R e 
fer to recent issu e  o f  Journal for proper  
layou t and  sty le , e sp e c ia lly  use  o f  h o r i
zon ta l lin es. D o  n o t draw  in  vertica l lin es. 
In clu d e d esc r ip tiv e  title  su ffic ien t that ta 
b le stan d s a lo n e  w ith o u t reference to  text. 
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p la in  in fo o tn o tes . In d icate  fo o tn o te s  by  
low er case  su p erscrip t letters in  a lp h a 
b etica l order. D o  n o t use  o n e -c o lu m n  ta 
bles; rather, in corp orate  d ata  in  text.

7. F igures: T h e  Journal d o es  n o t pu b lish  
straight lin e ca lib ra tion  curves; sta te  such  
in form ation  in text. D o  n o t d u p licate  data  
in  tab les and  figures. S u b m it orig inal 
d raw ings or b la ck /w h ite  g lo ssy  p h o to 
graphs w ith  orig inal m anuscrip t; p h o to 
co p ie s  are a ccep tab le  o n ly  for rev iew . 
Prepare draw in gs w ith  b lack  In d ia  ink or  
w ith  drafting  tape o n  w h ite  tracing or  
graph paper prin ted  w ith  n on rep rod u c-  
ib le  green ink. U s e  a L eroy letter in g  set. 
p ress-on  lettering, or sim ila r  d ev ice; use 
type at least 2 m m  h igh  to  a llo w  red u ction  
to  page or co lu m n  size . Id en tify  ord in a te  
an d  a b sc issa  an d  g iv e  v a lu e  in  Journal 
sty le  (e.g ., “ W avelen gth , n m .” “ T im e , 
m in ” ). Label cu rv es w ith  letters or n u m 
bers; a v o id  all o th er  le tter in g /n u m b erin g  
on  face o f  figure (see  F igu re cap tions). 
Id en tify  each  figure on  back w ith  n u m b er  
and  a u th o rs’ n am es.

Miscellaneous

A b b rev ia tio n  for liter is L; a b b rev ia tio n  for 
m icron  is jim . D o  n o t ita lic ize  c o m m o n  L at
in ex p ress io n s such  as et al. and  in  v itro; for 
n o m e n c la tu r e  o f  s p e c tr o p h o to m e tr y , gas  
ch rom atograph y, an d  liq u id  ch rom atogra 
phy, fo llo w  practice o f  A m erica n  S o c ie ty  for 
T estin g  and  M ateria ls (in  particu lar, d o  not 
u se “ high p erform an ce ,” “ h igh  p ressu re,” or  
the a b b rev ia tio n  “ H P ” w ith  “ liq u id  ch ro 
m atograp h y” ).

1/89

.1. ASSOC. OFF. ANAL. C H EM . (VOL. 73, NO. 2, 1990) 45A



J A  O  A  C

C u m u l a t i v e  A u t h o r  I n d e x

Allen, L. H„ 322 
Alii, Inteaz, 213 
Almaz, Monir M., 19 
Ando, Keiko, 300 
Arnold, Thomas S., 26 
Baillet, Arlette E., 206 
Banks, Philip A., 298 
Barker, Steven A., 22 
Barton, Franklin E., II, 312 
Baylocq, Danielle, 206 
Beaver, Rodney W., 69 
Beck, Lisa T., 43 
Bennett, Glenn A., 270 
Bidasee, Keshore, 257 
Brady, Marietta Sue, 202 
Brodsky, Michael, 331 
Burton, G. W., 312 
Bush, Parshall B., 298 
Candlish, Alan A. G., 71 
Capar, Stephen G., 320 
Chadha, Rajinder K., 77 
Chang-Yen, Ivan, 257 
Charkhian, Bahram, 22 
Chase, G. William, Jr, 318 
Conacher, Henry B. S., 332 
Cox, Byron L., 26 
Curiale, Michael S., 43, 242, 248 
Dilollo, Antonio, 213 
Dogheim, Salwa M., 19 
Dokladalova, Jarmila, 51 
Donaldson, Susan G., 306 
Dumais, Francean, 213 
Edgell, Kenneth, 276 
Eklund, Cheryl, 35 
El-Tohamy, Mahmoud M., 19 
Emery, Martha, 51 
Etemad-Moghadam, Ali, 35, 223 
Fiddler, Walter, 226 
Fitzpatrick, Tim, 80 
Fox, Terrance L., 242 
Gale, Robert W„ 290 
Gilbertson, Terry J., 26 
Goodbrand, Ian A., 71 
Gordon, Linda J., 266

Gordon, William C., 266 
Gump, Barry H., 35, 223 
Hall, Gregory L., 294 
Halsey, Barbara, 242 
Hashimoto, Kumiko, 300 
Hiraide, Hikaru, 300 
Hoch, Daniel J., 51 
Hollifield, Henry C., 328 
Hollingworth, Thomas A., 35, 223 
Hsieh, Lily C., 22 
Huckins, James N., 290 
Iio, Tomoyuki, 300 
Jaglan, Prem S., 26 
Kane, Peter F., 31, 80 
Katz, Stanley E., 202 
Kautter, Donald A., 211 
Kelly, Patrick C., 58 
Kermasha, Selim, 213 
Kim, Hie-Joon, 216 
Kinae, Naohide, 300 
Klatt, Mary Joan, 43, 248 
Kolar, Kurt, 54 
Kubicek, Marc F., 26 
Lacey, John, 71 
Landen, William O., Jr, 318 
Lapointe, C., 322 
Lawrence, James F., 77 
Lebo, Jon A., 290 
Lilly, Timothy, Jr, 211 
Lopez-Avila, Viorica, 276 
MacDougald, Ormond A., 65 
Malanoski, Anthony J., 231, 235 
Mastrorocco, Donald, 331 
McAllister, J. Sue, 242 
McDowell, Tamera, 22 
McNeal, Timothy P., 328 
Ménard, Cathie, 77 
Meo, Victor A., 35, 223 
Miller, Glenn C., 306 
Miller, W. W„ 306 
Monson, W. G., 312 
Mourer, Charles R., 294 
Mozola, Mark A., 248

Mueller, Thomas C., 298 
Nasr, Eslam N., 19 
Nesheim, Stanley, 260 
Newell, Richard F., 260 
Nicholls, Anthony C., 12 
Noffsinger, James B., 51 
Ohta, Kunio, 300 
Omura, Masami, 300 
Orcutt, Anne, 31 
Park, Douglas L., 260 
Pensabene, John W., 226 
Pestka, James J., 65 
Phillips, John G., 35, 223 
Ramakrishna, Nannapaneni, 71 
Robison, Barbara J., 43 
Rutherford, Bonnie S., 287 
Saba, Haytham H., 35 
Schwartz, Ted R., 290 
Scott, Peter M., 14, 335 
Seaman, Stephen W., 325 
Sen, Nrisinha P., 325 
Shibamoto, Takayuki, 294 
Short, Charles R., 22 
Shotwell, Odette L., 17, 270 
Sithole, B. B., 322 
Smith, John E., 71 
Soliman, Abdel-Gawad M., 318 
Sons, Therese, 242 
Stack, Michael E., 260 
Steen, William C., 298 
Stuart, Dorothy J., 26 
Sullivan, John J., 35, 223 
Taverna, Myriam, 206 
Thiffault, Christine, 213 
Thulin, Andrew J., 65 
Trucksess, Mary W., 260 
Tubergen, Mark W., 290 
Ueda, Shigekazu, 300 
Weber, D., 325 
Wekell, Marken M., 35, 223 
Wesselman, Raymond, 276 
Whitehead, William E., 294 
Zvilichovsky, B., 322

46A J. ASSOC, OFF. ANAL. C H EM . (VOL. 73, NO. 2, 1990)



193

P A P E R S TH AT M AD E A  DIFFERENCE

The audience of the AOAC Journal, by its very nature, is concerned with the development, 
testing, and validation of analytical methods designed to verify the identity, purity, and, indeed, the 
suitability for use and distribution in commercial channels of a wide variety of materials from the 
food, drug, cosmetic, and allied industries.

As such, some of us who are “seasoned veterans” of analytical chemistry have witnessed the 
evolution of the concept of “analysis.” We may recall 30 years ago when a senior member of the sci
entific staff of the Olin Chemical Corp. could call the use of a buret instrumental analysis. Today, 
we have hyphenated methodology, with a concomitant increase in sensitivity of at least 9 orders of 
magnitude.

Important ramifications have accompanied this increased sophistication, not the least of which, 
in my opinion, is our society’s present day zero-risk mentality. It is possible, for example, to destroy 
the health of laboratory animals with large doses of Alar and then turn around and measure the 
compound in parts per million on the skin of apples collected from regional growers in the 
Northeast. The public, erring on the side of caution, called for the ban of the insecticide. An apple a 
day can still keep the doctor away but with the methodological capabilities of earlier times, we 
would never have had to worry about how many apples would cause us to visit the doctor.

Because of tragedies such as the thalidomide disaster in West Germany in the 1960s, U.S. 
regulatory agencies look much more critically at the gestation process in any product designed to 
come into direct contact with consumers, either internally or externally. Their attitude in regard to 
analytical methods has also gradually shifted toward increased analytical sophistication, particu
larly when monitoring residues of animal health products in comestibles. For example, sulfon
amides were assayed colorimetrically at the low parts per million range in 1968 (1). Today, ELISA 
methods are designed to detect 1 ppb reliably (2). A trend away from tacit acceptance of methods 
supplied by industry and toward guidelines set by the regulatory bodies has developed.

Regulatory bodies have customarily subjected the analytical methods supplied to them as part of 
the application process to interlaboratory scrutiny. This usually has involved 2 or 3 field laborato
ries located in different parts of the country. This process has been described by a number of 
different organizations in various parts of the world, and most recently, this process was the subject 
of a paper in the AOAC Journal (3).

In his seminal publication on the subject, W. J. Youden codified the concept of interlaboratory 
investigation. Collaborative studies, as such investigations are popularly known, are designed to 
establish the reliability, ruggedness, and reproducibility (i.e., accuracy and precision) of a given 
procedure intended for broad application to pharmaceutical quality control and monitoring resi
dues of a wide variety of materials.

Youden’s paper was published in the AOAC Journal in 1963 under the simple title “Collabora
tive Test.” This paper includes the criteria used to evaluate methods recommended for adoption by 
AOAC. A pioneering work in its field, Youden’s discussion not only suggests statistical treatment 
of experimental data but also recognizes sources of experimental error and how to deal with them.

“The Collaborative Test” is reprinted here in its entirety. It appears quite appropriate for us to 
reread the paper inasmuch as the audience of the AOAC Journal is intimately involved with a 
variety of activities that have a deep impact on the public health and safety.

R e f e r e n c e s

(1 )  T ish ler , F ., ( 1 9 6 8 )  J. Agric. Food Chem. 16, 5 0 -5 3
(2 )  D ix o n -H o lla n d , D . E ., &  K a tz , S . E. (1 9 8 9 )  J. Assoc. Off. Anal. Chem. 7 2 , 4 4 7 - 4 5 0
(3 )  Z a a lb erg , J. (1 9 8 9 )  J. Assoc. Off. Anal. Chem. 7 2 , 3 4 -3 7
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Cosmetics, and Forensic Materials
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SPECIAL SESSION ADDRESS 

The Collaborative Test*
By W. J. YOUDEN (National Bureau of Standards, Washington, D.C.)

This paper discusses (a) the planning of 
collaborative tests, (b) a technique to es
tablish that a procedure is ready for a 
collaborative test, and (c) the interpreta
tion o f the results o f a collaborative test.

Introduction

The collaborative, or interlaboratory, test 
is an indispensable scrutiny of an analytical 
procedure to insure (a) that the description of 
the procedure is clear and complete and (b) 
that the procedure does give results that are in 
accord with any accuracy claims made for the 
procedure. A collaborative test should be a 
kind of final inspection. If the procedure has 
been properly studied before submitting it to 
a collaborative test, then the collaborative test 
has as its proper role the task of verifying any 
claims made for the procedure.

Planning a C ollaborative T est

There are three matters to settle in plan
ning a collaborative test. These are the num
ber of collaborators, the number of materials 
sent to each collaborator, and the number of 
measurements made by each collaborator on 
each material. Inevitably certain compro
mises have to be made. A large number of 
collaborators is desirable because this will 
give confidence that analysts will not misin
terpret the instructions and that the proce
dure has been tried under a wide range of 
environments. Increasing the number of ma
terials provides evidence that the procedure is 
satisfactory over a wide range of amounts 
present and types of material. Repeat analy
ses on each material would provide informa
tion on the agreement of parallel analyses 
made under as nearly identical conditions as 
possible.

Increasing the number of materials and the 
number of analyses on each material adds

* Presented at the Referees' Meeting, Seventy-sixth Annual Meeting 
of the Association of Official Agricultural Chemists, Oct. 16, 1962, at 
Washington. D.C.

considerably to the burden of work imposed 
on each collaborator. Often this has the un
fortunate consequence of reducing the num
ber of laboratories willing to participate as 
collaborators. Therefore it is important to 
hold to a minimum the work imposed on each 
collaborator. One only has to consider two 
extreme situations to see the importance of 
having an adequate number of collaborators. 
If you want to learn about a procedure, which 
would you rather have: Ten repeat analyses 
from one laboratory or a single analysis from 
each of ten laboratories? True, the informa
tion given by these alternatives is quite differ
ent, but the really useful information is given 
by the single results from the ten laboratories.

The best way to reduce the workload per 
laboratory is to reduce the number of repeat 
analyses made on each material (1). In spite 
of the long tradition to require at least dupli
cate determinations on each material, a 
strong case can be made for requiring just a 
single determination per material, unless rep
etitions are actually needed. There are several 
reasons behind this suggestion. First, the 
agreement of parallel determinations should 
be about as good in one laboratory as in an
other. After all, the equipment is specified 
and there is the presumption of qualified ana
lysts. Certainly the laboratory environment 
will vary from laboratory to laboratory and 
the procedure may not be immune to these 
changes in environment. But within any one 
laboratory, parallel determinations will be ex
posed to the same environment and the agree
ment between the duplicates normally will 
not be impaired by reason of any local envi
ronmental peculiarity. For this reason it is not 
surprising that the precision, as revealed by 
repeat runs, is indistinguishably the same for 
all participating laboratories.

A second reason for not requiring repeat 
determinations is that rarely are enough data 
available to detect a two-fold difference in 
precision (standard deviation) between two
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laboratories. Triplicate determinations on 
each of seven materials will give a four out of 
five chance of catching a two-fold difference 
in precision. It would take the equivalent of 
five repeat determinations on each of ten ma
terials to have the same probability of detect
ing that one laboratory has a standard devi
ation 1.5 times that of another laboratory. 
Clearly this is a lot of extra work for each 
laboratory. On the other hand, the initiating 
laboratory should have ample records to es
tablish the precision of the procedure. The 
precision, in any event, is usually of minor 
importance as compared with the larger error 
inevitably associated with the comparison of 
results from different laboratories.

One might also mention that many labora
tories will not report a pair of duplicates that 
happen to show rather poor agreement. The 
temptation to run a third determination, or 
even another pair, is strong. The consequence 
of any such censoring of the data is to produce 
an estimate of the precision that is biased in 
the direction of making the precision appear 
to be better than it really is. Finally the preci
sion can be estimated even if only single deter
minations are made, and such an estimate is 
immune from any replacements of the results 
first obtained. It is merely necessary that two 
materials, A and B, similar in composition 
and content, be included in the work. Let the 
results from n laboratories be as follows:

Material Laboratory Number Av.
1 2 3 . . . . n

A ai a2 a3 ---- a„ a
B b, b2 b3 ---- b„ b

Difference
( A - B ) d, d2 d3 . . . . d„ d

Compute s = J 2d2 -  nd2
V 2(n — 1)

standard deviation

You will observe that whatever local or sys
tematic error a laboratory has drops out of the
differences, d i, d2.......... d„. These differences
should all be the same except for precision 
errors. So it is the variation among these dif
ferences that provides an estimate of the pre
cision. The above formula is equivalent to

deducting the mean difference, d, from each 
of the n differences and calling the remain
ders d'. Thus d| — d = d /. These remainders 
are squared and divided by 2(n — 1), and the 
square root is taken.

s = V2(d')2/2(n ~T )

An estimate of the precision by this approach 
is more realistic in that it is protected against 
any selection of the data by replacement of 
repeat determinations that show larger than 
usual disagreement and the estimate is a con
sensus taken over all the participating labora
tories.

We arrive, then, at the suggestion that the 
collaborative test include as many laborato
ries as possible, using as many materials as 
circumstances suggest, and that only single 
determinations be required. Some have raised 
the question that certain laboratories might 
run duplicates but report the averages as sin
gle determinations. A laboratory that does 
this is ill advised. First, the averages of two 
would give this laboratory an apparent stan
dard deviation of only 0.707 that of laborato
ries running single determinations. But the 
data will not visibly reveal this if only because 
of the difficulty of showing small differences 
in precision. Rather less pleasing to such a 
laboratory is that this average reveals only the 
more clearly any systematic error the labora
tory has in comparison with the consensus of 
all the laboratories. And it is on just this point 
that attention is going to be focused with the 
idea of asking such laboratories for explana
tions.

The R esponsib ility  o f  the Initiating  
Laboratory

By no means an unusual occurrence is a 
collaborative test whose results obviously fall 
short of expectations based on data obtained 
by the initiating laboratory. The explanation 
is usually found in the fact that the initiating 
laboratory has a set of operations and equip
ment that is never varied. In fact, care is taken 
not to vary the routine in any particular. Nat
urally no light is shed on what may happen 
when the procedure on trial is used by a num
ber of laboratories each of which establishes
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its own particular routine. Such things as the 
source and age of reagents and the concentra
tions of these reagents, the rate of heating, 
thermometer errors, humidity, and many oth
er factors may be involved. One laboratory 
makes up a supply of nominally 1 Af acid and 
in fact achieves a concentration of 0.95. An
other laboratory’s solution may be 1.03M. 
Each laboratory gets good checks, of course, 
because it always uses the same solution, just 
as the initiating laboratory did.

The only protection against such sources of 
trouble which are disconcerting and difficult 
to discover is for the initiating laboratory de
liberately to introduce minor reasonable vari
ations in the procedure and observe what hap
pens. These departures should be of the mag
nitude that a chemist might well expect to 
find among laboratories. At first this appears 
to throw much extra work on the initiating 
laboratory, but if the program is carefully laid 
out, a surprisingly small amount of work suf
fices.

We will suppose that as many as seven fac
tors are selected for scrutiny. Perhaps the vol
ume of solution is fixed at 100 and 110 ml; the 
time of waiting at some stage is tried at 30 and 
at 40 minutes. Different lots of reagent, 
slightly different concentrations, different 
times to bring solutions to boiling may also be 
tried. Now, if the procedure is “rugged” and 
therefore immune to modest (and inevitable) 
departures from some habitual routine, the 
results obtained should not be altered by these 
minor departures. If the results are altered, 
we should by all means know about it and

warn the prospective user not to depart by 
more than some stated amount from the spec
ified condition. Presumably most of these mi
nor departures will show negligible effects, 
but if just one sensitive condition is spotted, 
we may save the very considerable effort that 
would have been expended in a disappointing 
collaborative test—particularly disappoint
ing because it is all but impossible to track 
down the responsible conditions, since all the 
laboratories quite sincerely report that they 
followed the procedure.

What is needed is a scheme of attack that 
will conserve labor yet be sensitive enough to 
pick up fairly small effects if they should oc
cur when some condition has been slightly 
altered. Negligible effects will be found for 
most changes. There is a program for making 
slight modifications in the procedure that has 
a very high efficiency in identifying those 
changes that do produce effects. The basic 
idea is not to study one alteration at a time but 
to introduce several changes at once, in such a 
manner that the effects of individual changes 
can be ascertained. Let A, B, C, D, E, F, and 
G denote the nominal values for seven differ
ent factors that might influence the result if 
their nominal values are slightly changed. Let 
their alternative values be denoted by the cor
responding lower case letters a, b, c, d, e, f, 
and g. Now the conditions for running a de
termination will be completely specified by 
writing down these seven letters, each letter 
being either a capital or lower case. There are 
27 or 128 different combinations that might 
be written out. Fortunately it is possible to

Table 1. Eight combinations of seven factors used to test the ruggedness of an analytical procedure

F a c to r  V a lu e
C o m b in a t io n  or D e te r m in a t io n  N u m b e r

1 2 3 4 5 6 7 8

A  or a A A A A a a a a
B or b B B b b B B b b
C  or c C c C c C c C c
D  or d D D d d d d D D
E  or e E e E e e E e E
F o r f F f f F F f f F
G  o r  g G g g G g G G g

O b se r v e d  re su lt s t u V w X y z
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choose a subset of eight of these combinations 
that have an elegant balance between capital 
and lower case letters

The particular set of combinations is shown 
in Table 1. The table specifies the values for 
the seven factors to be used while running 
eight determinations. The results for the anal
yses are designated by the letters s through z. 
Let us see how to extricate the separate ef
fects of the factor changes, even though four 
factors are always altered from the initial 
combination of all capitals. To find whether 
changing factor A to a had an effect, we com
pare the average (s + t + u + v) / 4 with the 
average (w + x + y  + z)/4. The table shows 
that determinations 1, 2, 3, and 4 were run 
with the factor at level A and determinations 
5, 6, 7, and 8 with the factor at level a. Ob
serve that this partition gives two groups of 
four determinations and that each group con
tains the other six factors twice at the capital 
level and twice at the lower case level. The 
effects of these factors, if present, conse
quently cancel out, leaving only the effect of 
changing A to a.

Inspection of Table 1 shows that whenever 
the eight determinations are split into two 
groups of four on the basis of one of the let
ters, all the other factors cancel out within 
each group. Every one of the factors is evalu
ated by all eight determinations. The effect of 
altering G to g, for example, is examined by 
comparing the average {s + v + x +  y ) /4 with 
the average of (t + u + w + z)/4. Suppose 
only six factors are explored. In that event, 
associate with g some meaningless operation 
such as solemnly picking up the beaker, look
ing at it intently, and setting it down again. 
Omit this meaningless operation for the de
terminations that involve G. (Be sure to look 
at the average difference between the G’s and 
g’s, because if they are large an explanation 
should be sought!)

Collect the seven differences for A — a, B —
b , ........G — g, and list them in order of size.
If one or two factors are having an effect, 
their differences will be substantially larger 
than the group of differences associated with 
the other factors. Indeed, this ranking is a 
direct guide to the procedure’s sensitivity to 
modest alterations in the factors. Obviously a

useful procedure should not be affected by 
changes that will almost certainly be encoun
tered between laboratories. If there is no out
standing difference, the most realistic mea
sure of the analytical error is given by the 
seven differences obtained from the averages 
for capitals minus the averages for corre
sponding lower-case letters. Denote these sev
en differences by Da, Db, . . ., Dg. To estimate 
the standard deviation, square the differences 
and take the square root of 2/7 the sum of 
their squares. This estimate of the analytical 
error is realistic in that the sort of variation in 
operating conditions that will be encountered 
among several laboratories has been purpose
ly created within the initiating laboratory. If 
the standard deviation so found is unsatisfac
torily large, it is a foregone conclusion that 
the collaborative test will also give disap
pointing results. The collaborative test should 
never be undertaken until a procedure has 
been subjected to the abuse described above 
and satisfactory results obtained in spite of 
the abuse.

The schedule shown in Table 1 can be mod
ified in various ways. An interesting variant is 
to replace the capitals with lower-case letters 
and vice versa. This creates eight new combi
nations. If all sixteen combinations are tried, 
smaller effects will be detected as well as pos
sible mutual interferences of the factors. At 
this point a statistician will likely be of consid
erable assistance. There will be some who 
may see in this scheme a means of studying a 
procedure in its formative stage. Generally 
this is inadvisable, because substantial 
changes in the factors seldom act indepen
dently and a more complex schedule of factor 
values is appropriate. There are also sched
ules for eleven and fifteen factors which may 
be found useful (2-5).

If only those procedures that survive this 
planned introduction of minor modifications 
in the procedure were submitted to a collabo
rative test, then the latter would really take on 
the role of confirming that a good procedure 
has in fact been devised. Much disappoint
ment would be avoided and sources of diffi
culty would be tracked down by this planned 
work within one laboratory. It should not be 
necessary to involve several laboratories in



198 WESTHEIMER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 2, 1990)

CLASSIC PAPER: REPRIN TED  FROM YOUDEN, W.J. (1963) J . A S S O C . OFF. A G R IC . C H E M . 46, 55-62

Table 2. Tabulation of results
Material Number

Laboratory No. A B C D — M

1
2
3
4

n

— — — — —
—

—

order to discover serious shortcomings in a 
procedure. Fewer collaborative tests would be 
needed and participation would be encour
aged because the chance of a successful out
come would be very high.

The Interpretation of the Data
After the cooperating laboratories have 

made their reports, the results may be tabu
lated as shown in Table 2. Generally one 
would hope for a table with about forty or 
more entries, and every effort should be made 
to avoid missing entries.

It is useful to consider Table 2 as a whole 
and try to place the table in one of four cate
gories. The hoped-for category is that the 
standard deviation as calculated for each col
umn in the above table is acceptably small.

If x \ , *2, ■ • - ,x„ are the results tabulated in 
a column for any one material, the estimate 
for the standard deviation for that column is 
given by

s = \ '(2 x 2 — nx2)/(n  — 1),

where x  is the mean for the column. The 
standard deviation may, of course, vary with 
the amount present and it would be informa
tive to prepare a graph plotting the standard 
deviation as ordinate against the amount 
present as abscissa. Some irregularity is to be 
expected, particularly if fewer than ten lab
oratories participate. A smooth curve should 
be drawn in with no attempt to follow the 
individual ups and downs. Values of the stan
dard deviation read from this curve are very 
likely closer to the mark than the individual 
points. If the curve is approximately a

straight line going near the origin, then the 
error is proportional to the amount present. 
Very often, in such an event, the error is ex
pressed as per cent of the amount present and 
labeled the “Coefficient of Variation.”

If the standard deviation when plotted 
against the amount present gives a series of 
points that show no trend, then the best fit is a 
horizontal line Y  = s*. That is, the standard 
deviation is the same over the range of 
amount present used in the work. The best 
value to use for s* is not the average of the 
standard deviations found for the “M” col
umns. The squares of the standard deviations 
should be summed and divided by M, and the 
square root taken to get the best estimate of 
the standard deviation that will be appropri
ate for all the materials. This estimate of the 
standard deviation has M(rt — 1) degrees of 
freedom. There should be at least 20 degrees 
of freedom to provide a reasonably good esti
mate of the standard deviation.

If the standard deviation as calculated for 
all, or most, of the columns is unacceptably 
large, the table of data may usually be classed 
in one of three categories. In order to deter
mine the category, a convenient device is to 
prepare another table that better reveals cer
tain features of the data, as follows: Scan the 
entries in the first column of Table 2 and 
assign the rank of 1 to the highest result, the 
rank of 2 to the next highest result and so on, 
until the rank of n is given to the lowest result 
in that column. Enter these ranks opposite the 
appropriate laboratories in the first column of 
the new table. If two laboratories are tied for 
fourth place, assign to each the rank of 4.5. If
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three are tied for second place, assign all three 
the rank of 3. This keeps the sum of the ranks, 
n(n+  l)/2 , the same for each column. Repeat 
this process for each column, and then sum 
the ranks assigned to the first laboratory and 
enter it as a laboratory score at the right of the 
row. Sum the ranks in each row. When the 
scores achieved by all the laboratories are 
added, the total should be Mn(n + l)/2 , and 
this provides a convenient check on the work.

Should a laboratory turn in the highest re
sult for each of “M” materials, its score would 
be M, the lowest possible. The highest possi
ble score is nM and the average score is M(n 
+ l)/2 . The scores obtained by the n labora
tories afford certain clues as to the reason why 
an unsatisfactory standard deviation was ob
tained from the reported results. The inter
pretation depends on the fact that for each 
combination of n laboratories and M materi
als, it is possible to compute a lower and an 
upper limiting score. Scores as low as or low
er, or as large as or larger than these limiting 
scores are an indication of trouble. They 
mean that a laboratory with such an extreme 
score has a definite tendency to get persistent
ly high or low results.

Now it is possible for the standard devi
ation to be unacceptably large and yet for no 
laboratory to turn up with an extremely low 
or high score. This would happen if the preci
sion of the method is very poor. It may also 
happen if a laboratory tends to get high or low 
results for materials with low percentages and

opposite results with materials of high per
centages. If this happens with several labora
tories, scores tend to cluster near the average 
score. Whatever the explanation, the evidence 
points to some defect in the procedure.

Another category arises when one or per
haps two laboratories have quite extreme 
scores. This laboratory (or both, if there are 
two) is the one chiefly responsible for the 
large standard deviations found for the indi
vidual columns. If the results from this lab
oratory are set aside, the standard deviation 
calculated by using the remaining laborato
ries may be acceptable. The basis for setting 
aside these results is that the limiting scores 
have been so chosen that only one collabora
tive test in twenty can be expected to include 
an extreme score by chance. An extreme score 
is, in consequence, a strong hint that the lab
oratory concerned has a pronounced bias, 
probably as a result of some deviation, unin
tentional or otherwise, from the procedure.

At this point it appears proper to query the 
laboratory with an extreme score to ascertain 
if the laboratory can offer any explanation for 
its results being consistently higher (or lower) 
than the results of the other participants.

In a very real sense a collaborative test 
reveals not only the performance of the proce
dure under test but also the performance of 
the laboratories doing the testing. The intent 
of this ranking device is to prevent a proce
dure from being unjustly rated poor when one 
or two laboratories are in fact responsible for

Table 3. Water-insoluble nitrogen results

Coll.
No.

Results, % Ranked Results
Sample Sample Sample Sample 

1 2  3 4
Sample Sample Sample Sample Sample Sample Coll. 

5 1 2 3 4 5 Score

7 4.59 1.46 5.64 2.19 27.32 9 5.5 6 4 3 27.5
8 4.94 1.52 5.68 2.28 26.44 1 1 3 2 10 17
9 4.80 1.40 5.62 2.12 26.89 3.5 8.5 7.5 6.5 8 34

10 4.73 1.46 5.65 2.09 27.17 5 5.5 5 8 4 27.5
11 4.72 1.51 5.62 2.12 27.00 6.5 2.5 7.5 6.5 6 29
12 4.80 1.51 5.80 3.29 27.48 3.5 2.5 1 1 1 9 a
13 4.45 1.40 5.45 2.07 27.02 10 8.5 10 9 5 42.5
15 4.72 1.50 5.58 2.27 26.76 6.5 4 9 3 9 31.5
16 4.63 1.32 5.69 2.04 26.92 8 10 2 10 7 37
17 4.88 1.42 5.67 2.16 27.39 2 7 4 5 2 20
a Designates unusually low score.
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Table 4. Approximate 5% two-tail limits for ranking scores
N o .  o f N u m b e r  o f  M a te r ia ls
L ab s. 3 4 5 6 7 8 9 10 11 12 13 14 15

4 5 7 8 10 12 13 15 17 19 2 0 2 2
J

12 15 17 2 0 22 2 4 27 2 9 31 33 36 38

4 6 8 10 12 14 16 18 2 0 22 24 2 6
16 19 2 2 25 28 31 34 37 4 0 43 4 6 4 9

5 7 9 11 13 16 18 21 23 26 28 31
J

19 23 27 31 35 38 4 2 4 5 49 5 2 56 59

3 5 7 10 12 15 18 21 23 26 29 32 35
18 23 28 3 2 37 41 45 4 9 5 4 58 62 6 6 70

3 5 8 11 14 17 2 0 23 26 29 3 2 36 39
21 27 3 2 37 4 2 47 52 57 6 2 67 72 76 81

3 6 9 12 15 18 2 2 25 29 32 36 39 43
O

2 4 3 0 36 4 2 4 8 54 59 65 7 0 76 81 87 9 2

3 6 9 13 16 2 0 2 4 27 31 35 39 43 4 7
7

27 34 41 47 5 4 6 0 6 6 73 79 85 91 97 103

10
4 7 10 14 17 21 2 6 30 3 4 38 43 47 51

2 9 37 45 5 2 6 0 67 73 8 0 87 9 4 10 0 107 11 4

11
4 7 11 15 19 23 27 32 36 41 46 51 55

32 41 4 9 57 6 5 73 81 88 9 6 103 1 10 117 125

12
4 7 11 15 2 0 2 4 29 34 39 4 4 4 9 54 59

35 45 54 63 71 8 0 88 9 6 10 4 11 2 1 2 0 128 136

13
4 8 12 16 21 2 6 31 36 4 2 4 7 52 58 63

38 48 58 68 7 7 8 6 95 104 11 2 121 13 0 138 147

14
4 8 12 17 2 2 27 33 38 4 4 5 0 56 61 67

41 52 63 73 83 93 10 2 112 121 1 3 0 13 9 149 158

15
4 8 13 18 23 29 35 41 47 53 59 65 71

4 4 56 67 78 89 99 109 11 9 129 13 9 149 159 169

the large scatter of the results.
Finally, the last category of unsatisfactory 

collaborative tests contains clearly unsatis
factory procedures. Sometimes the table of 
ranks shows little or no change in the assigned 
ranks as the eye moves from column to col
umn in the table. In other words, a laboratory 
tends to hold its same rank for all materials. 
Usually there will be at least one very high 
and one very low score. What this tells is that 
each laboratory is doing the same thing very 
carefully every time. Some minor departure 
from a specified factor value, or even an arbi
trarily chosen value for a factor because none 
was specified, is seriously influencing the ana

lytical results. Obviously each laboratory is 
carefully following whatever routine it adopt
ed. Now it is ridiculous to say that all the 
laboratories are inadequate. It makes better 
sense to conclude that there is a procedure so 
very vulnerable that it should never have been 
submitted to a collaborative test.

Illustrative Example of Ranking Technique
Table 3 shows a portion of a rather exten

sive collaborative test on nitrogen in fertiliz
ers (6). The data for the water insoluble nitro
gen are shown in the left half of Table 3 for 
ten of the participating laboratories. The 
right half of the table shows the ranks as-
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signed to the collaborators; the rank of one is 
given to the highest result and the rank of ten 
to the lowest result on each sample. It hap
pens that the data are, in fact, averages of 
duplicates but this does not disturb the rank
ing technique. The result for Sample 4 by 
Collaborator 12 looks peculiar but even if the 
3 is a misprint for 2 the ranking would not be 
altered.

The last column of the table shows the 
scores obtained for each collaborator by add
ing up the 5 ranks obtained with the 5 sam
ples. The critical 5% probability scores for 10 
laboratories and 5 samples are 10 and 45. 
Collaborator 12 runs persistently high and 
has a score of 9, which is in the critical region. 
The evidence indicates that Collaborator 12 
has some individual manner of making the 
determination. Critical scores for as many as 
15 collaborators and 15 samples are listed in 
Table 4 (5).

Discussion and Summary
This paper has considered several impor

tant aspects of collaborative test programs. 
The question of the distribution of the analyt
ical effort is of prime importance. A broad 
basis for judgment requires enough laborato
ries and materials to be representative of the 
users and the materials likely to be submitted 
for analysis. In order to prevent unduly bur

densome programs it is recommended that 
duplicates be eliminated and reliance placed 
on the initiating laboratory for information as 
to the precision of the procedure.

Another very important question concerns 
the need to make sure that the procedure is 
really ready for a collaborative test and that it 
will almost surely pass this final inspection. 
To that end an efficient and systematic way of 
disclosing possible weaknesses in the proce
dure has been presented in detail. The initiat
ing laboratory should present evidence of the 
performance of the procedure when minor 
and seemingly inconsequential changes are 
made.

Finally a method has been described for 
evaluating unsatisfactory collaborative test 
results which should be valuable as a guide to 
determining the probable cause of the unsat
isfactory results.
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A gar nutrient content, cylinder ch arge  volume, th ickness  
(volume) of the agar layer, and incubation tem perature were  
4 factors varied to determine their effect(s) on the optim iza
tion of the cylinder-plate diffusion a ssa y. Chlortetracycline  
w as the pilot antibiotic and B a cillu s  ce re u s  w as used as the 
a ssa y  organism . Zo n e s of inhibition were larger when the 
incubation tem perature w as lower than that w hich w as com 
monly used and/or when the nutrient level w as decreased; 
the zo ne s w ere sm aller when the incubation tem perature  
w as raised and/or when an increased nutrient level w as  
used. The th ickn e ss (volume) of the a ssa y  layer played the 
most important role; the thinner the layer the le ss  the effect 
the cylinder ch arge  volum e had on the zone diam eter. The  
slopes of the response lines were minim ally affected by 
cylinder ch arge  volume. For a 7 m L assay  layer per standard  
Petri plate, cylinder ch arge  volum es ranging from 150 to 250  
p L  had little effect on zone diam eter. The linearity of the 
response line w as unaffected by a ssa y  layer th ickn e ss (vol
ume), nutrient level, tem perature of incubation, or cylinder 
ch arge  volume. A s  long as the conditions for the a ssa y  were  
standardized, there were no d iscernible  effects on recover
ies or potencies.

Many of the official diffusion assays for antibiotics were 
developed between 20 and 40 years ago, before Youden (1) 
espoused the ruggedness principles. Accuracy, precision, and 
reproducibility of diffusion assays were relatively poor; the 
major consideration was to obtain reasonable linearity of the 
dose-response relationship so that a range of dilutions could 
be used for the estimation of the potency of the sample.

Kavanagh and Ragheb (2) summarized factors that influ
ence accuracy and precision of diffusion assays, and suggest
ed ways to minimize errors. Lees and Tootill (3) described 10 
factors which affect zone size in plate assays. However, little 
consideration has been given to the interactions among these 
factors.

Cooper (4) stated that equilibrium conditions for diffusion 
through the agar exist as long as a reservoir of analyte re
mains in the cylinder after incubation. Ragheb (5) showed 
that variation in the charge volume of the cylinders could 
produce significant effects on the diameter of the zone of 
inhibition. He noted differences in apparent potency of as 
much as 50% for the same concentration using different 
charge volumes, even though a reservoir remained in the 
cylinder. Hasselberger (6) confirmed this effect.

Thus, a study of the interaction of 4 of the factors affecting 
zone diameter, slope of the response line, and recoveries has 
been made. Nutrient quality of media, thickness (volume) of 
assay agar layer, incubation temperature, and charge volume 
in cylinders were varied, and their interactions were exam-
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ined to suggest a model to be used in the optimization of the 
cylinder-plate diffusion assay.

Experim ental

Section numbers refer to Official Methods o f Analysis
(1990) 15th Ed. (7).

(a) Antibiotic standard solution.—Chlortetracycline, 
100 pg/mL. Dissolve chlortetracycline hydrochloride stan
dard in 10 mL 0.1N HC1; dilute to 100 mL with potassium 
phosphate buffer, pH 4.5. Solution is stable at least 2 weeks if 
stored at 4°C.

(b) Dilution buffer.—Phosphate buffer, pH 4.5, contains
13.6 g monopotassium phosphate, dissolved and diluted to 1 
L with deionized water (957.23B).

(c) Assay microorganism.—Spores of Bacillus cereus 
ATCC 1 1778 are maintained in physiological saline at 4°C, 
after preparation as described by AOAC (957.23D).

(d) Assay media.—(1) Normal nutrient level: Dissolve
25.5 g Agar Medium D (957.23C(d)) in 1 L deionized water 
and boil 1 min with stirring. (2) 75% nutrient level: Dissolve 
19.13 g Agar Medium D and 3.75 g plain agar in 1 L 
deionized water and prepare as above. (3) 125% nutrient 
level: Dissolve 25.5 g Agar Medium D, 1.5 g peptone gely- 
sate, 0.75 g yeast extract, and 0.38 g beef extract in 1 L 
deionized water and prepare as above.

Cool each agar medium to 55-60°C before inoculating 
with 10 mL B. cereus spore suspension/L agar.

Preparation of P lates

After inoculated medium was mixed well, 7, 9, 12, or 15 
mL agar medium was spread into standard (100 X 15 mm) 
Petri dishes. The medium in the plates was allowed to harden 
at room temperature, with lids ajar to facilitate escape of 
moisture.

Six cylinders were placed on each plate, using Shaw or 
equivalent dispenser, as described by AOAC (957.23C(c)).
A ssa y  D esign

The simplified plate diffusion design of Brady and Katz
(8) was used, with 5 plates instead of 2. Cylinders were 
charged with 100, 150, 200, or 250 pL (±1%) of antibiotic 
standards using a Finn pipettor. The plates were incubated at 
28, 30, or 32°C ± 0.1°C for 18-21 h.

M easurem ent of P o te n cies

Cylinders were removed and plates were washed gently 
with a stream of water to ensure the clearest measurement of 
the zones of inhibition. Diameters of the zones of inhibition 
were measured using a Fisher-Lilly zone reader. Potencies 
were determined using a calculator-generated least squares 
response line.

Exp erim en tal D esign

The following 4 assay conditions were varied: Volume of 
analyte in the cylinders, thickness (volume) of the assay agar,
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nutrient content of the assay agar, and incubation tempera
ture.

Volume o f analyte.—The 4 cylinder volumes used were 
100, 150, 200, and 250 yL. On any individual plate, all 
cylinders were charged with the same volume of antibiotic 
standard.

Volume o f assay agar.—Thickness of the agar was repre
sented by the volume of agar spread in the plate. Volumes of 
7, 9, 12, and 15 mL agar/plate were used.

Nutrient content o f assay agar.—Agar Medium D was 
used at normal strength, at reduced strength (75% nutrient 
level), and at supplemented strength (125% nutrient level). 
In each case, the agar content of the medium was maintained 
at 1.5% to avoid altering the gelling properties of the media 
and diffusion of the antibiotic.

Incubation temperature.—The 3 incubation temperatures 
used for the plates were 28, 30, and 32°C ± 0.1 °C. Incuba
tion time was kept constant at 18-21 h.

For each combination of conditions, 5 plates constituted an 
assay. Each plate contained a standard curve of chlortetracy- 
cline at concentrations of 0.02,0.04,0.06, and 0.08 yg CTC/ 
mL, and low and high “unknowns” of 0.03 and 0.06 yg CTC/ 
mL. For each standard or unknown, the 5 zone diameter 
values were averaged, and the averages were used to calcu
late the standard response curve. Averages of the zone diam
eter values of the unknowns were used to determine percent 
recoveries.

R esults and D iscussion

The nutrient quality of the medium, volume (thickness) of

the assay agar layer, incubation temperature, and charge 
volume in the cylinders were varied to determine their effects 
on the cylinder plate diffusion assay. To minimize any errors 
in the assay procedure, 5 plates per assay were used. Thus the 
effects of the variables studied were more easily discernible. 
Assay organism density was maintained as a constant. The 
inoculum was such that easily readable zones of inhibition 
were formed under the conditions of the study.

When each of the factors was varied and results were 
looked at separately, the effect on diameters of the zones of 
inhibition was predictable. Larger zones resulted from de
creasing the nutrient level of the assay agar, the thickness of 
the agar layer, or the incubation temperature. Smaller zones 
resulted from increasing the nutrient level, agar thickness, or 
incubation temperature.

The most notable result was the interaction between the 
thickness of the assay agar layer and the charge volume in the 
cylinders. When the thinnest agar layer was used (7 mL/ 
plate), the charge volume could be varied from 150 to 250 yL  
with little appreciable variation in zone diameters (Tables 1 
and 2). Even with this thin layer, the 100 yL  charge volume 
was insufficient to achieve consistency of response. The obvi
ous deduction from this observation is that diffusion assay 
procedures that use assay layer volumes greater than 7 mL 
could be subject to greater variation of zone diameter for a 
given concentration of analyte if there is any inaccuracy or 
variation in charge volume. This is seen in the agar volumes 
of 12 or 15 mL, and seen to a lesser extent in the 9 mL assay 
volume, at normal nutrient levels.

At nutrient levels of 75 and 125% of normal, the minimal

Table  1. A verage  zone diam eter (m m ) as influenced by agar volume, nutrient level, and cylinder ch arge  volum e at 3 0 °C
incubation

Nutrient level: 100% 75% 125%

CTC concn (ug/mL): 0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08

Agar volume (mL): 7 7 7

¿¿L/cylinder
100 18.32 21.78 24.66 26.52 16.92 21.40 24.36 26.12 15.46 18.50 20.54 21.22
150 20.02 23.68 26.68 28.76 18.27 23.18 25.36 27.26 15.54 18.80 20.82 21.66
200 20.16 23.92 26.36 28.68 18.78 22.98 25.54 27.48 15.44 18.68 20.60 21.52
250 20.08 24.38 26.70 28.56 19.54 23.88 26.22 28.18 15.78 18.78 20.60 21.84

Agar volume (mL): 9 9 9

/¿L/cylinder
100 16.80 21.03 23.00 25.00 15.98 20.52 22.82 24.66 14.26 17.64 19.04 20.04

150 18.75 22.68 24.56 26.36 17.44 21.44 23.98 26.14 14.52 17.44 19.38 20.52

200 18.80 22.46 24.76 26.42 18.40 22.56 25.32 26.74 15.18 17.82 19.50 20.76

250 19.48 22.73 24.98 26.48 19.12 23.20 25.52 27.16 15.40 16.78 19.62 20.72

Agar volume (mL): 12 12 12

jiL/cylinder
100 15.18 19.76 22.74 24.60 13.74 18.86 21.46 23.02 13.04 16.50 18.18 19.36

150 17.40 21.88 24.26 26.12 16.04 21.00 23.08 25.36 14.00 16.76 18.32 19.60

200 18.52 22.46 25.40 26.86 17.42 21.66 24.18 26.28 14.26 17.18 18.52 19.84

250 18.44 22.78 25.42 26.98 17.86 22.52 24.72 26.82 14.40 17.03 18.58 19.82

Agar volume (mL): 15 15 15

¿¿L/cylinder
100 14.20 18.42 21.36 23.84 12.26 17.44 20.54 22.04 11.46 15.40 17.46 18.08

150 16.38 20.12 23.30 25.68 14.56 18.94 21.98 24.30 12.54 15.90 17.86 18.28

200 17.64 21.12 24.16 26.67 15.66 20.12 23.30 25.98 12.94 15.76 17.56 18.82

250 18.04 21.58 24.42 26.82 16.40 20.88 23.64 25.36 13.60 16.18 17.90 19.14
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Table 2. Variation in zone diameter as a function of cylinder volume (150-250 jiL) at 30°C as measured by coefficient of
variation ( % )

Nutrient level: 100% 75% 125%

CTC concn (/ug/mL): 0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08

Agar volume (mL)
7 0.35 1.48 0.72 0.35 3.39 2.02 1.76 1.74 1.12 0.59 0.61 0.71
9 2.41 0.63 0.85 0.23 4.60 3.98 3.35 1.92 3.04 3.03 0.62 0.62

12 3.44 2.03 2.65 1.75 5.55 3.50 3.48 2.82 1.43 1.25 0.74 0.67
15 4.99 3.56 2.45 2.34 5.95 4.92 3.75 3.37 4.18 1.34 1.04 2.32

variation of zone diameter as a function of cylinder charge 
volume using a 7 mL assay agar volume is seen. These data 
suggest that at a given temperature of incubation, cylinder 
charge volumes of 200 jrL or greater will have minimal 
influence on the size of the zone of inhibition, as long as the 
assay layer is as thin as possible. This result is not unexpect
ed. The diffusion phenomenon consists of a horizontal diffu
sion vector and a vertical (downward) diffusion vector. The 
zone of inhibition is the resultant of these 2 vectors. As the 
assay agar thickness decreases, the downward diffusion di
minishes and lateral diffusion predominates. When the agar 
layer is extremely thin, the charge volume in the cylinder 
should become inconsequential over a range of volumes. This 
was exactly what was noted. Assay agar volumes of 7 mL (9-
12) and even 6 mL (13-16) have been used successfully.

Table 3 shows the relationship between the slope of the 
standard response curve, the charge volume in the cylinders, 
and the thickness (volume) and nutrient level of the agar 
layer. Increasing the charge volume in the cylinders shows a 
trend toward increasing the slope. Although there are trends 
toward decreasing the slope with increased agar nutrient 
levels and temperature of incubation, there are no dramatic 
changes in the slope of the assay response line when the 
charge volumes are 150 nL or greater. Any change in slope

resulting from altering these factors is not enough to materi
ally affect the sensitivity of the assay. Thus there is flexibility 
in the assay system without affecting the measurement of 
potency. Table 4 shows the recoveries of known concentra
tions at different thicknesses of the assay layer, temperatures 
of incubation, nutrient content, and charge volumes. As long 
as there was consistency in the assay conditions, there was 
very little effect on the ultimate measured potencies. This can 
be seen by comparison of average recoveries, when the cylin
der charge volume is held constant while assay agar volume is 
varied, with recoveries when assay agar volume is held con
stant and cylinder charge volume is varied. The average 
recoveries and coefficients of variation are in close agreement 
(calculations not shown). The assay would be affected by 
these parameters only in the case of inability to read zone 
edges precisely or overlap of zones of inhibition.

Thus, the diffusion assay can be modified to meet special 
needs, rather than serving as an all-purpose assay that meets 
all uses somewhat less than adequately. For example, if fewer 
dilutions of an extract can be made by manipulating charge 
volume in the cylinders, nutrient content of the assay medi
um, or temperature of incubation, without altering condi
tions of similarity, these conditions should be manipulated. If 
a more sensitive response is necessary, such as is the case in

Table 3. Slopes of standard response curves as influenced by incubation temperature, agar volume, nutrient level, and
cylinder charge volume

Incubation temp.: 28°C 30°C 32°C

Charge (/uL): 100 150 200 250 100 150 200 250 100 150 200 250

Normal nutrient level

Agar voi. (mL) 
7 
9 

12 
15

16.1
15.3
16.9
16.0

13.4
13.8
15.6
16.3

13.4
14.4 
13.7 
15.2

13.5
14.6
14.3
14.3

13.6 
13.4
15.7
15.7

14.5
12.5
14.4
15.4

13.9 
12.6 
14.1
14.9

12.8
12.1
14.3
14.4

11.2
12.4
13.3
16.4

10.8
9.8

12.6
13.7

10.2
11.6
11.2
11.6

11.0
10.8
11.9
13.1

75% nutrient level

Agar voi. (mL)
7 13.4 13.3 12.5 10.8 15.4 14.9 14.4 14.2 12.9 13.0 11.9 12.5
9 14.7 13.4 12.2 12.0 14.4 14.3 14.1 13.4 13.8 12.9 12.2 12.6

12 15.6 15.4 14.4 13.9 15.5 15.2 14.6 14.7 14.6 13.6 12.8 12.8
15 17.0 15.5 14.8 13.4 16.5 16.1 16.9 15.0 15.2 14.0 13.4 12.8

125% nutrient level

Agar voi. (mL) 
7 11.9 11.6 10.9 11.1 9.8 10.5 10.3 10.0 10.2 9.8 9.1 8.7
9 12.0 11.2 11.9 11.4 9.5 10.1 9.3 8.8 11.9 10.3 10.2 9.2

12 12.6 11.8 11.4 11.1 10.5 9.2 9.1 9.0 11.9 10.4 9.5 9.4
15 13.2 12.9 12.7 11.3 11.4 9.9 9.8 9.1 11.2 10.6 10.2 8.8
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Table 4. Recoveries (%) of standard solutions as influenced by incubation temperature, agar volume, nutrient level, and
cylinder charge volume

Incubation temp.: 28°C 30°C 32°C

Charge (p L): 100 150 200 250 (CV) 100 150 200 250 (CV) 100 150 200 250 (CV)

Normal nutrient level

Agar volume (mL)
7 103.6 102.5 100.3 98.9 2.09 100.0 98.9 98.0 98.6 0.85 101.7 100.9 100.0 101.8 0.82
9 98.9 100.1 99.1 102.2 1.51 104.2 99.8 97.6 98.6 2.90 103.1 104.9 102.6 102.5 1.08

12 104.1 103.1 103.6 103.1 0.46 99.3 99.6 100.2 103.6 1.97 103.9 98.3 97.0 100.1 3.00
15 100.9 98.1 101.0 100.2 1.34 98.6 99.1 100.3 97.7 1.10 102.6 98.0 99.1 104.0 2.81

CV, % 2.38 2.32 1.89 1.88 2.50 0.42 0.98 2.33 0.89 3.10 3.17 1.59

75% nutrient level

Agar volume (mL)
7 97.1 99.4 96.4 100.3 1.88 100.1 99.2 100.2 101.6 0.99 99.8 104.5 99.2 101.2 2.34
9 98.6 102.9 99.3 102.4 2.14 99.1 97.8 100.5 98.5 1.16 100.9 98.8 102.8 98.7 1.94

12 104.1 99.4 99.9 99.8 0.88 100.3 100.2 98.1 99.1 1.04 102.8 100.5 99.0 99.5 1.68
15 98.5 99.3 100.9 98.9 1.05 102.7 100.7 98.9 101.1 1.54 96.2 98.8 100.5 97.2 1.92

CV, % 1.82 1.76 1.95 1.48 1.52 1.29 1.13 1.51 2.79 2.67 1.74 1.68

125% nutrient level

Agar volume (mL)
7 100.1 98.6 102.2 99.4 1.54 99.0 98.8 101.0 98.6 1.12 102.0 103.7 100.9 104.9 1.72
9 100.6 96.4 101.2 98.1 2.25 103.8 101.9 99.9 98.4 2.33 102.0 103.7 103.2 102.6 0.71

12 100.9 100.3 101.4 98.1 1.45 103.1 103.4 99.5 99.2 2.22 105.7 106.0 100.9 103.2 2.29
15 103.7 104.9 106.4 99.1 3.04 103.1 103.5 102.0 101.8 0.57 100.7 103.1 105.5 107.7 2.90

CV, % 1.60 3.60 2.37 0.68 2.14 2.15 1.12 1.58 2.10 1.26 2.14 2.18

residue analysis, the thinnest assay layer with the greatest 
cylinder charge volume at the lowest possible incubation 
temperature is certainly warranted. Similarly, if only small 
volumes of analyte are available, the analytical system can be 
adjusted to handle the situation. Tables 3 and 4 show that 
cylinder charge volumes as low as 100 /uL give slopes that are 
very similar to those where charge volumes are 150 pL  or 
greater, without impact on the final determination of poten
cy. Since there is no impact on the final analytical result, such 
flexibility should be encouraged.

The diffusion assay offers a great deal of flexibility and 
adaptability to meet specific needs and should be utilized to 
its full potential. As long as the variables of the assay are 
consistent within the assay itself, there is no inherent loss of 
sensitivity, accuracy, or precision of the assay.
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COSMETICS

Methodology for Evaluation of Compatibilities of Cosmetic Perfumes 
and Plastic Containers
MYRIAM TAVERNA, ARLETTE E. BAILLET, and DANIELLE BAYLOCQ 
C en tre  d 'E tu d e s  P h a r m a c e u tiq u e s , L a b o r a to ir e  d e  C h im ie  A n a ly t iq u e , ru e J. B. C lé m e n t, 
9 2 2 9 0  C h a te n a y -M a la b r y , F ran ce

The study was designed to investigate compatibility of plas
tic containers and perfumes. First, a gas chromatographic/ 
mass spectrométrie (GC/MS) system was developed for 
identification of fragrance components. Then a quantitative 
extraction and GC analysis was developed. Honeysuckle 
fragrance was added to a cosmetic emulsion at 0.5 mg/100 
mg level. The cosmetic was stored for 2 months at 37°C in 6 
different plastic containers and in a glass bottle as a test 
control. The cosmetic was extracted with dlchloromethane 
and analyzed by GC. The results obtained after storage were 
compared with the original analysis and showed an Impor
tant loss of some perfume components stored in different 
plastic containers. Sorption of these components was then 
studied by extracting components fixed by the plastic; some 
of the physicochemical factors involved In such interactions 
are identified.

Plastics are used extensively for packaging cosmetic prod
ucts. The package has dual purposes—it must be both func
tional and attractive. The advantages of plastics for these 
purposes are numerous, especially their ability to produce 
attractive packs.

The basic interactions that can occur between the package 
and contents are migration of components of packages into 
contents, loss of ingredients of the cosmetic either into or 
through the package by adsorption or permeability, and at
mospheric permeation. With the advent of plastic packaging, 
the problem of fragrance preservation has become more 
acute. Some papers have mentioned incompatibilities be
tween some perfumes or essentials oils and plastics (1-3). In 
particular, the loss of perfume due to sorption by plastic may 
be important (3, 4); sorption loss can change the character 
and the intensity of a complex aroma (5). In fact, the aroma 
of the packaged product can be changed by preferential 
permeation of one or several components of the odorant 
vapor through the plastic film (6).

The aim of the present study was to develop an analytical 
method to quantitatively measure loss of fragrance compo
nents. Most researchers in this field use a sensory evaluation
(5) or the permeation cell as methods to evaluate odor barrier 
properties of packaging films (6, 7). The proposed method 
uses an authentic model under the conditions occurring in 
practice. The perfume was added to an emulsion at low 
concentration. Six plastic containers, including those most 
used in the cosmetic market, were filled with the cosmetic. 
Combined gas chromatography/mass spectrometry was used 
to identify the volatile fragrance components.

After 2 months of storage in different plastics, the fra
grance was extracted from the cosmetic product with dichlor- 
omethane and quantitatively analyzed by GC using internal

Received M ay 8, 1989. Accepted A ugust 8, 1989.

(menthol) and external standardization. Reproducibility of 
the extraction was studied. We needed an extraction method 
that was not selective for only a few components of the 
perfume but was able to remove all the components without 
modifying the relative level of each.

Sorption of fragrance was also studied to determine some 
of the physicochemical factors involved in such interactions.

Experimental

R eagen ts

(a) Perfum e.—Dilution of honeysuckle fragrance (dis
charges and aromatic diffusions) was prepared at 10% in 
dichloromethane. Working solutions were prepared at con
centrations of 0.5, 1.0, 2.0, and 4.0 g/100 mL.

(b) P lastic  containers.—Polyamide (Selar PA 3426), 
polyethylene high density (H-700), styrene-acrylonitrile 
(Tyril 867E), polyvinylchloride (Dorlyl), polyethylene tere- 
phthalate (Arnite A06 100), and polypropylene (Hostalen 
PPU 1789).

(c) S tan dard  so lu tion s.—0.1 g of each perfume compo
nent and internal standard (menthol) was accurately 
weighed into a 100 mL volumetric flask, diluted to volume 
with dichloromethane, and mixed.

(d) Internal stan dard  so lu tion .—Menthol in dichloro
methane at a concentration of 1 g/100 mL.

A pparatus

(a) Gas chrom atograph .—Perkin Elmer, Model Sigma 
3B equipped with flame ionization detector (FID) and 25 m 
X 0.22 mm id Carbowax 20 M capillary column (film thick
ness 0.25 ;um). Peak areas were determined by electronic 
integration (Varian Model LCI 100). Operating conditions: 
nitrogen carrier gas, flow rate 0.4 mL/min, head pressure 14 
psi. Split mode was used. Capillary column was programmed 
from 70 to 220°C at 3°/min with initial and final hold times 
of 5 and 10 min, respectively. Temperature of injector and 
detector was 250°C.

(b) Gas chrom atograph/m ass spectrom eter.—Nermag R 
10 10C GC/MS interfaced to a Sidar data system. The R 10 
10 C was working in the electron impact mode (70 eV) with a 
quadrupole filter (mass range 4-1000 amu). Capillary col
umn of Carbowax 20 M, 50 m X 0.32 mm id, was used for gas 
chromatographic analysis. Column was programmed from 
70 (5 min) to 220°C (10 min) at 3°/min. Nitrogen carrier 
gas, flow rate 2 mL/min. The split ratio was 1:60. Injector 
and interface temperatures were 250°C and 270°C. respec
tively.

C osm etics Packaging

Perfume (0.5 g/100 g) was added to the final oil in water 
emulsion (which did not contain any perfume) with a Ray- 
neri-type mixer. The emulsion contained 70% water and non
ionic surfactants. The cosmetic was then packed in 6 differ



TAVERNA ET AL.: J. ASSOC. OFF. AN AL. CHEM. (VOL. 73, NO. 2, 1990) 207

ent plastic containers and in a glass bottle used as control. 
The filled products were stored at 37°C and ambient humid
ity in a Vismara-type oven for 2 months as described by 
Cannell (8).

P erm eability Test

Periodic weight measurements of the cosmetic product 
were made during the storage, as a crude measure of the 
compatibility between the product and its different contain
ers. Before weighing, containers were equilibrated to room 
temperature for 3 h.

S am ple Extraction

After 2 months, the quantitative and qualitative composi
tion of the perfume in the emulsions was analyzed by gas 
chromatography after liquid extraction as follows: A 2 g 
sample of cosmetic product was weighed into a glass tube, 1 
mL internal standard solution was added, and the volume 
was diluted to 10 mL with dichloromethane. The mixture 
was heated 15 min in a 40° C water bath to break the emul
sion, and stirred using a Vortex Ika Vibro-Fix followed by 
ultrasonic treatment.

The tube and contents were then frozen for 30 min, the 
supernate that contained fat excipients was removed, and the 
solution was analyzed by gas chromatography by injecting 
2 p L .

Desorption of P erfum es from P lastics

A method for extracting perfume components from plas
tics was tested, and the most efficient extraction solvent was 
determined. Plastic containers were washed with water, dri
ed, weighed, cut into small pieces (about 1 X 1 cm), and 
transferred to 100 mL glass-stopper flask. Twenty mL meth
anol was added, and each flask was placed in an ultrasonic 
bath for 30 min. Exactly 2 mL internal standard solution was 
added, and 2 pL  aliquot of the mixture was injected into the 
gas chromatograph.

The methanol extraction was repeated until no more per
fume was found in the extract solution.

Validation of Perfum e Extraction from C osm etic  Emulsion

This extraction was carried out 6 consecutive times to 
study the possible variation in relative composition of the 
perfume components before and after extraction. The 
amount of each component of the perfume was determined 
by GC analysis and the resultant data were compared to 
those obtained from the same components after extraction of 
a perfume added in an emulsion at a known concentration 
(0.5 g/100 g).

Statistical tests were used to compare means obtained 
from the 2 samples.

The repeatability of the extraction method was also stud
ied.
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Figure 1. Chromatogram of honeysuckle perfume on capillary column of Carbowax 20M, 25 m X 0.22 id. Peak identification: 
1, limonene; 2, llnalool; 3, llnalyl acetate; 4, a-terpineol; 5, terpinyl acetate; 6, benzyl acetate; 7, citroneliol; 8,phenyl ethyl ace

tate; 9, geraniol; 10, benzyl alcohol; 11, phenyl ethyl alcohol; 12, hexyl cinnamic aldehyde; 13, benzyl salicylate.
i
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Table 1. Concentration of some perfume components In a 
1 % perfume solution

Component Meana± SD, mg/100 mL RSD, %

Limonene 32.6 ± 2.6 8.0
Linalool 21.6 ± 0.4 1.8
Linalyl acetate 24.8 ± 0.8 3.2
a-Terpineol 37.1 ± 0.7 2.0
Benzyl acetate 98.6 ± 3.2 3.2
Citronellol 17.6 ± 0.6 3.6
Geraniol 39.6 ± 2.2 5.7
Benzyl alcohol 11.1 ± 0.8 7.3
Phenyl ethyl alcohol 58.1 ± 0.7 1.2
Hexyl cinnamic aldehyde 101.8 ± 5.6 5.5

3 N = 6.

Determ ination

Peak area of each component and peak area of menthol 
standard solution were measured. Peak area of perfume com
ponents and peak area of menthol extracted from the cosmet
ic fragrance were measured. Concentration of each compo
nent in the fragrance (Q, g/100 mL of perfume solution) was 
calculated:

C, = ( R , / R 2) X Cs

where Ri and R 2 = ratios of peak area of component i to peak 
area of the internal standard for sample and standard prepa
ration, respectively; and Cs = concentration of component in 
standard solution (g/100 mL).

Calculate relative percent of each component as follows:

C,% =  C ./H C n

where £/Cn = sum of concentration of all components.
Q uan tita tive  analysis o f  perfum e com ponents in cosm etic  

prepara tion .—Calculate concentration of each component in 
cosmetic product (C/, g/100 g cream):

C/ = ( R , / R :) X Cs X (V'/W') X 100

where W' = g sample of cosmetic product taken for extrac
tion (2 g average); and V' = mL sample extract (10.0 mL).

Calculate relative percent of each component in the cream 
as follows:

C /%  =  C i ' / L C /

S orption  o f  perfu m e com ponents by p la s tic  containers.— 
Calculate concentration of perfume components sorbed by 
plastic (C", g/100 g cream)

O f = ( R , / R 2) X Cs X (V '/W ") X 100

where V" = mL sample extract (20 mL); and W" = g 
cosmetic product stored in plastic container taken for analy
ses.

Calculate percentage of sorption for each component:

P = (Ci'VQ/) X 100

where Cjg' = concentration of component i in cream stored in 
glass.

Results and Discussion
The honeysuckle fragrance was analyzed by GC/MS. A 

mixture of fragrance (1 g/100 mL in methanol) and 0.1% 
internal standard (menthol) was analyzed by GC. A typical 
chromatogram is shown in Figure 1. Thirteen constituents of

Table 2. Comparison of the level of perfume components 
extracted and In the perfume itself

Recovered perfume3 Standard perfume

Component Mean ± SD6 RSD, % Mean ± SD6 RSD, %

Limonene 11.72 ± 0.95 8.1 11.95 ±0.96 8.0
Linalool 8.02 ±0.39 4.8 7.92 ±0.12 1.5
Linalyl acetate 9.55 ±0.79 8.3 9.08 ± 0 .25 2.7
a-Terpineol 14.05 ±0.90 6.4 14.51 ± 0.40 3.0
Benzyl acetate 36.10 ±0.85 2.4 36.15 ± 0 .80 2.2
Phenyl ethyl 

alcohol 20.50 ± 1.36 6.6 21.30 ± 0.34 1.6

3 Results are means of 5 separate extractions of the perfume added at 
a known concentration in the cosmetic. 

b N = 5.

the perfume were identified; 6 were selected for the interac
tion studies (limonene, linalool, linalyl acetate, a-terpineol, 
benzyl acetate, and phenyl ethyl alcohol). Calibration graphs 
for the perfume components were constructed from 3 consec
utive injections of the fragrance and were linear over the 
range of concentration used with regression coefficients 
ranging from 0.9994 to 0.9998 according to the component.

The fragrance solution was then quantitatively analyzed 6 
times. The selected components were determined by using 
external and internal standards. The concentration was cal
culated and the repeatability coefficient of variation was 
determined (Table 1).

The repeatability of the assay was satisfactory; the coeffi
cient of variation was 8% or less.

Validation of Extraction M ethod

To determine the relative percent of the components after 
extraction, 6 extractions were done on the same cosmetic 
product containing perfume at a known concentration and 
then compared to the perfume itself. A Shapiro Wilk test 
showed the distribution to be normal. A 2-sample compari
son test using a Kruskall Wallis test showed the results to be 
insignificantly different (Table 2).

Weight Variation on S torage

The variation of the cosmetic weight was easily determined 
by periodic measurements during storage. A loss in weight of 
the cosmetic product was observed with each container ex
cept glass (Figure 2).

The loss in weight is generally the First test used to screen 
the suitability of plastics for a cosmetic, and depends on the 
water permeability of the container. Cosmetic products con
taining water packed in styrene-acrylonitrile (SAN) have 
lost up to 40% in weight after storage of 2 months at 37°C, 
probably due to loss of water (Figure 2). In fact, the dry 
appearance of the cream (which contained about 70% water) 
after 2 months corresponded to the loss in weight determined 
above.

The effect of the nature of plastics on permeability is well 
known (9). Thus, the copolymer styrene-acrylonitrile, which 
is a polar polymer, is the most permeable to water. On the 
other hand, cosmetics packed in high density polyethylene 
(PEFID) containers lost less than 3% weight. Crystallinity of 
the polymer seems to be involved in such phenomenon. Polya
mide (PA) and styrene-acrylonitrile, which are both hydro
philic polymers, do not have the same barrier properties to 
water vapor. SAN, which is a highly branched copolymer,
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Figure 2. Variation in weight of cosmetic during 2 months of storage in various plastic containers and in glass: 1, glass; 2,
PEHD; 3, PVC; 4, PA; 5, PAN; 6, PETP; 7, SAN.

has a low degree of crystallinity and is more permeable than 
PA to water.

Perfum e C ontents o f C osm etic  a fter S torage

Perfume was extracted from cosmetics packed in different 
plastic containers and in a glass after 2 months. The concen
tration of selected components was determined and corrected 
according to the loss in weight previously observed, because 
the loss in weight would greatly affect the results (Table 3). 
Percent loss of each component was calculated with respect 
to the control. If the difference between control and sample 
was less than the RSD previously determined for each com
ponent (Table 2), the variation was not considered signifi
cant. Figure 3 illustrates the loss of perfume components 
from cream stored in different plastics.

A decrease of the level of each component was observed 
with PEHD and PVC and for every component except limo- 
nene for PA and PAN. This decrease was not the same for 
each perfume component. Barrier properties of plastic con
tainers depend on the nature of the diffusing solute. Al
though some linalool was lost after storage in the polyamide 
container, no decrease in the limonene level was observed. 
PEHD was 3 times more permeable to benzyl than to linalyl 
acetate. Conversely, the significant increase in the concen
tration of limonene and linalyl acetate with SAN and of

limonene, linalool, linalyl acetate, and terpineol with PETP 
was due to a concentration of these components not detected 
by weighing. According to the hydrophilic nature of these 2 
plastic containers (9), we can suppose that some water from 
the cream was absorbed by the plastic container and led to a 
concentration of the constituents in the cosmetic product.

Component loss from the perfume is shown to be depen
dent on the film material. Generally, the loss is greater for 
cosmetics packed in PEHD containers. PEHD has a lower 
barrier performance compared to the other plastics, especial
ly for benzyl acetate. Approximately 60% benzyl acetate was 
lost from the cosmetic packed in PEHD.

Perfume can be lost by sorption, permeation, or evapora
tion around a loose cap. Analysis performed on the plastic 
itself, after desorption, took into account only the sorption 
phenomenon.

Sorption of Perfum e b y  P lastics

Desorption of perfumes sorbed by plastics as describe 
above showed that a migration of some perfume components 
took place (Table 4). But all components lost were not recov
ered in the plastic, and the absorptive process remained a 
minor phenomenon.

A similarity in structure and functional grouping between 
the diffusing molecule and the plastic seems to increase the

Table 3. Concentration of perfume components after 2 months of storage in various plastic containers and in glass (mg/
1000 g cosmetic)

Component Glass PEHD PA PVC PETP PAN SAN

Limonene 160.9 94.9 165.0 158.2 226.7 166.4 186.9
Linalool 151.7 109.1 131.4 133.2 192.1 129.1 143.6
Linalyl acetate 120.7 104.0 118.9 119.6 159.3 100.2 131.0
a-Terpineol 242.8 182.3 207.2 223.0 267.4 204.0 248.9
Benzyl acetate 515.3 172.4 402.8 425.5 524.5 402.8 482.8
Phenyl ethyl alcohol 371.9 250.1 265.1 293.3 362.9 265.4 298.1
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PERFUME COMPONENTS
Figure 3a. Percentage loss of limonene, linalool, and linalyl 
acetate after 2 months of storage at 37°C In various plastic 

containers.

LINALOOL

PERFUME COMPONENTS
Figure 3b. Percentage loss of benzyl acetate, phenyl ethyl 
alcohol, and a-terpineol after 2 months of storage at 37°C in 

various plastic containers.

sorption phenomenon. Nylon has few polar sites and some 
compounds such as esters and alcohols (phenyl ethyl alcohol, 
benzyl acetate) can interact with these sites by hydrogen 
bonding. Limonene, which is a nonpolar compound, has no 
affinity for this plastic phase. These data were already sup
ported by Eric (10) who studied the main parameters in
volved in chemical interactions between the plastic container 
and the product. Our results are consistent with Kwapong’s

Table 4. Percentage of perfume components, originally 
present in the cream, sorbed by plastic containers after 2 

months
Component PEHD PA PVC PETP PAN SAN

Limonene 6.5 0.0 0.9 0.0 0.0 6.9
Linalool 9.0 2.7 1.3 1.2 1.2 2.6
Linalyl acetate 2.4 1.6 2.1 0.0 2.7 0.0
a-Terpineol 2.8 3.6 0.0 0.0 0.5 0.0
Benzyl acetate 3.6 2.7 0.6 0.0 0.6 1.2
Phenyl ethyl alcohol 3.4 7.5 0.6 0.0 0.4 1.7

observations (5), which showed that a similarity of dipole 
moment between molecules and plastics increases diffusion 
through the polymer. PA has a greater affinity for compo
nents with a high dipole moment such as phenyl ethyl alco
hol.

The proportion of crystalline zones in a polymer is an 
important parameter in determining the extent of sorption. 
Thus, a tight polymeric structure without amorphous zones is 
required for low permeability.

Conclusion

One of the objectives of this study was to develop a method 
for an objective evaluation of perfumes in cosmetic products 
that would accurately reflect the level of each component and 
eliminate the possibility of preferential loss of any component 
during the extraction procedure. We showed the validity of 
our method.

Then we proposed to determine the concentration of some 
components of the perfume after 2 months of storage in 
different plastics in order to investigate if an olfactory varia
tion could occur under accelerated conditions.

The qualitative comparison between different molecular 
plastic systems showed the complexity of the physicochemi
cal factors involved in interaction phenomenon. Some of 
these parameters were discussed. This procedure, using ac
celerated conditions of storage, can be very useful in the 
choice of suitable plastics for packaging of perfumed cosmet
ics. It is possible to predict the behavior of a perfume in a 
cosmetic stored in a given plastic container according to the 
perfume components, the nature of the plastic, and the type 
of cosmetic formulation.
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DECOMPOSITION

O utgrow th  o f  N a tu ra lly  O ccurring Clostridium botulinum  in V acu u m -P a ck a g ed  F resh  F ish

TIM OTHY LILLY, JR, and DONALD A. KAUTTER
F o o d  a n d  D r u g  A d m in is tr a t io n , D iv is io n  o f  M ic r o b io lo g y , W a sh in g to n , D C  2 0 2 0 4

A total of 1074 test samples of commercial, domestic, vacu
um-packaged fresh fish were studied to determine whether 
spoilage occurs before the products become toxic from natu
rally occurring Clostridium botulinum  spores. The products 
were incubated for 12 days at 12°C (mild abuse). After 
incubation, they were tested for botulinal toxin and evaluated 
for organoleptic acceptability. Even when only marginally 
acceptable to laboratory personnel, none of the 1074 test 
samples were positive for C. botulinum  toxin. Thus, the fish 
either contained no C. botulinum  spores, or the spores were 
unable to grow out and produce toxin before spoilage made 
the product marginally unacceptable.

Temperature abuse of commercial vacuum-packaged or 
modified atmosphere-packaged fresh fish fillets can result in 
the rapid growth of C lostrid ium  botu linum  type E spores 
during storage (1-4). Because these organisms are nonpro- 
teolytic and can grow and produce toxin at very low tempera
tures (3.3°C), a C. botulinum -contam ina.ted  product may be 
toxic and still remain organoleptically acceptable with no 
noticeable signs of quality reduction or evidence of spoilage 
(5). This fact has caused concern about the possibility of 
growth of C. botu linum  type E in fresh fish commercially 
vacuum-packaged or packaged in a modified atmosphere.

Earlier studies (6-9) have involved packages of fish fillets 
inoculated with spores of C. botu linum  type E and held at 
different abusive temperatures. These studies indicated that 
under temperature abuse, most products packaged under 
vacuum or in a modified atmosphere became toxic before 
they became organoleptically unacceptable. Modified at
mospheres alone do not provide the safety required for ex
tended storage of fish with respect to bacterial outgrowth and 
toxin production by C. botu linum  type E spores (6-9).

Although most consumers would reject a marginally ac
ceptable fish product, i.e., one that is beginning to “turn,” 
others might consume it despite its slight off-odor or loss of 
firm texture. Our objective, therefore, was to determine 
whether commercial vacuum-packaged fresh fish would be
come toxic from naturally occurring C. botu linum  spores by 
the time of this “turning” point, and if toxicity would occur 
before spoilage made the product marginally unacceptable.

Experimental
Every other month for about 10 months, we received 100 

vacuum-packaged fresh frozen raw fish that had been com
mercially produced throughout the United States and col
lected by Food and Drug Administration inspectors. Some 
packages contained individually wrapped, vacuum-packaged 
fish; others contained 10 fillets or steaks vacuum-packaged 
together in a plastic wrap. The frozen raw fresh fish products 
were stored in a 20°F (—6.7°C) walk-in refrigerator until 
analysis. Fish species and number of samples studied were

Received June  15, 1989. A ccepted A ugust 3, 1989.

pollock (50), haddock (40), cod (40), salmon (40), turbot
(20), catfish (20), trout (10), ocean perch (50), flounder 
(40), cusk (40), hake (30), mahi (20), halibut (20), monk 
(30), dab (24), sole (30), pompano (20), tuna (20), blackfish
(20), red snapper (50), tile bass (20), swordfish (20), shark 
(30), Gulf redfish (20), grouper (20), white fish (10), and 
farm-grown trout (340).

The vacuum-packaged fish were thawed and incubated for 
12 days at 12°C (mild abuse) in a refrigerator. The tempera
ture was monitored by a Model 615 continuous temperature 
recording thermometer (Kernco Instruments, Co., El Paso, 
TX). Vacuum-packaged fish fillets inoculated with a 0.1 mL 
suspension of approximately 35 C. botu linum  type E spores/ 
mL served as controls. In some instances, however, the pack
ages were institutional-sized, each containing 10 or more 
vacuum-packaged fish. If the package had been inoculated, 
all 10 or more fish could have become toxic and the sample 
rendered useless for experimentation. In these instances, 2 
tubes of inoculated trypticase-peptone-glucose-yeast extract 
broth served as controls.

After 12 days of incubation, acceptability of the fish was 
determined by sensory analysis. Laboratory personnel evalu
ated each fish product for appearance, odor, and texture and 
the results were recorded. After evaluation, each fish test 
sample was put into a Waring blender along with just enough 
gel phosphate buffer to blend into a slurry. After blending, 
the samples were centrifuged in the cold, trypsinized, and 
injected intraperitoneally into each of 2 mice. If the extracts 
were presumptively positive for toxin, as evidenced by mouse 
death, toxin neutralization tests were performed by proce
dures outlined in the FDA B acterio log ica l A n a ly tica l M an
ual (10).

Results and Discussion
At the time of analysis, the majority of the fish were only 

marginally acceptable (i.e., they had developed a “fishy” off- 
odor, and in most instances the flesh had started to lose its 
firm texture). None of the 1074 vacuum-packaged fresh fish 
products were positive for C. botu linum  toxin. The controls 
in all of the studies were positive for C. botu linum  type E 
toxin. Statistically these results show a 95% confidence level 
that the true contamination rate of C. botu linum  type E 
spores in the fish tested is between 0 and 0.34%.

In the past, numerous studies have demonstrated that dis
tribution of C. botu linum  spores in marine and fresh water 
environments is ubiquitous and that the distribution of spores 
in fish fillets or other fish portions is sporadic, varying mark
edly within different areas of the environment. The absence 
of botulinal toxin in the uninoculated fish used in this study 
may indicate that the specific fillets used in these experi
ments were not contaminated with C. botu linum  or that the 
number of spores present was not sufficient to produce dis
cernible levels of botulinal toxin during the 12-day storage 
period at 12°C.

Results of these studies indicate that 1074 commercial
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vacuum-packaged fresh fish either did not contain the spores 
of C. bo tu lin u m , or, if the spores were present, they were 
unable to grow out and produce toxin before the product was 
marginally unacceptable. Under very strict temperature con
trol and without temperature abuse, vacuum packaging and/ 
or modified-atmosphere packaging may be safely applied to 
extend the shelf-life of fresh fish, provided that proper refrig
eration temperature (38°F or 3.3°C) is absolutely main
tained during distribution, storage, and retailing, and in the 
home.
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FEED ADDITIVES

Diastatic Activity of Forage Additive Products Containing Malt Flour
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A method has been developed for the measurement of dia
static activity of forage additive products which contain malt 
flour as active Ingredient. The procedure Involves extraction 
of the enzyme activity with calcium chloride solution, Incu
bation of the extract with excess soluble starch, and mea
surement of the unhydrolyzed starch by the starch-iodine 
reaction. The conditions established for optimum enzyme 
activity were 1 % calcium chloride solution for enzyme ex
traction, and enzyme-starch reaction pH and temperature of 
pH 5.5 and 40°C, respectively. With the combination of these 
experimental conditions, the diastatic activity, expressed as 
g starch hydrolyzed per g material per h (SKB) (a) of malt 
diastase was 75.9 SKB units, (b) of malt flour was 32.8 SKB 
units, and (c) of 2 forage additive products were 0.205 SKB 
unit and 0.044 SKB unit.

The use of enzymes and microorganisms in commercial for
age additive products is now widespread. These products 
serve as fermentation aids and are considered to promote 
favorable conditions for the preservation of ensiled forage
(1). The presence of malt flour containing diastase enzymes 
in a forage additive product was shown to enhance the libera
tion of fermentable sugars from an ensiled forage (2). The 
observed increase in the content of soluble sugars was, in all 
likelihood, the result of the diastatic activity on starch in the 
forage by starch-degrading enzymes in the malt flour present 
in the forage additive.

A survey of the published literature indicates that consid
erable work has been done on the measurement of diastatic 
activity of cereals and cereal products. The classical Wohlge
muth (3) procedure has served as the basis for several of the 
methods, such as the F ood C hem icals C odex  method (4), the 
AOAC method (5), and the AACC method (6) which are 
currently used for measuring a-amylase activity. Standstedt 
et al. (7) acknowledged that the Wohlgemuth method mea
sures the activities of combined a- and /3- amylase; for the 
measurement of a-amylase alone, it is necessary to eliminate 
variability due to /3-amylase activity. However, these workers 
suggested that, for most practical situations, measurement of 
total dextrinizing power resulting from combined activities 
of both a- and -(3-amylase may be all that is required.

Although a-amylase is considered to be primarily dextrin
izing in its activity, /3-amylase also has been shown to reduce 
the dextrinization time of starch hydrolysis (8). In fact, the 
starch-degrading properties of enzymes in malt flour are due 
not only to a- and /3-amylase, but could be affected by at least 
the following 4 additional enzymes: phosphorylase, amylo- 
pectin 6-glucanohydrolase, oligo-l,6-glucosidase (limit dex- 
trinase), and a-glucosidase (9, 10). Consequently, measure
ment of diastatic activity or starch degradation based on the 
original Wohlgemuth method could in fact, be a measure
ment of the combined activity of these 6 enzymes.

Received A pril 4, 1989. Accepted Septem ber 27, 1989.

The objective of the present work was to measure the total 
diastatic activity or the starch degradation due to all enzymes 
present in a commercial forage additive product containing 
malt flour. The approach taken was to measure by colorime
try (11-13) the decrease in the intensity of the blue starch- 
iodine complex as an indicator of starch degradation (3). 
Since the aim was to measure total diastatic activity and not 
specifically a-amylase activity, no attempt was made to re
move the influence of /3-amylase as is done in some standard
ized methods. The AOAC method for diastase activity of 
malt does not attempt to eliminate the action of /3-amylase; in 
this respect the approach used in the procedure described in 
this paper is similar to that of the AOAC method for diastase 
activity. However, the AOAC method determines activity by 
measurement of the reducing power of the enzyme-substrate 
medium after 30 min of reaction. Yoo et al. (14) has suggest
ed that a-amylase activities determined by the starch-iodine 
reaction method were approximately 4-6 times higher than 
those from the reducing value method.

Experimental

M aterials

(a) Forage a d d itives .—Two commercial products contain
ing malt flour as active ingredient and malt flour were ob
tained from manufacturers of the products.

(b) M a lt d ia sta se .—Purchased from Fisher Scientific, 
Montreal, Quebec.

R eagen ts

(a) S tarch  so lu tion .—Add 1.2 g Lintner potato starch 
(Sigma Chemical Co.) to 15 mL water with stirring. Add this 
suspension slowly, with stirring, to 120 mL boiling water. 
Boil gently for 2 min and then cool under running tap water. 
Dilute to 200 mL with water.

(b) S to ck  iodine so lu tion .—Prepare according to proce
dure described in F ood C hem icals C odex  method. Dissolve
11.0 g potassium iodide and 5.5 g iodine in ca 200 mL water. 
Dilute to 250 mL with water and mix. Store in dark bottle.

(c) D ilu te  iodine so lu tion .—Dissolve 20 g potassium io
dide in 300 mL water and add 2 mL stock iodine solution. 
Quantitatively transfer to 500 mL volumetric flask, dilute to 
volume with water, and mix. Prepare fresh solution daily.

(d) A ceta te  bu ffer so lu tion .—Dissolve 120 mL glacial 
acetic acid and 164 g anhydrous sodium acetate in water and 
dilute to 1 L. Adjust to desired pH with dilute HC1 or dilute 
NaOH.

Procedure

(a) P reparation  o f  enzym e ex tract [according to  proce
dure o f  Perten {12) ] .—Weigh appropriate quantity (0.5-5.0 
g) of material to be assayed for diastatic activity. Add 100 
mL CaCL solution of desired concentration and incubate 1 h
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at 30°C; mix well at 15 min intervals. Filter mixture and 
transfer suitable volume of filtrate to 100 mL volumetric 
flask. Add 10 mL acetate buffer of desired pH and dilute to 
100 mL with water.

(b) C olorim etric reaction [according to procedure o f  Per- 
ten (12) ] .—Transfer 30 mL prepared enzyme extract to 125 
mL Erlenmeyer flask. Place this extract and starch substrate 
solution, separately, in shaker water bath to attain desired 
temperature. Add 10 mL starch substrate solution to enzyme 
extract and return to water bath. At 5, 10, 15, and 20 min 
intervals, transfer 2 mL enzyme-substrate reaction mixture 
to 125 mL Erlenmeyer flask containing 50 mL acetic acid 
solution (10%) and 10 mL dilute iodine solution. Mix and 
read absorbance immediately at 575 nm.

Add 2 mL calcium chloride solution (1%), 50 mL acetic 
acid solution (10%), and 10 mL dilute iodine solution to 250 
mL Erlenmeyer flask. Mix and use this solution to adjust 
spectrophotometer to zero at 575 nm.

Add 2 mL soluble starch solution to 6 mL calcium chloride 
solution (1%). Mix and then pipet 2 mL of the above solution 
into 125 mL Erlenmeyer flask containing 50 mL acetic acid 
solution and 10 mL dilute iodine solution. Read absorbance 
at 575 nm. This represents substrate control (12).

Calculation of D lastatlc A ctiv ity

The period of half-life (ti/2) procedure of Hagberg (13) 
was used to calculate diastatic activity. The period of half-life 
(t|/2) was calculated from the formula:

ti/2 = 0.30103 t/(log E0 -  log Et)

where t = time of reaction (min); E0 = absorbance at time 0; 
and E, = absorbance after reaction time t. Calculated ti/2 
value is based on mean of absorbance readings from 3 reac
tion times as suggested by Hagberg. From calculated ti/2 
value, diastatic activity expressed as H units (12, 13) was 
calculated using the following equation:

Diastatic activity (H units) =
[Wslarch(g) X 60 min]/[Wsampie(g) X t,/2]

where Wstarch = weight of starch and Wsamp|e = weight of 
sample in hydrolyzing mixture (12, 13). H units obtained by 
this procedure were converted to SKB units by using the 
relation of 1 H unit X 0.42 = 1 SKB unit (13).

Results and Discussion
The effect of pH, temperature, and calcium chloride con

centration on diastatic activity was investigated to determine 
the optimum conditions for activity of the starch degrading 
enzymes. Kneen et al. (15) demonstrated that the stability of 
a-amylase and /3-amylase was influenced by these 3 factors. 
Temperature was the most important factor with regard to /3-

Table 1. Effect of pH on diastase activity

pH
Diastase activity, g/g/ha

Malt diastase Malt flour Forage additive A

4.80 59.6 (±5.63) — 0.044 (±0.0036)
5.15 72.4 (±4.13) 8.5 (±0.22) 0.063 (±0.0047)
5.50 72.7 (±3.13) 17.0 (±0.53) 0.077 (±0.0017)
6.00 66.8 (±3.48) 15.8 (±0.26) 0.069 (±0.0083)
6.50 45.5 (±1.58) 10.9 (±0.06) 0.037 (±0.0020)

3 Results are means (standard deviations) of triplicate determinations.

Table 2. Effect of temperature on diastase activity

Temperature
Diastase activity, g/g/h3

Malt diastase Malt flour Forage additive A

20°C 13.4 (±0.72) 4.8 (±0.28) 0.019 (±0.0033)
30°C 57.8 (±2.51) 12.4 (±1.17) 0.055 (±0.0039)
40°C 113.7 (±3.83) 22.6 (±0.08) 0.145 (±0.0187)
50°C 42.8 (±1.81) 13.9 (±0.18) 0.075 (±0.0051)

3 Results are means (standard deviations) of triplicate determinations.

amylase; for a-amylase, pH was more important than tem
perature. In addition, calcium concentration had a stabiliz
ing effect on a-amylase but a destabilizing effect on /3-amy- 
lase.

Effect  of pH

Table 1 shows the effect of pH of the reaction medium on 
the diastase activity of commercial malt diastase, malt flour, 
and a forage additive product. The pH of maximum activity 
for the 3 materials was 5.5. However, comparison of the 
means of diastatic activity using the t-test (16) indicated that 
the activity of malt diastase at pH 5.5 was not significantly 
( P <  0.05) different from that at pH 5.15 or pH 6.0. For malt 
flour, the activity at pH 5.5 was significantly higher ( P <  
0.05) than that at pH 5.15 and pH 6.0. For the forage 
additive, the activity at pH 5.5 was significantly higher ( P <  
0.05) than that at pH 5.15 but not significantly different (P  
<  0.05) than that at pH 6.0. These results suggest that the 
optimum reaction pH was 5.5. Hoskam (8) demonstrated 
that conversion of erythrodextrin by a-amylase was greatest 
between pH 4.5 and 5.6. Several methods for measurement 
of a-amylase activity for cereals and cereal products [FCC 
method, AOAC method, and AACC method] are based on 
the procedure of Standstedt et al. (7) which utilizes an ace
tate buffer of pH 4.8. The FCC and AOAC procedures for 
diastase activity for malt flour use an acetate buffer of pH
4.6. Greenwood and Milne (17) summarized that the pH 
value of higher-plant, bacterial, and fungal a-amylase and /3- 
amylase all lie between pH 5.0 and 6.0.

Effect of Tem perature

Table 2 shows the effect of temperature on diastase activi
ty of malt diastase, malt flour, and a forage additive. The 
temperature for maximum diastase activity of the 3 materi
als was 40°C. Comparison of the means of diastatic activity 
using the t-test indicated that the activity obtained at 40°C 
was significantly higher (P  <  0.05) than that obtained at 
20°C, 30°C, or 50°C. Kneen et al. (15) working with tem
peratures above 50° C reported that temperature was the 
predominant factor influencing /3-amylase stability. These 
workers concluded that /3-amylase stability was dependent on 
both temperature and pH. Several standardized methods, 
such as the FCC method, the AOAC method, and the AACC 
method, use a reaction temperature of 30°C for a-amylase 
activity. However, Hagberg (13) suggested that a-amylase 
activity can be determined more readily at temperatures 
higher than 30°C. For diastase activity, an incubation tem
perature of 20°C is used (FCC and AOAC). Yoo et al. (14) 
demonstrated that the activity of B acillus licheniform is a - 
amylase increases at temperatures between 25°C and 65°C. 
Greenwood and Milne (17) reported that purified a-amylase 
lost activity rapidly above 50°C although this deactivation 
was reduced in the presence of excess calcium ions.
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Table 3. Effect of calcium chloride concentration on 
diastase activity of malt diastase

Calcium chloride concn, % Diastatlc activity, g/g/ha

0.0 14.4 (±0.62)
0.1 27.0 (±0.69)
0.2 32.1 (±1.47)
0.5 43.1 (±9.29)
1.0 45.9 (±0.25)
5.0 37.8 (±1.34)

a Results are means (standard deviations) of triplicate determinations.

Table 4. Diastase activity of malt diastase, malt flour, 2 
commercial forage additive products

Source Diastase activity, g/g/ha

Malt diastase 75.9 (±9.53)
Malt flour 32.8 (±2.55)
Forage additive A 0.205 (±0.0212)
Forage additive B 0.044 (±0.0093)

Results are means (standard deviations) of 4 replicate determina
tions.

Effect  of Calcium Chloride Concentration

Table 3 shows the effect of calcium chloride concentration 
on diastase activity of malt diastase. The calcium solution 
was used for extraction of the enzymes from the malt dia
stase. The results show that maximum activity was obtained 
with the enzyme extract prepared by extracting with a 1.0% 
calcium chloride solution. However, the activity of extract 
from 0.5% CaCF solution was not significantly different (P  
>  0.5) than that from 1.0% CaC^. Calcium is considered as a 
co-factor for a-amylase activity while /3-amylase requires no 
co-factor for activity (16). Several standardized methods 
(e.g., FCC method, AOAC method, and AACC method), for 
a-amylase activity utilize 0.5% sodium chloride solution. For 
diastase activity, these methods also use 0.5% NaCl solution 
with the exception of the AACC method which utilize water 
for preparation of the enzyme extract. Kneen et al. (15) 
reported that conditions for the maximum retention of a- 
amylase activity included the presence of calcium. In the 
procedure of Perten (12) and Hagberg (13), 0.2% calcium 
chloride solution is used for extraction of a-amylase.

D iastase A ctiv ity  Using Optimum Conditions

Table 4 shows the activities of malt diastase, malt flour, 
and 2 forage additive products using the combination of 
optimum conditions of calcium chloride concentration (1%) 
for enzyme extraction, of pH (5.5) and of temperature 
(40°C) of enzyme-substrate reaction. The diastase activities 
of malt four and diastase were 32.8 g/g/h (SKB units) and
75.9 SKB units, respectively. Perten (12) reported SKB val
ues of 23 and 46 for 2 samples of malt and SKB values of 120 
and 480 for 2 enzyme preparations. The activity of the 2 
forage additive products were 0.205 and 0.044 SKB unit. The

Time of Hydrolvsis (min)
Figure 1. Plot of log absorbance vs reaction time for malt 
diastase ( + —  +), malt flour ( □ —  □ ), and 2 commercial 
forage additive products containing malt four, additive A 

(O  —  O),  and additive B (A —  A).

plots of log absorbance vs reaction time for the data from 
which the activities were obtained, are shown in Figure 1. For 
the 4 materials which were investigated (Table 4), absor
bance vs reaction time plots are similar to those obtained for 
the conversion erythrodextrin (13) or limit dextrin (12). 
These results suggest that by using optimum experimental 
conditions the original Wohlgemuth method can be modified 
and used to measure diastase activity of malt-containing 
forage additives.
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FOOD ADDITIVES

Determination of Sulfite in Foods and Beverages by Ion Exclusion Chromatography with 
Electrochemical Detection: Collaborative Study
HIE-JOON KIM
U .S . A r m y  N a t ic k  R e se a rc h , D e v e lo p m e n t a n d  E n g in eer in g  C en ter , F o o d  E n g in eer in g  D ire c to ra te , N a t i c k ,
M A  0 1 7 6 0

Collaborators: V. Chu; K. R. Conca; B. Frost; J. R. Heuser; T. Huang; Y.-K. Kim; S. Kupina; D. J. Mayers; J. H. Nguyen

A liquid chromatographic (LC) method for determination of 
total sulfite in foods and beverages by alkali extraction fol
lowed by Ion exclusion chromatographic separation and 
electrochemical detection (IEC-EC) was collaboratively 
studied by 9 laboratories. Blind duplicate samples of starch, 
diluted lemon juice, wine cooler, dehydrated seafood, and 
instant mashed potatoes were analyzed without spiking and 
with added sulfite at 2 levels. The initial sulfite levels varied 
from 0 to 384 ppm S02, and the levels added varied from 10 
to 400 ppm. The initial sulfite levels determined by the IEC- 
EC method and the Monier-Williams method were in good 
agreement. Recovery of added sulfite by the IEC-EC method 
was generally higher than that by the Monier-Williams meth
od. Withln-laboratory repeatability (RSDr) for the IEC-EC 
method varied from 4.4 to 26.0%, and overall reproducibility 
(RSDr) varied from 8.5 to 39.3 %. The collaborators found the 
method to be fast, sensitive, and easy to use, which makes it 
a useful alternative to the Monier-Williams method. The 
method has been adopted official first action.

Effective January 9, 1987, the U.S. Food and Drug Adminis
tration (FDA) requires that the presence of sulfite at or 
above 10 ppm be declared on the label of food products (1). 
The Bureau of Alcohol, Tobacco, and Firearms published a 
similar labeling regulation for alcoholic beverages (2). Re
cently, the U.S. Environmental Protection Agency (EPA) 
established a tolerance limit of 10 ppm for sulfur dioxide in or 
on grapes (3).

The current official method for sulfite analysis is the Mon
ier-Williams method (4). In this method, sulfite is released 
from the food as sulfur dioxide by a lengthy (1.75 h) distilla
tion in the presence of a strong acid. The sulfur dioxide is 
oxidized in a trap to sulfuric acid, which is determined either 
by titration with alkali or gravimetrically. Results by the 
Monier-Williams method are subject to uncertainties at the 
10 ppm level. FDA modified the Monier-Williams method to 
improve the sensitivity (by using more dilute titrant) and to 
minimize the potential interference (by decreasing the con
denser temperature) (1). The analysis time of about 2 h still 
makes the Monier-Williams method unsuitable for rapid 
screening.

Received for publication August 18, 1989.
This report was presented a t the 102nd A O A C  Annual International 

M eeting, A ugust 29 -S ep tem ber 1, 1988, at Palm Beach, FL.
The recom m endation was approved interim  official first action by the 

G eneral Referee, the C om m ittee on Foods II, and the C hairm an of the 
O fficial M ethods Board. The m ethod was adopted official first action a t the 
103rd A O A C  A nnual In ternational M eeting, Septem ber 25-28, 1989, a t St. 
Louis, M O. A ssociation actions will be published in “ C hanges in Official 
M ethods o f A nalysis” (1990) J . A sso c . O ff. A n a l. C h em . 73, J an u a ry / 
February  issue.

A number of alternative methods have been developed 
recently. These new methods come under 2 categories. Under 
one category, acid distillation is used as in the Monier- 
Williams method to separate sulfite from the food matrix, 
but the alkali titration is replaced by a more selective deter
minative step. The sulfur dioxide collected in the trap is 
either separated by ion exchange chromatography and de
tected by conductivity measurements (5-7) or determined by 
more selective detection techniques such as redox titration
(8), coulometric titration (9), or polarography (10, 11) with
out further separation.

Under another category, a direct alkali extraction method 
was extensively investigated in an effort to eliminate the acid 
distillation step. The reversibly bound sulfite is released more 
efficiently from the foods by alkali than by acid (12, 13). 
Nevertheless, separation of sulfite from the alkali extract has 
been a challenging problem. Fortunately, several novel sepa
ration techniques facilitated the selective determination of 
sulfite in the alkali extract of the foods. Examples include 
flow injection analysis (14), ion exclusion chromatography 
with electrochemical detection (15, 16), headspace tech
niques (17, 18), and a reverse-phase ion pairing liquid chro
matographic (LC) method with spectrophotometric detec
tion (19).

Among these various methods, the differential pulse po- 
larographic method was adopted official first action (20), 
and the FDA-optimized Monier-Williams method (21) and 
the flow injection method (14) have received interim official 
first action approval by AOAC. Recently, Holak and Spec- 
chio (22) improved the differential pulse polarographic 
method by replacing acid distillation with alkali treatment 
followed by acidification and nitrogen purging. The present 
paper reports the collaborative study results for the determi
nation of total sulfite by the IEC-EC method. A comparison 
with results by the Monier-Williams method is included and 
explanations for the difference are suggested.

Collaborative Study
The 9 participants were equipped with an LC system with 

an anion exclusion column and an electrochemical detector. 
Five participants used an anion exclusion column supplied by 
Wescan Instruments, Inc. (2051 Waukegan Rd, Deerfield, 
IL); two by Waters Chromatography Division (34 Maple St, 
Milford, MA); one each by Bio-Rad Laboratories (1414 
Harbour Way South, Richmond, CA) and Brownlee Labs, 
Inc. (2045 Martin Ave, Santa Clara, CA). Four participants 
used electrochemical detectors supplied by Wescan; two each 
by Bioanalytical Systems, Inc. (2701 Kent Ave, West La
fayette, IN) and Waters; and one by Bio-Rad. All partici
pants used a Polytron homogenizer (Brinkmann Instru
ments, Cantiague Rd, Westbury, NY) or an equivalent.
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S am ple Preparation

Five food and beverage samples with the initial sulfite level 
ranging from 0 to 384 ppm were used. These were corn starch 
(initial level, 0 ppm), diluted lemon juice (21 ppm), wine 
cooler (22 ppm), dehydrated seafood (35 ppm), and instant 
mashed potatoes (384 ppm). Corn starch, lemon juice, and 
wine cooler were purchased from local stores. The partici
pants were asked to dilute the lemon juice 10-fold before use. 
Dehydrated seafood was prepared by dipping a surimi-type 
seafood section in an 80 mg sodium sulfite/L solution and 
freeze-drying. The dehydrated seafood was pulverized to fine 
powder to achieve sample homogeneity. Instant mashed po
tatoes were obtained from a commercial supplier.

S pike Preparation

Vials containing accurately weighed amounts of sodium 
sulfite (amount not revealed to participants) and excess sodi
um chloride were provided. The participants were instructed 
to dissolve the contents of the vial in a given volume of buffer 
and make dilutions according to the instructions. Duplicate 
samples and spiking mixtures were sent to the participants. 
Spiking levels of 10 and 30 p g/g were used for starch, diluted 
lemon juice, and wine cooler; 40 and 80 p g/g for dehydrated 
seafood; and 80 and 400 /¿g/g for instant mashed potatoes.

Instructions to Collaborators

Detailed instructions were sent to the participants. They 
were asked to practice the procedure before performing the 
study.

M onier-W illiam s M ethod

The Associate Referee determined the amount of sulfite in 
the samples with and without the spike in duplicate by the 
modified Monier-Williams method (1) except that cold tap 
water was used for cooling the condenser.

S ta tistica l A nalysis

Statistical analysis was applied to each sample at each 
spiking level according to the AOAC statistical manual (23).

990.31 Sulfites in Foods and Beverages
Ion Exclusion Chromatographic Method 

First Action 1990
(Applicable to determination of SO2 at > 10 ppm. Not ap
plicable to dark colored foods or ingredients where S 02 is 

strongly bound, e.g., caramel color. Method does not detect 
naturally occurring sulfite.)

Method Performance:

sr = 4.7; sR = 8.9; RSDr = 12.3%; R S D r = 21.2%

A. Principle

S 02 is released by direct alkali extraction. Diluted portions 
of liquid samples or diluted filtrates of solid samples are 
injected into LC or ion exclusion chromatographic system 
equipped with anion exclusion column and electrochemical 
detector.

B. Apparatus

(a) Ion exclusion  chrom atograph .—Any liquid chro
matographic or ion chromatographic system equipped with 
anion exclusion column (sulfonated polystyrene/divinylben-

zene) and electrochemical (amperometric) detector can be 
used. Equilibrate anion exclusion column (preferably high 
speed column, 4.6 X 100 mm) and electrochemical detector 
set at +0.6 V on platinum working electrode vs Ag/AgCl 
reference electrode with 20mM H2SO4 eluant. Adjust atten
uation on integrator or chart recorder so that signal from 
0.60 ppm S 0 2 solution yields ca '/2 full scale deflection.

(b) H om ogenizer.—Polytron or equivalent.

C. R eagen ts

(a) B uffer.—pH 9. Prepare 20mM Na2HP0 4, lOmM D- 
mannitol solution in deionized water and degas.

(b) S ulfuric  acid  so lu tion .—20mM. Add 1.07 mL con
centrated H2SC>4 to water in 1 L volumetric flask. Dilute to 
volume with water and degas.

(c ) S o d iu m  s u lf i te  s ta n d a rd .—Determine purity of 
Na2S0 3  as follows: Accurately weigh ca 250 mg Na2S0 3  
into exactly 50 mL 0.1N I solution in glass flask. After 5 min 
at room temperature, add 1 mL HC1 and titrate excess I with 
0.1N Na2S2C>3 using 1% aqueous starch solution as indicator 
(1 mL 0.1N I consumed = 6.302 mg Na2S 03).

(d) S u lf ite  stan dard  so lu tion s.—(1) S to ck  so lu tion .— 
Prepare 1000 ppm S 0 2 solution by dissolving 196.9 mg 
Na2S0 3  in 100 mL pH 9 buffer, (a). Prepare stock solution 
daily. (2) W orking so lu tion .—Dilute stock solution to 0.60 
ppm with same pH 9 buffer. Working solution must be fresh
ly prepared from stock solution every 2  h.

D. Determ ination

Dilute liquid sample with pH 9 buffer so that height of 
sulfite peak from sample is similar to that of 0.60 ppm 
standard within 50%. For solid samples, homogenize 0.2-1.0 
g sample in 10-100-fold excess pH 9 buffer for 1 min with 
homogenizer and filter (0.2-0.45 /¿m). Dilute filtrate as nec
essary, comparing signal intensity with that of 0.60 ppm 
working standard solution. For acidic samples such as lemon 
juice, if pH of diluted sample is < 8 , adjust to pH between 8 
and 9 with dilute NaOH solution or perform extraction with 
lOOmM Na2HP04, 10 mM D-mannitol solution.

Inject 0.60 ppm standard solution, and then inject pre
pared, diluted test sample.

Extraction, filtration, dilution, and injection should be 
done within 10 min because sulfite concentration in extract 
tends to decrease gradually.

Errors due to gradual decrease in detector sensitivity dur
ing multiple sample injections can be minimized by injecting 
standard solution alternately with sample injections. Clean
ing electrode at beginning of each chromatographic run may 
alleviate decrease in sensitivity. To clean electrode, apply 
— 1.0 V for several min followed by +1.8 V for several more 
min and then equilibrate at +0.6 V. Alternatively, short train 
of electrode cleaning voltages can be applied automatically 
after each injection.

E. Calculations

Calculate ppm S 0 2 in sample as follows:
S 02, ppm = 0.60 X ( P H / P H' )  X dilution factor

where P H  and PH'  = peak height from sample and standard, 
respectively, and dilution factor takes into account initial 
dilution for extraction and any subsequent dilution.
Ref.: JAOAC 73, March/April issue (1990)
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T a b le  1. C o lla b o r a tiv e  r e s u lts  for r e c o v e r y  b y  IEC-EC m e th o d  of su lf ite  a d d e d  to  s ta r c h  at 10 an d  3 0  ppm  le v e l s  (b lin d
d u p lic a te  s a m p le s )

Coll.

Added, 0 ppm Added, 10 ppm Added, 30 ppm

Found Found Rec. Rec., % Found Rec. Rec., %

1 0 8.9 8.9 89 33.6 33.6 112
0 9.6 9.6 96 33.2 33.2 111

2 0 6.7 6.7 67 22.5 22.5 75
0 8.0 8.0 80 22.6 22.6 75

3 0 6.4 6.4 64 24.4 24.4 81
0 7.1 7.1 71 26.3 26.3 88

4 0 7.6 7.6 76 27.3 27.3 91
0 6.7 6.7 67 25.4 25.4 85

5 0 7.1 7.1 71 27.9 27.9 93
0 6.9 6.9 69 28.1 28.1 94

6 0 7.2 7.2 72 27.0 27.0 90
0 5.5 5.5 55 21.6 21.6 72

7 15.4a 23.8 8.4 84 44.9 29.5 98
21.2s 28.8 7.6 76 44.9 23.7 79

8 0 8.8 8.8 88 31.0 31.0 103
0 10.0 10.0 100 32.8 32.8 109

9 0 16.8 16.8s 168 24.6 24.6 82
0 21.1 21.1s 211 30.1 30.1 100

a Data rejected by Dixon test.

CAS-7446-09-5 (sulfur dioxide) The results of the statistical analysis are summarized in
Table 6. The relative standard deviation for repeatability 

Results and Discussion (RSDr) for the initial sulfite content of the 4 sulfite-contain- 
Nine participants reported the sulfite concentration as ing samples varied from 4.4 to 13.2% (average 8.1%). The 

ppm SO; from blind duplicate analyses of 5 food and bever- relative standard deviation for reproducibility (R S D r) var- 
age samples without spike and with added sulfite at 2 levels. ied from 8.5 to 25.8% (average 15.3%) for the same samples. 
Peak height was used for calculation. One set of data was For recovery studies carried out at pH 9, RSDr varied from 
rejected before the statistical analysis because an old stan- 5.4 to 26.0% (average 14.0%) and R SD r varied from 13.0 to 
dard sulfite solution was used (diluted lemon juice, 30 ixg/g 39.3% (average 23.6%). The larger values of RSDr and 
spike, Collaborator 1). The reported data are summarized in R SD r in the recovery results reflect the fact that the varia- 
Tables 1-5. tions due to experimental errors are compounded when the

Table 2. Collaborative results for recovery by IEC-EC method of sulfite added to diluted lemon juice at 10 and 30 ppm
levels (blind duplicate samples)

Coll.

Added, 0 ppm Added, 10 ppm Added, 30 ppm

Found Found Rec. Rec., % Found Rec. Rec., %

1 29.7a 40.3 10.6 106 89.7 60.06 200
29.5a 41.0 11.5 115 88.4 58.96 196

2 19.7 31.2 11.5 115 59.7 40.0 133
20.3 34.9 14.6 146 46.2 25.9 86

3 21.8 51.7 29.9C 299 82.0 60.2s 201
21.9 30.5 8.6C 86 50.9 29.0s 97

4 23.3 30.9 7.6 76 46.1 22.8 76
22.9 32.7 9.8 98 51.0 28.1 94

5 21.6 32.1 10.5 105 55.4 33.8 113
20.3 32.2 11.9 119 52.1 31.8 106

6 24.6C 35.2 10.6 106 54.8 30.2 101
14.8s 21.8 7.0 70 36.2 21.4 71

7 12.4a 21.5 9.1 91 43.5 31.1 104
11.9a 21.3 9.4 94 50.2 38.3 128

8 16.5 28.6 12.1 121 43.8 27.3 91
22.3 35.0 12.7 127 52.3 30.0 100

9 23.6 36.4 12.8 128 53.9 30.3 101
19.6 37.6 18.0 180 53.1 33.5 112

a Data rejected by Dixon test.
6 Data rejected because old standard was used. 
c Data rejected by variance range test.
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T a b le  3 . C o lla b o r a tiv e  r e s u lts  for r e c o v e r y  b y  IEC-EC m e th o d  of su lf ite  a d d e d  to  w in e  c o o le r  a t 10  an d  3 0  ppm  le v e ls
(b lin d  d u p lic a te  s a m p le s )

Coll.

Added, 0 ppm Added, 10 ppm Added, 30 ppm

Found Found Ree. Ree., % Found Rec. Rec., %

1 15.33 25.0 9.7 97 54.8 39.5 132
9.0a 26.3 17.3 173 46.4 37.4 125

2 18.8 27.8 9.0 90 52.2 33.43 111
15.8 19.7 3.9 39 35.9 20.13 67

3 20.2 34.7 14.5 145' 48.8 28.6 95
20.6 36.2 15.6 156 49.4 28.8 96

4 21.9 32.2 10.3 103 52.9 31.0 103
21.0 32.2 11.2 112 52.8 31.8 106

5 23.1 30.5 7.4 74 54.6 31.5 105
21.5 30.4 8.9 89 52.1 30.6 102

6 23.4 32.5 9.1 91 56.3 32.9 110
23.4 33.9 10.5 105 56.6 33.2 111

7 17.7 26.8 9.1 91 48.1 30.4 101
17.4 26.4 9.0 90 51.6 34.2 114

8 23.2 44.5 21.3 213 64.9 41.7 139
22.2 42.4 20.2 202 59.9 37.7 126

9 28.4 39.2 10.8 108 55.4 27.0 90
29.4 43.9 14.5 145 60.2 30.8 103

3 Data rejected by variance range test.

difference of 2 sets of data is taken. The Horwitz boundary of 
the historically expected reproducibility is 11.3-22.6% at 10 
ppm and 8.3-16.5% at 80 ppm (24). Of 15 RSDr values in 
Table 6, 5 were significantly above the boundary (wine cool
er, 10 ppm spike; dehydrated seafood, all three; instant 
mashed potatoes, 400 ppm spike). These somewhat high 
variations are believed to be due to the high reactivity of the 
sulfite. Comparable variations were observed in the differen
tial pulse polarographic analysis (11) and the Monier-Wil
liams analysis (21) for total sulfite in foods.

Source of Error

Since sulfite reacts with various components of the foods

reversibly and irreversibly, accurate determination of total 
sulfite is a difficult task. The concentration of the extracted 
sulfite in the alkali buffer tends to decrease gradually due to 
oxidation and recombination with the food constituents. The 
oxidative loss can be minimized with mannitol. When the 
food is homogenized, certain chemical reactions could take 
place to produce compounds that are reactive toward sulfite. 
Enzymatic browning reaction is a good example. In such 
cases, the sulfite content could be underestimated unless the 
extract is injected without delay.

Errors can also result if the sample and the standard solu
tion used for calculation are not injected sequentially because 
the detector sensitivity may change over time. Detector sensi-

Table 4. Collaborative results for recovery by IEC-EC method of sulfite added to dehydrated seafood at 40 and 80 ppm
levels (blind duplicate samples)

Coll.

Added, 0 ppm Added, 40 ppm Added, 80 ppm

Found Found Rec. Rec., % Found Rec. Ree., %

1 39.5 69.1 29.6 74 95.2 55.7 70
44.8 59.2 14.4 36 98.5 53.7 67

2 37.4 52.7 15.3 38 80.7 43.3 54
39.1 51.4 12.3 31 77.8 38.7 48

3 50.4 92.2 41.8 105 111.6 61.2a 77
36.7 88.8 52.1 130 122.9 86.2a 108

4 38.0 65.4 27.4 69 100.2 62.2 78
50.8 79.1 28.3 71 117.9 67.1 84

5 39.5 73.7 34.2 86 118.7 79.2 99
38.5 74.5 36.0 90 117.3 78.8 99

6 23.3 49.8 26.5 66 83.5 60.2 75
22.4 60.8 38.4 96 95.4 73.0 91

7 24.4 40.1 15.7 39 60.4 36.0 45
26.6 41.4 14.5 36 59.8 33.2 42

8 24.7 57.5 32.8 82 112.8 88.1 110
25.6 62.6 37.0 93 112.6 87.0 109

9 37.4 68.3 30.9 77 113.2 75.8 95
37.8 68.5 30.7 77 117.0 79.2 99

Data rejected by variance range test.
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T a b le  5 . C o lla b o r a t iv e  r e s u lts  for r e c o v e r y  b y  IEC-EC m e th o d  of su lf ite  a d d e d  to  in stan t m a sh e d  p o ta to e s  a t 8 0  an d  4 0 0
p p m  le v e l s  (b lin d  d u p lic a te  s a m p le s )

Coll.

Added, 0 ppm Added, 80 ppm Added, 400 ppm

Found Found Rec. Rec., % Found Rec. Rec., %

1 383 528 145a 181 1038 655 164
406 460 54a 68 746 340 85

2 327 411 84 105 861 534 134
336 422 86 108 558 222 56

3 426 520 946 118 938 512 128
390 609 2196 274 773 383 96

4 402 484 82 103 888 486 122
436 532 96 120 890 454 114

5 406 504 98 123 821 415 104
402 495 93 116 820 418 105

6 380 466 86 108 767 387 97
361 469 108 135 717 356 89

7 345 420 75 94 682 337 84
395 453 58 73 770 375 94

8 341 456 115 144 797 456 114
362 467 105 131 797 435 109

9 394 510 116 145 805 411 103
415 512 97 121 826 411 103

a Data rejected by variance range test. 
b Data rejected by Dixon test.

tivity depends on the condition of the working electrode and 
could decrease as much as 40% over an 8 h period if the 
surface of the working electrode is contaminated by a contin
uous injection of concentrated samples. This problem can be 
alleviated by injecting dilute samples as well as by injecting 
standard solution alternately with the sample. The electrode 
can be cleaned occasionally by applying — 1.0 V for several 
minutes followed by + 1.8 V for another several minutes 
before re-equilibrating at + 0.6 V. Alternatively, a short 
train of electrode cleaning voltages can be applied automati
cally after each injection (25).

The observed variations (see recovery results in Tables 1-
5) are probably due to a combination of these possible errors. 
These experimental errors can be minimized by training and 
experience.

Com parison with M onler- Williams M ethod

Comparison of the IEC-EC method with the Monier- 
Williams method has been investigated in enzymatic and 
nonenzymatic browning reaction systems, foods containing 
naturally occurring sulfite, and carbohydrate-type food in
gredient that yields a false positive response by the Monier- 
Williams method (26). Good overall correlation, particularly 
for foods containing less than 10 ppm SO:, was also demon
strated (27).

In the present study, the spiking experiments were per
formed at pH 9 by the collaborators. The recovery results are 
summarized in Table 7. The Associate Referee repeated the 
recovery study with the same sample matrixes and the same 
spiking levels under conditions that allow maximum interac
tion between sulfite and the sample. To do that, the food and 
beverage samples were spiked at pH 2, instead of pH 9, with 
respective amounts of sulfite by mixing 1.0 g sample with 2.0 
mL spiking solution. After 5 min, the sulfite was extracted 
with the pH 9 buffer and determined by the IEC-EC method. 
The results are included in Table 7. Recoveries at pH 2 were 
generally lower than those obtained at pH 9 but are compara

ble with those by the Momer-Williams method. Overall, the 
data in Table 7 show that the results by the IEC-EC method 
and the Monier-Williams method are in good agreement 
even though several discrepancies were noted. Explanations 
of the discrepancies are suggested in the following.

In the case of starch, 8 participants reported zero sulfite. 
Collaborator 7 reported 15.4 and 21.2 ppm for the duplicate 
samples. These results by Collaborator 7 appear to be due to 
insufficient separation of a food component on the anion 
exclusion column and were rejected by the Dixon test (23). 
When starch was subjected to the Monier-Williams distilla
tion, severe darkening was observed. The 7.5 ppm SCT ob
tained by the Monier-Williams method probably represents 
volatile organic acids produced by the caramelization reac
tion of the starch. A similar false positive was observed with 
erythorbic acid (26) and grapes (28). When the starch is 
distilled with added sulfite, there could be a reaction between 
sulfite and the intermediate products and melanoidins of the 
caramelization reaction, leading to irreversible binding of the 
sulfite. This irreversible binding could explain the low recov
ery of added sulfite from starch by the Monier-Williams 
method.

The higher initial sulfite level in wine cooler observed by 
the Monier-Williams method might be due to carbonate, 
which is carried to the trap as carbon dioxide and redissolved, 
even though it is expected to be expelled eventually by the 
nitrogen gas. Consistently higher results were obtained from 
instant mashed potatoes by the IEC-EC method than by the 
Monier-Williams method (16). A similar observation was 
made by other investigators (18, 22). Darkening of the sam
ple was also observed during the acid distillation of instant 
mashed potatoes. Therefore, it appears that the discrepancy 
is due to the irreversible binding of sulfite, present at high 
concentrations in instant mashed potatoes, to the carameliza
tion reaction products. It should be noted that no such dis
crepancy was observed from the protein-rich dehydrated sea
food. Thus, it appears that the Monier-Williams method
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Table 6. Summary of statistical analysis of collaborative 
study results for determination of total sulfite by IEC-EC 

method
Spike
ppm £ n L Xa Sr RSDr, % Sr RSDr , %

Starch

0 16 0 0 0 0 0
10 16 7.7 0.7 9.5 1.3 16.3
30 18 27.3 2.4 8.8 3.9 14.1

Diluted lemon juice

0 12 21.2 2.1 9.8 2.1 9.8
10 16 11.2 1.9 17.0 2.7 24.1
30 14 30.3 5.2 17.2 5.2 17.2

Wine cooler

0 16 21.8 1.0 4.4 3.7 17.1
10 18 11.8 2.4 20.4 4.6 39.3
30 16 32.9 1.8 5.4 4.3 13.0

Dehydrated seafood

0 18 35.4 4.7 13.2 9.1 25.8
40 18 28.8 5.3 18.5 11.2 38.9
80 18 63.2 3.8 6.0 18.9 29.9

Instant mashed potatoes

0 18 384 19.5 5.1 32.5 8.5
80 14 92.8 10.2 11.0 16.3 17.5

400 18 422 109.8 26.0 109.8 26.0

a Mean initial sulfite level for unspiked samples. Mean recovery of 
added sulfite for spiked samples.

may be subject to negative bias as well as positive interfer
ence depending on the nature of the sample. In the alkali 
extraction method, such a negative bias does not occur be
cause no heat is involved.

Overall, the recovery of added sulfite was higher by the 
IEC-EC method than by the Monier-Williams method. The 
average recovery among different samples and spiking levels 
varied from 72 to 118% by the IEC-EC method at pH 9, from 
45 to 107% by the IEC-EC method at pH 2, and from 31 to 
88% by the Monier-Williams method.

It should be noted that the alkali extraction used in the 
IEC-EC method does not effectively release sulfite bound to 
certain pigments such as the nonenzymatic browning reac
tion products (26). Therefore, lower results could be obtained 
by the IEC-EC method than by the Monier-Williams meth
od from such foods and food ingredients as caramel color. 
The IEC-EC method does not detect naturally occurring 
sulfite in Allium and Brassica vegetables (26). This limita
tion could be an advantage since FDA would take the natural 
sulfite levels in these vegetables into account in the enforce
ment of the labeling regulation (1).

Collaborator C om m ents

All participants agreed that the IEC-EC method is fast 
and sensitive. It was commonly observed that injection of a 
solution containing 10 ppb SO: yielded a signal with a signal- 
to-noise ratio of 5. Therefore, they felt that 0.01 ppm is the 
detection limit for sulfite in liquid samples or in the alkali 
extract.

Most participants also noted that there is little interfer-

Table 7. Comparison of S02 recovery data by IEC-EC and 
Monier-Williams methods3

IEC-EC

S02 added, 
ppm

pH 96 pH 2C
Monier-

Williamsd

ppm % ppm % ppm %

Starch

0 0 _ _ _ 7.5 _
10 7.7 77 5.7 57 3.1 31
30 27.3 91 22.5 75 11.9 40

Diluted lemon juice

0 21.2 — — — 17.8 —
10 11.2 112 8.0 80 8.8 88
30 30.3 101 23.5 78 23.6 79

Wine cooler

0 21.8 _ _ _ 28.1 _
10 11.8 118 7.8 78 8.7 87
30 32.9 110 32.2 107 25.4 85

Dehydrated seafood

0 35.4 _ _ _ 38.9 _
40 28.8 72 20.9 52 27.9 70
80 63.2 79 36.1 45 47.1 59

Instant mashed potatoes

0 384 _ _ _ 278 _
80 93 116 59 74 68 85

400 422 106 380 95 332 83

a Initial sulfite level for unspiked samples. Recovery of added sulfite 
for spiked samples.

6 X from Table 6.
c Average of duplicate spiking experiments at pH 2 by the Associate 

Referee.
d Average of duplicate determinations by the Associate Referee.

ence. The absence of interference is due to the combination of 
2 selective processes, namely, anion exclusion chromato
graphic separation and amperometric detection. One collab
orator observed interference in starch. Eight other collabora
tors observed no sulfite in starch. A proper selection of the 
column might overcome such a problem.

It was also pointed out that sulfite concentration in the 
extract tends to decrease gradually. This problem could be 
overcome by an immediate injection (within 10 min) after 
extraction and filtration. A gradual decrease in detector sen
sitivity during multiple sample injections was noted as a 
drawback of electrochemical detection. The errors due to a 
change in detector sensitivity could be minimized by inject
ing a standard sulfite solution adjacent to the sample injec
tion. This problem can also be overcome by cleaning the 
electrode at the beginning of each chromatographic run (25).

R ecom m endation

The method is recommended for use for most foods and 
beverages at all sulfite levels. Exceptions are darkly colored 
foods or ingredients such as caramel color where sulfite is 
strongly bound and released only by acid distillation. The 
method does not detect naturally occurring sulfite.

It is recommended that the method be adopted official first 
action.
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Determination of Free (pH 2.2) Sulfite in Wines by Flow Injection Analysis:
Collaborative Study
JOHN J. SULLIVAN,1 THOMAS A. HOLLINGWORTH, MARLEEN M. WEKELL,2 VICTOR A. MEO, 
and ALI ETEMAD-MOGHADAM
U .S . F o o d  a n d  D r u g  A d m in is tr a t io n ,  S e a fo o d  P r o d u c ts  R e se a rc h  C en ter , B o th e ll,  W A  9 8 0 4 1 -3 0 1 2  
JOHN G. PHILLIPS
U .S . D e p a r tm e n t o f  A g r ic u ltu r e ,  A g r ic u ltu r a l  R e se a rc h  C en ter , P h i la d e lp h ia , P A  19 1 1 8  
BARRY H. GUMP
C a lifo r n ia  S ta te  U n iv e r s ity , D e p a r tm e n t o f  E n o lo g y , F resn o , C A  9 3 7 4 0  

Collaborators: S. Chew; J. Farley; K. Faul; L. Habeger; J. Moller; U. Sics; S. Stieg; D. Stonys

A method for the determination of free sulfite In wine by flow 
Injection analysis (FIA) is described. The method Involves 
liberation of sulfur dioxide from the wine at pH 2.2, with 
detection by decolorlzatlon of a malachite green solution. 
The method was collaboratlvely studied, and the results 
indicated an average reproducibility of 12% for white wine 
samples (average level 12.1 ppm S02) and 26% for red wine 
samples (average level 3.1 ppm). When the FIA method was 
compared to an aeration/oxldation method, the results indi
cated a high degree of correlation between the 2 methods. 
The FIA method has been adopted by AOAC official first 
action.

When present in foods and beverages, sulfiting agents can 
undergo a number of reactions, including oxidation and bind
ing to other constituents. “Sulfites” are therefore present 
both as various combined forms and as free sulfite anion, 
depending on pH and the level of other constituents present 
(1). In wines, much of the sulfite combines with acetaldehyde 
to form the hydroxy-sulfonate adduct, with only a small 
proportion present as free sulfite. Since the level of free 
sulfite is an important parameter in wine making and in the 
processing of sulfited foods, it is important to have rapid, 
accurate analytical methods available to differentiate free 
from combined sulfite.

The determination of that portion of the total sulfite 
present that is free is very difficult because sample handling 
and treatments can liberate weakly bound forms of sulfite. 
Bolin et al. (2) noted that sulfite was bound in dried apples by 
a variety of mechanisms, some of which were susceptible to 
weak acid hydrolysis and some susceptible to weak base 
hydrolysis. They found that any sample treatment, including 
the conditions specified to liberate free sulfite in wines, mea
sured both free sulfite anion and that portion of the bound 
sulfite that is labile under weak acid conditions. It is apparent 
that a very delicate equilibrium exists between free sulfite

Received for publication A ugust 18, 1989.
This report was presented a t the 102nd A O A C  A nnual In ternational 

M eeting, A ugust 29-S ep tem ber 1, 1988, a t Palm  Beach, FL.
The recom m endation was approved interim  official first action by the 

G eneral Referee, the C om m ittee on Foods II, and the C hairm an  of the 
Official M ethods Board. The m ethod was adopted official first action a t the 
103rd A O A C  A nnual In ternational M eeting, Septem ber 25-28 , 1989, a t St. 
Louis, M O. A ssociation actions will be published in “ C hanges in Official 
M ethods o f Analysis”  (1990) J . A sso c . O ff. A n a l . C h em . 73, Jan u a ry / 
February issue.

1 Present address: V arian A ssociates, Inc., 2700 M itchell Dr, W alnut 
Creek, CA 94598.

2 Address correspondence to this au thor.

anion and the various forms of bound sulfite, and the method 
actually defines what the free sulfite level will be. This makes 
it very difficult to compare different free sulfite methods and 
to accurately define a true free sulfite level in a particular 
sample. Nevertheless, methods for the determination of free 
sulfite are useful since the relative levels of free sulfite can be 
determined for related samples, with the precaution that the 
sample treatment conditions be rigorously reproduced from 
sample to sample.

A number of investigators have reported methods of analy
sis for free sulfite in foods and beverages. The sample work
up procedures vary, but all include the addition of strong acid 
(3-5) and strong base (6). In addition, a procedure has been 
described that uses no sample work-up (2). The most accu
rate free sulfite determinations are made on an undisturbed 
sample, because addition of acid, base, or any other extrac
tant can alter the relative proportions of free and bound 
sulfite (2, 7).

Flow injection analysis (FIA) can be used to measure total 
sulfite levels in foods and beverages (8, 9), and a procedure 
has been described for free sulfites in wines (10). Based on 
our work on the measurement of total sulfites by FIA (8), a 
method was developed to measure free sulfite in wines. This 
includes the free sulfite anion and sulfite that is liberated 
rapidly at room temperature at about pH 2.2. These condi
tions are much less rigorous than those conditions normally 
used to measure free sulfite (7) in wine, which include pH < 1 
and reaction times of several minutes. After development of 
the FIA method, it was subjected to an interlaboratory col
laborative study. The results of the study are presented here.

Collaborative S tudy

Wine samples purchased from a local supermarket repre
sented a variety of both red and white wines. The wines were 
dispensed into 25 mL glass ampules, which were filled to 
allow for a minimum of headspace. The ampules were heat- 
sealed with a propane torch and stored at 4°C.

Two ampules of each wine were submitted to the collabo
rators as blind duplicates. The collaborators were asked to 
store the samples at 4°C until the time of analysis. Once the 
FIA instrument was set up and was operating well, as indicat
ed by a reproducible and linear standard curve, collaborators 
were to proceed with analysis of the wine samples. The am
pules were to be removed from the refrigerator, and the 
contents mixed well and allowed to come to room tempera
ture. For the determination, the neck of the ampule was 
removed and the sample was injected into the FIA instru
ment without delay. The collaborators were asked to operate 
the FIA system and process the data as described below.
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990.30 Sulfite (Free) in Wines
Flow Injection Analysis Method 

First Action 1990
(Applicable to determination of free sulfite and bound 

sulfite that is labile at pH 2.2.)
Method Performance:

sr = 0.55; sR = 1.18; RSDr = 8.77%; R S D r = 19.27%

A. Principle

Injected sample aliquot is mixed with concentrated citric 
acid solution (pH about 2), which forms S 02 gas from free 
sulfite and from portion of bound sulfite that is labile under 
these conditions. S 0 2 gas diffuses across Teflon membrane in 
gas-diffusion cell into flowing stream of malachite green 
solution. Malachite green is decolorized in proportion to 
amount of S 02 gas that diffuses across membrane. Degree of 
decolorization is measured spectrophotometrically.

B. A pparatus

Flow injection an a lyzer .—See 990.29B(a). Construct F1A 
system as shown in Fig. 990.29, except use 15 pL  sample 
valve, and use citric acid reagent, C(b), as donor reagent in 
place of both H2SC>4 and NaOH reagents.

C. R eagen ts
(a) M alach ite  green so lu tion s.—See 990.29C (a)(7 ) and

(2).
(b) C itric acid  reagent.—0.5M. Dissolve 192 g citric acid 

in ca 1700 mL H20 , add 60 mL absolute ethanol, and dilute 
to 2 L with water.

(c) P hosphate buffer reagent.—0.3M . See 990.29C(c).
(d) FI A rinsing reagen t.—0.04M NaOH. Dissolve 1.6 g 

NaOH in 1 L H20.
(e) E th a n o l s o lu tio n .— 1%. Dilute 10 mL absolute 

ethanol, nondenatured, to 1 L with water.
(f) S u lf ite  stan d ard  so lu tion s.—All standard solutions 

must be freshly prepared daily.
(/) S to ck  so lu tion .—500 ppm as S 02. Dissolve 98.4 mg 

Na2SOi in 90 mL 1% ethanol solution, (e), and dilute to 100 
mL.

(2) In term edia te so lu tion .—50 ppm as S 02. Dilute stock 
solution with 1% ethanol solution to obtain 50.0 ppm solu
tion.

(3) W orking so lu tion s.—0-40 ppm as S 02. Dilute inter
mediate solution with 1% ethanol solution to obtain stan
dards of 40, 30, 20, 10, 5, 3, and 0 ppm.

D. Determ ination

(a) S ystem  s ta r t-u p .—Begin pumping citric acid donor 
reagent, C (b ), and 2 recipient reagents, C (a )(2 ) and C (c), 
through pump tubes specified in Fig. 990.29, and carry out 
start-up procedure described in 990.29E(a).

(b) S a m p le  analysis. Repeatedly inject 15 pL  of 40 ppm 
sulfite working standard solution, C (f) (3 ) ,  until peak height 
is stable and recorder deflection is 60-90% full scale. It may 
be necessary to adjust recorder span to achieve desired peak 
height.

Five injections of 40 ppm standard should yield series of 5 
peaks with CV for peak heights <5%. If this precision is not 
achieved, determine and correct source of problem.

Once system has stabilized, inject 15 pL  portions of sulfite 
working standard solutions, C (f) (3 ) ,  injecting each standard 
once.

No sample pretreatment is required. Thoroughly mix un
diluted wine and inject 15 pL  portion directly into FI A 
system. To prevent loss of free S 02, protect sample from 
atmosphere until just before injection. Inject all samples in 
duplicate. After about 10 sample injections, repeat series of 
standards.

For wines with free S 02 levels <3 ppm, increase sensitivity 
either by injecting > 15 ^L portion or by decreasing full scale 
response on detector. Prepare standards in range of samples 
(e.g., 2 ppm, 1 ppm) and repeat determination of low level 
samples using standards of 0-3 ppm for calibration.

After all samples have been analyzed, thoroughly rinse 
FI A manifold by pumping water through all 4 lines for 15 
min, followed by FI A rinsing reagent, C(d), for 15 min. 
Manifold can be stored with this reagent. Release tension on 
pump rollers to prolong tubing life.

(c) D ata reduction .—Determine peak height for each 
sample and standard injection to ±0.5 mm. If blank injection 
produced peak, subtract this peak height from all samples 
and standards. Average peak heights of each injection for 
individual standard concentrations and plot peak height vs 
ppm S 02.

Determine S 02 concentration in wine sample directly from 
standard curve.
Ref.: JAOAC 73, March/April issue (1990). 
CAS-7446-09-5 (sulfur dioxide)

Results and Discussion
To preserve the delicate balance between the free and 

bound forms of sulfite, efforts were made to minimize sample 
pretreatment or alteration of the physical conditions in the 
wine. Within the FIA manifold, the only physical changes 
the wine undergoes are a drop in pH from the in situ level to 
about pH 2.2 and a dilution into the donor reagent stream. 
The wine is exposed to those conditions for only about 20 s. 
This pH is near the optimum for aldehyde-sulfite complexes 
(1), and yet is sufficiently low to provide excellent response in 
the FIA system. Under these conditions, no response is ob
served in the FIA instrument for either the formaldehyde or 
acetaldehyde addition products of sulfite. Standards are uti
lized for free sulfite with only ethanol added (to inhibit 
oxidation of sulfite), and 100% of the sulfite is present in 
these standards as free sulfite. Configuration of the FIA 
system in this manner ensures that a response is observed for 
only free sulfite and that portion of the bound sulfite that is 
labile under these mild conditions.

To determine how accurately the FIA system was measur
ing free sulfite, we compared results obtained using the FIA 
method with those for the aeration/oxidation method (4). 
Results of these comparative studies (Table 1) indicated a 
fairly good correlation between the 2 methods for red wine 
and a somewhat poorer correlation for white wine, with FIA 
values slightly higher. The reason for these discrepancies are 
likely related to differences in sample handling required for 
the 2 methods. Differences in the physical conditions to 
which the sample is exposed could lead to measuring a differ
ing proportion of the loosely bound sulfite.

In addition, we tried to measure accuracy by determining 
the recovery of free sulfite from spiked wine samples. Unfor
tunately, recoveries were low (about 20%) because addition 
of sulfite shifted the equilibrium of free vs bound in favor of 
the bound form. These studies indicated that no good mea
sure of the accuracy of the FIA method would be available
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Table 1. Comparison between the FIA and aeration/ 
oxidation (A/O) methods for determination of free sulfite 

(ppm S02) In wine
Sample FI Aa A/O

White 1 14.1 7.7s
White 2 38.7 22.8s
White 3 19.1 10.2s
Red 1 4.2 4.8s
Red 2 7.9 8 .7 b

Red 3 10.7 9.5s
Red (536) 0.6 2.2C
Red (906) 1.2 oCO

a Average of duplicate determinations in the Associate Referee’s 
laboratory.

s Average from A/O collaborative study. 
c Average of duplicate determinations.

and like all free sulfite methods, sample handling conditions 
define the level of free sulfite found. However, even with 
these considerations in mind, the FIA method has a number 
of advantages that make it useful. Treatment conditions are 
tightly controlled and reproducible (a feature inherent to 
FIA), so laboratory-to-laboratory and day-to-day fluctua
tions in results should be low. In addition, FIA methods are 
well suited to both quality control and research situations. By 
flow injection analysis, one analyst can analyze about 100 
samples per day. Considering these advantages, we deter
mined that an interlaboratory collaborative study was war
ranted.

Collaborative S tudy

The collaborative study on free sulfite by FIA was con
ducted as part of a larger study on total sulfite by FIA (11). 
The only modifications in the FIA system to enable analysis 
of free sulfite were to change the sample loop and to replace 
the donor reagents with the citric acid solution used for free 
sulfites. The collaborators reported little difficulty with the 
free sulfite analyses except that some of the samples had very 
low levels, which involved measuring heights of small peaks.

The study samples were configured to provide 6 sets of 
blind duplicates randomly numbered and representing both 
white and red wines. Samples were submitted to 9 laborato
ries; 8 collaborators returned results. Since the proportion of 
free to bound sulfite was expected to change over time, all 
collaborators were requested to analyze the samples over a 
specified 7 day period. Four of the 8 laboratories observed 
this time frame and 3 more completed the analyses within the 
next 7 days. However, one laboratory delayed analysis until 
41 days after the receipt of samples. Since free sulfite levels 
could decrease substantially in wine over this time period, 
data from that laboratory were eliminated from further con
sideration.

The results of the collaborative study (Table 2) illustrate 
the excellent precision of FIA for the determination of free 
sulfite. At free sulfite levels over 5 ppm, the average repro
ducibility was 12% (RSDr) and at levels below 5 ppm it was 
26%. As expected, the white wines contained somewhat high
er levels of free sulfites than did the red wines. No data were 
eliminated from the set on the basis of outlier tests (Dixon, 
Grubbs), and correlation was excellent between the results 
obtained by the Associate Referee and the collaborators (Ta
ble 2).

Table 2. Results of collaborative study on determination
of free sulfite (ppm S02) In wine by FIA method3

White wine Red wine

Coll. N O S P Q T

1 20.0 10.1 7.3 2.2 4.0 3.6
18.9 10.1 6.9 2.2 3.8 3.2

2 19.7 11.4 6.7 1.9 5.6 3.7
20.5 11.2 7.0 1.8 5.3 3.7

3 17.1 11.8 6.0 .6 3.3 2.2
19.1 11.7 7.1 1.0 3.9 2.6

4 18.8 10.7 6.9 1.8 5.3 3.5
18.5 10.5 6.0 1.7 3.9 3.0

5 21.2 13 6.9 1.2 3.0 2.5
21.5 12.4 6.8 1.1 3.2 2.5

6 20.2 10.7 7.1 2.2 4.6 3.8
19.7 12 8.2 2.7 7.3 3.2

7 16.7 8.6 5.0 2.4 4.1 2.9
15.3 7.8 5.0 2.3 4.3 2.9

Mean 19.1 10.9 6.6 1.8 4.4 3.1

Repeatability
S r 0.8 0.4 0.5 0.2 0.8 0.3
RSDr, % 4.0 4.1 7.4 10.1 18.7 8.3

Reproducibility
S r 1.8 1.5 0.9 0.6 1.2 0.5
RSDr ,% 9.4 13.5 13.4 35.8 26.5 17.0

Assoc. Ref.
(mean ppm) 20.4 10.5 6.6 2.0 4.3 3.3

Data represent results of paired blind duplicates.

A number of collaborative studies have been conducted on 
free sulfite methods. A study on a polarographic method for 
free sulfite in foods and beverages resulted in RSDr and 
RSDr values of 27 and 48%, respectively (5). In an earlier 
study on free sulfite in wine by the Ripper method, RSDr and 
RSDr values were 18 and 26%, respectively (3). For both of 
these studies, the majority of samples exceeded 5 ppm appar
ent free sulfite; levels at which flow injection analysis result
ed in RSDr and RSDr values of 5 and 12%, respectively. It is 
likely that the poorer precision in earlier free sulfite methods 
was caused by the extensive sample handling steps involved 
and the lower pH specified, which resulted in measurement 
of bound sulfite that is labile under weak acid conditions.

Conclusions

The FIA method for the determination of free sulfite in 
wine is a precise and accurate method for that proportion of 
sulfite liberated from wine at pH 2.2. The fact that this 
includes both the free sulfite anion and some proportion of 
the weakly bound sulfite should not detract from utility of the 
method for rapid quality control or for research. Although 
RSDr and RSDr values for the red wine samples averaged a 
somewhat high 12 and 26%, respectively, the cause for this 
can be traced to the extremely low levels of free sulfite in 
these samples (average 3.1 ppm). The FIA method can be 
altered to increase sensitivity, which would improve precision 
for these low-level samples.

R ecom m endation

It is recommended that the FIA method for the determina
tion of free sulfite in wine be adopted official first action. In 
addition, it is suggested that a precautionary note be included 
to state that the method measures free sulfite anion in wine
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and any combined sulfite that is labile under the mild expo
sure conditions used in the FIA manifold.
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Determination of Ten N-Nitrosoamino Acids in Cured Meat Products
JOH N W. PENSABENE and WALTER FIDDLER
U .S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  E a s t e r n  R e g i o n a l  R e s e a r c h  C e n te r ,  6 0 0  E  M e r m a i d  L n ,  
P h i l a d e l p h i a ,  P A  1 9 1 1 8

A rapid, sensitive, and accurate solid-phase extraction meth
od was developed for the measurement of 10 Af-nitrosoamino 
acids (NAAs) in cured meat products. In the procedure, the 
comminuted meat was mixed with sulfamic acid and Cellte, 
and then added to a glass column containing anhydrous 
sodium sulfate. The column was washed with pentane, and 
the NAAs were eluted with ethyl acetate. The eluate was 
concentrated, then derivatized with diazomethane followed 
by acetic anhydride-pyridine reagent. The NAA methyl es
ters and their acylated hydroxy derivatives were separated 
by gas chromatography on a DB-5 fused silica capillary 
column and quantitated with a thermal energy analyzer, a 
chemiluminescence detector specific for nitric oxide derived 
from the thermal denitrosation of nitrosamines. Recovery of 
10 of the NAAs exceeded 75% at the 10 ppb level. The 
method is applicable to a wide range of cured meat products.

Of all the A-nitrosoamino acids (NAAs; Figures 1 and 2), A- 
nitrosoproline (NPRO) and, to a lesser extent, A-nitrososar- 
cosine (NSAR) have been the most widely detected in cured 
meats (1-3), beer and malts (4, 5), fish (6), and tobacco 
products (7). More recently, A-nitrosothiazolidine-4-car- 
boxylic acid (NTHZC) and its 2-hydroxymethyl derivative 
(NHMTHZC) have been confirmed in meats (3, 8-10), and
3-(A-nitroso-A-methylamino) propionic acid (NMAPA) 
and 4-(A-nitroso-A-methylamino) butyric acid have been 
found in tobacco and tobacco products (11).

With the exception of NSAR (12, 13), most NAAs have
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been reported to be noncarcinogenic. They can, however, be 
converted to carcinogenic A-nitrosamines by decarboxyl
ation at the high temperatures that may be encountered 
during cooking or in burning tobacco. For instance, NPRO 
forms A-nitrosopyrrolidine (14), NSAR forms A-nitrosodi- 
methylamine (1), A-nitrosohydroxyproline (NHPRO) 
forms A-nitrosohydroxypyrrolidine (15), and NTHZC 
forms A-nitrosothiazolidine (9).

Two NAAs, NPRO and NTHZC, have been proposed as 
indicators of in vivo nitrosation in human and animal studies 
by their measurement in urine, because they both appear to 
be excreted without undergoing metabolic transformation. 
Other than the potential of NAAs to form aliphatic and 
alicyclic volatile nitrosamines, NAAs are thought to make up 
a large portion of the apparent total nonvolatile nitrosamine 
content of various food products subjected to nitrite treat
ment or nitrogen oxide exposure (10).

While many procedures have been published for the deter
mination of individual NAAs in various foods and biological
ly derived samples, to date, all of these methods have been 
limited to only a few NAAs that can be analyzed at one time. 
In addition, these methods require lengthy sample prepara
tion and changes to achieve NAA isolation without signifi
cant interference even with a specific detector like the ther
mal energy analyzer (TEA). Detection of nitrosohydroxy- 
containing amino acids has been especially difficult because 
of poor chromatographic (GC) separation and peak broaden
ing if the hydroxyl group is not derivatized.

Despite the use of liquid chromatography (LC) with TEA 
by several researchers, NAA analysis has not been carried 
out extensively because of the inability to use the requisite 
reverse-phase solvents with this detector. Therefore, direct 
analysis of NAAs by LC-TEA has been limited to non- 
ionizable neutral compounds like A-nitrosodiethanolamine



PENSABENE & FIDDLER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 2, 1990) 227

NO NO

c h 3- n  - c h 2- c o o h  c h 3- n  - c h 2- c h 2-c o o h

N • N itrososarcosine 3 - ( N - Nitroso - N - m ethlylam ino ) propionic Acid 
NSAR NMAPA

COOH
N-NO

N - N itrosopipecolic Acid 
NPIC

N - N itrosoazetidine - 2 - carboxylic Acid 
NAZETC

N - N itroso  ■ 2 - ( hyd roxym e thy l ) 
th ia zo lid in e  - 4 - ca rb o xy lic  Acid 

N H M TH Z C

N^COOH

NO
N - N itroso  - 5 ■ hyd roxy 

p ipe co lic  Acid 
N H PIC

HO

COOH

NO NO
N - N itrosoproline 

NPRO
N - N itrosothiazolid ine - 4 - carboxylic Acid 

NTHZC

N - N itroso  - 4 - h yd roxypro lin e  

N H P R O

Figure 2. W-Nitrosohydroxyamino acids.

COOH

NO
N - N itro s o is o n ip e c o tic  A c id  

N IN A
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(16) and a few NAAs where the ionization is suppressed by 
the solvents used in the mobile phase (17).

In the present paper, we describe a solid-phase extraction 
GC-TEA method where a combination of 10 NAAs can be 
isolated, separated, and detected. A detailed description of 
this new method and the results obtained from the analysis of 
selected cured meat samples that demonstrate the applicabil
ity of the method are reported herein.

METHOD

R eagen ts

(a) C elite 5 4 5 .—Not acid-washed (Fisher Scientific Co.).
(b ) E th y l aceta te , n-pentane, pyrid in e, e th y l ether, and  

dichlorom ethane (D C M ).—Distilled-in-glass solvents (Bur
dick and Jackson Laboratories).

(c) S u lfam ic  acid .— 1% in IN sulfuric acid.
(d ) D iazom ethane.—15 mg/mL. Prepare from A-meth- 

yl-TV-nitroso-p-toluene-sulfonamide, following directions on 
the bottle (Aldrich Chemical Co.); store in -20°C freezer 
until used.

(e) A cetic an h ydride-pyr id in e  reagent.—Prepare 20 mL 
reagent by mixing 15 mL acetic anhydride and 5 mL pyridine 
(prepared fresh monthly).

(f) N -N itro sop ipeco lic  acid  (N P IC ) in ternal stan dard  
so lu tion .—0.10 ug NPIC/mL in DCM.

(g) N -N itrosoam in o  acids.—NSAR, NMAPA, A'-nitro- 
soazetidine-4-carboxylic acid (NAZETC), NPRO, NPIC, 
NTHZC, TV-nitrosoisonipecotic acid (NINA), NHPRO, A- 
nitrosohydroxypipecolic acid (NHPIC), and NHMTHZC 
(structures are shown in Figures 1 and 2) were synthesized 
from their corresponding amino acids and sodium nitrite 
under acidic conditions, and purified by either vacuum distil
lation or recrystallization according to general procedure 
described previously (18). Structures were verified by GC- 
MS as their methyl esters.

(h) M eth y l esters o f  the N -n itrosoam in o acid s.—GC 
working standard, each 0.10 Mg/mL in DCM except for 0.25 
¿ig/mL of NHMTHZC. Esters were prepared separately, 
then combined to make the standard.

(i) S ilica  and F lorisil S ep -P a k  cartridges.—Waters As
sociates.

(j) C ured m eat sam p les.—Purchased from local suppliers 
and ground twice before analysis.

(k) O ther reagen ts.—Purchased from local suppliers and 
used without further purification.

A pparatus

Usual laboratory equipment and the following items:
(a) M ortar and p e s tle .—Glass, 473 mL (16 oz, A. H. 

Thomas, Co.).
(b) C hrom atographic colum n.—Glass, 350 X 32 mm id 

with 60 X 6 mm id drip tip.
(c) R o ta ry  evaporator.—Buchi (Brinkmann Instrument 

Co.).
(d) E vapo-m ix .—Buchler Instrument Co.
(e) T am ping ro d .—Glass, 450 mm long, with 12 mm di

ameter disk on the end, prepared by glassblower.
(f) Gas ch rom atograph-th erm al energy an a lyzer (GC- 

TEA)i.—Varian Aerograph gas chromatograph Model 2700, 
or equivalent, interfaced with thermal energy analyzer Mod
el 502. Operating conditions: 30 m X 0.527 mm DB-5 fused 
silica capillary column (J & W Scientific), helium carrier gas 
at 25 mL/min, column oven programmed from 80 to 200°C 
at 4°/min; injector port, 200°C; TEA furnace, 485°C; TEA 
vacuum, 1.0 mm; liquid nitrogen cold trap.
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Figure 3. Schematic of Af-nitrosoamino acid method.

P rocedure

(a) S a m p le  a n a ly s is .—(Flow diagram of method is 
shown in Figure 3.) Add 30 g anhydrous, granular sodium 
sulfate to glass column containing glass wool plug at bottom. 
Accurately weigh 10.0 i  0.1 g ground meat sample into 
mortar. Add 1.0 mL NPIC internal standard solution to 
sample, using 1.0 mL transfer pipet, 0.5 g ascorbic acid, and 
then 1 mL of 1% sulfamic acid solution. Mix sample with 
pestle, wait 1 min, add 25 g Celite to mortar, and grind entire 
mixture gently at first and then with moderate pressure for 1 
min.

Quantitatively transfer dry powder mixture to chromato
graphic column and tamp with tamping rod to achieve overall 
height of ca 100 mm. Add 15 g anhydrous sodium sulfate to 
top of column. Rinse mortar and pestle with 25 mL pentane 
and add rinse to column, immediately followed by 225 mL of 
the same solvent. Collect eluate in 250 mL graduated cylin
der. When level of pentane in column descends to top of 
sodium sulfate, add 200 mL ethyl acetate. After 225 mL 
eluate has been collected, change receivers.

Collect remaining eluate in 300 mL round-bottom flask, 
and reduce solvent on vacuum rotary evaporator to 1 mL 
(40°C water bath). Quantitatively transfer residues using 1- 
2 mL ethyl acetate, to 16 X 145 mm test tube. Reduce 
volume to ca 0.2 mL on Evapo-mix at 40°C or use stream of 
nitrogen), and then add 3 mL ether solution containing dia
zomethane while test tube is heated and shaken on Evapo-

mix at 40°C for 20 min. Reduce volume to 0.5 mL. Add 0.25 
mL acetic anhydride-pyridine reagent, and then heat and 
shake at 40°C for an additional 45 min. Quntitatively trans
fer solution to 4 mL concentrator tube, rinsing with DCM, 
and concentrate solution to 1.0 mL in 80°C water bath using 
micro-Snyder column.

If further cleanup of sample is necessary due to interfering 
GC peaks or residue in sample, Silica or Florisil Sep-Pak 
cartridge can be used with equivalent results. For Silica, 
dilute sample to 4 mL with pentane-DCM solvent mixture 
(50 + 50), inject onto Silica cartridge, and collect eluate in 4 
mL concentrator tube. Wash cartridge with additional 2 mL 
solvent mixture. Concentrate sample in water bath to 1.0 mL. 
For Florisil, concentrate sample to <0.5 mL, and then dilute 
to 4 mL with pentane. Inject sample mixture onto Florisil 
cartridge, discarding eluant. Inject 4 mL of DCM-ether 
solution (70 + 30) onto cartridge and collect eluate in 4 mL 
concentrator tube. Concentrate sample in water bath to 1.0 
mL.

(b) N itrosoam in o  acid  determ ination .—Inject 5.0 juL of 
derivatized NAA standard at lowest GC-TEA attenuation 
that yields peaks suitable for quantitation (3 X signal/noise). 
Repeat standard injection to ensure reproducibility of reten
tion time and response. Inject 5.0 pL  sample solution and 
measure peak heights. Presence of solvents other than DCM 
will not significantly change response to nitric oxide generat
ed from nitrosoamino acids. Volatile nitrosamines, if present, 
will elute with initial pentane wash from column.

(c) S ta tis t ica l an a lysis.—Statistical analyses were car
ried out according to the methods of Snedecor and Cochran 
(19).

Results and Discussion
In developing an analytical procedure for the determina

tion of NAAs, emphasis was placed on deriving a rapid and 
reliable method for simultaneously determining a number of 
NAAs that are likely to be present in complex food sub
strates. The majority of published methods use some form of 
extraction, solvent partitioning, and lengthy centrifugation 
of the sample prior to quantitation of the NAAs directly by 
LC or after derivatization prior to GC. These methods are 
inherently slow, they are often plagued by emulsion problems 
due to fat in the samples, and they are limited in the number 
and type of NAAs that can be simultaneously separated on a 
chromatographic column. We have previously developed 
methods for volatile A-nitrosamines in foods based on solid- 
phase extraction techniques (20, 21). These methods have 
proved to be so versatile that we were able to use the same 
extraction principle for the isolation of both simple and hy- 
droxylated NAAs from cured meat samples. Dull et al. (22) 
recently analyzed urine samples for NPRO using a variation 
of this solid-phase extraction procedure.

To ensure destruction of residual nitrite, and to prevent 
artifactual NAA formation, sulfamic acid was added to the 
sample matrix. This, in addition to ascorbic acid, a proven 
nitrosation inhibitor, helped ensure against this possibility. 
The sulfamic acid was also used as an acidulant to help 
facilitate NAA extraction.

The isolation of the NAAs from the food matrix was not 
the major obstacle encountered in developing this procedure. 
Instead, the selection of the best technique for the optimum 
derivatization of the NAAs and selection of a GC column 
that could simultaneously separate both nonhydroxylated 
and hydroxylated NAAs required the most effort.
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N - NITROSOAMINO ACID STANDARD

Figure 4. GC-TEA chromatogram of W-nitrosoamino acid 
standard and sample.

There are many methods used for derivatizing NAAs; 
however, the most frequently used involve some form of 
methylation (23) or silylation (24). Preparing volatile GC 
derivatives of the simple NAAs works well using either of 
these 2 common methods, whereas complete derivatization of 
the hydroxylated NAAs has always been less than favorable
(25). It has been reported that the GC analysis of the methyl 
ester of NHPRO exhibits a low TEA response due to peak 
broadening caused by nonspecific adsorption and the free 
hydroxyl group (25). We found this to be true not only with 
NHPRO but also with NHPIC and NHMTHZC.

Ohshima and Kawabata (26) studied this problem and 
found that acylation with acetic anhydride-pyridine was best 
for derivatizing 6 hydroxylated nitrosamines. In a mixture of 
both simple and hydroxylated NAAs, we also found that 
methylation followed by acylation proved to be the most 
reliable method for preparing volatile GC derivatives. Con
version of the carboxyl groups of the 10 NAA standards at 
the 10 ppb level to their methyl esters with diazomethane 
immediately followed by acylation of the 3 hydroxy groups 
(Figure 2) with acetic anhydride-pyridine was always great
er than 95%. If the samples were derivatized with acetic 
anhydride-pyridine only or acylated and then methylated, 
the overall conversion varied but was consistently less than 
70%.

For separation and subsequent quantitation of the NAAs 
by GC-TEA, most published methods are quite similar. Sen 
and Kubacki (27) published a review of methods for deter
mining derivatized, nonvolatile A-nitroso compounds in 
foods and included particular GC columns used by various

researchers. The main criteria for successful determination 
of NAAs must be that the column can resolve the NAAs and 
that no non-nitrosamine peaks interfere with the quantitation 
of these compounds.

Our investigation of GC columns showed that packed col
umns, regardless of the mobile phase, were inadequate for 
separating mixtures of derivatized NAAs. For example, 5% 
Silar 10 CP on 100-120 mesh Supelcoport was good for the 
simple NAA derivatives, but was unsuitable for all the 
hydroxy NAA derivatives. OV-225 was usable for the 
hydroxy NAA derivatives, but, when they were combined 
with the other NAA derivatives, the long retention times of 
NHPRO, NHPIC, and NHMTHZC caused unacceptable 
peak broadening. We found that a DB-5 capillary column 
was able to adequately separate the 10 NAA derivatives with 
good resolution of the peaks (Figure 4, standard). Minimum 
detectable levels were NSAR, NAZETC, NPRO, NTHZC, 
NINA, NHPRO, NHPIC, 2 ppb; NMAPA, ppb 5; 
NHMTHZC, 10 ppb. The only compound that gave a dou
blet on this column was NHMTHZC; no other NAA com
pound gave an indication of its syn and anti conformers. Sen 
et al. (28) recently reported that this NHMTHZC could be 
decarboxylated during cooking to form 2-(hydroxymethyl)- 
A-nitrosothiazolidine in fried bacon.

The recovery of the 10 NAAs added to nitrite-free pork 
belly at the 10 ppb level was determined to evaluate the 
efficiency of this method. The results were NSAR, 83.9 ± 
8.7%; NMAPA, 77.0 ± 11.7%; NAZETC, 76.7 ± 8.9%; 
NPRO 86.7 ± 6.5%; NPIC, 85.1 ± 3.5%; NTHZC, 87.8 ± 
5.2%; NINA, 86.0 ± 7.0%; NHPRO, 79.1 ± 3.2%; NHPIC,
84.6 ± 3.8%; NHMTHZC, 80.9 ± 6.4%. Statistical analysis 
of the results showed that the NPIC internal standard was 
significantly correlated (P  <  0.05) with NSAR, NAZETC, 
NPRO, NTHZC, and NHPRO.

A ruggedness test of the method for the determination of 
10 ppb of each NAA showed that packing the extraction 
column too tightly (less than 100 mm) could cause NAA 
values to vary significantly. We have observed this same 
phenomenon when applying the solid-phase extraction meth
od for determining W-nitrosopyrrolidine in fried bacon and 
N-nitrosodimethylamine in minced fish and surimi-meat 
frankfurters (20, 21). The method was also checked for arti- 
factual nitrosoamino acid formation by spiking cured pork 
belly samples with 25 ppb thiazolidine carboxylic acid prior 
to analysis, and then checking for NTHZC after sample 
workup; none was detected.

Six cured meat samples were analyzed in duplicate to 
determine the within-laboratory repeatability of the method. 
NSAR ranged from 3.5 to 6.5 ppb (corrected), NPRO from
3.2 to 17.2 ppb (corrected), and NTHZC from 15.0 to 517.8 
ppb (corrected); no other NAAs were detected in these sam
ples. The recovery of the NPIC internal standard (10 ppb) 
ranged from 72.2 to 98.0% with a mean of 85.1%. The analy
sis of variance showed that the variable within-laboratory 
repeatability standard deviation for the 3 NAAs found was
1.1 ppb for NSAR, 1.6 ppb for NPRO, 3.9 ppb for NTHZC, 
and 5.1% for recovery of NPIC internal standard.

To check the applicability of this method, 15 samples from 
7 different cured meat products (cure-pumped and dry-cured 
bacon, pork side meat, frankfurter, ham, pepperoni, and 
lebanon bologna) were analyzed for NAAs. NTHZC was the 
only compound found in all samples, ranging from 27.9 to 
3661 ppb. This is consistent with our previous finding of this 
nitrosamine in a wide variety of smoked products (8). NPRO
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(ND to 156.9 ppb) and NSAR (ND to 5.6 ppb) were also 
detected in these samples. Recovery of the NPIC internal 
standard averaged 86.3%. These results indicate that the 
present method can be used to analyze meat products for 
NAAs. Sample chromatograms of a standard and a cured 
meat product extract are shown in Figure 4.

We have developed a method for the simultaneous isola
tion and quantitation of 10 NAAs that is accurate, precise, 
and specific. The method is easy to perform and can be 
applied to varying types of cured meat products.
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METHOD PERFORMANCE

Diagnostic Data Evaluation. Part I. Collaborative Studies: How To Do It
ANTHONY J. MALANOSKI
U .S . D e p a r tm e n t o f  A g r ic u ltu r e , F o o d  S a f e ty  a n d  In sp ec tio n  S e rv ic e , W a sh in g to n , D C  2 0 2 5 0

A generic protocol Is described to add diagnostic data evalu
ation to collaborative study evaluations. The protocol would 
enable the Individual performing the evaluation to determine 
more specifically the causes for unsuccessful studies. The 
protocol also formalizes the techniques for establishing per
formance standards for both the analysts and the method.

The evaluation of collaborative studies is usually limited to 
the simple determination of whether or not the resulting data 
meet the requirements that have been established for a suc
cessful study. The minimum diagnostic analysis that is per
formed is primarily of a statistical nature. For example, 
outliers can be and have been eliminated on the basis of 
statistical tests such as the Dixon (1), Grubbs (2, 3), or 
Youden ranking (4). A complete diagnostic evaluation of 
collaborative studies provides additional information on 
causes for a less than successful collaborative study. The 
techniques that will be described for the evaluation of collab
orative studies are applicable to the evaluation of other data 
sets.

One important criterion must be observed for the diagnos
tic data evaluation to be meaningful. The evaluation must be 
performed by a chemist who is familiar with the analytical 
procedure and statistics, or jointly by a chemist and a statisti
cian. Final decisions as to the acceptability of any of the data 
are the primary responsibility of the chemist; acceptability is 
based on the knowledge of the chemist about the chemical 
processes of the method. It is a professional judgment that 
cannot be assigned to any individual who does not have 
knowledge of the chemistry and the acceptable variability 
associated with each individual process. A statistician seldom 
has the opportunity to become familiar with each separate 
process that is included in the entire method.

Preliminary standards of performance for the analytical 
method should be established before any evaluation is initiat
ed. The performance standards are best established by a 
chemist with training in statistics, or jointly by the chemist 
and a statistician. Data acceptability, in general, would then 
be based on the preliminary standards, and on the chemist’s 
and statistician’s knowledge, experience, and professional 
judgment.

The statistics that will be used for the diagnostic data 
evaluation of the collaborative study will be limited to de
scriptive statistics. Descriptive statistics are a tool used by 
chemists to describe or characterize a method with quantita
tive descriptors. It enables the chemist to establish standards 
of performance for a method which the chemist then uses to 
determine when the analyst is competent to perform the 
analysis or when additional training should be suggested.

The search for objective means to characterize and mea
sure the performance of an analytical method resulted in a 
review of some of Youden’s early publications (4-7). You-

Received February 3, 1987. Resubmitted November 9, 1988. Accepted
February 20, 1989.

den’s statement that the collaborative test could also be used 
to evaluate the individual analyst’s performance set the dual 
purpose of establishing standards of performance for a meth
od and for analysts. The primary emphasis of AOAC has 
been method evaluation. With the interest in analytical qual
ity control (QC) and quality assurance (QA) programs, the 
evaluation of analysts and laboratories has become more 
important than method evaluation. The technique used for 
diagnostic data evaluation provides a means of defining the 
performance of the individual analyst.

In the statistical evaluation of collaborative studies, the 
standard deviation or variance that is determined for repeat
ability is the average (pooled) of the standard deviations or 
variances of the analysts, independent of analyst bias. Many 
collaborative studies do not have an adequate number of 
observations from each analyst to determine repeatability for 
each analyst. Increasing the number of data points for each 
participant is necessary and has been a practice of the Chem
istry Division of the Food Safety and Inspection Service for 
method or analyst validations (Validation process, FSIS 
Good Regulatory Analytical Laboratory Practice, in prepa
ration). The number of results must be increased to provide 
sufficient data points to also determine individual analyst 
performance, as proposed previously by the author (8).

With the emphasis on QC and QA programs and analyti
cal productivity in the recent years it has become necessary to 
establish standards of performance for the analysts as well as 
for the method. When standards of performance are estab
lished for the method and are used in the laboratory, single 
sample analysis can be justified (Single, duplicate, replicate 
analysis, FSIS Good Regulatory Analytical Laboratory 
Practice, in preparation). Ideally, the standards of perform
ance should be established from a collaborative study (8). 
The collaborative study protocol should, therefore, evaluate 
the performance of the method and of the analyst(s).

The basic purposes of evaluation of collaborative studies 
(and other studies) by chemists are (1) to provide estimates 
of the repeatability and reproducibility of an analytical 
method; (2) to validate the preliminary performance stan
dards of the method and of the analysts; (5) to determine that 
the analyst performance standards meet established per
formance standards; (4) to establish product standards; (5) 
to determine that the established product standards are met.

The requirements for these different purposes may not be 
identical but they are similar enough that the same tech
niques for data evaluation are used. First and foremost it 
must be understood that the chemist is concerned only with 
describing what occurred during the course of the analytical 
process that will provide information to make professional 
decisions about the acceptability of the results. Chemists are 
not concerned with making inferences about processes or 
products for which the analyses are performed. It is the 
statistician’s responsibility to make the inferences required 
about the product or the process. The primary responsibility 
of the regulatory analytical chemist is to provide the best 
analytical results possible with the method and to describe or
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characterize what has been done so scientists and managers 
who are not familiar with the specific method can make 
professional decisions about the acceptability of the data.

The prerequisites to perform data evaluation are (/) a 
working knowledge of descriptive statistics, as provided by a 
basic course in statistics; (2 ) a knowledge of the chemical 
processes of the analytical method and the instruments used; 
(5) a scientific calculator with a statistical function which 
uses the value (n — 1) in the denominator to determine the 
variance or standard deviation. With the availability of the 
personal computers and appropriate software, the diagnostic 
data evaluation can be performed more efficiently.

Several assumptions concerning the samples and the com
petence of the analysts must be made and are the foundation 
of all data evaluations: (7) the samples submitted for analysis 
are homogeneous and are representative of the product; (2 ) 
all analysts are competent to perform the analysis; (2 ) the 
average of all reported results for the sample is the best 
estimate of the quantity of the analyte in the product.

These assumptions must be considered valid until the eval
uation process raises questions about either sample homoge
neity or the analyst’s competence to perform the analysis. If 
the initial data evaluation is successful, then all assumptions 
were valid. It is when the study is less than successful that it is 
necessary to perform the diagnostic evaluation to identify the 
causes of the failure. For natural products, one of the major 
causes of failure is sample nonhomogeneity. The second fac
tor in the failure of method studies is that participating 
analysts may not have had sufficient training and experience 
with the method. The 2 factors confound the problem of 
identifying the root cause of the failure. Diagnostic data 
analysis as proposed in this manuscript is an attempt to 
resolve this problem.

Descriptive Statistics
The basic descriptive statistics used in the evaluation pro

cess are listed below:

(/) The averages (x) for:
a. the sample (x),
b. the analyst’s normalized results (xa) (described lat

er).
(2) The standard deviations (s) for:

a. the method repeatability (s0),
b. the method reproducibility (sx),
c. the analyst’s repeatability (sa).

(3) The relative standard deviations (RSD) for:
a. the method repeatability RSD (RSD0),
b. the method reproducibility RSD (RSDX),
c. analyst’s repeatability RSD (RSDa).

(4 ) The critical differences (r) (s*2*20-5 = 2.83):
a. the method repeatability (r0) for:

i. initial values [2.83*s0 (s constant) or
2.83*x*RSD0 (RSD constant)],

ii. normalized differences [2.83*s0],
iii. normalized ratios [2.83*RSD0],

b. the method reproducibility (R) for:
i. initial values [2.83*sx (s constant) or

2.83*x*RSDx (RSD constant)],
ii. normalized differences [2.83*sx],
iii. normalized ratios [2.83*RSDX].

c. the analyst’s repeatability (ra) for:
i. normalized differences [2.83*sa],
ii. normalized ratios [2.83*RSDa],

(5) The critical difference (^ 99) (99% confidence interval:
s*2.59*2° 5 = 3.65):
a. the method repeatability for:

i. initial results [3.65*s0 (s constant) or
3.65*x*RSD0 (RSD constant)],

ii. normalized differences [3.65*s0],
iii. normalized ratios [3.65*RSD0],

b. the method reproducibility (R 99) for:
i. initial results [3.65*sx (s constant) or

3.65*xRSDx (RSD constant)],
ii. normalized differences [3.65*sx],
iii. normalized ratios [3.65*RSDX],

c. the analyst’s repeatability (ra99) for:
i. normalized differences [3.65*sa],
ii. normalized ratios [3.65*RSDa],

The critical differences are and have been used to deter
mine the need for additional analyses whenever analytical 
values are available from 2  laboratories or when duplicate 
analyses were performed. Whenever a critical difference is 
exceeded, additional analyses of the sample or product are 
indicated. The use of the standard deviation or relative stan
dard deviation of the individual analyst has been possible 
only since it became possible to determine them for the 
individual. The repeatability statistics for the “method” are 
used only when the statistic for analyst’s repeatability is not 
available.

The nature of the chemical process determines which of 
the above statistics are applicable and should be used in the 
evaluation process. In particular, the standard deviation and 
the relative standard deviation are statistics that should sel
dom be used to evaluate the same process. If all reactions are 
stoichiometrically complete, all transfers are quantitatively 
complete, and recoveries of the analyte are constant, then the 
standard deviation can be considered to be constant over 
some range that can be determined. If, however, the reactions 
are not complete and/or unfavorable partitions occur, then 
the coefficient of variation will be constant over a range that 
can be determined.

Performance Standards
The need for clearly defined method performance stan

dards and the techniques for establishing them was noted in 
1982 (9). It is with established performance standards that 
critical differences can be used to identify suspect results. It 
is possible to identify initial performance standards with 
quantitative descriptors from the initial method evaluation 
by the chemist who develops the method. That initial method 
characterization should have a sufficient quantity of data to 
provide the applicable analytical range of the analysis, the 
average recovery (where the recovery is applicable), and the 
sa or RSDa values for a single analyst. An error analysis can 
be performed to verify the first estimate for sa or RSDa 
(Error analysis in method evaluation, FSIS Good Regulatory 
Analytical Laboratory Practice, in preparation). When in
sufficient data are available, these estimates can be used: the 
first approximation for s0 or RSD0 should be 1.2 times the sa 
or RSDa value, and the first approximation for sx or RSDX 
should be 1.5 times the s0 or RSD0 value.

The standards that should be determined for a method and 
should be included in the written description are as follows:

(/) The applicable range for the analytical method.
(2) The standard deviations for:
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a. method repeatability (s0),
b. method reproducibility (sx),
c. individual analyst repeatability (sa).

(3) The relative standard deviation for:
a. method repeatability (RSD0),
b. method reproducibility (RSDX),
c. analyst repeatability (RSDa).

(4) Averages
a. recovery with the acceptable range; determined 

with the formula, sx*2 /n05,
b. normalized average for either s or RSD as appro

priate.
(5) Correlation coefficient (wherever 3 or more data 

points at different levels are available, linear regres
sion should be performed; number of data points used 
in the regression should be listed).

The tests that may be used to evaluate the data for outliers 
are the Grubbs test, the Dixon test, and the Youden ranking 
test. The 3 tests are to be used only when it is not possible to 
determine or estimate the critical differences for the method 
from sa, s0, and sx. The introduction of standards of perform
ance for the method and for the analyst eliminate the need to 
submit the data to statistical outlier tests. The critical differ
ences are used for the determination of “performance out
liers” on the basis of Good Regulatory Analytical Laborato
ry Practices. Whenever an analyst’s blind duplicate results or 
whenever 2  laboratories’ results exceed the appropriate criti
cal difference, the samples should be reanalyzed and the 
causes of the excessive difference should be determined. The 
normalized average is used in place of the Youden ranking 
test to determine analyst’s bias. It is possible and appropriate 
to eliminate the statistical outlier tests because performance 
standards are or will be established and are used.

One factor not mentioned previously that must be empha
sized is that analyses for regulatory purposes must be per
formed by analyst(s) who have demonstrated their compe
tence to perform that analysis. For regulatory purposes, the 
acceptable “average analysts” are only those in the higher 
percentile of the acceptable laboratories (the acceptable per
centile is determined by the regulatory agency). With Good 
Laboratory Practices, diagnostic data evaluation identifies 
the analyst who may require additional training. The present 
protocol for diagnostic data evaluation was not written with 
that restriction. It can be used to identify analysts who may 
require additional training and may provide the opportunity 
to salvage a collaborative study.

Data sets and the evaluation of those data sets are part of a 
hierarchy which begins with the evaluation of the data from a 
single analyst or laboratory. The purpose of the data set from 
one laboratory is either an estimate of repeatability as a 
preliminary performance standard or to demonstrate the an
alyst’s readiness to perform analysis. The second category, to 
evaluate factors for QC/QA purposes, also consists of data 
from a single analyst or laboratory. Standards of perform
ance for the method have been established and are available. 
The third category of data for evaluation is a 3-or-more- 
laboratory method validation study which is used to deter
mine method performance characteristics and to establish 
analyst performance standards. The fourth category in the 
data evaluation hierarchy is the evaluation of a method col
laborative study. The only difference between the 2 types of 
method studies is the number of laboratories that participate. 
The final data sets that are subjected to statistical analysis

are check sample data that are used for analyst or laboratory 
QC/QA purposes.

Data Evaluation
The operational sequence for data evaluation is as follows:
(/) List the performance standards for the method.

a. If the purpose of study is to establish performance 
standards, then list the standards that are the goal for the 
method.

b. If standards of performance have been established 
for the method and the evaluation is done for QC/QA pur
poses, list the performance standards.

(2) List the data in a format that would permit the data to 
be easily scanned and manipulated for statistical analysis, 
either manually or by computer.

(3) Determine x, sx, and RSDX for each sample, following 
the procedures of Youden or Steiner (5). Or, alternately, use 
Wernimont (9).

(4) Compare the sx or the RSDX values to the proposed or 
established performance standards of the method.

a. If the performance standards or the proposed stan
dards of the method are met, then no additional diagnostic 
analysis may be necessary.

b. If the performance standards are not met, additional 
diagnostic analysis may be necessary. The critical differences 
for analyst duplicates and between-laboratories results must 
be reviewed to assure that each sample was homogeneous and 
that each analyst had achieved the acceptable level of compe
tence.

(J) If it is applicable, determine the least square linear 
regression equations for each analyst. Compare the correla
tion coefficients, the slopes, and the intercepts for consistency 
and to determine if established performance standards are 
met. Inconsistencies should be identified so that when consid
ered with the other diagnostic information they could be 
excluded from statistical analysis.

(<5) Determine the differences of the extreme values for 
each sample and compare them to the critical difference 
values, R and R 9 9 .

a. If the difference of the extreme sample values ex
ceeds the R99 value, subtract the sample average from each of 
the suspect results. Exclude the sample result with the higher 
absolute difference. Recalculate x, sx, and RSDX values for 
the samples. Compare the recalculated values to the stan
dards.

b. If the sx or the RSDX performance standard has not 
been met, calculate the difference value of the extreme sam
ple values of the remaining data.

c. If the difference value exceeds the critical value of R 
or R 9 9 , the sample may not be homogeneous or an analyst 
may not be performing adequately. Do not include the data in 
any pooled evaluation for the estimation of the applicable 
range or pooled standard deviation or the coefficient of varia
tion until the data have been tested for analyst repeatability.

(7) Normalize the data.
a. If s is constant, subtract the sample average from 

each result.
b. If RSD is constant, divide each result by the sample 

average.
(8) Delete and do not include in the statistical evaluation 

any individual normalized value that exceeds 3sx (s constant) 
or exceeds the range of 1.000 ± 3RSD (RSD constant). This 
may be considered an arbitrary rule, but any individual value
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that is more than 3 standard deviations from the average 
value should not be considered a valid result (analysis should 
be repeated after the sample is remixed).

(9) Determine xa, sa, and RSDa.
(10) Compare sa and RSDa values to the established or 

proposed standards for sa and RSDa. If either is equal to or 
less than the performance standards, no additional diagnostic 
evaluation is necessary.

(11) If the performance standards are not met, determine 
the difference of the extreme values of the normalized data 
for the analysts who have not met the sa or RSDa standards 
and compare them to the ra and ra99 critical difference values.

a. If s is constant, exclude the higher absolute value of 
any difference that exceeds the ra99 critical difference. Deter
mine xa, sa, and RSDa.

b. If RSD is constant, subtract 1.000 from each value of 
any pair that exceeds the ra99 critical difference. Exclude the 
higher absolute value and determine xa, sa, and RSDa.

(12) If the performance standards are met with the exclu
sion of one value from an analyst, no additional diagnostic 
analysis is necessary. If the performance standards are not 
met, then the data from the analysts who have not met the 
standards must be examined more intensely. In the same 
manner, the reported values for each sample are examined if 
the standards for reproducibility have not been met.

(13) Examine the normalized data for each analyst who 
did not meet the sa or RSDa standards, to determine if any 
additional differences between the remaining extreme values 
are equal to or less than the critical difference values of ra or 
ra99 critical differences. List all differences that exceed the ra 
or ra99 differences. Subtract the values from 0 (s constant) or 
subtract 1.000 (RSD constant) from each pair of values. 
Identify the value that has the higher absolute value for 
consideration for exclusion.

(14) Examine the normalized data for any sample that did 
not meet the standards for sx or RSDX. List any differences 
between extreme sample results that are equal to or greater 
than the R and R99 critical difference. Subtract 0 (s constant) 
or 1.000 (RSD constant) from the individual values. Identify 
the analytical value that has the highest absolute difference 
for consideration for exclusion.

(15) Tabulate the values for the samples and the analysts 
that were the cause for the critical differences to be exceeded. 
In addition to the values identified in sections 13 and 14, add 
any value identified in the earlier analysis.

(16) The process of identifying data that when excluded 
from the statistical analysis would cause the performance 
standards to be met is a matter of trial and error and profes
sional judgment.

Usually, only 2 sources of excessive variation can be identi
fied. The major cause of variation is that due to the individual 
analyst which can be evaluated by means of either sa or 
RSDa. The second is homogeneity which can be evaluated by 
means of the critical differences, ra and R. The basic purpose 
of diagnostic evaluation is to identify and delete from the 
statistical analysis the minimum quantity of data that can be 
identified as a cause of failure to meet performance stan
dards. The deleted data, if the opportunity had been avail
able, would have been subjected to reanalysis according to 
Good Regulatory Analytical Laboratory Practices. One of 
the exceptions to the exclusion of the minimum amount of 
data is the exclusion of all data for an analyst if more than 
20% of the analyst’s data is suspect. This rule is based on the

percentage of data that can be excluded from a successful 
AOAC collaborative study and on the maintenance of scien
tific integrity of the study. When more than 20% of the data 
are excluded and the remainder of the data are included, the 
charge can be made that only selected data are being includ
ed. The second exception would be the exclusion of all data 
for a sample if sample nonhomogeneity is suspected.

a. Delete and do not include in the further statistical 
evaluation individual values that cause a critical difference 
greater than ra99.

b. Delete and do not include in the further statistical 
evaluation any values that cause a critical difference greater 
than R 9 9 .

c. Delete all data for a sample or analyst if 3 or more 
data points in the sample or analyst’s data set exceed R or ra.

d. Delete the data from any analyst with an xa that is 
not in the 95% confidence range. The range for the difference 
normalized average is 0 ± sx*2/n0-5. The range for the ratio 
normalized average is 1 ± 2 RSDx/n°5.

(7 7) Tabulate the remaining data and determine (if suffi
cient data remain) the x, sx, s0, RSDX, and RSD0 according to 
Youden or Steiner (5). Normalize the acceptable data with 
the sample averages of the acceptable data and determine xa, 
sa, and RSDa. All performance standards should be met at 
this time; if they are not, a review of the method, the proposed 
performance standards, and the quality controls for the anal
ysis is required to determine the causes for the failure.

(18) Determine the standards of performance of the 
method. The performance standards are based on sa, s0) and 
sx when s is constant or on RSDa, RSD0, and RSDX when 
RSD is constant.

a. sa or RSDa: Square the sa or RSDa values for each 
analyst. Determine the average and the standard deviation 
for the squared values. The square root of the sum of the 
average and twice the standard deviation is the sa or the 
RSDa of the performance standard.

b. s0 or RSD0: Square the s0 or the RSD0 value of each 
of the samples of the study. Determine the average and the 
standard deviation for the squared values. The square root of 
the sum of the average and twice the standard deviation is the 
s0 or the RSD0 of the performance standard.

c. sx or RSDX: Square the sx or the RSDX values of each 
of the samples. Determine the average and the standard 
deviation of the squared values. The square root of the sum of 
the average and twice the standard deviation becomes the sx 
or the RSDX of the performance standard.

(19) The Grubbs, Dixon, and Youden ranking tests are to 
be used primarily to evaluate data for the exclusion of statis
tical outliers in the determination of quality control stan
dards and factors.

Summary
The diagnostic techniques described enable the chemist 

with the aid of a statistical calculator to evaluate collabora
tive studies with a minimum assistance from a statistician. If 
a personal computer is available with appropriate software, 
the analysis can be accomplished even more efficiently. More 
important, the techniques provide the means for identifying a 
less than successful study. When performance standards are 
used, statistical tests for outliers are not necessary. The stan
dard deviations or the relative standard deviations from the 
performance standards, either known or proposed, are the 
basis for determining outlying results.
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The techniques of the previous sections are used and will be 
discussed in the additional parts of the Diagnostic Data Eval
uation series: Part II. Collaborative Study Evaluation: Coef
ficient of Variation Considered To Be A Constant; Part III. 
Collaborative Study Evaluation: Standard Deviation Con
sidered To Be A Constant; Part IV. Evaluation of A Check 
Sample Series To Determine Analyst Performance; Part V. 
Ruggedness “Stress” Test Evaluation; Part VI. Data Evalua
tion To Establish Product Standards.
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Diagnostic Data Evaluation. Part II. Collaborative Study Evaluation: Coefficient of 
Variation Considered To Be A Constant
ANTHONY J. MALANOSKI
U.S. Department o f  Agriculture, Food Safety and Inspection Service, Washington, DC 20250

T h e  p rin c ip le s  d e s c r ib e d  in P a rt I w e re  u se d  to d e te rm in e  
s ta n d a rd s  of p e rfo rm a n c e  for th e  m etho d  and for a n a ly s ts  
from  a  co lla b o ra t iv e  stu d y  of th e  d e te rm in a tio n  of n itrosop yr-  
ro lid ine  ( N P Y R ) . P e rfo rm a n c e  s ta n d a rd s  for th e  m ethod  
w e re  10.4 %  R S D a, 9 .2 %  for R S D 0, an d  14.2 %  for R S D X.

The usual assumption that has been a standard in the collab
orative study evaluation process of the Association of Official 
Analytical Chemists is that the chemists who participate in 
the studies are competent and can perform the analysis satis
factorily. This assumption is stated by Youden (1) and may 
have been to some extent misinterpreted by many of his 
successors. The purpose of the collaborative study was to 
determine the performance of the method as conducted by 
the “average analyst.” However, no provisions were ever 
made for determining an average analyst or the standards of 
performance to be used to judge the competence of analysts.

For regulatory analytical purposes, “average analysts” 
should be those analysts contained in the 90th or 95th percen
tile of all laboratories. The analysts who are not in the accept
able range should not perform regulatory analysis until the 
causes of the higher variance or bias are corrected by addi
tional training. The normalization evaluation process that is 
the basis of the present series of reports is to provide an 
objective measure of “bias” (bias as used in this evaluation 
process is not the difference from the “true value” but the 
difference from the average of all participating analysts/ 
laboratories) of both analyst repeatability and laboratory 
reproducibility. With the emphasis on quality control and 
quality assurance of the last few years, this objective evalua
tion is increasingly needed.

The evaluation process should be more than a statistical 
evaluation of the data. A diagnostic analysis should be added 
to identify analysts who have not demonstrated the compe
tence to perform the analysis. Two basic premises must be

Received February 3, 1987. Resubmitted November 9, 1988. Accepted
February 20, 1989.

made and accepted in all analytical work. The first is that the 
analyst will perform all tasks of the method in the same 
manner each and every time the analysis is performed. The 
second is that over the range of interest the function of the 
method is continuous, that is, the standard deviation or the 
relative standard deviation (as appropriate) can be consid
ered to be constant for concentrations of the analyte over the 
range of interest. With these assumptions, it is possible to 
establish and describe performance standards by means of 
standard, simple descriptive statistics. It cannot be overem
phasized that performance standards are established using 
the professional judgment of the chemist. Descriptive statis
tics are only the tool used to provide the basis for making the 
decision on the applicable standard.

The data that will be used in the example evaluation are 
taken from a nitrosamine collaborative study (2). Only the 
data for TV-nitrosopyrrolidine (NPYR) will be used. To es
tablish performance standards, it is not necessary but it is 
useful to perform an error analysis of the method to obtain an 
estimate of the repeatability for the performance that may be 
obtained (Error analysis in method evaluation, FSIS Good 
Regulatory Analytical Laboratory Practice, in preparation). 
If the error analysis is not done, then it is possible that the 
standards that would be established may not truly represent 
the method. This is particularly true when the empirical 
formula developed by Horwitz (3) is applied to residue meth
ods. For the mineral oil vacuum distillation method used for 
the NPYR collaborative study, the relative standard devi
ation (RSDX) of 30% would have been acceptable because the 
level of the study was in the part per billion range. When the 
error analysis was performed, the estimate for the RSDa was 
10% and the RSDX was 15%.

Performance Standards
The proposed performance standards are:

RSDa = 10%
RSDX = 15%
R = (X, -  X2)/n°-5*2*205
R99 = (X, -  X2)/na5*2.58*205
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T a b le  1. W -N itrosopyrro lid ine (p p b ) co lla b o ra t iv e  stud y  d ata

Samples

Anal. 1 2 3 4 5 6 7 8 9

1 4.08a 5.90a 9.66 12.8 14.0 18.9 9.68 17.4 13.2
3.92a 8.25a 9.67 12.8 14.1 18.2 10.5 18.0 14.1

15.9 11.2 17.4
16.0 16.2

2 3.0 7.4 8.6 10.4 15.0 18.0 9.86 21.2 10.1a
3.11 7.6 9.5 12.1 13.3 18.8 8.5 18.0 16.6

12.8 9.2 17.2
13.8 15.8

3 2.67a 8.01 9.75 12.3 15.2 18.7 8.80 21.7 16.3
2.68a 7.66 9.11 12.0 14.8 18.1 9.55 21.6 15.9

14.1 10.60 23.0
13.7 20.2

4 3.32 7.33 8.87 12.1 14.0 17.8 10.7 18.0 17.3
2.86 7.37 9.38 11.8 14.0 17.8 10.6 18.1 15.6

14.4 10.5 17.7
15.2 19.1

5 3.28 8.37 10.5 12.4 15.1 19.4 10.7 20.7 18.2
3.75 7.85 10.0 13.4 15.6 19.2 10.4 22.1 16.6

17.5 11.2 22.3
16.1 21.2

6 3.2 5.6 7.7 11.0 12.2 14.7 10.4 15.8 15.5
3.0 7.1 7.5 11.0 14.0 16.8 9.7 14.7 12.6

11.6 8.7 14.5
12.5 14.3

7 3.30 7.66 8.90 10.6 15.3 17.2 10.5 13.2a 17.9
— 8.21 8.73 12.8 13.0 23.2a — 18.7 17.2

15.8 11.4 16.0
14.9 21.4

8 3.47 6.66 9.40 10.8 11.3 16.2 9.82 15.8 18.0
3.12 7.08 8.19 12.5 14.3 15.3 9.01 15.5 14.5

12.3 10.30 15.3
14.6 15.8

9b 2.34 5.66 6.11 9.31 9.90 15.3 11.10 17.8 10.8
2.35 4.47 6.43 7.53 8.14 11.4 7.22 13.8 12.2

14.8 6.80 14.3
11.5 12.9

All data:
X 3.144 7.156 8.778 11.536 13.909 17.5 9.882 17.686 15.444
s x 0.49 1.08 1.19 1.45 2.86 2.45 1.17 2.87 2.49
RSDX 15.6 15.1 13.6 12.6 13.4 14.0 11.8 16.2 16.4
Data for analyst 9 excluded
X 3.219 7.464 9.091 11.925 14.263 17.67 10.079 18.216 15.967
Sx 0.247 0.693 0.816 0.906 1.405 1.398 0.826 2.644 1.733
RSDX 7.7 9.3 9.0 7.6 9.9 7.9 8.2 14.5 10.9

a Data not included in the statistical analysis. 
b All data for analyst 9 excluded from the statistical analysis.

ra = (x, -  x2)/n° 5*2 *2 0-5
ra99 = (xj -  x2)/n0'5*2.58*20'5
xa = 1 ± RSDx*2/n° 5
xa99 = 1 ± RSDx*2.58/n0-5

where x = the average of the replicate analytical values for 
the same sample; xa = the average of analytical values for the 
same analyst; n is the number of replicates or values in the 
determination of the average; and * = the symbol for multi
plication.

Experimental
The fortification levels for the study for samples 1 - 6  were 

0.00, 4.89, 6.84, 9.78, 12.7, and 16.6 ppb, respectively. Sam
ples 7, 8 , and 9 were bacon from normal production and did

not require fortification. The experimental work is described 
in ref. 1 .

Data Evaluation
The raw data are listed in Table 1. The averages, standard 

deviations, and relative standard deviations were deter- 
mained for each sample with a hard-wired scientific calcula
tor. The RSDX values ranged from 12.6 to 16.4% and, by 
visual observation, were sufficiently homogeneous to deter
mine a pooled RSDX. The diagnostic evaluation was per
formed to determine the RSD0, the RSDa, and the pooled 
RSDX to establish the performance standards.

Diagnostic Evaluation
To determine the linearity of the analytical determinations
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T a b le  2. N o rm a lized  N P Y R  co lla b o ra t iv e  stud y  d ata

Anal.

Sample
Analyst

statistics1 2 3 4 5 6 7 8 9

1 1.298 0.824 1.100 1.110 1.007 1.080 0.980 0.984 0.872 x =  1.055
1.247 1.153 1.102 1.110 1.014 1.040 1.062 1.018 0.931 s = 0.113

1.143 1.133 0.984 RSD = 10.7
1.150 0.916

2 0.954 1.034 0.980 0.902 1.078 1.028 0.998 1.199 0.667a x = 0.988
0.989 1.062 1.082 1.049 0.956 1.074 0.860 1.018 1.096 s = 0.105

0.920 0.931 0.973 RSD = 10.6
0.992 0.893

3 0.849 1.119 1.111 1.056 1.093 1.069 0.891 1.227 1.076 x = 1.069
0.852 1.070 1.038 1.040 1.064 1.034 0.966 1.221 1.050 s = 0.110

1.014 1.073 1.300 RSD = 10.3
0.985 1.142

4 1.056 1.024 1.010 1.049 1.007 1.017 1.083 1.018 1.142 x =  1.037
0.910 1.030 1.065 1.023 1.007 1.017 1.073 1.023 1.030 s = 0.044

1.035 1.062 1.001 RSD = 4.3
1.093 1.080

5 1.043 1.170 1.196 1.075 1.086 1.108 1.083 1.170 1.202 x =  1.146
1.193 1.097 1.139 1.162 1.122 1.097 1.052 1.250 1.096 S = 0.064

1.258 1.113 1.261 RSD = 5.6
1.158 1.199

6 1.018 0.782 0.877 0.954 0.877 0.840 1.052 0.893 1.024 x = 0.910
0.954 0.992 0.854 0.954 1.007 0.960 0.982 0.831 0.832 s = 0.079

0.834 0.880 0.820 RSD = 8
0.899 0.808

7 1.050 1.070 1.014 0.919 1.100 0.983 1.062 0.746 1.182 x =  1.063
— 1.147 0.994 1.110 0.935 1.326a — 1.057 1.136 s = 0.125

1.136 1.154 0.905 RSD = 11.8
1.071 1.210

8 1.104 0.931 1.071 0.936 0.812 0.926 0.994 0.893 1.189 x = 0.970
0.992 1.073 0.933 1.084 1.028 0.874 0.912 0.876 0.957 s = 0.950

0.884 1.042 0.865 RSD = 9.8
1.050 0.893

96 0.744 0.791 0.696 0.807 0.712 0.874 1.123 1.006 0.713 x = 0.778
0.747 0.625 0.732 0.653 0.584 0.651 0.731 0.780 0.806 s = 0.133

1.064 0.688 0.808 RSD = 17.1
0.827 0.729

All data:
n 17 18 18 18 36 18 26 36 18
X 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Sx 0.157 0.151 0.136 0.126 0.134 0.140 0.118 0.162 0.164
RSDx 15.7 15.1 13.6 12.6 13.4 14.0 11.8 16.2 16.4
Data for analyst 9 excluded:
n 15 16 16 16 32 15 23 32 15
X 1.034 1.036 1.035 1.034 1.026 1.010 1.020 1.021 1.054

Sx 0.133 0.110 0.093 0.079 0.101 0.080 0.084 0.155 0.1145
RSDx 12.8 10.6 9.0 7.6 9.9 7.9 8.2 15.2 10.9

3 Data excluded from statistical analysis. 
b Data of analyst 9 excluded from the statistical analysis.

for each analyst, the least square linear regression was per
formed on the fortified sample results. For determination of 
the regression equation, x was the analytical value and y was 
the fortification level. It was also necessary to calculate the 
regression equation to predict the concentration of NPYR 
present in the bacon that was fortified. The intercept is the 
best estimate of the NPYR concentraton in the bacon that 
was fortified. It has a negative value because the prediction is 
made for the concentration of the NPYR that was added. 
The equations and the correlation coefficients are:

Correlation
Analyst Linear regression equation coefficient

1 y = 1.0758x -  3.543 0.9857

2 y = 1.1022X -  3.004 0.9879
3 y = 1.0744X- 3.111 0.9959
4 y = 1.1174x — 3.397 0.9978
5 y = 1.0194x -  3.484 0.9935
6 y = 1.2458x -  3.199 0.9825
7 y = 0.9043X -  1.331 0.9730
8 y = 1.2510X -  3.957 0.9730
9 y = 1.2068X -  0.8612 0.9143

Analysts 7 and 9 have correlation coefficients and intercepts 
that appear to be different from the values for the other 
analysts. The diagnostic evaluation is necessary to determine 
if some or all of the data should be excluded from the statisti
cal analysis.
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T a b le  3. E x t re m e  d if fe re n c e s  b e tw e e n  a n a ly s e s  for the  sa m e  sa m p le  for n o rm a lized  N P Y R  d ata

Sample

Anal. 1 2 3 4 5 6 7 8 9

1 0.051 0.329a 0.002 0.000 0.143 0.040 0.153 0.102 0.059
2 0.035 0.028 0.102 0.107 0.158 0.054 0.138 0.306a 0.429°
3 0.003 0.049 0.073 0.026 0.079 0.035 0.182 0.158 0.026
4 0.146 0.014 0.055 0.022 0.086 0.000 0.011 0.022 0.112
5 0.150 0.073 0.057 0.087 0.172 0.011 0.081 0.029 0.106
6 0.064 0.110 0.023 0.000 0.130 0.120 0.172 0.085 0.192
7 — 0.077 0.020 0.191 0.201 0.343 0.092 0.464° 0.046
8 0.112 0.142 0.138 0.142 0.238 0.052 0.130 0.017 0.232
9 0.003 0.166 0.036 0.152 0.480° 0.223 0.435° 0.277 0.093

ra = 0.10*2*2° 6 = 0.28
Analyst 1, sample 2 
Analyst 2, sample 8

Critical differences:

Analyst 2, sample 9 
Analyst 7, sample 8 
Analyst 9, sample 5 
Analyst 9, sample 7

ra99 = 0.10*2.58*2°5 = 0.36

a Critical difference exceeded for ra.
° Critical difference exceeded for ra99.

Since the RSD is constant, the data was normalized by 
dividing the individual analytical values by the sample aver
age. The normalized values, the averages, the standard devi
ations, and the relative standard deviations for each sample 
are listed in Table 2. The statistics were determined as a 
quality control check on the normalization. The average for 
each sample should be 1.000 and the RSDX values should be 
the same as the values for the raw data. The statistics (xa, sa, 
and RSDa) are also listed in Table 2. Analysts 1, 2, 3, 7, and 9 
have RSDa values that are larger than the proposed perform
ance standard. For analyst 9, the RSDa and xa of 17.1% and 
0.778, when combined with the linear regression equation

intercept, support the exclusion of all data on the basis that 
the analyst did not have sufficient experience with the meth
od and did not demonstrate analytical competence in the 
analysis. All of the data from that analyst were excluded 
from the subsequent statistical evaluation.

The diagnostic data evaluation was continued with an 
examination of the critical differences to determine the cause 
for the differences for analyst 7 in the linear regression 
equation. With replicate sample analysis, 3 critical differ
ences can be used to identify possible performance outliers. 
Two are based on ra and the third is based on R. The first 
critical difference (ra) is the difference between the 2 repli-

T a b le  4. S a m p le  a v e ra g e s  of n o rm a lized  N P Y R  d ata

Samples

Anal. 1 2 3 4

1 1.273 0.988 1.101 1.110
2 0.972 1.048 1.031 0.976
3 0.850 1.094 1.074 1.053
4 0.983 1.027 1.037 1.036
5 1.118 1.133 1.167 1.118
6 0.986 0.887 0.865 0.954
7 — 1.108 1.004 1.014
8 1.048 1.002 1.002 1.010

Critical differences between samples for the same analyst: 

ra = 0.10*2*2° 5/2 °5 = 0.200

Critical differences between analysts for the same sample: 

For sample 1
R99 = 0.15*2*2° 5/2° 5 = 0.390 
Analysts 1-3 0.423

5 6 7 8 9

1.078 1.060 1.058 0.976 0.901
0.986 1.051 0.930 1.021 0.881
1.039 1.051 0.977 1.222 1.149
1.035 1.017 1.073 1.030 1.086
1.156 1.102 1.089 1.222 1.149
0.904 0.900 0.971 0.838 0.928
1.060 1.154 1.108 0.979 1.159
0.943 0.900 0.983 0.881 1.073

ra99 = 0.10*2*2°5/2 °5 = 0.258 
Analyst 1 samples 1-9 0.372 
Analyst 3 samples 8-1 0.372

For sample 8
R99 = 0.15*2*2° 5/4 °5 = 0.28 
Analysts 3-6 0.384 
Analysts 5-6 0.384 
Analysts 3-8 0.341 
Analysts 5-8 0.341 
Analysts 3-1 0.246 
Analysts 5-1 0.246 
Analysts 3-7 0.241 
Analysts 5-7 0.241
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T a b le  5. C o m p ila tio n  of p e rfo rm a n ce  o u tlie rs

A n a l.

S a m p le

1 2 6 7 9 8

1 1 .2 7 3 a6 0 .8 2 4 0 .9 0 1 a 0 .9 7 6

1 .1 5 3

(ra =  0 .3 2 9 )

2 0 .6 6 7 1 .0 2 1

1 .0 9 6

( ra99 =  0 .4 2 9 )

3 0 .8 5 0 ai> 1 .2 2 2 a

4 1 .0 3 0

5 1 .2 2 2

6 0 .8 3 8

7 0 .9 8 3 0 .7 4 6 0 .9 7 9

1 .3 2 6 1 .2 1 0

(ra =  0 .3 4 3 ) (ra99 =  0 .4 6 4 )

8 0 .8 8 1

a 0 .3 7 2  e x c e e d s  th e  r a99 o f  0 .2 5 8 .  

6 0 .4 2 3  e x c e e d s  th e  R 99 o f  0 .3 9 0 ,

cates or the difference between the extreme values if there 
are more than 2 replicate values. The differences are listed in 
Table 3. The differences that exceed the critical differences 
are also listed. The second critical difference (ra) is the differ
ence between the extreme values for the average value for 
each sample for each analyst. The averages of the normalized 
analytical results are listed in Table 4. The third critical 
difference (R) is the difference between the extreme values of 
the averages of the analysts. These differences are calculated 
from Table 4. The differences that exceed the critical differ
ence are identified and listed with Table 4.

Table 5 is the compilation of the normalized sample values 
that exceed the performance standard for critical differences 
by any of the 3 methods. The determination of performance 
outliers is made after a review of the compiled data and, when 
necessary, with an additional review of Table 4 to determine 
if there are any additional differences between results that 
exceed the critical difference for either analyst or sample.

Two samples, sample 9 for analyst 2 and sample 6 for 
analyst 7, have normalized differences of 0.429 (1.096 — 
0.667) and 0.343 (1.326 — 0.983), respectively, that exceed 
the critical difference ra99 value of 0.36. The result that is the 
performance outlier of a pair is the sample result that has the 
larger absolute difference from 1.000. The sample results 
represented by the normalized values of 0.667 and 1.326 are 
excluded as performance outliers and are excluded from any 
subsequent statistical evaluation.

Two analysts have differences between samples that ex
ceed the critical difference of ra99 of 0.258 for the sample 
averages. They are analyst 1 with a difference of 0.372 be
tween samples 1 and 9 for the average values of 1.273 and 
0.901, and analyst 3 with a difference of 0.372 between 
samples 1 and 8 for the average values of 0.850 and 1.222. 
The average values of 1.273 and 1.222 have the larger abso
lute difference from the normalized sample average and the 
analytical results that are included in the average must be 
considered for exclusion as performance outliers. The be- 
tween-sample difference of 0.285 between samples 1 and 2 
exceeds the ra99; therefore, the results for sample 1 of analyst
1 are excluded as performance outliers. One value for sample
2  of analyst 1 was also identified as a performance outlier. 
With the identification of 3 of 4 results at the lowest level of

the study as outliers, all results of analyst 1 at the lowest 
levels were excluded on the basis that the analyst had not 
achieved the necessary proficiency for the analysis of NPYR 
at these levels.

For analyst 3, the largest difference from the normalized 
sample average is 1.227 for sample 8 . However, there are also 
differences between sample 1 and other samples that exceed 
the ra of 0.20 (samples 1 and 2, 1 and 3, and 1 and 9). The 
results that are identified as the outlier values are those for 
sample 1. The values are excluded because the analyst had 
not achieved the required proficiency at the lowest level of 
the study.

Sample 8 for analyst 3 was not excluded because of the 
large number of differences between analysts for the sample 
that exceeded the R and r99 values. The causes for the greater 
variability for this sample may be due either to sample non
homogeneity, to the method not being applicable at this level, 
or to the analysts not having the proficiency to recover 
NPYR quantitatively at this level.

Table 6  is the normalized data after the exclusion of all 
performance outliers. The statistical evaluation was per
formed with and without data for sample 8 .

To determine the concentration of NPYR in the control 
bacon sample, the least square linear regression equations 
were calculated after the exclusion of the performance outli
ers. The revised equations are:

Analyst Linear regression equation
Correlation
coefficient

1 y = 1.0668x —3.427 0.9764
2 y = 1.1 0 2 2x - 3.004 0.9879
3 y = 1.1068x - 3.566 0.9924
4 y = 1.1117x —3.397 0.9978
5 y = 1.0194x - 3.484 0.9935
6 y = 1.2458x —3.199 0.9825
7 y = 1.0954x —3.249 0.9753
8 y = 1.251ÛX —3.957 0.9730

The intercept values range from 3.004 to 3.957 ppb NPYR; 
for practical reasons, the average of the intercept values can 
be considered to be the best estimate of the NPYR in the 
bacon that was fortified. The average value is 3.41 ppb 
NPYR. It was necessary to determine the best estimate of the
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T a b le  6. N o rm a lized  N P Y R  co lla b o ra t iv e  stu d y  d ata  w ith p erfo rm a n ce  o u tlie rs  om itted

A n a ly s t

S a m p le 1 2 3 4 5 6 7 8

1 0 .9 3 2 1 .0 3 1 1 .0 1 9 0 .9 9 4 1 .0 2 5 1 .0 7 8

0 .9 6 6 0 .8 8 8 1 .1 6 5 0 .9 3 2 0 .9 6 9

2 0 .9 9 1 1 .0 7 3 0 .9 8 2 1 .1 2 1 0 .7 5 0 1 .0 2 6 0 .8 9 2

1 .0 1 8 1 .0 2 6 0 .9 8 7 1 .0 5 2 0 .9 5 1 1 .1 0 0 1 .0 2 9

3 1 .0 6 3 0 .9 4 6 1 .0 7 3 0 .9 7 6 1 .1 5 5 0 .8 4 7 0 .9 7 9 1 .0 3 4

1 .0 6 4 1 .0 4 5 1 .0 0 2 1 .0 3 2 1 .1 0 0 0 .8 2 5 0 .9 6 0 0 .9 0 1

4 1 .0 7 3 0 .8 7 2 1 .0 3 1 1 .0 1 5 1 .0 3 9 0 .9 2 2 0 .8 8 9 0 .9 0 6

1 .0 7 3 1 .0 1 5 1 .0 0 6 0 .9 9 0 1 .1 2 4 0 .9 2 2 1 .0 7 3 1 .0 4 8

5 0 .9 8 2 1 .0 5 2 1 .0 6 6 0 .9 8 2 1 .0 5 9 0 .8 5 5 1 .0 7 3 0 .7 9 2

0 .9 8 9 0 .9 3 3 1 .0 3 8 0 .9 8 2 1 .0 9 4 0 .9 8 2 0 .9 1 2 1 .0 0 3

1 .1 1 5 0 .8 9 8 0 .9 8 9 1 .0 1 0 1 .2 2 7 0 .8 1 3 1 .1 0 8 0 .8 5 2

1 .1 2 2 0 .9 6 8 0 .9 6 1 1 .0 6 6 1 .1 2 9 0 .8 7 6 1 .0 4 5 1 .0 3 4

6 1 .0 6 9 1 .0 1 8 1 .0 5 8 1 .0 0 7 1 .0 9 7 0 .8 3 2 0 .9 7 3 0 .9 1 6

1 .0 3 0 1 .0 6 4 1 .0 2 4 1 .0 0 7 1 .0 8 6 0 .9 5 0 0 .8 6 6

7 0 .9 6 0 0 .9 7 8 0 .8 7 3 1 .0 6 2 1 .0 6 2 1 .0 3 2 1 .0 4 2 0 .9 7 4

1 .0 4 2 0 .8 4 3 0 .9 4 8 1 .0 5 2 1 .0 3 2 0 .9 6 2 0 .8 9 4

1 .1 1 1 0 .9 1 3 1 .0 5 2 1 .0 4 2 1 .1 1 1 0 .8 6 3 1 .1 3 1 1 .0 2 2

8 0 .9 5 5 1 .1 6 4 1 .1 9 1 0 .9 8 8 1 .1 3 6 0 .8 6 7 0 .8 6 7

0 .9 8 8 1 .0 3 8 1 .1 8 6 0 .9 4 4 1 .2 1 3 0 .8 0 7 1 .0 2 7 0 .8 5 1

0 .9 5 5 0 .9 4 4 1 .2 6 3 0 .9 7 2 1 .2 2 4 0 .7 9 6 0 .7 8 7 0 .8 4 0

0 .8 8 9 0 .8 6 7 1 .1 0 9 1 .0 4 9 1 .1 6 4 0 .7 8 5 1 .1 7 5 0 .8 6 7

9 0 .8 2 7 1 .0 2 1 1 .0 8 4 1 .1 4 0 0 .9 7 1 1 .1 2 1 1 .1 2 7

0 .8 8 3 1 .0 4 0 0 .9 9 6 0 .9 7 7 1 .0 4 0 0 .7 8 9 1 .0 7 7 0 .9 0 8

A ll  d a ta :

n 19 2 2 21 2 3 2 3 2 3 19 2 3

1 .0 1 0 0 .9 7 8 1 .0 4 7 1 .0 0 8 1 .1 1 3 0 .8 8 4 1 .0 3 2 0 .9 4 3

Sa 0 .0 8 4 0 .0 7 7 0 .0 8 7 0 .0 4 2 0 .0 6 1 0 .0 7 9 0 .0 8 3 0 .0 8 9

R S D a 8 .3 7 .8 8 .3 4 .2 5 .5 8 .9 8 .1 9 .1

D a ta  fo r  s a m p le  8  e x c lu d e d :

n 15 18 17 19 19 19 16 19

Xa 1 .0 2 7 0 .9 7 2 1 .0 1 4 1 .0 0 9 1 .0 9 8 0 .8 9 8 1 .0 3 3 0 .9 6 1

Sa 0 .0 8 5 0 .0 6 4 0 .0 5 2 0 .0 4 4 0 .0 5 3 0 .0 7 8 0 .0 7 3 0 .0 8 8

R S D a 8 .3 6 .6 5 .1 4 .4 4 .9 8 .6 7 .1 9 .1

NPYR in the bacon that was fortified to determine the 
recovery of the NPYR added to the fortified samples. The 2 
formulas to determine recovery are:

Formula 1: Recovery, % = (xj — B) 100%/F 
Formula 2: Recovery, % = Xj 100%/(F + B)

where Xj = the individual analytical value; B = the average 
value for NPYR in the control sample; and F = the fortifica
tion level. Formula 2 provides the best estimate of NPYR 
recovery for each analyst and sample because the level of the 
NPYR in the control sample is significant.

The data were analyzed according to Steiner (1) and the 
recoveries, standard deviations, and relative standard devi
ations are listed in Table 7. The RSD results are equal to or 
lower than the proposed standard of performance.

Table 8 is a compilation of all analyst average recoveries, 
standard deviations, and relative standard deviations for the 
fortified samples determined by the 2  recovery determination 
formulas. The pooled method recovery, s0, and RSD0 for all 
analysts are calculated with and without the data of analyst
9.

When the first formula is used, the underlying assumption 
is that the recovery of NPYR in the control is constant in all

T a b le  7. T a b u la te d  s ta t is t ic s  for N P Y R  co lla b o ra t iv e  stu d y  (p e rfo rm a n c e  o u tlie rs  e x c lu d e d )

S a m p le X R e d a So e bSl s x R S D 0 R S D La R S D X

1 3 .2 1 9 4 .1 0 .2 4 6 0 .0 8 6 0 .2 6 1 7 .7 2 .7 8 .1
2 7 .4 6 8 9 .9 0 .5 3 6 0 .4 5 7 0 .7 0 5 7 .2 6 .1 9 .4
3 9 .0 9 8 8 .7 0 .4 5 1 0 .7 0 3 0 .8 3 6 5 .0 7 .7 9 .2
4 1 1 .9 2 9 0 .4 0 .8 5 9 0 .2 9 9 0 .9 0 9 7 .2 2 .5 7 .6
5 1 4 .2 6 8 8 .5 1 .0 3 0 0 .9 7 0 1 .4 9 0 7 .2 6 .8 1 0 .0
6 1 7 .7 1 8 8 .5 0 .6 9 4 1 .3 1 9 1 .4 9 0 3 .4 7 .4 8 .4
7 1 0 .0 0 — 0 .6 7 5 0 .4 6 1 0 .8 1 7 6 .8 4 .6 8 .2
8 1 8 .2 1 — 1 .3 0 0 2 .3 7 2 2 .7 0 4 7 .1 1 3 .0 1 4 .8
9 1 5 .9 2 — 1 .4 0 3 1 .1 5 6 1 .8 1 8 7 .0 7 .3 1 1 .4

a T h e  r e c o v e r y  w a s  d e te rm in e d  w ith  F o rm u la  2 : %  R =  (x, 1 0 0 % ) / ( F  +  B). 

b L a b o r a to r y  b ia s  =  s L a n d  R S D L.
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T a b le  8. C o m p ila tio n  of the  r e c o v e r ie s  (x a), s a, and  R S D a for th e  fortified s a m p le s  by 2 r e c o v e ry  fo rm u las

A n a l.

F o rm u la  1 F o rm u la  2

n Sa R S D a n xa Sa R S D a

1 12 9 0 .6 5 1 3 .6 5 1 5.1 14 9 6 .1 1 1 .6 1 2.1

2 12 8 5 .3 7 .1 1 8 .3 14 8 8 .0 5 .1 5 .8

3 12 9 0 .8 4 .4 4 .9 14 8 9 .0 6 .0 6 .7

4 12 8 7 .3 3 .4 3 .9 14 8 9 .5 3 .4 3 .8

5 12 1 0 0 .2 5 .9 5 .9 14 9 9 .2 5 .1 5 .1

6 1 2 7 1 .8 1 0 .2 1 4 .2 14 8 0 .0 7 .5 9 .4

7 11 9 1 .5 1 2 .7 1 3 .9 13 9 2 .7 9 .5 1 0 .3

8 12 8 0 .0 1 0 .2 1 2 .8 14 8 5 .5 8 .8 1 0 .3

9 12 5 3 .4 1 7 .3 3 2 .4 14 6 5 .6 1 0 .6 1 6 .2

n X So R S D 0 n X So R S D 0

P o o le d 1 0 7 8 3 .4 4 1 0 .3 9 1 2 .5 1 2 5 8 7 .2 9 7 .9 6 9 .1

E x c lu d e  a n a ly s t  9 :

P o o le d 9 5 8 7 .2 9 .1 6 1 0 .5 111 9 0 .0 7 .5 7 8 .4

T a b le  9. T a b u la te d  a n a ly s t  n o rm a lize d  a v e ra g e s  (x a) and  
c o n fid e n c e  in te rv a ls  for th e  a v e ra g e

A n a l. n xa
9 5 %  C o n f id e n c e  

In te rv a l

9 9 %  C o n f id e n c e  

in te rv a l

1 19 1 .0 1 0 0 . 9 3 6 - 1 . 0 6 4 0 . 9 1 7 - 1 .0 8 3

15 1 .0 2 7 0 .9 2 8 - 1 .0 7 2 0 . 9 0 7 - 1 .0 9 3

2 2 2 0 .9 7 8 0 .9 4 0 - 1 .0 6 0 0 . 9 2 3 - 1 .0 7 7

18 0 .9 7 2 0 .9 3 4 - 1 .0 6 6 0 . 9 1 5 - 1 .0 8 5

3 21 1 .0 4 7 0 .9 3 9 - 1 .0 6 1 0 . 9 2 1 - 1 .0 7 9

17 1 .0 1 4 0 .9 3 2 - 1 .0 6 8 0 . 9 1 2 - 1 .0 8 8

4 2 3 1 .0 0 8 0 .9 4 2 - 1 .0 5 8 0 . 9 2 5 - 1 .0 7 5

19 1 .0 0 4 0 .9 3 6 - 1 .0 6 4 0 . 9 1 7 - 1 .0 8 3

5 2 3 1 .1 1 3 a 0 .9 4 2 - 1 .0 5 8 0 . 9 2 5 - 1 .0 7 5

19 1 .0 9 8 a 0 . 9 3 6 - 1 .0 6 4 0 .9 1 7 - 1 .0 8 3

6 2 3 0 .8 8 4 3 0 .9 4 2 - 1 .0 5 8 0 .9 2 5 - 1 .0 7 5

19 0 .8 9 8 a 0 .9 3 6 - 1 .0 6 4 0 .9 1 7 - 1 .0 8 3

7 19 1 .0 3 2 0 .9 3 6 - 1 .0 6 4 0 .9 1 7 - 1 .0 8 3

16 1 .0 3 3 0 .9 3 0 - 1 .0 7 0 0 .9 1 0 - 1 .0 9 0

8 2 3 0 .9 4 3 0 .9 4 2 - 1 .0 5 8 0 . 9 2 5 - 1 .0 7 5

19 0 .9 6 1 0 .9 3 6 - 1 .0 6 4 0 . 9 1 7 - 1 .0 8 3

a D a ta  c o n s id e re d  fo r  e x c lu s io n ,  b u t n o t  e x c lu d e d  fo r  p r a c t ic a l  p u r 

p o s e s  b e c a u s e  r e s u l ts  fo r  N P Y R  a re  r e p o r te d  to  s in g le  d e c im a l 

p la c e  fo r  v a lu e s  b e lo w  1 0  p p b  a n d  to  w h o le  In te g e rs  a b o v e  10  p p b .

determinations. This is not consistent with the chemistry of 
the process. Use of the second formula assumes that the 
recovery of NPYR in the control sample is a variable and 
that when losses occur the same percentage loss occurs in 
both the fortified NPYR and the control NPYR. Recoveries 
determined with Formula 2 are 3.85% higher for all analysts 
and 2.8% higher after the exclusion of analyst 9. The pooled 
s0 and RSD0 are also lower with Formula 2. For the determi
nation of recoveries where the analyte is present at concen
trations almost equal to the lowest level studied, Formula 2 is 
recommended for use.

The normalized data of Table 6 were reviewed for analyst 
bias. The 95% confidence range for acceptable xa is 1 ±

0.0283RSDx/n°'5. The 99% confidence range for xa is 1 ± 
0.365RSDx/n0'5. Table 9 tabulates xa and the acceptable 
ranges for those normalized averages. Analyst 5 has a high 
bias at the 99% confidence level, while analyst 6  has a low 
bias also at the 99% confidence level. The most probable 
cause of bias is an error in the NPYR standard of 3-5% in 
each laboratory, with one being high and the second being 
low.

The standards of performance for RSDa, RSD0, and RSDX 
were calculated with the following procedure: (1) Square the 
individual appropriate RSD. (2) Determine the average and 
the standard deviation. (3) The square root of the sum of the 
average and twice the standard deviation is the performance 
standard.

Conclusions
The standards of performance for the method are:

Applicable range: 3.0-20.8 ppb
RSDa: 10.4%
RSD0: 9.2%
RSDX: 14.2%
r: 2*20 5*RSDa*(x, + x2)/2 =

0.147 *(X| + xa)
R: 2*2°'5*RSDx*(Xi + X2)/2 =

0.201*(X, + X2)

where xi = analyst’s first result; x2 = analyst’s second result; 
Xi = result from the first laboratory; X2 = result from the 
second laboratory.

References

(1) Youden, W. J., & Steiner, E. H. (1975) S ta t i s t i c a l  M a n u a l o f  
th e  A O A C , AOAC, Arlington, VA

(2) Greenfield, E. L., Smith, W. J., & Malanoski, A. J. (1982) J. 
A s so c . O ff. A n a l. C h em . 65, 1319-1332

(3) Horwitz, W., Kamps, L. R., & Boyer, K. W. (1980) J . A s so c .  
O ff. A n a l. C h em . 63, 1344-1354



2 4 2 C U R 1A LE  ET A L .: J. ASSOC. OFF. A N A L . C H E M . (V O L. 73, NO. 2. 1990)

MICROBIOLOGICAL METHODS

Dry Rehvdratable Film for Enumeration of Total Aerobic Bacteria in Foods:
Collaborative Study
MICHAEL S. CURIALE and THERESE SONS
S i l l i k e r  L a b o r a t o r i e s , 1 3 0 4  H o i s t e d  S t , C h ic a g o  H e ig h ts ,  IL 6 0 4 1 1
j. s u e  McA l l i s t e r  and Ba r b a r a  h a l s e y
3 M  M ic r o b io lo g y  P r o d u c t s , 3 M  C e n te r  2 7 0 -3 1 4 -0 4 ,  S t .  P a u l .  M N  5 5 1 4 4  
TERRANCE L. FOX
3 M  R ik e r ,  3 M  C e n te r  2 7 0 - 3 A - 0 1 , S t .  P a u l , M N  5 5 1 4 4

Collaborators: T. Baldy; M. Brodsky; E. Follmi; A. Ghafoor; B. Halsey; A. Izat; M. Laws; P. Mah; J. S. McAllister; J. 
McGregor; P. McGrew; C. Okolo; D. Richter; L. Roth; S. Sandoval; D. Shafer; S. Sharp; T. Sons; K. Swanson

A  re h y d ra ta b le  dry-film  p lating p ro ce d u re  for a e ro b ic  p late  
co u n ts  h a s  b e e n  c o m p a re d  to the  s ta n d a rd  a g a r p la te  m eth 
od (966.23B  an d  C , 15th e d .; 46.014- 46.015, 14th ed .) in a  
co lla b o ra t iv e  stu d y  by 12 la b o ra to rie s . E a c h  la b o ra to ry  a n a 
ly ze d  the  n orm al m icro flo ra  of 3 s a m p le s  in d u p lica te  for 6 
p ro d u cts . T h e  a e ro b ic  p la te  co u n ts  ran g ed  from  1.0 X  103 to
1.0 X  108 cfu /g . T h e  p ro d u cts  w e re  flour, nuts, fro zen  ra w  
sh rim p , s p ic e , fro ze n  ra w  ground tu rk e y , and  fro ze n  and  
re fr ig e ra te d  v e g e ta b le s . R e p e a ta b ility  s ta n d a rd  d e v ia t io n s  of 
th e  2 m e th o d s did not d iffer s ig n ifica n tly  for 13 of 18 test  
s a m p le s . F o r  1 sh rim p  and 2 tu rk e y  s a m p le s , th e  dry-film  
m etho d  h a d  lo w er re p e a ta b ility  v a r ia n c e s  (P <  0.05) and  for 
1 s p ic e  sa m p le  th e  a g a r  m etho d  h ad  lo w er rep e a ta b ility  
v a r ia n c e s  (P < 0.05). R e la t iv e  s ta n d a rd  d e v ia t io n s  of re p e a t
ab ility  w e re  b e tw e e n  1.7 an d  15.5 %  for th e  dry-film  m ethod  
and 1.2 and  16.0 %  for the  a g a r m etho d . R e la t iv e  sta n d a rd  
d e v ia t io n s  of rep ro d u cib ility  ran g ed  from  2.4 to 23.4 %  for the  
dry-film  m etho d  and 2.3 to 18.8 %  for the  a g a r  m etho d . T h e  
dry re h y d ra ta b le  film  m etho d  h a s  b e e n  ad o p ted  o ffic ia l first 
a ct io n  for d e te rm in atio n  of th e  a e ro b ic  p la te  co unt.

The rehydratable dry-film plating method has been evaluat
ed in 2 previous collaborative studies, first, for use with raw 
and pasteurized milk (1) and then for all dairy foods (2 ). 
Those methods have been adopted by AOAC, 986.33, 15th 
ed. (46.B05-46.B07, 14th ed.) and 989.10,15th ed. (46.E01- 
46.E04, 14th ed.), respectively (3). The efficacy of the dry- 
film method has been well documented for these applications 
(4-11).

The dry-film plating method has been shown to be useful 
for the accurate determination of aerobic plate counts for a 
broad variety of food types in independent studies. It has 
been compared to the standard agar method for determining 
the aerobic counts in poultry (11-13); ground beef ( 1 1 , 14); 
vegetables (15); and raw ground pork, pecans, thyme, and
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This report was presented at the 103rd A O A C  A nnual In ternational M eet

ing, Septem ber 25 -28 , 1989, at S t. Louis, MO.
The recom m endation was approved interim  official first action by the 

G eneral Referee, the C om m ittee on M icrobiology and Extraneous M aterials, 
and the C hairm an  o f the O fficial M ethods Board. T he m ethod was adopted 
official first action a t the 103rd A O A C  A nnual In ternational M eeting, 
Sep tem ber 25-28 , 1989. a t S t. Louis, M O. Association actions will be pub
lished in "C hanges in O fficial M ethods o f A nalysis" (1990) J . A sso c . O ff. 
A n a l. C hen i. 73, Jan u a ry /F eb ru a ry  issue.

wheat flour (11). Correlations between the 2 plate media 
have also been reported for black pepper, corn meal, paprika, 
peanut butter, pecans, thyme, flour, blue crab, frozen egg, 
and potatoes (McAllister, Halsey, and Fox, personal commu
nication). It was concluded on the successes of these studies 
that an interlaboratory collaborative study be undertaken 
with a representative set of samples to satisfy AOAC guide
lines (16).

C o lla b o ra t iv e  S tu d y

Test Products
Six food types were chosen for this study. Flour (white, 

wheat, rye), nut halves, raw shrimp, spices (pepper, thyme, 
onion powder), ground turkey, and vegetables (refrigerated 
mushrooms, frozen carrots, frozen peas) were selected to 
provide sufficient variation to represent most food types. In 
addition, these foods provide a challenge to both test methods 
because they include a variety of factors that can interfere 
with enumeration. Interference can be caused by particulates 
that obscure colonies, by gel or agar liquefying organisms, by 
spreading organisms, or by high levels of mold.

Preparation of Test Samples
Three lots of each food type were obtained at local retail 

markets. Each contained a level of aerobic bacteria typical 
for that product type. The aerobic counts of the different lots 
were different for all food types except nuts. Each sample lot 
was thoroughly mixed by placing it in a large plastic bag and 
shaking the bag. Then, for each collaborator, duplicate sam
ples of about 75 g were placed in 8 oz Whirl-Pak bags.

Distribution of Samples to Collaborators
The collaborators received 6 samples consisting of 3 blind 

duplicate pairs for each food. Samples were shipped by over
night delivery 1 week prior to the scheduled date of analysis. 
Collaborators checked the condition of the samples on arrival 
and then stored them at the appropriate temperature until 
the scheduled date of analysis.

Microbiological Analysis of Test Samples
All collaborators analyzed each set of samples on the same 

day. Collaborators prepared sample homogenates according 
to method 966.23B, 15th ed. (46.014, 14th ed.). Decimal 
dilutions of 1 0 - 2  through 1 0 ~ 6 were used for all foods except 
nuts, which were diluted 10~' through 10-5. All samples
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T a b le  1. S a m p le s  a n a ly z e d  by la b o ra to rie s  in co lla b o ra t iv e  stu d y  on en u m era tio n  of total a e ro b ic  b a c te r ia  in foo d s by dry
re h y d ra ta b le  film  m ethod

L a b . F lo u r N u ts S h r im p S p ic e T u rk e y V e g e ta b le s

1 Y a Y Y Y Y Y

2 Y Y Y Y Y Y

3 Y Y Y Y Y Y

4 N 6 N b Y N b Y Y

5 Y Y Y Y Y Y

6 Y Y Y Y Y Y

7 Y Y Y Y Y Y

8 Y N c Y Y Y Y

9 Y N c Y Y Y Y

10 Y Y Y Y Y Y

11 __ d — Y — Y Y

12 Y Y — Y — —

a Y - c o l la b o r a to r  p a r t ic ip a te d  in  a n a ly s is  o f  th e s e  s a m p le s .

b C o l la b o r a to r  r e c e iv e d  s a m p le s ,  b u t d id  n o t  r e c e iv e  r e v is e d  in s t r u c t io n s  p r io r  to  a n a ly s is  o f  s a m p le s .  D a ta  n o t  u s e d . 

c C o l la b o r a to r  in c lu d e d  m o ld  c o u n t  w ith  b a c te r ia  c o u n t  fo r  a g a r  p la te s .  D a ta  n o t  u s e d . 

d C o l la b o r a to r  d id  n o t  a n a ly z e  th e s e  s a m p le s .

were plated in duplicate on dry-film plates according to the 
proposed procedure and with plate count agar according to 
966.23C, 15th ed. (46.015, 14th ed.).

Data Analysis
Colony counts were recorded on data sheets that were 

provided and then returned to the Associate Referee for 
analysis. For calculating and reporting the aerobic plate 
counts by the 2 methods, the procedure in ref. 17 was used as 
a guide. The counting range of 30-300 colonies per plate was 
used as recommended by 966.23C.

Colony counts were converted to log io counts/mL for sta
tistical analysis. It was assumed that the log counts would be 
normally distributed and of homogeneous variance. The 
paired i-test was applied to mean log differences to determine 
any significant differences in recovery of organisms between 
methods. The components of variance were calculated using 
standard statistical techniques (18). Repeatability and re
producibility estimates were calculated according to AOAC 
procedures (19). Correlated repeatability variances were 
compared by a Pitman-Morgan style analysis (20). In all 
statistical tests, a resulting value of P <  0.05 indicated a 
significant difference. Outliers detected by the Cochran test 
were excluded from the analysis (16). Most of these outliers

were obvious by simple examination of the results. Data were 
also excluded in some instances because of technical errors. 
These are described in more detail under each product and in 
Table 1.

990.12 A e ro b ic  P la te  C o u n t in F o o d s

D ry R e h y d ra ta b le  F ilm  M ethod

F irs t  A c tio n  1990
Method Performance:

Flour
sr = 0.225; sR = 0.246; RSDr = 5.3%; RSDr = 5.8%
Nuts
sr = 0.272; sR = 0.674; RSDr = 7.4%; RSDr = 18.4% 
Shrimp
sr = 0.540; sR = 0.615; RSDr = 9.8%; RSDr = 11.1% 
Spice
sr = 0.274; sR = 0.303; RSDr = 6.0%; RSDr = 6 .6 % 
Turkey
sr = 0.278; sR = 0.348; RSDr = 5.3%; RSDr = 6 .6 % 
Vegetables
sr = 3.10; sR = 0.454; RSDr = 6.3%; RSDr = 9.2%

A. Principle
See 989.10A.

T a b le  2. C o lla b o ra t iv e  re su lts  for a e ro b ic  p la te  co u n ts  of flour s a m p le s  ( lo g 10 c fu /g ) by dry-film  (P e trif ilm ) a e ro b ic  count
(P S M ) an d  sta n d a rd  m eth o d s a g a r (S M A ) m e th o d s3

C o ll.

W h ite R y e W h e a t

S a m p le  2 S a m p le  4 S a m p le  1 S a m p le  5 S a m p le  3 S a m p le  6

P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A

1 3 .2 7 9 3 .1 1 4 3 .6 0 2 3 .3 6 2 4 .3 0 1 4 .2 3 0 3 .9 8 2 3 .9 6 8 5 .1 1 4 4 .9 5 9 5 .1 4 6 5 .0 7 9

2 3 .5 5 6 3 .6 4 3 3 .4 4 7 3 .5 9 1 4 .1 1 4 4 .1 4 6 4 .0 0 0 4 .1 7 6 5 .2 0 4 5 .2 7 9 5 .1 1 4 5 .2 7 9

3 3 .3 2 2 3 .2 7 9 3 .5 8 0 3 .4 9 1 4 .3 4 2 4 .2 7 9 4 .3 4 2 4 .4 6 2 4 .8 5 1 4 .8 0 6 5 .1 7 6 5 .0 4 1

5 3 .1 7 6 2 .9 5 4 3 .5 1 9 3 .2 5 5 3 .8 0 6 3 .8 5 7 4 .0 7 9 4 .0 7 9 5 .1 1 4 4 .0 7 9 5 .1 1 4 5 .0 4 1

6 3 .3 0 1 3 .5 3 1 3 .6 0 2 3 .3 0 1 4 .2 0 4 3 .9 9 1 4 .0 0 0 3 .9 0 3 5 .5 1 9 5 .2 5 5 5 .0 4 1 5 .0 0 0

7 3 .5 3 1 3 .4 9 1 2 .3 9 8 2 .7 7 8 4 .0 4 1 4 .1 4 6 4 .2 7 9 4 .3 6 2 5 .3 0 1 4 .6 2 3 5 .1 4 6 5 .3 8 0

8 3 .8 2 0 3 .8 0 6 3 .5 6 8 3 .5 6 8 4 .2 0 4 4 .0 7 9 4 .4 7 7 4 .4 1 5 5 .6 8 1 5 .5 3 1 5 .3 8 0 5 .4 3 1

9 3 .4 1 5 3 .5 4 4 3 .4 6 2 3 .6 1 3 4 .1 1 4 4 .2 0 4 3 .7 9 9 3 .9 3 4 5 .1 4 6 5 .1 7 6 5 .0 7 9 5 .2 5 5

10 3 .0 7 8 3 .4 1 5 3 .5 5 6 3 .6 6 3 3 .8 2 6 3 .8 9 2 3 .7 7 8 3 .8 8 1 5 .1 4 6 5 .2 0 4 5 .0 0 0 5 .1 4 6

12 3 .5 1 9 3 .3 9 8 3 .3 4 2 3 .4 1 5 3 .9 5 9 4 .0 7 9 4 .0 7 9 4 .1 7 6 4 .7 4 8 5 .0 0 0 5 .0 0 0 5 .0 4 1

M e a n 3 .4 0 0 3 .4 1 8 3 .4 0 8 3 .4 0 4 4 .0 9 1 4 .0 9 0 4 .0 8 2 4 .1 3 6 5 .1 8 2 4 .9 9 1 5 .1 2 0 5 .1 7 0

a S a m p le s  w e r e  d is t r ib u te d  a s  b lin d  d u p l ic a te s .
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T a b le  3 . C o lla b o ra t iv e  re su lts  for a e ro b ic  p la te  co u n ts  of nut s a m p le s  ( lo g 10 c fu /g ) by dry-film  (P e trif ilm ) a e ro b ic  co u nt
(P S M ) and sta n d a rd  m eth o d s ag a r (S M A ) m e th o d s3

L o t  1 L o t  2  L o t  3 ___________________

S a m p le  1 S a m p le  4  S a m p le  2  S a m p le  5 S a m p le  3  S a m p le  6

C o ll. P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A

1 3 .6 4 3 3 .1 1 4 3 .3 8 0 2 .8 9 8 3 .6 7 2 2 .7 2 4 3 .4 1 5 3 .0 7 9 3 .6 3 3 3 .0 7 9 3 .9 3 4 3 .4 9 1

2 3 .4 6 2 3 .4 6 2 3 .5 5 6 3 .3 6 2 3 .3 6 2 3 .3 2 2 3 .8 1 3 4 .2 5 5 3 .1 1 4 3 .3 4 2 3 .4 1 5 3 .3 9 8

3 3 .5 0 5 4 .1 4 6 3 .7 7 1 4 .0 4 1 3 .9 1 9 4 .4 9 1 3 .6 3 3 4 .1 1 4 3 .4 3 1 4 .1 4 6 3 .5 1 9 4 .4 6 2

5 3 .7 5 6 4 .0 7 9 3 .2 5 5 3 .6 9 0 4 .1 1 4 4 .4 7 7 3 .7 6 3 4 .3 2 2 3 .2 3 0 3 .6 5 3 4 .4 7 7 4 .4 9 1

6 4 .8 4 5 4 .4 6 2 4 .8 4 5 4 .4 9 1 4 .6 4 3 4 .3 6 2 4 .4 9 1 4 .2 3 0 5 .6 6 3 5 .4 4 7 5 .8 4 5 5 .5 3 1

7 3 .4 1 5 3 .7 7 8 3 .4 6 2 3 .9 7 3 3 .3 0 1 4 .4 9 1 3 .4 4 7 3 .9 3 4 3 .3 9 8 3 .9 6 4 3 .6 2 3 3 .5 9 1

10 3 .2 5 5 3 .5 4 4 2 .9 1 4 3 .0 0 0 3 .5 0 5 3 .1 7 6 3 .3 6 2 3 .6 9 9 3 .1 7 6 3 .6 0 2 2 .9 5 9 3 .4 7 7

12 2 .9 6 4 3 .6 7 2 2 .9 5 4 3 .7 1 6 2 .7 3 2 3 .9 7 8 3 .1 7 6 3 .9 7 3 3 .8 0 6 3 .8 5 1 3 .1 4 6 3 .6 4 3

M e a n 3 .6 0 6 3 .7 8 2 3 .5 1 7 3 .6 4 6 3 .6 5 6 3 .8 7 8 3 .6 3 8 3 .9 5 1 3 .6 8 2 3 .8 8 6 3 .8 6 5 4 .0 1 1

a S a m p le s  w e r e  d is t r ib u te d  a s  b lin d  d u p l ic a te s .

B. Apparatus
See 989.10B(a) and (c)-(e).

C. Reagent
Dilution water .—To prepare stock solution, dissolve 34 g 

KH2PO4 in 500 mL H;0, adjust to pH 7.2 with IN NaOH 
(ca 175 mL), and dilute to 1 L with water. To prepare 
buffered water for dilutions, dilute 1.25 mL stock solution to 
1 L with boiled and cooled water. Autoclave 15 min at 121°.

D. Sample Preparation
See 966.23B.

E. Determination
Place dry-film aerobic count plate on flat surface. Lift top 

film and inoculate 1 mL sample onto center of film base. 
Carefully place top film down on inoculum. Distribute sam
ple over prescribed growth area with downward pressure in 
center of plastic spreader device (recessed side down). Leave 
plate undisturbed 1 min to permit gel to solidify. Incubate 
plates 48 ± 3 h at 35 ± 1°.

In incubator, place plates in horizontal position, clear side 
up, in stacks not exceeding 20 units. Count plates promptly 
after incubation period. If impossible to count at once after 
required incubation, store plates at 0-4.4° for not >24 h. 
Avoid this as a routine practice.

Use standard colony counter for counting purposes. Mag
nifier-illuminator may also be used to facilitate counting. 
Colonies stain in various shades of red. Count all colonies in 
countable range (30-300 colonies).

To compute bacterial count, multiply total number of colo
nies per plate (or average number of colonies per plate if 
counting duplicate plates of same dilution) by reciprocal of 
dilution used. When counting colonies on duplicate plates of 
consecutive dilutions, compute mean number of colonies for 
each dilution before determining average bacterial count. 
Estimated counts can be made on plates with >300 colonies 
and should be reported as estimated counts. In making such 
counts, circular growth area can be considered to contain ca 
twenty 1 cm squares. To isolate colonies for further identifi
cation, lift top film and pick colony from gel.
Ref.: JAOAC 73, March/April issue (1990).

R e s u lt s  an d  D isc u ss io n
Twelve laboratories participated in the study. Ten labora

tories analyzed all 6 product types. One laboratory analyzed

the flour, nuts, and spice samples only; another laboratory 
analyzed the turkey, shrimp, and vegetable samples only 
(Table 1). The plate counts for the individual samples are 
presented in Tables 2-7. Repeatability and reproducibility 
analyses are presented in Table 8 .

Flour
White, rye, and wheat flour samples with low, medium, 

and high aerobic counts, respectively, were analyzed (Table
2) . Collaborator 10 reported the presence of spreader colo
nies on agar plates for sample 6 . Collaborator 11 reported the 
presence of liquefying bacteria on the dry-film for samples 1, 
2, 3, and 5 and spreader colonies on the agar plates for 
samples 1, 3, 5, and 6 . Collaborator 5 noted that white flour 
particles might be mistaken for colonies on agar plates at the 
ICC1 and 10- 2  dilutions. All reported data were included in 
the analysis.

The mean log dry-film and agar plate counts were in 
agreement for the 3 lots of flour. Mean counts were higher by 
the agar method for white and rye flour. The repeatability 
standard deviations (sr) of the dry-film and agar methods 
were not significantly different for the white, rye, or wheat 
flour samples (Table 8 ). The repeatability relative standard 
deviations (RSDr) ranged from 3.2 to 9.3% for the dry-film 
method and 3.5 to 6.2% for the agar method. The reproduc
ibility standard deviations (sR) of the methods appeared com
parable (Table 8 ). The reproducibility relative standard devi
ation percentages (RSDr ) were between 4.1 and 9.3% for the 
dry-film method and 4.4 and 7.3% for the agar method.

Nut Halves
Three different lots of walnut halves were analyzed (Table

3) . All lots had the same level of aerobic bacteria. Many of 
the collaborators indicated that the agar plates were difficult 
to evaluate because of proliferation of mold. The mold did 
not appear to grow on the dry-film plates, which indicates an 
advantage of the dry-film method. A frequent practice is to 
add cycloheximide to plate count agar to inhibit mold 
growth. It was not recommended in this study because the 
standard method does not have this provision. Collaborators 
8 and 9 indicated that the agar plate counts were a total of the 
mold and bacterial colonies. Consequently, the results from 
these laboratories were excluded from the analysis.

The mean dry-film count was lower than the agar count for 
each of the 3 lots of nuts. These differences, however, were 
not significant. Repeatability of the 2 methods was not signif-
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T a b le  4. C o lla b o ra t iv e  re su lts  for a e ro b ic  p la te  co u n ts  of sh rim p  s a m p le s  ( lo g 10 c fu /g ) by dry-film  (P e trif ilm ) a e ro b ic  count
(P S M ) and sta n d a rd  m eth o d s a g a r (S M A ) m eth o d s3

L o t  1 L o t  2  L o t 3

S a m p le  1 S a m p le  6  S a m p le  3  S a m p le  4  S a m p le  2  S a m p le  5

C o ll. P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A

1 4 .1 7 6 4 .2 7 9 4 .5 3 1 4 .4 3 1 5 .3 2 2 5 .5 5 6 5 .0 4 1 5 .3 9 8 6 .7 5 6 5 .9 6 8 7 .1 7 6 6 .6 1 3

2 4 .3 2 2 4 .5 0 5 4 .9 1 9 4 .7 1 6 4 .4 4 7 5 .0 7 9 5 .0 4 1 5 .3 6 2 6 .6 9 0 7 .3 8 0 6 .3 9 8 7 .2 5 5

3 5 .6 7 2 5 .6 9 0 5 .6 2 3 5 .2 5 5 5 .4 9 1 5 .7 2 4 6 .1 1 4 6 .3 0 1 7 .2 5 5 6 .8 5 1 7 .1 4 6 6 .8 8 1

4 4 .1 1 4 2 .7 4 0 4 .3 9 8 3 .8 3 3 4 .0 4 1 3 .2 7 9 4 .4 9 1 4 .4 1 5 6 .2 7 9 6 .3 4 2 6 .3 2 2 5 .4 3 1

5 4 .3 0 1 4 .3 8 0 4 .6 6 3 4 .6 8 1 4 .4 9 1 4 .7 9 2 5 .7 6 3 5 .7 1 6 7 .1 4 6 7 .6 3 3 7 .2 5 5 7 .4 7 7

6 4 .8 4 5 4 .5 1 9 4 .6 8 1 4 .7 1 6 5 .1 4 6 4 .9 4 4 7 .4 9 1 7 .3 8 0 6 .0 4 1 * 7 .3 6 2 * 8 .1 1 4 * 7 .6 4 3 *

7 4 .5 4 4 4 .3 4 2 4 .9 4 9 4 .4 7 7 4 .6 0 2 4 .6 4 3 5 .9 8 7 6 .4 9 1 7 .5 0 5 7 .2 5 5 7 .3 9 8 7 .3 9 8

8 5 .0 4 1 5 .0 4 1 5 .8 0 6 5 .7 7 1 4 .9 8 2 7 .8 0 6 6 .1 1 4 6 .2 7 9 8 .1 4 6 c 8 .0 0 0 * _C _C
9 4 .5 3 1 4 .5 5 6 4 .8 7 5 4 .9 5 4 4 .5 0 5 4 .6 0 2 4 .6 9 0 4 .9 9 1 6 .2 5 5 6 .2 3 0 6 .3 4 2 6 .7 9 2

10 4 .7 9 9 4 .5 5 6 5 .0 4 1 6 .1 4 6 4 .8 6 3 5 .0 7 9 6 .2 0 4 6 .2 0 4 7 .5 6 8 7 .5 3 1 7 .6 6 3 7 .4 7 7

11 4 .1 1 4 3 .9 2 4 5 .0 4 1 4 .8 0 6 5 .3 9 8 5 .5 5 6 4 .3 4 2 4 .4 7 7 5 .7 6 3 5 .8 0 6 6 .7 4 8 6 .8 7 5

M e a n 4 .5 8 7 4 .4 1 2 4 .9 5 7 4 .8 9 0 4 .8 4 5 5 .1 8 8 5 .5 7 1 5 .7 2 9 6 .8 8 0 6 .7 7 8 6 .9 3 9 6 .9 1 1

3 S a m p le s  w e r e  d is t r ib u te d  a s  b lin d  d u p l ic a te s .

*  O u t l ie r ;  d a ta  fo r  s a m p le  2  a n d  s a m p le  5  (S M A )  a ls o  e x c lu d e d  f r o m  a n a ly s is .  

c R e s u lts  f o r  s a m p le  5  r e p o r te d  a s  to o  n u m e ro u s  to  c o u n t .  A l l  d a ta  fo r  lo t  3  e x c lu d e d  f r o m  a n a ly s is .

icantly different (Table 8 ). For the dry-film procedure, RSDr 
values ranged from 5.1 to 10.1% and for the agar method, 
from 5.0 to 8.5%. The reproducibility variance for the 2 
methods was higher for the nut samples than any of the other 
samples in the study (Table 8). The RSDr values were be
tween 13.6 and 23.4% for the dry-film method and between
13.2 and 18.6% for the agar method.

Shrimp
Three different lots of peeled, deveined whole shrimp were 

analyzed (Table 4). Lots 1, 2, and 3 contained low, medium, 
and high levels of aerobic bacteria, respectively. None of the 
collaborators experienced difficulty with the analyses. A 
high count, determined to be an outlier by the Cochran test, 
was obtained by laboratory 6 on sample 5 by the dry-film 
method. Laboratory 8 reported “too numerous to count” 
results for sample 5 by both plating procedures. Consequent
ly, the results from laboratories 6 and 8 for lot 3 were exclud
ed from the statistical analysis.

Relative to the agar method, slightly higher mean counts 
were obtained by the dry-film method for lots 1 and 2. Differ

ences between the 2 methods for each of the 3 lots were not 
significant. The repeatability of the agar method was signifi
cantly higher than it was for the dry-film method for lot 1 (P  
<  0.05), but not for the other 2 lots (Table 8 ). The repeatabil
ity and reproducibility standard deviations (Table 8 ) for the 
dry-film method were lower than those obtained for the 
standard agar method for all 3 test lots. RSDr values ranged 
from 3.9 to 15.5% for the dry-film method and from 5.7 to 
16.0% for the agar method. RSDr values ranged from 8.2 to 
15.7% for the dry-film and from 9.8 to 18.8% for the agar 
method.

Spice
Three types of spice—pepper, thyme, and onion powder— 

were analyzed (Table 5). The spices contained low, medium, 
and high levels of aerobic bacteria, respectively. Most labora
tories reported the presence of liquefying bacteria and 
spreader colonies on plates for a majority of the samples. 
Data from Laboratory 8 were excluded from the analysis 
because of an apparent dilution error. Laboratory 9 reported 
particle interference by the dry-film procedure for pepper

T a b le  5 . C o lla b o ra t iv e  re su lts  for a e ro b ic  p la te  co u n ts  of s p ic e  sa m p le s  ( lo g 10 c fu /g ) by dry-film  (P e trif ilm ) a e ro b ic  count
(P S M ) and sta n d a rd  m eth o d s a g a r (S M A ) m eth o d s3

_________________ P e p p e r_________________  __________________T h y m e _________________  ______________O n io n  p o w d e r______________

S a m p le  3  S a m p le  5  S a m p le  2  S a m p le  6  S a m p le  1 S a m p le  4

C o ll. P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A P S M S M A

1 3 .4 4 7 3 .5 0 5 4 .4 9 1 4 .4 1 5 4 .7 7 8 4 .4 3 1 4 .7 4 0 4 .2 7 9 5 .5 4 4 5 .4 4 7 5 .5 3 1 5 .4 4 7

2 3 .5 0 5 3 .7 3 2 4 .4 3 1 4 .5 8 0 4 .3 8 0 4 .4 9 1 4 .3 8 0 4 .5 8 0 5 .5 4 4 5 .6 6 3 5 .6 0 2 5 .7 4 0

3 3 .4 7 7 3 .7 4 0 3 .6 2 3 3 .7 7 1 4 .1 1 4 4 .0 7 9 4 .8 5 7 4 .1 7 6 5 .4 9 1 5 .4 3 1 5 .4 1 5 5 .4 1 5

5 3 .5 8 0 3 .6 3 3 3 .8 9 2 3 .9 0 3 4 .6 4 3 4 .5 9 1 4 .4 7 7 4 .6 0 2 5 .4 4 7 5 .3 9 8 5 .2 0 4 5 .3 9 8

6 3 .6 9 9 3 .5 5 6 3 .7 7 8 3 .9 1 4 4 .7 4 8 4 .4 3 1 4 .5 5 6 4 .4 9 1 5 .4 6 2 5 .4 9 1 5 .7 8 5 5 .5 4 4

7 3 .7 9 2 3 .9 4 0 4 .5 4 4 4 .5 6 8 4 .5 5 6 4 .6 8 1 4 .6 4 3 4 .5 9 1 5 .4 7 7 5 .7 0 8 5 .7 7 1 5 .5 1 9

8 3 .7 9 9 3 .8 0 6 3 .1 1 4 3 .0 4 1 4 .7 7 8 4 .8 2 0 4 .9 7 3 5 .0 4 1 __ b __ b 5 .7 4 2 * 5 .6 4 3 *

9 3 .7 9 2 3 .5 5 6 4 .0 0 0 4 .0 0 0 4 .7 2 4 4 .9 9 6 4 .9 7 8 4 .9 2 9 5 .5 5 6 5 .6 5 3 5 .6 1 3 5 .5 3 1

10 3 .1 4 6 4 .1 1 4 3 .4 1 5 4 .0 4 1 4 .0 7 9 4 .1 4 6 4 .0 4 1 4 .2 3 0 5 .5 4 4 5 .6 5 3 5 .4 9 1 5 .7 6 3

12 3 .4 1 5 3 .4 6 2 3 .6 9 9 3 .6 0 2 4 .5 1 9 4 .2 7 9 4 .3 2 2 4 .2 3 0 5 .5 3 1 5 .6 6 3 5 .6 6 3 5 .5 8 0

M e a n 3 .5 6 5 3 .7 0 5 3 .8 9 9 3 .9 8 4 4 .5 3 2 4 .4 9 5 4 .5 9 7 4 .5 1 5 5 .5 1 1 5 .5 6 7 5 .5 6 4 5 .5 4 9

3 S a m p le s  w e r e  d is t r ib u te d  a s  b lin d  d u p l ic a te s .

6 N o  c o u n ts  r e p o r te d  fo r  s a m p le  1; a ll d a ta  fo r  o n io n  p o w d e r  e x c lu d e d  f r o m  a n a ly s is .
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Table 6. Collaborative results for aerobic plate counts of turkey samples (log10 cfu/g) by dry-film (Petrifilm) aerobic count
(PSM) and standard methods agar (SMA) methods3

Coll.

Lot 1 Lot 2 Lot 3
Sample 1 Sample 5 Sample 2 Sample 3 Sample 4 Sample 6

PSM SMA PSM SMA PSM SMA PSM SMA PSM SMA PSM SMA

1 3.987 4.114 4.041 4.176 5.204 5.322 5.279 5.255 5.740 5.908 5.748 5.949
2 3.996 4.114 3.973 4.204 5.041 5.176 5.415 5.362 6.398 6.681 5.491 5.663
3 4.996 5.447 4.820 5.255 6.602 6.531 6.491 6.462 7.690b 7.978b _b 6.968b
4 4.041 3.505 3.944 3.663 5.255 5.230 5.415 5.362 6.362 6.041 5.633 5.591
5 4.230 4.255 4.204 4.279 5.462 5.580 5.431 5.415 6.447 6.602 6.398 6.505
6 4.279 4.301 4.255 4.255 5.398 5.322 5.447 5.204 6.380 6.342 5.602 5.491
7 4.204 4.079 4.079 3.991 5.114 5.176 5.301 5.204 6.505 6.447 6.230 6.447
8 4.301 4.447 4.415 4.079 5.322 5.431 5.690 5.771 6.255 6.255 7.505 7.398
9 4.041 4.079 3.886 4.114 5.279 5.462 5.079 5.204 5.929 6.398 5.398 6.146

10 4.176 4.255 4.114 4.255 6.041 6.230 5.792 5.690 6.792 7.176 6.380 6.519
11 4.114 3.591 4.041 3.785 5.301 5.041 4.869 3.863 5.973 5.940 5.591 5.892

Mean 4.215 4.199 4.161 4.187 5.456 5.500 5.474 5.345 6.278 6.379 5.998 6.160

3 Samples were distributed as blind duplicates.
b Laboratory accident was reported for sample 6 (PSM); all data for lot 3 excluded from analysis.

and thyme samples. These results appeared similar by exami
nation to those reported by the other collaborators and were 
not outliers by the outlier tests; they were included in the 
analysis.

Mean log counts for the onion powder and pepper were 
lower by the dry-film method than by the agar method. For 
thyme samples, the mean dry-film counts were higher. None 
of these differences were significant. The repeatability stan
dard deviations of the dry-film method were higher than 
those for the agar method for all 3 spices (Table 8). Only the 
result for thyme was significant (P  <  0.01). Reproducibility 
standard deviations of the 2 methods were similar (Table 8). 
The RSDr values were between 2.3 and 10.9% for the dry- 
film method and between 1.2 and 1 0 .0 % for the agar method. 
RSDr values were between 2.4 and 10.9% for the dry-film 
method and between 2.3 and 10.0% for the agar method.

Turkey

Three lots of ground turkey meat were analyzed in the 
study (Table 6 ). Lots 1, 2, and 3 contained low, medium, and

high levels of aerobic bacteria, respectively. The collabora
tors did not report significant difficulties with the analyses. 
Laboratory 3 did not report counts for the dry-film plates for 
sample 6 , so all data for lot 3 by that laboratory were exclud
ed from the analysis.

Mean log counts obtained by the dry-film for lots 1 and 2 
were lower and for lot 3 they were higher than by the agar 
method. Only the difference for lot 3 was significant (P  = 
0.023). Significantly, repeatability standard deviations (Ta
ble 8 ) were higher for the agar method compared to the dry- 
film method for lot 1 (P  <  0.05) and lot 2 (P  <  0.01). For lot 
3, the difference was not significant. The RSDr values ranged 
from 1.7 to 7.5% for the dry-film method and from 2.6 to 
6.9% for the agar method. For reproducibility (Table 8), 
RSDr values were between 6.6 and 8.4% for dry-film and 
between 7.9 and 10.9% for agar.

V egetables

Three different vegetables were analyzed (Table 7). No 
difficulties were reported. The carrots, peas, and mushrooms

Table 7. Collaborative results for aerobic plate counts of vegetables samples (log10 cfu/g) by dry-film (Petrifilm) aerobic 
_______________ count (PSM) and standard methods agar (SMA) methods3

Coll.

Carrots Peas Mushrooms
Sample 1 Sample 3 Sample 2 Sample 6 Sample 4 Sample 5

PSM SMA PSM SMA PSM SMA PSM SMA PSM SMA PSM SMA

1 3.771 4.041 3.462 3.505 3.799 3.732 3.740 3.908 7.380 7.531 8.000 8.415
2 3.301 3.398 3.462 3.580 4.114 3.996 3.964 4.079 7.748 7.898 7.255 7.633
3 4.204 4.362 4.462 4.079 4.708 4.681 4.491 4.978 7.146 8.301 7.580 8.301
4 3.531 3.380 3.447 3.146 3.748 3.716 3.863 3.881 6.716 6.690 6.653 6.591
5 3.477 3.380 4.146 4.114 3.886 3.978 3.591 3.778 8.114 8.114 6.978 7.398
6 3.301 3.079 3.699 3.556 3.954 3.903 3.954 3.954 7.580 7.415 8.342 8.079
7 3.204 3.230 3.230 3.380 3.851 4.041 3.447 3.505 8.415 8.230 8.041 8.000
8 6.643b 6.792b 3.602b 3.6136 4.079 4.079 3.940 3.940 _C _C _C _C
9 3.477 3.491 3.602 3.431 3.851 3.881 3.763 3.903 6.869 7.362 6.114 6.041

10 3.114 3.114 3.924 3.792 3.732 3.756 3.690 3.820 6.568 6.820 6.968 6.914
11 2.929 2.954 3.568 3.398 3.903 3.919 3.898 3.732 7.919 7.964 7.519 7.447

Mean 3.431 3.443 3.700 3.598 3.966 3.971 3.849 3.953 7.446 7.632 7.345 7.482
3 Samples were distributed as blind duplicates. 
b Outlier; data for carrot samples 3 also excluded from analysis. 
c Result reported as too numerous to count; data excluded from analysis.
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Table 8. Statistical analysis of collaborative results for aerobic plate counts in foods

Product Type
Contamination

level
Sr RSDr, % Sr RSD,,, %

PSM SMA PSM SMA PSM SMA PSM SMA

Flour white low 0.316 0.210 9.3 6.2 0.316 0.250 9.3 7.3
rye medium 0.154 0.142 3.8 3.4 0.203 0.182 5.0 4.4
wheat high 0.165 0.288 3.2 5.7 0.209 0.318 4.1 6.3

Nuts lot 1 _a 0.180 0.186 5.1 5.0 0.583 0.492 16.4 13.2
lot 2 _a 0.214 0.332 5.9 8.5 0.496 0.571 13.6 14.6
lot 3 _a 0.380 0.272 10.1 6.9 0.881 0.735 23.4 18.6

Shrimp lot 1 low 0.338 0.504* 7.1 10.8 0.487 0.716 10.2 15.4
lot 2 medium 0.806 0.875 15.5 16.0 0.816 1.025 15.7 18.8
lot 3 high 0.267 0.392 3.9 5.7 0.564 0.671 8.2 9.8

Spice pepper low 0.406 0.384 10.9 10.0 0.406 0.384 10.9 10.0
thyme medium 0.196** 0.076 4.3 1.7 0.282 0.293 6.2 6.5
on. pwd. high 0.125 0.066 2.3 1.2 0.131 0.126 2.4 2.3

Turkey lot 1 low 0.070 0.108* 1.7 2.6 0.275 0.457 6.6 10.9
lot 2 medium 0.171 0.299** 3.1 5.5 0.440 0.549 8.1 10.1
lot 3 high 0.458 0.435 7.5 6.9 0.518 0.493 8.4 7.9

Vegetables carrots low 0.307 0.309 8.6 8.8 0.386 0.382 10.8 10.9
peas medium 0.129 0.157 3.3 4.0 0.277 0.321 7.1 8.1
mushrooms high 0.431 0.441 5.8 5.8 0.649 0.675 8.8 8.9

* Significantly higher repeatability (P <  0.05).
** Significantly higher repeatability (P < 0.01), 
a Aerobic counts for different lots were not significantly different.

contained low, medium, and high levels of aerobic bacteria. 
The results for the carrot samples from laboratory 8 were 
discarded as outliers by the Cochran test. The same laborato
ry reported all dilutions by both plating methods for the 
mushroom samples as “too numerous to count.” These data, 
therefore, were not available for analysis. Laboratory 9 re
ported that the mushroom samples froze during shipping. 
Data for these samples were not excluded from analysis 
because the counts were consistent with those reported by the 
other laboratories.

Differences of the mean log counts for the vegetable sam
ples of the 2 methods were not significantly different. Counts 
were higher by the dry-film method for carrots as w'ell as by 
the agar method for mushrooms and peas. Repeatability and 
reproducibility standard deviations and relative standard de
viations of the 2 methods were similar (Table 8 ). RSDr values 
were between 3.3 and 8 .6 % for dry-film and between 4.0 and 
8 .8% for agar. RSDr values were between 7.1 and 10.8 for 
dry-film and between 8.1 and 10.9% for agar.

Summary
In this study, 6 food products (flour, nut halves, shrimp, 

spice, raw turkey, and refrigerated and frozen vegetables), 
selected as representative foods, were analyzed by 12 labora
tories for aerobic bacteria by both the proposed dry-film 
method and the standard agar method. Each laboratory ana
lyzed 3 samples in blind duplicate from each food product. 
The repeatabilities were not significantly different for the 
majority of the samples, and the results indicated equiva
lence of the dry-film method and the agar method.

Recom m endation

On the basis of these results, the dry rehydratable film 
method has been adopted official first action for the enumer
ation of total aerobic bacteria in food.
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Colorimetric Deoxyribonucleic Acid Hybridization Assay for Rapid Screening of 
Salmonella in Foods: Collaborative Study
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Collaborators: T. Arista; B. Bennett; M. Bidlack; M. Brodsky; F. Chan; B. Ciebin; M. Cirigliano; F. Dever; P. Elliot;
J. Fechner; E. Föllmi; D. Ford; J. Fukuoka; J. Gardner; M. Ghassali; L. Larkin; C. Llabrès; R. McKenna; D. Nolan;
N. Ramos; D. Reed; C. Roderick; B. Rose; M. Schulke; V. Smith; T. Sons; A. Thomas; S. Thompson; J. Trailer; T. Wagner;
J. Walters; S. Weathersby

A collaborative study was performed In 11 laboratories to 
validate a colorimetric DNA hybridization (DNAH) method for 
rapid detection of Salm onella in foods. The method was 
compared to the standard culture method for detection of 
Salm onella  in nonfat dry milk, milk chocolate, soy isolate, 
dried whole egg, ground black pepper, and raw ground tur
key. Samples inoculated with high (0.4-2 cells/g) and low 
(0.04-0.2 cells/g) levels of Salm onella and uninoculated con
trol samples were included in each food group analyzed. 
There was no significant difference in the proportion of sam
ples positive by DNAH and culture procedure for any of the 6 
foods. The colorimetric DNA hybridization assay screening 
method has been adopted official first action as a rapid 
screening method for detection of Salm onella in all foods.

The official culture method for the detection of Salm onella  
in food products requires at least 4 days to obtain negative 
results (1,2). Deoxyribonucleic acid hybridization (DNAH) 
technology is a proven method for the rapid screening of 
foods and food ingredients for S alm on ella  (3-6). The 
DNAH method, including cultural enrichment steps and 
assay, requires only 48 h for completion. DNA probes that 
are specific for Salm on ella  species are used. Detection of 
S alm on ella  by this assay requires hybridization of a 32P- 
labeled DNA probe to regions of chromosomal DNA that are

Received for publication August 2, 1989.
This report was presented at the 103rd AOAC Annual International Meet

ing, September 25-28, 1989, at St. Louis, MO.
The recommendation was approved interim official first action by the 

General Referee, the Committee on Microbiology and Extraneous Materials, 
and the Chairman of the Official Methods Board. The method was adopted 
official first action at the 103rd AOAC Annual International Meeting, 
September 25-28, 1989, at St. Louis, MO. Association actions will be pub
lished in “Changes in Official Methods of Analysis” (1990) J . A ssoc . O ff. 
A n a l. C h em . 73, January/February issue.

unique to S alm on ella . The method has been evaluated 
through precollaborative comparative and collaborative 
studies to compare the efficacy of the method with that of the 
standard or existing official cultural methods (6 , 7). These 
evaluations of method performance indicated that DNAH 
was as sensitive as the culture method, and was applicable to 
a variety of foods. The DNAH method for the detection of 
S alm on ella  in foods was adopted official first action by 
AOAC in 1987 (8 ), and received final action status in 1989
(9).

Use of the AOAC DNAH method (987.10, 15th Ed.; 
46.C 07-46.C 16, 14th Ed. [8 ]) has been limited to sites that 
handle radioisotopes. To overcome this limitation, a second 
generation nucleic acid hybridization assay for the detection 
of Salm on ella  in foods has been developed by GENE-TRAK 
Systems, Framingham, MA. The assay utilizes an enzymatic 
detection method and a colorimetric end point. Experience 
with the colorimetric DNA hybridization assay indicated 
that it could be easily and reliably performed by laboratory 
technicians with typical microbiology laboratory skills.

A collaborative study was performed to evaluate the effi
cacy of the S alm on ella  colorimetric DNA hybridization 
method compared to the conventional culture procedures of 
AOAC and BAM. The study was designed to meet AOAC 
requirements for collaborative studies (1 0 ).

Collaborative Study
The food types included were the same as those used in 

previous collaborative studies for rapid Salm on ella  methods 
(7, 11). The foods (raw ground turkey, finely ground black 
pepper, soy flour, dry whole egg, milk chocolate, and nonfat 
dry milk) represent a variety of product types, require differ
ent pre-enrichment conditions, and each has been implicated 
as a potential source of Salm onella . Samples (about 75 g 
each) of each product were prepared at Silliker Laboratories, 
Inc., Chicago Heights, IL, and distributed to the 11 collabo
rators.
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Table 1. Test products, test organisms, and inoculation levels used In collaborative study of colorimetric DNA hybridization
assay

Product Salmonella organisms
Inoculation

level
Most probable 

number/g

Nonfat dry milk S alm onella  b o v is -m o rb ifica n s low 0.023
S alm onella  cubana high 0.93

Chocolate S alm onella  sen ftenberg low 0.12
S alm onella  anatum high 0.75

Soy flour S alm onella  typh im urium low 1.1
S alm onella  blukw a high 11.0

Dried whole egg S alm onella  arizonae low 0.093
S alm onella  in fa n tis high 2.4

Pepper S alm onella  rub is la w low 0.24
S alm onella  abaetuba high 4.6

Turkey naturally contaminated, 
S alm onella  sp. (B:G complex)3 6 low 0.04
naturally contaminated, 
S alm onella  sp. (B:G complex) high 0.09

a Species not determined; group (0) and Spicer-Edwards (H) reactions presented in parentheses. 
6 Organism reported for turkey was identified by the principal laboratory.

Collaborators received a set of 12 samples for each food. 
Two samples of each food type were uninoculated controls. 
Five samples were inoculated with low levels (1-5 cells/25 g) 
of Salm on ella , and 5 samples were inoculated with high 
levels (10-50 cells/25 g). A combination of 2 Salm onella  
species was inoculated into each product except turkey which 
was naturally contaminated (Table 1).

Test samples were shipped via an overnight delivery ser
vice. One set of test samples was sent to each participating 
collaborator on the Wednesday preceding the Monday that 
analyses were to be initiated. Collaborators were instructed 
to analyze each sample by both the standard cultural proce
dure and by the DNAFI method. The Salm on ella  levels in 
each product were determined by the Most Probable Num
ber (MPN) method using standard culture methods on one 
set of samples on the day analyses were initiated. This deter
mination was performed by the Associate Referee (MSC). 
Prior to initiation of the study, materials necessary for per
formance of the DNAH assay not normally available in a 
laboratory routinely performing S alm on ella  analyses were 
shipped to each collaborator by GENE-TRAK Systems. Re
sults obtained by collaborators were submitted on supplied 
data forms to the Associate Referee for review, compilation, 
and data analysis.

Preparation and Shipm ent of S am ples

Methods for preparation of collaborative samples and dis
tribution to collaborators have been described previously 
(1 1).

S am ple A nalysis

Each sample was analyzed by both the BAM/AO AC cul
ture and DNAFI methods. Pre-enrichment, selective enrich
ment, isolation, and confirmation of isolates for the BAM/ 
AO AC analyses were performed as described (1, 2). For all 
products except turkey, the following steps were used for the 
DNAH method. Sample pre-enrichments prepared for the 
BAM/AOAC methods were used for the DNAH procedure. 
After 22-26 h incubation, a separate set of tetrathionate 
brilliant green and selenite cystine selective enrichments 
were inoculated from each pre-enrichment, i.e., a set inde
pendent of that used for the BAM/AOAC method. Selective 
enrichments were incubated for 6 h at 35°C, mixed with a

vortex mixer, and 1 mL was transferred from each into 
separate Gram negative (GN) broths (10 mL/tube). The 
selective enrichments were returned to 35°C for an addition
al 12-18 h, to be used for the confirmation of assay positive 
samples. The inoculated GN broths were incubated at 35°C 
for 12-18 h prior to assay. After incubation, 0.25 mL from 
each GN broth was combined in a clean 12 X 75 mm glass 
test tube. The remaining GN broth and selective enrichment 
cultures were refrigerated. Positive DNAH assay results 
were confirmed culturally by streaking the corresponding 
refrigerated GN broths and selective enrichment cultures to 
xylose lysine desoxycholate agar (XLD), Hektoen enteric 
agar (HE), and bismuth sulfite agar (BS) as described for 
confirmation in the culture procedure. All subsequent steps 
in identification of suspicious colonies were performed by the 
same methods used for the standard culture procedure (1 , 2 ).

Direct selective enrichment of raw poultry as indicated by 
BAM (2) was used for the culture method. Because of the 
evidence indicating improved recovery of Salm on ella  from 
raw meats with the use of pre-enrichment (1 1), raw poultry 
samples to be evaluated by DNAH assay were pre-enriched 
as described for cooked meats (1, 2). After 22-26 h incuba
tion at 35°C, one set of selective enrichments was inoculated 
from each pre-enrichment. The selective enrichments were 
incubated for 16-18 h at 35°C. Following incubation, selec
tive enrichments were mixed and 1 mL was transferred from 
each selective enrichment into separate GN broths (10 mL/ 
tube). The selective enrichments were returned to 35°C for 
an additional 6  h. The inoculated GN broths were incubated 
at 35°C for 6  h prior to assay. All other steps involving the 
analyses of raw turkey were the same as previously described 
for other foods.

A nalysis o f Data

Collaborators were instructed to send all results to the 
Associate Referee. Data for each food type were collated and 
numbers of false negative results by the DNAH and BAM/ 
AOAC methods were tallied. False negative rates were cal
culated by 2 methods. According to Fleiss (12), the false 
negative rate is the number of false negative results divided 
by the total number of negative samples. Zweig and Robert
son (13) define the rate as the number of false negative 
results divided by the total number of positive samples.
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990.13 Salm onella in Foods
Colorimetrie Deoxyribonucleic Acid Hybridization 

Screening Method
First Action 1990

Method is test procedure for presence of S alm on ella  in all 
foods. Because certain percentage of false positive reactions 
may be encountered, positive assays must be confirmed by 
standard culture methods (see Confirm ation  o f  P ositive  
D N A  H ybrid iza tion  R esu lts). N ote: DNA probes used in 
this assay are nonreactive with subgenus V salmonellae.

A. Principle

Detection of S alm on ella  ribosomal RNA (rRNA) uses 
specific DNA probes. Following pre-enrichment, selective 
enrichment, and post-enrichment of test samples, bacteria 
are lysed, and labeled S a lm on ella-specific DNA probes are 
added for solution phase hybridization. If S alm on ella  rRNA 
is present in test sample, fluorescein-labeled detector probe 
and polydeoxyadenylic acid (poly dA)-tailed capture probe 
will hybridize to target rRNA sequences. Polydeoxythymi- 
dylic acid (poly dT)-coated solid phase (plastic dipstick) is 
then introduced into hybridization solution. Base pairing 
between poly dA and poly dT facilitates capture of probe:tar- 
get hybrid nucleic acid molecules onto solid support. Un
bound probe is removed by washing, and dipsticks are incu
bated in horseradish peroxidase-antifluorescein conjugate 
solution. Conjugate binds to fluorescein label present on 
hybridized detector probe. Unbound conjugate is washed 
away, and dipsticks are incubated in substrate-chromogen 
solution. Reaction of horseradish peroxidase with substrate 
converts chromogen to blue compound. Reaction is stopped 
with acid, which changes color of chromogen to yellow. Ab
sorbance at 450 nm is measured. Absorbance in excess of 
threshold value indicates presence of S alm on ella  in test sam
ples.

B. M ethod Perform ance

R esults P ercen t
95%  C onfidence  
Range (A pprox.)

Agreement1 97.6 94.8-100
False neg. rate (DNAH)2 4.8 2.0-7.6
False neg. rate (culture)3 5.4 2.6-8.2

Agreement4 97.6 96.5-98.7
False neg. rate (DNAH)5 1.5 0.5-2.5
False neg. rate (culture)6 1.7 0.6-2.8

1 This rate reflects number of samples read Identically between 
AOAC/BAM (B a c te rio lo g ica l A n a ly tic a l M anual, 1984, 6th ed., 
AOAC, Arlington, VA) culture method and DNAH method. Variance 
calculated according to cluster sampling method.

2 This rate reflects number of samples found to be positive by AOAC/ 
BAM culture method and negative by DNAH method divided by total 
number of negative samples.

3 This rate reflects number of samples found to be positive by DNAH 
method and negative by AOAC/BAM culture method divided by total 
number of negative samples.

4 This rate reflects number of samples read Identically between 
AOAC/BAM culture method and DNAH method. Variance calculated 
assuming a binomial distribution.

5 This rate reflects number of samples found to be positive by AOAC/ 
BAM culture method and negative by DNAH method divided by total 
number of positive samples.

6 This rate reflects number of samples found to be positive by DNAH 
method and negative by AOAC/BAM culture method divided by total 
number of positive samples.

Of 11 laboratories, 4 had complete agreement between 
DNAH and culture methods; 10 laboratories showed agree
ment on 98.4% of the samples.

C. A pparatus

Items (a)-(d) are available from GENE-TRAK Systems 
(31 New York Ave, Framingham, MA 01701).

(a) P hotom eter.—To measure A  at 450 nm. Blank and 
sample wells to accommodate 12 X 7 5 mm test tubes contain
ing solution volume of 1 mL.

(b) T est tube racks.—3 are needed. Plastic, heat-resistant 
(65°), to accommodate at least fifty 12 X 75 mm test tubes. 
Minimum of 5 wells per row with 18 mm spacing between 
wells (measured between centers of wells).

(c) D ipstick  holders .—Plastic device to hold 5 dipsticks 
in row with 18 mm spacing between dipsticks (center to 
center).

(d) Wash basins.—4 are needed. Metal, heat-resistant 
(65°), 10 X 10 X 9 cm containers, with covers.

(e) Test tu bes.—Glass, 12 X 75 mm.
(f) H eating w ater ba th .—Capable of maintaining 65 ± 

1.0°. Able to accommodate 1 test tube rack and 1 wash basin 
and water level of 5 cm.

(g) R epeater p ip e t.—Optional. With syringe-barrel tips, 
capable of accurately delivering aliquots of 0.1, 0.25, and
0.75 mL.

D. R eagen ts

Items (a)-(m) are available as Colorimetric GENE- 
TRAK® S alm on ella  Assay (DNA Hybridization Test for 
Detection of S a lm o n ella ) from GENE-TRAK Systems. 
Store S alm on ella  probe solution, enzyme conjugate 100X 
concentrate, substrate solution, chromogen solution, positive 
control solution, and negative control solution at 2-8°. Store 
all other solutions and dipsticks at room temperature 
(<30°). Sufficient for 100 determinations.

(a) L ysis so lu tion .— 1 bottle (10 mL). Contains 0.75N 
NaOH. (C aution: Avoid contact with skin; if contact occurs, 
wash skin thoroughly with water.)

(b) N eu tra liza tion  so lu tion .— 1 bottle (10 mL). Con
tains 2.0M Tris, pH 7.5.

(c) S alm on ella  probe so lu tion .— 1 bottle (10 mL). Con
tains fluorescein-labeled, S alm on ella -specific, synthetic oli
gonucleotide DNA probe and poly-deoxyadenylic acid
tailed, S alm on ella -specific, synthetic oligonucleotide DNA 
probe in 0.1M Tris, pH 7.5; ImM Na2 ethylenediamine 
tetraacetate; 0.1% bovine serum albumin; 0.01% NP-40 
(nonionic detergent); and 0.1% Na azide.

(d) Wash solu tion  2 0 X  concentrate.—2 bottles (250 mL 
each). Contains 1.0M Tris, pH 7.5; 0.4M Na2 ethylenedia
mine tetraacetate; 3.0M NaCl, and 0.2% Tween-20.

(e) E n zym e conjugate 1 0 0 X  concentrate.— 1 vial (1 
mL). Contains horseradish peroxidase-antifluorescein poly
clonal antibody conjugate.

(f) S u b stra te  so lu tion .— 1 bottle (56 mL). Contains urea 
peroxide.

(g) Chrom ogen so lu tion .— 1 bottle (28 mL). Contains 
tetramethylbenzidine.

(h) S to p  so lu tion .— 1 bottle (25 mL). Contains 4.ON 
H2SO.|. (Caution: Avoid contact with skin; if contact occurs, 
wash skin thoroughly with water.)

(i) D ip stick s .—2 containers (50 each). Polystyrene dip
sticks coated with poly-deoxythymidylic acid.
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(j) P ositive  con trol so lu tion .— 1 bottle (5 mL). Contains 
formaldehyde-inactivated S alm on ella  typhim urium .

(k) N egative con trol so lu tion .— 1 bottle (5 mL). Con
tains formaldehyde-inactivated C itrobacter freu ndii.

(l) P ackage insert.
(m) D ata  sheets.
(n) G N  bro th .—20 g tryptose, 1 g dextrose, 2 g D-manni- 

tol, 5 g Na citrate, 0.5 g Na desoxycholate, 4 g K2HP04, 1.5 g 
KH2PO4, and 5 g NaCl. Dissolve ingredients in 1 L H20. 
Dispense 10 mL portions into 16 X 125 mm test tubes. Cap 
tubes loosely and autoclave 15 min at 121°. Final pFl should 
be 7.0 ±0.2 at 25°.

(0 ) D iagnostic reagen ts.—Necessary for culture confir
mation of positive DNA hybridization assays. See 967.25B.

E. G eneral Instructions

Components in kit are intended for use as integral unit. Do 
not mix components from different kit lot numbers.

Include 1 positive control and 1 negative control with each 
group of test samples.

Do not touch fin portion of dipstick with fingers; hold by 
handle only. Do not reuse dipsticks or wash solution.

Use separate pipets or tips for each sample and kit reagent 
to avoid cross-contamination. Exercise care not to contami
nate substrate-chromogen mixture with enzyme conjugate.

Return reagents requiring refrigeration to 2-8° storage 
immediately after use. Refer to storage requirements on indi
vidual reagent bottle labels.

Treat all materials in contact with bacterial cultures as 
biohazardous material and decontaminate by appropriate 
methods.

Caution: Some reagents in kit contain 0.1% Na azide. 
Disposal of these reagents into sinks with copper or lead 
plumbing should be followed immediately with large quanti
ties of water to prevent potential hazards.

Components and procedures of this test kit have been 
standardized for use in GENE-TRAK assay. Use of compo
nents or procedures other than those supplied or recommend
ed by GENE-TRAK Systems may yield unsatisfactory re
sults, and should be tested before use.

F. S am ple Preparation

(a) P re-enrichm ent.—Pre-enrich sample in nonselective 
medium to initiate growth of salmonellae. Procedure will 
vary with product type and must be performed as indicated in 
967.26A or in B acterio log ica l A n a ly tica l M anual (1984) 6 th 
ed., AOAC, Arlington, VA, Chapter 7, sec. C, with the 
following exception:

R aw  m eats and raw  m ilk  products: Aseptically weigh 25 g 
sample into sterile blender jar. Add 225 mL sterile lactose 
broth. Blend 2 min at high speed (ca 20 000 rpm). Cap jar 
securely and let stand 60 min at room temperature. Mix 
contents well by shaking and determine pH with test paper. 
Adjust pH, if necessary, to 6 .8  ± 0.2 using sterile IN NaOH 
or HC1; cap jar securely and mix contents well before deter
mining final pH. Aseptically transfer contents to sterile, 
wide-mouth, screw-cap 500 mL jar. Loosen jar cap '/4 turn 
and incubate 24 ± 2 h at 35°.

(b) S elective  enrichm ent.—Transfer 1 mL incubated pre
enrichment culture to tube containing 10 mL selenite cystine 
broth (prewarmed to 35°) and 1 mL to tube containing 10 
mL tetrathionate broth (prewarmed to 35°) as in 967.26B(a). 
Incubate 6 h at 35° with the following exception:

R aw  m ea ts and raw  m ilk  products: Incubate selenite cys: 
tine and tetrathionate broths for 18 ± 2 h at 35°.

(c) P ost-en richm ent.—Remove selective enrichment cul
tures from incubation and mix by hand or with vortex mixer. 
Transfer 1 mL tetrathionate culture to tube containing 10 
mL GN broth (prewarmed to 35°). Transfer 1 mL selenite 
cystine culture to separate tube containing 10 mL GN broth 
(prewarmed to 35°). Incubate GN broths 12-18 h at 35° 
with the exception of raw meats and raw milk products (see 
below). Return tetrathionate and selenite cystine tubes to 
35° for incubation up to total of 24 ± 2 h.

R aw  m eats and raw  m ilk  produ cts: Incubate GN broths 6 
h at 35°. Return tetrathionate and selenite cystine tubes to 
35° for incubation up to total of 24 ± 2 h.

G. DNA Hybridization A ssa y

(7) Label sufficient number of 12 X 75 mm glass test 
tubes. Include tubes for one positive control and one negative 
control per assay. Place tubes in rack in rows of five.

(2) Remove sample GN broths from 35° incubation. 
Vortex-mix or otherwise mix each culture. For each sample, 
pipet 0.25 mL from each of the 2 GN broths (one derived 
from tetrathionate, one from selenite cystine) into single 
tube. Record sample numbers on data sheet.

(5) Mix positive and negative control solutions. Pipet 0.5 
mL positive control solution into positive control tube. Pipet 
0.5 mL negative control solution into negative control tube. 
Return controls to 2-8° storage.

(4) Add 0.10 mL lysis solution to each tube. Shake racks 
of tubes by hand for 5 s. Incubate tubes 5 min at room 
temperature.

(5) Add 0.1 mL neutralization solution to each tube. 
Shake rack of tubes by hand for 5 s. Cover tubes with alumi
num foil. Place rack of tubes in 65° water bath and incubate 
15 min.

(6 ) Remove foil. Add 0.10 mL Salm on ella  probe solu
tion to each tube. Remove rack from water bath and shake by 
hand for 5 s. Cover tubes with foil, and return to 65° water 
bath. Incubate 15 min at 65°. Return probe solution to 2-8° 
storage.

(7) For each 25 tests performed, prepare 1.3 L IX wash 
solution. Add 65 mL 20X wash solution to 1235 mL distilled 
or deionized H20.

(S) Prepare wash basin containing 300 mL IX wash 
solution. Cover basin and place in 65° water bath until need
ed. Prepare second wash basin (300 mL) and keep at room 
temperature.

(9) Place appropriate number of dipsticks into dipstick 
holders. Rinse dipsticks 2-3 min in 1X wash solution at room 
temperature. Remove excess solution by blotting to absor
bent paper (touch tip of fin portion of dipstick to paper).

(10)  Remove foil from sample tubes and place dipsticks 
into tubes. Incubate dipsticks in tubes in 65° water bath for 
1 h.

(77) Set up second rack of 12 X 75 mm tubes and label 
appropriately.

(72) Prepare sufficient IX enzyme conjugate by mixing 
100X enzyme conjugate concentrate and IX wash solution. 
Dispense 0.75 mL IX enzyme conjugate into each empty 
tube. Return remaining 100X enzyme conjugate concentrate 
to 2 - 8 ° storage.

(13)  Remove dipsticks from tubes. Wash dipsticks se
quentially with gentle shaking for 1 min each, first in 65° 
wash solution, then in room temperature wash solution.
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Table 2. Collaborative results for detection of Salm onella In nonfat dry milk by BAM/AOAC and DNAH assay methods
BAM/AOAC DNAH - Assay3 DNAH - Confirnedb

Collaborator 1= 2 3 4 5 6 7Ì 8 9 10 11 12 lc 2 3 4 5 6 7 8 9 10 11 12 lc 2 3 4 5 6 7 8 9 10 11 12

1 + + t + 4 t t * * t t t t t t  - - + + t t 4 4 4 4 4 4 4 t  4 4 4

2 4 + i I t - - t t t + t I t t t t t  - t t t t t 4 4 ' 4 4 4 4 4 4 4

4 4 4 4 + 4 t t t t t t f t t t - - t t t t  t t  4 4 4 4 - 4 4 4 4 4

5 4 4 4 4 4 - t t t t t f t t t t  - - t t t  t t 4 4 4 4 4 4 t  4 ' 4

6 4 + 4 4 4 - t t t t t t t t t t  -  - t t t t - 4 4 4 4 4 4 4 4 4

7 I- 4 4 f t - t t t t I l i f t t  - - t 4 4 4 4 4 4 4 4 4 4 4 4 4 4

8 + + 4 t  t t  t t t t + t t t t - - t t 4 t  t 4 4 4 4 4 4 4 4 4 4

9 4 4 t t  t t t t t t I t t t t - - t 4 4 4 4 4 4 4 4 4 - * 4 4 4 4

10 + 4 4 f t - t t t t t t t t t t  - - t 4 4 4 4 4 4 4 4 4 4 4 4 4 4

11 4 4 4 t t t t t t t t t t t t  - - t 4 4 4 4 4 4 4 4 4 4 4 4 -

a Samples positive by DNAH assay before culture confirmation.b Samples positive by DNAH assay and confirmed positive by isolation of Salmonella from culture broth. 
c Samples 1, 2, 3, 4, and 5 were inoculated at a hiqh level; samples 8, 9, 10, 11, and 12 were inoculated at a low 

level; and samples 6 and 7 were uninoculated control samples.

(14)  Blot dipsticks on absorbent paper. Place dipsticks 
into second set of tubes containing enzyme conjugate. Incu
bate 2 0  min at room temperature.

(15)  Set up third rack of tubes and label appropriately. 
Include additional tube for blank.

(16)  Prepare mixture of substrate-chromogen consisting 
of 2 parts substrate to 1 part chromogen solution. Dispense 
0.75 mL substrate-chromogen into each empty tube. Return 
remaining substrate solution and chromogen solution to 2 - 8 ° 
storage.

(17)  Prepare 2 basins each containing 300 mL fresh IX 
wash solution at room temperature.

(18)  Remove dipsticks from enzyme conjugate tubes. 
Wash dipsticks sequentially with gentle shaking for 1 min 
each in fresh room temperature wash solution.

(19) Blot dipsticks on absorbent paper. Place dipsticks 
into third set of tubes containing substrate-chromogen. Incu
bate 2 0  min at room temperature.

(20) Remove dipsticks from tubes and discard. Add 0.25 
mL stop solution to each tube containing substrate-chromo
gen, including blank. Shake rack of tubes by hand to mix 
contents.

(21)  Measure absorbance at 450 nm. To read each tube, 
place reference tube in reference well on left side of photom
eter and sample tube in sample well on right side. Absor
bance will be displayed digitally. Wait for reading to stabilize 
before recording result for each tube on data sheet.

(a) Determine negative control absorbance value by plac
ing tube labeled “Blank” in reference well on left side of 
photometer. Place negative control tube in sample well on 
right side of photometer.

(b) Determine positive control absorbance value by plac
ing tube labeled “Blank” in reference well on left side of 
photometer. Place positive control tube in sample well on 
right side of photometer.

(c) Determine test sample absorbance value by placing 
negative control tube in reference well on left side of photom
eter and test sample tube in sample well on right side.

H. Data A nalysis

(1) A for negative control should be <0.15 (read against 
blank).

(2) A for positive control should be >1.00 (read against 
blank). If these results are not obtained, assay should be 
repeated.

N egative criterion .—Test sample is considered negative 
(nonreactive for presence of S alm on ella ) if A  is <0.10 (read 
against negative control).

P ositive  criterion .—Test sample is considered positive (re
active for presence of S alm on ella) if ̂ 4 is >0.10 (read against 
negative control).

I. Confirmation of P ositive DNA Hybridization R esu lts

Samples found positive by DNA hybridization assay must 
be confirmed by standard culture methods. Except in rare 
cases, confirmation can be achieved from GN broths alone. 
However, tetrathionate broth and selenite cystine broth cul
tures should be retained (2 - 8 °) for later evaluation in cases 
where confirmation from GN broths is not obtained. For 
confirmation, streak cultures to HE, XLD, and BS plates as 
described in 967.26B and identify typical and suspicious 
colonies as in 967.26C, 967.27, and 967.28.

Ref.: JAOAC 73, March/April issue (1990).

Results
Data submitted by collaborators are summarized in Tables 

2-7. Table 8 presents a comparison of BAM/AOAC and 
DNAH assay and confirmed DNAH assay data for all foods, 
including statistical analysis.

Nonfat Dry Milk

Sa lm on ella  MPNs determined on nonfat dry milk samples 
on the day collaborative samples were initiated indicated 
levels of 0.93/g and 0.023/g for the high and low level 
inoculated samples, respectively (Table 1). Eleven laborato
ries analyzed the nonfat dry milk samples; however, labora
tory 3 encountered difficulties with the analysis and did not 
report complete results. The 10 reporting laboratories found 
all of the high level samples and 48 of 50 low level samples 
positive for S alm on ella  by both BAM/AOAC and DNAH 
assay (Table 2). Each of these positive assays was confirmed 
through isolation of S alm on ella  from the DNAH assay asso
ciated culture broths. Laboratories 6  and 11 each reported
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Table 3. Collaborative results for detection of Salm onella in milk chocolate by BAM/AOAC and DNAH assay methods
m /m c DNAH - Assay3 DNAH - Conflrnedb

Collaborator ic ;13  4 5 6 7 8 9 10 11 12 lc 2 3 4 5 (i 7 8 9 10 11 12 lc 2 3 4 5 6 7 8 9 10 11 12

1 - 4 + + 4 4 4 * * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 - 4 4 4 4 4 4 4 4 4 4 4 4 4 i4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

3 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4 - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 - ■ 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

6 - 4 4 4 4 4 4 4 4 4 4 4 - 4 4 4 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4

7 - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4 4 4 4

8 - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

9 - ■ 4 4 4 4 4 4 4 4 4 4 4 4 4 -4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

? Samples positive by DNAH assay before culture confirmation.
b Samples positive by DNAH assay and confirmed positive by isolation of Salmonella from culture broth. 
c Samples 3, 4, 5, 6, and 7 were inoculated at a high level; samples 8, 9, 10, 11, and 12 were inoculated at a low 

level; and samples 1 and 2 were uninoculated control samples.

sample 12 as positive by the culture method, but negative by 
DNAH assay. These results were interpreted as false nega
tive assays by the DNAH method. Collaborator 2 found one 
uninoculated control sample positive by DNAH assay but 
negative by BAM/AOAC. This sample was not confirmed 
by culture and was considered a false positive reaction by 
DNAH assay.

Milk C hocolate

S alm on ella  MPNs determined on milk chocolate samples 
on the day collaborative samples were initiated were 0.75/g 
and 0 .12 /g for the high and low level inoculated samples, 
respectively (Table 1). Eleven collaborators analyzed the 
milk chocolate samples and results for nine are presented in 
Table 3. The 9 laboratories reported each of the 45 low level 
and 45 high level inoculated samples positive by both BAM/ 
AOAC and DNAH assay. Each of the positive DNAH as
says was confirmed by isolation of S alm on ella  from the 
culture broths.

Collaborator 6 found one uninoculated control sample that 
was negative by BAM/AOAC, to be positive by DNAH

assay. This sample was not confirmed by culture and was 
interpreted as a false positive reaction by DNAH assay.

Data from 2 laboratories (Nos. 10 and 11) were eliminated 
from the analysis because the DNAH negative control A450 
readings were above 0.15, the highest acceptable level for this 
control. Laboratory 11 noted that following addition of 
probe, samples were incubated for 60 min instead of the 
recommended 15 min. This protocol deviation may have 
caused the high reading in this laboratory. Both laboratories 
completed the analysis of the samples, adjusting for the high 
negative control, and correctly identified all positive and 
negative samples by both the DNAH and culture methods.

S o y  Isolate

S a lm on ella  MPNs determined on soy isolate samples on 
the day collaborative samples were initiated were 1.1 /g and 
1 1 ,0 /g for the low and high level inoculated samples, respec
tively (Table 1). Eleven collaborators analyzed the soy iso
late samples. Ten laboratories found all inoculated high and 
low level samples positive by both BAM/AOAC and DNAH 
assay methods (Table 4). Each of the positive assays was

Table 4. Collaborative results for detection of Salm onella in soy isolate by BAM/AOAC and DNAH assay methods

Collaborator
BAM/AOAC DNAH- Assay3 DNAH- Confirmed*5

lc 2 3 4 5 6 7 8 9 10 11 12 lc 2 3 4 5 fi 7 81 9 10 11 12 lc 2 3 4 5 6 7 8 9 10 11 12

1 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * - -
2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1i 4 t 4 4 4 4 4 4 4 4 4 4 4 4

3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1■ 4 4 4 4 4 4 4 4 * 4 4 4 4 4 -
4 4 4 4 4 4 4 4 4 \ 4 4 4 4 4 4 -h 4 4i 4 4 4 4 4 4 4 4 4 4 4 4 -

5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 -i 4 4i 4 4 4 4 4 4 4 4 4 4 4 4 -
6 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 -
7 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - 4 4 4 4 4 - - 4 4 4 4 * 4 4 4 4 4 -
8 4 4 4 4 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 -
9 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 -

10 4 4 4 4 4 4 1r 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

11 4 4 4 4 4 4 1i 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * - -

a Samples positive by DNAH assay before culture confirmation.b Samples positive by DNAH assay and confirmed positive by isolation of Salmonella from culture broth. 
c Samples 1, 2, 3, 4, and 5 were inoculated at a low level; samples 6, 7, 8, 9, and 10 were inoculated at. a hiqh 

level; and samples 11 and 12 were uninoculated control samples.
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Table 5. Collaborative results for detection of Salm onella in dried whole egg by BAM/AOAC and DNAH assay methods

Collaborator i c 2 :
BAM/AOAC DNAH- Assay3 DNAH- Confirmed̂

1 4 5 6 7 8 9 10 11 12 i c 2 :3 4 5 6 7 8 91 10 11 12 1C 2 3 4 5 6 7 8 9 10 11 12

1 4 11 4  4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 4 11 4 4 4 4 4 4 4 4 - * 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4

4 4 11 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

6 4 11 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4

7 4 11 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

9 4 11 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

10 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

11 - • 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

3 Samples positive by DNAH assay before culture confirmation.
b Samples positive by DNAH assay and confirmed positive by isolation of Salmonella from culture broth. 
c Samples 2, 3, 4, 5, and 6 were inoculated at a high level; samples 7, 8, 9, 10, and 11 were inoculated at a low 

level; and samples 1 and 12 were uninoculated control samples.

confirmed by culture. In one laboratory (No. 8 ), one low level 
inoculated sample was negative by DNAH assay but positive 
by BAM/AOAC. This sample was interpreted as a false 
negative for the DNAH assay method. All 11 laboratories 
found all 2 2  uninoculated control samples negative by both 
BAM/AOAC and DNAH assay methods.

Dried Whole Egg

S a lm on ella  MPNs determined for dried whole egg were 
0.093/g and 2.4/g for the low and high level inoculated 
samples, respectively, on the day collaborative samples were 
initiated (Table 1). Eleven laboratories analyzed the egg 
samples but data from 3 laboratories (Nos. 3, 5, 8 ) were 
eliminated due to invalid assay results (Table 5). The re
maining 8 laboratories found all inoculated high and low 
level samples positive by both BAM/AOAC and DNAH 
assay methods. All positive DNAH assays were confirmed by 
culture. All 16 uninoculated control samples were negative 
by both methods.

The results from laboratory 3 were excluded because the 
negative control for the DNAH assay was above the 0.15 
A450 limit. The collaborator completed the analyses, adjust
ing for the negative control result, and observed complete 
agreement between the DNAH and culture methods. Results

for laboratories 5 and 8 were excluded because positive con
trol results were below 1 .00 A450 as specified for the assay. In 
both cases, the collaborators proceeded with the analyses. 
Laboratory 5 reported all inoculated samples as positive and 
all uninoculated samples negative by both methods. The A450 
readings for all but the positive control appeared consistent 
with those reported by laboratories with acceptable positive 
control results. Laboratory 8 reported 9 of 10 inoculated 
samples positive by the hybridization assay and 10 of 10 
positive by culture. The A450 readings for these samples were 
lower than those reported by other laboratories, suggesting 
that signal generation was low for all samples and not just the 
positive control.

P epper

Sa lm on ella  MPNs determined for pepper were 0.24/g and 
4.6/g for the low and high level inoculated samples, respec
tively (Table 1). Eleven laboratories analyzed the pepper, but 
data from laboratory 11 were eliminated due to invalid assay 
results. Nine of the remaining 10 collaborators found all of 
the inoculated high and low level samples positive by both 
methods; all positive DNAH assays were confirmed by cul
ture. The remaining data indicated that one collaborator 
(No. 9) found one high level inoculated sample negative by

Table 6. Collaborative results for detection of Salm onella in pepper by BAM/AOAC and DNAH assay methods

Collaborator
BAM/AOAC DNAH - Assay3 DNAH Confirne<P

ic 2 :3 4 5 6 7 8 9 10 11 12 ic 2 :3 4 5 6 7 8 9 10 11 12 lc 2 3 4 5 6 7 8 9 10 11 12
1 4 4 11 4 4 4 4 ' * 4 4 4 11 4  4 - 4 4 4 4 4 4 4 4 4 4 - - 4 4 4 4 4

2 4 4 1r 4 4 - 4 4 * 4 4 4 1̂ 4  4 - + 4 4 4 4 4 4 4 4 4 - - 4 4  4 4 4

3 4 4 1 4 4 4 4 4 4 4 4 4 11 4  4 - - , * 4 4 4 4 4 4 4 4 - - 4 4 4 4 4

4 4 4 1 4 4 4 4 4 4 4 4 4 11 4  4 - 4 4 4 4 4 4 4 4 4 4 - - 4 4  4 4 4

5 4 4 1 4 4 4 4 4 4 4 4 4 11 4  4 - 4 4 4 4 4 4 4 4 4 4 - - 4 4 4 4 4

6 4 4 4 4 4 - 4 4 4 4 4 4 4 11 4  4 - * * 4 4 4 4 4 4 4 4 - - 4 4 4 4 4

7 4 4 f 4 4 4 4 4 4 4 4 4 11 4  4 - 4 4 4 4 4 4 4 4 4 4 - - 4 4 4 4 4

8 4 4 4 4 4 4 4 4 4 4 4 4 11 4  4 - 4 4 4 4 . 4 4 4 4 4 - - 4 4  4 4 4

9 4 4 4 4 4 4 < 4 4 4 11 4  4 - ■ * . 4 4 . 4 4 4 4 - - 4 4 4 4 4

10 4 4 4 4 4 4 4 . 4 4 4 4 11 4  4 - 4 4 4 4 ♦ 4 4 4 4 4 - - 4 4  4 4 4

3 Sanples positive by DNAH assay before culture confirmation.
b Samples positive by DNAH assay and confirmed positive by isolation of Salmonella from culture broth. 
c Samples 1, 2, 3, 4,and 5, were inoculated at a high level; samples 8, 9, 10, 11, and 12 were inoculated at a low level; and samples 6 and 7 were uninoculated control samples.
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Table 7. Collaborative results for detection of Salm onella in turkey by BAM/AOAC and DNAH assay methods
BAM/AOAC DNAH - Assay3 DNAH - Confir»edb

Collaborator lc 2 3 4 S 6 7 8 9 10 11 12 lc 2 3 4 S 6 7 8 9 10 11 12 lc 2 3 4 5 6 7 8 9 10 11 12
1

2

3
4
5

6

7
8 

9
11

4 - - - - 4 - - - - - 4 - - - 4 4 - 4 4 - - - - - - -  4 4 - 4 4

4 4 4 4 4 - - - - - - -  4 4 4 4 4 - - - - - - - 4 4 4 4 4

4 - - - 4 4 4 4 4 - - - 4 - - - 4 4 4 4 4 4 - - - 4 4 4 4 4

4 - 4 4 4  - - - - - - - 4 4 4 4 4  - - - - - - - 4 4 4 4 4

4 - — - 4 4 4 4 4 ................................................. 4 4  4 4 4 - - - - - - - 4 4  4 4 4

4 - - - - 4 4 4 4 4 - - - - - - 4 4 4  4 4 4 - - - - - - 4 4 4  4 4 4

4 - - 4 4 - 4 4 - - - 4 4 4 - 4 4 - 4 4 - - - 4 4 4 - 4 4 - 4 4

4 4  4 4 4 - - - - 4 - - 4 4 4 4 4 - - - - - - - 4 4  4 4 4

4 4 4 4 4  - - - - - - - 4 4 4 4 4  - - - - - - - 4 4 4 4 4

a Samples positive by DNAH assay before culture confirmation.
b Samples positive by DNAH assay and confirmed positive by isolation of Salmonella from culture broth. 
c Samples 3, 4, 5. 6, and 7 were at a high level; samples 8, 9, 10. 11, and 12 were at a low 

level; and samples 1 and 2 were uninoculated control samples.

both the BAM/AOAC and DNAH assay methods (Table
6 ). All 22 uninoculated control samples were negative by 
both methods.

Results from laboratory 11 were excluded because the 
negative control reading exceeded the 0.15 OD450 limit. This 
collaborator continued the analyses, adjusting for the high 
reading, and observed perfect correlation between the 
DNAH and culture methods.

Turkey

S a lm on ella  MPNs for the turkey samples were 0.04/g and 
0.09/g, respectively (Table 1). Ten collaborators analyzed 
the turkey samples. Two of 50 high level samples and 43 of 50 
low level samples were positive by both methods, and all 
positive DNAH assays for these 45 samples were confirmed. 
Six high level and 5 low level samples were negative by 
BAM/AOAC but positive by DNAH assay (Table 7). Four 
of the high level and all 5 of the low level samples were 
confirmed by isolation of S alm on ella  from the DNAH assay 
associated culture broths. These 9 samples were interpreted 
as false negatives by the BAM/AOAC culture procedure. 
The 2 unconfirmed high level samples were interpreted as 
false positives for the DNAH assay, but may alternatively 
represent failures of the culture confirmation procedures. 
One low level and 4 high level samples that were positive by 
BAM/AOAC were negative by DNAH assay. These sam
ples were interpreted as false negatives by DNAH assay. 
Thirty-eight high level, 1 low level, and 20 uninoculated 
control samples were negative by both methods.

Overall, the recovery of S alm on ella  from the low level 
sample was better than from the high level samples for both 
the culture and the DNAH methods. The reason for this is 
not clear. It is most likely that the MPN determination for 
the low level sample, 0.04/g, was an underestimation of the 
true count. This may occur when the distribution of S a lm o 
nella in the portion used for MPN analysis is not typical of 
the distribution in the batch.

Discussion
Eleven laboratories participated in the collaborative study. 

Ten of the laboratories analyzed all foods and 1 collaborator 
(No. 10) analyzed all but the turkey samples, which had not

arrived on time because of problems with the delivery service. 
One collaborator (No. 3) failed to submit data for the nonfat 
dry milk samples. Data from 1 laboratory (No. 11) that 
analyzed pepper, 2 laboratories (Nos. 10 and 11) that ana
lyzed milk chocolate, and 3 laboratories (Nos. 3, 5, and 8 ) 
that analyzed dried whole egg were eliminated due to invalid 
assay results. All remaining data were available for analysis.

Agreement was perfect between BAM/AOAC and 
DNAH assay methods for dried whole egg and pepper food 
groups. Of 696 samples analyzed, there were 8 false nega
tives by the DNAH assay method, 2 for nonfat dry milk 
(Table 2, sample 12, collaborators 6  and 11), 1 for soy isolate 
(Table 4, sample 1, collaborator 8 ), and 5 for turkey (Table 
7, sample 3, collaborator 6 ; sample 4, collaborators 5 and 11; 
and samples 5 and 10, collaborator 1). There were 4 false 
positives by DNAH assay, 1 for nonfat dry milk (Table 2, 
sample 6 , collaborator 2); 1 for milk chocolate (Table 3, 
sample 1, collaborator 6 ); and 2 for turkey (Table 7, sample 
4, collaborator 1 and sample 5, collaborator 8 ). There were 9 
false negatives by the BAM/AOAC procedure, all were 
found in turkey (Table 7, samples 4 and 6 , collaborator 7; 
sample 7, collaborators 6  and 11; sample 9, collaborator 4; 
and samples 8 , 9, 11, and 12, collaborator 1). Of the 696 
samples analyzed, 521 were positive and 154 were negative 
by both DNAH assay and BAM/AOAC, indicating 97.6% 
agreement. The false negative rates were calculated by the 
method of Fleiss (12) and by the method of Zweig and 
Robertson (13). The rate as defined by Fleiss is the number 
of false negative assays divided by the total number of nega
tive samples. Zweig and Robertson define the rate as the 
number of false negative assays divided by the total number 
of positive samples or one minus sensitivity. The Fleiss defini
tion is recommended by AOAC (F. McClure, FDA, Wash
ington, DC, personal communication), while the Zweig and 
Robertson definition has been used for the evaluation of 
results of AOAC collaborative studies on other rapid meth
ods for S alm on ella  (986.35B, 15th Ed. [46.B22, 14th Ed.]; 
987.10B [46.C08]; 987.11B [46.C18]; 989.12B [46.E10]; 
989.13B [46.E17]; 989.14 [46.E24]; 989.15B [46.E33]) (1). 
Results for that calculation procedure are presented here to 
allow comparison with previous collaborative studies. Like
wise, the method for computing the confidence interval has
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Table 8. Performance of DNAH and BAM/AOAC methods for detection of Salm onella in foods and comparison of 2 
calculation procedures for false negative rate and confidence interval

Product
Level,
MPN/g

DNAH method BAM/AOAC method

FN rate,3 % FN 95 % Cl, % FN rate,6 % FN 95 % Cl, % FN rate,3 % FN 95 % Cl, % FN rate,6 % FN 95% Cl, %

Nonfat dry 0.023 9.1 8.3-9.6 4.0 0.0-9.4 0.0 __C 0.0 _C

milk 0.93 0.0 __C 0.0 __C 0.0 _C 0.0 __c

Milk chocolate 0.12 0.0 __C 0.0 _c 0.0 _c 0.0 __c

0.75 0.0 __c 0.0 __c 0.0 _c 0.0 __c

Soy Isolate 1.1 4.3 3.8-4.8 1.8 0.0-5.3 0.0 _c 0.0 __c

11 0.0 __C 0.0 __c 0.0 _c 0.0 __c

Dried whole 0.093 0.0 __c 0.0 _c 0.0 _c 0.0 __c

egg 2.4 0.0 __ c 0.0 ___c 0.0 __ c 0.0 ___c

Ground black 0.24 0.0 __ c 0.0 ___c 0.0 __ c 0.0 ___c

pepper 4.6 0.0 0.0-0.5 0.0 __ c 0.0 0.0-0.5 0.0 ___c

Turkey 0.04 6.3 0.0-21.1 40.0 9.6-70.4 6.3 0.0-14.2 40.0 9.6-70.4
0.09 4.5 3.8-5.3 2.0 0.0-6.0 19.2 16.8-21.7 10.2 1.7-18.7

Total 4.8 2.0-7.6 1.5 0.5-2.5 5.4 2.6-8.2 1.7 0.6-2.8

3 False negative (FN) rate was calculated according to Fleiss (12) as number of false negative results divided by number of negative responses by 
method per Inoculation level and uninoculated control samples. Confidence interval (Cl) was calculated according to ratio method of Cochran
(14).

6 False negative (FN) rate was calculated according to Zweig and Robertson ( 13) as number of false negative results divided by number of positive 
samples. Confidence interval (Cl) was calculated by binomial method. 

c Standard error equaled zero.

been revised. The results for both methods are presented in 
Table 8 .

A total of 365 isolates of S alm on ella  have been analyzed 
using the colorimetric DNAH assay (S. Wilson et al., 
GENE-TRAK Systems, Framingham, MA, manuscript sub
mitted for publication). The assay was nonreactive with 7 
isolates, S . balboa, S . bongor, S . brookfield , S . m alaw i, S . 
m areqrosso, S . cam deni, and S . spp. CDC 2269 1308-83. All 
of these belong to subgenus V (five) of the Kauffman scheme 
for biochemical differentiation (15). Reported isolations of 
subgenus V salmonellae are rare and these serovars have not 
been encountered in domestic or imported food samples ana
lyzed by the U.S. Food and Drug Administration during the 
period 1974-1985 (16).

R ecom m endation

Based on the findings of this collaborative study, the color
imetric GENE-TRAK S alm on ella  Assay method is recom
mended for adoption official first action as a rapid screening 
method for the detection of S alm on ella  in all foods, with the 
known limitation that it is nonreactive with subgenus V sal
monellae.
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MYCOTOXINS

Im proved S p ectrop h otom etr ic  D eterm in ation  o f  C y clop iazon ic  A cid  in P ou ltry  Feed and 
Corn

IVAN CHANG-YEN and KESHORE BIDASEE
D e p a r tm e n t o f  C h e m is tr y , U n iv e r s ity  o f  th e  W e s t In d ies , S t. A u g u s tin e , T r in id a d

An Improved visible spectrophotometric method has been 
developed for cyclopiazonic acid in poultry feed and corn. 
The method Is based on the reaction of cyclopiazonic acid 
with Ehrlich reagent and detection at 580 nm. Reaction 
conditions were optimized with respect to reaction and mea
surement times and acid and Ehrlich reagent concentrations. 
Calibration curves were linear from 1 to 20 pg  cyclopiazonic 
acid in 3 mL Ehrlich reagent, with a lower detection limit of 
0.08 mg/kg for 50 g samples of poultry feed and corn. 
Recoveries from 50 g samples of poultry feed spiked with 
cyclopiazonic ranging from 0.16 to 1.20 mg/kg averaged 
93.8%. Moldy corn and poultry feed samples analyzed by 
this method contained between 1 and 4 mg/kg cyclopiazonic 
acid.

The mycotoxin cyclopiazonic acid (CPA), which was first 
isolated from cultures of P enicillium  cyclopium  Westling 
(1), has since been shown to be produced by many species of 
A sperg illu s and P enicillium  on a range of sample types (2-
5). When 54 strains of A .f la v u s  isolated from various sources 
were grown on autoclaved agricultural products, 26% of 
them produced CPA and aflatoxins, 76% produced CPA 
alone, and 7% produced aflatoxins only (2). CPA has been 
shown to be toxic to a variety of animals (6 - 8 ) and has been 
associated with Kodua poisoning in humans (9). The recent 
discovery that a significant percentage of CPA from contam
inated food ingested by chickens could accumulate in the 
flesh (1 0 ) has serious implications for human health.

Previous methods for the quantitation of CPA involved 
thin-layer chromatography (TLC) with Ehrlich reagent (p - 
dimethylaminobenzaldehyde in acid solution) for visualiza
tion, with visual (3, 5) or densitometric (11) determination; 
or ligand exchange liquid chromatography (LC) with ultra
violet detection (1 0 , 1 2).

A colorimetric method for estimation of CPA also has 
been described (13) involving TLC cleanup prior to reaction 
with Ehrlich reagent. However no detection limit was given, 
the problem of rapid color fading was not defined, and the 
method is disadvantageous in the time-consuming cleanup 
procedure. The present study seeks to significantly improve 
on this relatively inexpensive procedure for accurate and 
precise determination of CPA in poultry feeds and corn.

METHOD

Apparatus

(a) W rist action sh a k er .—Gallenkamp SGL-705-010X.
(b) R o ta ry  evapora tor.—Buchi Model SB.
(c) C hrom atographic colum ns.—25 X 0.8 cm id, each 

plugged at lower end with glass wool and packed with 3.75 g 
silica gel (Merck, 70-230 mesh) in chloroform.

Received March 23, 1989. Accepted August 11, 1989.

(d) E rlenm eyer f la s k s .—250 and 500 mL, with ground- 
glass stoppers.

(e) F ilter paper .—Whatman No. 541, 7.5 cm diameter.
(f) Buchner f la s k .—500 mL, fitted with Buchner funnel,

7.5 cm diameter.
(g) S epara to ry  fu n n els .—500 mL.
(h) R ou n d-bo ttom  f la s k s .—100, 250, and 500 mL, with 

ground-glass stoppers.
(i) S pectroph o tom eter .—Perkin Elmer Model 552 with 

stoppered 4 mL, 1 cm pathlength glass cuvets.
(j) S yrin ge.—Glass, 500 pL , SGE 500A-FN.

R eagen ts

(a) S o lven ts .—Chloroform, acetone, methanol, distilled 
water, all glass-distilled in our laboratory before use.

(b) S od iu m  su lfa te .—Anhydrous, analytical grade.
(c) C yclopiazon ic acid .—(Sigma Chemical Co. C l530). 

Prepare 100 p g / m L  solution in methanol and confirm purity 
by measuring absorbance at 282 nm, and by thin-layer chro
matography. For spectrophotometric analysis, prepare stock 
solution of 400 pg  CPA/mL in acetone and dilute in acetone 
to produce standards ranging from 5 to 100 p g / m L .  Prepare 
fresh diluted standards weekly and keep in darkened cup
board when not in use.

(d) p -D im eth y lam in oben za ldeh yde.—(Aldrich 12,647-
7). Dissolve 4 g in 100 mL 5.5M aqueous HC1. Prepare fresh 
immediately prior to use and keep tightly stoppered to ex
clude air when not in use.

(e) O ther reagen ts.— 1M aqueous NaOH, 2M HC1, satu
rated NaCl solution.

S am ple Extraction

Weigh representative 50 g subsamples of finely divided 
sample into 500 mL Erlenmeyer flasks. To each add 200 mL 
chloroform-methanol (85 + 15) solvent and shake 30 min on 
wrist-action shaker. Let settle 2-3 min, decant supernatant 
liquid as completely as possible, and suction-filter through 
Whatman No. 541 filter into 500 mL Buchner flask. Repeat 
the extraction of solid residue with similar volume of fresh 
solvent, suction-filter entire slurry, and combine with previ
ous filtrate.

Transfer filtrate to separatory funnel, add 50 mL 1M 
NaOH, and shake vigorously for 2 min to back-extract CPA 
into aqueous layer. Let layers separate, drain lower chloro
form layer into Erlenmeyer flask, and collect upper aqueous 
layer in second separatory funnel. Repeat back-extraction 
twice again and combine aqueous extracts. In final back- 
extraction, add 25 mL methanol and 25 mL saturated NaCl 
solution in addition to 1M NaOH to minimize emulsion 
formation.

Acidify combined aqueous extracts with 2M HC1 and 
extract 3 times with 25 mL volumes of chloroform, collecting 
lower chloroform layers in 250 mL Erlenmeyer flask. To 
combined chloroform extracts, add 5 g anhydrous NajSO.)
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Table 1. Recovery of CPA added to feed samples Table 2. Analysis of moldy feed and corn samples
CPA added, mg/kg Recovery,3 % Sample CPA concn, mg/kg

0.16 79.1 ±  10.3 Poultry Feeds3 1 2.05
0.32 100.3 ± 0.0 2 1.00
0.60 87.1 ± 4.8 3 1.35
0.80 97.2 ± 1.4 4 2.00
1.20 105.1 ±  2.2 Corn6 1 1.90

Mean recovery (n = 5) 93.8% 2 2.85
SD (n = 10) 3.9 3 4.00

a Results are means of duplicate analyses ± absolute deviations 3 Feeds held at 80-85% R.H., 22-30°C for 3 weeks, 
about the means. 6 Samples received In visibly molded state.

with swirling to absorb moisture and decant into 250 mL 
round-bottom flask. Rinse flask and sodium sulfate with 
additional 25 mL solvent and add rinse to original extract. 
Evaporate to dryness on rotary evaporator in 50°C water 
bath.

Purification of Extracts

Redissolve dried extracts in 0.5 mL chloroform and trans
fer with Pasteur pipet to chromatographic column packed 
with silica gel in chloroform. Rinse flask with two 0.5 mL 
volumes of chloroform and add washings to the column. 
Elute column with 30 mL each of chloroform, chloroform- 
acetone (1 + 1), and acetone, and discard these eluates. Elute 
cyclopiazonic acid with 50 mL acetone-methanol (3 + 1) 
into 100 mL round-bottom flask. Evaporate solvent to dry
ness on rotary evaporator, stopper flask tightly, and maintain 
extract in dried state until analysis. Redissolve each extract 
in exactly 1 mL acetone just before spectrophotometric de
termination.

Spectrophotom etric A nalysis

Into 4 mL glass cuvet, pipet 3 mL Ehrlich reagent. Add by 
syringe an aliquot (0.2 mL) of CPA standard or sample in 
acetone. Stopper tightly and invert several times. Wipe faces 
of cuvet clean and place in sample compartment of spectro
photometer. Measure absorbance at 580 nm against blank of 
0.2 mL acetone in 3 mL Ehrlich reagent within 2 min after 
initial inversion of the cuvet. If sample solution absorbance 
exceeds that of highest standard, dilute sample solution with 
acetone and repeat procedure with diluted solution. Plot cali
bration curve of absorbance vs corresponding pg  CPA used, 
or calculate linear regression equation, and use to determine 
amount of CPA in 0.2 mL aliquot of sample extract.

Hence, calculate CPA concentration in original 50 g sam
ple from the equation:

CPA, mg/kg = (C/50) X (1.0/0.2)

where C =  pg  CPA in 0.2 mL sample extract from total 
volume of 1.0 mL.

R eco very  S tudies on CPA

Grind poultry feed to pass 1 mm mesh. Weigh duplicate 50 
g aliquots in 500 mL Erlenmeyer flasks and spike with vari
ous amounts of CPA, equivalent to 0.16-1.20 mg/kg in 
spiked samples. Carry out extraction and cleanup procedures 
described to produce 1 mL extracts in acetone. Carry out 
spectrophotometric analysis as described in the previous sec
tion and calculate percent recovery of method at each level of 
fortification (Table 1).

A nalysis of Poultry F eed  and Corn S am ples

Samples of poultry feed obtained from local manufactur
ers were stored in 50 g aliquots in sterilized paper bags at 80- 
85% relative humidity and 20-30°C ambient temperature 
for 3 weeks to determine the effects of such storage condi
tions on CPA production. Corn samples were obtained in a 
visibly molded state from a feed manufacturer, ground to 
pass 1 mm sieve, and analyzed immediately by the procedure 
described (Table 2).

Results and Discussion
The use of sodium hydroxide as the initial back-extraction 

reagent for CPA from chloroform-methanol extracts was 
shown to be effective for meat samples (1 0 ), and the present 
method shows this to be equally effective for poultry feed and 
corn. The use of methanol and sodium chloride in the final 
back-extraction step was necessary to minimize emulsion 
formation and loss of CPA. The column purification step was 
also necessary to minimize background absorbance caused 
by coextractives from samples.

Timed measurements of absorbance of CPA-Ehrlich re
agent solutions showed that absorbance values reached maxi
mum values after 1 min, remained constant for an additional 
1 min, and then decreased slowly but appreciably thereafter. 
All readings for samples and standards were therefore taken 
within 2 min of reaction.

The absorption maximum of a 0.2 mL solution containing 
10 pg  CPA in acetone and 3 mL Ehrlich reagent prepared 
according to Lansden (11) was determined to be 580 nm with 
a shoulder at 545 nm (Figure 1). By systematically varying in 
turn the hydrochloric acid concentration (4M to 8 M) and p-  
dimethylaminobenzaldehyde concentration (0 .0 1  to 0.06 g/ 
mL) and monitoring the reaction at 580 nm over extended 
periods of time, we determined the following optimal condi
tions: hydrochloric acid, 5.5M; /r-dimethylaminobenzalde- 
hyde, 0.04 g/mL; time for stable absorbance to be reached, 1 
min; length of time constant absorbance maintained, 1 min.

Acetone proved to be a better solvent than methanol (13) 
for redissolving the purified extracts for spectrophotometric 
analysis. The calibration curves of absorbance vs pg  CPA 
concentration were linear from 1 to 20 pg  CPA in 3 mL 
Ehrlich reagent, and may be described by the equation: y = 
0.042x + 0.037, r = 0.999, where y = absorbance value at 
590 nm, x = pg  CPA, and r = correlation coefficient.

The overall procedure has a lower detection limit for CPA 
in poultry feed and corn of 0.08 mg/kg, this being equivalent 
to an absorbance value twice that of uncontaminated sam
ples. Since the absorbances of uncontaminated corn and 
poultry feeds were similar, and since the poultry feeds con-
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Figure 1. Visible spectrum of CPA-Ehrlich reagent reac
tion.

tained a high percentage of corn, it was thought unnecessary 
to carry out similar recovery studies on corn. The mean 
recovery (93.8%) obtained by the present method compares 
very well with that (85%) of a previous method for corn (11), 
and the lower limit of detection is one-half that of the TLC 
procedure (1 1 ).

Also in the present procedure, initiation of the reaction 
between CPA and Ehrlich reagent in a cuvet allows for more 
exact timing of absorbance measurements than that of the 
previous colorimetric method (13). This effectively over
comes the problems associated with rapid fading of color of 
the reaction product and increases accuracy and precision of 
measurement. Redissolution of purified sample extracts in 
acetone just before spectrophotometric determination also 
minimizes errors due to solvent evaporation and volume 
change.

The poultry feed analyzed in this study was deliberately 
molded in controlled humidity chambers under conditions 
similar to those experienced annually during the local wet 
season. During this period the sale of visibly molded feeds is 
not uncommon. Molded aliquots of feed and corn were also 
analyzed by an established method (14) and found to contain 
aflatoxins near to or below the detection limits of the method, 
established under our laboratory conditions as (mg/kg): 0.1  
Bi, 0.5 Gi, 0.4 B2, and 1.0 G2. These levels are in direct 
contrast to the CPA levels in aliquots of similarly molded 
feed samples, ranging from 1.00 to 2.05 mg/kg, and in corn 
from 1.90 to 4.00 mg/kg. The corn samples, however, were 
obtained in an already visibly molded state from a local feed 
manufacturer, shortly before the corn was incorporated into 
animal feed formulations.

A previous study of bulk animal feeds and feed compo

nents in Trinidad (15) was unable to detect aflatoxin con
tamination, even on samples that were heavily molded. Our 
microbiological studies on the moldy feed and corn used in 
the present study have confirmed the presence of several 
species of A sperg illu s , notably A .f la v u s  Link (identified by 
the Commonwealth Mycological Institute, Kew, U.K.) as 
well as Penicillium , C ladosporium , R h izopu s, M ucor, and 
Fusarium  species. The A .f la v u s  Link isolates from corn and 
feed samples were subcultured on boiled brown rice and 
sterilized poultry feed, respectively, for 2 weeks. Analysis of 
the cultures showed these fungal isolates to be strong CPA 
but minimal aflatoxin producers, as observed in the moldy 
samples.

It is also possible that other fungal isolates could have 
contributed to the CPA levels found. Crystals of CPA isolat
ed chromatographically from the A . f la v u s  cultures were 
analyzed by TLC and IR and UV spectroscopy, respectively. 
The sample spectra and R r values closely matched those of 
reference data generated under similar analytical conditions
(16). The acetone extracts of moldy corn and feed samples 
were also analyzed by TLC using CPA standards for com
parison and Ehrlich reagent spray, to confirm the presence of 
CPA in samples.

Since local legislation at present only defines maximum 
permitted levels of aflatoxins and a few other mycotoxins, but 
not CPA, the presence of such CPA-producing fungi on feeds 
and corn has serious implications for human and animal 
health. A large scale survey of animal feeds, feed compounds 
and foods is being undertaken to fully assess the extent of 
CPA contamination.
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Liquid Chromatographie Method for Determination of Aflatoxins Bj, B2, Gj, and G2 in 
Corn and Peanut Products: Collaborative Study

DOUGLAS L. PA R K , 1 STA N LEY  N E SH E IM , M ARY W. TRUCKSESS, M ICHAEL E. STACK, and 
R IC H A R D  F. N E W E L L 2
Food and Drug A dm inistration, Division o f  Contaminants Chemistry, Washington, DC 20204

Collaborators: K. Ainsworth; N. Bezodis; K. T. Faughnan; K. Kurz; L. H. Marion; M. Navarre; D. R. Newkirk;
G. R. Nixon; R. Schneider; W, Steiner; P. Steyn; E. Tarter; D. W. Trinder; R. Wong; P. H. Yu

A co llabora tive  study of a liquid chrom atograph ic method for 
the determ ination of afla toxlns B2, G1( and G2 was con
ducted in laboratories located In the United States, Canada, 
South A frica , and S w itzerland. Twenty-one a rtific ia lly  con
tam inated raw  peanuts, peanut butter, and corn sam ples 
contain ing varying am ounts of afla toxlns B ^  B2, G i, and G2 
w ere  d istributed to  partic ipa ting  laboratories. The test por
tion was extracted  w ith  m ethano l-0 .1N  HCI (4  +  1), filte red, 
defatted w ith  hexane, and then partitioned w ith  m ethylene 
ch loride. The concentrated ex trac t w as passed through a 
s ilica  gel colum n. A fla toxlns B i and G i w ere  derlvatized w ith  
tr lfluo roace tic  acid, and the Individual afla toxlns w ere  deter
m ined by reverse-phase liquid chrom atography w ith  fluores
cence detection. S ta tis tica l analysis of the data was per
form ed to  determ ine or confirm  outliers, and to  com pute 
repea tab ility  and reproducib ility  of the method. For corn, 
re la tive  standard devia tions fo r repea tab ility  (RSDr) for afla- 
tox in  B i ranged from  27.2 to  8 .3%  for contam ination levels 
from  5 through 50 ng/g. For raw  peanuts and peanut butter, 
RSDr values fo r a fla toxin  B, w ere  35.0 to  41 .2%  and 11.2 to
19.1 % , respective ly , fo r contam ination leve ls from  5 through 
25 ng/g. RSDr values fo r afla toxlns B2, G1t and G2 w ere 
s im ilar. Relative standard deviations fo r reproducib ility  
(RSDr ) fo r a fla tox in  B i ranged from  15.8 to  38 .4% , 24.4 to 
3 3 .4 % , and 43.9 to  54 .0%  for corn, peanut butter, and raw 
peanuts, respective ly . The m ethod has been adopted o ffic ia l 
firs t action fo r the  determ ination of afla toxlns B1( B2, G ^ and 
G2 In peanut butter and corn at concentrations > 1 3  ng to ta l 
a fla tox ins/g .

A review of the scientific literature noted over 20 reports of 
liquid chromatographic (LC) methods with potential appli
cations to aflatoxin control programs (1). Most of these 
methods use either a normal-phase column with a silica gel- 
packed flow cell for fluorescence detection (2 ), trifluoroace- 
tic acid (TFA) derivatization of the toxins and a reverse- 
phase column with fluorescence detection (3), or post-col
umn derivatization with iodine in water (4-7). Two methods, 
a normal-phase LC method and a reverse-phase method, 
were previously studied collaboratively but neither gave ac-
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ceptable results (8 ). Based on performance of the TFA deri
vatization method with the Smalley Check Sample Program 
(J. McKinney, Ranchers Cotton Oil, personal communica
tion, 1985) and intensive practical application in Canada and 
the United States, this method (3) was selected for collabora
tive study under the sponsorship of AOAC and the Interna
tional Union of Pure and Applied Chemistry (IUPAC).

Collaborative Study

Ten laboratories were each furnished with 21 coded test 
portions of raw peanuts, peanut butter, and corn artificially 
contaminated with aflatoxins B1; B2, G|, and G2. Test por
tions were prepared by obtaining sufficient quantities of 
corn, raw peanuts, and peanut butter as free as possible from 
aflatoxin contamination and adding various amounts of afla
toxins Bj, B2, G i, and G2. Contamination levels ranged from 
13 to 65 ng total aflatoxins/g for raw peanuts and peanut 
butter, and from 13 to 130 ng/g for corn. The nonspiked 
product served as a negative control. Collaborators were 
supplied with practice test portions, reference standards, 
method directions, and test portions of each commodity as 
blind duplicates at all contamination levels.

990.33  Aflatoxins in Corn and Peanut Butter 

Liquid Chrom atographic Method 

First Action 1990 

AOAC-IUPAC Method

(Applicable to determination of aflatoxins Bi, B2, Gi, and 
G2 at >13 ng total aflatoxins/g or 5 ng aflatoxin B |/g  in 

corn and peanut butter)

Method Performance:
{Note: The average aflatoxin concentrations found were 
used as the denominator to calculate the RSD values.) 
Corn, 5 ng aflatoxin Bi/g
sr = 0.92; sR = 1.10; RSDr = 27.2%; RSDr = 32.3%
Corn, 10 ng aflatoxin B,/g
sr = 0.78; s r  = 0.96; RSDr = 12.8%; RSDr = 15.8%
Corn, 50 ng aflatoxin B |/g
sr = 2.87; sr = 13.29; RSDr = 8.3%; R S D r = 38.4%
Peanut butter, 5 ng aflatoxin B |/g
sr = 0.63; sR = 1.37; RSDr = 11 .2%; RSDr = 24.4%
Peanut butter, 10 ng aflatoxin B1 /g
sr = 1.19; sR = 2.48; RSDr = 13.1%; R S D r = 27.2%
Peanut butter, 25 ng aflatoxin B,/g
sr = 3.86; s r  = 6.75; RSDr = 19.1%; RSDr = 33.4%

A. Principle

Aflatoxins are extracted and purified, derivatized with 
trifluoroacetic acid (aflatoxins B, and G) to B2a and G2a, 
respectively), separated by reverse-phase liquid chromatog
raphy, and detected by fluorescence. Method can measure
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0.1 ng of aflatoxins Bi, B2, G), and G2. Detection limit is ca 
0.3 ng/g for each aflatoxin.

B. Apparatus

Equipment specified is not restrictive; other suitable 
equipment can be substituted.

(a) Liquid chromatograph.—Varian Model 5000 with 
Model 7125 Rheodyne septumless injector, or equivalent; 
Fluorichrom fluorescence detector (Varian); 7-54 and 7-60 
excitation filters (360 nm), 3-73 and 4-76 glass emission 
filters (440 nm), fitted with Varian flowcell; integrator or 
recorder, 0.5 cm/min chart speed. Flow rate 1.0 mL/min. 
Set up detector, preferably with tungsten source, using low 
lamp, high gain, attenuation 2 0 , or adjust range to give 
minimum half-scale deflection with 1.25 ng aflatoxin B:a or 
G2a. For optimum performance, detector should be left on 
continuously.

(b) LC column.— 15 cm X 4.6 mm id, Supelcosil LC-18 
No. 5-8230, 5 ^m, or equivalent. {Note: New LC columns or 
those that have been stored in methanol for extended periods 
require conditioning with concentrated standards in order to 
achieve optimum resolution and sensitivity for aflatoxins B2a 
and G2a. Make 5 consecutive injections of a derivatized stan
dard containing G2a and B2a at 0.5 pg/2.0 mL.)

(c) Cleanup column.—20 cm X 1 cm id, with Teflon 
stopcock and coarse frit bed support (glass wool bed support 
not recommended); detachable glass solvent reservoir with 
24/40 fitting.

(d) Adjustable pipets.— 10-100 pL and 100-1000 pL 
with disposable tips (Eppendorf).

(e) Filter tube.—Glass, 15 cm X 2.5 cm id, with coarse frit 
bed support (glass wool not recommended).

C. Reagents

(a) Solvents.—Distilled-in-glass grade methanol, hexane, 
methylene chloride, benzene, acetone, acetonitrile. Anhy
drous ethyl ether (Mallinckrodt No. 0848 or equivalent) 
stored in metallic container. Glass-bottled ether may form 
peroxides soon after opening which degrade aflatoxins.

(b) LC elution solvent.—FLO-CHjCN-methanol (700 
+ 170 + 170). Adjust ratio of water to obtain baseline 
resolution of aflatoxins B2a and G2a.

(c) Silica gel for column chromatography.—E. Merck 
Silica Gel 60, 0.63-0.2 mm (No. 7734). Activate by drying 4 
h at 100°. Cool to room temperature. Weigh desired quantity 
(100 g) into glass-stopper container. Add 1 mL H2O in small 
increments; agitate silica gel between additions. Shake or 
tumble mechanically 4-6 h. If mechanical tumbler or shaker 
is not available, shake manually 5 min/h over 8 h. Let stand 
16 h. Perform suitability test as in D.

(d) Trifluoroacetic acid {TFA).—Eastman Kodak No. 
6287 (assay by titration >98.5%), or equivalent. Transfer 1 
or 2 mL TFA to 1 dram vial with Teflon-lined cap. Keep in 
freezer when not in use. Discard if discoloration appears.

(e) Sodium sulfate.—Anhydrous, coarse granular (BDH 
No. ES0760-40 [EM Science No. SX0760-3], or equiva
lent). Sift out fines to obtain 20-40 mesh range. Heat 2-3 h 
at 600° to remove organic impurities.

(fj Aflatoxin standard solutions.—(7) Aflatoxin stock 
solutions.— 10 pg/mL. Prepare individual stock solutions in 
benzene-CH3CN (98 + 2) and determine concentration of 
each by measuring UV absorbance as in 971.22A and B.

(2) Working standard solutions.—Use Eppendorf pipet 
to transfer appropriate quantity of stock solutions to each 4

dram vial to obtain following amounts of aflatoxins in each 
vial, respectively:

B , and G ,, B2 and G 2,

V ia l ng ng
1 250 125
2 500 250
3 1000 500
4 2000 1000

Evaporate solutions to dryness under gentle stream of ni
trogen (drying may be facilitated by warming to 40°). Using 
Eppendorf pipet, add 200 pL hexane and 50 pL TFA to each 
vial, cap, and vortex-mix 30 s. Let solutions stand 5 min;
then, add 10.0 mL H20 -C H 3CN (9 + 1 )  and vortex-mix 30
s. Let layers separate 5- 10 min, or centrifuge at 1000 rpm for
30 s. Final concentration of aflatoxins is as follows:

B-i and  G 1t B 2 and G 2,

V ia l ¿ig/10.05 mL ug/10.05 mL

1 0.25 0.125
2 0.5 0.25
3 1.0 0.50
4 2.0 1.00

D. Silica Gel Suitability Test

Prepare 2.0 g silica gel column as in G. Transfer appropri
ate quantity of aflatoxin stock solutions to 50 mL beaker to 
contain 500 ng each of aflatoxins B| and Gi and 250 ng each 
of aflatoxins B2 and G2. Evaporate mixture to dryness under 
gentle stream of nitrogen. Add 2-3 mL CH2CI2 and swirl 10 
s. Quantitatively transfer to silica gel column with 2 ca 1 mL 
portions of CH2C12, using wash bottle. Proceed as in G, using 
the 2 wash solvents and eluting with CH2Cl2-acetone (9 + 
1). Derivatize as in H and perform LC analysis. Compare 
chromatogram with that of derivatized standard. Peak 
heights (areas) should be nearly identical to those for work
ing standard, i.e., Bi, G| = 0.5 /ug/10.05 mL; B2, G2 = 0.25 
¿¿g/10.05 mL. Recovery should be >90%.

E. Extraction

Transfer 50 g corn (prepared as in 972.26A) or 50 g peanut 
butter (prepared as in 968.22C) to 1 L blender jar, add 200 
mL methanol followed by 50 mL 0.1N HC1, and blend 3 min 
at high speed. Filter through 24 cm Whatman No. 1 paper, or 
equivalent. {Note: Finely ground corn meal may require cen
trifugation at 1000 rpm for 10 min.) Filtrate may not be 
completely clear. Collect 50 mL filtrate.

F. Partition

Transfer 50 mL filtrate to 250 mL separatory funnel. Add 
50 mL 10% NaCl solution, swirl, add 50 mL hexane, and 
shake gently ca 30 s. Let phases separate and drain lower 
aqueous layer into another 250 mL separatory funnel. Dis
card hexane layer. Add 25 mL CH2CI2 and shake moderately 
30 s. If emulsion occurs, break up with clean Pasteur pipet. 
Let phases separate and drain lower CH2CI2 layer through 4 
cm coarse granular, anhydrous Na2S0 4  in glass filter tube. 
Collect eluate in 250 mL beaker. Repeat partition with 2 
additional 25 mL portions of CH2CI2, and vigorously shake 
and drain as above. Collect eluate in the 250 mL beaker.
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{Note: Good stopping point if necessary.) Evaporate eluate 
on steam bath under gentle stream of nitrogen to 2-3 mL (1 - 
2 mm layer of eluate covers bottom of beaker).

G. Column Chromatography

Slurry 2.0 g silica gel with ca 10 mL ether-hexane (3 + 1) 
in 30 mL beaker, pour slurry into cleanup column, and wash 
beaker with additional 5 mL ether-hexane solvent to effect 
transfer. Keep stopcock closed and let silica gel settle without 
tamping. Wash sides of column with 2-3 mL ether-hexane (3 
+ 1), using wash bottle. After gel settles, open stopcock, and, 
while column drains, add ca 1 cm anhydrous granular 
NaiSCL. Transfer extract from partition, F, to column. 
Wash lip of beaker with 0.5 mL CH2CI2, using wash bottle, 
and collect wash in column. Wash beaker with ca 2 mL 
CH2CL and add wash to column. Do not use more than 5-6 
mL CH2CI2 to transfer extract to column.

With stopcock fully open, add 25 mL benzene-acetic acid 
(9 + 1), and then add 30 mL ether-hexane (3 + 1) to column, 
draining each wash to top of Na2S0 4. Discard washes. Elute 
aflatoxin with 100 mL CFUCL-acetone (90 + 10) and col
lect eluate in 250 mL beaker. Evaporate solvent on steam 
bath under gentle stream of nitrogen to ca 6 mL. Quantita
tively transfer to 3 dram vial, using 2-3 mL CH2CI2 as wash. 
{Note: Good stopping point if necessary.)

Evaporate eluate almost to dryness on steam bath in an 
aluminum block under gentle stream of nitrogen. Evaporate 
remaining 200  ^L just to dryness under gentle stream of 
nitrogen by holding vial in palm of hand and slowly rotating 
vial.

H. Derlvatlzatlon

Add 200 juL hexane to column extract, G. Then, add 50 yL  
TFA (using Eppendorf pipet), cap vial, and vortex-mix vigor
ously for 30 s {exactly). This procedure must be followed 
closely to ensure consistent reaction yields. Let mixture stand 
5 min. Using Eppendorf pipet, add 1.950 mL H2O-CH 3CN 
(9 + 1). Vortex-mix vigorously for 30 s {exactly), and let 
layers separate 10 min or centrifuge at 1000 rpm for 30 s. 
Concentration is 10 g/2 mL aqueous CH3CN.

/. LC Determination

Using instrument parameters previously described, B, suc
cessively inject 25 /¿L of derivatized standard solutions. Pre
pare standard curve to check linearity of responses. Inject 25 
nL TFA-treated sample solution (lower aqueous phase). If 
sample peaks are outside linear range, dilute aliquot of TFA- 
treated sample solution to suitable volume with FLO- 
CH3CN (9 + 1), re-mix on vortex mixer, and inject another 
25 ¿¿L portion. Calculate individual aflatoxin concentrations 
as follows. Use responses of standard containing 500 ng Bi 
and Gi, and 250 ng B2 and G2 for calculations.

Aflatoxins, ng/g = {P/P') X C X (2/10) X 1000 X D

where P and P' = peak areas (integrator counts) or heights 
for sample and standard, respectively, per 25 yL  injection; C 
= concentration of individual aflatoxins in standard solution 
(0.5 or 0.25 ^ g /10.05 mL); and D = dilution factor if 2 mL 
solution for injection is diluted.

Ref.: JAOAC 73, March/April issue (1990).

Table 1. C ollaborative study results fo r determ ination  of 
a fla toxin  by liquid chrom atography9

Lab. added 0 13 13 26 26 130 130

1 B 1 0.2 3 .0 3 .9 5 .4 8 .0 3 1 .0 4 0 .0

b 2 0.0 1.0 1.3 2 .0 2 .5 11 .0 13 .0

G , 0.1 1.9 3 .7 2 .5 8 .6 6 .6 4 0 .0

g 2 0 .0 0 .6 1.3 1.1 2 .6 2 .9 13.0

T o ta l 0 .3 6 .5 10 .2 11 .0 2 1 .7 5 1 .5 10 6 .0

2 B , 0.1 4.1 3 .7 5.7 5 .6 9.1 9 .8

b 2 0 .0 1.5 1.2 2.8 2 .8 6 .0 6.2

G , 0 .0 3 .6 3 .2 4 .8 4 .7 7 .3 7.5

g 2 0 .0 1.5 1.1 2 .5 2 .6 4 .6 4 .6

T o ta l 0.1 10.7 9 .2 15.8 15.7 2 7 .0 28 .1

3 B , 0 .0 2 .9 16 .3 5 .8 5 .7 3 2 .6 2 9 .9

b 2 0 .0 1.2 7 .2 2 .4 2 .7 14 .4 12 .8

G , 0 .0 3 .6 17.6 7 .0 7 .3 3 6 .7 3 2 .6

g 2 0 .0 0 .9 5.2 1.9 2 .0 10.1 8 .6

T o ta l 0 .0 8 .7 4 6 .3 17.1 17 .7 9 3 .7 8 3 .9

4 B , 0 .0 7 .0 0 .0 7 .0 6 .0 13 .0 3 4 .0

b 2 0 .0 3 .0 0 .0 3 .0 3 .0 15 .0 15.0

G , 0 .0 8 .0 0 .0 8.0 7 .0 2 1 .0 3 7 .0

g 2 0 .0 3 .0 0 .0 3 .0 3 .0 14 .0 13.0

T o ta l 0 .0 2 1 .0 0 .0 2 1 .0 19 .0 6 3 .0 9 9 .0

5 B 1 0 .0 3 .2 2.9 5 .3 6 .5 3 3 .0 3 2 .3

b 2 0 .0 1.4 1.3 2 .3 2 .9 14 .5 14.5

G 1 0 .0 3 .0 3 .4 5 .6 7 .0 34 .1 3 5 .4

g 2 0 .0 1.0 1.1 1.8 2 .3 11 .4 11 .4

T o ta l 0 .0 8 .6 8 .7 15 .0 18.7 9 3 .0 9 3 .6

6 B , 0 .0 3 .9 3 .9 6 .8 7 .2 3 6 .7 3 8 .8

b 2 0 .0 1.3 1.4 2 .5 2 .6 12 .8 13.0

G , 0 .0 4 .7 4 .5 7 .7 7 .8 4 0 .0 4 4 .9

g 2 0 .0 1.4 1.4 2 .5 2 .5 13.1 14 .2

T o ta l 0 .0 11.3 11.2 19 .5 20 .1 10 2 .6 11 0 .9

7 B , 0 .0 3.1 5 .2 9.7 10 .3 5 5 .5 5 8 .0

b 2 0 .0 0 .6 1.0 2.1 2 .4 18.1 14.1

G , 0 .0 0 .9 2.9 5 .4 5 .7 18.1 3 1 .9

g 2 0 .0 0.1 0 .7 1.4 1.5 10 .4 9.1

T o ta l 0 .0 4 .7 9 .8 18.6 19 .9 102.1 113.1

8 B , 0 .2 3 .5 5 .0 6 .4 6 .6 29 .1 3 4 .5

b 2 0 .0 1.3 1.9 2 .4 2 .4 11.5 12 .9

G , 0 .2 3 .9 4 .6 6 .9 7 .3 3 0 .5 3 4 .5

g 2 0 .0 1.6 2.1 2 .8 2 .6 12 .5 14.1

T o ta l 0 .4 10 .2 13.5 18.5 18.8 8 3 .6 9 5 .9

9 B , 0 .3 1.6 1.7 4.1 2 1 .7 4.1 5 8 .0

b 2 0 .0 0 .4 0 .2 1.4 7 .7 1.5 14.1

G , 0 .3 2.1 2 .0 5 .4 2 8 .7 5 .4 3 1 .9

g 2 0.1 0.4 0.3 1.6 8 .9 1.8 9.1

T o ta l 0 .7 4 .5 4 .2 12.5 6 7 .0 12 .8 113.1

10 B , 0 .3 1.5 3 .9 4 .8 4 .3 4 0 .4 4 2 .5

b 2 0 .2 0.9 1.3 1.8 1.5 13 .3 13 .4

G 1 0 .3 0 .6 3 .9 1.9 1.7 3 5 .3 4 0 .2

g 2 0 .2 0 .4 1.1 0 .7 0 .7 11 .5 13 .0

T o ta l 1.0 3 .4 10 .2 9 .2 8 .2 10 0 .5 109.1

a R e su lts  (n g /g ) a re  s in g le  d e te rm in a tio n s  on  b lin d  d u p lic a te  te s t 

p o rtio n s  a t e a c h  c o n c e n tra tio n  (e x c e p t n o n s p ik e d  sa m p le ).
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Table 2. C ollabora tive  study resu lts fo r determ ination of 
a fla toxin  by liquid chrom atography*

P e an u t b u tte r

A fla to x in

Lab. added 0 13 13 26 26 65 65

1 B , 2 .5 6 .3 6.1 12 .0 12 .0 2 2 .0 2 4 .0

b 2 0 .5 2 .0 1.9 3 .9 3 .6 7.1 7.1

G t 0 .4 4.1 3 .9 7 .6 8 .2 12 .0 16.0

g 2 1.3 2 .9 2 .6 3 .7 2.8 4.7 5.2

T o ta l 4 .7 15 .3 14.5 2 7 .2 2 6 .6 4 5 .8 5 2 .3

2 B , 2 .5 5 .4 5 .7 4 .5 6 .3 7 .9 7 .8

b 2 0 .0 1.8 1.9 2 .6 3 .6 5 .0 4 .9

G i 1.1 4 .2 4 .3 3 .2 4 .6 6.5 6 .3

g 2 0 .0 1.7 1.9 1.7 2 .7 3 .4 3 .5

T o ta l 3 .6 13.1 13 .8 12 .0 17.2 2 2 .8 2 2 .5

3 B , 2 .2 6 .3 5 .8 10 .4 10.5 18 .8 2 0 .6

b 2 0 .0 2 .0 1.9 3 .8 3 .7 8 .4 8 .3

G , 0 .0 4 .9 4 .5 9 .0 8.7 19.5 2 1 .6

g 2 0 .0 1.3 1.3 2 .6 2 .4 6.1 5 .9

T o ta l 2 .2 14.5 13 .4 2 5 .8 2 5 .3 5 2 .9 5 6 .4

4 B , 0 .0 5 .0 0 .0 10 .0 7 .0 2 8 .0 2 2 .0

b 2 0 .0 2 .0 0 .0 4 .0 4 .0 12 .0 9 .0

G i 0 .0 4 .0 0 .0 8 .0 8 .0 2 6 .0 2 1 .0

g 2 0 .0 2 .0 0 .0 4 .0 3 .0 11 .0 8 .0

T o ta l 0 .0 13 .0 0 .0 2 6 .0 2 2 .0 7 7 .0 6 0 .0

5 B i 1.8 5 .7 5 .4 6 .3 8 .4 21.1 20 .1

b 2 0 .0 2 .0 2 .0 2 .4 3 .4 8 .4 8 .0

G , 0 .9 4 .7 4 .6 3 .8 7 .4 2 0 .4 18 .7

g 2 0 .0 1.7 1.6 1.4 2 .6 7 .4 6 .3

T o ta l 2 .7 14.1 13 .6 13 .9 2 1 .8 5 7 .3 53 .1

6 B i 2 .8 6 .9 6 .5 11 .5 11 .4 2 3 .8 2 4 .4

b 2 0 .4 1.9 1.9 3 .5 3 .5 7 .8 8 .2

G i 0 .9 5 .4 5 .7 9 .5 10 .2 2 3 .7 2 4 .8

g 2 0.1 1.9 2 .2 3 .5 3 .5 8 .4 9 .0

T o ta l 4 .2 16.1 16 .3 2 8 .0 2 8 .6 6 3 .7 6 6 .4

7 B i 0 .5 7 .2 7.1 11.1 10 .7 28.1 2 8 .0

b 2 0 .0 1.6 1.7 2 .7 2.8 7 .4 7.5

G i 1.7 6.1 6 .2 9 .2 7 .0 2 0 .5 2 0 .6

g 2 0.1 1.2 1.3 2.1 2 .0 5.1 5 .2

T o ta l 2 .3 16.1 16 .3 25 .1 2 2 .5 61 .1 6 1 .3

8 B i 2 .0 5 .3 4 .9 7 .5 9 .3 10.7 19.5

b 2 0 .3 1.8 1.8 1.3 3.1 7 .2 7.1

G i 0 .5 3 .9 3 .2 5 .8 7.5 9.1 15 .0

g 2 0.1 1.5 1.7 1.4 2.9 7 .6 7 .2

T o ta l 3 .0 12.5 11 .6 16 .0 2 2 .8 3 4 .6 4 8 .7

9 B i 1.4 3 .2 2.0 5 .0 6.9 19.1 9 .4

b 2 1.2 1.0 0 .6 1.3 2.1 6 .6 2.8

G i 6 .9 3 .3 2 .3 5.9 7.3 3 0 .5 12.0

g 2 0 .0 1.0 0 .7 1.8 2.1 8 .8 3 .4

T o ta l 9 .5 8 .5 5 .6 14 .0 18 .4 6 5 .0 2 7 .6

10 B , 2 .6 4 .5 6.7 11 .5 9 .4 2 9 .4 2 0 .2

b 2 0 .3 1.4 2 .2 3 .4 2.9 8 .3 6 .4

G , 0 .7 2 .7 5.5 9 .4 7 .3 2 8 .6 17 .0

g 2 0 .3 1.5 1.7 2 .9 2 .3 9.9 5 .5

T o ta l 3 .9 10.1 16.1 2 7 .2 2 1 .9 7 6 .2 49.1

3 R e su lts  (n g /g ) a re  s in g le  d e te rm in a tio n s  on  b lin d  d u p lic a te  te s t 

p o rtio n s  a t e a c h  c o n c e n tra tio n  (e x c e p t n o n sp ike d  sa m p le ).

Table 3. C ollabora tive  study results fo r determ ination of 
a fla tox in  by liquid chrom atography*

R a w  p e a n u ts

A fla to x in  -------------------------------------------------------

Lab. added 0 13 13 26 26 65 65

1 B , 0 .4 1.5 3.1 3 .2 0 .7 16 .0 4 .4

b 2 0 .0 0 .7 1.1 1.4 0 .4 5 .6 2 .2

G , 0 .2 0 .3 2 .6 0 .3 0 .2 18 .0 0 .4

g 2 0 .0 0 .0 1.1 0 .2 0 .0 6 .3 0.1

T o ta l 0 .6 2 .5 7.9 5.1 1.3 4 5 .9 7.1

2 B i 0 .0 4.1 3 .7 5 .6 0.1 7.6 7.6

b 2 0 .0 1.5 1.3 2.7 0 .0 4 .7 4.9

G , 0 .2 3 .6 3 .4 4 .7 0.1 6.1 6 .2

g 2 0 .0 1.4 1.3 2 .5 0 .0 3 .7 3.7

T o ta l 0 .2 10 .6 9.7 15.5 0 .2 22 .1 2 2 .4

3 B i 0 .0 2 .8 3 .7 6 .4 7.0 19 .0 3.5

b 2 0 .0 1.4 1.5 2 .7 2 .8 7.7 1.3

G i 0 .0 3.1 4 .0 8 .0 7.6 2 1 .8 3 .9

g 2 0 .0 0 .9 1.0 1.9 1.8 5 .2 1.0

T o ta l 0 .0 8 .2 10.1 19 .0 19 .2 5 3 .6 9 .7

4 B i 0 .0 3 .0 7 .0 7 .0 4 .0 2 0 .0 11.0

b 2 0 .0 2 .0 3 .0 4 .0 3 .0 10 .0 8 .0

G , 0 .0 4 .0 7 .0 8 .0 5 .0 2 1 .0 14.0

g 2 0 .0 2 .0 3 .0 3 .0 3 .0 9 .0 7 .0

T o ta l 0 .0 11 .0 2 0 .0 2 2 .0 15 .0 6 0 .0 4 0 .0

5 B , 0 .0 2 .4 3 .3 5 .7 __b 15.1 17 .3

b 2 0.0 1.3 1.4 2 .6 __b 7.3 7.3

G i 0 .0 3 .0 4.1 6 .0 __b 17.7 20.1

g 2 0 .0 1.0 1.2 2 .0 __b 5 .8 6 .3

T o ta l 0 .0 7 .7 10 .0 16 .3 __b 4 5 .9 5 1 .0

6 B i 0 .0 3 .6 4.1 7.1 7 .6 19.6 18.3

b 2 0 .0 1.2 1.4 2 .5 2.7 6 .9 6 .3

G i 0 .4 4 .0 4 .8 8 .3 9 .4 2 2 .2 2 0 .8

g 2 0 .0 1.2 1.4 2 .6 2 .9 7 .2 6 .5

T o ta l 0 .4 10 .0 11 .7 2 0 .5 2 2 .6 5 5 .9 5 1 .9

7 B , 0 .0 5 .0 3 .4 __b 8 .9 18 .6 3 0 .9

b 2 0 .0 1.1 0 .8 __b 2 .4 4 .0 7 .2

G , 0 .0 2 .4 3 .3 __b 5.9 9 .3 17.8

g 2 0 .0 0 .6 0 .7 __b 1.6 1.8 4 .7

T o ta l 0 .0 9.1 8 .2 __b 18.8 3 3 .7 6 0 .6

8 B i 0 .7 2 .8 2 .7 6 .0 5.7 15 .0 12.9

b 2 0 .2 1.1 1.0 2 .4 2 .2 6 .0 5 .8

G i 0 .5 2 .3 3 .0 5 .8 4 .7 11 .4 12.8

g 2 0 .2 1.2 1.3 2 .8 2 .6 6 .9 6 .2

T o ta l 1.5 7 .4 8 .0 17 .0 15 .2 3 9 .3 3 7 .6

9 B , __c 1 .0 ° 0 .5 C 0 .5 C 1.2® 4 .0 C 1.7®

b 2 __c __ C __C __ C __C __C __C

G i
__c 0 .5 C 0 .2 ° 0 .7 C 0 .4 C 1 .2 C 0.4®

g 2 __c __C __C __C __C __C __C

T o ta l __c 1.5 ° 0 .7 c 1 .2C 1 .6 C 5 .2 C 2.1®

10 B , 0 .4 4 .6 3 .0 6 .9 6 .0 2 3 .8 16.3

B 2 0 .3 1.5 1.0 2 .2 2 .2 7.5 5.7

G i 0 .4 4 .9 2.1 5.1 2 .8 2 6 .2 12.5

g 2 0 .3 1.4 0 .7 1.9 1.1 8.1 4.5

T o ta l 1.4 12 .4 6 .8 16.1 12.1 6 5 .6 3 9 .0

a R e su lts  (n g /g ) a re  s in g le  d e te rm in a tio n s  on  b lin d  d u p lic a te  te s t 

p o rtio n s  a t e a c h  c o n c e n tra tio n  (e x c e p t n o n s p ik e d  sa m p le ). 

b S a m p le  lost.
c O p e ra to r u n a b le  to  s e t in s tru m e n t p a ra m e te rs  p ro p e r ly ; da ta  n o t 

used in s ta t is t ic a l a n a lys is .
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Table 4. S ta tis tica l analysis of co llabora tive  data fo r LC determ ination of a fla toxlns B,, B2, G,, and G2

N o. o f 

labs A fla to x in

Added,

n g /g

A v .a 

re c ., % Sr S r

RSDr,

% b
R S D r ,

% " O u tlie rs

C orn

10 B , 5 80 3 .4 7 3 .4 7 8 6 .7 8 6 .7 0

8 C 5 67 0 .9 2 1.10 2 7 .2 3 2 .3 2

10 b 2 1.5 98 1.54 1.54 102.9 10 2 .9 0

8 C 1.5 75 0 .2 2 0 .4 3 2 0 .4 3 8 .9 2

10 G , 5 78 3 .7 2 3 .7 2 9 5 .5 9 5 .5 0

8 C 5 61 1.07 1.24 35 .7 4 1 .3 2

10 g 2 1.5 83 1.15 1.15 95 .7 9 5 .7 0

T o ta l 13 71

10 B , 10 76 3 .9 8 3 .9 8 5 6 .0 5 6 .0 0

8 C 10 64 0 .7 8 0 .9 6 12.8 15.8 2

10 b 2 3 71 1.44 1.44 5 3 .5 5 3 .5 0

9 tf 3 65 0 .2 2 0.41 9 .0 17 .0 1

10 G i 10 75 5 .3 7 5 .4 4 76 .7 7 7 .7 0

8 10 64 0 .4 6 2 .0 0 7.7 3 3 .4 2

10 g 2 3 64 1.67 1.69 6 9 .7 7 0 .3 0

8 C 3 56 0 .3 8 0 .7 6 6 .8 3 5 .8 2

T o ta l 26 62

10 B i 50 66 13 .17 15 .26 16.9 4 0 .2 0

8 C 50 69 2 .8 7 13 .29 8.3 3 8 .4 2

10 b 2 15 82 3.01 3 .7 8 2 4 .5 3 0 .7 0

9 C 15 85 1.17 2 .9 9 9.1 2 3 .2 1

10 G , 50 58 10 .80 12 .82 3 7 .9 4 5 .0 0

10d g 2 15 67 2 .8 8 3 .8 7 2 8 .5 3 8 .3 0

T o ta l 130 70

P eanut b u tte r

10 B i 5 104 1.27 1.81 23 .9 34 .1 0

9 rf 5 112 0 .6 3 1.37 11 .2 2 4 .4 1

10 b 2 1.5 111 0 .8 0 0 .8 6 29 .5 3 2 .7 0

8 C 1.5 123 0 .2 0 0 .2 0 11.1 11.1 2

10c G, 5 82 1.14 1.47 2 7 .2 3 4 .9 0

10c g 2 1.5 105 0 .4 7 0 .6 4 29 .5 4 0 .3 1

9 d 1.5 110 0 .1 4 0 .5 3 9.0 3 3 .0 1

T o ta l 13 107

10 B , 10 96 1.19 2 .4 8 13.1 2 7 .2 0

10 b 2 3 80 0 .5 6 0 .8 3 18 .0 2 6 .8 0

10 G i 10 78 1.23 1.93 16.6 26.1 0

10 g 2 3 69 0 .6 0 0 .7 6 2 3 .0 29.1 0

T o ta l 26 81

10 B , 25 81 3 .8 6 6 .7 5 19.1 3 3 .4 0
10 b 2 7 .5 65 1.18 1.86 15.9 2 5 .2 0
10 G, 25 74 5.31 6 .9 0 28 .7 3 7 .3 0
10 g 2 7 .5 87 1.78 2 .2 0 2 6 .2 3 3 .4 0

T o ta l 65 77

R aw  pe a n u ts

10 B i 5 66 1.16 1.45 35 4 3 .9 0
9 b 2 1.5 89 0 .2 9 0 .5 0 22.1 3 8 .4 0
8d 1.5 80 0 .1 9 0 .2 5 16.1 2 0 .5 1

10 G i 5 62 1.14 1.64 3 6 .6 5 2 .9 0
9 G 2 1.5 79 0 .4 0 0 .6 4 3 3 .2 5 2 .9 0

T o ta l 13 72

10 Br 10 55 1.74 2 .7 5 33 .1 5 2 .9 0
9 b 2 3 61 0 .8 2 0 .9 8 3 5 .8 4 2 .5 0

10 G i 10 50 1.52 3 .1 8 3 2 .6 6 7 .7 0
9 g 2 3 49 0 .7 2 1.08 38.1 57 .1 0
8d 3 52 0 .2 6 0 .9 9 13.4 5 2 .0 1

T o ta l 26 55
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Table 4. Continued

N o. Of 

labs A fla to x in

A dde d,

n g /g

A v .a 

re c ., % S r S r

R S D r,

% b

R S D r,

% b O u tlie rs

10 B 1 25 57 5.81 7.61 4 1 .2 5 4 .0 0
9 b 2 7.5 80 1.97 2 .0 9 3 2 .8 3 4 .9 0

10 G 1 25 54 6 .8 9 8 .1 2 5 2 .2 6 1 .5 0
9 g 2 7.5 69 2 .1 4 2 .4 2 4 1 .2 4 6 .6 0

T o ta l 65 65

a A v e ra g e  n a tu ra l a f la to x in  B , c o n ta m in a tio n  le v e ls  fo u n d  by c o lla b o ra to rs  fo r  co rn , p e a n u t b u tte r, and  ra w  p e a n u ts  w e re  0 .1 1 ,1 .8 ,  and  0 .1 7  n g /g , 

re s p e c tiv e ly ; c a lc u la te d  re c o v e ry  v a lu e s  d o  n o t ta k e  in to  a c c o u n t th is  s o u rc e  o f  a fla to x in s . O u tlie rs  e x c lu d e d  fo r  to ta l re c o v e rie s .
6 A v e ra g e  a fla to x in  c o n c e n tra tio n  fo u n d  w a s  used as d e n o m in a to r in c a lc u la tin g  R SD  va lu e s . 
c O u tlie r re s u lts  fro m  2  la b o ra to r ie s  re m o v e d . 

d O u tlie r  re s u lts  fro m  1 la b o ra to ry  re m o ve d .

Results and D iscussion

Results reported by each participating laboratory are pre
sented in Tables 1-3. Laboratory 9 initially had difficulty in 
setting up instrument parameters, which resulted in errone
ous results for the raw peanuts; consequently, those results 
were excluded from the study. Because of a leaking injector, 
values for one of the raw peanut test portions from laboratory 
5 were not reported. Laboratory 7 lost one test portion during 
cleanup. Statistical analysis of the data was performed to 
determine or confirm outliers, and to compute repeatability 
(RSDr) and reproducibility (RSDr) relative standard devi
ations (9). Table 4 summarizes the statistical analysis; the 
Dixon, Cochran, and Grubbs tests were used to determine or 
confirm outliers. Overall agreement was good between re
sults reported by participating laboratories.

All collaborators returned chromatograms that showed 
excellent resolution of the individual toxins. Average recov
ery values at all levels were 67.8, 88.1, and 63.8% for corn, 
peanut butter, and raw peanuts, respectively. Comparative 
recovery values for the 3 commodities at the levels tested are 
presented in Table 4. Some positive results were observed 
with the nonspiked (“0”) test portions; for peanut butter, the 
average for aflatoxin B| was 1.8 ng/g. The raw peanut and 
corn blanks averaged 0.17 and 0.11 ng/g, respectively. This 
natural contamination phenomenon probably accounts for 
the high recoveries observed in samples of peanut butter 
containing low levels of aflatoxins. Between-laboratory vari
ability (reproducibility, R S D r) was good for corn and peanut 
butter samples (for aflatoxin B], 15.8-38.4% and 24.4- 
33.4%, respectively). For raw peanuts, however, R S D r val
ues were high, 43.9-54.0%. Additional study is recommend
ed for this commodity. The method performed well at all 
contamination levels tested, 13 ng total aflatoxins/g to 65 
ng/g for peanut butter, and 13 to 130 ng/g for corn, which 
compared favorably (RSD) with the AOAC method for afla
toxins in cottonseed products (26 .052-26.060, 14th Ed.; 
980.20, 15th Ed. [10]) (11). Recovery values observed in the 
present study were lower, however.

Collaborators’ Comments

General comments about the method confirmed that it was 
straightforward, and limited difficulties were encountered 
during the analyses of these products. Two laboratories re
ported some emulsion and turbidity problems with corn sam
ples. One laboratory reported the formation of a gel after 
vortex-mixing the water-acetonitrile mixture of the raw pea
nut samples. Another laboratory stressed that although good 
results were obtained, the method was very time consuming.

As an alternative to the specified excitation (360 nm) and 
emission (440 nm) filters for the detection system, 365 and 
450 nm, respectively, were successfully used by 2 laborato
ries.

Recommendation

On the basis of the results obtained in the AOAC-IUPAC 
collaborative study, the Associate Referee recommends that 
the liquid chromatographic method be adopted official first 
action for the determination of aflatoxins Bj, B2, Gi, and G2 
in peanut butter and corn at concentrations >13 ng total 
aflatoxins/g.
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Rapid Screening Method for Deoxynivalenol in Agricultural Commodities by Fluorescent 
Minicolumn

W ILLIAM  C. GORDO N and LINDA J. GORDO N
Rialdon Diagnostics, PO Box 1995, College Station, TX 77841

A rapid screening procedure based on the se lective  adsorp
tion of deoxynivalenol (DON) from  ex trac ts  of w heat and 
corn has been developed. DON is extracted  from  the sam ple 
w ith  a ce to n itr ile -w a te r (85 +  15) and partia lly  purified on a 
preparative m inicoium n. Solvent is evaporated and the res i
due is dissolved in to luene-ace tone  (95 +  5 ) and chrom ato
graphed on a novel de tector m inicolum n w hich  se lective ly  
adsorbs DON. A blue fluorescence is produced when the 
colum n is heated 5 min at 100°C. The procedure is capable 
of detecting DON at >  500 ng/g . F orty-three w heat samples, 
contam inated w ith  DON at 6 0 -6300  ng/g, w ere assayed by 
gas chrom atography-m ass spectroscopy (G C-M S) of the 
heptafluorobutyryl deriva tive  of DON and by the se lective  
adsorption procedure. Com parison of results showed 91%  
agreem ent betw een data from  the 2 methods. Selective 
adsorption assays w ere  positive fo r all sam ples tha t w ere >  
500 ng/g by GC-MS (no fa lse negatives) and w ere negative 
for 85%  of sam ples <  500 ng /g  (4 /2 7  false positives). These 
four sam ples contained >  200 ng /g  by GC-MS. Sam ples of 
w heat (6 4 ), corn (2 3 ), soybeans (8 ), and sorghum (6 ) w ere 
extracted  and extracts  w ere assayed by th in -layer chrom a
tography and the se lective  adsorption procedure. Selective 
adsorption assays agreed w ith  TLC results.

Deoxynivalenol (DON), also known as vomitoxin, is one of a 
group of closely related secondary fungal metabolites called 
trichothecenes. This mycotoxin is produced by some species 
of Fusarium which, under certain climatic conditions, invade 
crops such as wheat and corn in the field and in storage. 
Grain contaminated with DON has been implicated in de
creased feed consumption, decreased weight gain, vomiting, 
feed refusal, and diarrhea in swine and other livestock (1-5), 
and skin irritation, hemorrhaging, and immunosuppression 
in laboratory animals (6 , 7). DON is considered a potential 
carcinogen (8 ), and has been associated with esophageal 
cancer in humans (9).

Regulatory limits or levels of concern for the presence of 
DON in wheat and other grain products destined for human 
and animal consumption have been established in Canada,

Received June 12, 1989. Accepted October 10, 1989.

the United States, and the Soviet Union (10, 11). The limits, 
ranging from 500 to 4000 ppb (ng/g), reflect concentrations 
associated with observed health effects, although documen
tation in this area is limited. DON occurs in food and feed 
concurrently with other Fusarium toxins, notably nivalenol 
and zearalenone (12,13). Combined and synergistic toxicity 
upon consumption, therefore, is possible. The detection of 
DON may have considerable value as a marker for Fusarium 
contamination.

Various chromatographic methods for the analysis of 
DON have been reported (14, 15) and 2 methods have been 
adopted official by AOAC (16) for the quantitation of DON 
in wheat. Effective monitoring of the feed and food supply by 
industries and regulatory agencies, however, would be signif
icantly enhanced by methods that are more rapid and less 
technically involved yet can accurately and reliably screen 
for DON at levels at which health effects begin to occur. 
Lower costs and faster assays associated with screening 
methods could result in routine testing of more commodities, 
thus generating a more complete profile of DON occurrence. 
Confirmation and sensitive quantitation could be accom
plished by the more involved AOAC methods. Methods 
based on thin-layer chromatography (TLC) and liquid chro
matography (LC) technology have been described that are 
simpler or more rapid than the AOAC methods (17-21), and 
commercial immunoassays have recently become available 
for DON screening.

We now report an improved rapid screening method based 
on selective adsorption (SA) principles, in a minicolumn 
format, that uses a novel procedure for the binding and 
conversion of DON to allow fluorescent detection. Proce
dures are described for the SA screen that have reduced 
manipulations and time requirements over the TLC and LC 
methods, have improved stability over the immunochemical 
methods, and provide reproducible and accurate detection of 
DON at 500 ppb and above. The preparative minicolumn can 
be used to prepare duplicate extracts of positive samples for 
confirmation and quantitation by an official AOAC method.

METHOD

Safety Note

DON should be handled with caution and treated as a 
toxic substance.
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Apparatus

(a) Selective adsorption (5/4) DON screening system 
(Figure 1).—Screening system includes: (7) Preparative (P) 
minicolumn, prepacked with a mixture of pretreated char
coal, alumina, aluminosilicates and silicas to adsorb non- 
trichothecene mycotoxins and other naturally occurring 
compounds that would interfere with the measurement of 
DON by the detector (D) minicolumn. (2) Detector (D) 
minicolumn, prepacked with silicas and a selective mineral as 
a detection band that binds and chemically converts certain 
compounds (e.g., DON) to fluorescent species. (3) Syringe 
flow-aide, supplies positive pressure to facilitate rapid pro
cessing of the sample through each minicolumn. (4) Test 
tube collar, provides the proper positioning of each minico
lumn with test tubes. (5) UV viewer, a longwave (365 nm) 
UV lamp designed for determining fluorescence of DON on 
D minicolumn.

The screening system is available as the SAM-DON™ 
Assay for Deoxynivalenol (Rialdon Diagnostics, PO Box 
1995, College Station, TX 77841).

(b) Thin-layer chromatography ( TLC) system .—20 pL 
capillary tubes, developing tank with lid, silica gel TL plate, 
longwave (365 nm) UV lamp (UVP, Inc., PO Box 1501, San 
Gabriel, CA 91778), spray bottle, oven (to 140°C).

(c) Solvent evaporation apparatus.—Heat-block or wa
ter bath (to 100°C), compressed nitrogen, gas-stream ports.

Reagents

(a) Solvents.—Acetone, acetonitrile, chloroform, metha
nol, toluene, all ACS grade, used as received; distilled water.

(b) Standard solutions.—Type A trichothecenes: contain 
200 pg/m L  each of T-2 toxin and diacetoxyscirpenol (DAS) 
in methanol (Sigma Chemical Co., PO Box 14508, St. Louis, 
MO 63178). Type B trichothecenes: contain 20 pg/mL  each 
of deoxynivalenol (DON), nivalenol (NIV), and fusarenon X 
(FX) in methanol (Romer Labs, PO Box 2095, Washington, 
MO 63090). Others: aflatoxin Bj (1 pg/m\S), zearalenone 
(100 /ug/mL), ochratoxin A (20 ¿ig/mL), and citrinin (100 
pg/mld) (Sigma Chemical Co.).

(c) Extraction solvent.—Mix 850 mL acetonitrile with 
150 mL water.

(d) AlCl3 spray solution.—Dissolve 20 g AICI3.6 H 1O in 
100 mL methanol.

S y r in g e

F lo w - A id e

□
?—

P r e p a r a t iv e  (P )

^ M i n i c o l u n m

D e te c to r  (D )

1 M in ic o lu n n 2

D e te c t io n  ______ » -

y Band 0

Figure 1. S elective adsorption screening system  for deox
yn ivalenol.

focusing a stream of nitrogen onto the extract. Evaporate to 
complete dryness.

Sample Extraction— SA and TLC

Prepare finely ground sample (e.g., to pass 20 mesh 
screen) and mix thoroughly. Place 10 g representative sample 
in beaker and add 40 mL extraction solvent. Stir sample 
intermittently (5-10 times) over 15 min period and let parti
cles settle (1-2 min). Use 2 mL supernatant liquid for SA 
and another 2 mL for TLC.

Preparative ( P) Minicolumn Cleanup

Fit test tube collar onto 16 X 125 mm glass test tube, and 
place P minicolumn into collar. Add 2 mL sample extract to 
P minicolumn. Fit syringe flow-aide on top of minicolumn 
and use positive pressure to push sample through minico
lumn. When all sample extract has entered column matrix, 
remove syringe and add 0.5 mL extraction solvent to minico
lumn. Use syringe to push all liquid through P minicolumn. 
Remove collar and evaporate all solvent by heating to 100°C, 
using heat block or water bath. Evaporation is enhanced by

DON Detection by D minicolumn and TLC

Add 0.5 mL toluene-acetone (95 + 5) to cooled extract 
residue and dissolve by agitation. Fit test tube collar onto 16 
X 125 mm test tube and place D minicolumn into collar (see 
Figure 1). Transfer entire dissolved residue by pipet to D 
minicolumn and let liquid drip through no faster than 1 drop/ 
s. Use syringe flow-aide for control and to evacuate all resid
ual liquid.

Place D minicolumn in beaker and heat 5 min in 100°C 
oven. Insert cooled D minicolumn into UV viewer, or position 
within 2 cm from UV lamp (365 nm wavelength) in darkened 
area. Readily detectable blue fluorescence at detection band 
(Figure 1) indicates presence of DON in sample at 500 ppb 
or greater.

Negative and positive sample should be run to familiarize 
analyst with expected color development. The 500 ppb con
centration is represented by 2 mL of a 125 ng/mL DON 
solution in acetonitrile-water (85 + 15), processed through
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Table 1. Recovery of se lected m ycotoxins from  SA 
preparative (P ) m inicolum ns

M y c o to x in

A m o u n t,3

A9

R e c o v e ry  fro m  

P m in ic o lu m n  

R a n g e ,6 pg %

D e o x y n iv a le n o L 2 1 .8 -2 .0 9 0 - 1 0 0

N iv a le n o l6 2 1 .6 -2 .0 8 0 -1 0 0

F u sa re n o n  X e 2 1 .8 -2 .0 9 0 -1 0 0

T -2  to x in 6 2 1 .8 -2 .0 9 0 -1 0 0

D ia c e ty ls c irp e n o F 2 1 .8 -2 .0 9 0 -1 0 0

Z e a ra le n o n e 20 0 0

A fla to x in  B , 1 0 0

O c h ra to x in  A 10 0 0

C itr in in 20 0 0

3 M y c o to x in  s p ik e d  in to  2 m L  a c e to n it r i le -w a te r  (85  +  15), a p p lie d  to  

P m in ic o lu m n , and e lu te d  w ith  5 m L  sa m e  s o lve n t. 

b T r ip lic a te  s a m p le s . R e c o v e ry  q u a n tita te d  by TLC  a n a lys is . 

c T yp e  B tr ic h o th e c e n e . 

d T y p e  A  tr ic h o th e c e n e .

same procedure as a sample extract. Fluorescence signal 
generated on D minicolumn may be used as reading guide for 
analysis of other samples.

For confirmation by TLC, process duplicate 2 mL sample 
from initial sample extract through same P minicolumn by 
same procedure used to prepare sample for SA analysis. Add 
0.5 mL toluene-acetone (95 + 5) to cooled extract residue 
and dissolve by agitation. Transfer solution to small vial (1 -2 
mL) and evaporate to dryness using nitrogen stream.

Add 50 ^L CHCF-acetone (9 + 1) to vial, redissolve 
residue with aid of 20  pL capillary tube, and spot entire 
amount onto TLC plate, using multiple applications. Develop 
plate in toluene-acetone (1 + 1) until solvent is ca 1 cm from

top of plate. Dry plate, spray with AICI3 solution, and heat 10 
min at 140°C. Examine plate under longwave UV light for 
blue fluorescent spots at same Rf as DON standard. Com
pare intensity of DON in extract with that of 2 mL of 125 ng/ 
mL DON standard, which represents 500 ppb (ng/g) sam
ple, carried through same procedure.

Gas Chromatography-Mass Spectrometry ( GC-MS)
Analysis

The AOAC first action method, 986.18, was used for GC 
analysis, except that mass spectrometry single ion monitor
ing was used to detect the heptafluorobutyrate derivative of 
DON. The GC-MS analysis was performed by an indepen
dent laboratory on wheat samples collected during the 1987 
wheat harvest. The ground samples were divided and repre
sentative subsamples were provided for SA and TLC analy
sis.

Results and Discussion

Extraction efficiency was compared between the described 
method and the use of a wrist shaker for 30 min, using 4 
wheat samples in the 2-6 ppm (pg/g) range. Extracts were 
analyzed by the described TLC method. No difference be
tween methods was detected. While extraction efficiency 
may differ with different commodities (2 2 ), the more rapid 
procedure was used for corn, sorghum, and soybean samples 
as well as for wheat.

The SA preparative (P) and detector (D) minicolumns 
were characterized regarding specificity, sensitivity, capaci
ty, and other features relative to designing a procedure to 
provide an accurate, reproducible, and rapid assay for 
screening at the 500 ppb DON level, the lowest level recom
mended by regulatory concerns (10, 11). The reproducibility

G C - M S  (p p b  DON)
Figure 2. C orrelation of SA w ith  GC-MS data fo r analysis of DON in natura lly  contam inated wheat samples. Sam ples w ere 

screened for DON as positive  or negative at 500 ppb level by SA and quantitated by GC-MS on rep lica te  samples.



GORDON & GORDON: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 2. 1990) 269

Table 2. Com parison of SA w ith  TLC data from  analysis of 
DON in w heat, corn, soybean, and sorghum samples

S a m p le N o. o f S A TLC  re s u lts 3
typ e sa m p le s re s u lts 3 P o s itive N e g a tive

W h e a t 29 + 28 1b

35 - 0 35
C orn 3 + 3 0

20 - 0 20
S o yb e a n s 0 + 0 0

8 - 0 8
S o rg h u m 0 + 0 0

6 — 0 6

Tota l 1 0 1 :3 2 + 31 1

69 — 0 69

a P o s itiv e  ( + )  =  >  5 0 0  pp b  (n g /m L ); n e g a tiv e  (— ) =  <  50 0  ppb. 
b P o s itiv e  fo r  n iv a le n o l by TLC.

of analysis at the selected screening level was assessed by 
assaying 10 replicates of 3 standard solutions spiked at 100, 
125, and 150 ng/mL DON to represent 400, 500, and 600 
ppb samples, respectively. The resulting signals were com
pared with a previously assayed 500 ppb sample. The number 
of replicates > 500 ppb were 2/10 for 400 ppb, 8/10 for 500 
ppb, and 10/10 for 600 ppb. These results were produced by a 
single analyst using a single lot of each minicolumn.

The specificity of the P minicolumn for the recovery of 
selected mycotoxins is shown in Table 1. Greater than 90% of 
both type A and type B trichothecenes were recovered from 
the P minicolumn; no detectable aflatoxin Bl, ochratoxin A, 
zearalenone, or citrinin was recovered. The type B trichothe
cenes produced a bright blue fluorescence under UV light at 
the detection band of the D minicolumn. This signal was 
enhanced 5- to 10-fold by heating the minicolumn for 5 min 
at 100°C. Type A trichothecenes produced no fluorescence, 
with or without heating.

The SA method was compared in a blind fashion with a 
GC-MS method performed by an independent laboratory in 
the evaluation of 43 wheat samples including white winter, 
red spring, amber durum, Canada feed, Canada prairie 
spring, and soft white spring. The results, shown in Figure 2, 
indicate that 100% of the samples (16/16) measuring above 
500 ppb by GC-MS were positive by SA at the 500 ppb 
screening level. Of samples measuring below 500 ppb by GC- 
MS, 85% (23/27) were negative by SA. Four samples posi
tive by SA were assayed at 400, 320, 290, and 200 ppb by 
GC-MS. These apparent discrepant measurements could be 
due to discrepant DON standards, sample or assay variation, 
or a combination of these factors.

The SA results were confirmed by TLC using the same 
sample extract and P minicolumn. The TLC method, thus, 
had the same level of concordance with the GC-MS method 
as did SA. These results demonstrate the accuracy of the SA 
method in screening wheat samples for DON at the > 500 
ppb level, and also demonstrate the efficacy of the coupled 
TLC application to confirm the screening results.

The ability of the SA procedure to sufficiently remove 
interfering compounds present in extracts of corn, soybeans, 
and sorghum as well as wheat was determined using TLC as 
verification. The data in Table 2 show that 31 of 101 samples 
were positive for DON above 500 ppb by TLC analysis and 
that 100% of these were positive by SA. The positive wheat 
samples are those shown in Figure 1 ranging from 550 to

6300 ppb by GC-MS analysis. Sixty-nine samples were be
low 500 ppb by TLC and 68 were negative by SA. The overall 
agreement was 99%. One sample from Fusarium-cmiami- 
nated wheat was positive by SA and was shown to be DON- 
negative but nivalenol-positive by TLC. The SA assay de
tects nivalenol, which is a type B trichothecene.

The SA DON assay procedure showed accurate analysis of 
DON with no false negatives and few false positives com
pared with GC-MS and TLC as reference methods on sam
ples tested. The SA method is simple, rapid, and solvent- 
efficient and can be coupled conveniently and effectively to a 
rapid TLC confirmation method by virtue of reuse of the SA 
preparative column. The preparative (P) and detector (D) 
minicolumns promise a stable and reliable screening assay 
for DON in selected agricultural commodities. The assay 
procedures described are tailored for DON screening al
though other type B trichothecenes may be detected. Further 
investigations are required to determine the analytical ability 
of these selective adsorption techniques to differentiate or 
combine the detection and measurement of this important 
group of toxins.
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Criteria for Determining Purity of Fusarium  Mycotoxins

G LEN N  A. B EN N ETT and O DETTE L. SH O TW ELL
U.S. Department o f  Agriculture, Agricultural Research Service, Northern Regional Research Center, 
Peoria, IL 61604

Physical and chem ica l properties tha t may be used to deter
m ine the purity of several Fusarium m ycotoxins have been 
Investigated. A com bination of ana lytica l procedures, w hich 
in c lu d e  h igh  p e rfo rm a n c e  th in - la y e r  ch ro m a to g ra p h y  
(HPTLC), liquid chrom atography (LC), gas chrom atography 
(GC), gas chrom atography/m ass spectrom etry (GC/MS), u l
trav io le t spectrom etry  (UV), and nuclear m agnetic resonance 
(NMR) spectrom etry have been used to  exam ine m ycotoxin  
standards obtained from  com m ercia l sources and from  lab
oratory ferm entations. Results of th is  investigation indicate 
tha t com m ercia lly  availab le  standards are greater than 90%  
pure, but the label w eight of purchased reference standards 
in individual containers should be verified. M ycotoxin stan
dards, determ ined to be greater than 98%  pure by HPTLC, 
LC, and GC/M S, w ere exam ined by UV spectrom etry  and the 
coe ffic ien ts  of ex tinction  w ere determ ined. An in terlabora
tory  study, involving 5 co llabora tors who determ ined co e ffi
c ien ts  of extinction  (in m ethanol) fo r identica l samples, gave 
the fo llow ing results: a -zeara leno l (X236 =  28 538 ±  558); /S- 
zearalenol (X238 =  24 963 ±  747); deoxynivalenol (X219 =  
6395 ±  349, lot 1), (6020 ±  228, lot 2); and T-2 toxin  (X202 =  
3681 ±  255). UV m axim a and coe ffic ien ts  of ex tinction  are 
also reported fo r HT-2 toxin  (X202 =  1959), d iace toxyscir- 
penol (X203 =  2487), neosoianiol (X203 =  2644), nivalenol 
(X220 =  5142), and fusarenon-X (X217 =  5997).

Trichothecene mycotoxins (Figure 1), such as T-2 toxin, 
deoxynivalenol, nivalenol, and the estrogenic mycotoxin, 
zearalenone, are produced by a number of Fusarium species 
found around the world. Contamination of cereals and feeds 
with trichothecene mycotoxins occasionally causes intoxica
tion in humans and in farm animals (1-3). Zearalenone 
contamination of animal feeds appears to be a worldwide 
problem (4). Analytical procedures for detection and quanti
tation of most Fusarium mycotoxins at parts per billion levels 
now exist (5), and the validity and accuracy of such proce
dures are directly dependent on reference standards used in 
the assays. Since reference standards are generally used as 
dilute solutions (ng or /ag/mL), impurities would not be 
detectable at these concentrations. Although the problem of

Received July 27, 1989. Accepted October 30, 1989.
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.

purity of trichothecene standards has been recognized (6), 
mycotoxin literature lacks nondestructive procedures to de
termine purity of several of the scarce and expensive tri- 
chothecenes. Extensive physicochemical data for character
izing and identifying some 15 mycotoxins (including T-2 
toxin and zearalenone) have been published (7). Our investi
gation is directed toward the development of a nondestruc
tive procedure that can be used to determine purity of pur
chased or laboratory-prepared reference standards.

METHODS

Apparatus

(a) Spectrophotometry.—Perkin-Elmer Model Lambda 
4B (Perkin-Elmer Corp., Norwalk, CT 06859).

R Group
Zearalenone = 0
a-Zearalenol - ■•OH
^-Zearalenol — OH

m R H H
16. Jp S .iy O Î !

2T 3 ■■OH
8 el 13

-"*12 4 -- H
R3 1 PH i 1 3 R 4  CH2*14 I

it
r2
R 1 r2 R 3 r4

T-2 OAc OAc isv H
HT-2 OH OAc ISV H
DAS OAc OAc H H
Neosoianiol OAc OAc OH H
DON H OH = 0 OH
NIV OH OH = 0 OH
Fusarenon-X OAc OH = 0 OH

Figure 1. S tructures of m ycotoxins used In th is  study.



BENNETT & SHOTWELL: J.  ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 2, 1990) 271

(b) H ig h  p e r f o r m a n c e  t h i n - l a y e r  c h r o m a t o g r a p h i c  
p l a t e s .— Precoated plates, silica gel, 10 X 10 cm (E. Merck, 
Darmstadt, FRG).

( c )  L i q u i d  c h r o m a t o g r a p h .—Spectra-Physics Model 
8100 equipped with reverse-phase column (150 X 4.6 mm) 
Zorbax ODS or Cg (Dupont Instrument, Wilmington, DE 
19898).

(d )  D e te c to r s .—Kratos Model 980 fluorescence detector, 
variable wavelength (Kratos, Ramsey, NJ 07446) and LDC 
III UV detector, variable wavelength (Milton Roy, Riviera 
Beach, FL 33419).

(e) G a s  c h r o m a to g r a p h y .—Spectra-Physics Model 7100 
chromatograph equipped with on-column injector and flame 
ionization detector (FID). Fused-silica capillary column (12 
m X 0.53 mm id) with DB-5 phase at 0.25 72m film thickness.

( f )  M a s s  s p e c t r o s c o p y .—Finnigan Model 4535/TSQ 
GC/MS equipped with a 15 m DB-1 capillary column (0.23 
mm id).

(g) N u c le a r  m a g n e t ic  resonance .—Bruker Model 300 
M H z.1H NMR obtained on 1 mg samples in deuterio chloro
form (CDCI3).

Reagents

(a) S o lv e n ts .—Methanol, acetonitrile, chloroform (LC 
grade); water (LC quality, Barnstead NANO pure II sys
tem); ethanol, acetone, carbon tetrachloride (reagent grade).

(b) L C  m o b i le  p h a s e .—Acetonitrile-water (25 + 75 and 
40 + 60), degas with purified helium.

( c )  H P T L C  so lv e n ts .—Chloroform-acetone (60 + 40) 
for trichothecenes, chloroform-ethanol (93 + 7) for zeara- 
lenone and zearalenols.

(d )  S p r a y  rea g en ts .—F o r  tr ich o th ecen es .—Reagent A: 
Dissolve 1 g 4-(p-nitrobenzyl)pyridine in 100 mL chloro
form-carbon tetrachloride (40 + 60). Reagent B: Mix 5 mL 
tetraethylenepentamine (Aldrich Chemical Co., Milwaukee, 
WI 53233) with 50 mL chloroform-carbon tetrachloride (40 
+ 60). Reagent B is stable for 1 week in refrigerator. F or  
zea ra len o n e  a n d  z e a r a le n o ls .—Dissolve 20 g aluminum 
chloride in 100 mL ethanol.

(e) D e r iv a t i z a t io n  r e a g e n ts .—Trimethylsilylimidizole- 
bis(trimethylsilyl)acetamide-trimethylchlorosilane (3 + 3 + 
2 v/v/v) (Tri-Sil TBT) and W-heptafluorobutyrylimidazole 
(HFBI) (Pierce Chemical Co., Rockford, IL 61105).

( f )  M y c o to x in  s ta n d a r d s .—T-2 toxin, HT-2, neosolaniol, 
diacetoxyscirpenol (Sigma Chemical Co., St. Louis, MO 
63178); zearalenone, a-zearalenol, /3-zearalenol (Interna
tional Minerals and Chemicals, Terre Haute, IN 47808); 
deoxynivalenol, nivalenol, fusarenon-X (Wako Chemicals, 
USA, Dallas, TX 75234 and Myco Lab, Chesterfield, MO 
63017).

High Performance Thin-Layer Chromatography

Apply zearalenone, a-zearalenol, and /3-zearalenol (25 >ug 
each toxin) in acetonitrile to HPTLC plate with a 10 /uL 
syringe. Develop plates in chloroform-ethanol (97 + 3) in 
unlined glass tanks until solvent front is 3/4 distance to top of 
plate. After air drying, observe plates under long-wave and 
short-wave UV; spray with aluminum chloride (20% in 
ethanol) and re-examine under long-wave UV for fluorescent 
zones other than those produced by primary standard. Apply 
25 pg trichothecenes (T-2 toxin, HT-2 toxin, nivalenol, fu- 
sarenon-X, neosolaniol, and deoxynivalenol) to HPTLC 
plates and develop in chloroform-acetone (60 + 40). Air dry 
and spray plate lightly, but completely, with 4-(/?-nitroben-

zy l)p yrid ine  (R ea g en t A ) and heat 30 m in at 150°C . Let 
plate  cool and spray w ith tetraeth y len ep en tam in e solution  
(R ea g en t B ). T richoth ecen es appear as b lue zone on w hite  
background (8 ).

Liquid Chromatography

Prepare w orking solutions o f  each toxin by accurately  
dispensing 100 p L  stock solution  (1 p g / p L )  in to  am ber vials 
w ith  T eflon -lined  screw  caps. E vaporate so lvent under gen tle  
stream  o f  n itrogen , and dissolve residue in m obile  phase to 
give fo llow ing concentrations: zeara lenon e, a -zeara len o l, 
and /3-zearalenol (2 5  ¿ ig /m L ). In ject 20  p L  onto reverse- 
phase (Cg or C]g) co lu m n, e lu te  a t 1.0 m L /m in , and m onitor  
eluant at 236 nm . T his provides for 100-fo ld  increase over 
level that can be easily  qu antitated  by LC w ith U V  detector. 
D ilu te  stock  solutions o f  tr ich oth ecen es (1 p g / p L )  to w ork
ing solutions conta in ing  0 .2 5 0  p g / p L  o f  T -2 , H T -2 , d ia ceto x 
yscirpenol, and neoso lan io l, and 0 .1 2 5  p g / p L  o f  deoxyn iva
lenol, nivalenol, and fusarenon -X . T hese concentrations pro
vide 100 tim es m in im um  levels that can be qu antitated  by LC  
w ith  U V  detector at 210  nm  for T -2 , H T -2 , d ia cetoxyscir
penol, and neosolan iol, and at 2 1 9  nm  for deoxynivalenol, 
nivalenol, and fusarenon-X .

Gas Chromatography and Gas Chromatography/Mass 
Spectroscopy

Prepare T M S  derivatives as described by G ilbert et al. (9 )  
so that final concen tration  o f  derivatized  standard is 1 p g /  

p L .  Inject (on co lu m n) 1 -2  p L  standard onto  capillary  co l
um n and tem perature-program  oven from  15 0 -2 5 0 ° C  at 5 ° /  
m in. A djust sensitiv ity  o f  F ID  d etector so that m ajor peak is 
90 -1 0 0 %  full sca le. R ecord  detector signal on recording in te 
grator to determ ine presence and relative  percentage o f  T M S  
contam inant ( i f  any) that m ay be present. U se  sam e T M S  
preparations (1 p g / p L )  to exam in e toxins by G C /M S . R e
cord positive C l  spectra (fu ll scan) w ith isobu tane as reagent 
gas.

Nuclear Magnetic Resonance Analysis

D eterm ine 'H  N M R  spectra on 1 m g sam p les o f  toxin  
standard dissolved  in CDCI3 as described by B erem and et al.
(10).

1 2 3
Figure 2. HPTLC detection of zearalenone (1 ), a -zea ra 
lenol (2 ), and /3-zearalenol (3 ), show ing im purities detected 

w ith  alum inum  ch loride  reagent.
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Time (min)

Figure 3. C apillary gas chrom atogram  (0.53 m m ) of im pure 
a -zeara leno l (A ) and /3-zearaienol (B ) standards (TM S) 
showing im purities at 9.65 min (zeara lenone) and 9.92 min 

(unknow n).

UV Spectra and Coefficients of Extinction

Prepare zearalenone, a-zearalenol, and /3-zearalenol stan
dards at 10 pg/mL  methanol. Prepare trichothecene stan
dards at 100 pg/mL  methanol for T-2 toxin, diacetoxyscir- 
penol, and neosolaniol; at 50 fig/mL  for HT-2; and at 25 pg/ 
mL for deoxynivalenol, fusarenon-X, and nivalenol. Scan 
solvent from 400 to 190 nm to determine suitability for use. 
Rinse cuvet with working solution of each toxin prior to 
obtaining UV spectra from 400 to 190 nm. Calculate coeffi-

0 . 8 8 7

<DOCwn
o«n<

- 0 . 0 0 6
0 . 7 8 5

0)o
c«£>
O»n<

- 0 . 0 0 5
2 0 0  3 0 0  4 0 0

W a v e le n g th  (n m )

Figure 4. UV spectra  of pure a-zeara leno l (A ) and /3-zeara- 
lenol (B ) In m ethanol (10 ¿ig/m L).

cient of extinction for each toxin at UV maximum as follows: 

Y.\ -  [raw X 1000 X absorbance (OD)]/concn (/ug/mL)

Interlaboratory Study on Standards

Samples of mycotoxin standards that were determined to 
be pure (>98%) by LC, HPTLC, and GC/MS were supplied 
to 5 different collaborators. The following samples were pro
vided as dry films in amber vials: deoxynivalenol (125 pg 
from 2 different commercial sources; T-2 toxin (500 ixg); a- 
zearalenol (50 ^g); and /3-zearalenol (50 ^g)• Collaborators 
were instructed to dissolve each standard in 5.00 mL Spectro- 
quality methanol and determine the UV spectra from 400 to 
190 nm. Coefficients of extinction at UV maxima were calcu
lated and reported with other data on instrument make and 
model, scan rate, wavelength accuracy, cuvet volume, and 
path length. Collaborators were also requested to determine 
the coefficient of extinction for T-2 toxin in acetonitrile at 25 
U g /m L .

Results and Discussion

Figure 2 shows impurities in a-zearalenol (2) and /3-zeara- 
lenol (3) reference standards that can be detected on HPTLC 
plates sprayed with 20% aluminum chloride. The a-zeara- 
lenol contains approximately 5% zearalenone, which is also 
present, but at lower levels, in the /3-zearalenol. Pure refer
ence standards (10 and 25 pg each) that have been properly 
stored produced only one zone on HPTLC plates. The alumi
num chloride spray does not detect all organic impurities 
(which can be detected by charring after sulfuric acid spray), 
but does detect degradation or conversion products more 
commonly found in reference standards. Figures 3A and 3B 
are GC chromatograms of the impure a- and /3-zearalenol 
standards (1.4 /ug of TMS derivative). Impurities were de
tected at 9.65 min (zearalenone) and 9.92 min (unknown). 
Chromatograms of standards showing one zone on HPTLC 
plates also showed only one peak for each standard. A UV 
detector, although less sensitive and less specific than the 
fluorescence detector, was used because it indicates more 
readily the presence of impurities. Similar purity for the a- 
and /3-zearalenol standards was determined by LC. Confir
mation of purity was established by GC/MS of the TMS 
derivative of each standard.

These reference samples were used in the interlaboratory 
study to evaluate the reliability of using coefficients of ex
tinction to determine purity of purchased or laboratory-pre
pared reference standards. The UV spectra of zearalenone, 
a-zearalenol, and /3-zearalenol show similar adsorption max
ima (236, 274, and 316 nm); however, the coefficients of 
extinction are characteristically different. Figure 4 shows the 
UV spectra of pure a-zearalenol (A) and /3-zearalenol (B) at 
10 p -g /m L  in methanol. Values for the coefficients of extinc
tion of selected, pure F u sa r iu m  toxins were determined in 5 
different laboratories. Type of instrument and scan speed 
(30-600 nm/min) did not have a significant effect on values 
obtained (Table 1). Standard deviations for UV maxima 
were less than 1 nm, and CVR (reproducibility) values were 
less than 0.45%. Coefficients of extinction at UV maximum 
are shown in Table 2. The value for a-zearalenol (X236 = 
28 538 ± 803) is less than the established value for zearalen
one (X236 = 29 512 ± 376), which has been used to deter
mine the purity of reference standards of this toxin (11). The 
coefficient of extinction for /3-zearalenol (X238 = 24 963 ± 
1041) is, in turn, less than for the a-isomer and exhibits a UV
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Table 1. Spectrophotom eters, sca n  rates, and UV m axim a reported for Interlaboratory study of se lected  Fusarium
m ycotoxlns

C o ll. In s tru m e n t

S ca n  ra te , 

n m /m ln

U V  m a x im a , n m a

a -Z e a ra le n o l /3 -Z e a ra le n o l

DON, 

L o t 1

DON, 

L o t 2 T -2

1 C a ry  21 9 30 2 3 5 .4 2 3 7 .5 2 1 8 .3 2 1 8 .3 __b
2 G ilfo rd 2 4 0 2 3 6 .5 2 3 9 .0 2 2 0 .0 2 2 0 .0 2 0 1 .5
3 B e c k m a n  D U -7 6 0 0 2 3 4 .5 2 3 7 .0 2 1 8 .0 2 1 8 .0 2 0 2 .5
4 S h im a d zu  160 4 8 0 2 3 6 .2 2 3 8 .2 2 1 9 .7 2 1 9 .8 2 0 2 .2
5 B e c k m a n  D U -7 120 2 3 4 .8 2 3 7 .4 2 1 8 .7 2 1 9 .3 2 0 2 .5

A v e ra g e 2 3 5 .5 2 3 7 .8 2 1 8 .9 21 9 .1 2 0 2 .2
SD 0 .8 6 0 .7 9 0 .8 7 0 .8 9 0 .5 0
C V r , % 0 .3 7 0 .3 3 0 .4 0 0.41 0 .2 0

a A c c u ra c y  o f  s p e c tro p h o to m e te rs  is 0 .5  nm . 

b In s tru m e n t c o u ld  n o t m e a s u re  m a x im u m  a t 2 0 2  nm .

maximum of 238 nm. Although limited, this interlaboratory 
study indicates that these values can be used to determine the 
purity of a-zearalenol and /3-zearalenol standards. CVr val
ues of extinction coefficients obtained in the interlaboratory 
study were 2.815 and 4.174 for a- and /3-zearalenol, respec
tively. Storage of these standards in methanol, protected 
from light and refrigerated (4°C), has been successful for 18 
months.

Purity of trichothecene standards were evaluated by simi
lar procedures. HPTLC of T-2, HT-2, diacetoxyscirpenol, 
and neosolaniol (25 ¿rg each) indicated that these standards 
were pure. However, further examination by LC, UV, and 
GC/MS indicated that the HT-2 was contaminated with 
several minor components (Figure 5). The UV spectrum 
indicates an impurity at 220 nm, and LC shows minor com
ponents, detectable at 210 nm, which elute prior to HT-2

0 Time (min.)
Figure 5. UV spectrum  of H T-2  standard in methanol, show 
ing indication of impurity at 220 nm. Low er pattern show s a 
liquid chrom atogram  of this standard with impurities d etect

able at 210 nm.

(14.37 min) with an acetonitrile-water (25 + 75) solvent 
system. We were unable to obtain HT-2 in crystalline form, 
and manipulation of the clear, amorphous gel presented 
problems in preparation of reference solutions. Other type A 
trichothecenes studied were pure as determined by LC, UV, 
and GC/MS examination. Neosolaniol, T-2, and diacetoxy
scirpenol produced similar spectra, and the coefficients of 
extinction (at 203 nm) for these toxins were determined to be 
2644, 3822, and 2487, respectively. Coefficient of extinction 
for this T-2 reference standard was determined to be 3681 ± 
362 by 4 other analysts (Table 2). NMR analysis of 2 T-2 
standards from different sources indicated only minor differ
ences in purities (Figure 6). No impurities were detected in 
these samples by GC/MS.

Type B trichothecenes included in this study were deoxyni- 
valenol, nivalenol, and fusarenon-X. Figure 7 shows the UV 
spectra of nivalenol and deoxynivalenol standards deter
mined to be pure by LC, HPTLC, and GC/MS. The respec
tive coefficients of extinction were calculated to be A220 = 
5142 and A219 = 5913 (Table 3). Samples of deoxynivalenol 
standards from 2 different sources were also examined by 5 
collaborators; the average values and standard deviations 
were 6395 ± 475 and 6020 ± 301. CVR values were 7.432 
and 5.005%, respectively. Fusarenon-X, estimated to be 94% 
pure by GC and LC analyses, contained small amounts of 
nivalenol and an unknown. UV examination of this standard 
gave a coefficient of extinction of A217 = 5997 (Table 3).

Although the purity of most reference standards is about 
95%, we encountered considerable variation in the weights of 
toxins in individual vials from commercial sources. A sample 
of T-2 (worst case encountered) was labeled to contain 5 mg; 
the vial actually contained 3.500. Caution must be exercised 
in determining actual amounts of toxin received. Whenever 
small amounts (1-5 mg) of standards are purchased and 
accurate weights cannot be determined, we recommend that 
the concentration of the toxin be determined by comparing 
the coefficient of extinction, in methanol, to an established 
value. The reference standard can then be stored as a dry film 
or in an appropriate solvent; some trichothecenes are unsta
ble in methanol (12). In this laboratory, we have determined 
that the coefficients of extinction for the trichothecenes are 
2.5X higher in acetonitrile than in methanol. However, the 
UV maximum is shifted to 194-196 nm, and collaborating 
laboratories were unable to measure UV maxima at this 
wavelength.

We have studied purity of several of the major trichothe-
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ppm (6)

Figure 6 . NMR spectra of two commercial lots of T-2 toxin. 
Minor differences in spectra noted at 1.1-1.2 ppm and 2.3- 

2.4 ppm.

190 3 0 0 4 0 0
Wavelength (nm)

Figure 7. UV spectra of nivalenol (A) and deoxynivalenol 
(B) in methanol (25 ¿ig/mL) showing UV maxima at 220 and 

219 nm.

Table 3. Coefficient of extinction values for trichothecene 
reference standards in methanol

Trichothecene
Wavelength,

nm

Coefficient of 
extinction 

in methanol

HT-23 203 1959
Diacetoxysclrpenol 203 2487
Neosolanlol 203 2644
Nivalenol 220 5142
Fusarenon-X3 217 5997
DON 219 5913
T-2 toxin 203 3822

3 Reference standard contained impurities.

cene mycotoxins and a- and /3-zearalenol by a variety of 
methods. Standards determined to be pure were then exam
ined by UV and the coefficients of extinction were deter
mined. The ministudy to determine the coefficients of extinc
tion for selected standards demonstrate that the method is 
reliable and gives reproducibility CVs of less than 10%. Such 
nondestructive determinations are needed to conserve scarce

Table 2. Results of study to determine reproducibility of 
extinction coefficients of selected Fusarium  mycotoxins

DON, DON,
Lot 1, Lot 2,

a-Zearalenol, /3-Zearalenol, 219 219 T-2,
Coll. 236 nm 238 nm nm nm 202 nm

1 29 190 26 130 7067 6467 _a
2 27 142 23 358 5808 5676 3534
3 28 900 24 700 6110 5870 3650
4 28 685 25 099 6550 6147 4191
5 28 771 25 526 6441 5940 3348

Average 28 538 24 963 6395 6020 3681
SD 803 1041 475 301 362
CVR, % 2.815 4.174 7.432 5.005 9.840

3 Instrument would not measure UV maximum at 202 nm.

and expensive standards, to ensure accurate analyses when
ever surveys are conducted to determine occurrence of these 
toxins (13), and to establish accurate and realistic guidelines 
for the control of the toxins (14).
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A joint U.S. Environmental Protection Agency/AOAC Interla
boratory method validation study was conducted on EPA 
Method 508, Determination of Chlorinated Pesticides in Wa
ter by Gas Chromatography with an Electron Capture Detec
tor, to determine the mean recovery and precision for analy
ses of 29 pesticides in reagent water and finished drinking 
water. The study design was based on Youden’s nonrepllcate 
plan for collaborative tests of analytical methods. The waters 
were spiked with 29 pesticides at 6  concentration levels, as 
3 Youden pairs. Eleven volunteer laboratories extracted the 
spiked test waters with methylene chloride, performed a 
solvent exchange with methyl ferf-butyl ether, and analyzed 
an aliquot of each extract by gas chromatography with elec
tron capture detection. Results were analyzed using an EPA 
computer program, Interlaboratory Method Validation Study 
(IMVS), which measured recovery and precision for each of 
the 29 pesticides and compared the performance of the 
method between water types. Method 508 was judged ac
ceptable for all analytes tested. Only 3 analytes (a-chlor- 
dane, 4,4'-DDE, and methoxychlor) exhibited practical sig
nificant matrix effects. The method has been adopted official 
first action.

The Office of Drinking Water (ODW) of the U.S. Environ
mental Protection Agency (EPA) gathers water quality data 
to provide information on water resources and drinking wa
ters to monitor safe drinking water quality, establish maxi
mum contaminant limits, assure compliance with existing 
regulations, and develop further regulations under the Safe

Received for publication August 2, 1989.
This report was presented at the 103rd AOAC Annual International Meet

ing, September 25-28, 1989, at St. Louis, MO.
The recommendation was approved interim official first action by the 

General Referee, the Committee on Environmental Quality, and the Chair
man of the Official Methods Board. The method was adopted official first 
action at the 103rd AOAC Annual International Meeting, September 25-28, 
1989, at St. Louis, MO. Association actions will be published in “Changes in 
Official Methods of Analysis" (1990) J. Assoc. Off. Anal. Chem. 73. Janu- 
ary/February issue.

The study was conducted by The Bionetics Corp. (Contract No. 68-03- 
3254) under the direction of the Quality Assurance Research Division, Envi
ronmental Monitoring Systems Laboratory, Cincinnati, OH. The 11 partici
pating laboratories were obtained through AOAC. Analytical work was 
completed in January 1989.

The information contained in this document, funded in part by the U.S. 
Environmental Protection Agency (USEPA) under a contract with The 
Bionetics Corp., Cincinnati, OH, Contract No. 68-03-3254, has been subject
ed to USEPA and AOAC peer and administrative review and has been 
approved for publication as an EPA document. Mention of trade names or 
commercial products does not constitute endorsement or recommendation for 
use by USEPA or AOAC.

Drinking Water Act ( 1986) and its amendments. The success 
of these activities depends on the reliability of the data pro
vided by drinking water laboratories. Therefore, it is impor
tant to establish the precision and bias of the analytical 
methods. These are best measured in interlaboratory method 
validation studies.

The Environmental Monitoring Systems Laboratory, Cin
cinnati, OH (EMSL-Cincinnati), develops or selects analyti
cal methods and provides quality assurance (QA) support for 
Agency programs that involve water and wastewater regula
tions. In EMSL-Cincinnati, the responsibility for providing 
QA support is assigned to the Quality Assurance Research 
Division (QARD). The QARD program is designed to pro
vide the QA support needed to establish the reliability and 
legal defensibility of water and wastewater data collected by 
the Agency, the state regulating authorities, the private sec
tor, and commercial laboratories that perform compliance 
analyses. One of QARD’s activities is to conduct interlabora
tory method validation studies to evaluate analytical meth
ods selected for the Agency’s operating programs, such as the 
Office of Drinking Water.

In the past, EMSL-Cincinnati obtained contract laborato
ries to participate in interlaboratory studies. This had advan
tages in that EMSL-Cincinnati could require and control 
exact instrumentation, quality control, scheduling, and com
pleteness of data packages. However, the increasing cost of 
conducting interlaboratory studies caused EMSL-Cincinnati 
to consider means of reducing study costs. One option was an 
alternative source of laboratories. Concurrently, AOAC ex
pressed interest in obtaining validated methods for its pur
poses through joint studies with EPA. With its solid associa
tion with the state and private laboratories and a strong 
group of associate and general referees, the 2 organizations 
agreed that voluntary participation could be accomplished on 
methods of common interest.

In July and August 1988, the AOAC Associate Referee 
provided copies of the method and a description of the study 
requirements to over 30 laboratories. A prestudy perform
ance evaluation sample was sent in September 1988 to those 
laboratories who were interested in participating in the study, 
to allow them to gain experience with the method and to 
provide an initial evaluation of performance. Data were re
turned by 18 laboratories in October 1988. Study samples 
were mailed in November 1988, and data were returned from 
11 laboratories in January 1989.

The objective of the study was to characterize multilabora
tory performance of Method 508 in terms of recovery, overall 
and single-analyst precision, and the effect of water type on
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recovery and precision for 29 pesticides. The study was con
ducted under the direction of QARD, EMSL-Cincinnati, 
with the cooperation of 11 participating laboratories ob
tained by AOAC. As primary contractor to QARD, Bione- 
tics Corp. was responsible for the preparation and distribu
tion of samples, user instructions, and report forms, and for 
screening the returned data for gross errors. The raw data 
were evaluated statistically by QARD using a computer pro
gram, Interlaboratory Method Validation Studies (IMVS) 
(1).

Collaborative Study
The study design was based on Youden’s nonreplicate 

design for collaborative evaluation of precision and recovery 
for analytical methods (2). Two similar, yet different, sam
ples were prepared at each of 3 levels over the selected range 
of concentrations, such that the concentrations of the pair 
varied between 5 and 20% of the mean of the pairs. Each 
laboratory was directed to analyze each extract and report 1 
value for each analyte at each concentration level. Analyses 
of the spiked reagent water evaluated the proficiency of the 
method on a sample free of interferences; analyses of the 
finished drinking water (provided by each participating lab
oratory) were intended to reveal the effects of matrix inter
ferences on the method.

Spiking solutions, calibration standards, and quality con
trol samples were prepared and heat-sealed in ampoules, 
each containing approximately 1.5 mL solution. Prior to 
distribution, ampoule solutions were analyzed against stan
dards freshly prepared from neat materials. At the comple
tion of the study, the ampoules were analyzed again to verify 
the stability of the solutions sent to the collaborators, over the 
time period of the study.

Each of the 11 participating laboratories was sent 24 sam
ple ampoules ( 6  concentrations for each of 2 waters for 2  
groups of target compounds), 4 calibration standard concen
trates, 2  internal standard concentrates, 2 surrogate standard 
concentrates, 4 quality control samples with acceptance lim
its, copies of Method 508, report forms, and a questionnaire. 
The laboratories were instructed to analyze the samples in

Method Performance:

strict accord with the written method and to complete the 
analyses and report forms within 60 days from receipt of 
samples.

Treatm ent of Data

The returned data were grouped by water type and ar
ranged in 6  subsets defined by the 6  concentration levels used 
in the study and evaluated using the EPA Interlaboratory 
Method Validation Study computer program (1). Youden’s 
laboratory ranking procedure was used to reject laboratories 
that had a consistently high or low bias in their submitted 
data. This test was applied to each analyte data set, for each 
water type, at the 5% level of significance. Next, missing, 
“less than,” zero, and “nondetect” data were rejected. Final
ly, Thompson’s test for individual outliers (3), suggested in 
the ASTM Standard Practice D2777-86, was applied to the 
data using a 5% significance level. If an individual data point 
was rejected based on this test, it was removed from the 
subset, and the test was repeated using the remaining data in 
the subset. Only one repeat of Thompson’s test was allowed 
for each subset.

Besides providing summary statistics for mean recovery, 
overall method precision, and single-analyst precision, the 
IMVS program calculated the relationships between mean 
recovery and true concentration and between precision and 
mean recovery. These relationships were calculated in the 
form of linear regression equations using the weighted least 
squares technique. These regression equations can be used to 
estimate the mean recovery, overall precision, and single
analyst precision at any value within the concentration range 
studied. The IMVS also determined statistically significant 
matrix effects between the matrix waters for each of the 29 
analytes.

990.06 Organochlorlne Pesticides in Water 
Gas Chromatographic Method 

First Action 1990
(Applicable to determination of 29 organochlorine pesti

cides in finished drinking water)

P estic ide R eagen t W ater F inished D rinking W ater
Sr Sr RSDr, % RSDr , % Sr Sr RSDr, % RSDr, %

Aldrin 6 . 2 13.2 6.7 14.3 4.9 15.3 5.8 18.2
a-BHC 6.3 14.1 6 . 2 13.8 8.9 18.8 9.4 19.9
/3-BHC 4.1 15.7 4.2 15.9 13.2 21 . 8 14.1 23.3
7 -BHC 5.4 15.8 5.4 15.7 6.5 13.8 6.9 14.7
Ô-BHC 5.0 12 . 0 5.2 12.4 7.0 12.9 7.6 14.0
a-Chlordane 6.3 14.0 6 . 2 13.8 6.1 14.4 7.0 16.4
Y-Chlordane 4.7 12.4 5.0 13.1 6.3 12.1 7.2 13.9
Chlorobenzilate 6.8 18.4 6.8 18.3 12.7 22.5 14.4 25.5
Chloroneb 9.5 16.2 10.0 17.0 8.8 16.9 9.9 19.0
Chlorothalonil 9.4 23.4 9.8 24.4 9.3 16.9 10.1 18.3
DCPA 5.1 16.5 5.0 16.3 12.4 20 . 8 13.3 2 2 . 2

4,4/-DDD 8.4 14.7 8.6 15.1 9.4 13.6 10.3 14.8
4,4'-DDE 9.2 16.3 9.4 16.6 6.8 16.8 8 . 0 19.9
4,4'-DDT 4.9 13.7 5.0 14.0 9.3 14.4 10.8 16.7
Dieldrin 8.7 15.3 9.0 15.8 5.8 12.4 6.5 14.0
Endosulfan I 6.8 13.4 7.0 13.9 6 . 6 10.9 7.3 12.1

Endosulfan II 5.9 12.0 6 . 0 12.3 5.8 11.0 6.4 12.2

Endosulfan sulfate 11.8 16.8 11.9 16.9 12.7 23.4 13.2 24.3
Endrin 10.6 13.5 10.5 13.6 5.6 11.0 6.3 12.3
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P esticide Reagent W ater Finished D rinking W ater
Sr sr RSDr, % RSDr, % Sr sr RSDr, % RSDr, %

Endrin aldehyde 9.7 11.8 10.2 12.4 6.7 8.9 7.6 10.2
Etridiazole 4.9 15.4 5.1 15.9 6.9 22 . 2 7.5 24.0
Hexachlorobenzene 4.4 11.7 5.1 13.7 1.8 10.0 2.1 11.8
Heptachlor 6.9 12.0 7.0 12.3 7.3 9.3 7.4 9.4
Heptachlor epoxide 4.9 12.2 5.1 12.7 6.5 8.3 6.8 8.7
Methoxychlor 11 . 2 19.8 10.6 18.8 13.2 26.5 14.0 28.1
m-Permethrin 7.5 13.9 7.9 14.6 9.5 14.5 11.3 17.3
irans-Permethrin 14.6 26.1 15.4 27.6 14.9 33.6 18.1 40.7
Propachlor 5.5 13.3 5.6 13.4 8.5 15.5 9.0 16.5
Trifluralin 6 . 0 13.2 6.7 14.8 5.8 12.9 6.8 15.1

A . P rin c ip le

M easured volume of sample (1 L) is extracted with 
C H iC h  by shaking in separatory funnel or mechanical tum 
bling in bottle. C H 2CI2 extract is separated, dried with anhy
drous N a 2S 0 4 , solvent-exchanged with methyl ter t-butyl 
ether (M TBE), and concentrated to 5 mL. Pesticides are 
separated and measured by capillary column gas chrom atog
raphy with electron-capture detection. Estim ated method 
detection limits range from 0.0015 p g /L  for a- and 7 -chlor- 
dane to 5 p g /L  for chlorobenzilate; values for 24 compounds 
range between 0.025 and 0.5 p g /L .

B. A p p a ra tu s

(a) S ep a ra to ry  fu n n e l .— 2000 mL, with TFE-fluorocar- 
bon stopcock, and ground-glass or TFE-fluorocarbon stop
per.

(b ) T u m b ler b o ttle .— 1.7 L (W heaton Roller Culture 
Vessel), with TFE-fluorocarbon lined screw cap. Cut liners 
to fit screw cap from sheets (Pierce Catalog No. 012736) and 
extract overnight with methanol before use.

(c) K uderna-D anish  (K -D ) a p p a ra tu s.— (7) C oncentra
tor tube .— 10 or 25 mL, graduated (Kontes K-570050-1025 
or K-570050-2525, or equivalent). Check calibration of con
centrator tube at volumes used in method. Use ground-glass 
stoppers to prevent evaporation of extracts. (2) E vaporation  
f l a s k .— 500 mL (Kontes K -570001-0500, or equivalent). A t
tach to concentrator tube with springs. (5) S n yd er  co l
um n s.— 3-ball macro (Kontes K-503000-0121, or equiva
lent); 2-ball micro (Kontes K-569001-0219, or equivalent).

(d) V ials.— Glass, 5-10 mL capacity, with TFE-fluoro
carbon lined screw caps.

(e) S ep a ra to ry  fu n n e l  sh a ker .— Capable of holding 2 L 
separatory funnels and shaking them with rocking motion to 
thoroughly mix funnel contents (Eberbach Co., Ann Arbor, 
M I).

(f) T u m b ler.— Capable of holding and tumbling bottles, 
(b), end-over-end at 30 tu rns/m in  (Associated Design and 
M anufacturing Co., Alexandria, VA).

(g) B o iling  stones.— Carborundum , No. 12 granules (A r
thur H. Thomas Co., No. 1590-033). H eat 30 min at 400° 
before use. Cool and store in desiccator.

(h) W ater b a th .— Heated, capable of control ± 2 ° . Use 
bath in hood.

(i) B alance.— Analytical, capable of accurately weighing 
to nearest 0 . 0 0 0 1  g.

(j) Gas ch ro m a tograph .— Tem perature-program m able 
system suitable for use with capillary columns, including 
syringes, analytical columns, gases, detector, and strip chart 
recorder. D ata system is recommended for measuring peak 
areas. Prim ary column: 30 m X 0.25 mm id DB-5 fused-silica

capillary column, 0.25 pm  film thickness (J&W Scientific, 
Inc.). Confirmation column; 30 m X 0.25 mm id DB-1701 
fused silica capillary column, 0.25 pm  film thickness (J&W 
Scientific, Inc.). Operating conditions: injection volume 2 pL  
splitless with 45 s delay; He carrier gas at 30 cm/s linear 
velocity; injector 250°; detector 320°; oven programmed 
from 60 to 300° at 4°/min; electron-capture detector.

C. R eagen ts

(a) S ta n d a rd  so lu tion s.—Use standards of test com
pounds with purity >96% to prepare stock solutions at 1 mg/ 
mL in MTBE. Commercially prepared stock standards may 
be used at any concentration if they are certified by manufac
turer or independent source. These stock standards may be 
available from U.S. Environmental Protection Agency Toxic 
and Hazardous Materials Repository, Research Triangle 
Park, NC. Store solutions at room temperature and protect 
from light. Replace stock standard solutions after 2 months, 
or sooner if comparison with laboratory control standards 
indicates degradation.

(b) In ternal stan dard  so lu tion .—Prepare pentachloroni- 
trobenzene (purity 98%) stock solution at 0.1 mg/mL in 
MTBE. Add 5 pL  stock solution to 5 mL sample extract to 
give final internal standard concentration of 0.1 pg  penta- 
chloronitrobenzene/mL.

(c) Surroga te  so lu tion .—Prepare 4,4'-dichlorobiphenyl 
(purity 96%) stock solution at 0.5 mg/mL in MTBE. Add 50 
pL  stock solution to 1 L sample prior to extraction to produce 
surrogate concentration of 25 pg 4,4/-dichlorobiphenyl/L in 
sample and, assuming quantitative recovery, 5.0 p g /m L  in 
extract.

(d) Instrum ent perform ance so lu tion .—Prepare individ
ual stock standard solutions containing chlorothalonil, chlor- 
pyrifos, DCPA, and 5-BHC at 0.10 mg/mL in MTBE. For 
assessing instrument performance, combine 50 pL  chlorotha
lonil stock solution, 2 p L  chlorpyrifos stock solution, 50 pL  
DCPA stock solution, and 40 p L  5-BHC stock solution in 100 
mL volumetric flask and dilute to volume with MTBE.

(e) S o lv e n ts .—Acetone, methylene chloride, and 
CH3COCH3, CH2CL, and MTBE. Distilled-in-glass quali
ty, or equivalent.

(f) P hosphate bu ffer.—pH 7. Mix 29.6 mL 0.1N HC1 
and 50 mL 0.1M dipotassium hydrogen phosphate.

(g) Sod ium  su lfa te .—Granular, anhydrous. ACS grade. 
Heat in shallow tray for >4 h at 450° to remove interfering 
organic substances.

(h) S od iu m  ch loride.—Crystals. ACS grade. Heat in 
shallow tray for >4 h at 450° to remove interfering organic 
substances.

(i) Reagent w ater.—Water reasonably free of contami-
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Table 990.06A Gas Chromatographic Conditions, Chemical Abstracts Service Registry Numbers, Peak Identification 
Codes, Relative Retention Times, and Estimated Method Detection Limits for 29 Organochlorlne Pesticides

Analyte CAS No.
Peak
No.a

Relative Retention 
Time6 Estd

MDL,
aq/ lPrimary1 Confirmation1*

Aldrin 309-00-2 A7 1.18 1.12 0.075
a-BHC 319-84-6 A3 0.93 0.97 0.025
ß-BHC 319-85-7 B4 0.98 1.18 0.010
7-BHC 319-86-8 B5 1.03 1.22 0.010
5-BHC 58-89-9 A5 0.99 1.04 0.015
a-Chlordane 5103-71-9 B9 1.31 1.31 0.0015
y-Chlordane 5103-74-2 B8 1.28 1.29 0.0015
Chlorobenzilate 501-15-6 B11 1.41 1.42 5.0
Chloroneb 2675-77-6 A1 0.75 0.77 0.50
Chlorothalonil 2921-88-2 A6 1.04 1.17 0.025
DC PA 1897-45-6 B7 1.21 1.21 0.025
4,4'-DDD 72-54-8 B12 1.42 1.38 0.0025
4,4'-DDE 72-55-9 B10 1.35 1.32 0.010
4,4'-DDT 50-29-3 A16 1.48 1.48 0.060
Dieldrin 60-57-1 A11 1.35 1.35 0.020
Endosulfan 1 959-98-8 A10 1.30 1.28 0.015
Endosulfan II 33213-65-9 A14 1.40 1.45 0.015
Endosulfan sulfate 1031-07-8 B13 1.47 _e 0.015
Endrin 72-20-8 A12 1.38 1.38 0.025
Endrin aldehyde 7421-93-4 A15 1.43 1.52 0.024
Etridiazole 2593-15-9 B1 0.69 0.67 0.025
Heptachlor 76-44-8 B6 1.11 1.08 0.010
Heptachlor epoxide 1024-57-3 A9 1.24 1.24 0.015
Hexachlorobenzene 118-74-1 B3 0.94 _e 0.0077
Methoxychlor 72-43-5 B14 1.57 1.58 0.050
c/s-Permethrin 52645-53-1 A17 1.72 _e 0.50
frans-Permethrin 52645-53-1 B15 1.73 _e 0.50
Propachlor 1918-16-7 A2 0.85 0.91 0.50
Trifluralin 1582-09-8 B2 0.93 _e 0.025

a Identification of chromatographic peaks shown in Figs 990.06A and 990.06B. Letters indicate which spiking mixture (A or B) contains the ana
lyte.

b Retention time relative to internal standard = 1.00. 
cM See B(j) for column description and operating conditions. 
e Data not available.

nation that would prevent determination of any analyte of 
interest.

(j) P reserva tive .—Mercuric chloride solution. 10 mg 
HgCL (ACS grade)/mL reagent water, (i).

(k ) S o d iu m  th io su lfa te .—Na2S2 0 3 . Granular, anhy
drous. ACS grade.

D. Preparation of S am ple B ottles

Add 1 mL preservative, C(j), to glass sample bottle. If 
residual chlorine is expected to be present in samples, add 80 
mg Na2S2C>3, C(k), to sample bottle before collection.

E. S am ple Collection

Collect 1 L grab samples in glass bottles by conventional 
sampling practices. Since bottles contain preservative and 
Na2S2 0 3 , do not prerinse bottles with sample before collec
tion. Add sample to bottle containing preservative, seal sam
ple bottle, and shake vigorously 1 min. Refrigerate samples 
at 4° from time of collection until extracted. Protect from 
light. Extract samples within 7 days of sample collection.

F. S am ple Preparation

(a) A u to m a ted  ex traction  m e th o d .—Add preservative, 
C(j), to any samples not previously preserved. Mark water

meniscus on side of sample bottle for later determination of 
sample volume. Add 50 p L  surrogate stock solution, C(c), to 
sample. If mechanical separatory funnel shaker is used, pour 
entire sample into 2 L separatory funnel. If mechanical tum
bler is used, pour entire sample into tumbler bottle. Adjust 
sample to pH 7 by adding 50 mL phosphate buffer, C(f). 
Check pH and add H2S0 4 or NaOH if necessary.

Add 100 g NaCl to sample, seal, and shake to dissolve salt. 
Add 300 mL CHiCL to sample bottle, seal, and shake 30 s to 
rinse inner walls. Transfer solvent to sample contained in 
separatory funnel or tumbler bottle, seal, and shake 10 s, 
venting periodically. Repeat shaking and venting until pres
sure release is not observed during venting. Reseal and place 
sample container in appropriate mechanical mixing device 
(separatory funnel shaker or tumbler). Shake or tumble sam
ple for 1 h.

After extraction, pour contents of tumbler bottle into 2 L 
separatory funnel. Let organic layer separate from water 
phase for >10 min. If emulsion interface between layers is 
more than one-third volume of solvent layer, complete phase 
separation mechanically. Collect CHiCL extract in 500 mL 
erlenmeyer flask containing ca 5 g anhydrous NaiSCL. Swirl 
flask to dry extract; let flask sit 15 min. Determine original 
sample volume by refilling sample bottle to mark and trans-
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FIG. 990.06A—GC/ECD chromatogram of Group A compounds analyzed on 30 m X 0.25 mm id DB-5 fused-silica capillary col 
umn (0.25 ¿tm film). See B(j) for operating conditions and Table 990.06A for peak identification. IS = internal standard.

ferring water to 1000 mL graduated cylinder. Record sample 
volume to nearest 5 mL.

(b) M anual ex traction  m eth od .—Add preservative, C(j), 
to samples not previously preserved. Mark water meniscus on 
side of sample bottle for later determination of sample vol
ume. Add 50 fiL surrogate stock solution, C(c), to sample. 
Pour entire sample into 2 L separatory funnel. Adjust sample 
to pH 7 by adding 50 mL phosphate buffer, C(f). Check pH 
and add H2SO4 or NaOH if necessary. Add 100 g NaCl to 
sample, seal, and shake to dissolve salt. Add 60 mL CHiCL 
to sample bottle, seal, and shake bottle 30 s to rinse inner 
walls.

Transfer solvent to separatory funnel and extract sample 
by vigorously shaking funnel for 2  min with periodic venting 
to release excess pressure. Let organic layer separate from 
water phase for >10 min. If emulsion interface between 
layers is more than one-third volume of solvent layer, com
plete phase separation mechanically. Collect CH2CL extract 
in 500 mL erlenmeyer flask containing ca 5 g anhydrous 
NajSCL. Add second 60 mL portion of CH2CL to sample 
bottle and repeat extraction procedure a second time, com
bining extracts in erlenmeyer flask. Perform third extraction 
in same manner. Swirl flask to dry extract; let flask sit for 15 
min. Determine original sample volume by refilling sample 
bottle to mark and transferring water to 1000 mL graduated 
cylinder. Record sample volume to nearest 5 mL.

G. Extract Concentration
Assemble K-D concentrator by attaching 25 mL concen

trator tube to 500 mL evaporation flask. Decant CH2CL 
extract into concentrator. Rinse remaining NaiSCL with two 
25 mL portions of CH2CL and decant rinses into concentra
tor.

Add 1 or 2 clean boiling stones to evaporation flask and 
attach macro-Snyder column. Prewet column by adding ca 1 
mL CHiCL to top. Place K-D apparatus on 65-75° water 
bath so that concentrator tube is partially immersed in hot 
water, and entire lower, rounded surface of flask is bathed 
with hot vapor. Adjust vertical position of apparatus and 
water temperature as required to complete concentration in 
15-20 min. At proper rate of distillation, balls of column will 
actively chatter, but chambers will not flood. When apparent 
volume of liquid reaches 2 mL, remove K-D apparatus and 
let it drain and cool > 1 0  min.

Remove Snyder column and rinse flask and its lower joint 
with 1-2 mL MTBE, collecting rinse in concentrator tube. 
Add 5-10 mL MTBE and fresh boiling stone. Attach micro- 
Snyder column to concentrator tube and prewet column by 
adding ca 0.5 mL MTBE to top. Place micro K-D apparatus 
on water bath so that concentrator tube is partially immersed 
in hot water. Adjust vertical position of apparatus and water 
temperature as required to complete concentration in 5-10 
min. When apparent volume of liquid reaches 2 mL, remove
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TIME (min)
FIG. 990.06B—GC/ECD chromatogram of Group B compounds analyzed on 30 m X 0.25 mm id DB-5 fused-silica capillary col

umn (0.25 /tm film). See B(j) for operating conditions and Table 990.06A for peak identification. IS = internal standard.

apparatus from bath and let it drain and cool. Add 5-10 mL 
MTBE and boiling stone and reconcentrate to 2 mL. Remove 
micro K-D apparatus from bath and let it drain and cool. 
Remove micro-Snyder column, and rinse walls of concentra
tor tube while adjusting volume to 5.0 mL with MTBE.

Add 5 p L  internal standard stock solution, C(b), to sample 
extract, seal, and shake to distribute internal standard. 
Transfer extract to appropriate-size TFE-fluorocarbon- 
sealed, screw-cap vial and store at 4° until analysis. A 14-day 
maximum extract storage time is recommended.

H. Calibration of G as Chrom atograph with Electron  
Capture D etector

Table 990.06A summarizes recommended operating con
ditions for gas chromatography and retention times observed 
using this method. Examples of separations using these con
ditions are shown in Figs 990.06A and 990.06B. Initially, 
perform 5-level calibration within linear range of detector, 
using internal standard and relative response factors. If re

sponse factor (RF) value over working range is constant 
(<10% RSD), average RF can be used for calculations. 
Verify calibration curve daily using 1 or 2 calibration stan
dards. If response of any analyte varies >20% from average 
relative response factor for initial calibration, analysis of 
single-level standard must be repeated with fresh standard. 
Alternatively, new calibration curve must be prepared.

I. Quality Control

Minimum quality control requirements for this method 
include ( I )  initial demonstration of method performance, (2 ) 
analysis of surrogate standard in each sample (acceptable 
recovery is 70-130%), (3) monitoring of internal standard 
area counts in each sample (area of internal standard should 
be within 30% of area in calibration standard), (4 ) analysis of 
method blanks as continuing check on sample contamination, 
(J) analysis of spiked samples as continuing check on method 
recovery, and (6) analysis of instrument QC standard to 
ensure acceptable instrument performance (Table 990.06B).

Table 990.06B Instrument Quality Control Standard
Test Analyte Concn, /ig/L Requirements

Sensitivity chlorpyrifos 0.002 detection of analyte; S/N >3
Chromatographic DCPA 0.05 PSF between 0.80 and 1.15

performance
Column chlorothalonil 0.05

PGF between 0.80 and 1.15 
R >  0.50

performance 5-BHC 0.04
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Calculate peak symmetry factor (PSF), peak Gaussian fac
tor (PGF), and resolution between the 2 peaks (R) as follows:

PSF = w(l/2)/[0.5 X W( 1/2)]
where w( 1 / 2 ) = width of peak front at half height, assuming 
peak is split at its highest point; and W( 1 /2) = peak width at 
half height.

PGF = [1.83 X W (l/2)]/W (l/10)
where W( 1 /2) = peak width at half height, and W( 1 /10) = 
peak width at tenth height.

R = t/W
where t = difference in elution times between the 2 peaks, 
and W = average peak width of the 2 peaks at the baseline.

Demonstrate initial method performance by extracting 
four 1 L samples of reagent water, C(i), spiked at concentra
tion ca 10 times estimated method detection limit. Calculate 
average percent recovery and standard deviation of percent 
recovery. For acceptable performance, relative standard de
viation should be < 2 0 % and analyte mean recoveries should 
be within 70-130%.
Ref.: JAOAC 73, March/April issue (1990).

Results and Discussion 

R ejection  of Outliers

For the entire study, the IMVS computer program reject
ed 12.8% of the 3828 data points submitted. The percentage 
of rejected data was 5.4 for reagent water and 7.4 for finished 
drinking water (Table 1) of the 132 data points/analyte. 
Trifluralin had the largest number of outliers, 32, while 
aldrin had no outliers. Seven compounds had less than 10 
outliers, 11 compounds had between 11 and 2 0  outliers, and 
11 compounds had between 21 and 32 outliers.

The number of data rejected for each laboratory is present
ed in Table 2. The laboratory ranking test accounted for 
84.5% of all rejected data. Of the 11 laboratories submitting 
data, laboratory 18 had the highest number of data rejected, 
30.7% of their total submitted data, which seemed excessive 
compared with the remaining laboratories. Their laboratory 
notebook stated an increased column flow rate (no rates 
given) prior to the analyses of the sample extracts. As a 
result, hexachlorobenzene and trifluralin were no longer re
solved and coeluted, making quantitation impossible. Lab
oratory 18 reported no data for these 2 compounds, which 
represents 24 data points of the 107 total rejected data points.

Four of the 6 laboratories exhibiting the highest number of 
rejected data used thick film capillary columns ranging from 
0.52 to 2.65 /mi, instead of the recommended 0.25 /m  film 
column. The remaining laboratories used the 0.25 /im film 
thickness column.

An initial review of the regression equations revealed high
er variability in the chlorothalonil reagent water data set 
than in the finished drinking water data set. Examination of 
the data showed the retention of 2 extremely low data points. 
In our judgment, these 2 data points biased the chlorothalonil 
reagent water data set, causing it to be inconsistent with the 
other chlorothalonil data sets. As a result, the data points 
were removed and the summary statistics were recalculated, 
including the revision of the linear regression equations. The 
revised chlorothalonil reagent water equations are presented 
in Table 3.

Table 1. Total number of rejected data by compound by 
water type and in total

Compound
Reagent
water3

Finished
drinking
water3

Total
rejected

data6

Aldrin 0 0 0
a-BHC 7 0 7
ß-BHC 3 0 3
7-BHC 1 7 8
5-BHC 15 15 30
a-Chlordane 14 8 22
7 -Chlordane 2 13 15
Chlorobenzilate 14 12 26
Chloroneb 3 12 15
Chlorothalonil 8 0 8
DCPA 2 6 8
4,4'-DDD 3 13 16
4,4'-DDE 6 10 16
4,4'-DDT 12 18 30
Dieldrin 1 14 15
Endosulfan I 7 12 19
Endosulfan II 13 6 19
Endosulfan sulfate 8 6 14
Endrin 13 12 25
Endrin aldehyde 12 12 24
Etridiazole 2 13 15
Fleptachlor 9 16 25
Heptachlor epoxide 2 14 16
Hexachlorobenzene 6 15 21
Methoxychlor 7 6 13
c/s-Permethrin 14 7 21
frans-Permethrin 8 13 21
Propachlor 0 6 6
Trifluralin 13 19 32

Total 205
(5.4 %)c

285
(7.4%)

490
(12.8%)

Average 7.1 9.8 16.9

a Total submitted data by water type was 66 (6 concentrations X 11 
laboratories).

6 Total submitted data by compound was 132 (6 concentrations X 11 
laboratories X 2 water types). 

c Total submitted data for the study was 3828.

Table 2. Total number of rejected data by laboratory by 
outlier test and in total

Laboratory
code

Laboratory 
ranking test3

Thompson's 
outlier test3

Total
rejected data6

01 48 1 49
02 48 6 54
03 42 14 56
04 12 8 20
06 18 1 19
07 0 23 23
09 0 0 0
15 66 2 68
17 12 3 15
18 90 17 107
19 78 1 79

Total 414(84.5%) 76(15.5%) 490
Average 44.5

3 Level of significance 0.05.
b Total submitted data by laboratory was 348 (6 concentrations X 29 

compounds X 2 water types).
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Table 3. Regression equations for method precision and mean recovery for reagent water3

Compound

Conen
range,
aq/ l

Single-analyst
precision,

Sr

Overall
precision,

Sr

Mean
recovery,

X

Aldrin 0.03-1.38 0.061X +  0.004 0.130X +  0.009 0.909C + 0.007
a -B H C 0.02-1.00 0.059X +  0.001 0.127X + 0.005 1.015C + 0.004
/3-BHC 0.02-1.00 0.034X +  0.004 0.148X + 0.005 0.975C + 0.006
7-B H C 0.03-1.51 0.047X + 0.005 0.147X +  0.007 0.998C + 0.006
5-BH C 0.02-1.01 0.050X + 0.001 0.119X +  0.002 0.958C + 0.005
a-Chlordane 0.03-1.50 0.062X +  0.000 0.138X +  0.000 1.008C + 0.003
y-Chlordane 0.03-1.51 0.048X +  0.002 0.129X +  0.001 0.936C + 0.005
Chlorobenzilate 1.00-50.00 0.067X + 0.022 0.178X +  0.117 0.993C + 0.263
Chloroneb 1.00-50.08 0.111X -  0.016 0.159X +  0.275 0.942C +  0.280
Chlorothalonil 0.05-2.51 0.096X +  0.001 0.233X + 0.001 0.955C +  0.001
DCPA 0.05-2.51 0.047X +  0.002 0.161X +  0.002 0.998C + 0.013
4,4'-DDD 0.05-2.50 0.087X -  0.001 0.150X +  0.000 0.970C + 0.006
4,4'-DDE 0.02-1.00 0.093X + 0.001 0.166X +  0.000 0.982C + 0.000
4,4'-DDT 0.12-6.01 0.044X + 0.017 0.140X +  0.002 0.976C + 0.006
Dieldrin 0.04-2.01 0.089X +  0.000 0.150X + 0.009 0.962C + 0.009
Endosulfan 1 0.03-1.51 0.070X + 0.000 0.127X + 0.009 0.957C + 0.006
Endosulfan II 0.03-1.49 0.059X + 0.001 0.120X + 0.002 0.974C + 0.003
Endosulfan sulfate 0.03-1.51 0.115X + 0.003 0.158X +  0.007 0.988C + 0.004
Endrln 0.03-1.50 0.108X -  0.002 0.134X + 0.002 0.991C +  0.002
Endrin aldehyde 0.05-2.49 0.105X -  0.004 0.121X + 0.003 0.940C +  0.007
Etridiazole 0.05-2.48 0.049X +  0.002 0.149X +  0.010 0.960C + 0.007
Heptachlor 0.02-1.00 0.068X + 0.001 0.100X + 0.011 0.961C +  0.009
Heptachlor epoxide 0.03-1.50 0.049X + 0.002 0.122X + 0.005 0.950C + 0.006
Hexachlorobenzene 0.01-0.50 0.049X + 0.000 0.124X + 0.003 0.841C + 0.003
Methoxychlor 0.10-5.01 0.108X -  0.004 0.190X -  0.003 1.044C + 0.016
c/s-Permethrin 1.00-50.08 0.077X + 0.034 0.138X + 0.204 0.938C + 0.314
frans-Permethrin 1.00-50.12 0.096X -  0.001 0.233X + 0.001 0.955C + 0.001
Propachlor 1.00-50.08 0.052X + 0.098 0.119X + 0.370 0.978C + 0.317
Trifluralin 0.05-2.51 0.064X + 0.003 0.144X + 0.004 0.888C + 0.004

3 X = mean recovery; C = analyte true concentration.

Mean R eco very

Mean recoveries were calculated for each of the 29 pesti
cides by inserting a midpoint concentration value in the range 
studied into the regression equations presented in Tables 3 
and 4. The results, given in Table 5, show excellent recoveries 
from reagent water, ranging from 85.4% for hexachloroben- 
zene to 105.2% for methoxychlor, with an average recovery 
of 97.1%. In finished drinking water, the recoveries of the 29 
compounds were slightly lower but judged acceptable, rang
ing from 82.5% for //-any-permethrin to 99.0% for heptachlor, 
with an average of 90.1%. The small standard deviations 
about the pooled mean recoveries suggest that the method 
worked well in either water matrix.

For purposes of discussion and interpretation, compounds 
with calculated recoveries outside 2 standard deviations from 
the pooled mean recovery were reviewed further. In reagent 
water, the 2 standard deviation range was 89.3-104.9%. Only 
hexachlorobenzene (85.4%) fell outside this range. A review 
of the hexachlorobenzene data set showed no unusual data. It 
was concluded that the statistics reported for hexachloroben
zene were acceptable and representative of the method. In 
finished drinking water, the 2 standard deviation range was
81.6-98.6%. Heptachlor (99.0%) was the only pesticide to 
exceed this range, but the value was not considered excessive 
enough to warrant further data review.

Precision

The overall standard deviation (SR) is the precision associ
ated with measurements generated by a group of laborato

ries, while the single-analyst standard deviation (Sr) is the 
precision associated with performance in an individual lab
oratory. The overall and single-analyst precisions were calcu
lated using the midpoint value of the range tested in the 
precision regression equations presented in Tables 3 and 4. 
The overall (RSDr) and single-analyst precisions (RSDr), 
expressed as relative standard deviations, are presented in 
Table 6 .

The pooled mean overall precision for the 29 pesticides in 
reagent water, expressed as RSDr, was 15.5%, ranging from 
12.3% for endosulfan II and heptachlor to 27.6% for trans- 
permethrin. In finished drinking water, the pooled mean 
overall precision was 17.7%, ranging from 8.7% for hepta
chlor epoxide to 40.7% for tra«s-permethrin. The overall 
precisions of the finished drinking water data were slightly 
more variable than for the reagent water data as might be 
expected because of the differences in the sources and treat
ment of the waters tested in the participating laboratories.

For purposes of discussion and interpretation, compounds 
whose overall precision, as RSDr, exceeded 25% (approxi
mately 1.5 times the average overall precision) were subject
ed to further data review. In reagent water, ira/w-permethrin 
(27.6%) was the only compound that exceeded this limit. A 
review of the iranr-permethrin data revealed an anomalous 
data point, which was dissimilar to the other data in the set. 
However, when this data point was removed and the statistics 
recalculated, only a slight improvement in the summary sta
tistics resulted. Removal of this data point, therefore, was not 
believed to be justified. The statistical summaries for trans- 
permethrin are acceptable as presented and represent the
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Table 4. Regression equations for method precision and mean recovery for finished drinking water*

Compound

Conen
range,
AQ/L

Single-analyst
precision,

Sr

Overall
precision,

Sr

Mean
recovery,

X

Aldrin 0.03-1.49 0.048X + 0.008 0.175X + 0.005 0.826C + 0.008
a-BHC 0.02-1.00 0.094X -  0.000 0.198X + 0.000 0.940C + 0.003
/3-BHC 0.02-1.00 0.142X -  0.001 0.227X + 0.003 0.923C + 0.005
7-BHC 0.03-1.51 0.070X -  0.001 0.138X + 0.006 0.938C + 0.002
ä-BHC 0.02-1.01 0.066X + 0.005 0.133X + 0.004 0.905C +  0.007
a-Chlordane 0.03-1.50 0.070X +  0.000 0.164X +  0.000 0.870C +  0.005
7 -Chlordane 0.03-1.51 0.072X + 0.000 0.138X + 0.001 0.865C + 0.005
Chlorobenzilate 1.00-50.00 0.146X -  0.042 0.243X + 0.292 0.874C + 0.207
Chloroneb 1.00-50.08 0.100X -  0.024 0.185X + 0.110 0.883C + 0.218
Chlorothalonil 0.05-2.51 0.100X + 0.001 0.180X + 0.004 0.920C + 0.000
DCPA 0.05-2.51 0.136X -  0.003 0.224X -  0.003 0.920C + 0.015
4,4'-DDD 0.05-2.50 0.102X + 0.001 0.146X + 0.002 0.908C + 0.008
4,4'-DDE 0.02-1.00 0.081X -  0.001 0.203X -  0.002 0.842C + 0.002
4,4'-DDT 0.12-6.01 0.110X -  0.005 0.162X + 0.012 0.858C + 0.009
Dieldrin 0.04-2.01 0.065X -  0.000 0.140X -  0.000 0.882C + 0.006
Endosulfan 1 0.03-1.51 0.072X + 0.001 0.117X + 0.003 0.898C + 0.004
Endosulfan II 0.03-1.49 0.064X -  0.000 0.119X + 0.002 0.901C + 0.002
Endosulfan sulfate 0.03-1.51 0.132X -  0.000 0.233X + 0.007 0.948C + 0.009
Endrin 0.03-1.50 0.062X + 0.001 0.120X +  0.002 0.893C +  0.001
Endrin aldehyde 0.05-2.49 0.076X -  0.001 0.097X + 0.005 0.874C +  0.003
Etrldiazole 0.05-2.48 0.074X +  0.001 0.240X -  0.000 0.916C +  0.009
Heptachlor 0.02-1.00 0.072X +  0.001 0.075X + 0.009 0.980C + 0.005
Heptachlor epoxide 0.03-1.50 0.066X + 0.001 0.084X + 0.004 0.944C + 0.006
Hexachlorobenzene 0.01-0.50 0.013X +  0.002 0.097X + 0.005 0.833C + 0.004
Methoxychlor 0.10-5.01 0.142X -  0.004 0.285X -  0.007 0.936C + 0.017
c/s-Permethrin 1.00-50.08 0.112X + 0.012 0.161X + 0.292 0.833C + 0.200
frans-Permethrin 1.00-50.12 0.184X -  0.087 0.410X -  0.063 0.814C + 0.287
Propachlor 1.00-50.08 0.087X + 0.061 0.158X + 0.185 0.925C + 0.353
Trifluralin 0.05-2.51 0.066X + 0.002 0.147X + 0.004 0.847C + 0.006

a X = mean recovery; C = analyte true concentration.

method. In finished drinking water, chlorobenzilate (25.5%), 
methoxychlor (28.1%), and 7ra/u-permethrin (40.7%) ex
ceeded the 25% limit. The methoxychlor data sets show the 
same variability across all concentration levels. The overall 
precision statistics for methoxychlor were judged acceptable 
and indicate a higher variability in the recoveries from fin
ished drinking water as opposed to reagent water. Examina
tion of the chlorobenzilate and mms-permethrin data sets 
reveals the retention of several anomalous data points within 
each data set. However, the variability of the data sets was 
large enough that removal of these data points would not 
have improved the overall precision statistics to any degree. 
As a result, their removal was not justified. The higher vari
ability for iraws-permethrin may have resulted from it being 
the last compound to elute from the chromatographic col
umn, at approximately 63 min. Peak geometry is not as sharp 
for late eluting compounds and results in higher variability in 
peak area integrations.

The pooled mean single-analyst precision, expressed as 
RSDr, of the 29 pesticides in reagent water was 7.5%, and 
ranged from 4.2% for /3-BHC to 15.4% for /rani-permethrin. 
In finished drinking water, the pooled mean single-analyst 
precision was 9.1%, and ranged from 2.1% for hexachloro- 
benzene to 18.1% for tra m -permethrin, slightly higher in 
finished drinking water than in reagent water. Precision sta
tistics generated in other method validation studies have 
shown average overall precision approximately twice the av
erage single-analyst precision. This same relationship was 
observed here with the reagent water overall/single-analyst

ratio of 15.5/7.5 = 2.07 and the finished drinking water ratio 
of 17.7/9.1 = 1.94.

For purposes of discussion and interpretation, compounds 
whose single-analyst precision, expressed as RSDr, were 
greater than 13% (approximately 1.5 times the average sin
gle-analyst precision) were subjected to further review. In a 
few cases, single-analyst precisions exceeded 13% but were 
less than 14.5%; however, these instances were not considered 
of major concern and will not be discussed. Only trans- 
permethrin exceeded this limit in reagent water (15.4%) and 
finished drinking water (18.1%). As stated previously, the 
removal of a few errant data points from the rranv-permeth- 
rin data set did not improve the single-analyst precision sub
stantially.

Effect of W ater Type

The data across water types were subjected to an analysis 
of variance test using the IMVS computer program to deter
mine the effect of water type on recovery and precision. Only 
4 compounds (a-chlordane, DCPA, 4,4'-DDE, and methoxy
chlor) had statistically significant matrix effects due to water 
type but this does not necessarily mean that the effect is of 
practical significance. Practical significance was determined 
by a review of the retained data and judging whether the 
statistically significant matrix effects were influenced by the 
retention of one or more errant data points. If no anomalies 
were observed, the statistically significant matrix effects 
were considered to be of practical significance.

A review of the DCPA finished drinking water data set
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Table 5. Estimated recoveries calculated from regression equations by compound and by water type, as percent of
true concentration*

Recovery, % Recovery, %

Compound
Concn,
mq/l6 Reagent water

Finished 
drinking water Compound

Conen,
A9/L6 Reagent water

Finished 
drinking water

Aldrin 0.7 92.0 83.8 Endosulfan II 0.7 97.9 90.4
a-BHC 0.5 102.3 94.6 Endosulfan Sulfate 0.7 99.3 96.1
ß-BHC 0.5 98.7 93.4 Endrin 0.7 99.4 89.5
7-BHC 0.7 100.6 94.2 Endrin aldehyde 1.0 94.8 87.7
5-BHC 0.5 96.9 92.0 Etridiazole 1.0 96.7 92.5
a-Chlordane 0.7 101.3 87.6 Heptachlor 0.5 97.9 99.0
7 -Chlordane 0.7 94.3 87.2 Heptachlor epoxide 1.0 95.7 95.0
Chlorobenzilate 25.0 100.4 88.3 Hexachlorobenzene 0.25 85.4 84.9
Chloroneb 25.0 95.3 89.2 Methoxychlor 2.0 105.2 94.4
Chlorothalonil 1.0 95.7 92.1 c/s-Permethrin 25.0 95.1 84.1
DCPA 1.0 101.0 93.5 frans-Permethrin 25.0 94.5 82.5
4,4'-DDD 1.0 97.5 91.6 Propachlor 25.0 99.1 93.9
4,4'-DDE 0.5 98.2 84.6 Trifluralin 1.0 89.2 85.4
4,4'-DDT 3.0 97.9 86.1 —
Dieldrin 1.0 97.1 88.8 Average 97.1 90.1
Endosulfan 1 0.7 96.6 90.3 Std dev. 3.9 4.2

* Weighted linear regression equations for Method 508. 
b Midpoint value in concentration range studied.

Table 6 . Statistical parameters calculated from regression equations for Method 508 by compound and by water type*

Compound
Conen,
M9/L.6

Reagent
water

Finished
drinking
water

Reagent
water

Finished
drinking
water

Sr Sr Sr Sr RSDr, % RSDr, % RSDr, % RSDr, %

Aldrin 0.7 6.2 13.2 4.9 15 3 6.7 14.3 5.8 18.2
a-BHC 0.5 6.3 14.1 8.9 18.8 6.2 13.8 9.4 19.9
ß-BHC 0.5 4.1 15.7 13.2 21.8 4.2 15.9 14.1 23.3
7-BHC 0.7 5.4 15.8 6.5 13.8 5.4 15.7 6.9 14.7
5-BHC 0.5 5.0 12.0 7.0 12.9 5.2 12.4 7.6 14.0
a-Chlordane 0.7 6.3 14.0 6.1 14.4 6.2 13.8 7.0 16.4
7 -Chlordane 0.7 4.7 12.4 6.3 12.1 5.0 13.1 7.2 13.9
Chlorobenzilate 25.0 6.8 18.4 12.7 22.5 6.8 18.3 14.4 25.5
Chloroneb 25.0 9.5 16.2 8.8 16.9 10.0 17.0 9.9 19.0
Chlorothalonil 1.0 9.4 23.4 9.3 16.9 9.8 24.4 10.1 18.3
DCPA 1.0 5.1 16.5 12.4 20.8 5.0 16.3 13.3 22.2
4,4'-DDD 1.0 8.4 14.7 9.4 13.6 8.6 15.1 10.3 14.8
4,4'-DDE 0.5 9.2 16.3 6.8 16.8 9.4 16.6 8.0 19.9
4,4'-DDT 3.0 4.9 13.7 9.3 14.4 5.0 14.0 10.8 16.7
Dieldrin 1.0 8.7 15.3 5.8 12.4 9.0 15.8 6.5 14.0
Endosulfan I 0.7 6.8 13.4 6.6 10.9 7.0 13.9 7.3 12.1
Endosulfan II 0.7 5.9 12.0 5.8 11.0 6.0 12.3 6.4 12.2
Endosulfan sulfate 0.7 11.8 16.8 12.7 23.4 11.9 16.9 13.2 24.3
Endrin 0.7 10.6 13.5 5.6 11.0 10.5 13.6 6.3 12.3
Endrin aldehyde 1.0 9.7 11.8 6.7 8.9 10.2 12.4 7.6 10.2
Etridiazole 1.0 4.9 15.4 6.9 22.2 5.1 15.9 7.5 24.0
Heptachlor 0.5 6.9 12.0 7.3 9.3 7.0 12.3 7.4 9.4
Heptachlor epoxide 1.0 4.9 12.2 6.5 8.3 5.1 12.7 6.8 8.7
Hexachlorobenzene 0.25 4.4 11.7 1.8 10.0 5.1 13.7 2.1 11.8
Methoxychlor 2.0 11.2 19.8 13.2 26.5 10.6 18.8 14.0 28.1
c/s-Permethrin 25.0 7.5 13.9 9.5 14.5 7.9 14.6 11.3 17.3
frans-Permethrin 25.0 14.6 26.1 14.9 33.6 15.4 27.6 18.1 40.7
Propachlor 25.0 5.5 13.3 8.5 15.5 5.6 13.4 9.0 16.5
Trifluralin 1.0 6.0 13.2 5.8 12.9 6.7 14.8 6.8 15.1

Average 7.5 15.5 9.1 17.7

Std dev. 2.6 3.4 3.4 6.7

* sr and sR = standard deviations for repeatability and reproducibility, respectively. RSDr and RSDr = corresponding relative standard deviations.
b Midpoint value in concentration range studied.
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revealed the retention of an anomalous data point in the data 
set. Therefore, the statistically significant matrix effect for 
DCPA was judged to be of no practical significance. The 
statistically significant matrix effects for a-chlordane, 4,4'- 
DDE, and methoxychlor were considered to be of practical 
significance. Each of these compounds had lower recoveries 
and poorer overall precision in finished drinking water at all 
concentration levels compared with reagent water. The re
agent water recoveries were approximately 10% higher, with 
better precision, than the comparable finished drinking water 
samples.

Conclusions and R ecom m endations

The objective of this study was to characterize the per
formance of Method 508 in terms of recovery, overall preci
sion, single-analyst precision, and the effect of water type on 
recovery and precision. Through use of the IMVS computer 
program, statistical analyses of 3828 analytical values pro
vided estimates of recovery and precision for each of the 29 
pesticides, which are expressed as regression equations in 
Tables 3 and 4. These equations may be used to predict the 
recovery and precision of the 29 chlorinated pesticides over 
the concentration range tested.

The summary statistics from this study show that analyti
cal results for 29 chlorinated pesticides were acceptable in 
reagent water and in finished drinking waters. The overall 
and single-analyst precisions were similar in the 2 waters. 
Recoveries of the 29 pesticides were slightly lower in the 
finished drinking waters than in reagent water.

The low number of rejected data in this study demon
strates the general applicability of the method. Practical,

significant matrix effects were found for a-chlordane, 4,4'- 
DDE, and methoxychlor in the finished drinking waters.

On the basis of this interlaboratory method validation 
study, it is recommended that the method be adopted official 
first action.
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Liquid Chromatographic Determination of the Herbicide Isoxaben and Its Soil Metabolite 
in Soil and Soil-Turf Samples
BONNIES. RUTHERFORD
L i l l y  R e se a r c h  L a b o r a to r ie s ,  D iv is io n  o f  E l i  L i l l y  a n d  C o ., A g r ic u ltu r a l  A n a ly t ic a l  C h e m is tr y ,
G re e n fie ld , I N  4 6 1 4 0 -0 7 0 8

A method is described for the determination of residues of 
isoxaben and Its principal soil metabolite In soil and soll-turf 
samples. Both compounds are extracted from samples by 
refluxing with methanol-water. An aliquot of the extract is 
partitioned into dlchloromethane and purified by alumina 
column chromatography. Separate fractions containing Isox
aben and metabolite are collected and subjected to liquid 
chromatography at conditions that are optimized for each 
compound. The detection limit for both compounds is 0.005 
ppm. Residue Identities are confirmed by chromatography on 
a different LC system.

Isoxaben, N-[3-(l-ethyl-l-methylpropyl)-5-isoxazolyl]-2,6- 
dimethoxybenzamide (I), is being marketed in Europe as a

I

preemergence herbicide for control of annual broadleaf 
weeds in cereal crops (1). It has recently been registered in 
the United States for use in the non-crop specialty area, 
where it acts as a selective preemergence surface-applied 
herbicide to control annual broadleaf weeds in established 
turf, ornamentals, non-bearing trees and vines, ground cov
ers, and other non-cropland uses (2). Soil metabolism studies 
conducted with l4C-isoxaben in the laboratory and under 
field conditions have shown that isoxaben and its metabolite, 
N-[3-(l-hydroxy- 1-methylpropy l)-5-isoxazolyl]-2,6 -di- 
methoxybenzamide (II), are the major residues occurring in

II

soils treated with isoxaben (D. P. Rainey and L. K. Graper, 
1984-85, Lilly Research Laboratories, unpublished data). 
Four additional degradation products were detected in much 
lower amounts (less than 5 percent of the applied isoxaben). 
The major metabolite (II) reached levels of approximately 
2 0 % of the applied isoxaben during the laboratory soil study 
and 9% during the Field study. Therefore, a method was 
developed for the determination of residues of isoxaben and

Received May 29, 1989. Accepted September 13, 1989.

metabolite in soil and soil-turf samples in order to study the 
dissipation of isoxaben under actual use conditions.

Experimental

A pparatus

(a) L iqu id  chrom atograph .—LC pump equipped with a 
UV detector capable of operation at 0.01 AUFS at 254 nm 
and a constant volume injector. Conditions for assay: 250 X
4.6 mm id column packed with Spherisorb ODS II, 5 |um 
particle size; mobile phase 70 + 30 (v/v) methanol-water for 
isoxaben or 60 + 40 (v/v) methanol-water for metabolite; 
flow rate 1 mL/min, injection volume 50-70 pL . Under these 
conditions, the retention time of isoxaben is 7 min and 5.5 
min for the metabolite. Conditions for confirmatory assay: 
250 X 4.6 mm id Zorbax CN column, 5 pm  particle size; 
mobile phase 45 + 55 acetonitrile-water for isoxaben or 35 + 
65 acetonitrile-water for metabolite; flow rate 1 mL/min, 
injection volume 50-70 pL . Under these conditions, the re
tention time of isoxaben is 8.5 min, and 6.5 min for the 
metabolite.

(b) G rinder.—Homoloid Model F-3493-00-171, or equiv
alent, with screen having a hole size of 0.45 cm.

(c) S o il m ixer.—Hobart Model C-100, or equivalent.
(d) R eflu x  appara tu s.—Water-cooled tubes with heating 

mantles.
(e) R o ta ry  vacuum  evapora tors .—Rinco, or equivalent, 

with 45°C water bath.
(f) F ilter p a p er .—Prefolded, Schleicher & Schuell No. 

588, or equivalent.
(g) C hrom atography colum ns.—25 cm X 14 mm id glass, 

equipped with stopcocks and 250 mL solvent reservoirs.

R eagen ts

(a) S olven ts .—Methanol, dichloromethane, ethyl ace
tate, acetonitrile (all LC grade).

(b) S o lu tion s.—Methanol-water (80 + 20, v/v); sodium 
chloride, 5% aqueous; dichloromethane-ethyl acetate (80 + 
20, v/v); dichloromethane-methanol (99 + 1, v/v), (98 + 2, 
v/v), (97 + 3, v/v).

(c) S od iu m  su lfa te .—Anhydrous, methanol-washed.
(d) A lum ina.—Alcoa F-20 (containing ca 4% water as 

determined by loss-on-drying technique).
(e) L iqu id  nitrogen.
(f) S ta n d a rd  so lu tion s.—Prepare separate solutions for 

isoxaben and metabolite. (7) S to ck  stan dard  so lu tion .—50 
P g / m L  in methanol. (2) F ortification  stan dard  so lu tion .—
1.25 p g / m L  in methanol.

(g) S ta n d a rd  curve so lu tion s.—Prepare at least 3 solu
tions over the range of 0.125-5.0 p g / m L  in appropriate 
mobile phase solution.

S am ple S torage and Preparation

Refrigerate soil or soil-grass samples until prepared for 
assay. Thoroughly grind and mix samples as described previ
ously (3). If sample analysis will be delayed, storage stability
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Figure  1. Chrom atogram s dem onstrating determination of 
isoxaben in soil: A, Isoxaben standard, 31 ng; B, control soil 
sam ple; C , control soil sam ple  fortified with 0.025 ppm Iso xa

ben, equivalent to 98 %  recovery.
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Figure  2. Chrom atogram s dem onstrating determination of 
m etabolite (II)  in soil: A , m etabolite standard, 31 ng; B, 
control soil sam ple; C , control soil sam ple fortified with 0.025  

ppm metabolite, equivalent to 88 %  recovery.

samples should be prepared at a concentration of 0.025 ppm 
by fortifying 50 g control soil with 1.25 Mg each of isoxaben 
and metabolite. Refrigerate all samples until analyzed.

Extraction  Procedure

Weigh 50 g prepared soil or soil-turf mixture into 500 mL 
boiling flask. Add 200 mL methanol-water (80 + 20) and 
attach water-cooled condenser to flask. Heat to boiling and 
reflux sample 1 h. Cool sample to room temperature. Filter 
portion of sample and collect 100 mL aliquot.

Liqu id -Liq u id  Partition

Transfer filtered aliquot to 250 mL separatory funnel con
taining 50 mL of 5% sodium chloride solution. Extract aque
ous solution with three 70 mL portions of dichloromethane, 
draining each extract through funnel containing layer of 
sodium sulfate into 250 mL or larger boiling flask. Note: Do 
not let any water into boiling flask. Rinse sodium sulfate with 
20 mL dichloromethane. Evaporate combined dichlorometh
ane extracts to dryness on rotary vacuum evaporator.

Purification

Prepare alumina column by placing plug of glass wool in 
bottom of glass chromatography column and adding 13 mL 
(dry volume) alumina. Tap sides of column gently to settle 
alumina. Cover alumina with 1.5 cm layer of sodium sulfate. 
Wash column with 30 mL dichloromethane, draining solvent 
to top of column.

Transfer sample residue to column using two 5 mL por
tions of dichloromethane and letting each portion pass into 
absorbent layer. Rinse boiling flask with 25 mL dichloro
methane and add rinse to column, washing down sides of 
column and draining to top of absorbent. Wash column with 
50 mL dichloromethane-ethyl acetate (80+20), followed by 
25 mL dichloromethane-methanol (99+1). Discard all col
umn effluent to this point.

Add 50 mL dichloromethane-methanol (99+1) and col
lect eluate in 125 mL boiling flask. This fraction contains 
isoxaben.

Wash the column with 20 mL dichloromethane-methanol 
(98+2). Discard eluate. Add 75 mL dichloromethane-meth
anol (97+3) and collect eluate in 125 mL boiling flask. This 
fraction contains metabolite II. Note: Solvent volumes given 
should be checked with each batch of alumina to determine 
column profile for isoxaben and metabolite.

Evaporate collected fractions by rotary-vacuum evapora

tion. Dissolve each residue in 1.0 mL (or other appropriate 
volume) of methanol-water in same proportions as mobile 
phase for each compound.

Liq u id  Chrom atography Procedure

Inject standard curve and sample solutions into appropri
ate LC system for isoxaben or metabolite. Measure the peak 
height of each isoxaben or metabolite peak. Dilute sample 
solutions as needed with mobile phase so that responses are 
within range of standard curve. Repeat procedure on alterna
tive LC system for confirmatory assay.

Calculation

Determine concentration of each sample solution in Mg/ 
mL from appropriate standard curve:

Isoxaben (or metabolite), ppm =
(A X C X E X 100)/(B X D)

where A = residue concentration calculated from standard 
curve, Mg/mL; B = sample weight, g; C = aliquot factor; D = 
% recovery from fortified control samples; and E = final 
sample volume, mL. (Aliquot factor accounts for portions of 
sample which are not carried through entire procedure. For 
this method, aliquot factor is 2.)

R esu lts and D iscussion

Assay by gas chromatography was not possible because 
both isoxaben and its metabolite are subject to thermal deg
radation. Since both compounds exhibit ultraviolet absorp
tion maxima at 254 nm, liquid chromatography was deemed 
the method of choice for detection of the compounds. Soil 
and soil-turf samples required alumina column cleanup prior 
to UV detection. Polarity differences between the analytes 
dictated different mobile phase compositions for the 2 com
pounds. Since the compounds were easily separated on the 
alumina column, it was advantageous to collect them individ
ually and quantitate them on separate LC systems, rather 
than trying to quantitate both compounds by gradient elution 
LC.

Typical LC chromatograms are depicted in Figures 1 and 
2 for standards, control samples, and fortified control sam
ples of isoxaben and metabolite, respectively. Recovery data 
were obtained at several fortification levels to ensure that the 
method would perform satisfactorily over a wide range of 
residue levels. Table 1 contains recovery data from soil and 
soil-turf samples fortified with isoxaben. Table 2 contains
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Table 1. Isoxaben recovery from fortified control sam ples

Soil
type

Source
(state)

Fortification 
level, ppm N

Recovery, %

Mean SD

Clay loam IN 0.005 8 91.5 2.9
0.050 8 95.5 2.7

Sandy clay loam TX 0.10 3 90.3 6.7
Sandy loam (greenhouse) 0.10 3 92.1 3.4

TX 0.025 9 102 10.0
GA 1.0 2 101 0.0
TX 1.0 2 99.4 0.9

Silt loam IN 0.1 12 83.7 6.4
Loam IN 0.025 9 101 6.6
Sand FL 0.025 11 107 5.0
Clay loam +  turf IL 1.0 2 98.4 0.9
Sand +  turf FL 0.025 22 99.8 7.9

recovery data for the metabolite. Overall recovery for isoxa
ben from several soil types was 96.8%. Fortification levels 
examined ranged from 0.005 to 1.0 ppm. Recoveries for 
metabolite were more variable, but the overall recovery was 
87.4% for fortification levels of 0.005 to 1.0 ppm.

Both compounds have demonstrated linearity of response 
from 0.125 to 5.0 ¿rg/mL in their respective LC systems. The 
practical limit of detection (LOD) for both compounds is 
0.005 ppm in soil and soil-turf samples. This is equivalent to 
approximately 9 ng injected on the column at the conditions 
of the method. This amount results in a peak height which is 
equivalent to 3 times baseline noise in most control samples.

The most critical step in the method is the alumina column 
cleanup procedure. The column elution profile must be deter
mined with standards whenever a new batch of alumina is 
received or a new analyst attempts the procedure. The proper 
fractions to collect for optimal recovery of the 2 compounds 
must be determined before actual samples are attempted. 
The sample residue must be completely dry before transfer to 
the column with dichloromethane. The mixed-solvent ratios 
and volumes must be accurately measured to ensure good 
recovery of the compounds.

Isoxaben and metabolite solutions are quite stable under 
normal use conditions. The stock solutions were stable for 8 
months when refrigerated. Fortification and standard curve

Table  2. Metabolite recovery from fortified control 
sam ples

Soil
type

Source
(state)

Fortification 
level, ppm N

Recovery, %

Mean SD

Clay loam IN 0.005 9 105 9.2
0.025 9 96.2 2.2

Sandy loam TX 0.025 13 70.7 15.3
1.0 2 90.3 0.9

GA 1.0 2 91.9 1.8
Loam CA 0.005 3 94.9 6.0

0.025 3 99.5 1.1
IN 0.025 10 74.9 14.4

Sand FLa 0.005 3 76.7 9.7
FLa 0.025 3 102 2.1
FLb 0.025 13 72.2 9.7

Clay loam +  turf IL 1.0 2 92.0 0.0
Sand +  turf FLb 0.025 25 70.3 13.5

a FL =  Boynton Beach, Florida. 
b FL =  Gulf Breeze, Florida.

solutions were stable for 4 months at room temperature when 
kept tightly stoppered. Stability for longer periods of time 
was not evaluated.

Residues suspected of being isoxaben or metabolite may be 
confirmed using the alternative LC systems by comparison of 
sample peak retention times to the retention times of refer
ence standards injected concurrently. Both column type and 
mobile phase solvents differ from the quantitation system, so 
residues may be confirmed in this manner.
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Polymeric Film Dialysis in Organic Solvent Media for Cleanup of Organic Contaminants

JA M ES N. H U C K IN S, M ARK W. TU BERG EN , JO N  A. LEBO, ROBERT W. GALE, and 
TED R. SC H W A R T Z
U.S. Fish and Wildlife Service, National Fisheries Contaminant Research Center, Rte 2, 4200 New Haven Rd, 
Columbia, MO 65201

D ialytlc enrichm ent, using a nonpolar polym eric film or m em 
brane, is proposed a s  a new approach for the separation of 
organic contam inants from fish lipid. Nonpolar organochlo- 
rine analytes diffuse from the fish lipid through a polyethyl
ene m em brane into cyclopentane. Separations of 48 h or less  
in duration afforded excellent reco veries for all analytes  
tested and rem oved 9 3 %  of the fish oil. K in etics of m em 
brane diffusion and possible controlling factors are e lucidat
ed for se lected  analytes and model com pounds. Potential 
advantages of this technique over conventional lipid-rem oval 
m ethods su ch  as gel permeation chrom atography Include  
sim plicity, large sam ple cap acity , reduced solvent require
ments, and am enability to interfacing In-line with other en
richm ent modules.

In 1980, Byrne and Aylott (1) patented a device consisting of 
a nonpolar organic solvent separated from water by semiper
meable membranes (regenerated cellulose, vinyl chloride, 
polyvinylidene fluoride, or polytetrafluoroethylene) that con
centrated organic molecules from water. This represented a 
new application of dialysis in conjunction with the liquid- 
liquid extraction of nonpolar organic contaminants. Miere et 
al. (2 ) appear to have been the first investigators to use 
polyethylene film for dialysis of nonpolar organic contami
nants from water into organic solvents. Implicit in this work 
was the suggestion that nonporous (3), synthetic polymeric 
films, including low density polyethylene and polypropylene, 
could serve as semipermeable membranes for dialysis of or
ganic molecules from aqueous environments into relatively 
nonpolar organic solvents. Heindorf and Zabik (unpublished 
data, Michigan State University, 1989) extended this con
cept to solvent-filled bags of polymeric films, designed for 
field monitoring of organic aqueous contaminants.

We know of no report in the literature on the use of low 
density polyethylene film or other similar hydrophobic films 
for dialysis of organic contaminants (less than about 550 
daltons) from fish extracts into organic solvent. The largest 
mass fraction of lipids in extracts of fish is generally com
posed of triglycerides (4) with molecular weights of at least 
600 daltons. Consequently, size exclusion or gel permeation 
chromatography (GPC) is often chosen as the initial cleanup 
method for organic analytes smaller than 550 daltons (5). 
The use of polyethylene or polypropylene films as semiper
meable membranes for dialysis separations of analytes from 
lipids appears to offer several advantages over existing meth
ods: (1) polymeric film dialysis is easy to implement—no 
costly hardware such as an automated gel permeation chro
matograph is required; (2 ) these films are stable in a variety 
of organic solvents, unlike most dialysis or ultrafiltration 
membranes; (5) the method can be scaled up or down for 
cleanup of a wide range of sample masses; (4) the amount of 
solvent required for bulk cleanup is markedly reduced, e.g., 5 
g fish oil can be processed with 200-500 mL cyclopentane;

R eceived J u ly  17, 1989. A c c e p te d  O c to b e r 10, 1989.

whereas, the same amount of oil would require 3 L mobile 
phase if size exclusion chromatography were used (5); (5) 
surface area/volume ratios and film thicknesses can be ma
nipulated to adjust the times to equilibrium or completion of 
separations; (6 ) analysts have the flexibility to use reactive, 
adsorptive, and other chromatographic methods in sequence 
without interim evaporation steps because nonpolar hydro
carbon solvents such as cyclopentane can be used for dialysis; 
and (7) the method can be automated.

We report the use of polyethylene film for dialytic separa
tions in organic solvent media of fish extracts spiked with a 
number of organochlorine compounds. The choices of dialyz
ing solvent, kinetics of residue transport through polyethyl
ene film, implications of varying the surface area/volume 
ratios, and problems encountered are discussed. Future ana
lytical applications of this technology and approaches to 
validation are also proposed.

The purpose of the present paper is to suggest a potentially 
useful new approach for the separation of lipids from organic 
contaminants, not to validate a method, nor to propose this 
new approach as a complete enrichment procedure by itself. 
Although we did not attempt to establish optimally low quan
titation limits for the analytes used, we did demonstrate the 
utility of the cleanup technique for relatively large lipid 
masses containing contaminants at environmentally relevant 
concentrations.

Experim ental

M aterials

(a) Solvents.—All solvents used were pesticide grade, or 
equivalent.

(b) Adsorbents.—Silica gel 60 (70-230 mesh, from E. 
Merck) was washed with CH2CI2 and stored at 130°C until 
used. Sulfuric acid-silica gel was made by combining silica 
gel (treated as described above) with concentrated H2SO4 
(2 0  + 1 w/w) and shaking the mixture until a homogeneous 
powder resulted.

(c) Fish oil.— A  large grass carp (Ctenopharyngodon 
idella), obtained from a control pond at the National Fisher
ies Contaminant Research Center, was frozen, sawed into 
small pieces, ground with a meat grinder, and then blended 
with anhydrous NaiSCE that had been baked at 475°C. The 
dry mixture of fish and sodium sulfate was packed into large 
glass columns and extracted with CH2CI2. The solvent was 
removed by rotary evaporation, and the lipid was stored at 
—20°C.

(d) Analytes.—Mirex, p,p'-DDT, and iranj-nonachlor 
were obtained from EPA Chemical Repository. Four ana
lytes were from Ultra Scientific, Inc.: octachloronaphtha- 
lene; octachlorodibenzofuran; 2,4,6-trichlorobiphenyl (IU- 
PAC congener 30); and 2,2/,3,3',4,5,6,6'-octachlorobiphenyl 
(IUPAC congener 199). Perdeuterated 3,3',4,4'-tetrachloro- 
biphenyl (IUPAC congener 77) was obtained from MSD 
Isotopes (perdeuterated compound was used because of an 
existing supply at our laboratory).
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Figure 1. C utaw ay representation of d ia lysis cham ber, so l
vent, and polyethylene bag arrangem ent. Cham ber Is cy lin 
drical vesse l of am ber g la ss  (1 2  cm  high X 7.5 cm  id) with 
aluminum foil cover. Polyethylene bag, prepared a s de
scribed in text, contains lipid solution and g la ss  weight and is  
suspended from a wire hook. Bag, shown near end of second  

24 h d ia lysis  period, Is som ew hat turgid.

(e) Radiolabeled analytes.— ̂ C-B.S'^^'-tetrachlorobi- 
phenyl (TCB), l4C-2,2/,5,5,-TCB (IUPAC congener 52), 
and l4C-mirex were obtained from Pathfinder Laboratories 
Inc.; l4C-naphthalene from ICN Laboratories; and l4C-di- 
benz[a,h]anthracene from Amersham Corp. Tritium-labeled
2,3,7,8-tetrachlorodibenzo-/?-dioxin (TCDD), a gift from 
Alan Poland of the University of Wisconsin, had recently 
been purified by chromatography on columns of dispersed 
carbon and alumina (6). All radiolabeled compounds except 
TCDD were examined for purity by silica gel thin-layer 
chromatography, followed by autoradiography.

Equipm ent

(a) Gas chromatography.—Varian 3700 gas chromato
graph (GC) equipped with 63Ni electron capture detector 
(ECD) was used for analysis of nonradiolabeled compounds. 
GC column was DB1 bonded phase fused silica capillary (30 
m X 0.25 mm id) with retention gap of 60 cm X 0.32 mm id.

(b) Polyethylene bags.—Enclosures were made from a 
single lot of “layflat” tubing (2 in. [5.1 cm] wide and 0.002 
in. [51 /¿m] thick) obtained from Cope Plastics, Inc. Polyeth
ylene was rinsed with pentane and air-dried. Bags were then 
formed by heat-sealing ends of tubing segments (heat sealer 
from Clamco Corp., operated at 270°C).

(c) Liquid scintillation counter.—Beckman Model 3801, 
Beckman Instruments.

Procedure

An array of environmentally prevalent organochlorine 
contaminants was spiked into 5 g portions of carp lipid at 
concentrations of 40 ng/g each. Each 5 g lipid sample was 
also spiked with ca 1 ng (ca 0.09 y d )  of 3H-labeled TCDD. 
Grass carp consisted of 20% lipid by weight; spike concentra
tions listed above are expressed relative to 25 g samples of 
fish (whole body wet weight) rather than to lipid weights.

The following procedure was used for preparing lipid-filled 
bags. Lengths (18 cm) of polyethylene tubing were sealed at 
one end, glass spheres were added for weight, and lipid solu-

Flgure  2. R ates of transport of naphthalene and dlbenz- 
[a,h]anthracene (D B A ) through polyethylene film at constant 
tem perature. E a c h  data point represents 3 replicates. Error 
bars signify standard errors (m ost of the error bars are  
obscured by sym bols). P e rcen tage s of equilibrium co n cen 
trations (y  a x is ) for analytes w ere ca lcu lated  on the prem ise  
that equilibrium partition coefficients of analytes between  
lipid and dlalysate phases w ere 1.0. Analyte concentrations 
m easured In d la lysates were corrected for dim inishing vol
um es of total liquid and divided by the appropriate maximum  
(equilibrium ) concentrations, resulting In the plotted per

centage  data.

tions (5.0 g spiked lipid diluted to 12 mL with cyclopentane) 
were added by pipet. Most air was voided, and the bags were 
immediately sealed at the other end, bent into a U-shape, and 
placed in dialysis chambers with 250 mL portions of cyclo
pentane (Figure 1). The bags were configured in a U-shape to 
reduce heat-seal contact with solvent and to increase the 
surface area of polyethylene film exposed to the solvent. 
(Caution: Exposure of thermal seals to hydrocarbon solvent 
may lead to their eventual failure.) All experiments were 
conducted at about 25°C.

After first 24 h dialysis period, cyclopentane in the dialysis 
chambers was drawn off and replaced with fresh cyclopen
tane. When another 24 h had elapsed, the second portions of 
cyclopentane dialysates were drawn off and combined with 
the first. After rotary evaporation to volumes of ca 10 mL, 
the concentrated dialysate solutions were further enriched. 
Glass columns (2 cm id) with open reservoirs were packed 
with 3 cm segments of silica gel atop 5 cm segments of 
HiSC^-silica gel atop 6 cm segments of silica gel. Sodium 
sulfate was placed at the top, and these adsorbents were 
presaturated with the eluant, CEUCL-cyclopentane (10 + 90 
v/v). The concentrated dialysates were applied to tops of 
columns, and the organochlorine compounds were eluted 
with 100 mL eluant. The eluates were concentrated to 5.0 
mL volumes, and 1.0 mL of each was used for radiometric 
determination of TCDD recovery. The remaining portions of 
the eluates were evaluated by capillary GC/ECD.

Design of the kinetics experiments was similar to that used 
in the previously described recovery study. Three replicate 
dialysis experiments were performed for each of 5 analytes 
selected. The 2 major differences were that cyclopentane was 
not removed (except for minute samplings of dialysates) or 
replaced during 48 h dialysis period, and that residues in the 
dialysates outside the bags were measured directly by liquid 
scintillation counting without chromatographic cleanup. Af-
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Figure  3. R ates of transport of se lected  organochlorines  
through polyethylene film at constant temperature. E a ch  
data point represents 3 replicates. U se of error bars and 
percentages of equilibrium concentrations Is defined In F ig 

ure 2. T C B  Is tetrachloroblphenyl.

ter 48 h, radioactive residues were also measured in the 
solvent-lipid mixtures inside bags and in membrane walls. 
Dialysates were sampled at 0.2, 1, 4, 8, 24, 32, and 48 h 
(Figures 2 and 3). The values plotted in Figures 2 and 3 were 
corrected for solvent losses from chambers, which were 
caused by evaporation, osmosis of solvent into the bags, and 
removal of dialysis solvent during sampling. For descriptive 
purposes, linear statistics were applied to replicate analyte 
ratio (percent) data plotted in Figures 2 and 3.

Results

Recoveries were good for all organochlorine compounds 
studied. Table 1 summarizes the results of GC/ECD and 
radiometric analyses of enriched dialysates. Figure 4 is a 
representative chromatogram from the GC/ECD analyses. 
Several non-interfering extraneous peaks were present in the 
chromatograms, e.g., peak a in Figure 4 appeared to repre
sent a polyethylene leachate. Elowever, subsequent experi
ments showed that presoaking membranes 48 h in cyclopen
tane reduced the mass of polyethylene leachate by about 
90%.

Dialysis experiments were also performed with bags con
taining unspiked lipid to determine the efficiency of the lipid 
removal process. After two 24 h dialysis periods, the dialy
sates contained 350 ± 20 mg (n = 6) of lipid, indicating that 
93% of the 5.0 g carp lipid remained in the bags. Additional 
experiments showed that 95.4% of the lipid was retained in 
the bags after a single 24 h dialysis period. At the end of the 
two 24 h dialysis periods, the bags contained 50 ± 2 mL (n =
6) of total liquid; the increase was due to the osmotic trans
port of cyclopentane into the lipid.

Results of experiments (constant temperature) on the dial
ysis kinetics of selected organochlorines and model polycyclic 
aromatic hydrocarbons (PAFIs) indicate that molecular size 
or molecular weight affects transport rates through the poly
ethylene film (Figures 2 and 3). This observation follows 
theories of organic compound diffusion through polymeric 
films (3). The role of molecular size in mediating diffusion 
rates is illustrated in Figure 2 by the marked difference in the 
transport rates of naphthalene and dibenz[a,h]anthracene. 
Dialytic recovery of naphthalene (128 daltons, 2 rings)

Table  1. Percent recoveries of organochlorines by d ia lysis  
from spiked (40 ng/g) lipid. D ia lysates were cleaned  up by 
chrom atography on colum ns of s ilica  gel/H 2S 0 4-s ll lc a  gel 

before g a s  chrom atography

Compound Mean3 SD
CV,
%

Congener 30 92 1.6 1.7
frans-Nonachlor 88 2.4 2.8
Congener 77 88 3.7 4.2
p,p'-DDT 101 2.2 2.2
Congener 199 98 2.1 2.1
Mirex 95 2.5 2.6
Octachloronaphthalene 90 1.8 2.0
Octachlorodibenzofuran 88 6.1 6.9
^-TCDD 99b 0.9 1.0

a Mean of 6 replicates. 
b Radiometric recoveries.

reached 90% in 4 h; whereas, 24 h was required to obtain the 
same recovery of dibenz[a,h]anthracene (278 daltons, 5 
rings). Despite the ability of TCB isomer 77 to assume a 
coplanar configuration, differences between the diffusion 
rates of TCB isomers 77 and 52 did not appear to be signifi
cant (Figure 2). The diffusion rate of mirex (546 daltons; a 
fully chlorinated modified cubane structure) was lowest, as 
expected (Figure 3), and steady state may not have been 
reached in the 48 h study period. Steady state was assumed 
when 2 or more sequential mean values (including associated 
standard deviations) of analyte concentration ratios in the 
dialysate did not appear to be significantly different. Al
though mirex was obviously below the actual size exclusion 
limit of our lot of polyethylene film (saturated with cyclopen
tane), its relatively slow diffusion rate through the polymer 
required additional time for dialysis, and resulted in in
creased lipid carryover. This suggests that mirex approxi
mates an operational size limit for this particular method.

Comparison of results from the kinetics studies with those 
from analyte recovery studies suggests that substitutions of 
fresh solvent for dialysates after 24 h did little to improve 
recoveries of any of the test compounds except mirex. Losses 
of test compounds to the polyethylene film were negligible 
because <2% of each radiolabeled analyte used in the kinet
ics studies was present in the polymer matrix at termination 
(48 h).

D iscussion

The potential of polyethylene tubing for dialysis separa
tions of contaminants from biogenic material was demon
strated. This simple technique appears to be particularly 
useful for removing nonpolar organic analytes from bulk 
lipids. The dialysis time (48 h) used in this work was not 
optimal for the organochlorines tested; kinetics experiments 
indicated that shorter solvent exposure (i.e., 24 h) resulted in 
better lipid discrimination (95.4%) with little or no reduction 
in analyte recovery. Further reductions in dialysis time can 
obviously be achieved by increasing the surface area/volume 
ratio of the tubing: a thin film of lipid extract in flattened 
layflat polyethylene tubing has much greater surface area 
than in tubing with a turgid, cylindrical configuration.

The choice of solvent used in dialysis separations greatly 
affects transport rates of analytes through polyethylene film. 
Flildebrand solubility parameters for a number of organic 
solvents and polyethylene (Heindorf and Zabik, unpublished
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Figure  4. E C D  chrom atogram  of typical d laiysate from lipid 
spiked at concentrations of 40 ng/g with e ach  of the follow
ing com pounds: ( 1) congener 30; (2 )  frans-nonachlor; (3 )  
congener 77; (4 )  p .p'-D D T; (5 )  congener 199; (6 )  mirex; (7 )  
octachioronaphthalene; and (8 )  octachlorodlbenzofuran. 3H- 
T C D D  w as too dilute in d ia lysates to appear in the chrom ato
gram s. P e a k  a is cau sed  by leachate  from the polyethylene

bag.

data, Michigan State University, 1989) suggest that hydro
carbon solvents such as hexane or pentane should interact 
favorably with polyethylene. Favorable interactions between 
a polymer and a solvent consist of increased polymer liquidity 
(or reduced rigidity) and polymer matrix swelling. These 
types of interactions are necessary, in most cases, for ade
quate analyte transport rates because diffusion rates are 
reduced by structural rigidity (crystallinity) and by the relat
ed compactness of linear polyethylene chains. Cyclopentane 
proved to be the best solvent for dialytic enrichment of organ
ics during preliminary solvent evaluation tests. This conclu
sion was based on the criterion of minimization of time to 
equilibrated distribution of analytes between the 2 phases. 
The molecular planarity and compactness of cyclopentane 
appear to be responsible for its superior performance.

There is great potential for further developments in the use 
of this simple separation approach. Other polymeric films

(polyvinyl chloride, polyimides, and polyethylene-vinyl ace
tate copolymer) compatible with selected organic solvents 
may be available, which should permit dialysis of more polar 
organics yet have similar size exclusion properties to polyeth
ylene (3). The use of nonpolar dialyzing solvents such as 
cyclopentane should permit direct in-line interfacing of dial
ysis chambers (without the evaporation steps used in this 
work) with enrichment modules containing adsorbents such 
as potassium silicate, FFSCU-silica gel, alumina, silica gel, 
and carbon.

Analyses of reference samples, such as cod liver oil with 
known quantities of polynuclear aromatic hydrocarbons and 
organochlorines, are necessary for method validation. In ad
dition, direct comparisons to existing bulk lipid removal 
methods such as gel permeation chromatography are needed.
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Gas Chromatographic Method for Determination of Chlorpyrifos and Its Metabolite 3,5,6- 
Trichloro-2-Pyridinol (TCP) in Dates
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A method is described for the determination of the insecti
c ide  chlorpyrifos and Its metabolite T C P  in green, unpro
ce sse d , and p ro cessed  dates with the see d s incorporated. 
After extraction, chloropyrifos Is cleaned  up using Florlsil and 
analyzed  using a g a s  chrom atograph (G C )  equipped with a 
nitrogen/phosphorus detector. T C P  is derivatized using bis- 
(trim ethylsily l)-acetam ide (B S A )  to form the TC P-d erivative  
and analyzed by a g a s  chrom atograph equipped with a Hall 
electro lytic conductivity detector. R e co ve rie s of chlorpyrifos 
from all fortified dates (0.05 and 0.1 ppm ) ranged from 86 to 
1 1 0 %  with an average  of 9 4 .5 % . R e co ve rie s of T C P  from all 
fortified dates (0.1 and 0.2 ppm ) ranged from 79 to 9 9 %  with 
an average  of 8 6 % . Lim its of detection for chlorpyrifos and 
T C P  in green, unprocessed, and p rocessed  dates were 0.02  
and 0.05 ppm, respectively.

Chlorpyrifos (D,0-diethyl-0-(3,5,6-trichloro-2-pyridyl) 
phosphorothioate) is an insecticide used for control of various 
pests on field, nut, and vegetable crops. It was first intro
duced in 1965 by Dow Chemical Co.

Existing methods for rice (1) and sugar beets (2) deal 
exclusively with the parent chlorpyrifos. Other methods for 
corn (3) and wheat (4) analyze for the parent chlorpyrifos 
and its oxygen analog, but not the metabolite TCP (3,5,6- 
trichloro-2-pyridinol). Several multi-residue methods exist 
(5-7), but they do not incorporate the metabolite or deal with 
the difficult matrix of dates. Methods for chlorpyrifos and 
TCP in hay and oil of peppermint (8), peaches (9), and 
lettuce (10) all use electron-capture detection and analyze 
TCP as a derivative. A selective detector can minimize back
ground interferences and improve the limit of detection of a 
method.

The present paper represents an adaptation of previously 
reported methods, plus innovations in cleanup and extraction 
techniques and the use of specific detectors to permit the 
determination of chlorpyrifos and its metabolite TCP in 
green, unprocessed, and processed dates.

M ETHOD

Apparatus

(a) Food cutter.—Model 8141 Hobart food cutter.
(b) Blender.—Tissumizer with medium grind probe (Tek- 

mar, PO Box 37202, Cincinnati, OH 45222).
(c) Gas chromatograph.—Varian Vista Model 402 con

trolled Vista Model 6000/6500 GC equipped with dual de
tectors. (/)  For chlorpyrifos analysis: Nitrogen/phosphorus 
detector; 167 cm X 2 mm id glass column packed with 5% 
OV-101 on 60-80 mesh Gas Chrom Q; parameters: helium 
carrier gas 35 mL/min, hydrogen 5 mL/min, and air 175 
mL/min; injector, column oven, and detector 220°C, 190°C, 
and 250°C, respectively.

(2) For TCP-derivative analysis: Tracor Hall conductivity

R eceived June  4, 1989. A c c e p te d  S e p te m b e r 16, 1989.

detector (Model 700A) (specific for chlorine); 198 cm X 2 
mm id glass column packed with 1.5% SP 2250/1.95% SP 
2401 on 100-120 mesh Supelcoport (Supelco, Inc., Belle- 
fonte, PA 16823); parameters: helium carrier gas 20 mL/ 
min, hydrogen 50 mL/min; injector, column oven, detector 
base, and combustion chamber 220°C, 130°C, 280°C, and 
900°C, respectively. Electrolyte for Hall cell, «-propanol 
(ChromAR grade, Mallinckrodt, Inc.), 0.5 mL/min.

(d) Nitrogen evaporator.—Meyer N-Evap analytical 
evaporator (Organomation Associates, Inc., PO Box 5 TPK 
STA., Shrewsbury, MA 01545).

R ea gents

(a) Solvents.—Resi-analyzed grade acetone, benzene, 
ethyl acetate, and hexane (J. T. Baker Chemical Co.; VWR 
Scientific, Inc., 3745 Bayshore Blvd, Brisbane, CA 94005) 
and ACS grade ethyl ether, anhydrous (Fisher Scientific, 
Co., 2170 Martin Ave, Santa Clara, CA 95050).

(b) Silylation reagent.—Bis(trimethylsilyl) acetamide 
(BSA) (Aldrich Chemical Co., PO Box 2060, Milwaukee, 
WI 53201).

(c) Florisil.—Pesticide grade, 80-100 mesh, dried in 
105°C oven until use (Floridin Co., Berkeley Springs, WV).

(d) Analytical standards.—99% pure chlorpyrifos and
3,5,6-trichloro-2-pyridinol (Dow Chemical Co., Midland, 
MI).

Preparation of Sa m p le

Remove growing stems from ca 1000 g dates and chop in 
food cutter with dry ice for 10 min until powdery. After dry 
ice has dissipated, weigh 10 g ground dates into 250 mL 
Erlenmeyer flask with 7 g Celite 545. (Fortifications were 
done at this point.) Add 150 mL acetone and 15 mL water. 
Blend samples in Tissumizer 2 min at high speed. Rinse 
blender shaft with 10 mL acetone. Let stand 1 min and then 
decant acetone-water mixture through 5.5 cm Whatman 
No. 1 Filter paper in Buchner funnel under light vacuum. 
Wash filter cake 3 times with 10 mL acetone before transfer
ring filtrate to 500 mL round-bottom flask.

Separation of Ch lorpyrifos and T C P

Evaporate acetone filtrate on rotary evaporator (40 ± 
2°C) until only watery liquid remains (no acetone present). 
Decant liquid into 125 mL separatory funnel, rinse boiling 
flask twice with 30 mL hexane, and transfer rinses to separa
tory funnel. Rinse boiling flask with 25 mL 0.1M N aH C 03 
and transfer rinse to separatory funnel. Slowly shake for good 
mixing, and then let stand to separate.

Drain bottom N aH C 03 layer into second 125 mL separa
tory funnel and add 25 mL 0.1M N aH C 03 to hexane in first 
separatory funnel; slowly shake and let stand. Drain bottom 
N aH C 03 layer into the second separatory funnel and trans
fer top hexane layer to 250 mL separatory funnel. Wash 
combined N aH C 03 layers twice with 30 mL benzene, and 
add each benzene wash to hexane in the 250 mL separatory 
funnel. Back-wash hexane-benzene solution with 25 mL
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Table  1. Chlorpyrifos recovery studies Table  2. Trichloropyridinol recovery studies

Sample Replicate Level, ppm Found, ppm Rec., %

Green dates

Control _ __ <0.001 __
AR-1 1 0.05 0.043 86

2 0.05 0.044 88
3 0.05 0.046 92

Av. — — 92
AR-2 1 0.10 0.090 90

2 0.10 0.092 92
3 0.10 0.095 95

Av. — — 92

Unprocessed dates

Control _ __ <0.001 _
AR-1 1 0.05 0.050 100

2 0.05 0.046 92
3 0.05 0.049 98

Av. — — 97
AR-2 1 0.10 0.088 88

2 0.10 0.092 92
3 0.10 0.096 96

Av. — — 92

Processed dates

Control _ __ <0.001 __
AR-1 1 0.05 0.047 97

2 0.05 0.050 100
3 0.05 0.055 110

Av. — — 102
AR-2 1 0.10 0.095 95

2 0.10 0.93 93
3 0.095 95

Av. — — 95

0.1M N aH C 03. After layers have separated, transfer bot
tom N aH C 03 layer to the second 125 mL separatory funnel 
containing previous N aH C 03 washes.

Filter hexane-benzene mixture through anhydrous sodi
um sulfate and 12.5 cm Whatman No. 1 Filter paper into 250 
mL round-bottom flask. Rinse separatory funnel with 25 mL 
benzene and also pour rinse through sodium sulfate filter.

Hexane-benzene mixture in round-bottom flask contains 
chlorpyrifos, ready for Florisil cleanup; N aH C 03 solution 
contains TCP.

T C P  Extraction  and Derlvatlzatlon

Add 2 mL concentrated hydrochloric acid to N aH C 03 
layer. (Caution: Pressure in separatory funnel from evolving 
C 0 2 requires slow shaking with frequent venting, until no gas 
forms.) Add 40 mL benzene, shake, let stand, and drain 
bottom N aH C 03 layer into 125 mL separatory funnel. Drain 
top benzene layer through anhydrous sodium sulfate in 
Whatman No. 1 filter paper (15.0 cm) into 250 mL round- 
bottom flask. Repeat extraction of N aH C 03 twice with 40 
mL benzene. Combine benzene washes in the round-bottom 
flask. Rinse sodium sulfate/filter with 25 mL benzene. Evap
orate benzene to dryness on rotary evaporator. Transfer resi
due to 15 mL graduated centrifuge tube, using hexane, and 
concentrate solvent on nitrogen evaporator to 1 mL. Add 20 
pL BSA derivatizing agent, mix on vortex mixer, and let 
stand 5 min. Adjust volume with hexane to facilitate analysis 
of TCP by Hall detector.

Sample Replicate Level, ppm Found, ppm Rec., %

Green dates

Control __ _ <0.010 _
AR-1 1 0.10 0.087 87

2 0.10 0.088 88
3 0.10 0.083 83

Av. — — 86
AR-2 1 0.20 0.171 85

2 0.20 0.187 93
3 0.20 0.161 81

Av. — — 86

Unprocessed dates

Control _ _ <0.010 __
AR-1 1 0.10 0.087 87

2 0.10 0.99 99
3 0.10 0.80 80

— — — 88
AR-2 1 0.20 0.160 80

2 0.20 0.173 87
3 0.20 0.157 79

Av. — - 82

Processed dates

Control __ __ <0.010 __

AR-1 1 0.10 0.090 90
2 0.10 0.083 83
3 0.10 0.80 84

Av. — — 84
AR-2 1 0.20 0.187 93

2 0.20 0.173 87
3 0.20 0.176 88

Av. — — 89

F lo ris il C leanup for Chlorpyrifos

Evaporate hexane-benzene solution from “separation of 
chlorpyrifos and TCP” step to dryness on rotary evaporator 
and add 5 mL hexane; evaporate again to dryness and add 5 
mL hexane. Pack cleanup column (12 mm id X 100 mm with 
175 mL solvent reservoir) with glass wool plug, 1 cm anhy
drous sodium sulfate, and 5 cm Florisil and top with 1 cm 
anhydrous sodium sulfate. Tap sides of column to pack col
umn uniformly. Pre-wet cleanup column with 15 mL hexane 
and then add sample, using disposable pipet. Wash round- 
bottom flask twice with 5 mL of hexane, each time adding 
wash to column just as last of solvent sinks into Florisil; 
discard eluate. Add 50 mL 5% ethyl ether in hexane to 
column and collect eluate in 100 mL round-bottom flask. 
Evaporate solvent on rotary evaporator to near dryness, 
transfer sample to 15 mL graduated centrifuge tube with 
hexane, and adjust volume to facilitate analysis. Analyze for 
chlorpyrifos, using nitrogen/phosphorus detector.

G a s Chrom atographic A n a lysis

Determine chlorpyrifos residues using nitrogen/phospho
rus detector by comparing peak heights from known amounts 
of samples injected to standard curve. Prepare chlorpyrifos 
standard curves by injecting 3 pL each of the 25 pg/pL, 50 
pg/juL, and 100 pg/pL  chlorpyrifos standards. Plot peak 
heights (mm) vs known amounts of chlorpyrifos (pg) repre
sented in each injection. Adjust volumes of samples so major
ity of sample peak heights are mid-scale when 3 pL sample is
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Figure  1. Typ ica l N/P detector chrom atogram s: A, 75 pg 
chlorpyrifos standard; B, 3.0 mg date control; C , 3.0 mg date 

fortified with 0.05 ppm chlorpyrifos.

(A) (B) (C)

LU(DzoQ_ (/) LUcr
crOh—oLU

r v

H
0 1 2  3 4

T IM E  ( M IN . )

0 1 2  3 
T I M E  ( M IN .)

0 1 2  3 
T I M E  ( M IN . )

J
4

Figure  2. T y p ica l Hall detector chrom atogram s: A, 2 ng 
T C P -d erivative  standard; B, 10.0 m g control dates; C , 15.0 

mg dates fortified with 0.10 ppm T C P .

injected. Peak heights of injected samples can be converted 
directly from standard curve to amount of chlorpyrifos (pg) 
represented in the injection. These samples are very stable 
and can be stored before analyzing if necessary.

To determine TCP residues, first derivatize TCP using 
bis(trimethylsilyl) acetamide (BSA) to form TCP-deriva
tive. Freshly prepare standard solutions used to make stan
dard curves with each group of samples to be analyzed. Use 
peak heights obtained from chromatograms of samples in
jected to determine amount of TCP represented, by compar
ing peak heights found to those of standard curve plotting 
amount of TCP-derivative vs peak height.

The Hall conductivity detector is used for specificity for 
chlorine and because it can be vented to allow excess BSA 
and early chromatographing compounds from going through 
the detector. Chromatograms from these samples are clean 
of interferences and easy to interpret. The TCP-derivative is 
somewhat unstable and should be analyzed within a few 
hours after reacting TCP with BSA for the best results.

Fortification
Recoveries of chlorpyrifos and its metabolite TCP were 

determined in triplicate at fortification levels of 0.05 and 
0.10 ppm for the parent compound and 0.10 and 0.20 ppm for 
the metabolite. Fortifications of green, unprocessed, and pro
cessed dates were made directly on each type of date after 
homogenation and weighing of the 10 g aliquot, but prior to

adding the extracting solvent. Fortified samples were then 
carried through the procedure as outlined. The fortification 
solution was 5 ng/^L of chlorpyrifos and 10 ng/VL of TCP in 
ethyl acetate; 100 and 200 volumes of the fortification 
solution were added for a fortification of 0.05 ppm chlorpyri
fos and 0.10 ppm TCP or 0.10 ppm chlorpyrifos and 0.20 
ppm TCP, respectively. The level of fortification used was 
determined by the requirements of the U.S. Department of 
Agriculture, Agricultural Research Service, Interregional 
Research Project Number 4 (IR-4) program to validate the 
methodology for dates.

R esults and D iscussion

Recovery data for chlorpyrifos and TCP at 2 levels of 
fortification for each of the 3 stages of date production are 
presented in Tables 1 and 2, respectively. Table 1 shows 
recoveries for chlorpyrifos in each of the 3 stages of date 
production with a range of 86-110% and an average of 96% 
for 0.05 ppm fortification, and a range of 88-96% with an 
average of 93% for 0.10 ppm fortification. Table 2 shows 
recoveries for TCP in each of the 3 stages of date production 
with a range of 80-99% and an average of 86% for 0.10 ppm 
fortification and a range of 79-93% with an average of 86% 
for 0.20 ppm fortification. Overall recoveries are 95% for 
chlorpyrifos and 86% for TCP. Evaluation of the recoveries 
presented in Tables 1 and 2 shows no significant differences 
in recoveries among the 3 stages of date production.

Recovery investigations were also carried out by means of
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separate fortifications of parent and TCP at a level of 1000 
ppm each to study the possibility of compound degradation 
or conversion as a result of the extraction, partitioning, and 
cleanup procedure; none was observed.

Typical gas chromatograms for chlorpyrifos analytical 
standard, control dates, and dates fortified at 0.05 ppm chlor
pyrifos are shown in Figure 1. Under the previously stated 
GC conditions, chlorpyrifos has a retention time of 3.14 min. 
By conservatively estimating a 25 pg chlorpyrifos minimum 
detectable peak (10 mm and noise of 1 mm) and 15 mg 
amount of injection (3 /xh extract from a total volume of 2.0 
mL), 0.002 ppm could be attained, if lower limits of detection 
were required.

Typical gas chromatograms of analytical standard of 
TCP-derivative, control dates, and dates fortified at 0.10 
ppm TCP are shown in Figure 2. A retention time of 3.18 min 
for TCP-derivative was attained using the GC conditions 
stated previously. By conservatively estimating TCP-deriva
tive minimum detectable peak at 0.3 ng (10 mm peak and 
noise of 2 mm) and 30 mg amount of injection (3 nL date 
extract from a total volume of 1.0 mL), it is clear that the 
0.05 ppm limit of detection required for the method could be 
greatly exceeded.

A combined hexane and benzene extraction was required 
to separate chlorpyrifos and TCP. This was due to the forma
tion of emulsions with green date samples when benzene 
extraction was used alone. The combination of hexane wash
es eliminated the emulsions and extracted some chlorpyrifos, 
and the additional washes with benzene removed the remain
ing chlorpyrifos from the sodium bicarbonate solution.

The methodology described is specific for the separation 
and determination of chlorpyrifos and TCP residues in dates, 
but should be adaptable to any watery or sugar-containing 
crop.
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Liquid Chromatographic Determination of 5-(Methylamino)-2-Phenyl-4-[3- 
(Trifluoromethyl)phenyl]-3-(2//)-Furanone in Soil

TH O M A S C. M U ELLER  and PH IL IP  A. BANKS
University o f  Georgia, Agronomy Department, Athens, GA 30605 
PA R SH A LL B. BUSH
University o f  Georgia, Cooperative Extension Service, A thens, GA 30605 
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A rapid, sensitive  method Is described for the determination  
of 5-(m ethylam lno)-2-phenyl-4-[3-(trlfluorom ethyl)phenyl]-3- 
(2H)-furanone (R E-4 0 8 8 5 ) concentrations in 3 soil types. The  
method co n sists of extraction of soil sam p les with methanol, 
filtration, liquid chrom atographic separation of methanol- 
soluble com ponents using a C 18 colum n, and UV detection at 
275 nm. R e co ve rie s were 94, 96, and 9 4 %  from the G reen
ville, C e c il, and Dothan soils, respectively. A verage  relative  
standard deviation w as 8 .0 %  in the G reenville soil. The  
qualitative limit of detection w as 20 ppb and the limit of 
quantitation w as 40 ppb In 25 g soil sam ples.

A new herbicide, 5-(methylamino)-2-phenyl-4-[3-(trifiuoro- 
methyl)phenyl]-3-(2//)-furanone (RE-40885), synthesized 
by Chevron Chemical Co. (Richmond, CA, USA), is being 
investigated for use in peanuts, cotton, cereals, and grain 
sorghum (1, 2). Probable field application rates are 0.56- 
0.84 kg/ha (unpublished data). Due to the newness of the 
herbicide, methods for its analysis in soil samples have not 
been described. In this report, methodology developed for the 
determination of RE-40885 at ppb to ppm levels in 3 soil 
types using an external standard liquid chromatographic 
method with UV detection will be described.

Experim ental 

Apparatus and Reagents

(a ) Liquid chromatograph.—Model SCL-6A control 
unit, SIL-6A auto-injector, LC-6A solvent delivery system, 
and SPD-6A variable wavelength detector set at 275 nm (all 
from Shimadzu, Kyoto, Japan). Model 3390A reporting in
tegrator (Hewlett-Packard Co., Analytical Group, Palo 
Alto, CA 94303).

(b) Analytical column.—25 cm X 4.6 mm id 5 (im LC- 
C(8, in-line 1 cm X 1.5 mm pellicular C 18 guard column 
(Alltech, Chicago, IL, USA).

(c) Solvents.—LC grade (J. T. Baker Inc., Phillipsburg, 
NJ 08865).

(d) Mobile phase.—Methanol-water (72 + 28 v/v) at 
flow rate of 1.0 mL/min.

(e) Analytical standards.—RE-40885 (Chevron, Rich
mond, CA, USA); atrazine (Ciba-Geigy, Raleigh, NC, 
USA); benefin and trifluralin (Elanco, Greenfield, IN, 
USA); alachlor (Monsanto, St. Louis, MO, USA); and 
chlorothalonil (Fermenta, Mentor, OH, USA).

S o il S e le ctio n

Soil was collected from 3 areas to represent major soil 
associations in the southeastern United States. Soil 1 is a 
Greenville sandy clay loam, soil 2 is a Cecil loam (typical of

Received A u g u s t 7, 1989. A cce p te d  O c to b e r 16, 1989.
M e n tio n  o f  tra d e  nam es o r c o m m e rc ia l p ro d u c ts  does no t c o n s titu te  en

do rse m e n t b y  th e  U .S . E n v iro n m e n ta l P ro te c tio n  A g e n cy .

the eroded piedmont area), and soil 3 is a Dothan loamy sand 
(typical of large areas of the coastal plain) (Table 1). Soil 
samples were air-dried and passed through a 10 mesh (2 mm) 
sieve before analysis. All samples were collected from areas 
with no known previous exposure to RE-40885.

Extraction

The UV spectra of RE-40885 was obtained using a scan
ning spectrophotometer (Perkin-Elmer 559A, Oak Brook, 
IL). The purity of the RE-40885 analytical material was 
established using gas chromatography/mass spectrometry 
(GC/MS) (Hewlett-Packard 5840-5985B). Various combi
nations of acetonitrile-water, methanol-water, and acetoni- 
trile-2-propanol were evaluated for herbicide retention time 
and capacity factor (k') (3). The accuracy of the analysis was 
examined by injection of a series of standards containing 5- 
700 ng/mL RE-40885 in methanol. This range corresponded 
to herbicide soil concentrations of 10-1400 ppb, using the 
described methodology.

Analytical herbicide (in methanol) was added to triplicate 
flasks containing 25 g of soil 1 to achieve RE-40885 concen
trations of 40, 50, 80, 100, 120, 160, 200, 250, 500, and 1000 
ng/g soil. After addition of the herbicide, the methanol was 
removed under a gentle air stream. The soil/herbicide mix
ture was mixed thoroughly with a wrist-action shaker for 60 
min and allowed to equilibrate statically for 24 h. The soil 
was extracted with 50 mL methanol by shaking for 60 min on 
a wrist-action shaker. The soil extracts were then filtered 
through 2 Whatman No. 1 filter papers (Whatman, Clinton, 
NJ, USA) to remove particulates, and 50 pL aliquots were 
injected and compared to RE-40885 standards. Soils 2 and 3 
were similarly spiked with 200 and 1000 ng/g soil.

Twenty-five g of each soil was spiked with RE-40885 (0.4 
Mg/g), atrazine (3.57 pg/g), benefin (2.20 pg/g), trifluralin 
(1.90 pg/g), alachlor (3.10 pg/g), and chlorothalonil (1.10 
P g / g ) .  Triplicate flasks for each soil were analyzed with the 
described method.

R esults and D iscussion

The UV spectra of RE-40885 showed an absorbance maxi
mum at 275 nm. GC/MS analysis of RE-40885 (analytical 
grade) indicated a purity of > 99%. Injection of 50 pL of RE- 
40885 standard produced a peak with a retention time of 2.7-
22.6 min, depending on the mobile phase (Table 2). On the 
basis of k' values, we selected a mixture of methanol-water 
(72 + 28) which resulted in a retention time of approximately 
7 min (Figure la). A standard curve plot was linear in the 
10-1400 ppb range (soil basis), with an r2 = 0.99 (data not 
shown.) The analytical standards (in methanol) and the 
methanol soil extracts were stable over time, and showed no 
change in detector response when stored at 0°C for 20 and 2 
weeks, respectively. Soil samples containing RE-40885 resi
dues were stable for 12 months when stored at — 15°C.

Recoveries for soil 1 ranged from 77 to 110% of applied
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Table  1. Soil ch aracte ristics

Organic
Soil Series Sand, % Silt, % Clay, % matter,3 % pH6

1 Greenville 51 24 25 2.1 6.4
2 Cecil 50 37 13 1.4 5.2
3 Dothan 83 11 6 0.5 7.0

a Determined by Wakley-Black dichromate method. 
b Determined by 1:1 soihwater suspension technique.

Table  2. Solvent system s for R E -4 0 8 8 5  analysis

Solvent Retention
Mobile phase ratio, v/v time, min k 'a

Acetonitrile-water 80 +  20 3.30 0.65
Acetonitrile-water 60 +  40 6.99 2.50
Methanol-water 80 +  20 5.11 1.55
Methanol-water 72 +  28 7.00 2.50
Methanol-water 70 +  30 9.42 3.71
Methanol-water 60 +  40 22.60 10.30
Acetonitrile-2-propanol 80 +  20 2.82 0.41
Acetonitrile-2-propanol 60 +  40 2.73 0.36

3 Capacity factor; t0 for system =  2.00 min.

Table  3. Determ ination of R E -4 0 8 8 5  recovery from soil 1
with methanol extraction, m ethanol-w ater (72  +  28)

mobile phase.

Spiked Detected
concn, ng/g concn,3 ng/g RSD, %

0 0 0
40 43.0 23.1
50 41.4 24.1
80 76.5 12.0

100 97.6 1,1
120 107.0 3.7
160 155.8 5.1
200 220.7 3.9
250 193.0 6.7
500 451.0 4.6

1000 927.0 4.0

a Mean values obtained from 3 flasks. Average recovery =  94%.

herbicide, with the average recovery being 94% (Table 3). 
The precision of the analytical procedure over the range of 
40-1000 ppb was acceptable, with the average relative stan
dard deviation over this range being 8.0%. This analytical 
range corresponds to soil concentrations of approximately 
400-600 from a RE-40885 field application. Our limit of 
detection for quantitation was defined as 40 ppb; where the 
signal-to-noise ratio was 3 (Figure lc). However, qualitative
ly, the limit of detection of RE-40885 may be extended as low 
as 20 ppb. Results for soils 2 and 3 were similar to soil 1.

Herbicides, including RE-40885, often are applied in com
bination with other pesticides. The pesticides examined for 
detection interference represent major classes of pesticides 
used in crops where RE-40885 has potential for use. These 
commonly used chemicals did not elute in the retention win
dow of RE-40885, and did not interfere with the method. 
Pesticides that eluted and their retention times in minutes 
were: atrazine (6.25), chlorothalonil (10.05), alachlor (17.5), 
and trifluralin (18.28). Benefin did not cause a detector 
response with this method.
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methanol extracts of soil sp iked  to a ch ie ve  various R E -  
40885 concentrations: a, 200 ppb R E -4 0 8 8 5  analytical stan
dard; b, So il 1 extract containing 120 ppb R E -4 0 8 8 5 ; c , So il 1 
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taining no R E -4 0 8 8 5 .
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Electron-Capture Detection of Pesticides
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To establish  efficient operating conditions for g a s  chrom ato
graphic (G C )  analysis  of pesticid es that are detected by 
electron-capture detector (E C O ), separation degrees of 40 
p estic id e s and their relative retention tim es (R R T )  vs aldrin 
w ere determined. E leven  liquid phases, categorized  a cco rd 
ing to the M cReynolds constant (M C ), were used: OV-1, OV- 
3, D C -5 5 0 , and O V-17 as non- or low polar liquid p h ases (M C  
S  1000), O V-22, Q F-1 , and X E -6 0  as medium polar liquid 
phases (1000  <  M C ^  2000), PEG -20M , D EG A , and D E G S  
as high polar liquid p hases (2000 <  M C), and a mixture of 
D C -2 0 0  and EPO N 1009. An R R T  diagram  w as prepared by 
plotting the R R T  of e ach  pesticide on the horizontal ax is  and 
the MC values on the vertical axis. The R R T  diagram  could be 
used to describe  the properties of p estic id e s— their behavior 
on e ach  liquid phase and the p recise  operational conditions 
for qualitative G C  analysis. The non- or low polar liquid 
phases were best suited for G C  analysis  of organochlorine  
pesticides having low polarity. Their detection limits ranged  
from 0.01 to 1.0 ng.

Unknown peaks frequently appear on gas chromatograms of 
residual pesticides contained in environmental samples such 
as foods, water and sediments. Most investigators note the 
difficulty in identifying and determining the content of the 
peaks because of insufficient information in the literature.

We have tried to develop a simple and efficient method for 
qualitative analysis of well known pesticides in Japan. In the 
previous paper (1), we proposed an application of the relative 
retention time (RRT) diagram for GC analysis of organo- 
phosphorus pesticides.

A number of reports deal with RRTs of residual pesticides 
that are determined by gas chromatography and electron- 
capture (ECD) or flame photometric detectors (FPD). Some 
researchers use a packed column or a capillary column under 
isothermal or temperature-programmed operating condi
tions (1-12). Thompson et al. (2) observed a good correlation 
between the column temperature and the RRTs of 95 pesti
cides. Saxton ( 12) tried to identify several pesticides by using 
the emergence temperature indices.

On the basis of these results, we proposed the RRT dia
gram as a compass for a relation between the RRTs of 
pesticides and the polarity of liquid phases (1). In the present 
paper, we have attempted to prepare the RRT diagram for 40. 
ECD-sensitive pesticides by using 11 different liquid phases, 
and to generalize the diagram theory. We also examine the 
application of the diagram to establishing operating condi
tions in GC analysis.

Experim ental 
Apparatus and Reagents

(a) Gas chromatograph.—GC-163, Hitachi, Tokyo, Ja-
R e cc ived  M a y  17, 1989. A c c e p te d  S e p te m b e r 28, 1989.

pan, with 63Ni electron-capture detector (ECD). Peak 
heights and peak areas were calculated with a data processor 
(Chromatopac D-2000, Hitachi, Tokyo, Japan).

(b) Pesticides.—The 40 pesticides studied are listed in 
Table 1 according to the ISO name (International Standards 
Organization) (13). Twenty-six of the pesticides are regulat
ed by the Japanese Food Sanitation Laws. All pesticide stan
dards and solvents used were analytical grade (purchased 
from Wako Pure Chemical Co., Osaka, Japan, or Gaskuro 
Kogyo Co., Tokyo, Japan). A standard solution of each pesti
cides was prepared by dissolving it in acetone and/or hexane 
at 1000 pg/mY  and then diluting to a predetermined working 
level (generally 25-75% full scale deflection). Aldrin was 
used as a reference compound for comparison with the data 
in other reports.

(c) Chromatographic columns.—The length and the in
side diameter of silanized columns were standardized to 2 m 
and 3 mm, respectively. Gas Chrom Q (80-100 mesh, Gas
kuro Kogyo Co.) coated with 2% liquid phase was used for 
the column material. The nitrogen carrier gas was regulated 
to ca 30-50 mL/min, to maintain the retention time of aldrin 
at 5 min. The detector and column oven temperatures were 
350°C and ca 165-200 °C, respectively.

(d) Liquid phases.— On the basis of the McReynolds con
stant (0 £  MC < about 4500) (14), 3 classifications were 
chosen for the RRT diagram. From the 11 liquid phases, OV- 
1, OV-3, DC-550, and OV-17 were selected as non- or low 
polar liquid phases with MC < 1000. The OV-22, QF-1, and 
XE-60 were selected as medium polar liquid phases (1000 < 
MC £ 2000). The PEG-20M, DEGA, and DEGS were uti
lized as high polar liquid phases (2000 < MC). A mixed phase 
of DC-200 and EPON 1009, showing an ill-defined MC score, 
which was generally used for pesticide analysis, was also ex
amined. All liquid phases used are shown in Table 2.

The retention time of aldrin as a guideline substance in 
each liquid phase was adjusted to exactly 5 min. A gas 
chromatograph was operated by means of isothermal analy
sis to maintain the thermal stability of ECD and to determine 
the accuracy of retention times during operation.

Procedure

In this experiment, the general sensitivity and separation 
degrees were determined for the RRT diagram. First, the 
sensitivity of the electron-capture detector to each pesticide 
was measured. Since the response of the detector to a pesti
cide depends on the functional groups in the molecule, the 
amount of pesticide yielding 10% full scale deflection was 
determined under favorable operating conditions.

The detection limits (ng) were classified into the following 
3 types: Class A ( A i 0 . 1  ng), Class B (0.1 < B i  1.0), Class 
C (1.0 < C).

Next, the general qualities of 11 liquid phases were evalu-
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Table  1. EC D -se n sitive  pesticides used

No.a Name6 Cl P
Groups

S n o 2 MW Other names

1 Aldrin 6 365
2 a-BHC 6 291
3 ß-BHC 6 291
4 7-BHC 6 291
5 5-BHC 6 291
6 Captafol 4 1 349 Difolatan
7 Captan 3 1 301 Orthocide
8 a-Chlorfenvinphos 3 1 360 rv-CVP, Vinyphate
9 /3-Chlorfenvinphos 3 1 360 /3-CVP, Vinyphate

10 Chlornitrofen 3 1 319 CNP, MO

11 Chlorobenzilate 2 325 Akar
12 Chlorothalonil 4 266 TPN, Daconii
13 Chlorpyrifos 3 1 1 351 Dursban
14 Chlorpyrifos-methyl 3 1 1 323 Reldan, Dawreldan
15 Cyanofenphos 1 1 303 CYP, Surecide
16 o,p'-DDD 4 320
17 p,p'-DDD 4 320
18 o,p'-DDE 4 318
19 p,p'-DDE 4 318
20 o,p'-DDT 5 354

21 p,p'-DDT 5 354
22 Dichlobenil 2 172 DBN, Casoron
23 Dichlorvos 2 1 221 DDVP, Vapona
24 Dicofol 5 370 Kelthane
25 Dieldrin 6 381
26 a-Endosulfan 6 1 407 Malix, a-Benzoepin
27 (3-Endosulfan 6 1 407 Malix, ,6-Benzoepin
28 Endrin 6 381
29 EPN 1 1 1 323
30 Fenitrothion 1 1 1 277 MEP, Sumithion

31 Tetrachlorophthalide 4 272 Fthalide, Rabcide
32 Heptachlor 7 373
33 Parathion 1 1 1 291
34 Parathion-methyl 1 1 1 263
35 Pentachlorophenol 5 266 PCP
36 Phosalone 1 1 2 368 Rubitox
37 Prothiophos 2 1 2 345 Tokuthion
38 Quintozene 5 1 295 PCNB
39 Tetradifon 4 1 356 Tedion
40 Thiobencarb 1 1 258 Benthiocarb, Saturn

a Used for identification in tables and figures. 
6 International Standards Organization.

Table  2. Liquid phases exam ined and their M cReynolds  
constants

No. Liquid phase
McReynolds

constant
Analytical 
temp., °C

1 OV-1 222 170
2 OV-3 423 190
3 DC-200 +  EPON1009 ___a 185
4 DC-550 620 200
5 OV-17 884 195
6 OV-22 1075 185
7 QF-1 1500 165
8 XE-60 1785 165
9 PEG-20M 2308 195

10 DEGA 2764 180
11 DEGS 3543 183

Unknown.

ated. The relative value (A/H: area to height) of each pesti
cide peak was readily obtained from the peak area and peak 
height in the liquid phase. The separation degrees were clas
sified into the following 4 types as seen in Table 3 by A/H 
values, peak shape, and tailing: 1 is assigned to pesticides 
showing an A /H  value less than 60 and a sharp symmetrical 
peak; 2 = pesticides showing an A /H  value from 60 to 160 
and a moderate tailing peak; 3 = the pesticides showing an 
A /H  value from 160 to 700, low sensitivity, and marked 
tailing peak; X = the pesticides showing an A /H  value over 
700 and no noticeable peak.

Table 4 shows the RRTs of the 11 liquid phases re-listed in 
sequence on the basis of the RRTs on a DC-550 column. 
From these results, an RRT diagram was prepared by plot
ting RRTs on the horizontal axis and MC values on the 
vertical axis to examine the behaviors of 40 pesticides.
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Table 3. Detection limits (D L)a and separation degrees (SD)b of ECD-sensitive pesticides on 11 liquid phases

DC200 +
EPON- PEG-

OV-1 OV-3 1009 DC-550 OV-17 OV-22 QF-1 XE-60 20M DEGA DEGS
No. Name DL SD DL SD DL SD DL SD DL SD DL SD DL SD DL SD DL SD DL SD DL SD

1 Aldrin A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1
2 a-BHC A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 B 1 A 1 A 1
3 ß-BHC A 1 A 1 A 1 A 1 A 1 A 1 A 1 B 2 B 1 B 2 B 2
4 t-BHC A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 B 1 B 1 A 1
5 ¿-BHC A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 2 B 1 — X B 2
6 Captafol B 2 B 2 — X C 2 B 3 C 3 C 3 C 3 — X — X — X
7 Captan A 1 A 1 B 1 B 1 B 1 B 1 B 2 B 2 — X — X — X
8 a-Chlorfenvinphos B 2 B 1 B 1 B 1 B 2 A 1 C 3 B 2 B 2 B 1 B 2
9 /3-Chlorfenvinphos B 2 B 1 B 1 B 1 B 2 A 1 B 3 B 2 B 2 B 2 B 2

10 Chlornltrofen B 2 B 2 B 2 B 2 B 2 B 2 B 3 B 3 B 3 C 3 B 3

11 Chlorobenzilate C 2 C 2 B 1 C 1 C 2 C 2 C 3 C 2 C 3 C 3 C 3
12 Chlorothalonil A 1 A 1 A 1 A 1 A 1 A 1 A 2 A 2 — X — X — X
13 Chlorpyrifos A 1 A 1 A 1 A 1 A 1 A 1 B 1 B 1 B 1 B 1 A 1
14 Chlorpyrlfos-methyl A 1 A 1 A 1 A 1 A 1 A 1 B 1 B 1 B 1 B 1 A 2
15 Cyanofenphos B 2 B 2 B 2 B 2 B 3 B 2 B 3 B 3 C 3 C 3 B 3
16 o,p'-DDD A 1 B 1 A 1 B 1 B 2 A 1 B 2 B 2 B 2 B 2 B 2
17 p,p'-DDD A 1 B 2 A 1 B 1 B 2 A 2 B 2 B 2 C 3 C 3 B 3
18 o,p'-DDE A 1 A 1 A 1 B 1 A 1 A 1 A 1 A 1 B 2 B 1 B 2
19 p,p'-DDE A 1 A 1 A 1 A 1 A 2 A 1 A 2 A 2 A 2 B 2 A 2
20 o,p'-DDT A 1 A 2 A 1 B 1 A 2 A 2 A 2 B 2 B 3 C 2 B 2

21 p,p'-DDT A 2 A 2 A 1 B 2 B 2 A 2 B 2 B 2 B 3 C 3 B 3
22 Dichlobenll A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1
23 Dichlorvos B 1 B 1 B 1 B 1 B 1 B 1 B 1 B 1 — X B 1 B 1
24 Dicofol B 1 B 2 B 1 B 3 B 3 B 3 B 3 C 2 B 2 B 1 B 2
25 Dieldrin A 1 A 1 A 1 A 1 A 2 A 1 A 2 A 2 A 2 B 2 A 2
26 a-Endosulfan A 1 A 1 A 1 A 1 A 1 A 1 A 2 A 1 A 2 B 1 A 2
27 ß-Endosulfan A 1 A 1 A 1 A 1 A 2 A 2 B 2 B 2 B 2 B 2 B 3
28 Endrin A 1 A 1 B 3 B 1 A 2 A 2 B 2 A 2 B 2 B 2 B 2
29 EPN B 2 B 2 B 2 B 2 B 3 B 3 C 3 B 3 — X C 3 C X
30 Fenltrothion A 1 A 1 A 1 A 1 A 1 A 1 B 2 B 2 — X B 2 B 2

31 Tetrachlorophthalide A 1 A 2 A 1 A 1 A 2 A 1 B 2 B 2 B 2 B 2 B 3
32 Heptachlor A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1
33 Parathlon A 1 A 1 A 1 A 1 A 1 A 1 B 2 B 2 B 2 B 2 B 2
34 Parathion-methyl A 1 A 1 A 1 A 1 A 1 A 1 B 2 B 2 — X B 2 B 2
35 Pentachlorophenol — X — X B 1 — X — X — X — X — X — X C 3 C 3
36 Phosalone B 2 B 3 B 2 C 2 B 3 B 3 C 3 C 3 — X — X — X
37 Prothiophos A 1 A 1 A 1 A 1 A 2 A 1 A 2 B 2 B 2 B 1 A 2
38 Quintozene A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1 A 1
39 Tetradlfon B 2 B 3 B 3 B 2 B 3 B 3 B 3 C 3 C 3 C 3 C X
40 Thiobencarb C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 1

a Detection limit amount of pesticide giving approximately 10% full scale recorder response. Class A: A £  0.1 (ng); class B: 0.1 <  B £  1.0; class 
C: 1.0 < C; — = could not be determined.

b Levels of separation: 1 = very good peak with 0 <  A/H (= peak area/peak height) £  60; 2 = good peak with 60 <  A/H g  160; 3 = poor and 
tailing peak with 160 < A/H £  700; X = could not be determined.

Results and Discussion

S e n s it iv ity  o f  E C D  to  P e s tic id e s  a n d  T he ir S e p a ra tio n  
D e gre es

Takeuchi and Tuge (15) selected 226 stationary phases 
from 700 commercial liquid phases and investigated their 
suitability to GC analysis of pesticides; 12 of them were 
preferable. Koda (16) and Omura et al. (17) discussed the 
relation between inorganic and organic character of liquid 
phases (I/O value) and their MC values by the organic 
conceptual diagram. From their work, we selected 11 typical 
liquid phases on the basis of use frequency and the polarities.

Table 3 shows the ECD response to pesticides by peak

height in each liquid phase. The minimum detection limit of 
aldrin as a reference compound ranged from 0 .0 1  ng on OV- 1 
and OV-22 to 0.04 ng on DEGA. In non- or low polar liquid 
phases, level A (s 0.1 ng) was attached to most pesticides. 
Their minimum detection limits ranged from 0.01 to 1.0 ng in 
all liquid phases.

The values shown in this table do not equal the minimum 
detection limits (MDL) which are measured under the most 
favorable GC conditions for each compound, but they do 
follow the MDL. In this experiment, each compound is calcu
lated compared to standard aldrin with a fixed retention 
time.

On the other hand, when the MDL was greater than 10 in
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Table 4. Relative rétention tlmes of ECD-sensitive pesticides on 11 liquid phases

No. Name OV-1 OV-3
DC200 + 

EPON1009
DC-
550a OV-17 OV-22 QF-1 XE-60

PEG-
20M DEGA DEGS

23 Dichlorvos 0.08 0.06 0.10 0.06 0.07 0.06 0.27 0.13 _b 0.15 0.20
22 Dichlobenil 0.08 0.11 0.11 0.11 0.12 0.12 0.31 0.25 0.27 0.28 0.36

2 a-BHC 0.33 0.39 0.40 0.43 0.45 0.45 0.59 0.86 0.79 1.16 1.32
4 7-BHC 0.42 0.50 0.51 0.57 0.61 0.63 0.79 1.28 0.28 1.85 2.14

38 Quintozene 0.45 0.53 0.50 0.57 0.61 0.58 0.86 0.75 0.63 0.85 0.88
3 /3-BHC 0.37 0.53 0.56 0.65 0.74 0.72 0.98 4.18 2.69 6.56 7.10
5 5-BHC 0.44 0.64 0.65 0.78 0.90 0.92 1.11 4.17 0.51 — 6.30

32 Heptachlor 0.78 0.79 0.79 0.80 0.80 0.78 0.85 0.91 0.92 0.98 1.00
12 Chlorothalonil 0.51 0.73 0.70 0.85 1.03 0.96 2.84 3.09 — — —

14 Chlorpyrifos-methyl 0.70 0.80 0.76 0.91 1.03 1.10 1.40 1.54 1.73 1.99 2.25

34 Parathion-methyl 0.70 0.84 0.89 0.98 1.17 1.24 3.46 3.56 _ 4.84 6.47
1 Aldrin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

40 Thiobencarb 0.97 1.06 1.06 1.17 1.33 1.44 1.70 1.90 1.93 2.32 2.40
30 Fenitrothion 0.86 1.01 1.02 1.18 1.42 1.54 3.97 4.04 — 5.00 6.43
13 Chlorpyrifos 1.04 1.14 1.03 1.25 1.38 1.46 1.83 1.87 1.74 1.94 2.03
24 Dicofol 1.07 1.26 1.23 1.31 1.56 1.56 2.41 2.53 2.98 3.71 4.03
33 Parathion 1.04 1.18 1.16 1.33 1.51 1.58 4.72 4.32 3.64 4.61 5.59

8 a-Chlorfenvinphos 1.65 1.49 1.67 1.61 1.85 2.00 4.85 3.71 3.04 3.60 4.09
31 T etrachlorophthalide 1.09 1.49 1.58 1.73 2.24 2.25 4.60 5.44 4.79 7.73 9.19

9 /3-Chlorfenvinphos 1.69 1.63 1.84 1.84 2.15 2.37 5.25 4.32 3.65 4.41 5.14

26 a-Endosulfan 1.67 1.75 1.77 1.86 1.97 2.03 2.79 2.70 2.55 3.36 3.68
18 o,p'-DDE 1.66 1.74 1.65 1.86 2.06 2.24 1.80 2.47 2.97 3.21 3.14
7 Captan 1.25 1.58 1.81 1.99 2.54 2.99 5.06 7.16 — — —

25 Dieldrin 2.01 2.12 2.14 2.27 2.48 2.60 3.48 3.88 3.67 4.46 4.88
37 Prothiophos 2.05 2.14 1.96 2.33 2.55 2.70 3.18 3.58 3.18 3.34 3.23
19 p,p'-DDE 2.13 2.22 2.09 2.33 2.56 2.74 2.47 3.34 3.88 4.41 4.17
16 o,p'-DDD 2.18 2.38 2.25 2.64 3.05 3.37 3.03 5.46 5.74 7.60 7.59
28 Endrin 2.27 2.47 3.35 2.75 3.09 3.35 4.15 4.38 3.99 5.13 5.54
11 Chlorobenzilate 2.88 2.89 2.98 3.18 3.57 3.87 5.43 7.93 10.73 13.57 14.34
27 /3-Endosulfan 2.35 2.78 2.93 3.25 3.81 4.09 5.47 8.93 8.10 11.69 13.39

20 o,p'-DDT 2.94 3.02 2.86 3.28 3.73 4.16 3.22 4.62 5.58 7.44 5.94
17 p,p'-DDD 2.79 3.13 2.98 3.46 4.01 4.39 4.66 9.47 3.72 13.77 13.66
10 Chlornitrofen 3.38 3.80 3.91 4.24 5.10 5.36 9.59 10.57 11.87 16.53 17.68
21 p,p'-DDT 3.81 3.98 3.79 4.32 4.91 5.44 5.08 8.52 4.05 13.64 13.17
15 Cyanofenphos 3.67 4.28 3.97 5.16 6.72 7.76 15.57 19.28 18.11 24.47 29.75
6 Captafol 3.87 4.82 — 6.23 8.23 10.10 13.98 28.49 — — —

29 EPN 5.69 6.44 6.68 7.77 10.04 11.70 21.60 27.59 — 36.52 43.88
39 Tetradifon 6.75 7.74 8.54 9.15 11.82 13.41 25.25 30.67 29.82 45.44 48.27
36 Phosalone 7.52 8.69 8.99 10.50 13.53 15.48 30.78 46.08 — — —
35 Pentachlorophenol — — 0.83 — — — — — — 14.04 19.37

a Listed in order of relative retention time on DC-550. Absolute retention time for aldrin was adjusted to approximately 5 min on each liquid phase. 
b Could not be determined.

high polar liquid phases such as PEG-20M, DEGA, and 
DEGS, these phases often failed to separate the pesticides 
from each other. In general, an increase of the polarity of the 
liquid phase resulted in a decrease in the detection limit.

The separation degrees for 11 liquid phases were shown in 
Table 3. Most pesticides containing aldrin and chlorpyrifos 
were level 1, indicating a sharp symmetrical peak. Several 
compounds containing chlornitrofen and cyanofenphos were 
level 2, indicating slight tailing. Several compounds contain
ing phosalone and tetradifon were level 3, indicating greater 
tailing. A few compounds containing pentachlorophenol and 
captafol were marked by X, indicating no noticeable peak.

Most organochlorine pesticides have lower polarity com
pared with organophosphorus pesticides. In the previous re
port (1), we found that 3 liquid phases, OV-17, QF-1, and 
XE-60, having medium polarity (MC: 884-1785), were suit
able for analysis of organophosphorus pesticides. In this ex

periment, non- or low polar liquid phases containing OV-1, 
OV-3, DC-550, OV-17, OV-22, QF-1, and XE-60 having 
MC < 1800 were suitable for analysis of ECD-sensitive 
pesticides. The use of a liquid phase having MC < 1000 was 
preferable. The separation degrees of the high polar liquid 
phases such as PEG-20M, DEGA, and DEGS evaluated 
unfavorably compared to those of non- or low polar liquid 
phases. But these high polar liquid phases would be suitable 
for analysis of high polar pesticides. On the principle of 
compatibility (16, 18), we inferred that the non- or low polar 
pesticides match the non- or low polar liquid phases and that 
the high polar pesticides match the high polar liquid phases.

Some broad peaks generally appeared on the chromato
grams, eluting later than aldrin. Some pesticides marked by 
dashes in Tables 3 and 4 did not elute from the columns. This 
behavior may result from thermal decomposition of the pesti
cides in the column and/or in the injection port, and their
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Figure 1. Relative retention time dlagram-1 of ECD-sensitive pesticides: 1, aldrln; 2, a-BHC; 5, ô-BHC; 7, captan; 10, 
chiomltrofen; 11, chlorobenzllate; 12, chlorothalonil; 13, chlorpyrifos; 15, cyanofenphos; 16, o.p'-DDD; 20, o.p'-ODT; 23, 
dichlorvos; 26, a-endosulfan; 29, EPN; 31, tetrachlorophthalide; 33, parathlon; 34, parathion-methyl; 36, phosalone; 37,

prothlophos; 38, quintozene; 40, tiobencarb.

sorption with the liquid phase. In addition, relatively large 
molecular weight pesticides or high polar pesticides could not 
be analyzed in the high polar columns because of the limited 
working temperature of the liquid phases.

R R T E x a m in a tio n

The retention time of aldrin (5 min) is represented as l 
RRT as shown in Figures 1 and 2. The RRTs of other 
pesticides in the 11 liquid phases were then obtained with 
respect to aldrin. Separations were good for all pesticides 
except pentachlorophenol in DC-550 liquid phase. So, the 
RRTs shown in Table 4 were sorted in the column of DC- 
550. In the column filled with nonpolar liquid phase, the 
RRTs distribution of most pesticides falls within the 10-fold 
unit of that of aldrin.

RRTs in the non- or low polar liquid phases were analo
gous to each other. As the polarity of liquid phases increase, 
the RRTs of pesticides increase and peak tailing becomes 
more pronounced. The relatively large molecular weight pes
ticides and the compounds with polar radicals in the mole
cules had large RRTs in high polar liquid phases. Thus, the 
results were considered to reflect a correlation between the 
polarity of liquid phase and the physical property of the 
pesticide.

The MC values of OV-101, DC-200, and SE-30 were very

similar with that of OV-1 ; therefore, the RRTs of these liquid 
phases were nearly the same.

According to recent reports (9,10,12), chlorpyrifos is also 
used as a reference compound for RRT examination. Many 
GC detectors are sensitive to chlorpyrifos; therefore, the data 
obtained in this study can be converted to a chlorpyrifos base.

Plinsloo et al. (7, 8 ) evaluated the separation efficiency of 
50 organophosphorus pesticides and 70 ECD-sensitive pesti
cides based on peak symmetrical factors in 9 liquid phases. 
They recommended that 4% Reoplex-400 was suitable for 
analysis of organophosphorus pesticides, and a mixed column 
filled with 1.5% OV-17 and 1.25% QF-1 was suitable for 
ECD-sensitive pesticides. These results are similar to our 
data.

P re p a ra tio n  a n d  A p p lic a tio n  o f  R R T  D ia g ra m

In GC analysis, we often need to know the relation between 
compounds and liquid phases. The RRT findings from our 
experiment could be represented graphically and show a 
correlation among pesticides, RRTs, and liquid phases.

The preparation method of the RRT diagram of 40 pesti
cides based on the RRTs is shown in Figures 1 and 2. (Two 
figures were used because the 40 pesticides were too many to 
plot in a single diagram.) The set MC (14) indicates the 
polarity of liquid phase on the vertical axis. The next set of
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Figure 2. Relative retention time diagram-2 of ECD-sensitive pesticides: 1, aldrin; 3, /3-BHC; 4, -y-BHC; 6, captafol; 8, a -  
chlorfenvinphos; 9, /3-chlorfenvinphos; 14, chlorpyrifos-methyl; 17, p.p'-DDD; 18, o.p'-DDE; 19, p.p'-DDE; 21, p.p'-DDT; 22, 

dichlobenil; 24, dicofol; 25, dieldrin; 27, /3-endosulfan; 28, endrin; 30, fenitrothion; 32, heptachlor; 39, tetradifon.

RRTs is plotted on the horizontal axis. Then, 10 horizontal 
liquid phase lines are drawn from nonpolar OV-1 to high 
polar DEGS. The RRTs of 40 pesticides are plotted on the 
liquid phase lines, and the RRT points of each pesticide are 
connected on the liquid phase lines to draw a zigzag curve.

By using this diagram, it is possible to demonstrate the 
identical behavior patterns among the liquid phases for given 
pesticides. These patterns can be broadly classified into 3 
groups: Group A containing heptachlor has similar polarity, 
chemical composition, and molecular weight as those of al
drin, and therefore its RRT behavior curve is almost parallel 
to that of aldrin. In group B containing dicofol, the slope 
tends to deviate from that of aldrin due to an increase of the 
polarity of the liquid phase. In group C, containing chloro- 
benzilate and EPN, their RRTs tend to become extremely 
large in polar liquid phases.

In general, it is necessary to use 2 or more liquid phases for 
identification of chemical compounds in GC analysis and 
sometimes to use a combination of liquid phases whose elu
tion sequence is reversed in order to get the most reliable 
results. In our study of RRT diagrams, identification is im
proved on liquid phases with MC values 500 units apart or 
greater. Such liquid phase combinations would be a very 
useful means for identifying and separating residual pesti
cides.

As a result of our experiments, we provide the following 2

examples for the RRT diagram, for known compounds and 
for unknown compounds.

For known com pounds.—If the MC values of 2 or more 
liquid phases have already been set on the RRT diagram and 
the MC value of a new liquid phase is known, one can set the 
MC value of the new liquid phase somewhere between those 
of 2 liquid phases. Doing so allows you to obtain an approxi
mate RRT of the new liquid phase because it intersects with 
the predetermined RRT curve of the 2 known liquid phases. 
From this intersection, it is also possible to estimate GC 
conditions of the objective compound.

For unknown com pounds.—First, the RRTs of the un
known compound must be determined from some of the 10  
liquid phases. A plot of the obtained RRTs on the RRT 
diagram produces a zigzag curve of the unknown compound. 
One can then compare it with the RRT behavior of the other 
compounds. By this comparison, it is possible to estimate 
approximate properties of the unknown compound such as 
polarity.

The RRT diagram provides a convenient visual impression 
of the relation among the separations, RRTs of each com
pound, and liquid phases. The diagram is not only useful for 
screening the compound in GC analysis but also may be used 
to establish the operating conditions for GC-MS analysis 
that are essential to identify the compound. Furthermore, the 
RRT diagram is useful for GC analysts to graphically and
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visually compare the relations among objective materials, 
liquid phases, and RRTs. If an improved RRT diagram using 
chlorpyrifos as a reference compound is completed, it would 
allow us to have a much clearer understanding of each com
pound.

References

(1) Omura, M., Hashimoto, K., Ohta, K., Shinzi, K., Ando, K., 
Shimizu, Y., & Hiraide, H. (1988) Eisei Kagaku (in Japa
nese) 34, 282-290

(2) Thompson, J. F., Mann, J. B., Apodaca, A. O., & Kantor, E. J. 
(1975) J. Assoc. Off. Anal. Chem. 58, 1037-1050

(3) Kawamura, Y., Takeda, M., & Uchiyama, M. (1978) J. Food 
Hyg. Soc. (in Japanese) 19, 511-517

(4) Ambrus, A., Visi, E., Zakar, F., Hargitai, E., Szabo, L., & 
Papa, A. (1981) J. Assoc. Off. Anal. Chem. 64, 749-768

(5) Matsumoto, M. (1984) J. Food Hvg. Soc. (in Japanese) 25, 
410-417

(6) Tsunoda, N. (1986) Eisei Kagaku (in Japanese) 32, 91-100

(7) Prinsloo, S. M., & De Beer, P. R. (1985) J. Assoc. Off. Anal. 
Chem. 68, 1100-1108

(8) Prinsloo, S. M., & De Beer, P. R. (1987) J. Assoc. Off. Anal. 
Chem. 70, 878-888

(9) Pesticide Analytical Manual, Vol. 1, U.S. Food and Drug 
Administration, Washington, DC

(10) Fehringer, N. V., & Walters, M. S. (1984) J. Assoc. Off. Anal. 
Chem. 67, 91-95

(11) Suprock, J. F., & Vinopal, J. H. (1987) J. Assoc. Off. Anal. 
Chem. 70, 1014-1017

(12) Saxton, W. L. (1987)7. Chromatogr. 393, 175-194
(13) Tomisawa, T., & Kamizi, M. (1982) Saishin Nouyaku Data 

Book (in Japanese), Soft Science, Tokyo, Japan
(14) McReynolds, W. O. (1970) J. Chromatogr. Sci. 8, 685-695
(15) Takeuchi, T., & Tuge, S. (1978) Gaschromatography Saikin 

NoShinpo (in Japanese), Kagaku no Ryoiki Zoukan No. 120, 
Nankodo, Tokyo, Japan, p. 47-61

(16) Koda, Y. (1984) Yukigainenzu, Kiso To Ouyo- (in Japanese), 
Sankyo Syuppan, Tokyo, Japan, p. 23, 76

(17) Omura, M., Sato, S., & Koda, Y. (1979) presented at ACS/ 
CSJ Chemical Congress, Honolulu, Hawaii, Abstr. 139

(18) Nipponkagakukai. (1975) Sin Zikken Kagaku Kouza, Kihon- 
sosa [1] (in Japanese), Maruzen, Tokyo, Japan, p. 223, 253

Extraction of Gasoline Constituents from Soil
SUSAN G. DONALDSON
U n iv e r s ity  o f  N e v a d a -R e n o , D e p a r tm e n t o f  R a n g e , W ild lif e  a n d  F o r e s tr y , 1 0 0 0  V a lle y  R d , R e n o , N V  8 9 5 1 2  
GLENN C. M ILLER 1
U n iv e r s ity  o f  N e v a d a -R e n o , D e p a r tm e n t o f  B io c h e m is tr y , R e n o , N V  8 9 5 5 7  
W. W. MILLER
U n iv e r s ity  o f  N e v a d a -R e n o , D e p a r tm e n t o f  R a n g e , W ild l if e  a n d  F o r e s tr y , 1 0 0 0  V a lle y  R d , R e n o , N V  8 9 5 1 2

The recovery of gasoline constituents from soil by using a 
sonication/extraction method was evaluated. Ten character
istic compounds were studied: benzene, toluene, ^heptane, 
m-xylene, nonane, n-propylbenzene, 1,2,4-trim ethylben- 
zene, n-butylbenzene, 1,2,4,5-tetramethylbenzene, and do- 
decane. Modifications of extraction method EPA 3550 were 
tested using flame ionization gas chromatography with a 15 
m X 0.53 mm id fused-silica capillary column. For dry soils, 
reducing total solvent extraction volume from 400 to 250 mL 
resulted in equivalent recoveries and shorter analysis times. 
Recovery of the gasoline constituents from wet soils was 
significantly lower than from dry soils for all methods studied. 
Recoveries were also dependent on the relative constituent 
volatility. Higher molecular weight compounds were recov
ered at greater than 80%  of the initial amount applied from 
dry soils; while recoveries of benzene and heptane were 
generally less than 5% . Using the most efficient extraction 
procedure, recovery of unleaded gasoline from a dry, spiked 
soil was 43.2% when expressed on a total petroleum hydro
carbon basis, and recovery from a wet, spiked soil was 
21.8%.

Since the 1940s, it has been a common practice to bury fuel 
storage tanks underground to guard against fire hazards and 
explosions. As these underground gasoline storage tanks near 
the end of their effective lifetime, leakage of hydrocarbons 
into soils is becoming a common problem. A portion of these

1 Address correspondence to this author.
Received May 17, 1989. Accepted September 30, 1989.

spills remains trapped in the soil, immobilized by capillarity 
and adsorption. This fraction can present a long-term threat 
to groundwater, as relatively cleaner recharge water may 
desorb or solubilize gasoline components. Remediation re
quires a reliable and rapid means of evaluating the total 
gasoline content of contaminated soils.

Several techniques can be used to extract hydrophobic 
organic compounds from soils. One method is based on EPA 
Method 3550 (1), a sonication/extraction procedure, fol
lowed by gas chromatographic analysis using flame ioniza
tion detection. Johnsen and Starr (2) compared the sonica- 
tion procedure with blender, roller, and Soxhlet extraction 
for pesticide-spiked soils. Sonication of the samples increased 
the recoveries of several compounds, although recoveries by 
Soxhlet extraction were comparable. Dunnivant and Elzer- 
man (3) also found the sonication method to be equal to or 
more efficient than Soxhlet for extraction of PCBs (polychlo
rinated biphenyls) from sediments. Furthermore, sonication 
resulted in reduced sample preparation time and decreased 
volumes of solvents and sample, and allowed substitution of 
less expensive glassware.

Method 3550 was originally intended for use when extract
ing nonvolatile and semivolatile organics from solids such as 
soils. The need for a rapid, inexpensive screening method for 
use in guiding excavations of contaminated sites has resulted 
in variations of Method 3550 being applied to quantification 
of fuel contamination in soils. Such contamination often 
consists of unknown amounts of both gasoline and heavier 
weight diesel fuel; total petroleum hydrocarbons is then esti
mated by applying the adaptation of Method 3550 for low
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level concentrations. The method variations most commonly 
used include reductions in solvent volume, use of a tank style 
sonicator rather than a horn-type sonicator, and gravity fil
tration without the use of a Buchner funnel or centrifugation.

The purpose of the present investigation was to determine 
the analytical recovery of a mixture of 10 hydrocarbons 
representing a range of gasoline constituents from both dry 
and wet spiked soil. Soil samples were extracted using various 
modifications of EPA Method 3550, and recovery efficien
cies were determined for each constituent. The effects of 
changing sonicator type and filtration apparatus on the effi
ciency of Method 3550 were not investigated.

METHODS

E x p e rim e n ta l D e s ign

Individual recoveries of each of 10 hydrocarbons (grand 
mix) added to air-dry and wet soils at concentrations of 2 0 0  
mg/kg were determined using modifications of EPA Method 
3550. Compounds examined were benzene, «-heptane, tolu
ene, w-xylene, nonane, «-propylbenzene, 1,2,4-trimethylben- 
zene, n-butylbenzene, 1,2,4,5-tetramethylbenzene, and do- 
decane. These compounds are representative of the C6-C ,2 
ingredients commonly found in gasoline mixtures (4) and 
were selected, in part, because each could be resolved from 
the mixture by gas chromatography.

Decreasing the hot water bath temperature as a method of 
increasing recoveries was investigated by concentrating 
spiked samples of a mixture of acetone-methylene chloride 
(1 + 1) from 10 to 1 mL, using a micro-Snyder column. The 
change in recovery resulting from differing initial solvent 
volumes was determined by concentrating spiked samples of 
the solvent mixture from 400 or 250 to 10 mL. The effects of 
reducing solvent volume, changing solvent composition, and 
changing the order of solvent addition on soil extraction were 
also studied.

Recovery of unleaded gasoline from both dry and wet soil 
spiked at 500 mg/kg was then evaluated. The concentrations 
of chemicals used in this study were within the range found in 
actual contaminated soils.

A p p a ra tu s

(a) G as c h ro m a to g ra p h .—Hewlett-Packard 5890 gas 
chromatograph equipped with autosampler, flame ionization 
detector, and 15 m X 0.53 mm id DB-5 fused-silica capillary 
column (J & W Scientific) with film thickness 1.5 and 
purified nitrogen as carrier gas. Operating conditions: injec
tion port 240°C; detector 250°C; carrier gas flow rate 6 mL/ 
min. Temperature program: initial temperature 40°C, held 
for 2.5 min; programming rate 5.3°/min to 120°C, held for 1 
min.

(b) S o n ic a to r .— Fisher 100 watt, tank-style.
(c) W a te r b a th .—With concentric ring cover; maintains 

temperature within 2°C.
(d) G la ssw a re .—20 mm id Pyrex chromatographic col

umn with glass wool plug, pre-rinsed with both acetone and 
elution solvent; Kuderna-Danish evaporative flask, 500 mL 
(Kontes 570001-0500), with 10 mL graduated concentrator 
tube (Kontes 570050-1025), 3-ball macro-Snyder column 
(Kontes 503000-0121) and 2-ball micro-Snyder column 
(Kontes 569011-0219); Hamilton gas-tight microliter sy
ringes; Teflon-lined screw-cap vials.

(e) B o il in g  c h ip s .—Fisher Boileezers.

R e a g e n ts

(a) S ta n d a rd  s o lu t io n .—Mixture containing all 10 hy
drocarbons was prepared by adding 1 g of each compound to 
25 mL volumetric flask and diluting to 25 mL with pesticide 
grade methanol. All reagents were obtained from Aldrich 
Chemical Co., 99+% pure.

(b) S o lv e n ts .—Methylene chloride and acetone, pesticide 
grade.

(c) S o d iu m  s u lfa te .—ACS grade, granular, anhydrous. 
Heated 4 h at 400°C and stored in glass bottle.

P re p a ra tio n  o f  S p ik e d  S o il

The soil used in this investigation was an Orovada fine 
sandy loam (coarse loamy, mixed mesic, Durixerollic Cam- 
borthid) with a pH of 8.0, cation exchange capacity of 6 .8  
cmol (+)/kg, organic matter content of 0.79%, column bulk 
density of 1.44 Mg/cu.m, porosity of 0.46, and specific sur
face area of 57.7 sq. m/kg. The soil was air-dried for 1 week 
and passed through a 1 mm sieve. Oven-dried percent mois
ture was 1.4% after heating to 105°C for 24 h.

For each experiment, 30 g air-dry soil was weighed into 
glass vials. For analysis of wet soils, 6  g water was added to 
the dry soil (2 1 .6 % moisture by weight on oven-dry basis, or 
17.8% on wet-weight basis) and thoroughly mixed. Six soil 
samples were prepared for each experiment. The soil was 
then injected at various depths with a total of 0.15 mL grand 
mix per vial. The vials were sealed with Teflon-lined screw 
caps and shaken to mix completely. Soils were extracted by 
the methods indicated 2 0  h after spiking.

E x tra c tio n  a n d  A n a ly s is

(a) W a te r b a th  te m p e ra tu re  v a r ia t io n s .—The first ex
periment was conducted to determine the effect of lowering 
the hot water bath temperature from 80°C (standard meth
od) to 6 8 °C and 58°C. For these experiments, 0.15 mL 
hydrocarbon mixture was added to 10 mL acetone-methyl
ene chloride (1 + 1) in a concentrator tube. A clean boiling 
chip was added to the tube. The micro-Snyder column was 
placed on top of the concentrator tube and the apparatus was 
placed in a hot water bath. Three replications were run at 
each of the 3 temperatures. The time required for concentra
tion to 1 mL was recorded. After concentration, samples 
were re-diluted to 10 mL using acetone, and were analyzed 
by gas chromatography. Two injections were made of each 
sample. A standard was prepared by placing 0.15 mL hydro
carbon mixture in a 10 mL volumetric flask and diluting to 
10 mL with acetone. Percent recovery of each compound for 
each sample at each temperature was calculated by dividing 
averaged area units measured for the re-diluted, concentrat
ed sample by the averaged area units measured for the stan
dard.

(b) S o lv e n t v o lu m e  c o n c e n tra tio n s .—A second experi
ment was performed to determine relative recovery when 
concentrating differing volumes of solvent. Either 400 or 250 
mL of acetone-methylene chloride (1 + 1) was placed in a 
500 mL Kuderna-Danish (K-D) concentrator. Aliquots of 
0.15 mL grand mix were then added to each concentrator. A 
clean boiling chip was added, and a 3-ball Snyder column 
was attached. The K-D apparatus was placed in a hot water 
bath at 80°C and the time required to concentrate to a final 
volume of 7 mL was noted. The K-D apparatus was allowed 
to drain and cool for a minimum of 10 min, and the joints and 
flask were then rinsed with 1-2 mL extraction solvent. The
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Table 1. Mean percent recovery of Individual 
hydrocarbons after concentrating from 10 to 1 mL at 

differing temperatures3

Compound

Temperature, ‘5C

80 68 58

Benzene 27.5(1.9) 37.5(0.3) 53.9 (4.2)
n-Heptane 6.8 (1.1) 5.8 (0.7) 5.5 (0.9)
Toluene 77.8 (3.8) 85.6(2.1) 88.1 (5.0)
m-Xylene 93.1 (3.4) 96.0(2.9) 96.0 (2.0)
Nonane 84.1 (3.3) 90.3(2.2) 91.3 (4.1)
n-Propylbenzene 96.3 (3.0) 97.4 (3.2) 98.2(1.5)
1,2,4-T rimethylbenzene 96.6(3.0) 97.8 (3.2) 98.4(1.1)
n-Butylbenzene 97.1 (3.0) 98 7 (3.2) 99.6 (0.8)
1,2,4,5-Tetramethylbenzene 98.8 (3.0) 97.9(3.4) 98.9 (0.4)
Dodecane 97.3 (2.9) 98 4 (3.3) 99.9 (0.4)

3 Standard deviation in parentheses; n = 3.

samples were re-diluted to 10 mL with acetone, and analyzed 
by gas chromatography, with 2  injections made of each sam
ple. A standard was prepared by diluting 0.15 mL grand mix 
with acetone in a 10 mL volumetric flask. A total of 4 
replications were made for each of the 2 solvent volumes. 
Recovery was measured as in (a).

(c) D ry so il ex tractions.—Sonication/extraction of the 
soil samples was conducted following EPA Method 3550 for 
low-level concentrations, with the substitution of a water 
bath sonicator and gravity filtration. The hydrocarbon- 
spiked, air-dry soil was placed in an Erlenmeyer flask. One 
hundred mL acetone-methylene chloride (1 + 1) was imme
diately added. The flask was placed in a sonicator and the 
sample was sonicated for 3 min. The extract was then filtered 
through a 10 cm column of anhydrous sodium sulfate and 
collected in a Kuderna-Danish (K-D) concentrator.

The sample was sonicated 2 additional times, adding 100 
mL solvent mixture each time. The entire sample was poured 
into the filter after the final sonication, and the flask was 
rinsed with 50 mL of extraction solvent. The column was also 
rinsed with 50 mL extraction solvent, for a total solvent 
volume of approximately 400 mL (standard method). A boil
ing chip was then added to the evaporative flask and a 3-ball 
macro-Snyder column was attached. The K-D apparatus was 
placed in an 80°C water bath, and distilled until the apparent 
volume of liquid reached 10 mL. The K-D apparatus was 
then removed and allowed to cool for at least 10 min.

After cooling, the Snyder column was removed and the 
flask and lower joint were rinsed into the concentrator tube, 
using 1-2 mL extraction solvent. A 2-ball micro-Snyder col
umn was then added to the concentrator tube, and the appa
ratus was placed in the 80°C water bath until the solvent was 
concentrated to 1 mL. The tube was then removed from the 
water bath and again allowed to cool for at least 10 min. The 
final volume was adjusted to 10 mL in a volumetric flask by 
adding acetone and shaking.

A portion of the final re-diluted concentrate was reserved 
in an autosampler vial with a Teflon-lined crimp cap for 
analysis. A standard was prepared by placing 0.15 mL of the 
hydrocarbon mixture in a 10 mL volumetric flask and dilut
ing to volume with acetone. Aliquots (2 uL) of the extracts 
were analyzed by gas chromatography, with 2  injections 
made of each sample. Detector response was linear over the 
range of dilutions from 1:50 to 1:1, with a correlation coeffi
cient of 0.999. The limit of detection was 1 ppm. Integrated

Table 2. Mean percent recovery of indlvicual 
hydrocarbons after concentrating to 10 mLa

Initial solvent volume, mL

Compound 400 250

Benzene 15.1 (0.7) 13.6 (2.8)
n-Heptane 0 0.4 (0.7)
Toluene 57.4(1.2) 65.2(4.1)
m-Xylene 90.0 (0.6) 94.6(1.5)
Nonane 65.7 (0.6) 75.8(4.0)
n-Propylbenzene 93.5 (1.3) 98.0(1.1)
1,2,4-Trimethylbenzene 94.4(1.4) 98.6 (1.3)
o-Butylbenzene 95.1(1.5) 99.4(1.7)
1,2,4,5-Tetramethylbenzene 95.1 (1.5) 99.1(1.7)
Dodecane 94.9 (1.5) 99.1 (1.7)

Standard deviation in parentheses; n = 4.

values of duplicate injections were averaged for each extract. 
Recoveries of each constituent for each of 6 replicates were 
calculated by dividing the averaged area units for the ex
tracted sample by the averaged area units for the standard.

A second soil extraction experiment was conducted to de
termine the effect of reducing the total extraction solvent 
volume from 400 to 250 mL. The method was done as previ
ously described, except that only 50 mL of the extraction 
solvent mixture was used for each of the second and third 
extractions, and a total of 50 mL solvent was used to rinse 
both flask and column. Again, 6 replicates were performed. 
Concentration and analysis of the samples proceeded as be
fore. Dry soil blanks were also extracted using 250 mL ex
traction solvent to check for soil contamination.

The effect of using methylene chloride alone instead of the 
methylene chloride-acetone (1 + 1) mixture as the extrac
tion solvent was also investigated, using a total volume of 250 
mL solvent as described for the second dry soil experiment. 
Six replicates were extracted by this method. Analysis pro
ceeded as before.

(d) Wet so il ex traction s.—To test hydrocarbon recovery 
from wet soils, samples containing 2 1 .6% moisture by weight 
on an oven-dry basis were prepared. Prior to extraction, each 
soil sample was mixed with 1 0 0  g anhydrous sod.um sulfate 
to achieve a “free-flowing” texture. Extraction proceeded as 
before. A total of 4 experiments, each with 6 replicates, was 
performed. The first followed EPA Method 3550. The sec
ond used the reduced, 250 mL volume of methylene chloride- 
acetone (1 + 1) mixture. The third was identical to the 
second except that, prior to the first extraction, 50 mL ace
tone alone was added to the sample. The sample was then 
thoroughly mixed before the remaining 50 mL methylene 
chloride was added. Total solvent volume remained at 250 
mL. The last experiment used 250 mL methylene chloride 
alone as the extracting solvent, following the procedure of the 
second wet soil experiment.

(e) G asoline ex traction s.—To determine extraction effi
ciency (percent recovery) using an actual gasoline sample, 6 
air-dry soil samples were spiked with unleaded regular gaso
line at a total of 500 mg/kg (15 mg per 30 g soil). Loss by 
volatilization was avoided by transferring the gasoline from a 
gas-tight syringe into the center of the bulk soil. The sample 
was then thoroughly mixed. Extraction proceeced using a 
total of 250 mL methylene chloride alone as extracting sol
vent.
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A second set of 6  soil samples was also spiked with 15 mg 
gasoline following the addition of 6 g water (2 1 .6 % moisture 
by weight on an oven-dry basis). These wet soil samples were 
extracted using 250 mL acetone-methylene chloride (1 + 1) 
following the addition of 1 0 0  g anhydrous sodium sulfate. 
Acetone was added separately to the samples prior to the 
addition of methylene chloride for the first sonication. A 
standard was prepared by placing 15 mg gasoline in a 10 mL 
volumetric flask and diluting to 10 mL with acetone.

Total petroleum hydrocarbons were quantitated by delet
ing any solvent or contaminant area units from the total area 
units for both the standard and the sample extract. Contami
nants were determined from chromatograms of the soil 
blanks, and solvent peak retention time was used to deter
mine solvent area units.

Results and Discussion

The effect of reducing the concentrating temperature on 
grand mix hydrocarbon recovery is presented in Table 1. 
Although reducing the temperature to 68  or 58°C generally 
gave an apparent increased recovery, the difference was sta
tistically significant at P  <  0.05 only for benzene and toluene, 
when tested for comparison of means by the least significant 
difference (LSD) method, following analysis of variance 
(ANOVA). The time required for concentration increased

I---------- «---------- 1----------r

( m i n u t e s )

Figure 1. GC/FID chromatograms of (a ) hydrocarbon 
grand mix standard; (b ) extract of dry soil spiked with hydro
carbon grand mix and extracted with methylene chloride 
only; and (c ) extract of wet soil spiked with hydrocarbon 
grand mix and extracted w ith 250 mL acetone-methylene 
chloride (1 +  1), Peak Identification: 1, benzene; 2, /»-hep
tane; 3, toluene; 4, m-xylene; 5, nonane; 6, n-propylbenzene; 
7, 1,2,4-trlmethylbenzene; 8, n-butylbenzene; 9, 1,2,4,5,- 

tetramethylbenzene; 10, dodecane; *, contaminant.

from about 6 min at 80°C to 13 and 63 min at 6 8  and 58°C, 
respectively. Consistent with these findings, a water bath 
temperature of 80°C was used for the remaining recovery 
studies.

Decreasing the solvent volume resulted in an increase in 
recovery, as seen in Table 2. Mean recovery was significantly

Table 3. Mean percent recovery of individual 
hydrocarbons from dry, spiked soil after sonication/ 

extraction and concentration to 1 mLa

Compound

Method

16 2C 3d

Benzene 2.1 (0.3) 2.7 (0.6) 20.6 (3.4)
n-Heptane 0 0 5.2 (1.8)
Toluene 31.7(1.9) 34.3 (3.0) 67.7 (2.9)
m-Xylene 69.3(2.3) 71.0(4.4) 92.9 (4.1)
Nonane 42.9(2.6) 44.4 (3.2) 78.6 (5.3)
n-Propylbenzene 81.1 (2.2) 82.4 (5.3) 99.3 (4.6)
1,2,4-Trimethylbenzene 84.3 (2.3) 85.2(5.2) 99.2 (5.1)
o-Butylbenzene 86.4(2.5) 87.0 (4.8) 99.2(4.6)
1,2,4,5-Tetramethylbenzene 87.3(2.5) 87.4(4.1) 97.5(4.6)
Dodecane 86.1 (2.5) 85.9(2.9) 92.5 (4.8)

a Standard deviation in parentheses; n = 6.
6 Method 1: EPA Method 3550; 400 mL acetone-methylene chloride 

(1 + 1) as extracting solvent.
c Method 2: 250 mL acetone-methylene chloride (1 +  1) as extracting 

solvent.
d Method 3; 250 mL methylene chloride alone as extracting solvent.
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Table 4. Mean percent recovery of individual hydrocarbons from wet, spiked soil after sonication/extraction and
concentration to 1 mLa

Compound

Method

16 2C 3d 4*

Benzene 0.1 (0.1) 0.1 (0.1) 0(0) 3.4 (0.8)
n-Heptane 0 0 0 0.5 (0.3)
Toluene 8.7 (1.3) 8.9(19) 8.9(15) 10.8 (2.1)
m-Xylene 24.8(1.6) 21.6 (3.9) 23.3(2.5) 20.2(3.7)
Nonane 16.9 (2.6) 17.6 (1.5) 18.5(3.6) 23.7 (3.3)
n-Propylbenzene 35.1 (2.2) 30.4 (4.9) 33.4 (3.2) 28.1 (4.4)
1,2,4-Trimethylbenzene 39.7 (2.5) 34.0(5.5) 37.2 (3.4) 31.3 (4.7)
n-Butylbenzene 46.6 (3.0) 41.8(5.9) 45.5 (3.7) 37.1 (4.9)
1,2,4,5-Tetramethylbenzene 51.8 (3.6) 48.2 (7.0) 51.9(4.2) 40.4 (4.2)
Dodecane 60.2 (6.3) 59.2(8.4) 63.4(5.7) 47.4 (3.1)

a Standard deviation in parentheses; n = 6.
b Method 1: EPA Method 3550; 400 mL acetone-methylene chloride (1 +  1) as extracting solvent. 
c Method 2: 250 mL acetone-methylene chloride (1 +  1) as extracting solvent.
d Method 3: 250 mL acetone-methylene chloride (1 +  1) as extracting solvent; acetone added separately prior to methylene chloride. 
e Method 4: 250 mL methylene chloride alone as extracting solvent.

better at P <  0.05 for all compounds except benzene and n- 
heptane, as determined by ANOVA and LSD. The time 
required to concentrate was also reduced from 32 min for a 
400 mL volume to 15 min for a 250 mL volume.

Soil blanks were analyzed prior to extraction of the spiked 
soil samples. Analysis revealed a single contaminant peak 
with a retention time of 5.2 min, which did not interfere with 
the peaks of any of the hydrocarbons used in the study. The 
retention time was used to identify the contaminant area 
units when total petroleum hydrocarbons were measured. 
Typical chromatograms of standards and soil extracts are 
presented in Figure 1.

Mean percent recovery of individual hydrocarbon constit
uents for air-dry and wet soil is presented in Tables 3 and 4. 
All means were tested for significance by using analysis of 
variance and comparison by least significant difference 
methods. Significantly reduced recovery occurred in all cases 
for wet soils (P  <  0.01). This may be attributed, in part, to 
the development of an electrostatic hydration envelope sur
rounding the soil-adsorbed organic compounds. When these 
highly hydrated soils are subjected to the extracting solvent 
methylene chloride, the soil particles tend to flocculate, caus
ing entrapment and reduced organic extraction (5, 6 ). The 
addition of sodium sulfate and subsequent mixing also allows 
for increased loss by volatilization.

Overall, mean hydrocarbon recovery in air-dried soils of 
all but the most volatile compounds was statistically equiva
lent when the solvent volume was decreased to 250 mL (P  <  
0.05). Use of methylene chloride alone resulted in a signifi
cant increase in recovery (P  <  0.05). Although not as consis
tent, recovery from wet soil was also statistically equivalent 
(P  <  0.05) when solvent volume was reduced, except for the 
more volatile constituents. Recovery of benzene, n-heptane, 
and nonane from wet soils was improved when methylene 
chloride was used alone as the extracting solvent, but the 
recovery of other constituents was significantly decreased (P  
<  0.05). Total time of concentration was also reduced from 
30 to 20 min for the reduced solvent volume. Despite a 
decrease in precision as measured by standard deviation of 
the mean, the time and material saved by decreasing solvent 
volume coupled with comparable recovery justifies procedur
al modification.

Since many soil samples contaminated with gasoline are 
taken from very wet areas such as the capillary fringe, cur
rent estimates of total petroleum hydrocarbons based on 
standard analytical procedures may be understated. Unfor
tunately, drying of the soil samples prior to analysis is unde
sirable, due both to the loss of more volatile compounds and 
to increased adsorption which occurs as the water evaporates. 
However, the addition of acetone separately to wet soils prior 
to the first extraction when solvent volume is reduced does 
allow for improved soil dispersion and hence similar extrac
tion efficiency when compared to the standard method.

Using methylene chloride alone as the extraction solvent 
tended to increase the recovery of the more volatile com
pounds (Table 3). However, since it is common to use purge- 
and-trap techniques to analyze for the more volatile ben- 
zene/toluene/xylene fraction, and since it is rare for field soil 
samples to be air-dry, use of methylene chloride alone as the 
extraction solvent may not be justified for total petroleum 
hydrocarbon analysis.

Chromatograms of the unleaded gasoline standard and the 
gasoline-spiked soil extract are illustrated in Figure 2. Aver
age total petroleum hydrocarbon recovery over 6  samples of 
dry soil was 43.2%, with a standard deviation of 3.1. Mean 
recovery from wet soil was 2 1 .8%, with a standard deviation 
of 4.2. Recovery was significantly greater from dry soils (P  <  
0.01) than from wet soils. As expected, recoveries of the most 
volatile constituents were the lowest. However, this method 
does allow determination of constituents with volatilities 
greater than or equal to xylenes. Since many fuel-contami
nated soil samples may contain both gasoline and higher 
molecular weight hydrocarbons, such as those present in 
diesel fuel, this method provides a useful screening technique 
for total petroleum hydrocarbons, when the expected per
centage of recovery is considered. An accurate determination 
of the most volatile constituents will require purge-and-trap 
or other techniques which give greater recovery of these 
constituents.
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It Is very time consuming and resource costly to rank forages 
by wet laboratory methods; therefore, near Infrared reflec
tance spectroscopy (NIRS) was used to evaluate hybrid 
bermudagrass (C y n o d o n  d a c ty lo n  (L.) Pers.) cultlvars for 
Improvements In quality. Quality was assessed by the deter
mination of acid detergent fiber (ADF), crude protein (CP), 
dry matter (DM), and in vitro dry matter digestibility 
(IVDMD). The samples were taken from plant breeding trials 
from 1983,1984,1985, and 1986. They included 32 cultlvars, 
4 cuttings, and 5 replications each for a total of 640 possible 
observations per year. This paper describes the process by 
which the NIR spectrometer was calibrated for each constit
uent and the effect of various methods of calibration on the 
performance of the NIRS system to determine quality in 
bermudagrass hybrids. Excellent one-year equations were 
obtained from calibrations using the bermudagrass parents 
In the 1983 samples (R2 =  0.83, 0.97, 0.70; SEC =  0.94, 
0.76, 3.64, for ADF, CP, and IVDMD, respectively). Attempts 
to use outside populations did not produce equivalent results 
for the first year. The 1983 equations did not fit the 1984 and 
1985 samples because of changes that were made to the 
spectrometer and the yearly differences in the samples. The 
instrument was then recalibrated with a diverse set of le
gumes and grass hay samples that contained some bermu
dagrass. These open population calibrations adequately 
ranked the bermudagrass entries. We documented that ber
mudagrass genotypes can be quickly and precisely ranked 
for forage quality traits via use of open population NIRS 
calibration equation.

In any plant breeding program, a means of assessing germ- 
plasm improvement is required. The Tilley-Terry (1963) 2- 
state in vitro dry matter digestibility determination has been 
successfully used as a determinant of quality in forage breed
ing programs (1-4). Near infrared reflectance spectroscopy 
(NIRS) was first used in a plant breeding trial by Marum et 
al. (5). Barton and Burdick (6 ) and later Burdick et al. (7) 
developed NIRS calibrations and validation of regression 
equations with NIRS for protein, fiber, and lignin in bermu
dagrass on a tilting filter spectrometer.

Bermudagrass presented these authors with some unique 
problems. First, the composition of bermudagrass could not 
be determined with equations that adequately represented 
other warm and cool season forages. Second, in vitro dry 
matter digestibility (IVDMD) did not correlate well with 
NIRS spectra for bermudagrass. The limited number of 
samples that could be incorporated in the calibration (40) for 
instruments at that time obviously contributed to the difficul-

Received December 12, 1988. Accepted August 25, 1989.

ty, as did some problems with acquiring reliable IVDMD 
data.

In his chapter on NIRS technology transfer in the U S D  A  

H a n d b o o k  643, Marten described how NIRS could be used 
in forage quality studies (8 ), for example, plant breeding 
programs involving multiple-year studies. The objective of 
the present study was to examine various types of calibration 
and establish one that could be used to rank cultivars and 
yield other analytical information.

Experimental

E x p e rim e n t 1

This initial experiment was done to acquire a calibration 
that would provide analytical information on the first year’s 
samples. A “closed population" calibration, where the sam
ples for calibration were obtained from the same population 
as those to be evaluated, was obtained. The description of 
these sample sets follows:

1983 C a lib ra t io n  sa m p le s .—A set of 65 samples from the 
1983 harvest representing all 32 entries (at least 2 samples of 
each entry) in the bermudagrass variety trial of Burton et al. 
(personal communication) were analyzed for in vitro dry 
matter digestibility (IVDMD), crude protein (CP), and acid 
and neutral detergent fiber (ADF and NDF) as described by 
Barton and Burdick (6 ), Barton and Windham (9), and 
Tilley and Terry (10). The samples were scanned on a Pacific 
Scientific Model 6100 near infrared spectrometer in a diffuse 
reflectance mode. The spectrometer was interfaced to a Digi
tal Equipment Corp. (DEC) series PDP 11 /34 mini-comput
er where the spectra were stored in a file through the use of 
the USDA/Pennsylvania State University software system 
operating under the DEC single-user Operating System RT- 
11 version 3B. Original equations were generated by pro
grams SET and MWS (11).

1983 S a m p le s  f o r  e v a lu a tio n .—The NIR spectrum from 
1100 to 2500 nm of the entire 640 bermudagrass sample set 
representing 32 entries, 5 replications, and 4 harvests from 
the 1983 season was scanned as above and stored in a file.

1 9 8 4 -1 9 8 6  C a lib ra t io n  s a m p le s .—The next task was to 
update and/or obtain a robust calibration suitable for “all” 
bermudagrass samples. As such, “open population” calibra
tions, where the calibration samples came from a population 
other than the samples to be evaluated, were developed using 
bermudagrass only and broad-based sample sets.

O u ts id e  b e rm u d a g ra s s  p o p u la t io n .—The spectra of a set 
of 221 bermudagrass samples representing 13 cultivars, 4  
harvests, and 2 years from a variety trial in Watkinsville, 
GA, were scanned on a Pacific Scientific Model 6350 (same 
instrument as above, but upgraded) NIR spectrometer and
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stored in the DEC computer. The software was analogous, 
but updated as described by Shenk in Marten et al. (8 ).

B road-based pop u la tion  sam ples f o r  ca libra tion .—The 
spectra of 454 samples were combined with those of the 221 
samples described above. This set (454) was a subset of some 
2500 samples of legumes and grass hays collected by Abrams
(12) from all 50 states and Puerto Rico that contained all the 
spectral variability of the parent sample set. This formed a 
broad-based calibration set suitable for the determination of 
quality in most forage species.

The analysis of the 221 bermudagrass samples for CP, 
ADF, and IVDMD was conducted as above (1983 calibra
tion samples). The analysis for CP and IVDMD on the 454 
samples was conducted at Pennsylvania State University as 
described by Abrams (12). Analysis for ADF of those sam
ples was conducted in our laboratory as described in Barton 
and Windham (9).

The calibration and file transfer were performed as de
scribed in Shenk (13), using programs CAL, BEST, STAT, 
and NIRTRN. Computations were performed on both the 
DEC PDP 11 /34 and a Microvax II superminicomputer.

1984 -1986  B erm udagrass sam p les f o r  evaluation .—The 
approximately 2600 samples in this part of the study were 
treated as above for the acquisition of spectral data. These 
samples were obtained from a bermudagrass breeding pro
gram and constituted 32 entries, 4 harvests, 5 replications, 
and 4 years (2 different trials in 1985). The samples were 
ground in a Udy mill in Tifton, GA, to pass a 1 mm screen, as 
were all other samples. Three separate Udy mills were used in 
the calibration and determination phases to eliminate or 
compensate for grinder differences that affect the particle 
size of the sample and its spectrum.

E x p e rim e n t 2

The CAL program was used to develop true closed calibra
tion equations for the bermudagrass files from 1983 to 1986. 
The samples to be used for calibration were chosen by the 
program SUBSET described in Shenk (13). SUBSET 
groups nearest neighbors from a comparison of their spectra 
and selects the minimum number of samples to describe the 
diversity of the population. The program was used in 2 ways: 
First, SUBSET was run on each year’s data set and the 
samples selected were combined into a single file of 164 
samples. Second, SUBSET was run on the entire file of 3195 
samples, resulting in a file of 111 samples. CAL was run on 
each of these files as well as the 3195 sample files, reserving 
every 13th sample (i = 13) for use to evaluate the equations 
and to measure the standard error of selection (SES). The 
population sampling program REG70 was used on the same 
files to generate equations and to measure predicted error

Table 1. Calibration and validation statistics for 1983 
mameter of bermudagrass

Analysis3 SEC6 pio SEP6

ADF 0,94 0.83 0.7
NDF 1.12 0.84 1.4
CP 0.78 0.97 0.8
IVDMD 3.64 0.68 2.7

3 ADF = acid detergent fiber; NDF = mutual detergent fiber; CP = 
crude protein; IVDMD = in vitro dry matter digestibility.

6 Standard error of calibration. 
c Coefficient of determination.
6 Standard error of performance corrected for bias.

sums of square (PRESS), which is the standard error of 
performance (SEP) for the selected equation.

The data for calibration were obtained from the co-auth
or’s laboratory. Single determinations were run on all 3195 
samples. In the companion study, field replicas and years 
were averaged to yield 32 numbers to rank the entries. Here, 
each value was used as a separate determination since each 
sample has a separate spectra. What was lacking from multi
ple determinations to improve precision was compensated for 
by the large sample set or by the selection of the appropriate 
samples from their spectra to give the smallest data set that 
still contained all the diversity.

Calibration Methodology

Numerous steps precede a calibration that affect the char
acter and type of calibration selected. These are discussed in 
the U SD A H andbook 643  (8 ) in general terms; in the revised 
edition (in press), specific guidelines are presented in an 
appendix chapter. The first step is to define the population to 
be analyzed.

The 2 basic types of populations are open and closed. In the 
open population, new samples are frequently added during 
intervals of recalibration. This leads to a calibration that is 
robust and able to handle variations in harvests, years, mois
ture, species, drying conditions, and management practices. 
In a closed population, all samples are available at the time of 
calibration and, therefore, all of the variation as well. The 
plant breeder’s situation is intermediate between these condi
tions. Initially, most of the anticipated variation in study 
should be present in the calibration sample set and, thus, a 
subset of the year’s trial should yield a good calibration. 
There are, however, multiple years to be considered as well as 
the overriding factor that change and outliers to the general 
norm of the population are what the breeder desires. If the 
breeder uses closed populations for assessing the selection 
entries, the assumption is made that all variation to be found 
is contained in the calibration set. Therefore, where this may 
or may not be the case, open population calibrations could 
have an advantage for breeding purposes.

Once the population has been defined, it is necessary to 
choose the calibration set and to collect the NIR spectral 
data. Concurrently, the calibration samples should be ana
lyzed by the reference laboratory method to minimize the 
possibility of changes in the sample chemistry with time. This 
is particularly important to plant breeders who collect sam
ples over a period of several years, as in this study. The 
instrument is usually calibrated by regression analysis; in this 
study, the analysis was accomplished with software devel
oped for the National NIRS Research Project (8 ). The best 
equation of several possibilities is selected by its performance 
on a validation set. The best choice for a validation set is a 
separate population (open calibration) or another subset of 
the current population (closed calibration).

Results and Discussion

E xperim ent 1.—Four approaches were tried to establish 
the calibration. The first approach (Experiment 1) was to 
obtain a calibration that could be used for year one (1983). 
Sixty-five samples from the 1983 samples that represented at 
least 2 samples of each cultivar were analyzed in the labora
tory. The laboratory data were regressed against their re
spective spectral intensities. Table 1 shows the standard er
rors of calibration and performance (SEC and SEP) and 
coefficients of determination (R2, square of the regression
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coefficient). In this case, the validation set was a randomly 
selected set of 30 samples from the 1983 harvest (Table 1). 
The SEC and SEP data obtained from this internal valida
tion of a closed calibration were quite acceptable. The SEP 
value for each analysis was within laboratory error limits of 
Barton and Burdick (6 ); standard error of performance for 
NDF was a little higher (1.4 vs 1.0-1.2).

The necessity for an open calibration or the recalibration 
of a closed set became obvious when spectra of the 1984 
samples were taken and the 1983 equations were used to 
determine ADF, CP, and IVDMD. In the interim year, the 
monochromator was upgraded from Model 6100 to Model 
6350. The RMS (root-mean-square) noise level of the instru
ment was reduced significantly from the 100-150 micro- 
optical density units (/uOD) to the < 26 ¿iOD level. While this 
should not have affected the equations from previous calibra
tions, other changes to the samples could have occurred that 
caused the equations no longer to be valid. A second ap
proach was tried because the amount of sample available 
from the genotypes was not sufficient to allow conventional 
laboratory analyses to be conducted. A set of 221 bermuda- 
grass samples from a trial at a separate location had been 
analyzed and their spectra were recorded on the NIRS in
strument. Calibrations were obtained and these equations 
were used to determine the composition (ADF, CP, 
IVDMD) of the 1983 and 1984 samples. Because of differ
ences in the years of harvest (2 2 1  samples were collected 
from 1981 to 1982) and because the sample spectra were 
taken on the 6100 version of the monochromator, this ap
proach did not work well either, even though excellent cali
brations were obtained as shown by the SEC and R2 values in 
Table 2.

Shenk (13) described the new software (TRNFSR) for the 
transfer of equations from one monochromator to another. A 
second program NIRTRN described in the U SD A H an d
book 643 (8 ) will match 2 instruments/monochromators 
wavelength-for-wavelength with the same transfer set of 
samples. This permitted a third and fourth approach to be 
tried.

A large set of forages representing many species and re
gimes (12) was transferred to the Model 6350, as were the 
1983 samples and the outside bermudagrass sample file of 
221 samples. The spectra in these files were matched to those 
of 1984-1986 (4 files). The third approach was to add the 
original 65 samples to the broad-based data set. This did not 
give sufficient bermudagrass character to the calibration. 
The fourth approach was to add the 221 bermudagrass sam
ples to the broad-based set (454 samples). This gave a cali
bration population totally separate from the samples to be 
analyzed. The results of this calibration are in Table 3. The 
SEP data were virtually identical to the SEC data for ADF 
and CP. The samples used for validation were the sixty-five 
1983 samples that were in sufficient quantity to allow con-

Table 2. Different population— different set of 
bermudagrass hybrids3

Analysis SEC R2 SEP

ADF 1.11 0.91 _
NDF 1.39 0.85 —

CP 0.63 0.85 —

IVDMD 1.67 0.82 —
See Table 1 for definitions.

Table 3. Add similar set to standard set— 476 samples 
from across United States with 221 bermudagrass samples 

added (total of 797 samples for calibration)3

Analysis SEC R2 SEP

ADF 2.48 0.79 2.54
CP 0.86 0.94 0.86
IVDMD 3.10 0.82 5.25

See Table 1 for definitions.

ventional analyses. The SEP data for IVDMD were some
what larger, but this reflects errors in NIRS as well as errors 
in spectral transfer of the 1983 samples and in the IVDMD 
data. The data in the calibration came from multiple labora
tories whereas the 1983 samples were analyzed exclusively in 
our laboratory. This could have resulted in a bias that the 
calibration would have averaged.

The ranking of the 32 entries by NIRS and conventional 
IVDMD data picked the same entry as best (Burton, person
al communication). The ranking of entries 2-10 was similar, 
but not identical; they spanned an IVDMD difference of only 
3.50 percentage units. This precision is well within the stan
dard error of performance of 5.25 and just slightly higher 
than the standard error of calibration of 3.10 percentage 
units. Throughout the remainder of the entries, minor differ
ences in ranking occurred between NIRS and conventional 
IVDMD data. There was no intent to determine accuracy per 
se because that is not possible for an empirical method. This 
is the first time that an open population NIRS equation has 
been used to rank genotypes in a forage breeding program. 
The speed and precision of the NIRS analysis were certainly 
an advantage in ranking digestibility of the germplasm, even 
though a general purpose open calibration was used. In addi
tion, the NIRS method provided an independent check on the 
laboratory-generated IVDMD data.

The mean, standard deviation, and range (minimum and 
maximum) of the various data sets for calibration and the 5 
years of the bermudagrass variety trials are given Tables 4-6. 
That the calibration sets are appropriate can be judged from 
several points: First, the average percentage IVDMD of the 
means for the bermudagrass trials for which the equations 
were developed was 55.16 (56.74 without the 1983 data). 
This mean and the mean of the broad-based set and that for 
the bermudagrass calibration set from the separate study 
(57.45 and 57.79, respectively) were within experimental 
error of the in vitro procedure (±2.75). Also, the standard 
deviation of the calibration sets indicates that sufficient vari-

Table 4. Variability of data sets for IVDMD

Range

Data set3 Mean SD Min. Max.

1983 48.86 5.36 30.48 63.42
1984 56.94 4.27 44.55 69.86
1985a 55.25 6.34 40.90 73.80
1985b 56.62 5.46 43.79 69.80
1986
Calibration;

58.13 5.20 42.11 70.89

Broad-based 57.45 8.08 22.50 76.13
Bermudagrass 57.79 3.80 49.86 69.38
1983 CALSET 45.42 6.42 39.39 58.03

1983-1985a represent one trial; 1985b-1986 represent second 
trial.
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Table 5. Variability of data sets for CP Table 6. Variability of data sets for ADF

Range

Data seta Mean SD Min. Max.

1983 12.60 3.95 4.98 22.76
1984 8.50 2.14 3.58 16.89
1985a 8.36 2.67 3.32 21.21
1985b 10.56 3.16 4.08 18.27
1986
Calibration:

10.92 2.82 5.25 19.34

Broad-based 15.51 5.41 4.21 27.76
Bermudagrass 12.57 1.59 8.26 20.06
1983 CALSET 14.52 4.33 7.30 22.60

a 1983-1985a represent one trial, 1985b-1986 represent second 
trial.

ability was present, and the ranges indicate that the IVDMD 
data of the sets to be determined fell within the range of the 
calibration. Second, the data in Tables 5 and 6 reveal that the 
same is true for CP and ADF data. The data sets whose 
values were determined by NIRS were within those used for 
the calibration. The fact that the ranges and means coincided 
for 3 variables is an indication that the population to be 
analyzed was well represented in the calibration set.

The average spectra of each year (1984-1986) were very 
similar (Figure 1). Resolution in these average spectra was 
enhanced by Fourier Self-Deconvolution (FSDC). This tech
nique would make small differences more obvious than would 
be apparent from the normal logarithm of reciprocal reflec
tance. The average spectrum for the calibration set (Figure 
2 ) is virtually identical to that of the samples whose composi
tion was to be determined. The figures provide evidence that 
the calibration was adequate for the determination of 
IVDMD, ADF, and CP in a bermudagrass breeding trial,

Range

Data seta Mean SD Min. Max.

1983 31.08 3.94 19.13 41.64
1984 38.31 2.95 25.96 44.77
1985a 37.97 3.68 24.80 46.96
1985b 37.35 4.68 24.73 48.20
1986
Calibration:

34.82 3.15 25.79 44.72

Broad-based 35.20 5.61 18.71 55.20
Bermudagrass 34.20 3.35 25.84 39.72
1983 CALSET 31.51 2.30 27.08 35.72

1983-1985a represent one trial, 1985b-1986 represent second 
trial.

and that open NIRS calibration equations can be used to 
rank forages.

E x p e rim e n t 2

The closed population calibration results from program 
CAL are given in Table 7. The equation selected from the use 
of all 3195 samples was not as good as the equation from the 
open population calibration with less than 'A the samples. 
The SEC values were 3.100 (open) vs 5.654 (closed) and the 
R2 values were 0.82 vs 0.33, respectively (see also Table 3). 
The same is true for the comparison of SES (5.878) vs SEP 
(5.250) data between the open and closed population equa
tions. Essentially, the 2 equations had similar levels of accu
racy (SES vs SEP), but the precision of the open population 
equation (SEC) was better.

The program SUBSET was run in 2 ways. First, it was run 
to simulate the smaller mini and microcomputers. On the 
DEC PDP series computer, the file for SUBSET is limited to

BERMUDAGRASS TRIALS
0 . 2 0 4  . F i9 u re  1

1 1 2 0  1 3 1 7  1 5 1 4  17 1 1  1 9 0 8  2 1 0 5  2 3 0 2  2 4 9 9

______________________WAVELENGTH (n m )_____________
Figure 1. Plot of Fourier Self-Deconvolution of logarithm or reciprocal reflectance vs wavelength in nm of average spectrum 
from each of 4 years of bermudagrass breeding trials. Solid =  1984 trial 1; dashed =  1985 trial 1; dotted = 1985 trial 2; dashed-

dotted = 1986 trial 2.
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Figure  2. Plot of Fourier Self-D econvolution of logarithm of reciprocal reflectance vs w avelength in nm for average of large
calibration set.

100 samples because of available memory. This would re
quire breaking the file for each year into 7 files and summing 
35 such files for all 5 years of data. The newer computers 
could handle a year at a time so we would only have to sum 
the 5 files to generate the data set. When this was done, the 
file contained 164 samples, which represented all the diversi
ty in each of the 5 years data set. It is obvious that the 
combined file would contain some redundancy, but not near
ly as much as if each year’s data set were divided into 7 
separate files to accommodate a 100 sample per file program 
limit. There was no improvement in accuracy in the equation 
chosen from this file (Table 7 File/SS) over CAL on the 
whole file, but only '/20th of the samples were used. The 
precision as measured by SEC did improve.

Second, SUBSET was run on the whole 3195 sample file 
on the DEC MicroVAX II, which selected only 111 samples. 
The equation from CAL selected here was better than any 
other (SEC = 2.942, SES = 1.740), which would be expect-

Table  7. C lo sed  population calibration, from C A L  (3195  
sam ples)*

File N SEC R2 No. EXb N SES* Bias

CAL (i = 13) 2922 5.654 0.33 6 80 243 5.878 -0 .002
File/SS

(i =  13) 164 4.688 0.65 6 6 13 5.810 2.157
ALL/SSd

(I =  13)* 111 2.942 0.85 5 5 9 1.740 0.161

a Subset (SS) tends to pick higher quality samples means; 57.973 <  
60.571 <  62.722.

6 EX =  number of samples excluded by computer from calibration 
(residuals were as high as +  20 IVDMD units).

* SES = standard error of selection corrected for bias.
*One term EQA from ALL better than 6 term from File/SS, F’s much 

smaller (subset on 5 files and then combined). 
e Subset of large (3195) file.

ed, since it should most closely represent the population to be 
analyzed. Note that the mean of the calibration file increased 
from 57.973 to 62.722 when SUBSET was used to select the 
calibration population. This is an indication that the original 
population contains redundant samples which can overly 
weight the calibration.

When the means, standard deviations, and ranges of 
IVDMD data were examined (Table 8), the means were 
similar for the subset compared with the entire file. The 
standard deviations were larger, indicating a more diverse 
sample set in the subset files. The ranges were somewhat 
narrower in the subsets, which may reflect the true variation 
in the laboratory data. That is, the samples for which the 
computer found the spectra to be identical had a variation of 
±4-5 IVDMD units.

Table  8. Mean, standard deviations, and ranges of IVDMD  
data for e ach  y e a r’s  data and the subsets*

File Mean SD Min. Max.

1983 63.390 5.957 44.000 76.400
1984 53.298 5.577 37.800 80.100
1985a 55.557 6.333 41.300 73.600
1985b 59.463 6.481 39.100 72.700
1986 58.227 5.723 32.500 70.800
ALL 57.975 6.940 32.500 76.400
83SS 63.824 6.956 44.200 75.800
84SS 56.818 6.790 41.500 70.100
85SS 53.317 5.919 41.600 67.200
85SS 58.146 7.228 48.600 67.800
86SS 57.075 6.880 44.200 66.800
File/SS 60.561 7.867 41.500 75.800
ALLSS 62.647 7.440 44.200 75.800

* 1983, 1984, 1985a are files of all samples in 1st trial for these 
years; 1985b, 1986 are the 2nd trial. ALL Is the entire 3195 samples; 
SS denotes subset of above files; File/SS is the individual SS files 
combined; ALLSS is the subset of all 3195 samples.
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Table  9. Standard errors of calibration and perform ance  
for c losed  population calibration equation for IVDMD by a 

population sam pling technique3

File SEC R2
No. Of 

Samples SEP

All 5.54 0.36 3195 5.59
ALLSS 2.03 0.92 111 2.60
File/SS 3.22 0.81 164 3.64
1986 4.55 0.04 638 4.69
1985b 5.26 0.06 609 5.42
1985a 6.34 0.00 639 6.61
1984 1.61 0.91 639 1.66
1983 1.83 0.90 640 1.88

3 1983, 1984, 1985a are files of all samples in 1st trial for these 
years; 1985b and 1986 are the 2nd trial. All is the entire 3195 
samples; SS denotes subset of above files; File/SS is the individual 
SS files combined; ALLSS is the subset of all 3195 samples.

Another way to assess the data set and acquire a closed 
population calibration is a population sampling technique. In 
this technique, there are no wavelength selection criteria. 
Wavelengths are picked evenly across the spectrum with as 
many as 70 terms in the resulting regression equation, hence 
the name REG70. The program is best suited to closed popu
lations and ones in which the calibration subset has been 
selected to represent the population diversity with the mini
mum of samples. Table 9 contains the SEC and SEP data for 
the files from each year (e.g., 1983, etc.), the total population 
file (ALL), the subsets of the individual years combined 
(File/SS), and the total population subset (ALL/SS). All of 
the equation were 50 terms with a second derivative math 
treatment with a 15 nm gap and a 15 nm smooth applied to 
the spectra. It is quite obvious that SUBSET in either case 
picks the better calibration set, better than the total popula
tion and almost as good as the files for 1983 and 1984. The 
problem is 1985a, 1985b, and 1986. The R2 values for these 
years’ data sets are virtually 0.0 with large SEC values. The 
IVDMD data for these 3 sets are unsuitable for use in a 
calibration. This is a major problem with closed population

calibrations. The samples and the data are a closed set and 
cannot be improved upon unless the population is opened. 
These data, where the replicate, cutting, and year were aver
aged, were good for ranking but insufficient for developing a 
calibration since we had to use the individual IVDMD value 
for each spectrum. The use of an open population based on 
data of known error limits gave better results than the last 3 
years of this data and as good as the subsets in most cases.
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PLANT TOXINS

Hypoglycin A Content in the Aril, Seeds, and Husks of Ackee Fruit at Various Stages 
of Ripeness
G. W ILLIAM  CHASE, J r , W ILLIAM  O. LA N D EN , J r , and ABDEL-GAW AD M. SOLIM AN 
Food and Drug Adm inistration, A tlanta Center fo r  Nutrient Analysis, 60 Eighth St, A tlan ta , GA 30309

Recently, hypoglycin  A (HG-A), a natural toxin, w as detected  
in canned a ck e e  fruit. To determ ine the source  of contam ina
tion, the H G -A  content in the a ck e e  fruit com ponents (aril, 
see d s, and husks) at various stages of ripeness w as deter
mined by a method using an amino acid  analyzer. H G -A  
concentrations in the unripe a ck e e  fruit com ponents were  
939, 711, and 41.6 m g/100 g of seed, aril, and husk com po
nents, respectively. A n alysis  of the ripe fruit com ponents 
show ed that H G -A  in the seed d ecre ased  to 269 m g/100 g 
and rem ained unchanged in the husk while the concentra
tions in the edible ripe aril d ecreased  below the detection  
limit of 1.2 m g/100 g.

The ackee tree (Blighia sapida) is cultivated mainly in Ja
maica but has also been introduced into southern Florida. 
The yellowish red fruit of the ackee tree is pear size and splits 
open longitudinally when ripe, revealing 3 large black seeds 
and a yellow fleshy edible material called the aril (1). The 
unripe or immature fruit also appears to be yellowish red; 
however, it is not split open. The unripe aril appears similar to 
the ripe aril with the exception of being smaller and not as 
intense in yellow color. The unripe seeds are the same size as 
the ripe ones; however, they are softer and green in color. The 
fleshy aril is an important part of the Jamaican diet and may 
be prepared for consumption in many ways.

Ackee poisoning or “vomiting sickness” can also be associ
ated with the island of Jamaica (2). Ellington (3) found 
evidence linking hypoglycin A (HG-A), the toxic component 
of ackee fruit, with vomiting sickness. Tanaka et al. (4) 
suggested that the effects of HG-A may be cumulative and 
result in cellular and liver damage.

The unripe ackee aril may contain about 1 mg HG-A/g, 
with the seeds containing from 2 to 3 times as much (2). As 
the fruit ripens, the HG-A content of the aril decreases to less 
than 0.01% (10 mg/100 g) (2). Ellington (3) found 0.008% 
(8 mg/100 g) HG-A in the ripe arillus and 0.111% (111 mg/ 
100 g) HG-A in the unripe arillus.

Previous studies have relied on ion-exchange or thin-layer 
chromatographic methods that could not resolve HG-A and 
leucine. Application of an ion-exchange method using an 
amino acid analyzer, which provides for baseline resolution 
of HG-A and leucine, showed that canned ackee fruit con
tained variable quantities of HG-A (5, 6). The objective of 
the present investigation was to apply the improved method 
to study the change in levels and location of HG-A in the 
ackee fruit at various stages of maturity, and to determine, if 
possible, the source of contamination of the canned ackee 
fruit product.

Received O ctober 2, 1989. A ccepted N ovem ber 6, 1989.
This paper was presented a t the 50th annual m eeting of the Institu te  of 

Food Technologists in Chicago, IL.

Experim ental
Sa m p le  D escription

Because ackee fruit is not available in the United States, a 
limited quantity of fruit at various stages of maturity was 
provided by Robert Knight of the Subtropical Horticulture 
Research Station, Miami, FL. Most of these were used for 
method development. Two green, 2 unripe, and 2 ripe ackee 
fruit were used for this study. Ripe fruit were characteristi
cally split longitudinally, revealing 3 large black seeds and 
yellow aril. Unripe fruit were not split and contained large 
green seeds. Green fruit were small, hard, and contained 
either small undeveloped green seeds or no seeds at all.

Procedure

Samples for each fruit component were prepared by sepa
rating the husk, aril, and seeds from individual unripe and 
mature fruit. To prepare the composite, each component 
from each fruit was cut into pieces not exceeding 0.5 mm in 
diameter. Because component parts of the green fruit were 
undeveloped, the entire green, immature fruit was cut into 
small pieces for analysis.

Portions of each composite (16 g) were extracted by ho
mogenization in 80% aqueous alcohol with a PolytronR ho- 
mogenizer. HG-A was quantitated by the ion-exchange chro
matographic method recently developed by Chase et al. (6), 
using duplicate injections.

R esu lts and D iscussion

Data on the HG-A content of ackee fruit components at 
various stages of maturity are presented in Table 1. The HG- 
A content was highest in the unripe ackee fruit; the amount 
was largest in the seeds and least in the husk. The amount of 
HG-A present in the ripe aril was below the detection level of 
1.21 mg/100 g. The level of HG-A in the ripe husk remained 
unchanged. Although the HG-A level in the seeds decreased 
with maturation, the ripe seeds remained a rich source of 
HG-A. The aril and seed of the green fruit were undeveloped 
and, therefore, could not be analyzed as separate compo
nents.

Previous work showed that canned ackee fruit, composed 
entirely of arils (Jamaican grown), contained an average of
9.4 mg/100 g (6). The difference in HG-A content between 
the canned aril and the ripe aril from the fresh fruit may be 
attributed to the quality of processing, variety of fruit, or 
growing conditions (southern Florida vs Jamaica). The aver
age amount of HG-A present in the unripe arillus (711 mg/ 
100 g) was greater than 6 times what Ellington (3) found 
(111 mg/100 g). This may be attributed to the same factors 
as mentioned above.

The study provides data relating HG-A content of ackee 
fruit to the level of ripeness and to the location within the 
fruit. These data demonstrate that the husk and the seeds of 
the fresh ackee fruit continue to contain significant levels of 
HG-A. According to Morton (1), the ackee fruit is consid-
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Table  1. Am ounts of hypoglycin  A found at various stages  
of ripeness in a ck e e  fruit com ponents

Hypoglycin A, mg/100 ga
Husk Aril Seed

Canned ackee fruit6 NA 9.4 NA
Ripe fruit 47.3 ±  2.9 _ C 269 ±  145
Unripe fruit 41.6 ±  10.4 711 ±  44.0 939 ±  117
Green fruit 53.2 ± 8 .2 UN UN

3 Each data point is the mean ±  standard deviation of duplicate 
injections of 2 different fruit samples. NA =  not applicable; UN = 
undeveloped fruit.

6 See ref. 6.
c Below a detection limit of 1.21 m g/100 g.

ered ripe and fit for consumption when the fruit splits open or 
yawns into 3 sections, with each section usually containing a 
plump yellow fleshy aril (the edible portion) with a black 
seed at the tip. HG-A concentrations observed in the canned

aril might be caused by contamination with the husk and seed 
components as a result of improper handling during the 
canning process. Since HG-A is a toxic compound with no 
established tolerance levels, further studies are recommend
ed to establish tolerance levels and evaluate canning methods 
to reduce HG-A in the canned product to meet such levels.
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TECHNICAL COMMUNICATIONS

Determination of Copper, Iron, and Nickel in Oils and Fats by Direct Graphite Furnace 
Atomic Absorption Spectrometry: Summary of Collaborative Study

ST E PH E N  G. C A PA R 1
U.S. Food and Drug Adm inistration, Division o f  Contaminants Chemistry, 200 C St, SW ,
Washington, DC 20204

A collaborative study of a method for the determination of 
copper, Iron, and n icke l In edible oils and fats by direct 
graphite furnace atom ic absorption spectrom etry w as re
cently  conducted by the International Union of Pure and 
Applied Chem istry. The quantitation limits of the method are 
5 jug/kg for copper and 10 ng/kg  for Iron and n ickel. The  
method h as been adopted official first action a s  an IU P A C -  
A O A C  method.

A method for the determination of copper, iron, and nickel in 
edible oils and fats by direct graphite furnace atomic absorp
tion spectrometry was subjected to collaborative study be
tween 1983 and 1987 by the Commission on Oils, Fats and 
Derivatives of the International Union of Pure and Applied 
Chemistry (1). The results of the collaborative study were 
reported for oils (soybean and groundnut) containing copper, 
iron, and nickel and for fats (cocoa butters) containing cop
per and iron at 3 concentration levels. Nickel was not studied 
in cocoa butters because it is not normally found in this 
product. Known amounts of organometallic standards in oil 
were added to metal-free oil and fat to obtain the 3 concen
tration levels shown in Table 1 (P.W. Hendrikse, Unilever 
Research Laboratory Vlaardingen, The Netherlands, per
sonal communication, 1989). (The exact structures of the 
organometallic compounds were not provided.) Each level 
was represented by 2 batches. In the case of oils, the batches 
were soybean and groundnut oils; in the case of fats, the 
batches were 2 cocoa butters. Samples from each batch were 
provided in duplicate (blind) so that each participant re
ceived 24 samples. Participants were asked to analyze each 
sample in duplicate. Results were received from 32 laborato
ries. After data screening and statistical tests for stragglers 
and outliers, 25, 28, and 27 laboratories remained for final 
statistical calculations for copper, iron, and nickel, respec
tively, for each batch of oil; 25 and 28 laboratories remained 
for copper and iron, respectively, for each batch of fat.

Results from statistical analysis of the collaborative data 
for copper, iron, and nickel in edible oils are presented in 
Table 2. The results for each element from the same level in 
both batches of oil were in close enough agreement for the 
mean to be considered representative of both batches. Re
sults from statistical analysis of the collaborative data for
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copper and iron in edible fats are presented in Table 3. 
Except for the results for iron at the low level, the results for 
each element from the same level in both batches of cocoa 
butter were in close enough agreement for the mean to be 
considered representative of both batches.

AOAC guidelines for statistical analysis (2) should be 
followed for the sake of harmonization and for ease of inter
comparison of results from different studies. Although the 
values presented in Tables 2 and 3 are not based on these 
guidelines, they provide a sound basis for assessing the ana
lytical chemical methods. Minor deviations from the harmo
nized statistical analysis procedure are not expected to alter 
the overall assessment of the analytical methods.

Sum m ary of Method

A  20 nL p o r t io n  o f  a n  e d ib le  o i l  o r  f a t  is  in tr o d u c e d  d ir e c t ly  

in t o  t h e  g r a p h i t e  f u r n a c e  a t o m iz e r  o f  a n  a t o m ic  a b s o r p t io n  

s p e c t r o m e t e r  e q u ip p e d  w it h  d e u t e r iu m  b a c k g r o u n d  c o r r e c 
t io n  a n d  a  c o p p e r ,  ir o n , o r  n ic k e l  h o l lo w  c a t h o d e  la m p . F o r  

d e t e r m in a t io n  o f  ir o n , t h e  g r a p h i t e  t u b e  o f  t h e  g r a p h i t e  f u r 

n a c e  a t o m iz e r  is  c o a t e d  w it h  n io b iu m . A b s o r p t io n  d u r in g  

a t o m iz a t io n  is  r e c o r d e d  a n d  p e a k  h e ig h t  r e s p o n s e  is  m e a 
s u r e d . T h e  m e a n  r e s p o n s e  fo r  d u p l i c a t e  d e t e r m in a t io n s  is  

c o m p a r e d  t o  a  c a l ib r a t io n  c u r v e  o f  3 l e v e ls  o f  o r g a n o m e t a l l i c  

s t a n d a r d s  p r e p a r e d  in  s u n f lo w e r  o i l .  T h e  c o n c e n t r a t io n s  o f  

t h e  c o p p e r  s t a n d a r d  w o r k in g  s o lu t io n s  a r e  50, 100, a n d  200 
M g /k g ;  t h e  c o n c e n t r a t io n s  o f  t h e  ir o n  a n d  n ic k e l  s t a n d a r d  

w o r k in g  s o lu t io n s  a r e  250, 500, a n d  1000 M g /k g . C o p p e r ,  
ir o n , a n d  n ic k e l  a r e  d e t e r m in e d  s e q u e n t ia l ly  a t  324.7, 302.1, 
a n d  232.0 n m , r e s p e c t iv e ly .  T h e  q u a n t i t a t io n  l im i t s  o f  t h e  

m e t h o d  a r e  5 M g /k g  fo r  c o p p e r  a n d  10 M g /k g  fo r  ir o n  a n d  

n ic k e l .  ( T h e  d e f in i t io n  fo r  t h e s e  l im i t s  is  u n k n o w n ;  t h e  m e t h 

o d ’s lo w e s t  s t a n d a r d s  a r e  50 M g /k g  fo r  c o p p e r  a n d  250 M g /k g  

fo r - ir o n  a n d  n ic k e l . )

Recom m endation

The General Referee on Metals and Other Elements rec
ommends that this method for the determination of copper,

Table  1. Concentrations of copper, iron, and n ickel in 
sam ples for collaborative study of graphite furnace A A S  

method

Element concentration, Mg/kg

Sample Level Copper Iron Nickel

Oil high 140 750 800
medium 80 500 500
low 40 150 140

Fat high 150 850
medium 100 600
low 40 150
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Table  2. R esu lts from an a lysis of varian ce  of collaborative data for determination of copper, iron, and n ickel in soybean
and groundnut oils by graphite furnace A A S  method3

Copper Iron Nickel

Statistic High Medium Low High Medium Low High Medium Low

Mean, p g / k g
Standard deviation, p g / kg

143 85 36 748 469 148 766 491 153

Repeatability (sr) 10.7 7.8 5.4 46.5 43.5 30.7 49.3 47.5 25.8
Reproducibility (sR)

Relative standard deviation, %
21.4 13.5 7.6 147.1 88.7 39.7 129.9 86.3 33.7

Repeatability (RSDr) 7.5 9.2 15.1 6.2 9.3 20.8 6.4 9.7 16.8
Reproducibility (RSDr ) 15.0 15.8 21.4 19.7 18.9 26.9 16.9 17.6 22.0

No. of labs 25 28 27
sr range, p g / k g 5.4-10.7 30.7-46.5 25.8-49.3
sR range, ¿¿g/kg 7.6-21.4 39.7-147.1 33.7-129.9
Av. RSDr, % 10.6 12.1 11.0
Av. RSDr, % 17.4 21.8 18.8

3 At high, medium, and low concentrations (Table 1).

Table 3. R esu lts from an a lysis of varian ce  of collaborative data for determination of copper and Iron in co co a  butter by
graphite furnace A A S  method3

Statistic

Copper Iron

High Medium Low High Medium Low-1 Low-2

Mean, p g / k g 153 102 40 901 576 414 133
Standard deviation, p g / kg

Repeatability (sr) 9.7 5.5 4.5 66.9 50.7 39.5 17.9
Reproducibility (sR) 27.0 19.2 7.9 183.4 118.4 93.5 36.3

Relative standard deviation, %
Repeatability (RSDr) 6.4 5.4 11.2 7.4 8.8 9.5 13.4
Reproducibility (RSDr) 17.7 18.8 19.5 20.4 20.6 22.6 27.2

No. of labs 25 28
sr range, pg / kg 4.5-9.7 17.9-66.9
sR range, /rg/kg 7.9-27.0 36.3-183.4
Av. RSDr, % 7.7 9.8
Av. R S D r , % 18.7 22.7

At high, medium, and low concentrations (Table 1).

iron, and nickel in edible oils and copper and iron in edible 
fats be adopted official first action as a new method in the 
chapter on Metals and Other Elements. This recommenda
tion has the concurrence of the General Referee on Oils and 
Fats.
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Adsorption of Aqueous Nonylphenol Ethoxylate Surfactants on Metal Sample Loops: Effect 
on Quantitation by Liquid Chromatography

B. B. SITH O LE, B. ZV ILIC H O V SK Y ,* 1 C. LAPOIN TE, and L. H. ALLEN
Pulp and Paper Research Institute o f  Canada, Process Chemistry Division, 570 St. John's Bled. Pointe Claire, 
Quebec H 9R 3J9 , Canada

In aqueous solutions of Igepal C O  610, a nonionic nonyl
phenol ethoxylate surfactant, adsorption of the surfactant 
takes p lace  onto sta in less steel metal surfaces. Th is adsorp
tion results in increased peak height of the surfactant when a 
sam ple loop is purged with increasing volum es of the su rfa c
tant. This, in turn, affects the quantitation of the surfactant. 
How ever, the adsorption is reproducible at constant purging 
volum es and results in calibration cu rve s with good p reci
sion.

In a recent report, we described a procedure for the determi
nation of Igepal CO610, a nonylphenol ethoxylate surfac
tant, in pulp and paper mill process samples by spectrophoto
metry and liquid chromatography (B. B. Sithole & L. H. 
Allen (1989) J. Assoc. Off. Anal. Chem. 72, 273-276). For 
the liquid chromatographic procedure, we stated that sam
ples were injected by syringe into the 100 jtL sample loop of 
the Rheodyne injector. This was done by loading the sample 
loop with constant excess volumes of 0.6 mL. We selected 
this value because the Rheodyne manual (Operating Instruc
tion for Model 7125 Syringe Loading Sample Injector) rec
ommends injecting at least 2, but preferably 5, loop volumes 
for good precision. We have since found that the amount of 
the excess volume used is a critical factor in the quantitation 
of the surfactant. The peak height of the surfactant is depen
dent on the volume of the sample used to purge the loop and 
increases with increase in the purging volume used. This is 
totally unexpected because we should be injecting only 100 
ph  sample into the column regardless of the purging volume 
used. This present report addresses the problem which, to our 
knowledge, has never been reported before, and offers a 
solution to it.

Experim ental

150 mm X  4.6 mm id Chromatography Science Co. (Montre
al) ODS-2 octadecyl column.

Reagents

(a) Surfactant solution.—1000 mg/L. Dissolve 1.0152 g 
Igepal CO 610 (Domtar Chemicals Group, Mississauga, On
tario) in 1 L water. Dilute to prepare a 20 jig/mL working 
solution.

(b) Acenaphthene solution.—Prepare 100 pg/m L  stock 
solution of acenaphthene (Supelco) in methanol and dilute to 
make a 5 pg/mL  working solution.

(c) Vanillin solution.—Prepare 100 jug/mL stock solu
tion of vanillin (Anachemia, Montreal) in water and dilute to 
make a 5 pg/mL  working solution.

(d) Water and acetonitrile.—LC grade (American Bur
dick & Jackson).

In jection Into Sa m p le  Loop

Test T. With sample loop in load mode, 0.3, 0.6, 0.9, 1.2, 
and 1.8 mL of 20 /ug/mL Igepal was injected in triplicate.

Test IT. The 0.9 mL Igepal solution was injected in 3 
modes: (a) 0.3 mL + 0.3 mL + 0.3 mL; that is, 0.3 mL 
sample was injected through loop, syringe was withdrawn, 
and injection was repeated twice before valve was turned to 
inject position, (b) 0.6 mL + 0.3 mL; that is, 0.6 mL was 
injected, syringe was withdrawn, and 0.3 mL was injected, 
(c) 0.9 mL; that is, 0.9 mL was all injected through loop 
before valve was turned to inject position.

Test III: Tests I and II were repeated with 5 pg/mL  
solutions of acenaphthene and vanillin.

R esults and D iscussion

Figure 1 demonstrates the effect of increasing the volume 
of injections on the peak height of Igepal. We see that the

Apparatus

We used Waters 600 gradient module (a multisolvent 
pump), Waters 990+ photodiode array detector (with NEC 
APC IV computer), and Waters 990 plotter/recorder. Col
umn parameter and operating conditions were as follows: 150 
mm X 4.6 mm id Waters Novapak octadecyl silica column 
preceded by Waters Guard-Pak precolumn module packed 
with fiBondapak C l8. A 1 mL Glenco flushing syringe (Su
pelco) was used to introduce surfactant into Model 7125 
Rheodyne injector with 100 pL loop. Isocratic elution mix
ture was 85% acetonitrile and 15% water at flow rate of 1.0 
mL/min. Eluant was degassed by purging with prepurified 
helium.

Alternatively, we used Varian Vista 5500 module (a multi
solvent pump) with Model 200 Varian variable wavelength 
detector, Model 7125 Rheodyne injector with 20 pL loop, 
Model 8085 Varian autosampler, Vista 402 data system, and

Received M ay 2, 1989. A ccepted Septem ber 6, 1989.
1 Visiting scientist, Israel Fibre Institu te, Jerusalem , Israel.
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Figure  1. Chrom atogram  showing effect of increasing purg
ing volum es on peak height of 20 ^ g /m L solution of Igepal 

C O -610. Monitored at 230 nm.
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Figure 2. Plot show ing effect of in crease  in purging vol
um es on peak height of Igepal CO -610.

Figure 3. Chrom atogram  show ing effect of in crease  in 
purging volum es on peak height of 5 ¿ig/m L solution of 

acenaphthene. Monitored at 230 nm.

peak height increases with increase in the volume passed 
through the sample loop. This trend was observed when the 
sample was injected either by the syringe injection mode or 
by the syringe withdrawal mode. A sample of the surfactant 
from a different supplier gave identical results, thus indicat
ing that sample composition was not the problem. Also, mon
itoring the peak height at different wavelengths, namely 230 
and 276 nm, gave identical results. As shown in Figure 2, the 
increase in peak height shows no leveling off over the volume 
range studied. This is surprising, considering that we are 
using a fixed loop and the excess volumes go to waste. Only 
100 ¿¿L is being transferred to the column and no more.

At first, we thought of 2 possibilities to explain the phe
nomenon: (a) the Rheodyne injector valve was faulty and had 
some kind of reservoir that accumulated excess Igepal solu
tion and leaked it into the loop during the injection mode; and
(b) the hydrodynamic effects in the sample loop were such 
that we needed much more than the recommended 5 loop 
volumes to completely fill the loop with sample (actually, the 
Rheodyne manual states that the optimum value should be 
evaluated experimentally by each user). After looking at the 
schematic of the sample loop and reading the manuals, we 
came to the conclusion that possibility (a) was not applicable 
because the valve is designed such that there is no needle-to- 
loop connecting passage and the needle directly abuts the end 
of the loop (Technical Notes 5, Rheodyne, Inc.).

Possibility (b) was more plausible because the peak height 
was not leveling off (Figure 2), but this was difficult to 
believe because no plateau was evident even after purging 
with 1.8 mL. Also, as shown in Table 1, purging the loop with 
a constant volume of 0.9 mL in 3 different modes affects the 
peak height. Purging with three 0.3 mL aliquots gives higher

Table  1. Effect of purging sam ple loop with 0.9 m L of 20 
/¿g/mL Igepal solution and 0.9 m L of 5 ^ g/m L  

acenaphthene in 3 different m odes (monitored at 230 nm)

Injection mode
Peak height, absorbance unit3

Igepal CO-610 Acenaphthene

0 .3 +  0 .3 +  0.3 0.1834 +  0.0019 0.7465 ±  0.0058
0.6 +  0.3 0.1638 ±  0.0038 0.7486 +  0.0065
0.9 0.1436 ±  0.0046 0.7542 ±  0.0056

a Average peak height ±  standard deviation for triplicate determina
tions.

T IM E  T A K E N  T O  F I L L  S A M P L E  L O O P , S

Figure  4. Effect of residence  time in sam ple  loop on peak  
height of Igepal C O -610.

NUMBER OF L O O P PU R G E S
Figure  5. Plot show ing effect of increasing purging volum es 
on peak height of 100 ¿tg/mL solution of Igepal. A nalyzed  by 
Varian L C  with Rheodyne injection valve (20  /¿L sam ple  

loop) and autosam pler.
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Figure 7. Calibration curve of Igepal C O 610. Sam p le  

purged with 0.6 m L. Monitored at 230 nm.

peaks than purging with (0.6 mL + 0.3 mL) aliquots, which, 
in turn, gives higher peaks than purging with a single 0.9 mL 
aliquot.

The 2 possibilities we raised were soon eliminated after we 
observed the results for acenaphthene. As shown in Figure 3, 
there was no change in peak height for acenaphthene with 
increase in residence time in the loop and increase in the 
volumes of acenaphthene passed through the loop.

A much more probable explanation is based on adsorption; 
that is, some of the Igepal adsorbs onto the surface of the 
sample loop during purging and is desorbed onto the column 
when the injection valve is turned to the inject mode. Thus, 
the greater the volume that is passed through the loop, the 
greater the adsorption that takes place onto the loop surface 
with consequent increase in peak height. For injections of 0.3, 
0.6,0.9,1.2, and 1.8 mL passed through the loop, peak height 
absorbance units were 0.0716 ± 0.0047, 0.1143 ± 0.0010, 
0.1496 ± 0.0017, 0.1760 ± 0.0002, and 0.2483 ±  0.0029.

Results in Table 1 can be explained by the residence time 
of the surfactant in the loop. The total residence time is 
higher in the three 0.3 mL aliquots than in the single 0.9 mL 
aliquot. The effect of residence time is corroborated by the 
results shown in Figure 4 in which 0.9 mL single aliquots of a 
20 fig/mL sample were loaded into the sample loop at differ
ent times (from 5 s, the normal time taken to fill the loop, to 
60 s). The results show that the peak height increased with 
increase in the time taken to pass the sample through the 
loop. We did note in our previous report that Igepal had a 
strong propensity for adsorption onto various surfaces, but at 
the time, we were not aware that it also adsorbs onto metal 
surfaces. The adsorption mechanism is probably physical 
since the compound desorbs easily into the eluant. With 
acenaphthene, no such adsorption takes place and one loop 
volume suffices to completely fill the loop.

Questions arise as to whether the phenomenon observed is 
due to solvent effects and not to adsorption since the Igepal 
solution was in water while the acenaphthene was in metha
nol. To answer this, the experiments mentioned above were 
repeated with a 5 /ig/mL solution of vanillin in water. The 
results showed that vanillin behaved similarly to acenaph
thene in that the volumes used to purge the sample loop did 
not affect the peak height. Neither increase in residence time 
during purging nor purging in the 3 different modes resulted 
in increased peak heights for vanillin as in the Igepal case.

This proves that the phenomenon we observed was due to 
adsorption.

Further evidence of the adsorption of Igepal onto the sam
ple loop is shown in Figures 5 and 6. Figure 5 shows the 
results in which a 100 /ig/mL solution of Igepal was loaded 
onto a 20 gL sample loop using an autosampler on a Varian 
5000 LC unit. The peak height increased with increase in the 
number of sample purges through the sample loop. Figure 6 
shows the results obtained when a 20 /iL sample loop was 
substituted for the 100 /uL sample loop in our Waters LC 
unit. The figure shows that the peak height increases with 
increase in purging volume as was the case with the 100 
loop. The values obtained are approximately one-fifth of 
those obtained with the larger loop. These results demon
strate that it is the metal surface and not the plastic compo
nents in the Rheodyne sample loop that are responsible for 
the adsorption. In another study, the sample loop was com
pletely cleared of solvent before purging with sample. The 
excess sample overflow was re-injected after the loop had 
been emptied again. The results show that the sample which 
was injected after it had passed through the metal gave lower 
peak heights than the original sample (0.0805 vs 0.1150 
absorbance unit), indicating adsorption onto the metal sur
faces. If there was no adsorption taking place, the samples 
would have shown the same peak heights. A similar study 
with vanillin showed no difference in the peak heights 
(0.1524 vs 0.1517 absorbance unit).

From Figure 1, we see that even though the peak heights 
increase with increase in volume injected, the reproducibility 
within a single set of experiments is very good. Thus one can 
correct for the adsorption problem by always injecting con
stant volumes of the surfactant through the sample loop at a 
constant rate. This technique produces linear calibration 
curves with good precision as shown in Figure 7.

Conclusion

Nonylphenol ethoxylate surfactants adsorb onto metal 
surfaces and this adsorption leads to quantitation problems in 
liquid chromatography. However, very good precision is ob
tained if constant rinsing volumes are always used. This is a 
precaution which should be taken when quantitatively ana
lyzing surfactants of the alkylphenol ethoxylate type. The 
adsorption is reversible in that the eluant easily desorbs the 
adsorbed material.
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M a ss  S p ectrom etr ic  C on firm ation  o f  the P resen ce  o f  N -N itrosop yrro lid in e  
in Instan t C offee

N R IS IN H A  P. SEN, STEPH EN  W. SEA M A N , and D. W EBER
Health Protection Branch, Food Directorate, Food Research Division, Bureau o f  Chemical Sa fe ty , Ottawa, 
Ontario K IA  0L2, Canada

T ra ce s  of AFnitrosopyrrolidine (N P Y R ) m ay occu r in som e  
sam ples of both instant coffee and fine-ground roasted co f
fee. The identity of N P Y R  in 2 sam p le s of instant coffee w as  
confirm ed by m ass spectrom etry as well as by liquid ch ro 
m atography-therm al energy analysis. A  2-step cleanup pro
cedure, involving fractionation on b a sic  alumina followed by 
gradient elution on reve rse -p h ase  C 18 cartridge, is described  
that allow s fu ll-scan  m ass spectrom etric confirmation of 
N P Y R  in tested sam ples.

Research during the past 10-15 years has indicated the pres
ence of various volatile A-nitrosamines in a wide variety of 
foods and beverages (1, 2). Although the levels of these 
compounds in many products (e.g., cured meats, beer, and 
ale) have decreased significantly during the past few years, 
some items (e.g., fried bacon) continue to contain apprecia
ble levels of A-nitrosodimethylamine (NDMA) and A-nitro- 
sopyrrolidine (NPYR), both of which are potent carcinogens 
in laboratory animals (3). Furthermore, traces of volatile A- 
nitrosamines, mainly, NDMA and occasionally NPYR, A- 
nitrosopiperidine (N P IP ), and A-nitrosomorpholine 
(NMOR), are also present in instant skim milk powder, whey 
powder, spray-dried cheese, and dried soy protein concen
trate (1,2). In all of the above food items, the A-nitrosamines 
are believed to be formed during the drying process by the 
interaction of amines in the food with the nitrogen oxides 
(NOx) present in the hot air used for drying (4). It has been 
suggested that such formation can take place even with the 
indirect drying process if the NOx level in the ambient air is 
high (e.g., in or around industrial areas or large cities) (2).

In connection with a survey of air-dried foods, we previous
ly reported the occurrence of traces of NPYR in instant 
coffee (5). Five of 10 samples analyzed were found to contain 
0.3-1.4 ppb (mean 0.35 ppb) NPYR. Because of such low 
levels and the presence of many interfering volatile materials 
in coffee, we were unable to confirm these results by mass 
spectrometry (MS). The data were based only on gas chro
matography-thermal energy analysis (GC-TEA). Recently, 
Osterdahl (6) of Sweden has verified the above findings. Six 
of 13 samples of fine-ground coffee and 3 of 3 instant coffees 
analyzed in the Swedish study were positive for NPYR (0.1- 
0.5 ppb) by GC-TEA analysis. Again, no MS confirmation 
was reported.

In the present paper, we wish to report unequivocal MS 
confirmation of NPYR in instant coffee, and also describe an 
efficient cleanup procedure that was helpful in carrying out 
this confirmation.

Experim ental

Apparatus

(a ) G a s  c h r o m a t o g r a p h - t h e r m a l  e n e rg y  a n a l y z e r .— 
Thermal energy analyzer (Thermedics, Inc., Woburn, MA, 
Model 502) coupled to Varian gas chromatograph (Model

Received June 12, 1989. A ccepted Septem ber 11,1989.

Vista 6000). Operated as described previously (7, 8) except 
that CTR gas stream filter (Thermedics, Inc.) was used 
instead of liquid nitrogen cold trap.

(b) G C  co lu m n .—(i) 30 m X 0.53 mm id fused silica 
capillary column coated with DB-Wax (1 ^m thickness) 
(J&W Scientific, Inc., Rancho Cordora, CA) or (ii) 2.73 m 
X 4 mm id coiled glass column packed with 10% Carbowax 
20 M on HMDS-treated 60-80 mesh Chromosorb W. GC 
operating conditions: (i) Argon carrier gas flow 8 mL/min; 
injector 65°C; column oven 80°C for 2 min, programmed to 
150°C at 6°/min with hold for 5 min at 150°C, and again 
programmed to 220°C at 10°/min. Under these conditions, 
NPYR eluted after 11.82 min. (ii) Carrier gas flow 25 mL/ 
min; injector 220°C; column oven 120°C, programmed to 
220°C at 10°/min. Under these conditions, NPYR eluted 
after 7.82 min.

(c) L iq u id  c h r o m a to g r a p h - T E A  (L C - T E A ).—TEA cou
pled to LC system consisting of Waters (Model 6000) solvent 
delivery system. Operated as described previously (9). All
tech/Applied Science (State College, PA) stainless steel col
umn (25 cm X 4.6 mm id) packed with Lichrosorb Si 100 (5 
pm) was used for chromatographic separation. Mobile phase 
5% acetone in «-hexane; solvent flow 2 mL/min. Under these 
conditions, NPYR eluted after 17.28 min.

(d) M a s s  sp e c t r o m e te r  ( M S ) .—VG Analytical MS sys
tem (Model 7070EQ) equipped with 11 /250 VG data system 
and interfaced to Varian GC (Model Vista 6000) was used 
for MS confirmation. Front stage of MS is conventional 
double-focusing (forward geometry) instrument used for 
normal operation in electron impact (El) mode. Both select
ed ion monitoring under high resolution (10 000 by 10% 
valley definition) and repetitive exponential scanning (0.6 s 
per decade) were used for MS confirmation of NPYR.

Instrument resolution for full scan analysis was 1000. Op
erated as described previously (10, 11). Fused silica column 
(30 m X 0.22 mm id) coated with DB-Wax (0.25 /¿m film 
thickness) (J&W Scientific Inc.) was used for GC separa
tion. Temperature programming: 60°C for 1 min, heated to 
140°C at 50°/min, followed by heating to 200°C at 4°/min. 
Other conditions: injection port (on-column injection) pro
grammed from 60°C (held for 0.5 min) to 180°C at 40°/ 
min; transfer line 140°C; and head pressure 12 psi (helium 
carrier gas). For high resolution selected ion monitoring, 
peak at m/z 118.9920 in perfluorokerosene was used as lock 
mass.

(e) O th er  a p p a r a tu s .—Flash evaporator and Kuderna- 
Danish concentrator were reported previously (7).

Reagents

(a) S o lv e n ts .—All reagents used were analytical grade. 
Special precautions were taken to distill and test dichloro- 
methane (DCM) (7). «-Pentane was glass-distilled and 
passed through highly activated basic alumina (<0.1% water 
content) to remove any nitrosamine contamination before 
use. Purified «-pentane, prepared by this method, was used 
throughout method.
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(b) B a sic  a lu m in a .—For column chromatography (ICN 
Biomedicals, K&K Laboratories, Plainview, NY). Aliquots 
of alumina were heated overnight in 500°C oven, cooled in 
desiccator, and then deactivated by adding 1.5% water. De
activated alumina was stored in glass-stopper Erlenmeyer 
flask and used after equilibration for ca 16 h.

(c) Reverse-phase  C|g so lid -p h a se  extraction tube.—Su- 
pelclean™ SPE, 3 mL capacity (LC-18); purchased from 
Supelco Canada Ltd, Oakville, Ontario.

A n a lysis  of Coffee  for Volatile AFNitrosam ines

C a u tio n : 7V-Nitrosamines are potent carcinogens; take ad
equate precautions while handling or working with these 
compounds.

A 20 g aliquot of instant coffee or finely ground roasted 
coffee was processed by low temperature vacuum distillation 
(LTVD) method as described previously (5). Final DCM 
extract was concentrated, using Kuderna-Danish (K-D) con
centrator and macro- and micro-Snyder columns, to 1.0 mL 
(7). Suitable aliquots (2 ¿tL for megabore column or 10 juL 
for packed column) were analyzed by GC-TEA to determine 
concentration of NPYR in the sample. Only samples con
taining > 1 ppb NPYR were used for MS confirmation, after 
additional cleanup steps described below.

It should be emphasized that all concentration steps of 
DCM extracts, mentioned hereafter, were also carried out as 
above, i.e., using K-D concentrator and macro- and micro- 
Snyder columns. Concentration by flash evaporation or with 
a stream of nitrogen was avoided.

Cleanup of Sa m p le  Extra ct

Prior to cleanup, 4 more extracts were prepared by sepa
rately processing four 20 g aliquots of each positive sample by 
LTVD method as mentioned above. Final DCM extracts, 1 
mL each, from the 5 replicate extractions were combined, 
and again concentrated to 1 mL. This extract was mixed with 
9 mL «-pentane and then fractionated on basic alumina as 
described below.

(a ) Fra ctio n atio n  on basic a lum ina co lu m n .—Column 
was prepared by pouring mixture of 10 g basic alumina (1.5% 
water content) and ca 25 mL «-pentane into glass chroma
tography column (1 X 25 cm) fitted with Teflon stopcock and 
containing glass wool plug at bottom. A layer of ca 1 cm 
anhydrous sodium sulfate was added on top of the alumina. 
Liquid level was never allowed to go below top of sodium 
sulfate layer during entire cleanup process.

The above mixture of «-pentane and coffee extract was 
gradually added, using a Pasteur pipet, to the column and 
allowed to pass through the column at a flow rate of 2-3 mL/ 
min. The concentrator tube was rinsed with 3 X 2  mL por
tions of «-pentane and each rinse was added to the column as 
above. Column was then successively washed with 25 mL 
each of fresh «-pentane and mixture of «-pentane and DCM 
(4 -I- 1), and washings were discarded. Finally, column was 
eluted with DCM until 5 successive 10 mL eluate fractions 
were separately collected in 10-15 mL K-D concentrator 
tubes. Each eluate was concentrated to 1 mL as mentioned 
earlier, and 2-10 /uL aliquots of each were analyzed by GC- 
TEA to determine which fraction(s) contained the bulk of 
the NPYR. Under the conditions used, NPYR eluted in the 
third DCM fraction. Only this fraction was used for further 
cleanup on Cis cartridge as described below.

Phase transfer.—Exactly 2 mL water and a small piece of 
Boileezer (Fisher Scientific) were added to the eluate con
taining NPYR obtained from alumina cleanup step. A mi

cro-Snyder column was placed on top of the concentrator 
tube containing the mixture, and the tube was heated in a 50- 
60°C water bath until most of the DCM evaporated (exces
sive boiling avoided). In the end, the Snyder column was 
removed and the heating was continued for an additional 10 
min until the last trace of DCM was gone. If necessary, the 
water bath temperature was raised to 65°C. The aqueous 
residue was cooled to room temperature before cleanup on 
the Cig cartridge.

(b) Fra ctio n atio n  on reverse-phase C tg cartridge.— C o n 
d itioning  the ca rtrid g e.—About 5 mL of 50% methanol in 
water was passed through the cartridge under gravity. After 
10 min, the cartridge was washed with 5 mL water, and the 
washing was discarded.

C lea n u p .—The aqueous extract was quantitatively trans
ferred, using a Pasteur pipet, to the C 18 cartridge and allowed 
to pass through it under gravity. If the solvent flow was too 
slow (<0.5 mL/min), a mild pressure, using compressed 
nitrogen gas (ca 5 psi), was applied on top until a flow rate of 
ca 1 mL/min was obtained. The concentrator tube, which 
contained the extract, was rinsed with 2 mL water and the 
rinse was passed through the cartridge as above. Finally, the 
cartridge was successively eluted with 3 mL each of 5% 
methanol in water, 20% methanol in water, and 50% metha
nol in water and the eluates were collected in separate gradu
ated centrifuge tubes (15 mL).

About 3 mL water was added to the tube containing the 
last eluate. DCM (ca 3 mL) was added to each tube, and the 
tubes were stoppered and mixed well for 1 min each on a 
vortex mixer. Aliquots (2-10 ¿¿L) of the DCM (lower) layer 
from each fraction were analyzed by GC-TEA to determine 
the fraction containing bulk of the NPYR which, under these 
conditions, eluted in the 20% methanol fraction.

The DCM layer from this fraction was carefully with
drawn using a Pasteur pipet and passed through ca 2 g 
anhydrous sulfate in a small sintered glass funnel (coarse); 
the dried extract was collected in a 10-15 mL K-D concen
trator tube. The above extraction process was repeated twice 
with 3 mL DCM and each extract was collected and pro
cessed as above. The combined DCM extracts were carefully 
concentrated to 0.5 mL. About 0.8-1.2 ¿¿L aliquots of this 
solution were injected for GC-MS confirmation, and 50 ¿¿L 
aliquots were used for additional confirmation by LC-TEA.

R esults and D iscussion

Seven brands of instant coffee and 6 brands of roasted 
ground (both regular and finely ground varieties) coffee were 
analyzed for volatile nitrosamines. Of these, only 2 instant 
coffees and one finely ground roasted coffee were positive, 
containing, respectively, 1.5, 2.8, and 0.4 ppb NPYR. Only 
the first 2 samples were used for MS confirmation. Reagent 
blanks carried through all the steps gave negative results.

First, the identity of NPYR in the 2 cleaned up extracts 
was confirmed by the selected ion monitoring technique us
ing a resolution of 10 000. The molecular ion at m/z 100 was 
used for this purpose. Both extracts produced strong peaks at 
the exact retention time (5 min 30 s) of NPYR standard. 
Next, an attempt was made to obtain a full-scan spectrum 
using the GC-MS exponential scanning mode. Again, at the 
exact retention time of NPYR standard, both extracts gave 
spectra that were comparable to that obtained from authen
tic standard.

Tracings of the above analyses are, respectively, shown in 
Figures 1 and 2. The 2 major fragments at m /z 100 and 41 in 
the mass spectrum (Figure 2) are attributed to the M+' and
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Figure  1. S e le ctive  ion monitoring for the M+ of N P Y R  (at 
m /z 100.0637) at resolution of 10 000. Top: N P Y R  standard  
(1 ng); bottom: clean ed  up extract of sam ple  B containing 2.8 

ppb N P YR .

C3H5"*", respectively, although the latter assignment should 
be confirmed by accurate mass measurements. The frag
ments at m/z 70 and 30 most likely correspond to (M-NO)+ 
and NO+, but both peaks are extremely small. This is under
standable because the relative intensities of various frag
ments with respect to that of the M+ have been reported to 
vary widely depending on the operating conditions (14). The 
fragment at m /z 68 is thought to arise from M-H2NO (15).

LC-TEA analysis of these extracts also confirmed the 
presence of NPYR; no other volatile nitrosamines were de
tected in the cleaned up extracts (chromatograms not 
shown). In view of the positive results by both GC-TEA and 
LC-TEA as well as by the above 2 MS techniques, it was 
concluded that traces of NPYR were indeed present in the 
samples of 2 instant coffee analyzed.

Confirmation of trace levels of volatile nitrosamines in 
foods is an extremely difficult task and has posed problems in 
the past (12, 13), particularly if confirmation by full-scan 
MS is desired. Here we have described a relatively simple 
cleanup technique that enabled us to confirm the presence of 
NPYR at 1-3 ppb levels. The 2 successive cleanup tech
niques (alumina and C|g cartridge) allow one to achieve finer 
separations of a particular nitrosamine from various impuri
ties and other A-nitroso compounds. The overall cleanup 
technique is also capable of handling a large sample size 
needed to produce an extract that is concentrated enough in 
NPYR for full scan MS analysis. For lipophilic A-nitroso

Figure  2. Background subtracted m ass spectra  of N P Y R  
standard (top) and that of com pound isolated from instant 

coffee B (bottom ) a s  mentioned in Figure  1.

compounds, however, a stronger eluant (e.g., 75% methanol 
in water or methanol) will be needed to elute them from the 
Ci8 cartridge. Further application of the technique for the 
MS confirmation of both volatile and nonvolatile A-nitroso 
compounds in foods is currently being investigated in our 
laboratories. It is hoped that other laboratories will also find 
the techniques useful.
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Quantitative Multiresidue Analyses for Volatile Organics in Water and Milk, Using a Fused 
Silica Open-Tubular Wide-Bore Capillary Column and Automated Headspace Gas 
Chromatography

T IM O T H Y  P. M cN E A L  and H E N R Y  C. H O LLIFIELD
Food and Drug Administration, Division o f  Food Chemistry and Technology, Washington, DC 20204

A modified m ultiresidue capillary g a s  chrom atographic (G C )  
procedure has been developed using automated h eadspace  
sam pling and a w ide-bore fused s ilica  open-tubular (F S O T )  
cap illary  colum n for the determination of volatiles in water 
and milk. Com pounds are quantitated by the method of stan
dard additions. An IBM System  9000 com puter with the 
C A P M C 3  chrom atographic applications p a ck a ge  and a B A 
S IC  linear regression  program  are used for data reduction. 
Data are presented for solutions prepared by fortifying water 
and m ilk with volatile solvents su ch  as acetone, methyl ethyl 
ketone, benzene, m ethylene chloride, and chloroform , w hich  
are com m only used in the m anufacture of p ackagin g  m ateri
a ls and adhesives. The w ide-bore F S O T  cap illary  colum ns  
show ed dram atically  improved detection for certain co m 
pounds, com pared with norm al-bore cap illary  G C  colum ns. 
Data presented for various ch e m ica ls  dem onstrate the im
proved limits of detection from the use of automated head- 
sp a ce  g a s  chrom atography with w ide-bore cap illary  co l
um ns and flam e ionization detection.

The U.S. Food and Drug Administration (FDA) is required 
to regulate plastic materials used in food contact applications
(1). FDA must have the necessary methodology to monitor 
possible migration into food of many compounds such as 
adhesive solvents, residual monomers, and polymer additives.

The use of plastic food packaging continues to grow rapid
ly, causing a greater volume of food to come in contact with a 
larger variety of polymeric container materials. These pack
aging systems consist of many chemical moieties that are 
subjected to a wider range of temperatures with the use of 
conventional and microwave ovens. Thus, there is an expand
ing need for multiresidue methods to analyze a greater vari
ety of packaging materials in an efficient manner.

A semiquantitative procedure using a manual headspace 
injection technique and normal-bore fused silica open-tubu
lar (FSOT) capillary columns was previously reported by 
Hollifield et al. (2). The present paper describes a modified 
method that has evolved from the earlier procedure, resulting 
in an improved, sensitive, automated, multiresidue head- 
space gas chromatographic (GC) procedure for the determi
nation of packaging-derived volatile adjuvants in aqueous 
foods.

The modified procedure is based on wide-bore FSOT cap
illary column gas chromatography, automated headspace 
sampling techniques, and automated data processing. Com
pounds are quantitated by the method of standard additions. 
Data are presented for water and milk solutions prepared 
with selected volatile chemicals used in the production of 
packaging materials. These solutions represent typical aque
ous foods.

Experim ental

Caution: Some of the compounds used in this study are

Received D ecem ber 15, 1988. A ccepted Septem ber 13, 1989.

carcinogens, and others are toxic. Use appropriate safety 
precautions when handling these compounds.

Apparatus

(a) Headspace vials.—22 mL, with 12 X 20 mm finished 
tops and butyl rubber septa with aluminum crimp seals 
(Shamrock Glass Co., Inc., PO Box 686, Seaford, DE 
19973). Demonstrate absence of coeluting materials under 
GC conditions. Tuf-Bond Teflon-faced silicon discs (septa) 
are preferred (No. 12720, Pierce Chemical Co., Rockford, 
IL 61105).

(b) Serum vials and Teflon-faced aluminum seals.— 1 
mL (Nos. 223682 and 224211, Wheaton Scientific, Millville, 
NJ 08332).

(c) Syringes.—10, 50, and 100 pL Hamilton 700 series; 
0.5 and 1.0 mL Hamilton 1000 series; glass, 10 mL Luer- 
Lok, with 3 in., 13 gauge hypodermic needle.

(d) GC instrumentation.—Perkin-Elmer F-42 automated 
headspace gas chromatograph modified for single capillary 
column operation with split injection and flame ionization 
detection (FID). Capillary column: 30 m X 0.53 mm id, 1.5 
;um film, Megabore Durabond DB-1 (J & W Scientific, Inc., 
Rancho Cordova, CA 95670). Operating conditions: Carrier 
gas—helium, 0.4 bar; FID gases (bar)—hydrogen 2.4, air
3.0, vial pressure—0.4 bar; split injection—7:1 split ratio; 
column flow—3.5 mL/min; temperatures (°C)—headspace 
vial 75, transfer line 100, oven 40, detector 150; times 
(min)—equilibration 20, pressurization 0.5, withdrawal 
0.25, cycle 12; injection time—1 s. Column efficiency was 
8000 theoretical plates for benzene.

(e) Data system.—IBM CS 9001 laboratory computer 
equipped with 896 Kbyte random access memory with BA
SIC language interpreter, dual 8 in. double-density floppy 
discs (1 Mbyte each), 4-color high-resolution dot matrix 
printer, analog sensor board (4-channel capacity), CAPMC3 
chromatographic applications package.

Reagents

(a) Analytes.—Acetone, methylene chloride, vinylidene 
chloride, acrylonitrile, methyl ethyl ketone, tetrahydrofuran, 
chloroform, benzene, and toluene. All analytes should be 
>99% pure and analytical reagent grade or distilled in glass.

(b) Methanol and deionized water.—Methanol suitable 
for purge and trap analysis (Product 232, Burdick & Jackson 
Laboratories, Inc., Muskegon, MI 49442), or equivalent. 
Water obtained from Milli-Q water purification system 
(Millipore Corp., Bedford, MA 01730). Demonstrate ab
sence of analytes and coeluting interferences under chro
matographic conditions in Apparatus, (d).

(c) Standard solutions.—(7) Stock solution.—About 
800-4000 pg analyte/mL methanol or water. Use methanol 
as holding solvent if high levels of halocarbons are suspected. 
Transfer 20 mL methanol or water to empty headspace vial, 
cap with silicon disc, crimp-seal, and weigh to nearest 0.1 mg. 
Remove vial from balance, and using microliter syringe, 
quickly add 20 gL of any analyte except acetone to vial.
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Reweigh vial. Use 100 pL addition for acetone in mixed stock 
solution (ca 3900 pg acetone/mL solution). Repeat until 
desired mixed stock solution is made. Calculate weight/vol
ume concentration for each analyte added. Refrigerate stock 
solution when not in use. After 2 days of use, replace pierced 
silicon disc and crimp seal. With new septa replacements, 
stock solutions are stable for 2 weeks. (2) Working solu
tion.—Prepare daily. Transfer 1 mL water to 1 mL serum 
vial. Shake stock solution. Using microliter syringe, add vol
ume of stock solution required to produce analyte concentra
tions of 5-50 pg/mL  in water or to cover the range of expect
ed analytical results. Quickly crimp Teflon-faced aluminum 
seal, and calculate final concentrations.

Preparation of H e a d sp a ce  So lutions for Standard Additions

Use milk in 8 and 16 oz waxed paperboard or plastic 
containers. Analyze test solutions before pull dates, and re
frigerate except during analysis.

Analyses of milk, water, and other aqueous matrixes by the 
method of standard additions are identical. Using 10 mL 
glass syringe, transfer 2 mL aliquots of test liquid to head- 
space vials. (We prepared 7 aliquots of each test liquid for 
one analysis series.) Cap, and crimp-seal 2 vials. Fortify 
contents of remaining 5 vials with mixed working solution as 
follows: 2 with 3 pL, one each with 6, 9, and 15 pL. Cap, and 
seal each vial after fortification. If the working solution is a 
dilution of a stock solution in methanol, add 6 pL aqueous 
solution with the same methanol concentration as the mixed 
working solution to each of the first 2 vials.

H e a d sp a ce  A n a lysis  and Quantitation Using Standard  
Additions

Automated headspace analysis.—Use chromatographic 
conditions described in Apparatus, (d). Place prepared vials 
in rack, record order of analysis, and check order of analysis. 
Start analysis sequence. A remote start function initiates and 
continues data acquisition until all analyses are completed.

Postanalysis calculations and data summarization.— 
Chromatograms are stored on discs and a summary report is 
printed out after each analysis. Postrun analysis of each 
chromatogram is performed by using the Reconstruct fea
ture. This routine expands the chromatogram, allowing the 
user to amplify the chromatographic responses in any time 
frame. The way the baseline was drawn and the proper inte
gration of the peaks of interest are also checked in this mode. 
If necessary, peaks in any time frame can be reintegrated and 
a second report printed, displaying the results. Microvolt 
responses of peaks at the retention times of the compounds of 
interest are compiled for the analysis series and entered into 
the BASIC linear regression program as y values. Fortifica
tion levels are represented by x values. A linear regression 
analysis and a dataplot for each compound are reported 
featuring slope, x and y intercepts, and the linear correlation 
coefficient, with the x intercept representing the analyte 
concentration in the test solution.

R esults and D iscussion

Before the availability of wide-bore FSOT capillary col
umns, our laboratory generally relied on packed column gas 
chromatography for determining compounds of potential 
regulatory concern (3-6). We typically developed specific 
procedures for individual analytes. When more than one 
compound was of interest, multiple procedures were needed 
to complete the determinations. Hollifield et al. (2) demon-

MINUTES

Figure  1. F ID  chrom atogram s of h ead sp ace  over duplicate  
2 m L aliquots of unfortified whole m ilk analyzed  using F-4 2  
automated h e ad sp ace  g a s  chrom atograph with (a) normal- 
bore D B-1 F S O T  cap illary  colum n (1 0 0  p\l full s c a le ) and (b) 
M egabore DB-1 F S O T  cap illa ry  colum n (400 p V  full scale). 
Acetone coelutes with interferences at 2.45 min on M ega

bore colum n. M EK =  methyl ethyl ketone.

strated that normal-bore capillary columns and manual 
headspace sampling could be used in multiresidue trace anal
yses. The high resolving power of normal-bore capillary col
umns often permits compounds of varying polarity to be 
readily determined on a single capillary column.

Several researchers (7-9) later demonstrated the capabili
ties of automated headspace gas chromatography with elec
tron capture detection for determining trace amounts of sev
eral volatile halocarbons in multiresidue analyses. Their 
studies showed that repeatability problems encountered with 
manual headspace sampling techniques could be eliminated 
by automated sampling. However, in trace analysis, the lim
ited capacity of normal-bore capillary columns is a major 
drawback compared with the capacity of packed GC col
umns. Onuska and Davies (10) have discussed limited col
umn capacity and other considerations that confront the 
analyst when making the change from packed to capillary 
GC columns.

Hoping to overcome the column capacity limitation, im
prove detection limits, and demonstrate general applicabil
ity, we investigated the use of automated headspace gas 
chromatography with wide-bore FSOT columns. Wide-bore 
columns are easily installed into a Perkin-Elmer F-42 auto
mated headspace gas chromatograph. Their use does not 
require a capillary injection port and carrier make-up gas.

An example of the improved sensitivity derived from the 
use of a wide-bore column is shown in chromatograms repre
senting analyses for methyl ethyl ketone, a naturally occur
ring compound that we have found in milk at levels of about 
100 ppb (Figure 1). Chromatogram a is the F-42 headspace 
chromatogram of milk obtained using a 30 m X 0.32 mm 
DB-1 FSOT column, operated isothermally at 40°C, with
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Table 1. Comparison of normalized relative response 
factor ratios obtained by using normal-bore and wide-bore 

FSOT capillary columns

Compound
Relative response 

factor ratio3

Acrylonitrile 19:1
Benzene 32:1
Chloroform 29:1
Methylene chloride 28:1
Methyl ethyl ketone 26:1
Tetrahydrofuran 32:1
Toluene 27:1
Vinylidene chloride 18:1

3 Response factor (RF) = /¿V response/ppb analyte added to 2 mL 
deionized water. Relative response factor ratio = (RF wide-bore)/ 
(RF normal-bore).

film coating and carrier gas conditions similar to those de
scribed by Entz and Hollifield (8 ) and FID parameters de
scribed in A ppara tu s, (d). Chromatogram b represents the 
same milk analyzed using a Megabore DB-1 column. No 
response was obtained for methyl ethyl ketone in the unforti
fied milk when the normal-bore column was used, but when 
the unfortified milk was reanalyzed using a wide-bore col
umn, 82 ng methyl ethyl ketone/mL milk was found. The 
improvement in detection limits achieved with wide-bore 
FSOT capillary columns and automated headspace sampling 
is shown in Table 1, which gives ratios of relative detector 
responses for a number of chemicals as a measure of their 
relative sensitivities on wide-bore and normal-bore DB-1 
capillary columns. These improved limits of detection are 
indicative of the increased column capacity of wide-bore 
columns; a wide-bore column allows injection of many more 
sample equivalents, compared to a narrow-bore column.

Although the capacity of the wide-bore FSOT column

Table 2. Recovery of selected volatile organics from 
fortified solutions, using a wide-bore FSOT capillary column 

and automated headspace gas chromatography

Compound

Level of 
fortification, 

PPb
Response,

MV Rec., %a

Water Milk Water Milk Water Milk

Acrylonitrile 17 17 27 31 101 106
Benzene 19 19 164 144 100 101
Chloroform 32 — 31 — 106 —
Methylene chloride 29 — 40 — 97 —
Methyl ethyl ketone 18 — 30 — 109 —
Tetrahydrofuran 19 19 39 42 110 95
Toluene 19 — 94 — 105 —
Vinylidene chloride 26 26 59 59 102 100

3 Each value is the mean of 2-7 determinations by the method of 
standard additions.

greatly increases sensitivity in automated headspace GC 
analyses, there is an accompanying loss of peak resolution. 
This is apparent in Figure 1, chromatogram a, which shows 
that acetone, a compound commonly found in milk, is well 
resolved on the normal-bore DB-1 column; however, chro
matogram b shows that acetone is unresolved from early
eluting components on the wide-bore DB-1 column. Of 
course, selection of another column using a different liquid 
phase should produce the separation. Of the other com
pounds studied, vinylidene chloride and methylene chloride 
resolve as a doublet on the normal-bore DB-1 column but 
coelute on the wide-bore DB-1 column. Although peak reso
lution with the wide-bore column is not comparable to that of 
a normal-bore column of the same film thickness, it is more 
than adequate for resolving many multicomponent systems.

Chromatograms from automated headspace GC analyses

i

Figure 2. Consecutive FID chromatograms of the headspace over 2 mL water aliquots analyzed using F-42 automated 
headspace gas chromatograph and Megabore DB-1 FSOT capillary column (300 /¿V full scale): (a) unfortified water and (b) water 

fortified with 3 n L  of 6-component standard solution. MEK =  methyl ethyl ketone; THF =  tetrahydrofuran.
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using a wide-bore DB-1 FSOT capillary column and FID are 
shown in Figure 2. Chromatogram a represents injection of 
the headspace over unfortified water. Chromatogram b rep
resents water fortified with 18, 29, 18, 19, 19, and 19 ng 
acrylonitrile, methylene chloride, methyl ethyl ketone, tetra- 
hydrofuran, benzene, and toluene, respectively, per mL wa
ter. The data for these and other selected volatile organic 
chemicals summarized in Table 2 illustrate the good recover
ies from fortified solutions, using this multiresidue automat
ed headspace GC procedure, a Megabore DB-1 capillary 
column, and quantitation by the method of standard addi
tions. It must be noted that recoveries calculated by the 
method of standard additions reflect only the linearity of the 
system and not the ability to extract the residues actually 
present. The typical precision of replicate analyses is indicat
ed by the coefficients of variation, which ranged from 4 to 
11% over the fortification levels listed in Table 2. Quantita
tion using the method of standard additions typically demon
strated good intralaboratory repeatability with milk and wa
ter matrixes. These data show that quantitative multiresidue 
analyses using a wide-bore capillary column can be readily 
performed with a high degree of sensitivity and reproducibili
ty. In fact, low parts-per-billion determinations for many 
volatile chemicals are readily attained.

This procedure using wide-bore capillary gas chromatog
raphy and automated data processing gives the analyst a 
powerful and sensitive tool capable of analyzing complex

matrixes for many trace volatile residues. Automated sam
pling eliminates much of the potential error associated with 
manual sampling and saves considerable analysis time. Even 
with potential losses in resolution, wide-bore FSOT capillary 
columns are easy to use and offer improved sensitivity due to 
increased column capacity, compared to normal-bore capil
lary columns, for the automated headspace multiresidue 
analysis of aqueous systems.
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Recommendations on Test Kit Methods: Task Force Report
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Other Members: W. Andrews; D. Berkowitz; H. Marks; J. McNeal; H. Newsome; J. O’Rangers

Issue 1 .—How can AOAC be assured that proprietary 
reagents and the proprietary components of test kits adopted 
by AOAC do not change or vary excessively from batch to 
batch? Should performance tests be built into the methods?

R ecom m endation .—Performance specifications and their 
rationale for reagents/components must be developed as part 
of the method approval process. The test kit manufacturer 
must assure that all future batches meet these specifications. 
The operational details of how the materials are tested 
against specifications must be included in the in-house vali
dation process.

The manufacturer must include appropriate controls or 
standards where possible to provide the user adequate assur
ance that the kit is performing according to validated per
formance specifications. Actual samples with known levels of 
analyte should be tested by kit users to further ensure effica
cy.

Issue 2 .—How can AOAC assure that changes/improve- 
ments in adopted test kits, usually proprietary components, 
are known to AOAC? How do changes impact the official 
status of these methods?

R ecom m endation .—It is the responsibility of the test kit 
manufacturer to notify AOAC through the General Referee

when changes to preapproved specifications for reagents, 
components, or procedures are anticipated or when changes 
are to be made in non-preapproved specifications. The Gen
eral Referee will, in consultation with the test kit manufac
turer, determine whether the change is substantial or minor 
and will recommend to the Methods Committee an appropri
ate validation protocol. This may be as complete as a full- 
scale collaborative study or may simply require in-house 
validation.

Changes made without AOAC approval may cause the 
method to lose its AOAC official status.

Issue 3 .—What are acceptable performance validation 
parameters for pass/fail methods? What are acceptable false 
negative and false positive rates, especially at the level of 
regulation?

R ecom m en dation .—False negative and false positive rates 
will be determined as part of the collaborative study of a 
pass/fail method. In the approval of a method, acceptable 
false positive/negative rates should be considered but not 
specified. Each method must be considered on a case-by-case 
basis, as judged by (?) intended use, (2 ) health significance 
of the analyte, and (3) sensitivity/specificity possible with 
current technology. The ultimate decision rests with the As
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sociate Referee, General Referee, and Methods Committee 
members.

Issue 4 .—How many methods for the same analyte should 
AOAC validate?

R ecom m en dation .—There should be no limit to the num
ber of methods approved by AOAC. Assuring that the proper 
collaborative studies are conducted is AOAC’s primary re
sponsibility.

Issue 5 .—Can AOAC establish guidelines for the descrip
tion of test kit methods—generic vs specific, including titles?

R ecom m en dation .—Methods should be written specifical
ly, including titles. However, the method must include de
scriptive, generic principles. This includes performance 
specifications for proprietary components. This approach is

favored over a total generic approach because (/) the user 
should know that strict detail for proprietary components will 
not be specified; (2 ) specific titles are easily recognized by 
the user; (2 ) specificity acknowledges the manufacturer for 
successful validation; (4) such acknowledgment should en
courage competition and research into better methods.

All new methods, regardless of similarity to an existing 
method, must undergo collaborative study.

These recommendations represent general guidelines for 
test kits. Specific guidelines for the wide range of test kits 
available now and in the future were beyond the scope of the 
charge to the task force, and are best undertaken by commit
tees of experts dealing with the specific packaged analytical 
system.

Validation of Methods Used in Crisis Situations: Task Force Report
HENRY B. S. CONACHER, C h a irm a n
H e a lth  a n d  W e lfa r e  C a n a d a , H e a lth  P ro te c tio n  B ran ch , F o o d  R e se a rc h  D iv is io n , T u n n e y ’s P a s tu r e , O tta w a ,  
O n ta r io  K 1 A  0 L 2 , C a n a d a

Other Members: T. Baugh; K. W. Boyer; M. Clower; E. R. Elkins; T. Gross; T. L. Jensen; D. J. McWeeny; G. Myreal; R. W. 
Stephany; B. Woodward

In response to an item in the AOAC Strategic Plan, a 
Crisis Methods Task Force was formed by the Official Meth
ods Board in 1987 with the following as major objectives: to 
develop and recommend a protocol for evaluation/validation 
of a method for use in a crisis situation; and to assess the role 
that AOAC might play in such a situation.

Considerable discussion occurred regarding the definition 
of a crisis situation. It was essentially agreed that this would 
not only encompass a situation national in scope (although 
the terms df the original assignment would tend to imply 
this), but also any situation in which a laboratory (or group of 
laboratories) was required to generate analytical data on an 
unplanned, but urgent, basis and  that decisions based on this 
data were likely to have considerable economic and/or public 
health consequences. A number of additional ground rules 
were established that played a major role as to the content of 
the final report.

These included the following: It was decided that no micro
biological methods would be addressed, only chemical meth
ods. Possibly, however, a group of microbiologists could be 
convened at a later date to discuss requirements in the micro
biological area. It was decided that the extremely important 
areas of quality assurance and of sampling would not be 
included since they were being addressed by other groups 
within AOAC. It was recognized, however, that these, along 
with the use of validated methodology, are essen tia l to the 
generation of valid data.

It was generally recognized that there were approximately 
3 stages in the development and validation of an analytical 
method: estimation of acceptable performance parameters 
within a laboratory; demonstration of successful perform
ance in limited interlaboratory studies; and demonstration of 
successful performance in recognized collaborative study.

As one progresses from the first to the third stage, the 
degree of confidence that one can ascribe to the validity of a

particular method increases. The third stage represents what 
is generally accepted to be the highest degree of method 
validation, i.e., successful performance in a collaborative 
study conducted (and evaluated) according to the guidelines 
of AOAC (or similar organization) [H. B. S. Conacher in 
“Pesticide Residues in Food: Technologies for Detection,” 
U.S. Congress, Office of Technology Assessment, OTA-F- 
398 (U.S. Government Printing Office, Washington, DC, 
October 1988), p. 136]. It was further recognized that in 
crisis situations an official AOAC method (or indeed that 
from any other international group similarly involved in the 
development of validated analytical methods such as ISO, 
IUPAC, etc.) might not exist and that insufficient time 
would be available for a full AOAC collaborative study, 
which generally cannot be completed and assessed in less 
than 1 year from inception.

It was considered essential, however, that any method used 
in a crisis situation should be based on sound scientific princi
ples and be capable of meeting certain acceptable perform
ance parameters. The main performance parameters that 
should be taken into account in assessing any analytical 
method have been outlined in several papers (ACS Commit
tee on Environmental Improvement (1980) Anal. Chem. 52, 
2242, and (1983) Anal. Chem. 55, 2210; W. Horwitz (1982)
J. A ssoc. Off. Anal. Chem . 65, 525), and include accuracy, 
precision, specificity, limit of detection, limit of determina
tion, linear range, and scope. While these parameters have 
also been thoroughly discussed in these publications, the 
Task Force considered it most important to reiterate them 
here:

(a) A ccu racy .—Closeness of determined value to true val
ue. This is best supported by the analysis of standard refer
ence materials; however, the availability of such materials is 
usually limited. Generally, recovery of added analyte over an 
appropriate range of concentrations is taken as an indication
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of accuracy. Whenever possible, the concentration range 
chosen should bracket the level of interest. It should be 
recognized, however, that analyte added to a substrate may 
behave differently (typically showing higher recovery) from 
endogenous analyte. Recoveries of 70-120% are generally 
considered acceptable at the trace (ppb, low ppm) level.

(b) P recision .—Assesses how well a method performs un
der different conditions of repeated use. The interlaboratory 
precision is the most important aspect since it is a measure of 
how much allowance should be made for between-laboratory 
variability in interpreting results produced by different lab
oratories. It is possible, however, to have a measure of one 
component of this (the repeatability, or within-laboratory 
precision) by multiple analyses of samples at different ana
lyte levels on the same day or, even better, multiple analyses 
over different days. The latter has been termed “total within- 
laboratory reproducibility.”

The coefficients of variation (CVs) obtained should fall 
within the range estimated by Horwitz [Horwitz et al. (1980) 
J. A ssoc. Off. A nal. Chem. 63, 1344]. The repeatability 
(within-laboratory precision) component is generally one- 
half to one-third of the reproducibility (between-laboratory 
precision).

(c) S p ec ific ity .—Ability of method to measure only what 
it is intended to measure. In any method it is absolutely 
essential to run reagent and “field” blanks (i.e., substrate 
blanks) to ensure that no interfering compound, or indeed 
none of the analyte itself, is present. “Field” blanks should be 
run for each commodity examined.

To verify the identity and amount of an analyte, the ideal 
approach is to use 2 entirely different analytical principles. 
Often, however, in crisis situations, this is not possible in the 
time available; advantage, for organic analytes, is usually 
taken of the following: Mass spectrometric confirmation of 
identity and amount. Use of different detectors, i.e., operat
ing under different principles, e.g., Coulson vs electron cap
ture. Chromatography using different systems. Chemical re
action, e.g., derivatization of a functional group followed by 
analysis.

With inorganic analytes, recourse is generally made to use 
of a different wavelength (e.g., in the case of procedures 
based on atomic absorption (AA)) or to the use of an entirely 
different measurement system (e.g., inductively coupled 
plasma vs AA, x-ray fluorescence vs AA, etc.).

(d) L im it o f  detec tion .—The lowest concentration of an 
analyte that the analytical process can reliably differentiate 
from background levels. This has been defined as the level 
(background level) measured in the “field” blank plus 3 
standard deviations of this level.

(e) L im it o f  determ ination .—The lowest concentration of 
an analyte that can be measured with a stated degree of 
confidence. This has been defined as the substrate blank plus 
10 standard deviations; however, it is recommended that this 
be established in the laboratory by repeated analysis of ap
propriate “field” samples (spiked or endogenous).

In actual fact, in collaborative studies the limit of determi
nation of the method should generally be considered to be the 
lowest level successfully analyzed in the study. On occasion 
results from collaborative studies are used to establish the 
limit of determination [Page, B.D. (1985) J. A ssoc. Off. 
Anal. Chem . 6 8 , 776-782].

(f) Linear range.—Generally taken as the range over 
which the procedure has been demonstrated to give a linear 
detector response. A reproducible nonlinear response curve

however can also be acceptable. Nonlinearity is certainly the 
case with immunological procedures.

(g) S cope.—Refers to the number of different substrates 
to which the procedure can be successfully applied. A proce
dure, particularly an AOAC official method, should be con
sidered valid for only the commodities that were successfully 
included in the collaborative study. To extend the scope of an 
official method, a mini-collaborative study may be required, 
demonstrating that the performance parameters generated in 
the main study can be met with the additional commodities.

A number of situations can exist when a crisis situation 
occurs. For example, these can range from a single organiza- 
tion/laboratory faced with ‘in-house’ validation, through a 
single organization with several laboratories at its command, 
to a number of organizations with a common validation need. 
To adequately address these various situations, it was consid
ered that a case-by-case approach was appropriate and that a 
guideline approach was preferable to a more rigid protocol. 
The following situations existed within the membership of 
the Task Force itself and were considered to adequately cover 
most circumstances.

One O rganization/Laboratory Operation

(i) E xistin g  A O A C  (or A O A C  equ iva len t) collabora tive-  
ly  s tu d ied  m eth od .—(a) Same substrate(s), same ana- 
lyte(s), same concentration range: Laboratory should dem
onstrate that it can meet the performance parameters 
achieved in the original collaborative study. The minimum 
necessary should be the demonstration of an acceptable 
“field” blank and recoveries from this “field” blank spiked in 
triplicate at or close to the level of interest. Recoveries (accu
racy) should be greater than or equal to, and CVs (n = 3) 
should be less than or equal to, the values obtained in the 
collaborative study. Confirmation is desirable but not essen
tial in analysis of violative samples.

(b) Same substrate(s), same analyte(s), lower concentra
tion range: Laboratory should conduct minimum described 
in (a) p lu s  determination of recoveries and precision from 
“field” blanks spiked in triplicate at each of 2  levels bracket
ing the lowest level of concern. Confirmation is necessary in 
case of violative samples.

(c) Same substrate(s), same analyte(s), higher concen
tration range: This is generally not a problem, assuming a 
linear range or reproducible nonlinear response curve.

(d) Different substrate(s), same analyte(s): Laboratory 
should analyze a number of “field” blanks of substrates (at 
least 3 different varieties of each commodity) p lu s  that de
scribed in (b) and (c). Confirmation is necessary in case of 
violative samples.

(ii) N o ex istin g  A O A C  (or A O A C  equ iva len t) collabora- 
tive ly  s tu d ied  m ethod .—A method selected from the litera
ture should be employed with modifications as necessary to 
achieve the desired result. Step (i) (d) should be followed as 
w ell as data being acquired on the relevant performance 
parameters as described previously. In this regard it should 
be noted that data are not essential on a ll these performance 
parameters for a ll methods in a ll cases. Depending on the 
circumstance, some parameters may be more relevant than 
others.

A method that has received limited interlaboratory study 
is obviously preferable to one that has not. In this case, the 
steps (i) (a), (b), (c), or (d) should be followed as appropri
ate. A summary of the above requirements is presented in 
Table 1.
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Table 1. Summary of suggested minimum data to be generated on methods used in crisis situations

AOAC collab. 
studied method

Accuracy
(recovery) Precision

Reag.
blank

Specificity

Field
blank Confirm

Limit of 
detection

Limit of 
determination Linearity Scope

A Unchanged Req’d (n = 3) Req’d (n = 3) Req'd Req'd Desirable Not req'd Not req'd Std curve Not req’d
B Lower concn Req’d >  (n = 3) Req'd >  (n = 3) Req'd Req'd Yes if ? Req’d Std curve Not req’d

and < (n = 3) and <  (n = 3) violative
level of cone. level of cone.

C Higher concn Req’d (n = 3) Req'd (n = 3) Req'd Req'd Desirable Not req'd Not req'd Yes Not req’d
D Diff. substrate Req’d (n = 3) Req'd (n = 3) Req'd Req’d Yes if ? Req’d Std curve Req'd > 3 varieties

violative

Lit. method Req’d (n = 6) Req'd (n = 6) Req'd Req'd Yes ? Req'd Std curve For all substrates
(all varieties)

One O rganizatlon /Several Laboratories

In addition to the steps described above, some form of 
check sample program or interlaboratory study is required if 
the method is being applied in more than one laboratory. A 
suitable approach would be a minimum of 3 laboratories (or 
obviously 2 in a crisis situation, if only 2 are available) on a 
minimum of 5 samples, including one set of blind duplicates. 
Ideally, interlaboratory CVs should fall within values pre
dicted by the Horwitz curve.

Violative samples can also be exchanged among laborato
ries for additional confirmation results.

S evera l O rganizations/Several Laboratories

Similar considerations to those described above.

The N o-Tolerance Situation

The situations referred to in the preceding sections in 
general pertain to instances in which the analyte(s) is (are) 
being determined at a level usually well above the detection 
limit. The one important situation not referred to relates to 
the case in which the presence of any of a particular ana- 
lyte(s) may be cause for concern, i.e., the “no-tolerance” 
situation, which is generally encountered with trace levels of 
organic compounds such as pesticides, highly toxic environ
mental contaminants, or veterinary drug residues. In these 
cases, the criteria described may not be especially applicable, 
since the technique becomes more qualitative, and the more 
important parameters become specificity and limit of detec
tion.

The laboratory should select an appropriate method, antic
ipated on the basis of published data or previous experience 
with the method, to provide a suitably low level of detection 
of the analyte in question. Following a demonstration of the 
successful application of the method at higher levels (e.g., 
5X, 10X anticipated level of detection), the laboratory 
should make a more accurate assessment of level of detection 
for each separate commodity using appropriate “field” 
blanks. Where possible and where appropriate, positive re
sults observed in this survey must be confirmed by an alterna
tive technique, if possible, mass spectrometry. Other tech
niques such as matrix isolation Fourier transform IR for 
organics, ICP for inorganics, or a combination of specific 
derivatization procedures might also be considered. Depend

ing on the nature of the confirmatory technique, the previ
ously established levels of detection may not be attainable. 
The level of detection of the procedure is thus often limited 
by the limit of confirmation. The important issue is the 
certainty of the confirmation of identity of the analyte.

The difficulties associated with the no-tolerance situation 
and suggested solutions thereto have been the subject of a 
number of recent papers [De Ruig et al. ( 1989) J. A ssoc. Off. 
Anal. Chem. 72, 487; Stephany (1989) J. C hrom atogr. 489, 
3; De Ruig et al. (1989) J. Chrom atogr. 489,89; and “Report 
of Scientific Group on Reference Methods of Analysis for 
Residues: Criteria,” Commission of the European Communi
ties, VI/1541 / 8 8 -EN].

R ole of AOAC

It was generally considered that the role AOAC might 
play in crisis situations could include publishing the current 
report in the Journal and making copies available on request; 
acting as a focal point in providing information (through 
appropriate GRs, ARs, etc.) on methods for possible use.

In crisis situations, the analyst rarely develops a method 
“from scratch.” More often, methods for similar, or even 
dissimilar, matrixes are modified to work for the matrix of 
interest. Thus the greatest source of methods for crisis situa
tions are methods that already exist. Since AOAC is in the 
business of producing, organizing, and disseminating meth
ods, it would seem logical they would be a most valuable 
source of up-to-date information in this area.

G eneral C om m ents

The criteria presented in this report are offered as the 
minimum required in support of data on which some subse
quent definitive action may be taken, e.g., banning of certain 
items, prosecution of offenders, discontinuing production, 
etc., in response to a crisis. It should be pointed out, however, 
that in crisis situations, the analytical quality required is 
determined by the nature, and indeed the stage, of the crisis 
or supposed crisis. In this regard, it is important to re-empha
size that data are not necessarily essential on a ll of the 
performance parameters for a ll methods in a ll cases. De
pending on the circumstances, some parameters may be more 
relevant than others. It is important that there be adequate 
dialogue between the analyst and user of the data to establish 
the “level of quality” acceptable at each stage.
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Joint AOAC-AOCS-AACC-IUPAC Mycotoxin Committee
PETER M. SCOTT, C h a irm a n
H e a lth  a n d  W e lfa r e  C a n a d a , H e a lth  P ro te c tio n  B ra n ch , O tta w a , O n ta r io  K 1 A  0 L 2 , C a n a d a

Other Members: R. Bernetti (AACC); H. Casper (AOAC); J. C. Henderson (Secretary) (AOCS); D. L, Park (IUPAC); A. E. 
Pohland (IUPAC); O. L. Shotwell (AACC); R. D. Stubblefield (AOCS); S. N. Tanner (AACC); M. W. Trucksess (AOAC); 
A. E. Waltking (AOCS)

Member organizations of the Joint Mycotoxin Committee 
presented the following reports at the Committee’s annual 
meeting in St. Louis, MO, September 26, 1989.

AOAC

Peter M. Scott highlighted the AOAC General Referee 
report on mycotoxins and the AOAC Method Committee 
report on Foods 1. The GR report recommended the follow
ing interim official first action methods be adopted as official 
first action: the ELISA screening method for aflatoxin B; in 
corn and roasted peanuts; the ELISA cup screening method 
for aflatoxin in corn, cottonseed, peanuts, and peanut butter; 
and the LC method for aflatoxins Bi, B2, G;, and G2 in corn 
and peanut butter. The GR report also recommended that 
the following official first action methods be adopted as 
official final action: the TLC method for aflatoxin M1 in milk 
and cheese; the LC method for aflatoxins M 1 and M: in fluid 
milk; and the TLC and GC methods for deoxynivalenol in 
wheat.

The Methods Committee report on Foods I amended the 
GR report because a collaborative study report on the im- 
munoaffinity column method for aflatoxins in corn, peanuts, 
and peanut butter had not been received in time to consider 
the method for adoption at the 1989 AOAC annual meeting. 
In addition, 3 topics had been dropped: penicillic acid, tree 
nuts, and xanthomegnin and related naphthoquinones. The 
General Referee recommended a new topic on fumonisins.

Scott reported that 2 AOAC collaborative studies will be 
carried out in the United Kingdom on ELISA and immuno- 
affinity column methods for aflatoxins. Other AOAC collab
orative studies are either in progress or planned on ochra- 
toxin A, ergot alkaloids, aflatoxin B; in raw peanuts 
(ELISA), and aflatoxin M,. Protocol development for col
laborative studies was emphasized.

Douglas L. Park reported that the AOAC Task Force on 
Sampling and Sample Preparation carried out a survey of 
AOAC General Referees. The respondents agreed that stan
dardization of sampling was not possible, but sample prepa
ration procedures could be standardized. A monograph on 
sampling and sample preparation will be prepared, and a 
sampling workshop will be held by AOAC. Smaller sample 
sizes for analyses by rapid test kits (e.g., ELISA) are not 
justified.

James Pestka reviewed the AOAC recommendations on 
test kits and an FDA bulletin distributed to state food and 
laboratory officials on the use of immunoassay kits for afla
toxin screening. A workshop on immunoassays will be held at 
the AOAC Analytical Technology Week in Valley Forge, 
PA, April 2-6, 1990.

Howard Casper reported that multimycotoxin analysis is 
now possible for 30-40 toxins in veterinary diagnostic sam
ples, using mass spectrometric techniques. The goal is to 
simultaneously analyze 50-60 toxins. Mary W. Trucksess 
also opened a discussion on extraction of solvents used in 
rapid tests. Solvent ratios and solvent/sample ratios were

considered. The effectiveness of a solvent mixture may be 
dependent on the type of commodity. Fineness of grind is 
another factor affecting extraction efficiency.

AOCS

James C. Henderson reported that the AOCS Mycotoxin 
Committee sponsored a Mycotoxin Symposium dedicated to 
Leo Goldblatt, a long time colleague and pioneer researcher, 
at the 1989 AOCS annual meeting in Cincinnati, OH. 
AOCS also conducted field evaluations of ELISA and im- 
munoaffinity column methods for aflatoxins and rewrote into 
AOCS format the ELISA method for aflatoxin Bi in cotton
seed products and mixed feeds.

AACC

Steven N. Tanner gave an overview of the following topics 
of the AACC Mycotoxin Committee: aflatoxin in the 1988 
corn crop and the inadequacy of predicting such contamina
tion, methods currently under AOAC review, AACC meth
ods (the AOAC TLC method for deoxynivalenol in wheat 
has been adopted as an official AACC method), and the 
AACC Mycotoxin Symposium.

Raffaele Bernetti discussed an ISO collaborative study on 
methods for aflatoxin B] in animal feed.

IUPAC

A progress report on the current projects of the IUPAC 
Commission on Food Chemistry focused on the rationale for 
regulations, as well as on spectroanalytical parameters for 
Fusarium  toxins, the collaborative study on an LC method 
for ochratoxin A, the check sample program, worldwide nat
ural occurrence of ochratoxin A, and laboratory decontami
nation. New projects proposed include an evaluation of an 
immunoaffinity column method for aflatoxin M1, criteria for 
immunological methods for mycotoxins, and methodology 
for fumonisin Bj. The next meeting of the Commission will 
be held in Vienna, Austria, August 23-25, 1990.

IDF, FGIS, and Other B usiness

The following topics that have occupied the attention of 
the IDF Group E33-Mycotoxins were reviewed by Peter M. 
Scott: the IDF Standard 111 for determination of aflatoxin 
M] in milk and dried milk, a collaborative study (joint with 
AOAC, ISO, and IUPAC) on aflatoxin Mi by an immunoaf
finity column method, and zearalenone in milk. The next 
meeting of Group E33 will be held in Brussels, Belgium, 
March 12-16, 1990.

Donald E. Koeltzow of the Federal Grain Inspection Ser
vice presented results of a study in which 6 aflatoxin test kits 
were compared with the Holaday-Velasco mini-column 
method and the TLC method currently used to screen for 
aflatoxin in corn at FGIS field locations. Copies of the report 
are available on request.

Other business included: (1) a recommendation that a 
mini-collaborative study be conducted on toluene used in
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column chromatography (the desirability of replacing ben
zene with toluene in AOAC official methods led to this 
recommendation); (2) a recommendation that an IUPAC 
study on 2 LC methods for determination of patulin in apple 
juice be considered for acceptability by AOAC; and (3)

discussions that Nordic Committee on Food Analysis meth
ods on mycotoxins are AOAC methods, and that certified 
reference materials, now available for aflatoxin M i, may be a 
problem if used in collaborative studies because analysts 
could look up the mycotoxin content.
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