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Superior Purity Water 
Can Help Improve HPLC Results

B&J Brand High Purity Water undergoes rigorous purifica­
tion and quality control to guarantee lot-to-lot uniformity. 
That’s your assurance of its superiority for:

4 Reverse phase gradient separations.
^Applications that require purity higher than conven­

tional lab water supplies.
What’s more, negligible UV absorbance and extremely low 
organic carbon and particulates make it the best choice 
for your critical trace analysis requirements.
Improve your HPLC chromatograms with the consistent 
quality of B&J Brand High Purity Water. Call us today for 
a free copy of our high purity water data sheet or for the 
location of the nearest B&J Distributor. 616-726-3171.
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This Kjeldahl apparatus 
has a micro-appetite 
for nitrogen 
determinations.
Our unique rotary digestion apparatus is designed 
for micro and semi-micro determinations* and offers 
several advantages over conventional designs.

It eliminates troublesome cold-end flasks and fixes 
all twelve flasks at equal distances ensuring even 
heating. The entire apparatus occupies only 
18 inches of bench space and it can be rotated to 
position any flask “ up-front" or, to agitate flasks.
A variable-voltage transformer may be used to 
expand the temperature range.
A fume hood is available (as shown) to free your 
laboratory hood for other purposes.

The Kontes Rotary Digestion Apparatus Is 
efficient, compact, and easy to use.
To satisfy your appetite for more product information 
and applications of this and other Kjeldahl 
apparatus, contact your Kontes man or send for 
our product bulletin.
'App lication papers Include use with plant and biological specimens.
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Vineland. NJ 08360 (609) 692 8500
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TALANTA provides a forum for the rapid 
publication of original research papers, 
preliminary communications, full reviews 
and mini-reviews. Other features are 
annotations (critical commentaries), 
analytical data (stability constants, etc.) and 
letters to the editor.
In addition to welcoming papers in the 
traditional fields of Pure and Applied 
Analytical Chemistry, and in order to 
provide an interface between those doing 
research and those applying the results of 
research in Analytical Chemistry, the 
Editors wish to encourage submission of 
reports on developments and new 
techniques in fields such as: Toxic 
Impurities in Biological Systems; Food 
Additives; Pharmaceutical and Drug 
Analysis; Pesticides ard Fungicides;
Clinical Chemistry; Materials Science and 
Engineering; Geochemistry;
Environmental Analysis.
A particular strength o*the Journal is that it 
is edited, both linguistically and 
scientifically, by analytical chemists active 
in research and teaching, whose expertise 
is at the service of authors and readers 
alike.
The languages of the Journal are English, 
French and German.

Subscription Information
Published monthly
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Two-year rate (1983/4) US$570.00
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The International Journal of Pure 
and Applied Analytical Chemistry

Editor-in-Chief: R A CFIALMERS, 
University of Aberdeen, Scotland, UK
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Interpretation of analytical chemical 
information by pattern recognition 
methods — a survey, L KRYGER.
The speciation of trace elements in waters, 
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Correction of formation constants for ionic 
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A newly updated compilation 
o f  over300 methods fo r  
pesticide form ulation analysis

EPA MANUAL OF CHEMICAL 
METHODS FOR PESTICIDES AND DEVICES

For analysis of:
• germicides • herbicides • rodenticides
• fungicides • insecticides

Using the fo llow ing techniques:
• gas-liquid and high pressure liquid chromatography
• infrared, ultraviolet, and atomic absorption spectroscopy
• classical chemical procedures
In some cases, these are the only methods available
for a particular formulation.

Specialfeatures:
• Pesticide formulations bibliography
• Special section on thin layer chromatographic 

analysis with detailed directions for the prepara­
tion of TLC plates, and tables listing optimum  
solvent systems and visualization techniques for 
each pesticide

• Cross-reference index -  trade names cross- 
referenced to the manual

• Infrared spectra -  more than 35 0  spectra of 
pesticide compounds

Contains 2 0 0  methods published in 1976, plus supplements
which added 20  methods in 1977, 30  in 1979, and 55 in 1982
1363 pages. With spectra. 1983. Includes 3 supplements and binder. ISBN 0-935584-23-4. Price —Members: 561.95 in
U.S., 564.95 outside U.S., Nonmembers: 568.50 in US., 571.50 outside U.S. 1982 Supplement can be purchased separately.
Price—Members: 515.40 in U.S., 516.40 outside U.S., Nonmembers: 517.00 in U.S., S18.00 outside U.S.

Order from AOAC, 1111 N. 19th St., Suite 210j, AOAC 
Arlington, VA 2 2 2 0 9  USA (U.S. hinds only) f jJ J



Yours F R E E :

Send for copies of these impor­
tant publications. You’ll be 
under no obligation to sub­
scribe, although chances are 
you will after reading your 
first issue. Here’s all you’ll 
receive:

JOURNAL OF

Chromatographic Science
F e atu re s  a rtic le s  d escrib in g  recen t ad v an ces 
in c h ro m a to g ra p h ic  tech n iq u es and  a p p lica ­
tio n s . In  every issue, y o u ’ ll receive in fo rm a ­
tio n  on  s ta te -o f- th e -a r t  p ro d u cts  and  lite ra ­
tu re. M eetin g  a n n o u n ce m e n ts , sh ort co u rse  
in fo rm a tio n , b o o k  review s and  o th e r new s 
item s a re  regularly  presented  in this m onth ly  
jo u rn a l.

JOURNAL O f

Analytical Toxicology
G et the latest inform ation on toxic substances, 
and how they are isolated and identified. J A T  
provides w orldw ide coverage o f  m onitoring 
therapeutic drugs, environm ental and industrial 
contam in an ts, as well as drugs o f  abuse. 
Forensic toxicologic investigations are includ­
ed. New products and literature, book  reviews 
and m ore news in each b im onthly issue.

For Your Free Issues, or to Subscribe, Please Complete:

□  S en d  m e a fre e  issue o f  □  J C S  □  J A T  □  B o th  A O A C
□  S ig n  m e up fo r  a  su b scr ip tio n :

□  Journal of Chromatographic Science (1 yr. U .S. $80.00)
□  Journal of Analytical Toxicology (1 yr. U .S. $85.00)
□  C h e c k , m o n ey  o rd e r o r  p u rch a se  o rd e r en clo sed  (U .S .  f u n d s /U .S . b an k  o n ly ).
□  B ill m e.

N a m e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
C o m p a n y  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
A d d ress _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
C ity  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  S ta te  _________  Z ip  _________

PR ESTO !IpunucATims. P0 Bm 4B312
f /W L m  Niles. Illinois 60648 U S AP le a se  a llo w  4  w eeks fo r  d elivery .



IS YOUR
AOAC LIBRARY COMPLETE?

Optimizing Laboratory Performance Through 
the Application of Quality Assurance 
Principles—Proceedings of a Symposium.
1980 .160 pp. Softbound. ISBN 0-935584-19-6. 
M em bers: $25.50 in U.S., $28.50 outsideU .S. 
Nonmembers: $28.00 in U.S., $31.00 
outside U.S.

Eleven papers covering setting up and oper­
ating a quality assurance program.

FDA Training Manual for Analytical Entomology 
in the Food Industry. 1978.184 pp. Looseleaf. 
ISB N 0-935584-11-0. M embers: $13.25 in U.S., 
$14.25 outside U.S. Nonmembers: $14.50 in 
U.S., $15.50 outside U.S.

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

Infrared and Ultraviolet Spectra of Some Com­
pounds of Pharmaceutical Interest. 1972.
278 pp. Softbound. ISBN 0-935584-04-8 . 
M em bers: $12.80 in U.S., $13.80 outside U.S. 
Nonmembers: $14.00 in U.S., $15.00 
outside U.S.

An expansion of an earlier compilation. M ore 
than 800 spectra.

Mycotoxins Methodology. 1980. 22 pp. Soft- 
bound. ISB N 0-935584-16-1. M em bers: $10.90 
in U.S., $11.90 outside U.S. Nonmembers: 
$12.00 in U.S., $13.00 outside U.S.

Reprinted from Chapter 26 Official Methods 
of Analysis, 13th Edition. Approved methods for 
natural toxins in many commodities.

Micro-Analytical Entomology for Food Sanita­
tion Control. 1962. 576 pp. Hardbound.
840 Illustrations. ISBN  0-935584-00-5 . 
M em bers: $30.00 in U.S., $33.00 outside U.S. 
Nonmembers: $33.00 in U.S., $36.00 
outside U.S.

A training and reference manual for identifi­
cation of insect debris extracted  from foods.

Test Protocols for the Environmental Fate and 
Movement of Toxicants—Symposium Pro­
ceedings. 1981. 336 pp. Softbound. ISBN
0-935584-20-X . M em bers: $27.30 in U.S., 
$30.30 outside U.S. Nonmembers: $30.00 in 
U.S., $33.00 outside U.S.

Chemical and biological tests  plus methods for 
interpreting or predicting results through 
m athem atical models.

FDA Bacteriological Analytical Manual (BAM)
5th Ed. 1978. 448 pp. Looseleaf. ISBN
0-935584-12-9. M em bers: $24.50 in U.S., 
$27.50 outside U.S. Nonmembers: $27.00 in 
U.S. $30.00 outside U.S.

Provides regulatory and industry laboratories 
w ith methods for detection of microorganisms. 
Updated by supplements.

Mycotoxins Mass Spectral Data Bank. 1978.
60 pp. Softbound. ISBN  0-935584-13-7. 
M embers: $12.80 in and outside U.S. Non- 
members: $14.00 in and outside U.S.

A com puter-based compilation of 104 mass 
spectra with listing by molecular weight.

Nevvburger's Manual of Cosmetic Analysis
2nd Ed. 1977.150 pp. Softbound. ISBN
0-935584-09-9 . M embers: $13.70 in U.S., 
$14.70 outside U.S. Nonmembers: $15.00 in 
U.S., $16.00 outside U.S.

Chromatographic techniques and spectros­
copy with analyses for various specific 
cosm etics.

Statistical Manual of the AOAC. By W. J. Youden 
and E. H. Steiner. 1975. 96 pp. Softbound. 
W ith illustrations. ISBN 0-935584-15-3. 
M em bers $12.25 in U.S., $13.25 outside U.S. 
Nonmembers $13.50 in U.S., $14.50 
outside U.S.

A do-it-yourself manual for statistical analysis 
of interlaboratory collaborative tests.

Send check to AOAC, Suite 210-J, t i l l  N 19th St., 
Arlington, VA 22209, USA. 703/522-3032.

To qualify for member price, include Member Number with order.



We are getting ready to celebrate—

OUR
CENTENNIAL
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years of methods 
development and 

validation serving you  
—the methods professional

The kickoff will be our Spring W orkshop, April 30- 
May 2, 1 9 8 4  in historic Philadelphia w here plans 
are under way for a technical program  and social 
events w orthy of a centennial celebration.

During the year w e’ll have special articles in 
the REFEREE

In the fall, our Annual International Meeting, 
O ctober 29-N ovem ber 2, 1984 will feature

^ S p e c i a l  symposia

^ ^ A n  exhibit of laboratory equipment, photographs, 
and other memorabilia from  the early days of AOAC

^ T h e  AOAC-IUPAC joint Symposium on the Harmon­
ization of Collaborative Analytical Studies

^ P l u s  joint m eetings with CIPAC and ISO

AND
Äkks

1
i

w e’re publishing a book on AOAC’s history



JOURNAL of the

ASSOCIATION O F 

o m c iA L  

ANALYTICAL 

CHEMISTS

Basic and Applied Research in the Analytical Sciences 
Related to Agriculture and the Public Health

Vol. 66 SEPTEMBER 1983 No. 5

CONTENTS

M y c o to x in s
Evaluation of a Testing Program for Aflatoxin in Corn

Thomas B. Whitaker & James W. Dickens 1055
Dilution Errors in Aflatoxin Determinations Caused by Compounds Extracted from Pea­

nuts
James W. Dickens & Thomas B. Whitaker 1059

V ita m in s  a n d  O t h e r  N u tr ie n ts
Reverse Phase High Pressure Liquid Chromatographic Determination of Vitamin Kj in 

Infant Formulas
Martin P. Bueno & Melina C. Villalobos 1063

F o o d  A d d it iv e s
Determination of Styrene Migration from Food-Contact Polymers into Margarine, Using 

Azeotropic Distillation and Headspace Gas Chromatography
Sandra L. Varner, Charles V. Breder, & Thomas Fazio 1067

THE ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS, INC.
Printed: The Mack Printing Company, Easton, PA 18042 

Published: 1111 N 19th St, Arlington, VA 22209

Copyright, 1983, by the Association of Official Analytical Chemists, Inc. Published six times a year—January,
March, May, July, September, November. Second class postage paid at Arlington, VA, and additional mailing
offices.

? 3, ftf!. 2526



T ob acco
Application of Tenax Trapping to Analysis of Gas Phase Organic Compounds in Ultra-Low 

Tar Cigarette Smoke
Cecil E. Higgins, V\’ayne H. Gricst, & Gerry Olerich 1074

P est ic id e  R es id u es
Retention Time Data for Organochlorine, Organophosphorus, and Organonitrogen Pes­

ticides on SE-30 Capillary Column and Application of Capillary Gas Chromatography 
to Pesticide Residue Analysis
Brian D. Ripley & Heinz E. Braun 1084

Determination of Acrylonitrile in Foods by Headspace Gas-Liquid Chromatography with 
Nitrogen-Phosphorus Detection
B. Denis Page & Claudette F. Charbonneau 1096

W ater A ctiv ity
Filament Hygrometer for Water Activity Measurement: Interlaboratory Evaluation

Mogens Jakobsen 1106

M eta ls  a n d  O th er  E lem en ts
Release of Lead and Cadmium: Comparison of Two Hot Leach Methods with a Room 

Temperature Method, Using Specially Glazed Ceramic Ware
John H. Gould, Stephen W. Butler, & Edward A. Steele 1112

Improved Apparatus for Rapid Mercury Determination by Cold Vapor Atomic Absorption 
Spectrometry
Lawrence Kupchella, Augusta Syty, & John J. Mahfood 1117

Electron Capture Gas-Liquid Chromatographic Determination of Methyl Mercury in Fish 
and Shellfish: Collaborative Study
Susan C. Hight & Stephen G. Capar 1121

Electrothermal Atomic Absorption Spectrometric Determination of Selenium in Foods 
and Diets
Jorma Kumpulainen, Anna-Maria Raittila, Jari Lehto, & Pekka Kohhstoinen 1129

T o x ico lo g ica l M eth o d s
Screening of Fresh Water Fish Extracts for Enzyme-Inducing Substances by an Aryl Hy­

drocarbon Hydroxylase Induction Bioassay Technique
James L. Casterline, Jr, June A. Bradlaw, Bartholomew J. Puma, & Yuoh Ku 1136

Atomic Absorption Determination of Serum Copper: Collaborative Study
David L. Osheim 1140

A n tiox id an ts
Reverse Phase High Pressure Liquid Chromatography and Fluorescence Detection of 

Ethoxyquin in Milk
Gracia A. Perfetti, Frank L. Joe, Jr, & Thomas Fazio 1143

A lc o h o l ic  B everages
Proof Determination of Liqueurs and Alcoholic Dairy Products: Collaborative Study

Duane H. Strunk, Bertha M. Timmel, Frances L. Rapp, & John C. Aicken 1148
Gas Chromatographic Determination of Ethanol in Wine: Collaborative Study

Arthur Caputi, Jr, & Dennis P. Mooney 1152

D eco m p o s it io n  in  F ood s
Gas Chromatographic Determination of Dimethylamine and Trimethylamine in Sea­

foods
Ronald C. Lundstrom & Linda D. Racicot 1158

F ish  a n d  O th er  M arin e P rodu cts
Identification of Trout and Salmon Bloods by Simple Immunological Technique and by 

Electrofocusing Patterns of Red Cell Enzyme Superoxide Dismutase
John G. Sutton, Janet Goodwin, Gillian Horscroft, Russell E. Stockdale, & Allan Frake 1164

ii



M ic r o b io lo g ic a l  M eth o d s
Comparison of Iron Milk and Official AO AC Methods for Enumeration of Clostridium per- 

fringens from Fresh Seafoods
Carlos Abeyta, Jr 1175

D rugs
Ion-Pair Partition Chromatography of Mefenamic Acid with Tetraalkylammonium Cations: 

Development of Analytical Method from Extraction Data
William M. Adams 1178

High Pressure Liquid Chromatographic Determination of Sulfisoxazole in Dosage Forms: 
Collaborative Study
Robert W. Roos 1182

Separation and Identification of Phencyclidine and Some of Its Analogs
K. Gurudath Rao & Shiv K. Soni 1186

Rapid High Pressure Liquid Chromatographic Determination of Amitriptyline Hydro­
chloride in Tablets and Injectables: Collaborative Study
Samuel T. Walker 1196

Atomic Absorption Spectrophotometric Determination of Mercury in Mercury-Containing 
Drugs: Collaborative Study
Walter Holak 1203

P es t ic id e  F orm u la tion s
High Performance Liquid Chromatographic Determination of Diclofop-Methyl

Rodger W. Stringham & Brian R. Bennett 1207
Gas-Liquid Chromatography and Nitrogen-Phosphorus Detection of N-Nitroso-di-n- 

Propylamine in Trifluralin Products
Ronald B. Maybury & Ralph G. Grant 1209

Liquid Chromatographic Determination of Glyphosate Technical and Its Formulation: 
Collaborative Study
Arnold J. Burns 1214

Liquid Chromatography of Liquid Formulations Containing 2,4-Dichlorophenoxyacetic 
Acid, Dicamba, and 2-(2-Methyl-4-chlorophenoxy)propionic Acid as Their Salts 
Robert B. Grorud & John E. Forrette 1220

D rug R es id u es  in  A n im a l T issues
Role of Anthranilic Acid in Background Levels of Sulfonamide in Porcine Livers when 

Determined by the Tishler Method
Owen W. Parks 1226

Modified Method for Electon Capture Gas-Liquid Chromatographic Determination of 
Diethylstilbestrol Residues in Urine of Fattened Bulls
Athanasios E. Tirpenou, Stylianos D. Kilikidis, & Athanasios P. Kamarianos 1230

F ertiliz er s
Comparison of AOAC and Atomic Absorption Spectrophotometric Methods for Deter­

mining Sodium in Fertilizers: Collaborative Study
Luis F. Corominas, Roberto A. Navarro, & Pedro Rojas 1234

Flame Photometric Determination of K2O in Fertilizers: Collaborative Study
Peter F. Kane & Rodger W. Stringham 1242

F ru it a n d  Fru it P rodu cts
Composition of Apple Juice

Leonard R. Mattick & James C. Moyer 1251

M eth o d  P er fo rm a n c e
Detection and Determination of Error in Analytical Methodology. Part I. In the Method 

Verification Program
Mario J. Cardone 1257



Detection and Determination of Error in Analytical Methodology. Part II. Correction 
for Corrigible Systematic Error in the Course of Real Sample Analysis

Mario ]. Cardone 1283
Today's Chemical Realities

William Honvitz 1295

Techn ical C om m unications
Survey of Infant Foods for Clostridium bolulinum Spores

Dennis E. Guilfoyle & James F. Yager 1302
High Pressure Liquid Chromatographic Determination of Capsaicin in Oleoresin and 

Personal Protection Aerosols
Mark W. Law 1304

Effects of Grinding and Storage for One Month on Retention of Vitamin A in Premixes 
and Mineral Supplements
Donald B. Parrish & Karen Patterson 1306

For Your In form ation  1309

C orrection  1311

N ew  P ublication s  1312

IV



INFORMATION FOR SUBSCRIBERS, 
ADVERTISERS, AND CONTRIBUTORS

The Journal o f the Association o f Official Analytical Chem ists is 
published by the Association of Official Analytical Chemists, 1111 
N  19th St, Arlington, V A  22209. The Journal is issued six times a 
year in January, March, May, July, September, and November. 
Each volume will contain approximately 1500 pages.

Manuscripts should be typewritten, double-spaced, and care­
fully revised before submission; the original and two copies 
should be submitted to AO AC, 1111 N  19th St, Suite 210, 
Arlington, V A  22209. "Instructions to Authors" is published 
periodically in the Journal, and is also available on request from 
the Editorial Office.

Subscriptions are sold by volume, $75.00 prepaid in the U.S. 
and its possessions, and $83.00 in all other countries. Single cur­
rent issues are $15.00 each ($16.00 foreign).

Claim for copies lost in the mails will not be allowed unless 
received within thirty days of the date of issue for U.S. subscrip­
tions or ninety days for all others. Claimants must state that the 
publication was not delivered at their recorded address. Address 
requests for replacement copies to AO AC, 1111 N  19th St, Suite 
210, Arlington, V A  22209. For subscribers out of the U.S., 
replacement of copies of the Journal lost in transit cannot be 
made without charge because of uncertain mailing conditions.

Change of Address notification should include both old and 
new addresses, with Z IP  numbers, and be accompanied by a 
mailing label from a recent issue. Allow four weeks for change to 
become effective. Subscribers outside the U.S. should use air mail 
for notification.

Advertising: Contact Marilyn Taub, AO AC, 1111 N  19th St, 
Arlington, V A  22209. Phone: (703) 522-3032.

Postmaster: Forward Changes of Address to AO AC, 1111 
N  19th St, Suite 210, Arlington, V A  22209.

Copying: Persons requiring copies of J. Assoc. Off. A nal. C hem . 

articles beyond the number allowed by the fair use provisions of 
the 1978 copyright law may request permission to copy directly 
from the A O AC, or make the required copies and pay $1.00 per 
copy through the Copyright Clearance Center, Inc., 21 Congress 
St, Salem, M A  01970. Articles which are copied and royalties 
paid through the Copyright Clearance Center must be identified 
by the following code: 0004-5756/83$1.00, indicating the Interna­
tional Standard Serial Number assigned to /. Assoc. Off. A nal. 
C h em ., the year, and the copying fee. Information on the use of 
the Copyright Clearance Center is available from the Center.

Reprints for personal use may still be obtained from the 
author(s).

Volumes on microfilm are available from Princeton Microfilm  
Corp., PO Box 2073, Princeton, NJ 08540.

Editorial Board

Robert C. Rund, C hairm an  
an d  E d itor-in -C hief

Charles W. Gehrke 
Alan R. Hanks 
Kenneth Helrich 
Kenneth R. Hill 

Milan Ihnat 
Charles F. Jelinek 
Irwin H. Pomerantz 
Odette L. Shotwell 

Charles H. Van Middelem

The Journal

Editor: Agricultural Materials 
Rodney J. Noel

Editor: Drugs, Colors, Cosmetics, 
Forensic Sciences 

Evelyn Sarnoff
Editor: Food Contaminants and 

Biological Methods 
Malcolm C. Bowman

Editor: Food Composition 
and Additives 

James F. Lawrence
Editor: Residues and Elements 

Joseph Sherma
Editor: Book Reviews 

Thomas G. Alexander

Managing Editor: Nancy Palmer 
Associate Editor: Betty Johnson 
Advertising: Marilyn Taub

Board of Directors

President: Warren R. Bontoyan 
President-Elect: Charles W. Gehrke 
Secretary/Treasurer: Prince G. Harrill 
Directors: James B. Kottemann 

D. Earle Coffin 
Frank J. Johnson 
James P. Minyard, Jr.

European Representatives: Margreet Tuinstra, Langhoven 12, 
6712 SR Bennekom, Netherlands, telephone 8-389-8725. Harold 
Egan, Laboratory of the Government Chemist, Cornwall House, 
Stamford St, London, UK SE1 9NQ, telephone 1-904-6229.

Executive Director: David B. MacLean



Environmental analysis

M ass Spectrometry

ATOMIC ABSORPTION

Trace Analysis \ ~

SURFACE ANALYSIS

SAMPLE HANDLING

Food Additives

FORENSIC ANALYSIS
PRIORITY POLLUTANTS

COMPUTERS
LIQUID CHROMATOGRAPHYB

CHEMOMETRICS

NM R m
CAS CHROMATOGRAPHY

GEOCHEMISTRY

DRUG ANALYSIS

Analytical Toxicology

Let IrHC cover 
the whole of 

analytical 
chemistry 

foryou!
I  I
ä I
o'
3

I
=r
oa
C/Î

isnc trends in analytical chemistry
TrAC - Trends in Analytical 
Chemistry is a topical monthly 
which provides you with an easy- 
to-read interdisciplinary digest of 
current developments and new 
ideas in the analytical sciences.

TrAC's authors are leading scien­
tists, its articles practically oriented, 
its coverage international.

TrAC covers the broader issues 
which affect those who develop 
and use analytical methods, such as 
the impact of computers on the 
analytical laboratory and the 
implications of new governmental 
regulations.

TrAC comes from the publishers of 
the Journal of Chromatography 
and Analytica Chimica Acta.

Subscription Information (1983)
Personal edition: 12 issues - 
U.K. £22.00.
USA and Canada US$ 40.00 
Europe 105.00 Dutch guilders.
Rest of World 112.00 Dutch guilders.

Library edition: Vol. 2 
(12 issues + Compendium) - 
US $ 128.00/Dfl. 320.00 (UK, USA, 
Canada and Europe)
US $ 133.50/Dfl. 334.00 (Rest of World)

Prices include air delivery worldwide.

Send now for a free sample copy to

Elsevier Scientific Publishing Company
P.O. Box 330 
1000 AH Amsterdam 
The Netherlands

52 Vanderbilt Avenue 
New York, NY 10017 
U.S.A.

Elite-Inn Yushima IF
3-28-1 Yushima, Bunkyo-ku, 
Tokyo 113, Japan



M Y C O TO X IN S

Evaluation of a Testing Program for Aflatoxin in Corn

THOMAS B. WHITAKER and JAMES W. DICKENS
U .S . D e p a r t m e n t  o f  A g r ic u l t u r e ,  A g r ic u l t u r a l  R e s e a r c h  S e r v i c e ,  N o r t h  C a r o l in a  S t a t e  
U n iv e r s i t y ,  R a l e ig h ,  N C  2 7 6 5 0

A computer model that accounts for sampling and 
analytical variability was developed to simulate the 
aflatoxin testing program administered by the North 
Carolina Department of Agriculture (NCDA) to reg­
ulate aflatoxin in corn meal. Monte Carlo solution 
techniques were employed to account for conditional 
probabilities that rise from multiple samples being 
used in the testing program. The NCDA testing 
program was then evaluated by applying the com­
puter model to a hypothetical group of 1 0 0 0  corn meal 
lots with the same distribution of aflatoxin concen­
trations as was observed among aflatoxin assays made 
by NCDA on commercial lots of corn meal from 1977 
to 1980. The average of the 1000 lots assayed was 17.7 
parts per billion (ppb). The model predicted that 
79.5% of the lots would be accepted and 20.5% of the 
lots would be rejected by the NCDA testing program. 
The accepted and rejected lots contained an average 
of 5.7 and 64.2 ppb aflatoxin, respectively. The 
testing program accepted 7.3% of the lots with more 
than 2 0  ppb aflatoxin (consumers' risk) and rejected 
1 .0 % of the lots with 2 0  ppb or less (processors' risk). 
A correct decision was made 94% of the time.

T h e  Food and D ru g  Protection  D iv is io n  o f the  
N o rth  C aro lina  D ep artm en t of A g ricu ltu re  
(N C D A ) conducts a program  to regulate aflatoxin  
in  corn m eal produced in  N o rth  C arolina. Each 
lo t o f corn m eal sampled in  this program  is tested 
according to the procedure d iagram m ed  in  F ig ­
u re 1. A  4.54 kg sam ple from  the lo t is subdi­
v id e d  in to  fiv e  50 g samples. The a fla to x in  is 
solvent-extracted  fro m  the corn m eal by the CB 
m ethod  (1). I f  the analysis o f one sample is < 2 0  
parts p er b illio n  (pp b) tota l a fla tox in , the lo t is 
accepted. O therw ise , 2 m ore samples are ana­
lyzed . I f  the d iffe ren ce  b etw een  each o f the  3 
analyses and  th e ir average (A ) is less than  0.3A ,
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the lo t is accepted w h e n  A  is < 2 5  ppb and the lot 
is rejected w hen  A  is > 2 5  ppb. W h en  any one of 
the 3 analyses is n o t w ith in  the range o f (A  ±  
0 .3A ) ppb , the fo u rth  and f if th  samples are ana­
lyzed . T he  lo t is accepted w h e n  the average of 
the  5 analyses is < 2 5  ppb and the lo t is rejected  
w h e n  the average is > 2 5  ppb. A lth o u g h  the  
N C D A  testing  program  has an action le v e l of 25 
p pb  a fla tox in , the U . S. Food and D ru g  A d m in ­
is tra tion  has an adm in is tra tive  g u id e lin e  o f 20 
p pb  fo r a fla tox in  in  corn m eal (2).

Because o f the v a ria b ility  associated w ith  
testing corn fo r aflatoxin  (3), analyses of samples 
from  good lots m ay indicate that the lots are bad 
(processors' risk) and analyses o f samples from  
bad lots m ay ind icate  that the lots are good  
(consumers' risk). The objective o f this paper is 
to d e te rm in e  the processors' risk and the  con­
sumers' risk associated w ith  the N C D A  corn meal 
a fla to x in  testing program .

Theory and Procedure

T he  total variance (erro r) associated w ith  a f­
latoxin  tests m ay include the variance in  aflatoxin  
concentrations of replicated samples taken from  
the lot (sam pling error), the variance in  aflatoxin  
concentrations of rep licated  subsamples taken  
afte r com m inution  of the m ateria l in  the sample 
(subsam pling  error) and the variance in  re p li­
cated analyses of m aterial w ith  the same aflatoxin  
concentration  (analy tica l error). The result o f 
an a fla to x in  test x  m ay be represented by the  
fo llo w in g  equation  (4):

x =  / u + a  +  /3 +  7  ( 1 )

w here  p is the true aflatoxin  concentration in  the 
lo t tested, a  is the  random  error due to sam pling  
w ith  expected value zero and variance C, /3 is the  
random  error due to subsam pling w ith  expected 
va lue  zero and variance F , and y  is the random  
e rro r due to analysis w ith  expected va lue  zero  
and  variance Q.

I f  there  is both stochastic and  fun c tio na l in -
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Figure 1. Diagram of North Carolina Department of Agriculture's aflatoxin testing program for corn
meal.

dependence am ong the rando m  errors in  equa­
tio n  1, the fo llo w in g  variance re la tio n sh ip  ex­
ists:

V  =  C  +  F  +  Q  (2)

w h e re  V  is the total variance o f the test, C is the  
variance due to sam p ling , F  is the variance due  
to subsampling, and Q is the variance in  analysis. 
Because sample com m in ution  is not used for the 
samples o f corn m eal before subdivis ion , the 50 
g analy tica l samples used in  the N C D A  testing  
pro gram  are n o t d iffe re n t than  50 g samples 
taken  d irec tly  fro m  the lot. As a result, there is 
no subsam pling  variance (F =  0) and equation 2

reduces to the fo llo w in g  variance re la tionsh ip  
fo r the  N C D A  testing program :

v  =  c  +  q ,  (3)

w h ere  v  is the total error of the test on lots o f corn 
m eal, c  is the  variance am ong 50 g samples o f 
corn  m eal taken fro m  the lo t, and q is the v a r i­
ance am ong analyses o f corn m eal by the CB 
m ethod. (Use of capital letters in  equation 2 and  
sm all letters in  equation 3 re flect p opu la tion  
param eters and sam ple estim ate of p op u la tio n  
param eters, respectively.) A  previous study has 
d eve loped  the  fo llo w in g  equations fo r the v a r i­
ance C am ong 50 g samples o f corn g ro un d  to
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LOT AFLATOXIN CONCENTRATION-PPB

Figure 2. Operating characteristic curve of NCDA 
corn meal aflatoxin testing program.

pass a num ber 20 sieve and the variance Q  among  
analyses by the CB m ethod  w h e n  the true  a fla ­
tox in  concentration  o f the corn is p  (3):

C =  0.25 p , and (4)

Q =  0.07 p 2. (5)

Use o f M o n te  C arlo  techniques fo r com puter­
ized  sim ulation of aflatoxin  testing programs has 
been described (5). S im ila r techniques and  the  
variance estim ates g iven  by equations 4 and 5 
w ere  used to d eterm in e  the p ro b ab ility  o f ac­
cepting  corn m eal lots w ith  specified a fla tox in  
concentrations w h en  the N C D A  testing program  
d iagram m ed  in  F igure 1 is used. S im ulated  a f­
latoxin tests w ere made on 2000 lots w ith  a given  
afla tox in  concentration  p . The p ro b a b ility  of 
accepting lots (P p) w ith  th a t a fla to x in  concen­
tra tio n  (p ) was then  com puted by d iv id in g  the  
n um ber o f lots accepted by 2000. T he  above  
procedure was repeated over a range o f aflatoxin  
concentrations.

T h e  n u m b er o f lots w ith  a g iven  afla tox in  
concentration  that w i l l  be accepted (Lp ) by the  
N C D A  a fla tox in  testing program  m ay be com ­
puted  w ith  the fo llo w in g  equation:

L f i  =  T L  X  D p  X  Pp  (6)

w here  T L  is the total n um ber o f lots o f corn m eal 
tested, D p  is the  fractio n  o f the lots at a g iven  
afla tox in  concentration  p , and  Pp  is the p roba­
b il ity  o f accepting a lo t w ith  an a fla to x in  con­
centration p. The d is trib u tion  of corn m eal lots 
according to a fla to x in  concentrations (D p ) was 
approxim ated by using the d istribution  of N C D A  
test results on 947 lots o f corn m eal tested from  
1977 to 1980.

Table 1. Number of lots with indicated aflatoxin 
concentrations accepted and rejected by current NCDA 

corn meal aflatoxin testing program

Lot concn, 

ppb

No. o f lots

Tested Accepted Rejected

0 350 350 0

1 60 60 0

2 40 40 0

3 30 30 0

4 2 0 2 0 0

5 2 0 2 0 0

6 2 0 2 0 0

7 2 0 2 0 0

8 18 18 0

9 17 17 0

1 0 16 16 0

1 1 16 16 0

1 2 15 15 0

1 3 -1 4 27 27 0

1 5 -1 6 26 26 0

1 7 -1 8 23 23 0

1 9 -2 0 2 1 2 0 1

2 1 - 2 2 2 0 17 3
2 3 -2 4 19 13 6

2 5 -2 6 16 9 7
2 7 -2 9 2 1 8 13
3 0 -3 4 32 7 25
3 5 -3 9 25 3 2 2

4 0 -4 4 17 0 17
4 5 -4 9 14 0 14
5 0 -5 9 2 0 0 2 0

6 0 -6 9 15 0 15
7 0 -7 9 1 0 0 1 0

8 0 -8 9 1 0 0 1 0

9 0 -9 9 1 0 0 1 0

> 1 0 0 32 0 32
Tota ls 1 0 0 0 795 205

Results and Discussion
The com puted acceptance p ro bab ility  (P p) for 

the  N C D A  testing  p rogram  is p lo tted  in  F igure
2. The curve, fre q u e n tly  called  an opera ting  
characteristic (O C ) curve, shows that the N C D A  
testing program  w il l  accept n early  a ll lots (P p  s  
100%) w ith  less than 19 ppb a fla to x in  and  w i l l  
reject nearly  all lots (Pp  s0% ) w ith  m ore than  90 
ppb aflatoxin .

Calculated  num bers of lots tested, accepted, 
and  rejected at various lo t a fla to x in  concentra­
tions are g iven  in  Tab le 1. T he  tota l n u m b e r of 
lots to be tested ( T L )  was estim ated as 1000, the  
n u m b er of lots tested at each concentration  was 
calculated as D p  X 1000, the n u m b e r o f lots ac­
cepted at each concentration was calculated as D p  
X  1000 X  P p , and the n u m b er o f lots rejected at 
each concentration  was calculated as D p  X  1000 
X ( l - P p ) .

Table 2 sum m arizes the results fro m  Tab le 1. 
O f the 1000 lots tested, 73.9% w ere  good (p  <  20 
ppb) and  26.1% w ere  bad (p >  20 ppb). T he  av-
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Table 2. Number of lots accepted and rejected and aflatoxin concentration in different portions of lot population

Item Good (n <  20 ppb) Bad (m >  20 ppb) Total

No. o f lots accepted 7 37* 58 795
Av. a flat, concn (ppb) 4.1 26.4 5.7
No. o f lots re jected 2 203* 205
Av. a flat, concn. (ppb) 19.2 64.5 64.2

To ta l no. o f lots 739 261 1 0 0 0

Av. a flat, concn (ppb) 4.1 56.1 17.7

* C orre c t decision was m ade fo r these lots.
C o rre c t decision = (737 +  203) (1 0 0 ) /1 0 0 0  = 94%
C onsum ers' risk =  % accepted lots w ith  > 2 0  ppb aflatoxin : 5 8 (1 0 0 ) /7 9 5  = 7.30%  
Processors ' risk = % re jected  lots w ith  < 2 0  ppb aflatoxin : 2 (1 0 0 ) /2 0 5  = 0.98%  
Average num ber of assays =  1.74

LOT AFLATOXIN CONCENTRATION-PPB 

Figure 3. Average number of subsamples assayed 
for a decision at various lot concentrations.

erage afla tox in  concentrations in  the good and  
bad lots tested w ere  4.1 and  56.1 ppb, respec­
tive ly . O f  the 739 good lots tested, 737 lots w ere  
correctly accepted and 2 w ere incorrectly rejected 
(processors' risk) by the testing program . O f the  
261 bad lots tested, 203 lots w e re  correctly  re ­
jected and 58 lots w ere  inco rrectly  accepted  
(consum ers' risk). O v e ra ll, the  correct decision  
was m ade 94.0% o f the tim e. The consum ers' 
and  processors' risks w ere  7.3 and 1.0%, respec­
tive ly .

A  p lo t o f the average n u m b er o f 50 g samples 
assayed per lo t at various a fla to x in  concentra­
tions is show n in  F igure  3. A t lo w  lo t concen­

trations, o n ly  one assay per lo t was used to m ake  
a decision. As the lo t concentration  increased, 
the n um ber of sam ple assays per lo t increased  
and leve led  o ff at about 3.95. The average  
n um ber of sample assays per lo t fo r the 1000 lots 
was 1.74.

The results o f this evaluation procedure reflect 
the  p articu lar lo t d is trib u tion  chosen. Lot d is­
tributions according to aflatoxin  concentrations  
and the corresponding risks to the processor and  
consum er w i l l  vary  fro m  year to year and  fro m  
one p roduction  location  to ano ther w ith in  a 
g iven  crop year.
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Dilution Errors in Aflatoxin Determinations Caused by Compounds 
Extracted from Peanuts
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Several methods have been developed to analyze 
peanuts for aflatoxin by using thin layer chroma­
tography (TLC). These methods depend on solvent 
extraction of aflatoxin from a sample of the product. 
Unfortunately, solvent solutions used to extract af­
latoxin from peanuts also extract measurable quan­
tities of other compounds such as oils, fats, sugars, 
and protein. The volume of these extracted com­
pounds causes error in measuring the proportion of 
the solvent solution analyzed for aflatoxin. Also, 
because the cleanup procedures for some methods are 
inadequate, the volume of some of these extracted 
compounds also causes error in measuring the pro­
portion of the extracted aflatoxin placed on TLC 
plates. These 2 errors cause underestimation of af­
latoxin concentrations by approximately 11,14, and 
5% for the CB method, the modified version of the BF 
method generally used for raw peanuts, and a water 
slurry method, respectively. The correction specified 
by the CB method for fats in the extraction solvent 
reduces the approximate error for the CB method 
from 1 1  to 1 %.

Several methods have been developed to analyze  
peanuts fo r a fla tox in  by using th in  layer chro­
m atography (TLC ). B rie f sum m aries fo r the CB 
m ethod  (1), the A M S  m ethod  (2), and the w ater 
s lu rry  (W S) m ethod  (3) are g iven  in  Table 1. 
Because filtra tio n  of chloroform  extract from  raw  
peanuts is extrem ely d iff ic u lt, the extract was 
centrifuged instead of filtered  as specified by the 
CB m ethod . Substitu tion  o f centrifug atio n  for 
f iltra t io n  was proposed by W a ltk in g  (4). The  
A M S  m ethod  is a m odification  o f the BF m ethod
(1). The W S m ethod has been m odified  from  the 
published W S m ethod by adding a filtration  step 
in  the  cleanup procedure.

The above methods require solvent extraction  
of a fla tox in  fro m  a sam ple o f the product. A  
measured p roportion  of the extraction solvent is 
subjected to cleanup procedures to rem ove some 
of the other compounds extracted along w ith  the 
aflatoxins, and  solvents used in  the cleanup
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procedures are evaporated  leav in g  a residue  
co n ta in in g  the  a fla tox in . T he  residue is dis­
solved in  a d ilu tio n  solvent and the am o un t o f 
afla tox in  in  a m easured p ro po rtion  o f d ilu tio n  
so lven t is d eterm ined  by p lac ing  it on a TLC  
plate. The aflatoxin  concentration of the sample 
in  nanogram s of aflatoxin  per gram  o f peanuts or 
parts per b illio n  (ppb) m ay then  be calculated by 
the fo llo w in g  equations:

n g /g  =  A / G ,  and (2)

G  =  E D W  (2)

w here  A  =  ng aflatoxin in  the am ount o f d ilu tion  
so lven t placed on the  T LC  p late , G =  g peanuts  
represented by the d ilu tion  solvent placed on the 
T L C  p late , E =  p ro po rtion  o f extraction solvent 
subjected to the cleanup procedure, D  =  p ro ­
p o rtio n  o f d ilu tio n  solvent placed on the  TLC  
p la te , and  W  =  w e ig h t in  g o f the sample.

U n fo rtu n a te ly , the vo lu m e o f extracted com ­
pounds o th er than afla tox in  causes erro r in  
m easurem ent o f the p ro p o rtio n  of extraction  
so lven t subjected to the cleanup procedure (E). 
Because the cleanup procedure is inadequate, the 
residue fro m  these extracted com pounds also 
causes e rro r in  m easurem ent o f the p ro po rtion  
o f d ilu tio n  solvent placed on the T LC  p late  (D ). 
T h e  objective o f this study was to d eterm ine  the  
m ag n itu d e  o f these 2 errors fo r the CB m ethod , 
the A M S  m ethod, and the W S m ethod w hen  they  
are used fo r raw  peanuts.

E xp erim en ta l

A p p ro x im a te ly  7 kg raw  peanuts was com m i­
n u ted  in  a subsam pling m ill  (5) and the com m i­
n u ted  m ateria l was tho ro ug h ly  b lended . Sam­
ples o f this m ateria l w ere  used fo r the study.

Extraction Solvent Error

C B  m e t h o d : T w e n ty  50 g samples o f com m i­
nuted  peanuts w ere carried through Step 2 o f the 
CB m ethod outlined  in  Table 1. A  50 m L portion  
o f the  ch lo ro fo rm  extract fo r each sam ple was 
transferred from  the centrifuge bottle to a 250 m L  
f ilte r in g  flask. The portio n  was d rie d  u nd er  
vacuu m  on a steam table. A  50 m L p ortio n  of 
ch lo ro fo rm  m easured w ith  a 50 m L vo lu m etric
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Table 1. Brief summary of CB, AMS, and WS methods 
for aflatoxin analysis in peanuts

CB M ethod:
1. Extract 50 g sample of com m inuted peanuts w ith  250 mL 

ch lo ro fo rm .
2. Separate ch lo ro fo rm  ex trac t so lu tion by centrifuging. 

(Published m ethod specifies filtra tio n  instead of ce n trifu ­
gation .)

3. Use 50 mL ch lo ro fo rm  ex trac t so lu tion on sodium  sul­
fa te -s ilica  gel co lum n fo r cleanup.

4. Elute aflatoxin  w ith  c h lo ro fo rm -m e th an o l.
5. Evaporate eluate, leaving residue which contains aflatoxin 

from  50 m L ch lo ro fo rm  e x tra c t solution.
6 . Dissolve residue w ith  dilution solvent and place measured 

p ropo rtion  of solvent on TLC p late fo r  aflatoxin quan tita ­
tion.

AMS M ethod:
1. E xtract 1100 g com m inuted peanuts w ith  3 L m e th a n o l- 

w ater (55 +  45) and 1 L hexane.
2. Separate m e th a no l-w a te r e x tra c t solution by ce n tri­

fuging.
3. Wash 50 mL m e thano l-w a te r ex trac t solution w ith 50 mL 

ch lo ro fo rm .
4. Evaporate ch lo ro fo rm , leaving residue w hich conta ins af­

latoxin  from  50 mL m e th a no l-w a te r e x tra c t solution.
5. Dissolve residue w ith  d ilution solvent and place measured 

p ropo rtion  of so lvent on TLC plate fo r a flatoxin  quan tita ­
tion.

WS M ethod:
1. Blend 1100 g com m inu ted  peanuts w ith  1.5 L w ater and 

2 2  g sodium  chloride.
2. Blend 130 g slurry from  Step 1 w ith  180 mL m ethanol and 

50 mL hexane.
3. Separate m e th a no l-w a te r e x tra c t so lu tion by c e n tr i­

fuging.
4. F ilter m e thano l-w a te r ex trac t solution (71 % m ethanol by 

vo lum e) th rough coarse filte r  paper and d ilu te  50 m L fi l­
tra te  w ith  25 mL 10% sodium  ch loride  solution.

5. Wash 75 mL d ilu ted solution w ith  50 mL ch lo ro fo rm .
6 . Evaporate ch lo ro fo rm , leaving residue which conta ins af­

latoxin  from  50 mL portion  of m e th a no l-w a te r ex trac t 
solution.

7. Dissolve residue w ith  d ilution solvent and place measured 
p ropo rtion  of so lvent on TLC plate fo r a flatoxin  quan tita ­
tion.

flask was used to wash the filte r in g  flask. The  
solution  was then  re turned  to the 50 m L  v o lu ­
m etric  flask. A  graduated p ip e t was used to 
measure the vo lu m e of solution  in  excess o f 50 
m L. The average loss from  the 50 m L portion  of 
ch lo ro fo rm  d u rin g  transfer betw een  the flasks 
was estim ated by m ak in g  5 m easurem ents w ith  
clean flasks. T he sum of the  estim ated average  
loss o f 0.90 m L and the volum e of excess solution  
measured w ith  the graduated p ipet was recorded 
as the vo lu m e o f extracted com pound.

A M S  m e t h o d : A n  1100 g sam ple of com m i­
nuted  peanuts was carried through  Step 1 of the  
A M S  m ethod  o u tlin ed  in  Table 1. Portions of 
the b len ded  m ateria l w ere  placed in  sixteen 250 
m L centrifuge bottles and centrifuged. A  50 m L  
p o rtio n  o f the m e th a n o l-w a te r extract was 
transferred  fro m  each centrifug e bottle to a 250

m L  filte rin g  flask. Each portion was dried  u nder 
vacuum  on a steam table. A  50 m L p o rtio n  of 
m e th a n o l-w a te r (55% m ethano l by vo lu m e) 
m easured in  a 50 m L  vo lu m etric  flask was used 
to wash the  filte r in g  flask. The so lu tion  was 
then  re turned  to the 50 m L vo lum etric  flask, and  
the vo lum e of excess solution was measured w ith  
a graduated pipet. The average loss from  the 50 
m L  portio n  o f 55% m ethano l solu tion  d u rin g  
transfer betw een  the  flasks was estim ated by  
m a k in g  5 m easurem ents w ith  clean flasks. The  
sum of the estim ated average loss of 0.43 m L  and  
the vo lum e of excess solution measured w ith  the  
graduated  p ip e t was recorded as the vo lu m e  of 
extracted com pound.

WS m e th o d : A n  1100 g sample o f com m inuted  
peanuts was carried  th rou gh  Step 1 o f the W S  
m ethod  o u tlin e d  in  Tab le 1. T w e lv e  130 g p o r­
tions of the slurry was then carried through  Steps 
2 and 3. A  50 m L portion of the m eth an o l-w a te r  
extract was transferred  fro m  each cen trifug e  
bottle  to a 250 m L f ilte r in g  flask. T he  p ortio n  
was d ried  u n d er vacuum  over a steam table. A  
50 m L portion  of m ethan o l-w ater (71% m ethanol 
by vo lum e) measured in  a 50 m l vo lu m etric  flask  
was used to wash the filte r in g  flask. T he  solu­
tion  was then  re tu rned  to the 50 m L  vo lu m etric  
flask, and the vo lu m e o f excess so lu tion  was 
m easured w ith  a graduated p ipet. T he  average  
loss fro m  the 50 m L  p o rtio n  o f 71% m eth an o l 
solu tion  d u rin g  transfer b etw een  the  flasks was 
estimated by m aking 5 measurements w ith  clean 
flasks. The sum o f the estim ated average loss of 
0.43 m L and the vo lum e o f excess so lu tion  m ea­
sured w ith  the graduated p ip e t was recorded as 
the vo lu m e o f extracted com pound.

Dilution Solvent Error

C B  m e t h o d : T w e n ty  50 g samples o f com m i­
nuted peanuts w ere carried through Step 5 o f the  
CB m ethod . T he  tota l w e ig h t o f each v ia l con­
ta in in g  the residue was d eterm ined . T he  via ls  
w ere  then  washed w ith  ch lo ro fo rm  to rem ove  
the residue and rew eig hed . W eights  w e re  
measured to the nearest 0.1 m g, and the w eigh ts  
o f the residue w ere  determ ined  as the d ifference  
in  the  2 w eights.

A M S  m e t h o d : A n  1100 g sam ple o f com m i­
nuted  peanuts was carried th rough  Step 1 o f the  
A M S  m ethod. Equal portions o f the  b len d ed  
m ateria l w ere  placed in  e igh teen  250 m L  cen tri­
fuge bottles and centrifuged. Each o f the  18 
portions was then  carried  th ro u g h  Step 4 o f the  
A M S  m ethod. T he  w e ig h t o f residue in  each o f 
the 18 via ls  was d ete rm ined  according to the  
m ethod  o u tlin ed  fo r the  CB m ethod .
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Table 2. Summary of averaged data and calculations related to dilution errors in aflatoxin determinations caused by 
compounds extracted from peanuts by 3 analytical methods

Line D escription Unit

Analytical m ethod 

CB AMS WS

1 Tota l vo lum e of ex trac tion  so lvent used mL 2 5 0 0 3000.0 254.4
2 Volum e of ex trac tion  so lu tion subjected to  cleanup procedure 

(analytica l po rtion )
mL 50 50 50

3 Volume of ex tracted  com pounds in analytica l portion m L 4.560 0.863 0.499
4 Actual vo lum e of ex trac tion  so lvent in analytica l portion  

(Line 2 -  Line 3)
mL 45.440 49.137 49.501

5 In co rrec t value of E norm a lly  used in Equation 2 to  ca lcu la te  
G (Line 2 /L in e  1)

— 0 . 2 0 0 0 0.0167 0.1965

6 C orrec t value of E (L ine  4 /L in e  1) — 0.1818 0 .0164 0.1946
7 Percentage e rro r in E caused by volum e of ex tracted  

com pounds
[100  (Line 5 -  Line 6 ) +  Line 6 ]

% +  1 0 .0 1 1 « +  1.829 0 .976

8 W eight o f residue from  analytica l portion  a fte r cleanup 
procedure

mg 5.50 41.54 13.43

9 Volum e of residue (Line 8  -6  0 .93781 m g /^ L ) a L 5.86 44.30 14.32
1 0

1 1

Volum e o f d ilu tion  so lvent used to  dissolve residue 
Volum e of so lu tion placed on TLC plate

a L
mL

300 300 300

1 2 Actual to ta l vo lum e of d ilu ted  solution (Line 10 +  Line 9) a L 305.86 344.30 314.32
13 In co rrec t value of D norm a lly  used in Equation 2 to  

ca lcu la te  G (Line 11 /L in e  10)
— 0 . 0 2 0 0 0 . 0 2 0 0 0 . 0 2 0 0

14 C orre c t value o f D (L ine  11 /L in e  12) — 0 .0196 0 .0174 0.0191
15 Percentage e rro r in D caused by the  vo lum e o f residue 

dissolved in the  d ilu tion so lvent [100  (Line 13 -  Line 14) +  
Line 13]

% +2.041 +  14.943 + 4 .7 1 2

16 W eight o f peanuts in sample g 50.0 1 1 0 0 . 0 54.5
17 In co rrec t value of G ca lcu la ted w ith  Equation 2 (Line 5) 

X (Line 13) X (Line 16)
g 0 . 2 0 0 0.367 0.214

18 C orrec t value o f G ca lcu la ted w ith  Equation 2 (Line 6 ) 
X (L ine 14) X (Line 16)

g 0 .178 0.314 0.203

19 In co rrec t concen tra tion  of a flatoxin  ca lcu la ted w ith  Equation 1 
(A /L in e  17)

ppb 5 .0004 2 .7254 4 .6734

2 0 C orrec t concen tra tion  of a flatoxin  ca lcu la ted w ith  Equation 1 
(4 /L in e  18)

PPb 5 .6184 3.1854 4 .9264

2 1 Percentage e rro r in ca lcu la ted concen tra tions  o f a flatoxin  
caused by using inco rre c t values o f G in Equation 1 
[100  (Line 19 -  Line 20) +  Line 20]

% - 1 1 .0 « -1 4 .4 -5 .1

a An ad jus tm en t in ca lcu la tions specified by CB m ethod  w ill c o rre c t e rro r caused by extrac ted  com pounds in analytical 
portion .

WS m e th o d : A n  1100 g sam ple o f com m inuted  
peanuts was carried th ro u g h  Step 1 o f the W S  
m ethod. N in e te e n  130 g portions o f the s lu rry  
w ere  then  carried th ro u g h  Step 6 o f the W S  
method. The w e ig h t o f residue in  each o f the 19 
vials was d eterm ined  according to the m ethod  
o utlin ed  fo r the CB m ethod.

Measurement of Density of Extracted 
Compounds ( Residue)

A  large n u m b er o f via ls  con ta in ing  residue  
from  ro u tin e  analyses o f peanuts by using the  
A M S  m ethod  w ere  accum ulated. These via ls  
w ere  washed w ith  ch lo ro fo rm  and the ch lo ro ­
form  solu tion  was placed in  a 500 m L  beaker. 
The ch loroform  was evaporated on a steam table  
and the w eigh t o f 10 m L o f residue at ca 20°C  was 
determ ined  by w e ig h in g  a 10 m L vo lu m etric

flask before and a fte r p lacing the residue in  the  
flask. The w e igh ing s  w ere  m ade to the nearest 
0.1 mg.

R esu lts  and D iscu ssio n

T h e  residue a fter evaporating  the ch lo ro fo rm  
in  Step 4 o f the A M S  procedure resem bled pea­
nut oil. Ten m L residue w eighed  9.3781 g, so the 
density of the material was 0.93781 g /m L  at 20°C. 
This density is s ligh tly  m ore than the 0.914 g /m L  
density  reported  for peanut o il at 15°C  (6). A  
m ixtu re  o f 10 m L  residue and 90 m L b en ze n e -  
C H 3C N  (98 +  2) totaled 100 m L, so the  vo lum es  
o f residue and d ilu tio n  solvent are add itive .

T h e  average vo lu m e o f extracted com pounds  
in  the 50 m l analytical portions o f the extraction  
solvents w ere  4.560, 0.863, and 0.499 m L , re­
spectively , fo r the CB, A M S , and W S m ethods
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(Table 2, line  3). Because of the vo lum e of these 
extracted com pounds, the va lue  of E generally  
used to com pute a fla tox in  concentrations is in  
error by +10.0, +1 .8 , and +1.0% , respectively, for 
the CB, A M S , and W S m ethods (Table 2, lin e  7). 
H o w ever, an adjustm ent in  calculations to ac­
count for 5 m L of these extracted compounds has 
been specified for the CB m ethod  (1).

The average volumes of residue in  the d ilu tion  
solvents w ere  5.86, 44.30, and 14.32 /uL, respec­
tive ly , for the CB, A M S , and W S methods (Table  
2, line  9). The errors in  D  caused by this residue 
w h e n  300 /xL d ilu tio n  solvent was used w ere  
+ 2 .0 , +14.9 , and +4.7% , respectively, for the CB, 
A M S , and W S m ethods (Table 2, lin e  15). 
W ith o u t correction for errors in  D  and E, the er­
rors in  com puted aflatoxin  concentrations w ere  
—11.0, —14.4, and -5 .1 % , respectively, for the CB, 
A M S , and W S m ethods (Table 2, lin e  21). The  
correction specified by the CB m ethod for fats in

the extraction solvent w i l l  reduce the erro r for 
this m ethod  fro m  —11.0% to approxim ately  
—1.0%. Corrections for the vo lum e of extracted  
com pounds and d ilu tio n  errors probably should  
be specified for each product analyzed  b y  these 
m ethods.
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VITA M IN S AND OTHER NUTRIENTS

Reverse Phase High Pressure Liquid Chromatographic Determination 
of Vitamin Ki in Infant Formulas

MARTIN P. BUENO and MELINA C. VILLALOBOS
F o o d  a n d  D r u g  A d m in is t r a t io n ,  D iv is io n  o f  N u t r i t i o n ,  W a s h in g t o n ,  D C  2 0 2 0 4

A reverse phase high pressure liqu id  chromato­
graphic (HPLC) method for quantitating vitam in K i 
in enzymatic hydrolysates of infant formula is de­
scribed. The vitam in is extracted w ith  n-pentane 
before determination by isocratic and isothermal 
reverse phase HPLC. Recovery of vitam in K i added 
to 5 infant formulas ranged from 84 to 103%.

T he  In fa n t F orm u la  A ct o f 1980 requires that in ­
fan t form ulas be analyzed  fo r v ita m in  K j (1). 
T here  is no standard ized  or g en era lly  accepted 
m ethod  o f d e te rm in in g  v ita m in  K i in  in fa n t  
form ulas. The bioassay m ethod  (2 ,3 ) em ployed  
fo r the  d e te rm in a tio n  o f v ita m in  K j in  blood  
plasm a is tim e-consum in g  and requires the  
m aintenance of a b attery  o f chicks. I t  is there­
fore not practical as a ro u tin e  m ethod. M anes et 
al. (4) described a chem ical m ethod  fo r v ita m in  
K i d e te rm in a tio n , in  w h ic h  the v ita m in  is sepa­
rated from  lip ids using open colum n absorption  
chrom atograph y fo llo w e d  by detection and  
q u a n tita tio n  using th in  layer reflectance densi­
tom etry. A lth o u g h  this m ethod  was developed  
for the analysis o f in fan t form ula, it d id  not y ie ld  
rep ro d u c ib le  results in  this laboratory. Barnett 
et al. (5) used enzym atic  h ydro lys is  to degrade  
lip id s  in  in fa n t fo rm u la  samples, fo llo w e d  by  
separation  o f v ita m in  K i fro m  o th er o il-so luble  
v itam in s  by reverse phase liq u id  chrom atogra­
p hy . T he  m ethod  o f Barnett et al. d id  not p ro ­
duce m ean in g fu l data in  this laboratory because 
of problem s encountered d u rin g  liq u id  chro­
m atographic  separation.

T h is  paper describes m odifications to the  
B arnett et al. m etho d  that a llo w  ro u tin e  and ac­
curate chrom atographic separation of v itam in  Kj 
in  in fan t form ulas, w h ile  retaining  the enzym atic  
hydro lys is  o f lip id s  to reduce interferences.

E x p e rim e n ta l

Reagents and Apparatus
(a) B u f f e r  s o lu t io n .—  p H  7.7, 0 .2 M  m onobasic  

sodium  p h o sp h a te -0 .2 M  dibasic sodium  phos-

Received August 3,1982. Accepted January 25,1983.

p hate  (10.5 +  90.5) d ilu te d  to 200 m L  w ith  
w ater.

(b ) M o b i le  p h a s e .— M e th a n o l-a c e to n it r i le -  
te tra h y d ro fu ra n -w a te r (39 +  39 +  16 +  6). 
M e th a n o l and aceton itrile  w ere  h ig h  pressure 
liq u id  chrom atograph ic (H P L C ) grade (F isher 
Scientific  Co.). Tetrahydrofuran  was u ltrav io le t 
(U V )  grade (B urdick and Jackson). W ater was 
d e io n ize d  and d is tilled .

(c) H e x a n e .— U V  grade (B u rd ic k  and  
Jackson).

(d ) L iq u id  c h r o m a t o g r a p h .— W aters Associates 
M o d e l 244 w ith  M -6000  solvent d e live ry  system, 
U 6 K  in jector, and M o d e l 440 detector equ ipped  
w ith  filters  to operate at 254 nm . C o lum n: 25 
cm X  4 m m  stainless steel, s lu rry-packed  w ith  
pB ondapak Ci8. F lo w  rate 1.5 m L /m in  (ca 1000 
psi); e lu tio n  at am b ient tem perature u n d er iso­
cratic  c on d ition s . O m n i-S c rib e  reco rd er  
(H o u sto n  In s tru m en t) is adjusted to g ive  fu ll  
scale read ing  at 0.02 absorbance u n it. C hart 
speed 0.5 c m /m in .

Standard Preparation

S t o c k  s o lu t io n .— A ccurately  w e ig h  25 m g v ita ­
m in  K j (G rand Island Biological Co.) and transfer 
to 100 m L  vo lu m etric  flask. D ilu te  to vo lu m e  
w ith  hexane. W o rk in g  sta n d a rd s . — Concentration  
o f w o rk in g  standard depends on expected v ita ­
m in  K i concentration . D ilu te  > 1  m L  stock so­
lu tio n  to 25 m L  w ith  hexane to g ive  w o rk in g  
standard  con ta in ing  ca 0.01 m g v ita m in  K i /m L  
fo r use w ith  pow dered  and ready-to-feed  fo r­
m ulas. Sam ples w ith  h ig h  v ita m in  K j concen­
tra tio n , such as concentrates, m ay req u ire  
w o rk in g  standard contain ing ca 0.02 m g v ita m in  
K i / m L  hexane.

Sample Preparation

Reconstitute pow dered  form ulas w ith  50 m L  
w a te r and d ilu te  50 m L  samples o f concentrates 
w ith  50 m L w ater. Sam ple ready-to -feed  fo r­
m ulas d irec tly . Sam ple aliquots, g en era lly  
5 0 -1 0 0  m L, must contain  0 .01 -0 .0 2  m g v ita m in  
K i and  < 4  g fat. T ransfer a liqu o t to 1 L ro u nd - 
bottom  flask. A d d  200 m L p H  7.7 b u ffe r and 2.5
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Table 1. Statistical treatment of results of HPLC 
determination of vitamin Ki in infant formulas

Declared
value,

M g

Anal.
results,

M g Mean Std dev.

Dev. duplicate 
anal, results,

%

6 6 114
1 1 1

112.5 1.5 1.33

55 89
84

86.5 2.5 2.89

150 310
270

290 2 . 0 6.71

50 1 0 1

105
103 2 . 0 1.94

24 52
48

50 2 . 0 4.0

1 0 0 140
150

145 0.5 4.53

g lipase pow der (Sigma Chem ical Co.). Incubate  
at 3 7 °C  fo r 1.5 h w h ile  v igo rously  s tirrin g  w ith  
m agnetic  stirrer. Im m ed ia te ly  transfer h y d ro l­
ysate to 1 L separatory fu n n e l con ta in ing  10 m L  
IO N  N a O H  and add 200 m L 95% ethano l. Im ­
m ed ia te ly  extract w ith  three 200 m L  portions of 
»-pentane (glass-distilled). Com bine »-pentane  
extracts and, w ith o u t delay, wash com bined ex­
tracts w ith  w ater u n til n eu tra l to p heno l-

p h th a le in . D ry  organic phase over anhydrous  
sodium  sulfate and evaporate to dryness at 40 °C  
u n d er reduced pressure using rotary evaporator. 
Dissolve residue in  10 m L hexane and q uan tita ­
t iv e ly  transfer to calibrated 15 m L  conical cen­
trifu g e  tube. Evaporate extract to 1 m L.

Chroma tography

Sam ple p repara tio n  and chrom atography  
should  be p erfo rm ed  on same day. D e lay  be­
tw een  steps results in  lo w  recoveries.

Use operating conditions given in  R e a g e n ts  a n d  

A p p a r a t u s  (d ). In ject 10 pL  aliquots o f sam ple  
extracts and w o rk in g  standard so lu tion  in to  in ­
s trum ent.

R esults and D iscussion

W e in it ia lly  assayed v ita m in  K i in  in fa n t fo r­
m u la  extracts prepared using the A O  A C  m ethod
(6) fo r o il-so lub le  v itam ins. T he  m ethod  in ­
volves sam ple hydro lysis  w ith  potassium h y ­
d ro xid e  fo llo w e d  by a lum ina  co lum n cleanup. 
For the liq u id  chrom atographic separation, 90%  
m ethan o l-10%  w a te r was used as the  m o b ile  
phase w ith  the W aters pBondapak C is co lum n. 
Poor reso lution  was obtained and v ita m in  K i 
appeared to co-elute w ith  lip ids . S ubstitu ting

I

1— I— I— I— I— 1 - 1 — J - L _ _ L _ I  I— 1— .1— I— I— L . l — L . . L - . 1 . . . J  _ . l  l . _  1

0  2  4  6  8  10  12 14 16 to  2 0  0  2  4  6  a  10 12  14 16 18 2(1 2 2  24  2 0

RELATIVE RETENTION TIME IN MIN RELATIVE RETENTION TIME IN MIN

L- I - I— I— I— I— I—L.J—J— I—J— I__I_
0  2  4  6  8  10  12 14 16 18  2 0  2 2  2 4  2 6  2 8  3 0  

RELATIVE RETENTION TIME IN MIN

STANDARD SAMPLE SPIKED SAMPLE
Figure 1 . Chromatograms of the vitamin Ki standard, sample, and spiked sample.
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the Zorbax co lum n used by  B arnett et al. (5) d id  
not im p ro ve  resolution .

The Barnett et al. m ethod  o f sample extraction  
and chrom atography was investigated  using a 
313 n m  detector. A c e to n itr ile -te tra h y d ro fu -  
ra n -e th y l acetate was the firs t so lvent system  
tried . T he analy te  o f interest co-eluted  w ith  
other lip ids and was d iff ic u lt to id en tify . There  
was some separation of v itam in  K j but resolution  
was not acceptable. B arnett v is ited  o u r labora­
tory w h ile  d eve lo pm en t o f the m ethod  was in  
progress and was to ld  that the  separation d if f i ­
cu lty  was due to the co lum n p acking, w h ic h  he 
was try in g  to resolve w ith  the m an ufactu rer 
(Barnett, S., 1982, personal com m unication). To  
gain better chrom atographic resolution, a solvent 
system o f a c e to n itr ile -te tra h y d ro fu ra n -w a te r  
was tried  using the W aters ¿¿Bondapack Cig col­
u m n  and a 254 nm  detector. Separation  was  
poor and required  too long a tim e. The p o larity  
of the  solvent system was adjusted b y  changin g  
the tetrahydrofuran concentration. The v itam in  
K ! peak was s till not d is tinct and w e ll resolved  
at various concentrations o f te trah yd ro fu ran . 
U sing  the same solvent system , 2 d iffe re n t col­
umns, SI-60 and Zorbax O D S, w ere used in  series 
and the sam ple extract was dissolved in  aceto­
n it r ile -e th y l acetate (50 +  50) as m en tio n ed  by  
Barnett et al. (5) ra ther than  hexane, b u t the res­
o lu tio n  was s till poor and some n eg ative  peaks 
w ere detected. F ina lly , a /¿Bondapak C ]8 colum n  
and  a m o b ile  phase o f a c e to n itr ile -m e th a n o l-  
te tra h y d ro fu ra n -w a te r (39 +  39 +  16 +  6) w ith  
detection  at 254 n m  achieved separation w ith  
good reso lution , and  the v ita m in  K i peak was 
sharp and acceptable.

The tim e o f enzym olysis  was increased fro m  
the 1 h suggested by B arnett et al. to 1.5 h , and  
m ethan o l was added to the m o b ile  phase. T he  
a d d itio n a l 30 m in  incu bation  was necessary to 
elim inate background interferences that showed  
up u n d er o u r m o d ified  chrom atograph ic con d i­
tions. Good chrom atograph ic reso lu tion  was 
achieved using a c e to n itr ile -m e th a n o l-te tra h y -  
d ro fu ran -w ater (39 +  39 +  16 +  6). The analytes 
w ere com plete ly  separated in  1 h. V ita m in  K i  
eluted  at a re ten tio n  tim e  o f 10 m in . F ig ure  1 
shows chrom atogram s o f the  standard, sam ple, 
and  spiked sam ple. R ela tive  SD values o f d u ­
plicate assays on 6 samples ranged  fro m  1.33 to 
6.71% (Table 1). Recoveries o f reference stan­
dards prepared  the same w ay  as samples w ere  
97.5-98.5%. Precision of the m od ified  analytical 
m ethod  is acceptable, as show n by the lo w  stan­
dard  deviations o f dup licate  analyses (Tab le  1).

T h e  use o f an in te rn a l standard w o u ld  have
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im pro ved  accuracy and precision but the author 
d id  not have any on hand that could  be used. 
Since tim e was short and  com pliance w ith  the  
In fa n t Form ula Act had to be m et, the authors  
instead ran several samples w ith  the same code 
in  dup licate  plus a spike each day fo r m ore than  
10 days. The results obtained  fro m  day to day  
w ere reproducible and in  good agreem ent. The  
results fro m  a ready-to -feed , a concentrate, and  
a pow der sample agreed w ith  the m anufacturers' 
results of the same code analyzed  by th e ir  labo­
ratory.

Ten in fan t formulas w ere analyzed for v itam in  
K i, in c lu d in g  ready-to-feed , concentrated, and  
pow dered  samples. Sam ples w ere  ra n d o m ly  
selected fro m  reg u latory  samples. T h e  results 
of the analyses obtained  using the m o d ifie d  
H P L C  m ethod  are sum m arized  in  Table 2. Re­
covery o f v ita m in  K i added to in fa n t fo rm u la  
samples ranged from  84 to 103%. The variations  
betw een  the declared v itam in  K i concentrations  
and those obtained by analyses are an o rder o f 
m ag n itu d e  greater than the accuracy o f the ana­
ly tica l m ethod , as ind icated  by the recovery e f­
fic iencies o f spiked samples.

To obta in  h ig h  recoveries, the sam ple extract 
was p repared  and injected on the same day. To  
m a in ta in  good reso lution , the ¿¿Bondapak Q s  
co lu m n  was ro u tin e ly  cleaned and regenerated  
a fte r 2 days' use by sequentia lly  passing 75 m L  
m eth an o l, 100 m L  w ater, 100 m L  m ethan o l, 25

m L  te trah yd ro fu ran , 75 m L ch lo ro fo rm , 25 m L  
tetrahydrofuran , and 100 m L m ethanol through  
the  co lum n.

Conclusion
A  re liab le  and reproducible H P L C  m ethod for 

the d e te rm in a tio n  o f v ita m in  K j is presented. 
The m ethod is suitable for survey and regulatory  
analyses.
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FOOD ADDITIVES

Determination of Styrene Migration from Food-Contact Polymers into 
Margarine, Using Azeotropic Distillation and Headspace Gas 
Chromatography

SANDRA L. VARNER, CHARLES V. BREDER, and THOMAS FAZIO
F o o d  a n d  D r u g  A d m in is t r a t io n ,  D iv is io n  o f  C h e m is t r y  a n d  P h y s ic s ,  W a s h in g t o n ,  D C  2 0 2 0 4

Migration studies were conducted to determine the 
quantity of styrene that migrates from polymers into 
fatty foods, specifically margarine. Azeotropic dis­
tillation was used to isolate styrene from the marga­
rine. Headspace gas chromatography with a Chro- 
mosorb 104 column and a flame ionization detector 
was used for quantitation. The quantitation limit for 
the method was about 25 ppb (wt/wt) styrene in 
margarine. On the average, greater than 90% of the 
styrene was recovered. Several commercial marga­
rines were examined. The method and results of the 
migration studies are presented. There was no de­
tectable migration of styrene into margarine.

Several adverse health  effects are a ttrib u ted  to 
styrene. H u m an s  experience eye, nose, throat, 
and  skin  irr ita tio n  w h e n  exposed to the vapors  
(1, 2). S tyrene has a toxic effect on the liv e r  
(3 -6 ) , acts as a depressant on the central nervous  
system , and  causes neu ro log ical im p a irm en t (1, 
2, 7 -9 ) . A n  increase in  the frequency o f chro­
m osom al aberrations has been observed in  the  
lym p ho cytes  o f h u m an  subjects occupationally  
exposed to styrene (10 -13 ).

S tyrene is the second m ost w id e ly  used 
m o n o m er in  food-contact packaging polym ers. 
E xc lu d ing  housewares, 336 m illio n  pounds of 
polys tyren e  w ere  used in  1978, p r im a r ily  in  
packaging for fresh red meat and pou ltry, cottage 
cheese, fresh fru its  and vegetables, cookies, and  
delicatessen food (14).

Previous w o rk  conducted b y  this laboratory  
ind ica ted  that styrene levels o f 60 -2250  p pm  
w ere present in  polystyrene food packaging (15). 
T he  m o n om er m ig rated  in to  foo d-s im u lating  
solvents fro m  various styrene-con ta in in g  bev­
erage cups. In  studies s im u la tin g  f i ll in g  and  
storage at room  tem perature, the average values 
fo r styrene m ig ra ting  in to  8% ethanol, Mg/sq. cm  
o f con tainer, w ere  0.036 (27 ppb) fo r foam  cups, 
0.064 (52 ppb) for impact polystyrene containers, 
and  0.210 (151 ppb) fo r crystal p o lystyrene  
glasses. U sing  w ater, coffee, and tea, an average

o f 0.0078 M g /S<T cm (6.3 ppb) styrene m igrated  
fro m  foam  cups u nder conditions s im ulating  hot 
f i l l in g  or pasteurization  above 65 .6°C  (16).

T he  m ig ra tio n  levels o f styrene in  substances 
w ith  a h ig h  o il content w o u ld  be expected to be 
h ig h e r than those m en tio ned  above. Previous  
studies have show n that the m onom er m igrates  
in to  corn o il about 6 -1 0  times faster than  in to  
w a te r (1 7 ,1 8 ). In  1978, app ro x im ate ly  131 m il­
lio n  pounds o f styrene-con ta in ing  polym ers  
w ere  used in  packaging m eat, p o u ltry , and  fish, 
93 m illio n  pounds in  packaging d a iry  products, 
an d  5 m illio n  pounds in  packaging ed ib le  fats 
and  oils, specifically m argarine  (14). Studies 
w ere  u nd ertaken  to d eterm ine  the  m ig ra tion  of 
styrene m o n om er fro m  packaging in to  fa tty  
foods. For this purpose, com m ercial samples of 
m a rg a rin e  packaged  in  s ty re n e -c o n ta in in g  
p olym ers  w ere  exam ined.

Various methods have been used to determ ine  
the levels  o f styrene in  foods. W ith e y  and  C o l­
lin s  (19) developed  a headspace gas chrom ato­
g raph ic  (G C ) m ethod  o f analysis; the  d e te rm i­
n a tio n  lim it  fo r styrene m onom er in  m argarine  
was 1 ppm . A  headspace technique was also 
used by Davies and D u n n  (20) to analyze  a syn­
the tic  fat m ixture; styrene levels in  d a iry  p ro d ­
ucts, s im ple aqueous foods, and chocolate spread 
w ere  d eterm ined  w ith  a heptane extraction  
m etho d  fo llo w e d  by GC. B run et al. (21) used a 
hexane extraction m ethod  to analyze  w in e  and  
a m ethan o l e x tra c tio n /d is tilla tio n  m ethod  to 
ana lyze  yogurt. U sing  GC fo r q u an tita tion , the  
d ete rm in a tio n  lim it  fo r styrene was 10 ppb. 
Steam d is tilla tio n  has been em ployed  in  con­
junction  w ith  GC to determ ine the concentration  
of styrene m onom er in  a variety  of foods (22, 23). 
A  d ete rm in a tio n  lim it  o f about 10 ppb was ob­
ta ined  by G aw e ll and Larsson (24), using azeo­
tropic  d is tilla tio n  w ith  m ethano l fo llo w e d  by  
reverse phase liq u id  chrom atography. T he  re ­
covery o f styrene fro m  cooking o il was 55.5% at 
a concentration  o f 360 ppb.

Because o f the h ig h  detection  lim it  fo r theReceived September 9, 1982. Accepted February 1,1983.
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headspace GC m ethod and the h ig h  so lubility  of 
m argarine  in  heptane and hexane, d is tilla tion  
was chosen as the technique to separate styrene  
fro m  the b u lk  o f the m argarine  sample. A zeo ­
trop ic  d is tilla tio n  w ith  m ethano l y ie ld e d  the  
h ighest recoveries. A  B antam -w are d is tilla tio n  
head was used; the use o f a reservoir ahead of the 
co llection  vessel a llow ed  fo r the  concentration  
o f styrene in  the d istillate  and resulted in  h igher 
recoveries. To achieve a lo w  lim it  o f m easure­
m en t, headspace GC w ith  a flam e io n iza tio n  
detector was used for quantitation  o f the styrene  
in  an a liqu o t of the d is tilla te . T he  m ethod  and  
results o f the m ig ra tio n  studies are presented.

E xp e rim e n ta l
Reagents

(a) M e t h a n o l .— D istilled -in -g lass  grade (B ur­
d ick  and Jackson Laboratories, Inc ., M uskegon, 
M I  49442). A n a ly ze  by headspace sam pling  
technique to assure absence of in terferences at 
re te n tio n  tim e o f styrene.

(b ) S t y r e n e .—  99%, s tab ilized  W ith  10 -15  ppm  
p - t e r t -bu ty lca tech o l (A ld r ic h  C h em ica l Co., 
M ilw a u k e e , W I 53233, N o . S497-2). Store in  
freezer in  am ber bottle. C o n firm  p u r ity  by GC  
using flam e io n iza tio n  detector. In  spite o f 
presence of in h ib ito r, some po lym erization  m ay  
take place. Rem ove p o ly m e r by filte r in g  
th ro u g h  W h atm an  N o . 40 paper.

(c) W a t e r .— D is tilled . Test u n d er conditions  
of analysis to assure absence o f substances w ith  
approxim ate  re ten tion  tim e  o f styrene.

Apparatus

See ref. 16 fo r descrip tion  of screw-cap glass 
bottles, syringes, headspace sam ple vials, and  
forced a ir oven.

(a) D is t illa t io n  h e a d .— B an ta m -w a re  N o . 
K287600 (Kontes Glass Co., V in e lan d , NJ 08360). 
(Th e glassware used was specia lly  p repared  fo l­
lo w in g  the design of the B antam -w are d is tilla ­
tion  head w ith o u t in c lu d in g  the  tu b in g  fo r vac­
u um  attachm ent. The apparatus is show n in  
Figure 1.) Using the com m ercial apparatus, keep  
stopcocks open lead in g  to p o in t o f vacuum  at­
tachm ent. Cool cold fin g e r w ith  w a te r that is 
passed through  26 ft (7.9 m ) o f 1 /4  in . (0.6 cm) od 
copper tub ing  coiled in  ice bath.

(b ) C o lle ct io n  v e s s e l .— Glass-stopper 15 m L  
centrifuge tube graduated in  0.1 m L increm ents. 
To cool, place tube in  m ix tu re  o f d ry  ice and  
ethanol.

(c) V a r ia b le  t r a n s f o r m e r .— P o w erstat typ e  
3PN 116B  w ith  0 -1 4 0  V  ou tp u t (Th e  S uperior 
Electric Co., Bristol, C T  06010).

(d ) G a s  c h r o m a t o g r a p h .— H e w le tt-P a c k a rd  
M o d e l 5840A  equ ipped  w ith  te rm in a l, 4 -p o rt 
va lve , and flam e io n iza tio n  detector (H e w le tt-  
Packard, A vo n d a le , P A  19311). O p e ra tin g  con­
ditions: in jection  port 210°C , co lum n and va lve  
185°C , detector 230°C ; n itro g en  carrier f lo w  30 
m L /m in  (as m easured by flo w  sensor ins ta lled  
in  ins tru m en t), hyd ro gen  25 m L /m in , a ir 250  
m L /m in ;  chart speed 1 c m /m in .

(e) GC c o l u m n .—  C o iled  6 ft (1.8 m ) X  1 /8  in . 
(0.3 cm) od stainless steel, packed w ith  6 0 -8 0  
mesh C hrom osorb 104. C o n d itio n  co lum n  
overn ight at 225°C  or u n til acceptable noise level 
is obtained  at low est a ttenuation  setting  o f gas 
chrom atograph. To a llo w  fo r v e n tin g , insert
4 -port va lve  a fte r firs t 2 ft  (61 cm) o f co lum n. 
(O n ly  3 ports are used; cap fo u rth .)

Preparation of Standards

S to c k  s ta n d a rd  s o lu tio n .— Accurately w e ig h  1 oz 
n arro w -m ou th  bottle , screw cap, and  septum . 
P ipet ca 25 m L m ethan o l in to  bottle , cap bottle , 
and rew e ig h . U sing  50 p L  l iq u id  syringe, add  
4 5 -5 0  p L  styrene to m ethano l by q u ic k ly  u n ­
capping bottle  and in jecting  m onom er. (Th is  
procedure is used to avoid  p u n ctu rin g  septum , 
w h ic h  w o u ld  shorten life tim e  o f standard.) 
Im m e d ia te ly  recap bottle , and th o ro u g h ly  m ix  
solution  by shaking. R ew eigh  bottle , and cal­
culate styrene concentration  (ca 2000 ppm ). 
Stock solu tion  can be used at least 1 m o n th  i f  
stored in  freezer.

W o r k in g  s ta n d a r d  s o lu t io n s .— D ilu te  stock stan­
dard solution w ith  m ethanol to prepare w ork ing  
standard solutions o f ca 700, 200, and 70 ppm  
styrene. P ip e t calculated am ount o f stock stan­
dard  solution  in to  1 oz n arro w -m o u th  bottle  
contain ing  k n o w n  vo lu m e of m ethano l so that 
desired concentration  o f styrene is achieved. 
Q u ic k ly  cap bottle  and th o ro u g h ly  m ix  solu tion  
by shaking. Store w o rk in g  standard solutions  
in  freezer to ensure s tab ility  o f ca 1 m o n th .

H e a d s p a c e  s ta n d a rd  s o lu tio n .—  Prepare in  range  
of 2 5 -1 5 0  ppb styrene fro m  styrene w o rk in g  
standard solutions. P ipet 15 m L w a te r -m e th a ­
n o l (90 +  10) in to  23 m L sam ple v ia l. A d d  5 g 
anhydrous N aaS O i and stopper. Shake th o r­
o ugh ly  to dissolve b u lk  o f salt. U nstopper v ia l, 
and add p redeterm ined  vo lu m e o f desired sty­
rene w o rk in g  standard so lu tion , using 10 p L  

l iq u id  syringe. Restopper, cap, and  shake v ia l. 
Prepare solution  fresh daily .

Distillation

A ccurately  w e ig h  ca 10 g m argarine  in to  100 
m L round-bottom  flask. A d d  40 m L w ater, 5 m L



VARNER ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 5, 1983) 1 0 6 9

m ethan o l, and several carborun du m  b o ilin g  
stones. A ttach  flask to B antam -w are type dis­
t illa t io n  head (F igure  1). Place h eating  m antle  
aro un d  sam ple flask and  set attached variab le  
transform er at 80. To lim it  heat loss, w rap  ex­
posed p o rtio n  o f flask and neck and side arm  of 
d is tilla tio n  head w ith  a lu m in u m  fo il. In it ia lly  
d irec t tip  o f cold fin g e r tow ard  sam ple flask. 
A fte r  liq u id  has started accum ulating  in  collec­
tion  reservo ir, le t sam ple re flu x  fo r ad d itio n a l 5 
m in  and then rotate cold finger to direct distillate  
to w ard  reservoir. C o n tin u e  re flu x in g  30 m in . 
S lo w ly  open stopcock on d is tillin g  head and  
collect d is tilla te  in  receiver tube at rate o f 1 
d ro p /8 -1 0  drops fa llin g  fro m  tip  o f cold fin g er  
in to  reservoir (ca 10:1 reflux ratio). A fte r ca 3 m L  
d is tilla te  has accum ulated, stop d is tilla tion . 
M easure and  record vo lu m e collected. Im m e ­
d ia te ly  p ip e t 1.5 m L  a liq u o t in to  23 m L  glass 
headspace v ia l con ta in ing  13.5 m L w ater and  5 
g N a 2SC>4 w h ic h  have been shaken to dissolve  
b u lk  o f salt. Cap v ia l and  shake.

Headspace Sampling Technique

Place sealed headspace vials containing sample 
or standard in  6 0 °C  oven and  le t equ ilibrate . 
A fte r  30 m in , shake via ls  1 m in  to h e lp  break up  
salt. Sam ple headspace after 1 h, using gas sy­
ringe also heated to 60°C . Insert syringe needle  
th ro u g h  v ia l septum . P um p p lu n g e r several 
times to w e t walls o f syringe w ith  sample vapors. 
D ra w  1 m L  headspace w ith  syringe and le t va­
pors equ ilib rate  b etw een  v ia l and syringe fo r 1 
m in  in  oven. Close syringe va lve , w ith d ra w  
need le  from  v ia l, and quick ly  transfer sample to 
gas chrom atograph. A fte r  inserting  syringe  
n eed le  in to  in jector, open va lve  and inject 
headspace sample. Program  gas chrom atograph  
te rm in a l to open ven t va lve  fo r 2 m in  im m e d i­
a te ly  fo llo w in g  start o f ru n . To p reven t salt in  
sam ple solutions fro m  clogging need le , rinse  
syringe betw een  injections w ith  w ater fo llow ed  
by m ethanol.

Recovery Study

M arg a rin e  samples packaged in  styrene-free  
containers w e re  obtained fo r the d eterm inatio n  
o f the am o unt o f styrene recovered, using the  
m ethod  developed. T h e  m argarine  was stored  
u n d er re frig e ra tio n  u n t il used. T h e  samples 
w ere then allow ed  to come to room  'temperature. 
The m argarine was rem oved fro m  the container, 
placed in  a 400 m L  beaker, and m ixed w e ll using  
a spatula; 10 g was then accurately w e ig h ed  into  
a 100 m L round-bottom  flask. A ll  samples w ere  
w eigh ed  on the same day. Flasks con tain ing

those samples not im m ed ia te ly  analyzed  w ere  
stoppered and re frigerated . A fte r  the add itio n  
of w a te r and  m ethan o l, the m argarine  samples 
w e re  spiked w ith  styrene w o rk in g  standards. 
The resulting m ixtures were analyzed for styrene 
by the  azeotropic d is tilla tio n  m ethod  and head- 
space GC. By com paring the GC response o f the 
sam ple to that o f a standard, the q u an tity  o f sty­
ren e in  nanogram s was d ete rm ined  and  the  
percent recovery was calculated. The spiked  
samples had concentrations of ca 2 5 ,75 , and 300 
p pb on a m argarine  basis. Four determ inations  
w ere  conducted at each leve l, w ith  tw o  1.5 m L  
aliquots being  analyzed  from  each d is tilla tion . 
A  m argarine  b lan k  was also ru n  on each day of 
analysis.

Commercial Product Analyses

Several com m ercial products w ere  obtained to 
study the  m ig ra tion  o f sytrene fro m  polym ers  
in to  m argarine . The samples w ere  analyzed  
soon a fte r purchase and before the product ex­
p ira tio n  date. T he  m argarine  was stored and  
prepared  as fo r the recovery studies. Ten  g 
samples w ere  then  accurately w e ig h ed . T he  
azeotropic d istillation  m ethod and headspace GC  
w ere  used fo r the analysis. C a lib ra tio n  curves 
o ver the concentration  range o f 2 5 -1 5 0  ppb  
styrene w ere  p repared  d a ily  to quantitate  any  
styrene that had m igrated . T hree  d e te rm in a ­
tions w ere  conducted on each com m ercia l sam­
ple. T w o  1.5 m L aliquots fro m  each d is tilla tio n  
w ere  taken for GC analysis.

In fra re d  (IR ) spectra w ere  obtained  to q u a li­
ta tiv e ly  id e n tify  the p o ly m e r fro m  w h ic h  the  
m argarine tubs w ere prepared and to confirm  the  
presence o f styrene. O n e -h a lf-in c h  square (3.2  
sq. cm) pieces w ere  cut fro m  the  containers. 
Each section was placed betw een 2 sheets of th in  
a lu m in u m  fo il and pressed in to  a th in  (1 -2  m il)  
f i lm  w ith  a R ucker P H I M o d e l SP-215C heated  
bench press operated at 193°C  and 30 000 lb ram  
force pressure. A  P e rk in -E lm e r M o d e l 735B  
double-beam  grating IR  spectrophotom eter was 
used to obtain the spectrum from  each film . The  
qualitative com position of each p o lym er sample 
was determ ined from  comparisons w ith  standard  
spectra.

R esults and  D iscussion

Method Development
For the determ ination  of styrene in  m argarine, 

a re v ie w  o f the lite ra tu re  ind icated  tha t the  
low est d e te rm in a tio n  lim its  and h ighest recov­
eries w o u ld  probab ly  be obtained  using azeo-
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Figure 1. D istillation head w ith  cold finger (for 
emphasis, tip of cold finger has been darkened).

trop ic  d is tilla tio n  fo llo w e d  b y  headspace GC. 
In it ia lly , steam d is tilla tio n  was trie d  as the  p ro ­
cedure to separate th e  in d ire c t food add itive . 
Both in  situ and external generation of steam was 
attem pted, w ith  recovery levels o f o n ly  20%. By 
add ing  an 8% e thano l so lu tion  to the m argarine  
sample and d is tillin g , 50-60%  of the styrene was 
recovered. In  an attem pt to im p rove the results, 
several o ther solvents that fo rm  azeotropes w ith  
styrene w ere  used. n -P ro py l alcohol was found  
to contain  a large in te rfe rin g  com ponent even  
afte r red is tilla tio n . U s in g  a 10% so lu tion  of 
isopropyl alcohol as the d is tillin g  agent resulted  
in  app ro x im ately  40% recovery o f the  styrene  
fro m  the m argarine.

D is tilla tio n  o f the m argarine  samples w ith  
aqueous solutions of m ethan o l y ie ld e d  the  
highest recovery levels. Using the conventional 
d is tilla tio n  apparatus, about 60% o f the added  
styrene was recovered. W h e n  100% m eth an o l 
was the d is tillin g  agent, o n ly  30% recovery was 
obtained. Larger am ounts o f styrene w ere  re ­
covered fro m  the m argarine  by ad d ing  increas­
in g  volum es o f w ater. T h e  rate o f d is tilla tio n  
decreased, h o w ever, as m ore w a te r was added. 
W ith  10 g m argarine and 5 m L  m ethanol, the use 
of 40 m L w ater was a good com prom ise betw een  
recovery and d is tilla tio n  rate.

Because the recovery levels w ere  som ew hat 
less than  o p tim u m , a B antam -w are style d is t il­
la tio n  apparatus was tested (F igure  1). W ith  a 
reservo ir b etw een  the cold fin g e r and  the  exit 
va lve , styrene could be concentrated  in  the d is­
tilla te  before co llection , thus p o te n tia lly  in ­
creasing recovery levels. L en g th en ing  the tim e  
that the sam ple re fluxed  increased the am ounts  
of styrene recovered. A  re flu x  tim e  o f 30 m in  
y ie ld e d  recoveries of g reater than  80%, as de­
sired.

Several steps w ere  taken  to im p ro ve  the e ff i­
ciency o f the d is tilla tio n . T he  exposed p o rtio n  
o f the sam ple flask and the neck and  side arm  of 
the d is tilla tio n  head w ere  w ra p p e d  w ith  a lu m i­
n um  fo il to lim it  heat loss. Thus, the re flux  rate 
and  the  o vera ll speed of the d is tilla tio n  proce­
d u re  w ere  increased. Because the tem peratu re  
was variab le , the tap w ater used to cool the cold  
f in g er was passed through  copper tub ing  coiled  
in  an ice bath. T he  effic iency o f condensation  
im p ro v e d  and the p o ten tia l loss o f styrene de­
creased. U p o n  s itting  at room  tem peratu re , the  
collected d is tilla te  lost styrene. W h e n  the col­
lec tio n  tube was placed in  e thano l and d ry  ice, 
th is loss was e lim in ated .

In it ia lly , fo r G C analysis 1 m L  d is tilla te  was 
added to 9 m L  w a te r in  a 23 m L  headspace v ia l. 
W h e n  the f in a l vo lu m e o f liq u id  in  the v ia l was 
increased to 15 m L, i.e., 1.5 m L d istillate  and 13.5 
m L  w ate r, a larger styrene peak resulted. Be­
cause the volum e taken for analysis rem ained the  
same, the actual percentage of headspace injected  
in to  the gas chrom atograph  was increased.

C om pounds o f h ig h  ion ic  strength  have been  
used to enhance the vapor concentrations of 
v o la tile  organic com ponents in  headspace GC  
(25). V arious am ounts o f sodium  sulfate w ere  
added to the sam ple vials to increase the sensi­
t iv ity  o f the analysis. Increasing the am ount of 
salt added fro m  1 to 5 g resulted in  increases in  
the  peak heights o f styrene, w ith  a 3- to 4 -fo ld  
enhancem ent. The add itio n  o f 5 g salt y ie ld ed  
a saturated so lu tion  even after 1 h equ ilib ra tio n  
in  the oven. A t  lo w e r salt concentrations, in ­
consistent peak heights w ere  obtained. For a ll 
fu r th e r  w o rk , 5 g N a 2 S 0 4 was added to the  
headspace via ls  before analysis.

As p rev iou s ly  fou nd  (16), the tim e needed to 
adequately equ ilibrate  the headspace samples in  
the  oven was 60 m in . Increasing the  tim e  to 90 
m in  resulted in  o n ly  a s ligh t increase in  the  
h eights  obta ined  fo r the styrene peak.

The colum n used previously for headspace GC  
of styrene was 6% Carbowax 20M  on Chromosorb  
101 (16). In  testing this colum n in it ia lly  fo r the
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Figure 2. Gas chromatograms of 1 ml headspace 
injections from A, 25.2 ppb styrene standard; and B, 
75.5 ppb styrene standard. Heights of styrene peaks 

are ca 7% FSD in A and 24% FSD in B.

S T Y R E  NE

Figure 3. Gas chromatograms of 1 ml headspace 
injections from A, margarine blank; B, recovery study 
at 24.9 ppb level of styrene; and C, recovery study at 
75.1 ppb level of styrene. In B, height of styrene peak 

is ca 8% FSD and in C, 23% FSD.

q uan tita tio n  o f styrene from  m argarine , the  in ­
d irect food add itiv e  e lu ted  on the lead in g  edge 
of a larger peak and a sm all in te rfe rin g  peak was 
present at the same retention tim e. A n  uncoated 
C hrom osorb  101 co lum n was tried . A lth o u g h  
styrene was better separated from  the other peaks 
present, some overlapping rem ained, along w ith  
an increase in  the  background slope and a de­
crease in  sensitiv ity . In  an a ttem pt to im p ro ve  
the chrom atography, several other columns were  
tested. A  colum n packed w ith  Chrom osorb 104 
y ie ld e d  acceptable chrom atography. C oating  
the p acking  w ith  3% Carbow ax 2 0M  im p ro ved  
the peak shape som ew hat b u t resulted in  an  
o verlap  o f styrene w ith  a la te r e lu tin g  peak. 
Thus, a co lu m n packed w ith  uncoated C h ro m o ­
sorb 104 was used to quantitate  styrene fro m  
m argarine .

T h e  m ethanol present in  the headspace tailed  
w h e n  chrom ato graph ed , causing a s lop ing  
b ackg roun d  fo r the styrene peak. As fou nd  
p rev io u s ly  (16), by v e n tin g  the  colum n im m e ­
d ia te ly  a fte r sam ple in jection , this background  
cou ld  be reduced. (The colum n was vented  2 ft 
(61 cm) fro m  the end nearest in jection .) A  ve n t  
tim e of 2 m in  decreased the slope by one-half and  
ensured th a t no styrene was lost.

M argarines  prepared  from  several d iffe re n t  
k in d s  o f o ils — v ege tab le , s u n flo w e r, and

co rn — w ere  exam ined to assure the absence of 
in te rfe rin g  peaks w hen  the above GC procedure  
was used. In  general, no peaks w ere seen at the 
re te n tio n  tim e of styrene. M arg arin e  samples 
that w ere  le ft  open fo r 1 -2  weeks developed a 
greasy f ilm  on the surface. Several of the peaks 
in  the chrom atogram of m argarine increased and 
styrene e lu ted  on the tail o f ano ther peak.

Using the headspace GC procedure developed, 
the retention  tim e of styrene was approxim ately  
10 m in . D e fin in g  the determ ination  lim it as that 
concentration  y ie ld in g  a peak h e ig h t o f 10% 
full-scale  deflection  (FS D ), a styrene leve l of 
about 25 ppb could be determ ined . C hrom ato ­
grams of styrene at this level and at about 75 ppb  
are show n in  F igure 2. The lin e a r range o f the  
m ethod was determ ined from  analysis o f styrene 
standard solutions. T he  headspace ca libration  
curve was lin e a r from  at least 300 ppb d o w n  to 
the quantita tion  lim it.

Recovery studies w ere  conducted using m ar­
g arine  packaged in  a s tyrene-free container. 
(Th e m argarine was m ade w ith  s u n flo w er o il.) 
Sam ple chrom atogram s are show n in  F igure 3. 
A  very  sm all in terference was present at the re ­
ten tion  tim e of styrene. The height of this peak 
was subtracted from  that o f styrene before cal­
cu lation  o f the percent recovery. A verage re­
covery fo r 25.0, 24.9, 25.0, and 25.6 ppb added
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styrene was 102 ±  0.5%; average recovery of 75.1,
75.5, 75.1, and 74.7 ppb added styrene was 91 ±  
4.2%; and average recovery o f 296, 296, 294, and  
296 ppb added styrene was 92 ±  3.4%.

Migration Studies

To study the m ig ra tio n  o f styrene from  p o ly ­
mers in to  m argarine, 7 m argarine  samples w ere  
purchased from  local area stores. (Four o f the  
products w ere  made fro m  100% corn o il and  3 
from  vegetable oils.) IR  spectra o f film s  p re ­
pared fro m  the containers co n firm ed  that the  
polym er contained styrene. A  com parison w ith  
standard spectra ind icated  that the m aterials  
w ere s im ila r to a s ty ren e-m eth y l m ethacry la te  
copolym er or a styrene-butyl acrylate copolym er
(26).

The levels o f residual styrene in  packaging  
m aterials w ere  d eterm ined  using a m etho d  de­
ve loped  prev iously  (15), w ith  s ligh t m o d ifica ­
tions. The liqu id  chrom atographic colum n used 
was 4.6 m m  id  X 250 m m  packed w ith  5 p m  A ltex  
U ltrasphere O ctyl (R a in in  In s tru m e n t Co., Inc ., 
W o burn , M A  01801, N o . 256-08). To resolve the 
styrene peak from  those o f the in terferences, a 
m obile phase of te trah ydrofuran-w ater (50 +  50) 
was used w ith  a f lo w  rate o f 0.8 m L /m in . T w o  
tubs of each type o f m argarine , or 4 tubs in  a ll, 
w ere exam ined. Three 1 g portions w ere  taken  
from  each container. The residual levels of 
styrene w ere  calculated to be 401, 344, 371, and  
376 ppm  w ith  standard deviations o f 2.3, 4 .0 ,8.5 , 
and 5.0, respectively.

Azeotropic d istillation and headspace GC w ere  
used to carry out the determ inations. There was 
no evidence o f the presence o f styrene in  any of 
the margarine samples analyzed. To confirm  the  
adequacy o f the chrom atography fo r the d eter­
m ination  of styrene, one aliquot of d istillate from  
each m argarine sample was spiked at the 50 ppb  
level. Chromatograms are shown in  Figure 4. A  
peak was noted at a retention tim e of about 11-12  
m in . In  general, this peak was broad and small. 
I t  was not com plete ly  resolved from  the styrene  
peak in  all cases, but because of its location under 
the ta il, it  w o u ld  not in te rfe re  w ith  the peak  
h eig h t measurem ent and, hence, q uantitation  of 
styrene. O ne  of the samples of m argarine  ex­
h ib ited  a peak w ith  a h e ig h t o f about 50% FSD at 
a re ten tion  tim e o f 11.9 m in . A  spike o f the  
sam ple con firm ed  that styrene could be q ua lita ­
t ive ly  id e n tif ie d  i f  present in  this sam ple. Be­
cause o f the location o f the styrene peak on the  
lead ing  edge o f this larg er peak, h o w ever, a cal­
cu lation  o f styrene concentration  w o u ld  be u n ­
certain.

Figure 4. Gas chromatograms of 1 ml headspace 
injections of aliquots from analysis of margarine 
from styrene-based tubs, A, unspiked; and B, spiked 
with styrene at 50.6 ppb level. In B, height of styrene 

peak is ca 16% FSD.

Previous studies have show n that styrene m i­
grates fro m  p o lym eric  containers in to  foods. 
W ith e y  and  C o llin s  (19) found  that styrene m i­
g rated  in to  b u tte r fat cream at levels o f 22 ppb  
after 5 days, 44 ppb after 17 days, and 59 ppb after 
24 days. L o w er levels o f m ig ra tio n  occurred in  
cottage cheese, sour cream (except for one sample 
w h ic h  y ie ld e d  o u tly in g  results), yogurt, ho ­
m ogen ized  m ilk , yop i (cu ltu red  m ilk ) , and  
honey. Studies conducted by Davies (27), using  
im pact po lystyrene w ith  residual styrene levels  
of 500 ppm , showed that the m onom er m igrated  
in to  single cream (19.5% fat) at concentrations of 
20 ppb a fter 1 day, 107 ppb a fte r 7 days, and 170 
ppb after 21 days, and into  double cream (53% fat) 
at levels of 20 ppb a fte r 1 day, 150 ppb a fte r 7 
days, and 270 ppb a fte r 21 days.

A  fe w  studies have been conducted on the  
m ig ra tio n  o f styrene in to  m argarine. W ith e y  
and  C o llin s  (19) d id  not f in d  any styrene m ig ra ­
tio n  fro m  com m ercial po lystyrene containers, 
using a m ethod  h av in g  a d eterm ination  lim it  of 
1 ppm . In  crystal po lystyrene w ith  residual 
levels  o f 800 p pm  styrene, levels o f 31 ppb sty­
rene w ere  fo u n d  in  m argarine  a fter 90 days at 
4 °C  (28). A  com parison w ith  the study p re ­
sented here cannot be m ade because of the d if ­
ference in  the polystyrene m aterial exam ined in
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th e  above w o rk  and  the  copolym er m ateria l ex­
am in ed  in  this w ork .
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T O B A C C O

Application of Tenax Trapping to Analysis of Gas Phase Organic 
Compounds in Ultra-Low Tar Cigarette Smoke

CECIL E. HIGGINS, WAYNE H. GRIEST, and GERRY OLERICH
O a k  R id g e  N a t io n a l  L a b o r a t o r y ,  A n a ly t i c a l  C h e m is t r y  D iv is io n ,  P O  B o x  X ,
O a k  R id g e ,  T N  3 7 8 3 0

A method well suited to the analysis of gas phase 
organic compounds in ultra-low tar delivery cigarette 
smoke has been developed. The cigarette is smoked 
directly through a filter and a Tenax trap arranged in 
series. The components collected on Tenax are ana­
lyzed by thermal-desorption programmed-temper- 
ature gas chromatography. Components are then 
quantitated by the use of external standards. The 
smoke from high tar delivery cigarettes also can be 
analyzed by thermal desorption gas chromatography 
of portions of well mixed solid dilutions of the 
trapping Tenax. Deliveries of 34 gas phase compo­
nents were determined for 4 ultra-low tar cigarettes 
having tar deliveries ranging from <0.01 to 3 mg 
tar/cigarette, and 24 components for 5 cigarettes de­
livering 7 to 45 mg tar/cigarette.

The analysis of gas phase organic com pounds in  
sm oke fro m  u ltra -lo w  tar cigarettes w h ere  the  
am o un t o f sam ple is extrem ely  lim ite d  requires  
an e ffic ie n t and sensitive analy tica l m ethod. 
C urrent methods developed w ith  relatively  h ig h  
tar d e liv e ry  cigarettes usually  em p loy  cryother- 
m al trapp ing  of the gas phase com ponents (1 -4 ); 
h ow ever, single puffs  o r a collection  o f puffs in  
a large syringe have been d irected  to a colum n  
in  a gas chrom atograph (G C ) th rou gh  the gas 
sam pling  va lve  (5). O th e r m ethods in vo lve  
condensing w h o le  sm oke, fo llo w e d  by frac­
tionation  (6) or d istillation  of volatile  compounds 
(7, 8) to the G C colum n. Also, devices have been  
developed  to generate an "average p u ff"  (9) of 
sm oke, the  gas phase o f w h ic h  is d e livered  d i­
rec tly  to the GC colum n (10). A lth o u g h  a ll of 
these m ethods have p roven  applicable to the  
analysis o f the gas phase o f re la tive ly  h ig h  tar 
cigarettes, they  a ll have drawbacks w h en  used 
w ith  cap illa ry  co lum n gas chrom atography and  
u lt ra - lo w  tar (< 5  m g /c ig a re tte )  cigarettes. 
Sample can be lost during  transfer because of the 
use of m etal sam pling valves. Also, the capillary
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co lum n m ay become contam inated  w ith  p artic ­
ulate m atter w h en  w ho le  smoke is sampled. The  
methods also are applicable m ain ly  to the h igher 
tar cigarette products, and m ay lack suffic ien t  
sens itiv ity  fo r analysis o f recen tly  in troduced  
u ltra -lo w  tar cigarettes.

Zeldes and  H o rto n  (11) used a d iffe re n t  
m ethod  em ploy ing  Tenax, an adsorbent resin, to 
trap  the cigarette smoke gas p h a ie . Fractional 
portions o f the cigarette smoke gas phase from  
each p u ff  w ere  sam pled in  a loop and  w ere  
transferred  to a Tenax trap using an in e rt gas 
sweep. T hey  subsequently the rm a lly  desorbed
(12) lo w  b o ilin g  constituents such as acetalde­
h yd e  and  acro lein  fo r d eterm ination  using  
packed colum n gas chrom atography. A ltho ug h  
the collection  and analysis o f the gas phase is 
m ore direct, the fraction  o f the  p u ff taken is 
presum ed to be representative o f the en tire  
p u ff.

This paper describes an im p ro ved  m ethod  of 
gas phase collection  and analysis in  w h ic h  the  
cigarette is smoked directly through a Cam bridge  
f i lte r  and  Tenax trap. The gas phase organic  
com pounds collected on the  Tenax resin are de­
te rm in e d  by therm al-desorp tion  cap illa ry  col­
u m n  gas chrom atography. This  m ethod  is p ar­
ticu la rly  applicable to the d eterm ination  o f gas 
phase constituents from  u ltra -lo w  tar cigarettes, 
but can be applied to h igher tar-delivery cigarette 
products also.

M E T H O D

Materials

(a) C ig a r e t t e s .— (Cigarettes used in  th is study  
(Tab le  1) w ere  com m ercial varieties obtained  
fro m  dom estic and fo re ig n  m arkets, except the  
1R1 K entu cky  Reference cigarette was obtained  
fro m  the U n ive rs ity  o f K entucky.) Seal ciga­
rettes in  plastic bags and store at —20°C . C o n ­
d itio n  > 4 8  h at standard conditions (13) o f 60 ±  
2% re la tive  h u m id ity  and 24 ±  1°C  before use. 
Select specimens fo r analysis on the basis of 
w e ig h t (usually  w ith in  ± 2 0  m g o f the average)
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Table 1. Cigarette description

Physical charac teris tics

Av. Sm oking charac teris tics
resistance- ------------------------------------------

Brand T ype 3

A v. 
w t, g

to -draw , 
m m  H20

Nominal 
length, mm Puff No.

Tar de live ry , 6  

m g /c ig a re tte

High ta r:
A O.F.HP 1.583 80 80 18 45
B K.NF.SP 1.123 70 85 1 1 36
C O.NF.SP 0.424 76 65 9 26
D A.F.HP 0.941 118 85 9 16

Low ta r:
E A.S.F.SP 0.947 132 85 6 7

U ltra-low  ta r:
F A.DF.SP 0.844 89 85 8 3
G A.DF.HP 0.715 130 85 8 0 .2 C
H A.DF.HP 0.932 148 85 9 < 0 .1 6

1 A.DF.HP 0.817 1 0 0 85 7 < 0 .0 1 c

3  0  =  o rien ta l com m erc ia l brand, F = conventiona l f ilte r, K =  1R1 Kentucky Reference c iga re tte , NF =  non filte red , A = 
Am erican com m erc ia l brand, S =  tobacco  substitu te , DF =  air d ilu tion  vents in f ilte r  rod, HP =  hard pack, SP = so ft pack.

6  M easured a t Oak Ridge National Labora tory, excep t as noted. 
c Advertised values.

and  resistance-to-draw  (R T D ) (n o rm a lly  w ith in  
± 5  m m  w a te r o f the average).

(b) T e n a x  t r a p s .— T reat Tenax-GC® (3 5 -6 0  
mesh, A p p lie d  Science Laboratories Inc., P O  Box 
440, State C o llege, P A — referred  to th ro u gh o u t 
this p ap er s im p ly  as Tenax) in it ia lly  w ith  suc­
cessive batch extractions (2 each) w ith  equal or 
greater vo lum es o f w ater, 50% m eth an o l, m e th ­
an o l, e th er, and  pentane (a ll solvents reagent 
grade o r red is tilled ). A fte r  last pentane w ash, 
transfer Tenax to large Soxhlet extractor con­
ta in in g  large, hom e-m ade stainless-steel cloth  
th im b le  fo r continuous extraction w ith  « -p e n ­
tane (B urd ick and  Jackson) fo r 48 h. B low  o ff  
residual pen tan e w ith  n itro g en  sweep; then  
condition  Tenax in  1 L stainless steel bom b under 
h e liu m  f lo w in g  at 300 m L /m in  fo r 1 h at room  
tem pera tu re , fo llo w e d  by tem peratu re  pro ­
g ra m m in g  at 2 ° /m in  to 25 0 °C  and h o ld in g  for  
24 h. C ool to room  tem peratu re  u n d er f lo w in g  
h e liu m  and  transfer Tenax in  clean a ir box to 
b ro w n  b o ttle  h av in g  a lu m in u m  fo il- lin e d  cap.

Load Tenax traps [heavy-w all Pyrex desorption  
tubes 9 m m  od X  5 m m  id  X  11 cm lon g , tapered  
at one end  to f it  end  o f G C (P e rk in -E lm e r 900) 
in jector p o rt (11, 12)] w ith  220 ±  15 m g Tenax. 
H o ld  in  place w ith  solvent-w ashed and th e r­
m a lly  cond itioned  glass w ool.

(c) GC c o lu m n . — Use glass capillary  colum n 66 
m  long, w a ll coated w ith  0.21% U C O N  50 H B  660. 
Prepare by m ethod  described in  reference 14 
except fo r d iffe re n t e tch ing  procedure, below :

F ill  0.25 m m  id  colum n at room  tem perature

w ith  2% ( w / v )  solution o f am m onium  b ifluo rid e  
in  m ethano l. Etch statically by im m ers ing  col­
u m n  in  50 ±  1 °C  w a te r fo r 1 h , coo ling  to room  
tem peratu re , flu sh in g  am m on ium  b iflu o rid e  
solu tion  w ith  15 m L  m ethan o l, and  d ry in g  w ith  
stream  o f n itro g en  before f i ll in g  w ith  coating  
solution (0.21% ( w / v )  U C O N  50 H B  660 in  ether). 
Coat colum n statically (14). Th is  trea tm ent 
produces a co lum n som ew hat acidic in  n atu re , 
w h ic h  restricts com ponents d e te rm in ed  to n eu ­
tral and acidic species. Basic com pounds do not 
chrom atograph w e ll.

Procedures

C ig a rette  s m o k in g  a n d  sa m p le  co llectio n . — M eth od  
o f sam ple collection  is illus tra ted  in  F igure  1, 
w h ic h  shows Tenax trap  connected b etw een  
C am bridge f ilte r  and sing le port sm oking  m a­
ch ine  (4) w ith  silicone rubber sleeves. Set p u ff  
vo lu m e p u lle d  th rou gh  f ilte r  and Tenax trap  by  
sm oking  m achine at 35 m L , using  soap f ilm  
flo w m e te r to m easure vo lu m e  d raw n . Recon­
d ition  Tenax trap at 250°C  u nd er flo w in g  h e liu m  
at 2 -5  m L /m in  fo r 1 5 -20  m in  and  cool u n d er  
d ouble  con tainm ent. Reassemble e qu ipm ent 
and  smoke cigarette (one p er analysis, at least 3 
analyses per cigarette brand) using standard p u ff  
parameters (one 35 m L  p u ff o f 2 s d uration  taken  
per m in ) (15) to w ith in  2 -5  m m  o f f i lte r  over- 
w rap . Take care to m in im iz e  d r if t in g  o f side- 
stream smoke back tow ard  a ir d ilu tio n  holes in  
f ilte r  d u rin g  sm oking.

P u ff flo w  p ro file  measurements made through
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Figure 1. Photograph of cigarette smoke gas phase sampling equipment.

Tenax trap  are not d iffe re n t fro m  those taken  
w ith  trap  rem oved , in d ica tin g  that presence of 
Tenax trap  does not d istort p u ff  p ro file .

S t a n d a r d s .— Use com pounds e ith e r present in  
cigarette smoke or app licab le  as surrogates for 
those that are present. Use substances o f >97%  
p u rity  as d eterm ined  by gas chrom atography.

(a) S t a n d a r d  A .— In to  ca 20 m L  red is tilled  
carbon d isu lfid e  in  25 m L  vo lu m etric  flask, ac­
curately  p ip e t w ith  m ic ro lite r syringe 4 -1 0  ,uL 
each of m e th y l e th y l ketone, b enzene, to luen e, 
«-n o nane , non ene-1 , b u ty l acetate, e th y l b en ­
zene, m -xylene, o-xylene, styrene, and  D -lim o -  
nene. D ilu te  to 25 m L  m ark  w ith  red is tilled  
carbon d isu lfid e , and m ix. F rom  k n o w n  densi­
ties, calculate standard concentrations (ca 0.1-0 .3  
f i g l l x L ) .  T ransfer to v ia l sealed w ith  a T e flo n ­
faced septum  in  an open-faced screw cap and  
store in  a freezer at —20°C . Rem ove from  
freezer and  w arm  to room  tem peratu re  before  
analysis. Replace punctured  septum  w ith  fresh  
septum  before  re tu rn in g  to storage.

(b) S o lu tio n  B .—  In to  ca 8 m L  red is tille d  to lu ­
ene in  10 m L  vo lu m etric  flask, accurately p ipet 
w ith  m ic ro lite r syringe 2 0 -5 0  n L each o f 2- 
m eth y l b utene-1, isoprene, hexene-1, acetone, 
acrolein , cyclohexene, acetonitrile , m ethy l e th y l 
ketone, and benzene. D ilu te  to 10 m L  w ith  
red is tilled  to luene. M ix , transfer, and store as 
described above. Calculate standard concen­
trations (ca 2 -4  n g / n L ) .

A n a ly s is .— For cigarettes d e liv e rin g  < 0 .2  m g  
tar, use en tire  trap  fo r th erm al desorption  ana l­
ysis. For cigarettes d e liv e rin g  > 0 .2  m g tar, u n ­

load Tenax in  clean a ir box in to  fared v ia l. 
W eig h  portions o f this w e ll m ixed  sam ple, o r o f 
hom ogeneous d ilu tio n  m ade w ith  a k n o w n  
am ount o f clean Tenax, fo r analysis by therm al 
desorption  gas chrom atography. Seal the th e r­
m al desorption  tubes w ith  sn u g -fittin g  T e flo n  
end  caps to protect Tenax fro m  atm ospheric  
contam ination  d u rin g  w e ig h in g . This  m ethod  
o f sam ple s p littin g  (d ilu t in g  w ith  clean Tenax) 
w h en  ana lyzing  smoke from  h ig h e r tar d e liv e ry  
cigarettes is s im ple and practical and gives good  
rep ro d u c ib ility . W e p re fe r this approach over  
colum n in le t sp littin g  because the sp lit ra tio  is 
accurately k n o w n  and is the same fo r a ll com ­
ponents reported  in  th is study. T here  is a risk  
of sample fractionation i f  a capillary colum n in le t 
sp litte r is em p loyed  w ith  such a w id e  b o ilin g  
range m ix tu re  (ca 2 1 -1 7 5 °C ).

The therm al desorption analysis m ethod used 
is essentially  the same as described ea rlie r (14) 
except that on ly  a cryoloop (16) at the front of the  
G C colum n is cooled in  liq u id  n itrogen , thereby  
p ro du c in g  m uch better peak reso lution  at the  
fro n t o f the p ro file . W ith  the in jector port tem ­
p era tu re  at 250°C , liq u id  n itrog en  d ew ar flask  
aro un d  the cryo loop, and h e liu m  carrier gas 
f lo w in g  at > 1  m L /m in  (1 m L /m in  at room  tem ­
perature) insert the Tenax trap, rich ly  laden end  
firs t, in to  in jector port. In  the same operation , 
add spring  w h ic h  keeps trap  snugly  f itt in g , and  
ra p id ly  recap in jector port (use T e flo n  gasket in  
in jec tor port cap). A fte r  18 m in , rem ove Tenax  
trap  and  recap port. A  m in u te  later, rem ove  
liq u id  n itrogen; increase tem perature to and hold
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Table 2. Breakthrough of gas phase constituents as 
function of cigarette tar delivery

Breakthrough,3 %

Tar delivery, m g/cigarette

Constituent B(36) D(16) F(3) H (<0.1)

Methyl butene 207 133 10 0
Acetaldehyde +  

isoprene 174 138 16 0.6
Hexene 45 23 0 .4 0
Acetone 97 34 0.7 0
Cyclohexadiene 2 3 0.2 0
Methyl furan 2 3 0.1 0
Benzene 3 0 .4 0.5 0
Toluene 0.2 0.8 0.1 0

a % Breakthrough

amount collected on backup trap= ------------------------------------- ------— x 100
amount collected on front trap

at 0 °C  fo r 16 m in  before program m ing at 2 ° /m in  
to 150°C . C om ponents are detected by flam e  
io n iza tio n . D etector signal is e lectron ica lly  in ­
tegrated  by a P D P 8 /e  com puter w h ic h  directs a 
p rin to u t o f peak areas and re ten tio n  times.

C om ponents are id e n tif ie d  by gas chrom a­
tography-m ass spectroscopy and v e rif ie d  by  
com parison of gas chrom atography re ten tion  
tim es w h e n  auth en tic  standards are availab le. 
C om ponents are q uantitated  by the m ethod  of 
externa l standards, as fo llow s: For most com ­
ponents (benzene and  h ig h e r b o ilin g  sub­
stances), add 2 p.L Standard Solution A  to p lu g  of 
glass w oo l in  fro nt end of clean Tenax trap w h ile  
p u re  a ir is bein g  p u lle d  th ro u gh  trap  at 120 
m L /p e r  m in  fo r 10 m in  to transfer standards to 
Tenax and rem ove most o f the carbon d isu lfid e . 
For substances m ore vo la tile  than  benzene, add  
0.1 fxL  S tandard  S o lution  B d irec tly  onto Tenax

w ith o u t pure  a ir flush. Use same therm al de­
sorption  G C program  as in  gas phase analyses to 
o bta in  response factors fo r k n o w n  com pounds. 
A p p ly  appropria te  response factor to in tegrated  
peak area fo r each gas phase com ponent. M u l­
t ip ly  w e ig h t thus fou nd  by d ilu tio n  factor to 
o bta in  am ount o f each com pound d e live red  by 
cigarette.

Gas Chromatography-Mass Spectroscopy

Mass spectral verifica tion s  o f peak id e n tific a ­
tions w ere  m ade on a H ew le tt-P ackard  M o d e l 
5985 G C /M S  system, using same colum n and  
chrom atograph ic  conditions s im ila r to those of 
th e  analy tica l gas chrom atography. Spectra 
w e re  recorded at 70 eV  io n iz in g  vo ltage in  the  
electron  im pact m ode.

R esults and D iscussion

T he  a b ility  o f th is procedure to analyze  the  
en tire  collected sample allow s, fo r the first tim e, 
sens itiv ity  fo r the analysis o f some u ltra -lo w  tar 
cigarette products. T h ro u g h  sim ple d ilu tio n  of 
the Tenax, gas phase samples collected from  
h ig h e r tar d e liv e ry  cigarettes also can be ana­
lyzed . Profiles o f the gas phase from  3 d iffe ren t 
cigarettes are shown in  Figure 2. P rofile  A  is the  
chrom atogram  of the gas phase of the nonfiltered  
1R1 K entucky Reference cigarette (brand B, Table
1) w h ic h  has a tar d e liv e ry  o f 36 m g /c igarette . 
T h e  Tenax sam ple was d ilu te d  by a factor o f 180 
to 1. P ro file  B is the gas phase of an a ir-d ilu tio n  
f ilte r , u ltra -lo w  tar cigarette (b rand  F, 3 m g ta r /  
cigarette), w h ich  required a Tenax d ilu tio n  factor 
o f 65. P ro file  C represents the gas phase o f the  
low est tar d e livery  cigarette w e  have tested, also 
an a ir-d ilu tio n  filte r  cigarette (brand  I, <0 .01  mg  
tar/c ig a re tte ). N o  d ilu tio n  o f the Tenax was 
requ ired  in  this case.

A  com parison o f the profiles shows the ab ility

Table 3. Analytical reproducibility of trapping and analysis procedure as function of cigarette tar delivery

Amount trapped, ¿rg/cigarette (relative standard deviation, % )a

Tar delivery, m g/cigarette

Component B(36) D(16) F(3) G(0.2) H (<0.1) l(<0 .01)

Acetaldehyde +  isoprene ( - ) b (± 2 3 ) ( - ) b (± 2 1 ) 92 (± 1 3 ) 24 (± 2 8 ) 4.7 (± 5 2 ) 2.0 (± 4 0 )
Acetone ( - ) b (± 2 4 ) ( ~ ) b (± 1 7 ) 52 (± 1 4 ) 16 (± 3 5 ) 0.77 (± 3 8 ) 0 .42 (± 7 4 )
Methyl ethyl ketone 131 (± 1 0 ) 91 (± 3 0 ) 17 (± 2 3 ) 4.5 (± 1 8 ) 0 .15 (± 5 7 ) 0 .03 (± 4 6 )
Benzene 75 (± 1 7 ) 57 (± 1 3 ) 13 (± 1 4 ) 2.6 (± 3 6 ) 0 .1 4 (± 7 5 ) 0.07 (± 4 6 )
Toluene 115 (± 1 0 ) 71 (± 2 8 ) 12 (± 1 9 ) 3.4 (± 4 .0 ) 0 .23 (± 2 4 ) 0 .10 (± 2 2 )
m-Xylene 18 (± 1 8 ) 10 (± 2 1 ) 1.6 (± 3 0 ) 0 .52 (± 1 8 ) 0 .024 (± 5 0 ) 0 .005 (± 5 0 )
Styrene 10 (± 1 6 ) 6 (± 2 2 ) 0.61 (± 2 4 ) 0 .12 (± 2 8 ) 0 .005 (± 7 8 ) 0 .002 (± 1 0 0 )
Limonene 34 (± 1 1 ) 18 (± 2 7 ) 3.4 (± 1 7 ) 0 .42 (± 2 9 ) 0.011 (± 4 3 ) 0 .002 (± 1 0 0 )

a Based on triplicate analyses (3 separate cigarettes).
b Absolute result deleted because of serious breakthrough. All other results are not complicated by breakthrough.
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Figure 2. Gas chromatographic profiles of the gas phase from 3 cigarettes: A = high tar delivery 1R1 Ken­
tucky Reference Cigarette (36 mg tar/cigarette), Tenax dilution factor = 180; B = ultra-low tar delivery cigarette 
(3 mg tar/cigarette), d ilution factor = 65; C = u ltra-low  tar delivery cigarette (<0.01 mg tar/cigarette), no

dilution. (See Table 4 for peak identification.)
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Figure 3. Profiles showing breakthrough of very volatile components in the smoke gas phase from an 
ultra-low tar (<0.1 mg tar/cigarette) delivery cigarette. Gas phase drawn through 2 Tenax traps in series.

of this procedure to d is ting u ish  q u a lita tive  d if ­
ferences in  the gas phases d e live red  by the cig­
arettes. T here  is p ractica lly  no  lim o n en e  (peak  
35) or o th er h ig h  b o ilin g  com ponents in  the gas 
phase o f the u ltra -lo w  tar d e liv e ry  cigarette  
(p ro file  C). Q u a n tita tiv e ly  (because o f the  
k n o w n  d ilu tio n  factors), peaks o f about equal 
area (e.g., acetone, peak 9) on p ro files  B and C 
indicate that there is about 65 times m ore of that 
com ponent produced  by cigarette B than  by  
cigarette C.

Experim ents w ere perform ed to determ ine the 
effic iency o f the Tenax fo r co llecting  the gas 
phase com ponents. A nalysis  o f gas phase com ­
ponents collected on 2 Tenax traps arranged  in

series produced the results show n in  F igure  3. 
T he  top p ro file  represents the gas phase o f an  
u ltra -lo w  tar d e liv e ry  cigarette (b rand  H , <0 .1  
mg tar/  cigarette) smoked through the fro n t trap. 
The bottom  pro file  shows the com ponents w h ich  
broke th rou gh  the fro n t trap  and  rem ained  on  
the back-up trap. T here  is no b reak th ro u g h  fo r  
com pounds con ta in ing  5 carbon atoms (peaks 1 
and 2) and m ore. O n ly  com pounds m ore vo la ­
tile  than  m e th y l butene (peak 1) are present in  
s ig n ific a n t am ounts  on th e  b ack -u p  trap . 
H o w ev e r, it  m ust be noted  that m an y  lo w  m o­
lecular w e ig h t organic com pounds (e.g., m e th ­
ane, ethane, p ropane, and e th y le n e  w h ic h  are 
also contained in  tobacco smoke) are not retained
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Figure 4. Gas phase profiles of cigarette smoke which drifted away from (top) or occasionally toward (bottom)
air dilution holes in filter during smoking.

by Tenax resin and w i l l  not be fo u n d  in  e ith er  
fro n t or backup traps. T h is  represents a lim ita ­
tion  o f the Tenax trap p in g  m ethod .

T here  is some b reakth ro ug h  w h e n  h ig h e r tar 
d e liv e ry  cigarettes are sm oked. Tab le 2 shows 
gas phase com ponent b reakth ro u g h  m easure­
m ents for 4 cigarettes h av in g  tar deliveries of 36, 
16, 3, and <0 .1  m g /c ig are tte . B reakthrou gh  is 
n early  undetectab le fo r the  gas phase com po­
nents o f the  u ltra -lo w  tar d e liv e ry  cigarette  
smoke and is s ign ificant o n ly  fo r com pounds of 
v o la tility  equal to and  greater than  that o f ace­
tone (peak 9, F igure 2) fo r the h ig h  tar d e liv e ry  
cigarettes. P re lim inary  w ork  suggests that these 
substances breaking through  Tenax resin can be 
trapped on a carbonaceous m ateria l such as 
Am bersorb  XE-340 and  subsequently recovered  
by therm al desorption. A lte rn a tiv e ly , i f  the  
w h o le  sm oke fro m  h ig h  tar d e liv e ry  cigarettes  
w ere  d ilu te d  in  the range of 1 to 5%, and  k n o w n  
portions o f this d ilu te d  smoke w ere  sam pled

through the Tenax, breakthrough w ou ld  then be 
neg lig ib le .

R eproducibility  of the entire sample collection  
and  analysis procedure is an im p o rtan t consid­
eration . Table 3 shows the  rep ro d u c ib ility  o f 
results for typical gas phase constituents ranging  
in  d e liv e ry  fro m  > 1 0 0  n g  / c igarette d o w n  to the  
nanogram  per cigarette level. The average RSD  
o f the  m easurem ents d ete rm ined  fo r the  1R1 
cigarette (36 m g tar) com ponents was ±16% , 
com pared w ith  ±10%  fo r the re p ro d u c ib ility  o f  
repeated standards. For the 16 m g tar d e liv e ry  
cigarette, the average RSD was ±22% . For the  
u ltra -lo w  tar cigarettes, the average RSD in ­
creased w ith  decreasing tar d e livery , and ranged  
fro m  ± 1 9  to ±60% . I t  is suspected that ciga- 
rette-to-cigarette variab ility  may be an im portant 
contribu ting  factor to the  RSD, especially fo r the  
low est o f the u ltra -lo w  tar cigarettes.

The greater v a ria b ility  o f the m easured com ­
ponent deliveries for the u ltra -lo w  tar cigarettes
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Table 4. Comparison of results of gas phase analysis of 9 cigarette brands

C om ponent D e livery ,c jug /c ig a re tte

Tar delivery, m g /c lg a re tte *

P eak3 C om ponen t* A(45) B(36) 0 (26 ) 0 (16 ) E(7) F(3) G (0 .2e) H (<0.1 *) l « 0 .0 1 3)

1 M ethyl butene __ f _ _ _ 1 4* 4 0 . 6 0 . 2
2 Aceta ldehyde +  

isoprene
— — — — — 1 07 * 24 4.7 1.5

4 Cyclopentene — — — — — 6 1.7 0.16 0.08
5 Hexene — — — — — 5 1.3 0.16 0.05
6 D im ethyl hexane — — — — — 4 0.9 0.14 0.05
7 Cyclopentadiene — — — — — 7 1 . 0 0.18 0.06
8 M ethyl pentene — — — — — 1 0 . 2 0.05 0 . 0 1

9 Acetone — — — — — 52 16 0.77 0.40
1 0 M ethyl pentadiene — — — — — 1 0 . 2 0 . 0 2 0 . 0 1

1 1 Acrolein — — — — — 1 2 4 0.27 0.09
1 2 M ethyl aceta te — 14 1 1 1 0 1 1 4 0 . 8 0 . 0 2 0 . 0 2

13 M ethyl pentad iene 13 5 3 3 1 2 0.4 0.03 0 . 0 2

14 Cyclohexane 24 19 2 2 13 5 3 1 . 1 0.14 0 . 0 2

15 Cyclohexadlene 14 16 19 9 6 3 0.7 0.05 0 .04
16 Cyclohexadlene 13 1 2 1 2 8 4 1.5 0.5 0.06 0 . 0 2

17 M ethyl furan 8 6 42 50 23 32 1 1 1.5 0.23 0.07
18 M ethyl

cyclopentadiene
6 5 5 4 2 1.5 0 . 2 0 . 0 1 0 . 0 2

19 M ethyl e thy l 
ketone

97 131 63 91 63 17 4 0.15 0.03

2 0 M ethyl vinyl 
ketone

2 2 44 24 26 29 7 1 . 6 0.06 0 . 0 2

2 1 Benzene 94 75 72 57 42 13 2 . 6 0.14 0.05
2 2 M ethyl isopropyl 

ketone
30 52 38 49 23 5 1 . 6 0 . 1 2 0.03

23 Butanedlone 54 60 16 40 50 13 4 0.06 0 . 0 1

24 D im ethyl furan 34 27 1 0 18 1 0 4 0.3 0.07 0 . 0 2

25 Isobu tyron ltrlle 35 46 2 0 34 11 3 0.9 0.05 0 . 0 1

26 M ethyl propyl 
ketone

23 26 13 15 18 4 1 . 0 0.05 < 0 . 0 1

27 Nonane 5 4 2 2 0.4 0 . 1 0 . 1 < 0 . 0 1 < 0 . 0 1

28 Toluene 126 115 71 71 55 1 2 3.4 0.23 0 . 1 0

29 M ethyl butyl 
ketone

1 6 2 2 1 0.3 0 . 1 0 . 0 1 < 0 . 0 1

30 Ethyl benzene 1 2 14 11 8 6 1 0.3 0 . 0 1 < 0 . 0 1

31 p-Xylene 7 7 8 4 3 0.7 0 . 2 0 . 0 1 < 0 . 0 1

32 m-Xylene 2 0 18 2 0 1 0 4 2 0.5 0 . 0 2 < 0 . 0 1

33 o-Xylene 4 8 1 0 4 2 0.5 0 . 1 0 . 0 1 < 0 .005
34 Styrene 8 1 0 13 6 3 0 . 6 0 . 1 < 0 . 0 1 < 0 .005
35 Lim onene 2 0 34 33 18 0 3 0.4 0 . 0 1 < 0 .005

3  Figure 2.
b Specific com pound isom er listed w here  both  GC re ten tion  and mass spectra l iden tifica tions were made. 
c Average o f de te rm ina tions  on sm oke fro m  at least 3 separate cigarettes. 
d M easured at Oak Ridge National Labora tory, except as noted. 
e Advertised value.
1 Result no t listed because of excessive breakthrough.
® C orrec ted  fo r known breakthrough.

m ay not result on ly  from  analytical uncertainties  
and cigarette-to-c igarette  v a ria b ility . A  s ig n if­
icant p o rtio n  o f the v a ria b ility  m ay be con trib ­
u ted  b y  the  sidestream d rif tin g  back tow ard  the  
cigarette f ilte r  and bein g  d raw n  through  the  
f i lte r  a ir d ilu tio n  holes and en rich in g  the m a in ­
stream  sm oke d u rin g  cigarette p u ffin g . F igure  
4 shows the gas phase p ro file  o f the <0.01 m g tar 
d e liv e ry  cigarette (brand I)  w h e n  the sidestream  
d rifte d  aw ay (top  p ro file ) fro m  the cigarette. 
T he  bottom  p ro file  is that o f the gas phase of the

same type o f cigarette w h e n  the sidestream  oc­
casionally d rifte d  back tow ard  the filte r . This  
effect appears to represent a significant potential 
source o f error w h e n  experim enting  w ith  the  
u ltra -lo w  tar cigarettes i f  the sm oking operation  
is n o t conducted carefu lly .

Th is  n e w  gas phase collection  and  analysis 
procedure has been app lied  to a w id e  range of 
com m ercial cigarette products to dem onstrate its 
app lic ab ility . T he  gas phase deliveries  o f 34 
com ponents ran g in g  fro m  m e th y l butene to li-
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Table 5. Comparison of results for 1R1 Kentucky Reference cigarette with literature values for similar cigarettes

Delivery, p g /c ig a re tte

Whole sm oke condensate Gas phase

C om ponent
Johnstone 

e t a l.*
Baggett 
e t a l.6 G robc

Irby & 
H arlow 6

This
w o rk e V ic k ro y '

M ethyl fu ran 20 28 42 87
M ethyl e th y l ketone 80 86 131 207
Benzene 2 7 -4 8 23 30 75 104
D im ethy l furan 4 5 -4 8 58 16 27 135
M ethyl p ropyl ketone 12 26 79
Toluene 4 6 -1 6 4 44 80 115 163
Ethyl benzene 7 -2 0 < 14 14
m -Xylene 3 0 -4 8 16 18
p-Xylene 19« 7
Styrene 18 10 10
Lim onene 1 6 5 -2 0 0 64 24 34

3 M ethanol vo la tile  frac tion , B ritish  and Russian flue-cured tobacco  c iga re tte  condensate (6).
6 Am erican f ilte r  blend (19).
c Tobacco w ith o u t additives o r f i lte r  tip , represen ta tive  pu ff o r com pos ite  (5 , 17).
6 Tobacco w ith o u t additives o r f i lte r  tip , 9 puff c iga re tte  (1).
c 1R1 K entucky Reference c iga re tte , 85 m m  length, 11 puffs, 43 m g T P M /c ig a re tte , 36  m g ta r/c ig a re tte . 
'  C om m ercia l U.K. flue-cured tobacco  c iga re ttes, 72 m m  in length, "average  p u ff”  analysis (10).
« Sum of m- and p-xylenes.

m o n en e  are show n in  Tab le 4 as a fu n ctio n  o f 
cigarette  tar d e liv e ry  fo r 9 d iffe re n t cigarettes. 
T ar d e live ries  varied  fro m  45 m g to 10 p g /c ig a r-  
ette , and  gas phase com ponent d e live r} ' ranged  
fro m  m ore  th an  100 p g /c ig a re tte  to the n g / cig­
arette  leve l. Results fo r com ponents w h ic h  are 
k n o w n  to seriously break th ro u gh  or w h ich  
cannot be re lia b ly  corrected fo r b reakth rough  
h ave  been o m itted . To luen e  (peak 28) was p ro ­
duced to the exten t o f 126 p g  by the  45 m g tar 
cigarette (brand A ), com pared w ith  0.1 pg  by the  
< 0 .01  m g tar cigarette (brand  I) . A n a ly tic a l re­
sults fo r gas phase arom atic com pounds g en er­
a lly  correlated  w ith  tar d e liv e ry , b u t some com ­
p onents  varied  considerably w ith  the type o f 
cigarette. For exam ple, the results fo r the 7 m g  
tar d e livery  cigarette show proportionally  h igher 
keto ne  d e liv e ry  tobacco-substitute and no de­
tectable lim o n e n e , in  contrast to the o th er ciga­
rettes.

To eva luate  the re lia b ility  o f o u r m easure­
m ents obta in ed  by the Tenax trap p ing  m ethod  
w e  com pared results fo r the 1R1 K en tu cky  R ef­
erence cigarette w ith  ava ilab le  lite ra tu re  values  
fo r  s im ila r cigarettes (Tab le  5). To our k n o w l­
edge, no  com parative data fo r lo w  or u ltra -lo w  
tar cigarettes are availab le  in  the literature. O u r  
results fo r the 1R1 cigarette fa ll betw een  the gas 
phase m easurem ents m ade by G rob (5, 17) and  
Irb y  and  H a r lo w  (1), and  V ic k ro y  (10), and are 
consistent w ith  the  d ifferences in  the cigarettes 
and  sm oking  conditions.

In  com paring gas phase analytical results w ith  
analyses in  w h ic h  w h o le  smoke was condensed  
before m easurem ent, o n ly  the values from  ben­
zene through  toluene can be com pared d irectly. 
T h is  is because m -  and p-xylenes d is tribute  a l­
most equ a lly  betw een  particu late  phase and gas 
phase (18) and  styrene and lim o nen e  d is tribute  
m ore in to  the  particulate phase than in to  the gas 
phase (5, 18). Thus, the w h o le  smoke results 
w o u ld  be expected to range h igher. Except fo r  
d im e th y l fu ran , o ur values are consistently  
h ig h e r than  those o f Baggett et al. (19), w h ic h  is 
to be expected because th e ir cigarette was a do­
mestic f ilte r  b lend  o f unspecified but most lik e ly  
m uch low er tar delivery. Even the lim onene gas 
phase d e liv e ry , w h e n  adjusted fo r re ten tion  on 
the filte r  pad (18), calculates to approxim ately 120 
H g  / cigarette for w ho le  smoke. This result agrees 
reasonably w e ll w ith  the values obtained by  
Johnstone et al. (6) using flue-cured  tobacco.

These results, obtained w ith  a h igh  tar delivery  
cigarette , suggest the re lia b ility  o f our m ethod. 
W e fee l that the m ethod o f d raw in g  the cigarette 
sm oke gas phase through  a Tenax trap fo llo w ed  
b y  therm al desorption gas chrom atography is 
id e a lly  suited fo r analysis o f the gas phase of 
u ltra -lo w  tar d e liv e ry  cigarettes. I t  also is ap­
p licab le  to cigarettes w ith  h ig h e r tar deliveries  
and should p rove useful fo r the analysis o f 
sem i-vo la tile  sm oke com ponents and th e rm a lly  
desorbable particulate m atter i f  applied to w hole  
sm oke ra th er than o n ly  the gas phase.
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PESTICIDE RESIDUES

Retention Time Data for Organochlorine, Organophosphoriis, and 
Organonitrogen Pesticides on SE-30 Capillary Column and 
Application of Capillary Gas Chromatography to Pesticide Residue 
Analysis

BRIAN D. RIPLEY and HEINZ E. BRAUN
O n t a r io  M in is t r y  o f  A g r ic u l t u r e  e n d  F o o d ,  A g r ic u lt u r a l  L a b o r a t o r y  S e r v ic e s ,  c / o  U n iv e r s i ty  o f  
G u e l p h ,  G u e lp h ,  O n t a r i o ,  C a n a d a  N I G  2 W 1

Relative retention time data for 194 pesticides and 
metabolites are reported for a 15 m SE-30 capillary gas 
chromatographic column under a single tempera­
ture-programmed regime. The reproducibility of 
retention time and quantitation is discussed and the 
performance of electron capture and nitrogen- 
phosphorus thermionic detectors is evaluated in 
relation to pesticide residue analysis.

G as-liq u id  chrom atography (G LC ) is one o f the  
m ost im p o rtan t analy tica l techniques used in  
pesticide residue analysis. T w o  advantages are 
its sensitive and specific detector systems and the 
a b ility  to separate m ixtures o f analytes on the  
colum n. U n ti l  recen tly , G LC  o f pesticides has 
been conducted using packed colum ns con tain ­
in g  a large varie ty  o f liq u id  phases and supports; 
the w id e  range o f vo la tilities  and specific re ­
sponses o f pesticides has necessitated num erous  
an a ly tica l conditions to chrom atograph several 
classes o f pesticides in  a sing le sample. M a n y  
pesticides are too p o lar or contain  functiona l 
groups that are not am enable to packed colum n  
G LC , w h ile  others are th e rm a lly  lab ile  and de­
grade in  the chrom atographic system, precluding  
th e ir  d e te rm in a tion .

.C a p illa ry  gas chrom atograph ic  (C G C ) in s tru ­
m e n ta tio n  has im p ro ved  s ig n ifican tly  in  recent 
years, p a rtic u la rly  w ith  respect to in jection  sys­
tem s, m icroprocessor contro l o f oven tem pera­
tu re , and  data h an d lin g  capab ility  fo r the  large  
n um ber o f peaks produced by the colum n. CGC  
co lu m n  tech no log y has also im p ro ved ; fused 
silica C G C  colum ns are flex ib le  and o ffe r ease of 
m a n ip u la tio n  and in s ta lla tio n  not fo u n d  w ith  
glass cap illa ry  colum ns. These colum ns are 
w all-co ated  w ith  a th in  f i lm  o f liq u id  phase 
w h ic h  produces a large n u m b er o f theoretical 
plates so tha t h ig h  reso lution  o f analytes is pos-

Presented at the Northeast Regional AO AC Meeting, Syra­
cuse, NY, June 22-23,1982.
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sible; th e y  p ro v id e  an in e rt surface, thus p re ­
ven tin g  on-colum n decomposition or adsorption, 
and a llo w  tem perature program m ing  to produce  
sharp, sym m etrical peaks w ith o u t excessive 
baseline d is tortion  and re ten tion  tim es that are 
not p ro h ib it iv e ly  leng thy.

C a p illa ry  gas chrom atography has been ap­
p lie d  to the analysis o f e n v iro n m en ta l samples 
fo r the h ig h  resolution separation of isomers and  
congeners o f m any p rio r ity  po llu tants  (1 -3 ). 
T h e  technique has also been used to separate 
in d iv id u a l com pounds in  several classes o f pes­
ticides in c lu d in g  the o rganoch lorine (4), orga- 
nophosphorus (5), and N -m ethy lcarb am ate  (6) 
insecticides, as w e ll as triaz ine  (7, 8) and p he- 
n y lu re a  (8) herbicides.

Several com pilations o f re ten tio n  times of 
pesticides on d iffe re n t packed gas-liqu id  chro­
m atographic columns have been made (9 -13 ) but 
no s im ila r qua lita tive  in fo rm atio n  exists fo r  
cap illa ry  colum ns. The object o f this investiga­
tio n  was to obtain  re ten tion  tim e data fo r orga­
n o ch lo rin e , organophosphorus, and o rg an on i­
trogen pesticides on a SE-30 CGC colum n, and to 
evaluate lin e a r ity , sensitiv ity , and specificity o f 
electron  capture (E C D ) and n itro g en -p h o sp h o ­
rus th e rm io n ic  (N P D ) detectors w ith  a cap illa ry  
gas chrom atograph ic system fo r the qua lita tive  
an d  q uan tita tive  analysis o f pesticide residues. 
In  add itio n  to data on response and resolution , 
w e  inc lu de  m any personal observations and ex­
periences on the perform ance of the CGC system 
tha t m ay be o f b en e fit to the reader.

E xp erim en ta l

Apparatus and Reagents

(a) Gas c h r o m a t o g r a p h .— Hew lett-Packard 5880 
w ith  dual c ap illa ry  in jection  system, autom atic  
l iq u id  sam pler, Level 4 te rm in a l, and 63N i  elec­
tro n  capture and n itrogen -phosphorus  th e rm ­
io n ic  detectors.
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Table 1. Retention time relative to parathion (RRT) of organochlorine, organophosphorus, and organonitrogen 
pesticides, and some metabolites and derivatives

PSNXin PSNXin
Compound® m olecule RRT b Compound® m olecule RRT0

Acephate PSN 0.43 D lchlobenil n c i2 0.33
A lach lor NCI 0.89 D lch lo fenth lon  (VC-13) PCI2 0.85
Aldrin Cl6 0 .98 D ich loran N2CI2 0.65
A llidoch lo r NCI 0 .30 3 ,4-D ich lo roanlline n c i2 0.39
A m etryn n 5s 0.89 D ich lorvos PCI2 0.27
Am inocarb n 2 0.70 Dicofol CI5 1.71
A m inocarb  phenol N 0.35 D ieldrin Cl6 1.27
AM PAC N-TFA-(OMe>2 p n f 3 0 .24 D im ethoa te  w p s 2n 0.66
A tra ton n 5 0 .66 D lm ethoa te  oxon PSN 0.54
Atrazlne n 5ci 0.68 2 ,6-D im ethy lan iline N 0.22
A trazine deethyl n 5ci 0.58 D in itram ine N4 F3 0.78
Azinphos-m ethyl PS2 N3 1.76 Dinoseb OMe n 2 0.82
Bendiocarb N 0.58 D loxath ion P2 S4 0.71
a-BHC Cl6 0.62 Diphenam id N 1.03
/3-BHC CI6 0.67 D iphenam id dem ethyl N 1 . 0 0

Binapacryl N2 1.38 2,2-D iphenylacetam ide N 0.99
Brom acil N2Br 0.93 D iphenylam ine N 0.41
Brom ophos PSCI2Br 1.05 D iquat (reduced) n 2 0.52
Butyla te NS 0.41 D isu lfo ton p s 3 0.76
B ux™ (techn ica l)- N 0.61 D luron N2 CI2 0 . 6 8

bufencarb 0.69 Endosulfan-I SCI6 1.19
0.71 Endosulfan-ll SCI5 1.34
0 .76 Endosulfan sulfate SCI6 1.47

Captafol SNCU 1.54 Endrin CI6 1.32
Captan SNCI3 1.07 EPTC SN 0.36
C arbaryl N 0.85 Ethion p 2 s 4 1.43
Carbofuran N 0.65 Ethion oxon p 2 s 2 1.31
C arbofuran 3-hydroxy N 0.84 FC R -1272d NCI2F 2.15
C arbofuran 3-keto N 0.76 2.17
C arbophenoth ion PS3 CI 1.49 2.18
Carboxln SN 1.28 2 . 2 0

C hlo rbrom uron N2CIBr 1.09 Fenamiphos PSN 1.25
a-C h lordane Cl8 1 . 2 1 Fenchlorphos PSCI3 0.91
•y-Chlordane Cl8 1.15 Fenchlorphos oxon PCI3 0.82

O xychlordane Cl8 1 . 1 0 Fen itro th ion PSN 0.93

C hlorfenvinphos PCI3 1 . 1 2 Fensulfothion PS2 1.38

C hlo ro tha lon il N2 CI4 0.73 Fensulfothion oxon PS 1.29

C h lo ro tha lon il 4 -hydroxy  OMe N2 CI3 0.77 Fensulfothion sulfone PS2 1.42

C hloroxuron n 2ci 1.50 Fenthion PS2 0.99
C hlo rpyrifos PSNCI3 1 . 0 0 Fenth lon oxon PS 0.89
C h lo rpyrlfos  oxon PNCI3 0.98 Fenth ion sulfone PS2 1.39
C h lo rpyrifos-m e thy l PSNCI3 0 . 8 6 Fenth lon sulfoxide PS2 1.37
CIPC NCI 0.59 Fenvalerate NCI 2.37
Coum aphos PSCI 2.04 2.41
C rufom ate PNCI 1.03 2.48
Cyanazlne N6CI 0.97 2.54
Cycloate SN 0.57 Folpet SNCI3 1 . 1 2

C ype rm e th rin NCI2 2 . 2 0 Fonofos PS2 0.72
2 . 2 2 Fonofos oxon PS 0.62
2.24 Furalaxyl N 1.14
2.25 G albene N 1.50

Cyprazine N5CI 0.83 G lyphosate N-TFA-(OMe ) 3 p n f 3 0 .44

o,p'-DDD Cl4 1.30 HCB c i6 0.65

p,p '-DDD Cl4 1.40 Fleptachlor Cl7 0.89

o,p'-DDE CI4 1.19 H ep tach lor epoxide Cly 1.09

p,p'-DDE CI4 1.29 Hexazlnone n 4 1.52

DDMU CI3 1.17 Iprod ione n 3 c i2 1 . 6 8

o,p '-DDT Cl5 1.43 Isofenphos PSN 1.13

p,p '-DDT Cl5 1.53 Isofenphos oxon PN 1.03

D em eton -0 PS2 0 . 6 6 Kepone (ch lo rdecone) C lio 1.46

Dem eton-S PS2 0.54 Leptophos PSCI2Br 1.81

Dlallate SNCI2 0.63 Lindane (7 -BHC) ci6 0 . 6 8

0.65 Linuron N2 CI2 0.95

Diazinon p s n 2 0.76 M alath lon PS2 0.98

Diazinon oxon p n 2 0.73 M ala th lon  oxon PS 0.87

D lcapthon PSNCI 1 . 0 1 M e clozo lyn f N3 CI2 1.04
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Table 1 cont'd

PSNXin PSNXin
C om pound3 m olecule RRT6 C om pound3 m olecule RRTb

Metalaxyl N 0.90
M eta laxyl acid N 1.06
M eta laxyl acid O-PFB n f 5 1.61
M etham idophos PSN 0,28
M eth ida th lon PS3 N2 1.14
M eth locarb SN 0.93
M ethom yl oxim e SN 0.16
M e thoxych lo r Cl3 1.72
M e thoxych lo r dehydroch lo ro Cl2 1.51
M e tobrom uron N2Br 0.80
M e to lach lor NCI 0.99
M etrlbuzln s n 4 0.82
M evinphos P 0.39
Mirex CI12 1.83
M ollnate SN 0.47
M onuron N2CI 0.48
Naled PCI2B r2 0.27
N itro fen NCI2 1.33
trans-N onachlor Cl9 1.24
Oxam yl oxim e s n 2 0.47
O xydem eton-m ethyl sulfone p s 2 0.88
Paraquat (reduced) n 2 0.60
Parath ion PSN 1.00
P arath ion  oxon PN 0.89
Parath lon -m ethy l PSN 0.85
PBB« Brx 2.28
Pebulate SN 0.43

Perm eth rln Cl2 2.04
2.06

Phorate PS3 0.62
P hora te  oxon PS2 0.54
P hora te  sulfone PS3 0.99
P hora te  sulfoxide PS3 0.94
P hora te  sulfoxide oxon PS2 0.82
Phosalone PS2NCI 1.80
P hosm et PS2N 1.64
Phospham idon PNCI 0.75

0.85
P hotom lrex C ln 1.62
P lrim lcarb n 4 0.81
P irim lca rb  dem ethyl n 4 0.82
P irim iphos-e thy l p s n 3 1.09
P irlm iphos-e thy l oxon p n 3 1.04
P irim iphos-e thy l deethyl p s n 3 1.02
Prom eton Ns 0.68
P rom etryn SN5 0.90
P ropach lor NCI 0.53
Propazine N5 CI 0.69
P ropoxur N 0.53
P yre th rln — 1.33

1.49
Q u lnom eth iona te S2N2 1.13
Quintozene NCI5 1.71
R E -20615b NCI 1.43
R E-26745' N 1.37
RE-26940/ N 1.58
Simazlne N5 CI 0.66
Simazlne deethyl N5CI 0.56
Sulfa llate S2NCI 0.62
Sulfotep P2S2 0.61
Tebu th iu ron s n 4 0.43
Tecnazene n c i4 0.53
TEPP P2 0.15

0.19
Terbacil n 2ci 0.74
Terbufos PS3 0.72
T e rbu tryn s n 5 0.94
Te trach lo rv inphos p c i4 1.20

Te trad ifon S C I4 1.77
Thionazin p s n 2 1.03
T O C P * P 1.88
Trlad im efon N3CI 1.02
Triad lm eno l N 3CI 1.15
T ria llate S N C I3 0.79
T rlch lo rfon P C I3 0.27
T rich lo ro na t P S C I3 1.05
Triflu ra lln N3 F 3 0.64
Verno la te SN 0.42
V inclozolln NCI2 0.87
Z y tron™ P S N C I2 0.97

3 Com pounds by acceptable com m on name (1 4 -1 6 ) o r as 
com m on deriva tives (OMe =  m ethyl e the r or ester, N-TFA = 
/V-trifluoroacetate, O-PFB = O-pentafluorobenzylate, reduced 
paraquat o r d lqua t (17)).

b M ajor peak is boldface when Isom ers are present. 
c A m inom ethylphosphon ic acid, g lyphosate m etabolite . 
d C yano-(4-fluoro-3-phenoxyphenyl)m ethy l - 3 -(2 ,2-dl- 

ch io ro e th e n y l)-2 ,2 -d lm e th y lc y c lo p ro p a n e c a rb o x y la te  
(C hem agro Ltd).

e M ethy l-2 -[A /-pheny l a ce ty l-A /-(2 ,6 -d lm e th y lp h e ny l)- 
am lno ]-p ropana te  (M ontedison S.p.A.). 

f S tru c tu re  not released (BASF).
*  P o lybrom inated biphenyl. M ajor peak from  F irem aster 

BP6; several o th e r sm aller peaks.
h 2-Ch loro-/V -(2 ,6-d im ethylphenyl)-/V -te trahydro  - 2 - 

oxo-3-fu ranyl) acetam ide (Chevron).
'2-M ethoxy-/V -(2 ,6-d im ethy lphenyl)-/V -te trahydro  - 2 - 

oxo-3 -fu ranyl)ace tam lde  (Chevron).
i  /V -(2 ,6-D im ethy lphenyl)-2 -m ethoxy-N -te trahydro  - 2 - 

oxo th lophen-3 -y l)ace tam ide  (Chevron).
/T ri-o -c resy l phosphate.

(b) Capillary column.— J&W  fused silica cap il­
lary  colu m n, 15 m X 0.247 m m , w ith  0 .25 jttm 
coatin g  o f SE-30 (C hrom atographic Sp ecialties 
L td, B ro ck v ille , O ntario , Canada).

(c) Chromatographic conditions.— Tem peratures: 
in jecto r 25 0 °C , d etector 300°C . C olum n oven: 
program m ed fo r an in itia l 1 m in hold  at 90°C , 
fo llow ed  by 2 0 ° /m in  to 150°C , and then  5 ° /m in  
to 2 5 0 °C  w ith  approp riate hold  at this tem pera­
ture to a llow  e lu tion  o f late com pounds. Gas 
flow s: helium  carrier gas 30 cm /s  (105 kPa head 
p ressu re); 3.0 m L arg o n -m eth a n e  (95 +  5 ) /m in  
m ake-up gas to ECD; 28 mL h e liu m /m in  m ake­
up gas, 50 m L a ir /m in , and 3.0 m L h y d rog en / 
m in  to N PD. The ECD was operated at 28 w hile 
th e  N PD  w as operated at 23.

(d) Injection conditions. — 1 -2  pL, e ith er m an­
u ally  or by  au to-in jection , w ith  capillary  in le t 
system  configured  in  splitless m ode w ith  bypass 
v alve op en  fo r 0 .5 -1  m in.

(e) Pesticide standards.— Stock solu tions o f 1 
m g /m L  o f analytical re feren ce standards w ere 
prepared  in  approp riate solvents and stored in  
g lass b o ttles  u n d er re frig era tio n . S u itab le
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Table 2. Retention time relative to aldrin and parathion 
of some chlorinated pesticides

R etention tim e  
re la tive to

Pesticide A ld rin 3 P a ra th ion6

Tecnazene 0 .54 0.53
a-BHC 0.63 0.62
D ich loran 0,66 0.65
HCB 0.67 0.65
/3-BHC 0.69 0.67
Lindane 0.69 0.68
Q uintozene 0.72 0.71
Fleptachlor 0 .90 0.89
A ldrin 1.00 0.98
Parath ion  (re fe rence) 1.02 1.00
M eclozolyn 1.06 1.04
Captan 1.08 1.07
H ep tach lor epoxide 1.11 1.09
O xychlordane 1.12 1.10
Folpet 1.14 1.12
7 -C hlordane 1.17 1.15
DDMU 1.19 1.17
o,p'-DDE 1.21 1.19
Endosulfan-I 1.21 1.19
a-C h lordane 1.23 1.21
trans-N onachlor 1.26 1.24
Dieldrin 1.29 1.27
p .p ’-DDE 1.31 1.29
o,p'-DDD 1.32 1.30
Endrin 1.35 1.32
P yre th rum -I 1.36 1.33
Endosulfan-ll 1.36 1.34
p,p'-DDD 1.43 1.40
o,p'-DDT 1.45 1.43
Kepone 1.48 1.46
Endosulfan sulfate 1.50 1.47
P yre th ru m -ll 1.52 1.49
M ethoxych lo r- 1.54 1.51

dehyd roch lo ro
p.p '-DD T 1.56 1.53
Captafol 1.56 1.54
P ho tom irex 1.65 1.62
Iprodione 1.71 1.68
Dicofol 1.74 1.71
M e thoxych lo r 1.75 1.72
Te trad ifon 1.80 1.77
M irex 1.86 1.83
P erm eth rin  1 2.07 2.04
P erm eth rin  II 2.10 2.06
FCR 1 2 7 2 c 1 2.19 2.15
FCR 1 2 7 2 II 2.21 2.17
FCR 1272 III 2.22 2.18
FCR 1272 IV 2.23 2.20
C ype rm e th rin  1 2.24 2.20
C ype rm e th rin  II 2.26 2.22
C ype rm e th rin  III 2.27 2.24
C ype rm e th rin  IV 2.28 2.25
P B B d 2.32 2.28
Fenvalerate 1 2.41 2.37
Fen va le ra te  II 2.45 2.41
Fenvalerate III 2.53 2.48
Fenvalerate IV 2.58 2.54

a R etention tim e  o f aldrin =  ca 10.37 min.
6 R etention tim e  of para th ion  == ca 10.54 min.
cC yano-(4-fluoro-3-phenoxyphenyl)m ethy l - 3 - (2 ,2-di- 

c h lo ro e th e n y l)-2 ,2 -d im e th y lc y c lo p ro p a n e c a rb o x y la te  
(C hem agro Ltd).

d P o lybrom inated biphenyl. M ajor peak from  Firem aster 
BP6; several o th e r sm aller peaks.

d ilu tio n s w ere m ade to obtain  d ilute standard 
so lu tio n s and m ixtures. M ost com m only  in ­
jected  solvents w ere iso-octane, m eth anol, or 
e th y l acetate.

Sam ples

A ll substrates analyzed w ere authentic samples 
co n ta in in g  w eathered  residues. Sam ples w ere 
extracted  and cleaned  up using sp ecific  or m ul­
tiresid ue m ethods com m only em ployed  in  this 
laboratory.

Results

R etention Tim e and Chrom atography

T able 1 is an alp h ab etic  com p ilatio n  o f the 
pesticides exam ined in this study; retention times 
relativ e  to p arath ion  are g iv en . W h ile  re lativ e  
re ten tio n  tim es are o ften  d ifficu lt to reprod uce 
in  o th er laboratories u n d er tem p eratu re-p ro­
gramm ed regim es, this list is indicative o f elution 
order, and approxim ate re ten tio n  tim es m ay be 
calculated. Table 2 lists th e  e lu tion  ord er o f 
m any o f the  ch lorin ated  p esticid es g en erally  
analyzed by ECD; retention times relative to both 
aldrin and parathion are given. Com pounds, by 
class, responsive to N PD  are com p iled  in  Tables
3 -7 . Typ ical chrom atogram s fo r som e organo- 
ch lorin e  insecticid es, org anop hosp horu s in sec­
ticides, carbam ate pesticid es, o rg an o n itro g en  
herb icid es, and  som e fu n gicid es are show n in  
Figures 1 -5 , respectively .

In gen eral, all th e  exam ined  p esticid es ch ro ­
m atographed w ell and exhibited typical capillary 
colu m n peak shape; acep hate and m etham ido- 
phos w ere notable exceptions and show ed broad, 
asym m etrical peak shape. M ost com pounds had 
peak w idths o f less than  0.1 m in. T h e organo- 
ch lorin e  and org anop hosp horu s insecticid es 
tended to have w id er peaks and  also show ed 
som e peak ta ilin g  (Figures 1 and 2) com pared 
w ith  m any o f the o th er classes o f pesticides. 
FFowever, ev en  u n d er severe o v erlo ad in g  co n ­
d itions, m ost peaks w ere sharp and m in im al 
ta iling was observed. M any com pounds that do 
not chrom atograph w ell by packed colu m n GLC 
w ere easily  d eterm ined  w ith  the cap illary  col­
um n. A zin p hos-m ethyl is one exam p le; on 
packed colum ns, con sid erable  p rim in g  is re ­
quired  to obtain  rep rod ucib le  peak h eig h ts , 
w hereas on the cap illary  colu m n it w as con sis­
ten tly  reproduced from  the first in jectio n .

C apillary colum ns are recogn ized  fo r th e ir  
value in  d eterm ining therm ally  labile  and easily 
adsorbed polar com pounds. T he N -m ethy lcar- 
bam ates appeared to be quantitatively  recovered
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Table 3. Retention time relative to parathion of some organophosphorus pesticides and metabolites

Pesticide RRTa Pesticide RRTa

TEPP 0.15, 0.19b M alathion 0.98
D ichlorvos 0.27 C hlo rpyrifos oxon 0.98
Naled 0.27 Phorate sulfone 0.99
T rich lo rfon 0.27 Fenthion 0.99
M etham idophos 0 .28 Parath ion 1.00
M evinphos 0.39 C hlorpyrifos 1.00
Acephate 0.43 D icapthon 1.01
Thionazin 0.53 P irim iphos-e thy l desethyl 1.02
D im ethoate  oxon 0.54 Isofenphos oxon 1.03
Demeton-S 0.54 C rufom ate 1.03
Phorate oxon 0.54 Thionazin 1.03
Sulfotep 0.61 P irim iphos-e thy l oxon 1.04
Phorate 0.62 T rich lo rna t 1.05
Fonophos oxon 0.62 Brom ophos 1.05
D em eton-0 0.66 P irim iphos-e thyl 1.09
D im ethoate 0.66 C hlorfenvinphos 1.12
Dioxathion 0.71 Isofenphos 1.13
Terbufos 0.72 M eth ida th ion 1.14
Fonofos 0.72 C rotoxyphos 1.16
Diazinon oxon 0.73 Tetrach lorv inphos 1.20
Diazinon 0.76 Fenamiphos 1.25
D isulfoton 0.76 Fensulfothion oxon 1.29
Phorate oxon sulfoxide 0.82 Ethion oxon 1.31
Fenchlorphos oxon 0.82 Fenthion sulfoxide 1.37
D ich lofenthion 0.85 Fensulfothion 1.38
Phospham idon 0 .7 5 ,0 .8 5 Fenthion sulfone 1.39
P arath ion-m ethy l 0.85 Fensulfothion sulfone 1.42
C hlo rpyrifos-m ethy l 0.86 Ethion 1.43
M alath ion oxon 0.87 C arbophenoth ion 1.49
O xydem eton-m ethyl sulfone 0.88 Phosm et 1,64
Parath ion oxon 0.89 Azinphos-m ethyl 1.76
Fenthion oxon 0.89 Phosalone 1.80
Fenchlorphos 0.91 Leptophos 1.81
Fen itro th ion 0.93 TOCP 1.88
Phorate sulfoxide 0.94 Coum aphos 2.04
P irim iphos-m ethyl 0.96 Bensulide 2.06
Z y tro n R 0.97 Tem ephos N R '

3 Retention tim e  of para th ion  = ca 10.55 min. 
b Isom ers; m a jo r peak is boldface. 
c No response in 40 m in w ith  isotherm al hold at 250°C .

Table 4. Retention time relative to parathion of some carbamate insecticides and herbicides

Insecticide RRTa Herbicide RRTa

M ethom yl oxime 0.16 EPTC 0.36
Am inocarb phenol 0.35 B utyla te 0.41
Oxam yl oxim e 0.47 Vernolate 0.42
Propoxur 0.53 Pebulate 0.43
Bendiocarb 0.58 Molinate 0.47
Carbofuran 0.65 Cycloate 0.57
Am inocarb 0.70 Diallate 0 .6 3 ,0 .6 5
Bux (techn ica l) 0 .6 1 ,0 .6 9 ,0 .7 1 ,0 .7 6 Tria lla te 0.79
3-K etocarbofuran 0.76
P irim icarb 0.81
D esm ethylp irim icarb 0.82
3-H ydroxycarbofuran 0.84
Carbaryl 0.85
M eth iocarb 0.93

3 R etention  tim e  of para th ion  =  ca 10.46 min.
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Table 5. Retention time relative to parathion and 
atrazine of some triazine and chloracetanilide herbicides

R etention tim e 
re la tive to

C om pound P ara th ion3 A traz ine3

Propach lor 0.53 0.79
Desethylsim azine 0.56 0.83
D esethyla trazine 0.58 0.85
A tra ton 0.66 0.97
Simazine 0.66 0.97
Atrazine 0.68 1.00
Prom eton 0.68 1.00
Propazine 0.69 1.02
M etribuzin 0.82 1.21
Cyprazine 0.83 1.22
A m etryn 0.89 1.31
A lach lor 0.89 1.31
P rom etryn 0.90 1.34
Te rbutryn 0.94 1.38
Cyanazine 0.97 1.43
M e to lach lor 0.99 1.47
Hexazinone 1.52 2.24

3 R etention  tim e  of para th ion  =  10.45 min. 
3 R etention tim e  of atrazine =  7.09 m in.

from  the cap illary  colum n, excep t w h en  th e in ­
sert becam e contam inated (see Discussion). S ince 
a flam e ion ization  d etector was n o t used, the 
degree o f breakdow n to th e ir  p h en o ls  could  not 
be d eterm ined  w ith  N PD . A m inocarb , w h ich  
con tain s a n itro g en  atom  in  its p h en o l, show ed 
only m inim al response to its phenol and this may 
have been  due to con tam ination  o f the  standard 
solution. Based on the response o f the carbamate 
insecticid es, it appears that m in im al therm al 
breakdow n w as occurring. S im ilarly , fresh  
standard solu tions o f N -p h en y lu rea  herb icid es 
indicated only one peak, w hereas older standards 
dem onstrated  con sid erable breakdow n. P h e­
n o lic  and acid ic com pounds, such  as d inoseb,
4-h y d roxych lo ro th alo n il, d icam ba, and m eta- 
laxyl acid, could be chrom atograp hed  w ith ou t 
resorting to m éthylation. T heir responses w ere 
low er than  anticipated , p articu larly  w ith  a w ell 
used colum n, and after m éth y latio n  b etter 
chrom atography and response w as obtained. 
T h e ir  presence in  sam ples could  be d eterm ined

Table 6 . Retention time relative to parathion of phenylurea and other herbicides

Com pound RRTa Com pound RRT3

Phenylurea herb ic ides: 
3 ,4-D ich loroaniline 0.39 D iquat (reduced) 0.52
Tebuth iu ron 0.43 CIPC 0.59
Monuron 0.48 Paraquat (reduced) 0.60
Diuron 0.68 Sulfallate 0.62
M etobrom uron 0.80 Trifluralin 0 .64
Linuron 0.95 Terbacil 0 .74
C hlo rbrom uron 1.09 D in itram ine 0.78
C hloroxuron 1.50 Dinoseb-OMe 0.82
M iscellaneous herb ic ides: Brom acil 0.93
AMPA3 N-TFA-(OMe)2 0.24 2,2-D iphenylacetam ide 0.99
A llidoch lor 0 .30 D esm ethyld iphenam id 1.00
D ichlobenil 0.33 Diphenamid 1.03
Glyphosate N-TFA-(OMe ) 3 0.44 N itrofen 1.33

a Retention tim e  of para th ion  = ca 10.45 min.
3 A m inom ethyl phosphon ic acid, g lyphosate m etabolite .

Table 7. Retention time relative to parathion of some fungicides

C om pound3 RRT3 C om pound3 RRT3

Tecnazene 0.53 Furalaxyl 1.14
Dichloran 0.65 Triadim enol 1.15
Quintozene 0.71 Carboxin 1,28
C hlorotha lon il 0 .73 RE-26745 1.37
4-H ydroxych loro tha lon il-O M e 0.77 B inapacryl 1.38
V inclozolin 0.87 RE-20615 1.43

* M etalaxyl 0 .90 Galben 1.50
Triadim efon 1.02 D ifolatan 1.54
M eclozolyn 1.04 RE-26940 1.58
Metalaxyl acid 1.06 Metalaxyl acid-O-PFB 1.61
Captan 1.07 Iprodione 1.68
Q uinom eth ionate 1.13

3 See Table 1 fo r com pound identity .
3 R etention  tim e  of para th ion  =  10.45 min.
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MI NUTES

Figure 1. ECD chromatogram of 12 organochlorine 
insecticides. See text for operating conditions. Peak 
identity, ng: (1) a-BHC, 0.1; (2) lindane, 0.1; (3) al- 
drin, 0.1; (4) oxychlordane, 0.1; (5) 7 -chlordane, 0.1; 
(6) a-chlordane, 0.1; (7) frans-nonachlor, 0.1; (8) 
p ,p ' -DDE, 0.2; (9) p,p'-D D D , 0.2; (10) p,p'-DDT, 0.2; 

(1 1 ) photomirex, 0.2; (12 ) mirex, 0.2.

w ithout derivatization  but results w ere b etter 
after chem ical modification. Furtherm ore, it was 
observed  that som e com pounds, such as the  
p hth alim id e fun gicid es, respond b etter to one 
d etector and  th eir absence on  an o th er d etector 
is n o t ind icativ e  of poor chrom atography.

R  e p r o d  l ia b i l i t y

T here is co n flic tin g  ev id en ce in  th e  literatu re
(4) con cern in g  the rep rod u cib ility  o f CG C sys­
tem s. T he rep rod u cib ility  o f re ten tio n  tim e, 
peak area, and peak h e ig h t fo r both  con tin uous 
in jectio n s o f standards and fo r standards in te r­
spersed  w ith  o ther standards or sam ples during 
o v ern ig h t o r lo n g er runs was exam ined. The 
latter was taken as a b etter indicator of actual use 
a lthough these values had sligh tly  larger errors. 
T ab le  8 show s th e rep rod ucib ility  o f reten tion  
tim e fo r representative com pounds in each class. 
O v er several days o f con tin uous use, re ten tio n  
tim es of standards generally varied by ±0 .0 1  m in 
w h ile  those in actual sam ples varied  by  ± 0 .0 2  
m in. O n ly  a few  com pounds, such as acephate, 
show ed  asym m etric peak shape and in  these 
cases th e ir  re ten tio n  tim es over a con centration  
series varied  by ± 0 .0 5 -0 .1  m in. R eten tio n  tim e 
w as con firm ed  by in jectin g  standards at co n ­
cen tra tio n s corresp on d ing to residue levels 
fo u n d  in  the sam ples. W ith in creasin g  use and

Figure 2. NPD chromatogram of 12 organophos- 
phorus insecticides. Peak identity, ng: (1) mevin- 
phos, 1; (2) phorate, 1; (3) fonofos, 1; (4) diazinon, 1; 
(5) fenchlorphos, 2; (6) malathion, 1; (7) parathion, 1; 
(8) chlorfenvinphos, 2; (8) tetrachlorvinphos, 5; (10) 

ethion, 1; (11) phosmet, 5; (12) phosalone, 5.

if
I--------- ---------- 1--------- T---------1-------
0 5 10

MINUTES

Figure 3. NPD chromatogram of 11 carbamate pes­
ticides. Peak identity, ng: (1) EPTC, 0.5; (2) butylate, 
0.5; (3) vernolate, 1; (4) pebulate, 1; (5) molinate, 1; (6) 
propoxur, 5; (7) cycloate, 1; (8) diallate, 1; (9) carbo- 

furan, 5; (10) triallate, 1; (11) carbaryl, 5.
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Figure 4. NPD chromatogram of 10 organonitrogen 
herbicides. Peak identity, ng: (1) allidochlor, 2.5; 
(2) de-ethyl atrazine, 1; (3) simazine, 1; (4) atrazine, 1; 
(5) metribuzin, 1; (6) cyprazine, 1; (7) alachlor, 5; (8) 
terbutryn, 1; (9) metolachlor, 5; (10) diphenamid, 5.

MINUTES
Figure 5. NPD chromatogram of 11 fungicides at 10 
ng each. Peak identity: (1) chlorothalonil; (2) vin- 
clozolin; (3) metalaxyl; (4) meclozolyn; (5) furalaxyl;
(6) carboxin; (7) RE-26745; (8) RE-20615; (9) Galben;

(10) RE-26940; (11) iprodione.

Table 8 . Reproducibility of retention time for 
representative pesticides, using the automatic liquid 

sampler (n > 6 )

Com pound
Mean re ten tion  

tim e, min SD CV, %

Buty la te 4.247 0.002 0 .039
Atrazine 6.804 0.001 0.008
L indane3 7.864 0.010 0.13
Carbaryl 8 .804 0.001 0 .010
M etalaxyl 9 .313 0.001 0.008
A lachlor 10.319 0,001 0 .008
Rarathion 10.361 0.001 0.012
Ethion 14.952 0.002 0.012
p ,p '-D D Ta 17.123 0.012 0.071
Rhosalone 18.689 0.001 0 .008
M irexa 20.111 0.011 0.056

a n =  18, in jected over one week, in terspersed w ith  sam­
ples.

age o f the colu m n, re ten tio n  tim es tended to be 
lo n g er but the relative retention  tim es rem ained 
fa irly  constant. W ear on the septum  w as not 
ind icated  as a m ajor source of error in reten tion  
tim e rep rod u cib ility  over several hu ndred  in ­
jection s.

Table 9 show s the com parative reproducibility 
o f peak h e ig h t and area for a series o f n o n co n ­
tiguous standard in jections as determ ined by the 
L evel 4 term inal. O verall, peak h eig h t was 
g en era lly  m ore reprod ucible a lthough both 
m eth od s o f quantitation  indicated  com parable 
results. For short term  (one day) operation , in ­
tegration  results w ere very reprod ucible w ith  a 
coefficient of variation of less than 10%; how ever, 
o v er several days the d etector and chrom ato­
graphic perform ance change (see Discussion) and 
this is reflected  in the data. Periodic m onitoring 
w ith  standard injections every 10-30  samples and 
re c a lib ra tio n  o f th e  a lg o rith m  is reco m ­
m ended.

D e t e c t o r  P e r fo r m a n c e

T h e e lectro n  capture detectors on the H ew ­
lett-P ackard  5700, 5830, and 5880 series gas 
chrom atograp hs have a sim ilar design. Experi­
ence w ith  these instrum ents in  this laboratory 
and o thers (2) has show n that the 5830 ECD was 
nonlinear, w hereas the 5700 ECD was linear both 
w ith in  and betw een attenuations. In this study, 
the  5880 ECD was lin ear over the 0 .0 0 1 -1 .0  
/rg /m L  con centration  range exam ined. R e­
gression analysis indicated that both peak height 
and area w ere lin ear and R2 values > 9 9 %  w ere 
found. Peak h eig h t generally  produced b etter 
corre latio n s of lin earity  w hich  m ay have been  
due to colum n overloading effects and the slight 
ta iling  o f the organochlorine com pounds on the
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Table 9. Comparative reproducibility of peak height and peak area for representative pesticides, using automatic liquid
sampler and Level 4 terminal algorithm (n > 6 )

Com pound
Concn,
M g /m L

Peak ht Peak area

Mean CV, % a Mean CV, % a

B u ty la te 6 10 1834 3.5 2639 3.6
Atrazine 1.0 43 4.7 119 4.5
Lindane c 0.01 179 29 N D d
Carbaryl 10 27 21 105 18
M etalaxyl 10 24 18 63 16
A lachlor 1.0 5.9 5.5 18 4.6
Parathlon 1.0 50 5.6 212 10
Ethlon 1,0 103 5.7 497 4.7
p ,p '-D D Tc 0.02 65 41 • ND
Phosalone 5.0 163 7.3 1038 5.1
M irexc 0.02 365 6.5 ND

a C oeffic ien t o f variation.
b All com pounds determ ined on NPD, except o rganochlorines were analyzed by ECD.
c D eterm ined by ECD. Mean of 13 rep lications conducted over one week w ith  standards interspersed w ith  samples. 
d Not determ ined.

SE-30 capillary  colum n. Som e variations in re ­
sponse w ere observed at ind iv idu al con centra­
tion s but these w ere probably due to d ilu tion  
errors or chrom atographic perform ance.

As in  m ost past ECD p erform ance trials, the 
5880 ECD was durable and con sisten t for long 
periods. T he CGC system  was located in close 
proxim ity to chlorinated  solvents, and although 
the b aselin e  offset increased  consid erably  over 
the day, it was not noticeable on the chrom ato­
gram s and no d etrim ental effects have been  ob­
served. O ver a period o f several days the ECD 
response to organochlorine com pounds changed 
to produce coefficien ts  of v ariation  of 10-50%  
(Table 9) w ith  respect to peak heigh t. T his 
v ariation  was d eterm ined  to have occurred b e ­
cause o f the in jectio n  o f over 100 fish  sam ples 
w ith deposition of lipid material on the capillary 
in sert and was not due to the stability  o f the 
ECD.

The nitrogen-phosphorus therm ionic detector 
is g en erally  recognized  to be less stable and less 
rep rod ucible than electron  capture or flam e 
photom etric detectors, yet it has a very im portant 
place in p esticide residue analysis. O ur exp eri­
ence has show n there are w ide differences in the 
stability , p erform ance, and life -tim e (up to 6 
m onths) of the N PD  co llecto r bead. Som e co l­
lectors w ork w ell for over 2 m on ths w ith  m in i­
mal ad justm ent w h ile  o thers requ ire constant 
m aintenance. T he N PD  is le ft in  op eration  
(voltage and gases on) at all tim es and the voltage 
offset is adjusted on ly  w hen  required . O cca­
sionally , peak heigh ts increase w ith  in jectio n s 
(conditioning), or decrease in sensitivity w ith use 
(contam ination), w hile  o ther collectors produce

fa irly  constant response. D u ring o v ern ig h t in ­
jections, the  overall co e ffic ien t o f variation  of 
peak heigh t is sim ilar to that found w ith ECD but 
sen sitiv ity  trends are quite obvious. P erfo r­
m ance is gen erally  b etter w ith  p hosp horus 
com p ou n d s th an  w ith  n itro g e n -c o n ta in in g  
pesticides. O ften  the best resu lts are obtain ed  
w ith  a w ell used and con d itioned  co llecto r, and 
un der these con d itio n s q u an titative rep rod u c­
ib ility  was <30% . C h lorinated  solv ents tend  to 
reversib ly  sen sitize  the  co llecto r bead. M uch 
m ore atten tion  m ust be g iv en  to p erform ance 
evaluation of this detector and frequent standard 
in jectio n  and recalibration  is required .

T he N PD  w as lin ear to all the tested  organo- 
phosphorus and organonitrogen pesticides over 
the range 0 .1 -1 0  ¿ug/mL. L inearity results w ere 
sim ilar to those found w ith  the ECD, and  again 
peak h eig h t was d eterm ined  to be m arg inally  
b etter for q uantitation . M any o f th e  organo- 
phosphorus pesticides exh ib ited  peak ta ilin g  
w h ich  could  affect the algorithm  calcu latin g  
areas.

D ep end ing on th e m olecu lar and  chem ical 
structure o f the pesticid e, the  d etector resp onse 
w ith the N PD  can be used to predict approxim ate 
response factors as discussed by H olland  and 
G reenhalgh  (18). U nfortunately , this is not true 
in  all cases, and low er responses w ith  som e 
com pounds may have b een  due e ith er to the 
d etector response to th e  chem ical or to p oor 
chrom atograp hic p erform ance. T he p h th alim - 
ide fu n gicid es (captan, fo lp et, cap tafol) show  
very poor N PD  response yet they have exce llen t 
ECD sen sitiv ity  un der id entical con d itio n s; the 
d icarboxim id e fu n gicid es (ip rod ione, m eclozo-
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Table 10. Comparison of quantitation data on 
diphenamid and desmethyl diphenamid in tobacco 
extracts, using packed column with Hall detector 

and capillary system with NPD

S a m p le
No.

C o n c n  in sa m p le , M g /g

D ip h e n am id
D e sm e th y l

d ip h e n am id

C a p .
N PD

P a ck e d
Hall

C a p .
N PD

P a ck e d
Hall

1 2 8 2 9 8 .5 9 .4
2 8 .3 8 .5 5 .1 6 .5
3 5 .1 4 .0 3 .9 3 .7
4 2 .9 2 .4 2 .6 2 .6
5 0 .8 8 0 .6 1 0 .4 3 0 .3 7

lyn , v in clo z o lin ) show  th e expected  N PD  re ­
sponse.

N otw ithstand ing these p roblem s, exce llen t 
correlations w ere obtained  in  qu an titativ e  com ­
parisons o f cap illary  and packed colu m n GLC 
results. Table 10 show s a com parison of analysis 
figures for d ip henam id  and d esm ethyl d ip h e­
nam id in  tobacco sam ples. Tobacco was ex­
tracted  and cleaned  up as d escribed  by S iro n s et 
al. (19); fin a l extracts w ere exam ined  by packed 
colum n GLC w ith  a H all d etector and w ith  the 
capillary  system  and N -P d etection .

Discussion
M any pesticide residue laboratories are re­

quired to analyze a large n u m b er o f p esticid es 
and th eir m etabolites in  a variety o f substrates of 
anim al, vegetable, or m ineral origin . Typically, 
samples originate from  programs for m onitoring 
and su rv eillance, quality  assurance o f food, ag­
ricu ltural or soil com m od ities, reg istration  or 
recom m en dations fo r p esticid e use, or m isap­
p lication  or health  problem s. C o n cen tratio n s 
range from  ppb levels in  w ater, to p p b -p p m  
levels in food sam ples, and  % com p osition  in 
spray solu tions or form ulations.

Sam ples may be analyzed for a single pesticide, 
or a gen eral screen in g  m ay be requ ired . Tw o 
analytical approaches are thus possible: Specific 
m ethods may be applied  to one or m ore analytes 
in  a s in g le  substrate, or a gen eral m ultiresidue 
m eth od ology m ay be applied . Because o f the 
variety  o f chem ical and  physical prop erties of 
p esticid es, these procedures are o ften  divided 
in to  co n v en ien t, and w here possib le, m u ltiresi­
due classes. H ence, optim ized  recoveries are 
o b ta in ed  using d ifferen t m ethod olog ies fo r ex­
traction  and cleanup.

D eterm in atio n s are usually conducted  by 
gas-liqu id  chrom atography using a variety  of

colu m ns and detectors such as e lectro n  capture, 
flam e photom etric  (phosphorus and su lfur), n i­
trogen -p hosp horu s, and H all and  Coulson (oxi­
dative and reductive modes). Sp ecialized  GLC 
colum ns and derivatization techniques are often 
requ ired  to en h an ce chrom atographic p erfo r­
m ance as w ell as d etector sen sitiv ity  and  speci­
ficity .

D espite these analytical reg im es, several 
p roblem s persist. A large nu m ber o f d ifferen t 
GLC colu m ns and con ditions are required  for 
analysis and sep aration o f certain  classes o f pes­
ticides, and chem ical m odification  is often  re­
quired  fo r therm ally  lab ile  or n o n sen sitiv e  ana­
lytes. A nalysis is usually geared to the sm all 
n u m b er o f com pounds in a sp ecific  class and 
o ften  o th er residues may go un noticed  or cause 
an interference in  the determ ination. M oreover, 
th e  increased  dem ands for greater capability  in 
n u m b er o f sam ples and analytes d eterm ined  
necessitates som e autom ation and com puteriza­
tion .

H ence, a single capillary gas chrom atographic 
colu m n un der a general oven-program m ed 
schem e was evaluated for the qualitative and 
quantitative analysis of pesticide residues. Since 
m ost pesticides con tain  at least one ch lorin e, 
p hosp horus, or n itro gen  atom , d eterm ination  
w as evaluated  w ith  e lectron  capture and n itro ­
gen -p hosp horu s detectors.

M ost o f the com pounds exam ined had unique 
re ten tio n  tim es (RT) under the described  con d i­
tions, and the reproducibility of RT values (Table 
8) w as su ffic ien t that the 15 m SE-30 capillary 
colu m n could be used for qualitative analysis. 
H ow ever, because o f asym m etric peaks, con ­
cen tra tio n  d ifferences, and variable responses 
from  sam ple m atrices, such d eterm ination s are 
o n ly  sem iqualitative. D ep end ing on the ana­
ly tica l w orkup, it was found that CGC provided 
a rapid screen in g  m ethod to d eterm ine possible 
residues, as evidenced by response and retention 
tim e, that should  be confirm ed  un der o th er an­
alytica l con d itions or w ith  o ther GLC colum ns 
o r detectors. O n the o ther hand, p relim inary 
screen in g  by GLC and con firm ation  o f peak 
id entity  by its characteristic CGC retention tim e 
can also b e  b en eficia l. H ence, th e  2  tech niques 
are com p lem entary and each has a ro le in  the 
d eterm in atio n  step. In terp retation  and exp eri­
en ce  w ith  the chrom atographic system , sub­
strates, and  residues are still im portant in  fin a l 
analysis.

For exam ple, a typical extraction  o f a w ater or 
soil sam ple w ith  m eth ylen e ch lorid e w ill re­
cover, a lthough not necessarily  quantitatively ,
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a large num ber of pesticides o f d ifferent classes. 
A nalysis o f these extracts by CGC w ith N PD  w ill 
indicate num erous pesticide residues that under 
o ther analytical regim es could require 3 or more 
specific determ inations. Experience is essential 
in th e  in terp retation  of this CGC data and sub­
seq u ent confirm ation  is o ften  essential. For 
exam ple, atrazine is a som ew hat ubiquitous res­
idue in m ineral environm ental sam ples o f m any 
agricultural areas; its presence could in terfere  
w ith  d etectin g  several o ther pesticides.

The use of CGC in studies w ith  com pounds of 
know n use or contam ination  is also very b en e­
ficial. The high resolu tion  o f the cap illary  co l­
um n allow s separation o f m any o f the  co-ex­
tractives from  the analyte and clear w indow s are 
m uch easier to obtain . C on sequ en tly , less rig ­
orous cleanup of sam ples m ay be required  but 
consid eration  m ust be g iven  to ov erload ing  the 
column or contam inating the CGC system. W ith 
packed GLC colum ns, early -elu tin g  peaks near 
the solvent front may tail badly  and in terfere  
w ith  the d eterm ination  o f v o latile  pesticides. 
W ith the capillary system , these peaks are not as 
p ronounced  and are often  absent, and  as such, 
b etter quantitation  of early peaks (e .g ., H CB, 
lin dan e) is possible.

M ultiresid ue m ethods for th e  extraction  and 
cleanup o f m any ch lorin ated  pesticides are 
availab le, and m ost extracts cu rren tly  analyzed 
by packed G LC /E C D  pose no background p rob­
lem s w ith  the C G C /EC D  system . Indeed , the 
sup erior resolu tion  o f CGC perm its qualitation  
and quantitation  at levels w h ich  are 10 tim es 
low er com pared w ith  packed colum n d eterm i­
nation . E lectronic in tegration  and data m an ip ­
u lation  suggest that residues are p resent but 
these data m ust still be in terp reted  and co n ­
firm ed. U nfortu n ately , few er m ultiresidue 
m ethods and sp ecific  cleanup m ethodologies 
exist for the organonitrogen  com pounds. In 
m any of these analyses, sp ecific  m ethods are 
applied  for the d eterm ination  o f know n or sus­
pected pesticides; o ther residues may inad ver­
tently be recovered as w ell. Control samples are 
m uch m ore essential to ensure qualitative anal­
ysis. Extraneous peaks can also be qualitatively 
exam ined based on relative retention tim e for the 
p resence o f o ther residues. The recovery of 
o th er pesticid es w ith these sp ecific  m ethods is 
o ften  u n know n and it should  be checked  and 
optim ized  if possible.

Crude and cleaned up extracts from  authentic 
sam ples w ere exam ined  w ith  C G C /N P D . R e­
ten tio n  tim e w indow s w ere found, som etim es 
a fter appropriate cleanup, fo r know n analytes.

N um erous co-extractives w ere found in  all 
sam ple m atrices, and hence untreated  sam ples 
are essential if  a screen in g  procedure is used. 
T he N PD  did provide a high degree of selectivity 
for m any matrices. Crude onion extracts masked 
a large portion of the chrom atogram  from packed 
and cap illary  colum ns w ith  ECD but w ith  the 
N PD  o n ly  a few  m inor peaks w ere observed; 
sim ilarly , crude extracts of co n ifer fo liage w ere 
rem arkably  clean  w ith  the N PD. Tobacco sam ­
p les requ ired  coagulation or colum n cleanup to 
red uce the background ; crude potato extracts 
show ed  m any extraneous peaks. W ater and 
o th er m atrices show ed a few  extraneous peaks 
corresp on d in g  to those com m only encountered  
w ith  packed colu m n FPD (phosphorus detec­
tion). N o d etrim ental colum n effects w ere ob ­
served as the result o f crude extract injections but, 
as d iscussed below , syringe carryover and co n ­
tam ination  o f the capillary  in sert created p rob ­
lem s. C ontinu ous in jectio n  of sam ples did not 
change the detector response any m ore than did 
standard  in jections. C on d ition in g  o f the bead 
and  CGC system  w ith  sam ple extracts o ften  w as 
b en efic ia l in  o b tain in g  good chrom atographic 
p erform ance. W hen con tam ination  becam e a 
p roblem , the  in sert w as cleaned  and responses 
retu rned  to in itia l levels. C ontinuous m o n i­
to rin g  o f the  system  w ith  the analyte is im p era­
tive fo r q u an titative results.

O n e o f the m ost critical factors in  op tim izin g  
the CGC p erform ance is the con d ition  o f the 
capillary  insert. Repeated in jections o f sam ples, 
b oth  w ith  and w ithout cleanup, caused a n o­
ticeable buildup o f co-extractive m aterial on the 
insert. For exam ple, the large co effic ien t of 
v ariation  in  peak h eig h t for p,p '-D D T (Table 9) 
w as d em onstrated  to arise from  the d ep osition 
o f lip id  m aterial on the insert. O ver several 
w eeks, the ECD response to p,p'-D D T  decreased 
to 25% of its original value. Thus, adsorptive and 
d egrad ative processes can occur at the  m ost 
critica l area for capillary  colum n p erform ance, 
th e  in tro d u ctio n  o f the analyte to the colum n. 
S im ilarly , in jectio n  o f un clean  crop extracts re ­
su lted  in  con tam ination  of the insert w ith  the 
resu lt that the  therm ally  lab ile  N -m ethylcarba- 
m ates show ed no response by the N PD . U ltra­
son ic  c lean in g  w ith  D econ or C ontrad 70, or 
s im ilar n on p h osp h oru s-con tain in g  d etergents, 
and  if  necessary physical c lean in g  o f the insert, 
w as su ffic ien t to restore the chrom atographic 
perform ance. H ence, continuous m onitoring of 
the system  is necessary to ensure optim um  p er­
form ance. Sh o rt term  variations may be o v er­
com e w ith  th e recalibration  process.
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A fter several m onths o f con tin uous use, the 
colu m n show ed som e d eterioration  from  eith er 
rem oval o f liqu id  phase or con tam ination  by 
co-extractives near the injector. O ften, breaking 
o ff  the  first 1 5 -2 0  cm o f the cap illary  colum n 
restored  th e  ch ro m ato g rap h ic  perform ance. 
Retention tim es are only slightly reduced but the 
re lativ e  re ten tio n  tim es rem ain  quite sim ilar 
( ± 0 .0 2  re lativ e  to reference).

P roblem s w ere encou ntered  w ith  syringe 
carry -over w h en  the autom atic liqu id  sam pler 
(A LS) is used. T yp ically , the A LS rinses the  sy­
rin g e  5 tim es w ith  the n ex t sam ple before  in je c ­
tion. Frequently, sim ilar patterns of background 
or traces o f analytes w ere observed in  the next 
in jectio n . For exam ple, fo llo w in g  in jectio n  of 
a 1 0 -5 0  /xg/m L organophosphorus standard 
m ixtu re, traces to 2% o f the response w ere ob­
served in a subsequent isooctane blank injection. 
W ith  som e com pounds, as m uch as 10% carry­
o v er was observed. T he cause was d eterm ined  
to b e  in su ffic ien t rin sin g  o f th e  syringe and not 
a d so rp tio n /d e so rp tio n  from  th e  in sert or 
ghosting from  the colum n. Choice of solvent for 
rin sin g  m ay be im portant, as is the  nu m ber of 
rinses. T his problem  m ust be recognized w hen 
rou tine sam ples o f u n know n , and v arying co n ­
cen tratio n s, are analyzed.

Conclusion
C ap illary  gas chrom atography offers m any 

advantages to the pesticide residue analyst. The 
h igh  resolu tion o f the colum n allow s separation 
and  m ore p ositive  id en tificatio n  as based on re­
te n tio n  tim es. T he rep rod u cib ility  of re ten tio n  
tim e perm its qualitative id en tificatio n  o f pesti­
cid es; how ever, CGC com p lem ents packed co l­
um ns w ith  specific detectors and each should  be 
used for analysis and confirm ation. The colum n 
reso lu tio n  facilitates sep aration  o f know n ana­
lytes from  co-extractives, and as such, im proved 
con firm atio n  o f id entity  and b etter d etection  
lim its are obtained. For m any com pounds, 
quantitation  in  sam ples may be accom plished at 
a decade o r low er com pared w ith  packed co l­
um ns.

T he h igh  reso lu tion  may p resent som e p rob­
lem s if the som ew hat nonspecific detectors (ECD, 
N PD ) are used. W ith som e sam ple extracts, 
nu m erou s extraneou s peaks are ev id enced  and 
fo r gen eral screen in g  purposes may be in co r­
rectly  id en tified  i f  c leanu p  steps are not used or

if  peaks are not con firm ed  w ith  a ltern ativ e  d e­
tectors or via chem ical m odification. W ith some 
m atrices, 20 or m ore pesticides may be identified  
as trace residues based solely  on re ten tio n  tim e. 
H ence, untreated  sam ple extracts are im p ortant 
as re fe re n c e  m ateria ls. V a lid a ted  resid u e 
m ethod ology is also im p ortan t in  ach iev in g  ac­
curate data; extraction, partitioning, and cleanup 
steps increase the con fid en ce  that th e  residue is 
truly present. U nfortunately , such m ethods do 
not exist, p articu larly  fo r m u ltiresid u e ap p lica­
tions, for m any o f the  n ew er pesticides.
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A general procedure is described for the determina­
tion of acrylonitrile (AN) in foods such as margarine, 
honey butter, cold-pack cheese, and peanut butter, 
which are likely to be packaged in AN-based plastic. 
The entire sample is blended with water and salt at 
<5°C , aliquots are sealed in crimp-top vials, and the 
vials are equilibrated in a boiling water bath. The 
headspace is sampled by using a heated syringe, and 
AN is determined by gas chromatography with a n i­
trogen-phosphorus selective detector. The inclusion 
of propionitrile as an internal standard allows 
quantitation of AN with detection at 4 ,4 , and 10 ppb 
for margarine, honey butter, and cold-pack cheese, 
respectively. A peak corresponding to about 5 ppb 
apparent AN in all non-AN-packaged peanut butter 
samples examined limits detection in peanut butter 
to about 15 ppb. The coefficients of variation at 20 
ppb for margarine, honey butter, cold-pack cheese, 
and peanut butter were 7.5, 8.3, 7.3, and 10.2%, re­
spectively.

T he carcin o g en ic  activ ity  o f acry lo n itrile  (AN) 
has recen tly  b een  dem onstrated  in  a com pre­
h en siv e  study (1). T h is report, com bined  w ith 
p revious reports, has resulted  in  several analyt­
ical approaches to d eterm ine trace quan tities of 
A N  in  A N -based polym ers as w ell as the  usual 
food sim ulants. These techniques, based m ainly 
on gas chrom atographic procedures, have b e­
com e increasingly specific and sensitive over the 
last few  years.

S in ce  1976, residual AN  has b een  d eterm ined  
by the gas chrom atograp hic-head sp ace tech ­
n iq u e in a num ber o f d ifferen t m atrices; in 
p olym ers by using a flam e ion ization  detector 
(FID ) (2); in  food sim ulants by using a n itrogen - 
sp ecific  th erm io n ic  d etector (3); and in plastic 
resin s (4, 5), o liv e  o il (4), and beverages (5) by 
using  a th erm io n ic  n itrogen -p hosp horu s (N -P) 
selectiv e  detector.

A N  has also been determ ined in diluted paint, 
in  acetone extracts o f charcoal, and in w ater (6) 
by direct in jection, using a N -P selective detector 
w ith  an e lectrica lly  heated  rubidium  silicate- 
based glass bead. Gas chrom atography-qua-
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drapole mass spectrom etry (GC-M S) was used to 
con firm  AN  levels. S im ilarly , Brow n et al. (7) 
used the N -P d etector and d irect in jectio n  to de­
term ine AN  in heptane, 3% acetic acid, 8 and 50% 
ethanol, and w ater as food sim ulants. T he levels 
in  th e  s im ulants w ere subsequ ently  confirm ed  
by G C -quadrupole M S by M cN eal et al. (8) fo l­
lo w in g  azeotropic con centration . Stam pa and 
Im h o f (9) used the headspace tech niq u e, pro­
p io n itrile  in ternal standard, and an N -P detector 
to determ ine AN as low as 10 ppb in studying the 
m igration  o f AN  from  plastic resins in to  sim u­
lants.

It is ap parent that headspace d eterm ination  
w ith  N -P d etection  is the p referred  analytical 
approach to d eterm ine AN  in food sim ulants, 
hom ogeneous liquid  sam ples, and  plastic resins. 
N o d eterm in ation s or m ethods have b een  d e­
scribed , how ever, for d eterm in in g  AN as a m i­
grant from  A N -based plastic in to  foods such as 
m argarine, p eanut b utter, cheese products, or 
o th er spreads that are lik ely  to be packaged in 
A N -based plastic containers. In these sem isolid 
foods, m igrant AN  w ould be expected  to be dis­
tributed  inhom og eneou sly  w ith in  the con tents 
o f the  con tain er, w ith  the con centration  o f AN  
h ig h est next to the con tain er w alls. Thus, to 
estim ate the AN  con centration  of the total co n ­
ten ts, the en tire  sam ple or a rep resentative frac­
tion  m ust be m ade hom ogeneous before  the a n ­
alytica l sam ple is taken.

T h is  report describes a procedure for d eter­
m ining AN in sem isolid foods such as m argarine, 
h o n ey  b utter, cold-pack cheese, and peanut 
butter. In  d eveloping m ethodology, one of our 
goals was that the procedure be ap p licable to a 
w ide range o f foods. Thu s, th e  gen eral p roce­
dure could  be used for foods o th er than those 
studied . In  the proposed procedure, the en tire  
con ten ts  o f the con tain er are b len d ed  to give a 
h o m og eneou s aqueous saline slurry , an aliquot 
is sam pled, and A N  is d eterm ined  by headspace 
gas chrom atograp hy w ith  N -P d etection , using 
propionitrile (PN) as internal standard. Sam ples 
o f 5 types o f food packaged in  A N -based p lastic 
con ta in ers  and the containers them selves w ere 
analyzed  for AN. Som e results w ere confirm ed 
by h ig h  reso lu tion  G C -M S.
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METHOD

A p p a ra tu s

(a) Gas chromatograph. — V arian  A erograp h 
M odel 2100, or equivalent, equipped w ith  6 ft X 
4 m m  id U -shape glass colu m n packed w ith  
8 0 -1 0 0  m esh C hrom osorb 102 (Joh n s-M an v ille  
Co. Ltd) and fitted  w ith  a Tracor M odel 702 n i­
tro g en -p h o sp h o ru s (N -P) selectiv e  detector, or 
equivalent, adapted for on-colum n injection, and 
w ith  colu m n end  fitted  in to  d etector base. O p­
erating conditions: tem peratures (°C )— injector 
200, colum n 140, detector 225; helium  carrier gas 
at 40 m L /m in ; hydrogen at 3.0 m L /m in ; air at 110 
m L /m in ; stabilized  source heating  cu rren t ad­
ju sted  to give ca 20 pA (50% full scale d eflectio n  
at 4 X 1 0 ~ n  am p /m V ); p o larizin g  voltage, h igh  
setting. D esensitize N -P detector for 2 m in after 
in jection. R etention times for acrylonitrile (AN) 
and p ro p io n itrile  (PN ) should  be 6 -7  and 9 -1 0  
m in , resp ectively . An in jectio n  o f 3 .22 ng  AN 
(4.0 pL o f 0 .806  p g /m L ) should  give > 5 0 %  full 
scale d eflectio n  at 64 X 1 0 ~ 12 am p /m V .

(b) Syringe. — 1 m L gas-tight syringe M odel 
1001 (H am ilton  Co.) equipped w ith  syringe 
h eatin g  m an tle M odel 87204 (H am ilton  Co.). 
H eat syringe w ith steam. Use boiling w ater bath 
to sup p ly steam  and w ater aspirator to draw  
steam  throu gh  syringe, or use steam  generator. 
C o n n ect syringe w ith  ball jo in ts  and clips or 
tubing connectors. Check heating effic ien cy  in 
m antle by substituting therm om eter and cork for 
syringe. Tem perature should  be > 9 8 ° C . U se 
2 in . 22 gage needle.

(c) Water bath. — B o ilin g  w ater bath , Boekel
M odel 1487, or equ iv alen t, m od ified  to hold  at 
least 16 headspace v ials as follow s: R eplace
con cen tric  ring s w ith  circu lar m etal plate w ith  
%  in . w ide, 1 in . deep notches on p erim eter to 
receive n ecks o f sam ple vials. Fit p rotru d ing 
bolt or screw  in  cen ter o f disk. A 5 in. d iam eter 
plate can hold  4 vials. H old  v ials in place w ith  
elastic  band o v er bolt. D o not use sam e w ater 
bath used fo r heatin g  syrin g e m antle.

(d) Headspace sample vials.— 30 mL H ypovials 
(P ierce C hem ical Co.), or equivalent, sealed w ith 
Teflon-lam inated  silicon  rubber disks (Tufbond, 
P ierce C h em ical Co.), or eq uivalen t. D iscard 
disk a fter s in g le  use. C rim p headspace sam ple 
v ials tig h tly  so alum inum  cap cannot turn.

(e) Pipet.— 10 m L, M ohr or sero log ical, for 
tran sferrin g  p eanu t b u tter or m argarine slu rry , 
w ith  tip com p letely  cut o ff; fo r tran sferrin g  
honey b u tter o r cheese  slu rry , cut o ff tip so in ­
ternal d iam eter is 1 -2  mm.

R e a g e n t s  a n d  M a te ria ls

C aution : A cry lon itrile  is a carcinogen . O b­
serve necessary safety precautions. Carry out all 
m anip ulations and d ilu tions in  fum e hood.

(a) Margarine, honey butter, cold-pack cheese, 
peanut butter.— As purchased in  local retail stores. 
Packaged in  glass (or non-A N -based  plastic) as 
available.

(b) p-Methoxyphenol.— M onom ethyl e th er of 
h y d roq u inone (M EH Q ). A vailable from  A l­
drich.

(c) Acrylonitrile (A N ).— A vailable from  A l­
d rich .

(d) Propionitrile (PN).— A vailable from  A l­
drich.

(e) Distilled water.— Add M EH Q ; if  necessary, 
stir w ith  T eflon -cov ered  stirrin g  bar to d issolve 
to giv e 1% (w /v ) solu tion .

(f) Absolute ethanol.— Add M EHQ and dissolve 
to give 1% (w /v ) so lu tion .

(g) Sodium chloride. — A nalytical reagent.
(h) Standard solutions.— R efrigerate.
(3) AN stock solution.— 0.806 p g /m L . P ip et 1 

m L (0.806 g) AN in to  100 m L volu m etric  flask 
contain ing about 50 mL ethanol, d ilute to volum e 
w ith  ethanol, and m ix. P ip et 1 m L aliqu ot in to  
100 mL v olu m etric flask, d ilu te to volu m e w ith  
w ater, and m ix. P ip et 1 m L a liqu ot in to  100 mL 
volu m etric  flask , d ilu te to volu m e w ith  w ater, 
and mix.

(2) PN stock solution.— 0 .7 7 2 p g /m L . Prepare 
as (3) above.

(3) Preparation of AN spiking standards.— From 
stock solu tions (3) and (2) above, prepare 6 
standard solu tions each con ta in in g  386 ng 
P N /m L  and 0, 40 .3 , 80.6, 161.42, 241.8 , and 403 
ng A N /m L  by p ip ettin g  5 m L PN  solu tion  into 
each o f six 10 mL volu m etric flasks and 0, 0 .5 ,1 , 
2, 3, and 5 mL A N  solu tion  in to  each flask. D i­
lu te to volum e w here necessary w ith  w ater.

(4) PN internal standard solution.— 0.386 p g/m L . 
P ipet 5 m L PN stock solu tion  (2) above in to  10 
m L v o lu m etric flask. D ilu te to volu m e w ith  
w ater and mix.

P re p a ra tio n  o f  C a lib ra t io n  S ta n d a rd s

If  glass-packaged or non-A N -based  plastic- 
packaged sam ples o f the food to be analyzed are 
n o t available, AN  can be stripped  from  A N - 
packaged food by the fo llo w in g  procedure: 
W eigh  2 0 0 -3 0 0  g (X g) o f food in to  2 L round- 
bottom  flask , w eigh  flask and con tents (Y g). 
Add 2X g w ater (no M EH Q ) and evaporate w ater 
on rotary evaporator until w eight approxim ating 
Y g is obtained. Separately add 2 portions (each
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=  X g) o f w ater, evaporating to approxim ately  Y 
g after each addition. Add X g of w ater (w ith 1% 
M EH Q ) and mix. Decant into fared blender and 
d eterm in e  w eight. Add V4 this w eigh t o f N aCl 
and  b len d  1 m in.

For glass-packaged or non-A N -based  plastic- 
packaged food, w eigh  2 0 0 -3 0 0  g (X g) food into  
blender, add X g distilled w ater (w ith 1% M EHQ) 
a n d X / 2 g N a C l .  Blend 5 m in.

U sing suitable M ohr pipet and w ater aspirator, 
f ill  M ohr pipet alm ost to top w ith  fo o d -w a te r- 
salt slurry , from  blender. W ipe outside of pipet 
tip  w ith  d isposable tissue, and add exactly 10.0 
g slu rry  in to  each o f tw elve 30 mL headspace 
sam p le vials, b len d in g  slurry b rie fly  to mix b e ­
tw een each sam pling. To each o f these 12 v ials 
add 1 m L of the appropriate solu tion (h)3 to give 
PN  con cen tratio n s of 96.5 ppb and  AN con cen ­
trations o f 0, 0, 10.1, 10.1, 20 .2 , 20.2, 40 .3 , 40.3,
60 .5 , 60.5, 100.8, and 100.8 ppb, w ith  respect to 
the food. Im m ediately cap vial w ith closure after 
adding each 1 mL aliquot. M ix flask by rotation 
to ensure hom ogeneous slurry after adding each 
1 m L aliquot.

Preparation o f  Calibration Curves

E quilibrate in b o ilin g  w ater bath fo r 2 h and 
sam ple headspace as described  below  under 
Headspace Technique a fter exactly 2 h in bath.

U sing chrom atogram  of blank sample as guide, 
draw  b aselin e  and estim ate peak heigh ts o f AN 
(H a) and PN  (H p) to nearest 0.1 mm on ch ro ­
m atogram , correcting for any interfering peak in 
b lan k  sam ple. D eterm ine ratio Ha/H p fo r 10 
headsp ace in jections. P lo t Ha/H p vs ppb AN 
and draw  best lin e  throu gh points.

Preparation o f  Sam ple

K eep all sam ples to be analyzed , N aCl, and 
w ater (w ith  1% M EH Q ) under refrigeratio n  b e­
fore preparation o f food-w ater-salt slurry. Chill 
b len d e r con tain er in  freezer. A fter b len d in g  
sam ple, keep  b len d er con ta in er and con tents in 
ice bath  w h ile  sam pling except w hen b len d in g  
b etw een  sam ples.

T ransfer as m uch as possible o f the contents of 
A N -based plastic-packaged food to chilled , fared 
b len d er tak ing  care not to abrade plastic con ­
tainer. D eterm ine w eight of food sampled (X g). 
A dd X g cold  w ater and X /2  g N aCl and b len d  5 
m in  or un til hom ogeneous. Do not overb len d  
as sam ple w ill w arm  up.

U sing suitable M ohr pipet and w ater aspirator, 
fill p ip et alm ost to top w ith  fo o d -w a ter-sa lt 
s lu rry  from  blender. W ipe outside of pipet tip 
w ith  d isposable tissue and add exactly 10.0 g

slu rry  in  duplicate in to  two 30 mL headspace 
sam ple v ials, b len d in g  slurry b rie fly  betw een 
sam ples. To each vial add 1 mL PN  in tern al 
standard solution (4). Im m ediately cap vial w ith 
closure after adding each 1 mL aliquot. M ix flask 
by  ro tation  to ensure hom ogeneous slurry  after 
ad d ing in tern a l standard.

E quilibrate in  b o ilin g  w ater bath  for 2 h and 
sam ple headspace as described  below  under 
Headspace Technique a fter exactly 2 h  in  bath.

H eadspace Technique

For at least 15 m in before  sam pling, heat sy­
rin g e  m an tle and syringe w ith  steam . Keep 
p lu n ger in  steam -heated test tube. A bout 7 m in 
before  each sam pling, briefly  flush syringe w ith 
n itrogen . Ensure that n eed le  is c lear o f bits of 
septum  by passing w ire  in to  needle.

U se fo llo w in g  tech niq u es to sam ple head- 
space: R eplace hot p lu n ger in  syrin g e and d e­
press fu lly . D isconnect m an tle from  steam  
source, free in g  heated  syringe. P ierce  septum  
o f v ial w ith  n eed le  about 1 cm. W ithd raw  
p lu n ger slow ly (5 s) to about 1 mL. (A m ark on 
the p lu n ger m ay be h elp fu l.) Do n o t pum p 
plunger. W ait 10 s to le t b arrel fill. W ithd raw  
n eed le  and im m ed iately  in ject in to  gas chrom a­
tograph. W ithdraw  n eed le  from  gas ch ro m ato ­
graph and reconnect m antle to steam  source and 
prepare for n ex t sam ple. Id en tify  A N  and PN  
from  reten tio n  tim es.

In jectio n  o f m argarine, ho n ey  b u tter, and 
cold-pack cheese  headspace m ay be m ade every 
15 m in. For p eanut bu tter o n ly , a large late- 
elu ting peak (retention  tim e about 3.8 relative to 
PN ) w ill in terfere  after 2 in jections. T herefore, 
a fter 2 in jectio n s raise th e  oven tem p eratu re to 
200°C  fo r 10 m in. A fter coo ling  and  re -eq u ili­
bration  o f oven  at in itia l tem perature, 2 m ore 
sam ples m ay be in jected .

Calculation

M easure peak heights of AN  (H a) and PN  (H p) 
on chrom atogram  and d eterm ine average ratio  
Ha/H p from  duplicate samples. D eterm ine ppb 
AN  from  calibration  curve.

Results and Discussion
In itia l studies in the d ev elop m ent o f su itab le  

m ethod ology for AN  in  foods as w ell as plastics 
w ere carried  out using a C oulson  electro ly tic  
con du ctiv ity  d etector (CECD) op erating  in  the 
catalytic n itro gen  m ode. W ith the acq u isition  
of a N-P therm ionic detector w ith the electrically  
heated  Rb silicate glass bead, m uch b etter sen si­
tivity and peak sym m etry w as observed . G en -



PAGE & CHARBONNEAU: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 5, 1983) 1099

r

u

TIME (min)
Figure 1. Sensitivity comparison at 8 X 10~12 amp / 
mV N-P detection): top, 4 /¿L direct injection of 80 ppb 
AN and 78 ppb PN; bottom, 1 m l headspace at 100°C 
from 10 mL water with 2 g salt, 16 ppb AN, and 39 ppb 

PN.

erally , at m axim um  practical sensitivity, the N -P 
d etector w as about 20 tim es m ore sen sitive  than  
the CECD. In ad dition  to the  Rb silicate  beads 
supplied w ith the instrum ent, sim ilar beads w ere 
prepared accord ing to a p u blish ed  procedure
(10). L ittle  d ifferen ce  in  sen sitiv ity  or stability  
w as noted  w ith  these beads. T he greater sen si­
tivity of the headspace procedure com pared w ith 
d irect in jectio n  for the d eterm ination  o f A N  in 
aqueous solu tion  is show n in  F igu re 1. In  the 
headspace determ ination , 1 mL o f the headspace 
over 10 m L of an equ ilibrated  (100°C ) 16 ppb 
aqueous solu tion  w ith  2 g salt g ives a response 
almost double that o f a 4  pL in jection of an 80 ppb 
solu tion. Thus fo r equal responses o f norm al 
headspace (1 mL) and direct (4 /¿L) in jections, the 
headspace procedure is nearly  10 tim es m ore 
sensitive.

Because our analytical in terest con cern ed  
foods lik e ly  to be packaged in  A N -based  resin s, 
such as m argarine, cold-pack ch eese , p eanut 
butter, and honey butter and other spreads, it was 
necessary to develop a m ethod  to accom m odate 
the expected  un even  d istribu tion  o f A N  in  the 
sam ple. P relim in ary  in v estigatio n s on the v is­
cous or sem isolid  foods m en tion ed  con firm ed  
h ig h er con cen tratio n s o f AN  in  w all sam ples 
com pared w ith  those taken from  the m iddle. 
T h erefo re , any valid  m ethod fo r m igrant AN  
must include a step to hom ogenize an inheren tly  
inhom og eneou s sam ple so that the analytical 
a liqu ot w ill accurately  re fle ct th e  average A N  
level o f the food package contents. To obtain the 
requ ired  rep resentative analytical a liq u ot fo r 
headspace eq u ilib ratio n , the e n tire  sam ple w as 
hom ogenized  rather than  a rep resen tative  frac­
tion . This avoided the p roblem s in v o lv ed  in  
tak in g  a rep resentative  p ie-shap e segm ent from  
a jar or circular tub or rem oving a h a lf or quarter 
sectio n  from  a rectangu lar con tain er. This ap­
proach is alm ost im possible w ith  h igh ly  viscous 
sam p les such as ho n ey  butter. B len d in g  the 
entire contents (X g) of the chilled  container w ith 
an equal w eight o f ice-cold  w ater contain ing 1% 
M EH Q  and 0.5X g sodium chloride in an ice-cold 
b len d e r gave a slurry  that could  be easily  sam ­
pled  and clean ly  transferred  to the fared head- 
space v ial by using a M ohr p ipet. To accom m o­
date d ifferen t viscosities, th e  pipet tips w ere cut 
to give d ifferen t diam eters. The use of a ch illed  
b len d er, sam ple, w ater, and salt sou gh t to m in i­
m ize evaporative losses. Because M EH Q  was 
used to stabilize the neat AN, it was fe lt prudent 
to in clu d e M EH Q  in  the standard AN  solu tions. 
S im ilarly , M EH Q  was incorporated  in the aque­
ous food slu rries that w ere heated d uring  eq u il­
ibration .

T he ad dition  o f electro lytes to low er the so l­
u b ility  o f the dissolved analyte and increase the 
partition betw een headspace and aqueous m edia 
has b een  described  by several w orkers (11, 12). 
In  our sam ples, it also enhan ced  the p artition  to 
giv e greater sensitivity. For exam ple, for 10 mL 
w ater sp iked  at 40 ppb AN and 100 ppb PN , the 
headsp ace gas chrom atographic response in ­
creased  by factors of 2.6 and 2.9, respectively .

In  ad dition  to "sa ltin g -o u t,"  an increase in  
tem perature w ill also increase the concentration  
o f v o la tile  analytes in  the headspace (12). For 
our analysis it was con v en ien t to use a b o ilin g  
w ater bath  w ith  the headspace v ials suspended 
in a slotted lid so that only the alum inum  cap and 
sep tum  w ere not d irectly  heated. To prevent 
condensation o f the headspace volatiles onto the
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Figure 2. Equilibrium-reaction curves for 4 foods: honey butter and margarine spiked at 50 ppb AN and 
100 ppb PN, cold-pack cheese at 100 ppb AN and PN, and peanut butter at 100 ppb AN and 50 ppb PN.

cold  syrin g e b arrel or o th er syringe parts, it was 
necessary to heat the syringe to the w ater bath 
tem perature. I f  condensation  occurs, sm all 
qu an tities o f condensate, co n ta in in g  the vola­
tiles, possibly in a d ifferen t prop ortion  to the 
n o n-cond ensed  gas, m ay be in jected . Thus, ac­
ceptable repeatability may be difficult to achieve. 
S y rin g e  heatin g  was accom p lished  by draw ing 
steam from  boiling w ater through a glass syringe 
m antle. W ith the syringe m antle in place it was 
necessary to mark the p lunger so that the volum e 
in jected  w as som ew hat reproducible. To com ­
p ensate fo r variations in  in jectio n  volum e, an 
in tern a l standard was used. P rop ion itrile , 
w h ich  was used by several o ther w orkers (4, 9), 
w as chosen .

W ith the equipm ent and procedures described, 
it was then  necessary to d eterm ine the eq u ili­
bration  tim e or the best tim e at w h ich  to sam ple 
the headspace for the various foods. As noted , it 
w ould  be con v en ien t to fo llow  the sam e proce­
dures for all foods. Individual duplicate samples 
w ere prepared for each tim e studied by spiking 
10 g slurry  w ith  1 mL A N -P N  solu tion . It was 
im portant to ensure that the added I mL solution

w as properly  m ixed by sw irling  to give a hom o­
gen eou s m ixture. M ixing peanut bu tter and 
standard was m ore d ifficu lt than for o ther foods. 
T h e  tim e-resp o n se  curves for AN, PN  and th eir 
peak h e ig h t ratios for ho n ey  b utter, m argarine, 
cold -p ack cheese , and peanut bu tter are show n 
in  Figure 2. For ho n ey  butter there  is an in itia l 
increase  in  AN  and PN  peak heigh ts as eq u ilib ­
rium  is attained  follow ed by a gradual decrease. 
T h e A N -PN  peak h eig h t ratio decreases slow ly 
over a 4  h period. For m argarine, there is a slight 
variation in AN  and PN peak heights w hich may 
be expected  from  slig h t d ifferen ces in  in jectio n  
volu m e. T he in tern a l standard appears to 
com pensate for this quite w ell as the ratio of peak 
h eigh ts  is re lativ ely  constant. For cold-pack 
cheese  and for peanut b utter, how ever, th e  s it­
uation is quite  d ifferen t. T he PN  resp onse ap­
pears to attain an equilibrium  after 1 h for cheese 
and 2 h for peanut butter. The AN, how ever, for 
both cheese and peanut b u tter attains a m axi­
mum at about 1 h and decreases thereafter. T he 
resu ltant A N -PN  ratio for b oth  foods also d e­
creases. Thus, for both peanut butter, cold-pack 
cheese, and to som e extent for ho n ey  b u tter,
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there  is s ig n ifica n t loss o f A N  w ith  tim e com ­
pared w ith  the in tern a l standard. T h is p h e­
nom en on  is best exp lained  by a d ecom p osition  
or reaction  o f A N  w h ich  rem oves it from  the 
system . It has b een  rep orted  that A N  reacts in 
vitro and in vivo w ith proteinaceous m aterial (13, 
14). In  Figure 2, the results appear to correspond 
roughly to the am ounts o f proteinaceous m aterial 
in  each sam ple. P ean u t butter and  cheese  w ith  
th e h ig h er p rotein  con ten t exh ib it the  greater 
loss o f AN. For all foods exam ined , an eq u ili­
bration  tim e o f 2 h w ould appear adequate to a t­
ta in  eq u ilib riu m , based on PN. A t this 2 h sam ­
p lin g  tim e, how ever, the concentration  o f A N  in 
p eanu t b utter, cold-pack cheese , and to a lesser 
extent in honey butter is decreasing. D espite the 
decreasing AN  in  these foods at 2 h , reproducible 
linear calibration curves can be readily obtained. 
T herefo re , one m ay assum e that sam ple h eatin g  
is b e in g  carried  out in  a rep rod u cib le  fashion .

The variation  in  loss o f AN  after 2 h  eq u ili­
bration  for each food (Figu re 2) resu lts in  d if­
fe ren t A N  headspace responses. T hese re ­
sponses fo r 10 ppb A N  as w ell as 96 ppb PN  are 
show n in  T able 1. For m argarine and h o n ey  
butter th e  AN  response is about tw ice that of 
peanut butter and n early  3 tim es that o f cold- 
pack cheese. The response for PN , w h ich  is not 
lost during equilibration (see Figure 2), is sim ilar 
for all foods, w ith the low est PN  response for the 
h igh  lip id -co n tain in g  m argarine. Presum ably, 
if  A N  was not reactive its headspace response 
w ould p arallel that o f PN  for each particu lar 
food. T he sim ilarity  o f m argarine and ho n ey  
butter response (Table 1) for A N  can be explained 
by a loss o f AN  in  ho n ey  b u tter (see F igu re 2), 
red ucin g  the A N  response to that o f m arga­
rine.

To evaluate effectively the sample preparation 
and chrom atograp hic tech n iq u es d escribed  ear­
lier, repeatability  at several stages o f the analysis 
was investigated . First, rep eatab ility  o f the 
headspace procedure w as evaluated. A 1 m L 
standard solu tion con tain in g  AN  and PN  at 0.48 
and 0.47 p g /m L , respectively , was added to each 
o f 6 headspace v ials each con tain in g  2  g salt and 
10 m L w ater (1% M EH Q ). A fter 0.5 h eq u ili­
bration  at 100°C  the 1 m L headspace sam ples 
w ere rem oved and in jected  onto  the GC system , 
using the heated  gas-tight syring e. A ccep table 
rep eatab ility  (6.9%  CV) was obtained.

N ext w e evaluated  rep eatab ility  w ith  resp ect 
to the preparation of calibration curve points for 
each particular food. As d escribed  in  the 
m ethod, 1 mL A N -P N  standard was added to 
each o f 6 v ials co n ta in in g  10 g fo o d -w a te r-sa lt

slurry to give A N  at 20 ppb. T he contents o f the 
v ial w ere carefu lly  m ixed to ensure d isp ersion  
of AN  and PN. A gain, acceptable repeatabilities 
o f 7 .5, 8.3, 7 .3 , and 10.2% fo r m argarine, ho n ey  
butter, cold-pack cheese, and p eanu t b u tter, re ­
sp ectively , w ere obtained. This ind icated  that 
the  calibration  curve p oints could  be gen erated  
reproducibly .

Fu rtherm ore, to d eterm ine if  A N  w as lost by 
vo latilizatio n  during b len d in g  a n d /o r  transfer, 
cold  ho n ey  b u tte r-w a te r-sa lt slu rries w ere 
spiked in  duplicate at 100 ppb in  the blender and 
in  individual headspace vials. Results from  the 
b len d e r sam ples averaged 5% h igh er. For 
cold-pack cheese at 100 ppb, the  vial-sp iked  
sam ples w ere 2% h ig h er yet at 40 ppb the 
blender-spiked samples w ere 10% higher. Thus, 
it w as conclud ed  that no appreciable loss o f A N  
by vo latilizatio n  during sam ple preparation oc­
curred.

F in a lly , the en tire  con tents of several A N - 
based plastic containers w ere analyzed according 
to the  m ethod. For each o f these foods, 6 rep li­
cates from  various p oints in  the b len d er's  con ­
ten ts  w ere taken. For ho n ey  b u tter at 8.5 ppb, 
cheese spread at 11.9 ppb, cold-pack cheese at 45 
ppb, and peanut bu tter at 42.5 and 37.5 ppb, 
repeatabilities w ere 9.1, 5 .9 ,1 8 .1 ,1 5 .2 , and 10.6%, 
resp ectiv ely . These results con firm  the hom o­
g en eity  o f the  fo o d -w a te r-sa lt b lend.

These experim ents ensure the repeatability  of 
th e  ov erall schem e of analysis show n in  Figure 
3, w hich  em phasizes the parallel treatm ent of the 
sam ple and standard curve (spiked) m anip ula­
tion s and analysis.

W ith all foods studied, AN  generally exhibited 
a lin ea r response w ith  d ifferen t sen sitiv ities for 
d iffe re n t foods (Table 1). T hese d ifferen t re­
sponses are to be expected  con sid erin g  the loss 
o f AN  by reaction or decom position as show n in 
F igu re 2, as w ell as expected  d ifferen t partition  
co effic ien ts  fo r d ifferen t foods. The loss o f AN 
in  p eanu t bu tter and cheese, how ever, did not 
a ffect lin earity .

For each food it w as necessary to prepare a 
standard curve using food packaged in  glass or 
non-A N -based  plastic, e .g ., p o lyethy lene. For 
sp ecia lty  foods, w h ich  w ere only  available 
packaged  in  A N -based plastic, it was necessary 
to rem ove any m igrant AN  in  p rep arin g  ca li­
b ratio n  curves. T he AN  was readily  stripped  
from  th e sam ple by repeated  evaporations of 
excess added w ater. U sing this procedure, cali­
b ratio n  curves for ho n ey  bu tter w ere readily 
prepared. W ith incom plete rem oval of AN, the 
sm all peak arising from any rem aining AN could
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SAMPLE (COLD) CALIBRATION CURVE

Entire
Cold Sample

*g

Identical
Matrix

150g

x/2 g Salt 75g

Blend 5 Min. or 
until Homogeneous

10g Aliquot

1mL Internal 
Standard (100 PPB)

1mL Internal 
Standard (100 PPB) with

0-100 PPB AN

Seal, Mix, Equilibrate

GC with N/P
Figure 3. Analytical scheme emphasizing parallel manipulation for unknown and calibration samples.

b e subtracted  from  all spiked AN  peak heigh ts 
b efo re  calcu latin g  peak h e ig h t ratios.

W ith the excep tion  of peanut b u tter, a ll foods 
exam in ed  w ere free  o f in terferen ces (F igu re 4). 
For p eanu t butter packaged in  glass or non- 
A N -based  plastic, a peak w ith  a re ten tio n  tim e 
corresp on d in g  to AN  was p resent in  all 7 d if­
fe re n t brands exam ined. T h is  apparent AN

Table 1. Headspace response characteristics for AN and 
PN in food ‘

%  F SD

Food AN PN

M a rg arin e 2 4 5 2
H o n e y b u tte r 2 6  6 69
C o ld -p a c k  c h e e se 9 6 7
P e a n u t butter 1 3 b 68

a AN and PN  at 1 0  and 96  ppb and at 1 6  and 3 2  X  1 0 - 1 2  
a m p /m V ,  re sp e c tiv e ly , fo r 1 m L  h e a d s p a c e  ( 4 %  tota l) in je c ­
tio n  a fter 2  h e q u ilib ra tio n . 

b  C o rre c te d  for b lank.

ranged  from  3 to 8 ppb in  the sam ples exam ined. 
Because this peak occurred in a relatively narrow 
con cen tratio n  range in  all these sam ples, it was 
not b elieved  to arise from  AN  contam ination. It 
is b e liev ed  to be an  artifact produced during 
equilibration, because the interference continued 
to increase  fo r up to 4 h heating . H igh reso lu ­
tion mass spectral investigation did show  a peak 
corresp on d in g  to AN  w ith  approxim ate co n fir­
m ation of level. Several other GC colum ns w ere 
un ab le  to separate this apparent A N ; o ther n i­
tro g en -co n ta in in g  com pounds w ere show n not 
to have sim ilar re ten tio n  tim es. O ther late- 
e lu tin g  peaks, alm ost off-scale, also arose from  
p eanu t butter. A fter 2 in jectio n s, as described  
in  the m ethod, it was necessary to raise th e  co l­
um n tem perature to 200°C  to rapidly elute these 
in terferen ces  before  in jectin g  2 fu rther sam ­
ples.

T he chrom atogram s show n in  Figure 4 and 
data in  T able 1 perm it som e estim ate o f the d e­
tection lim its for each food. If the detection lim it
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Figure 4. Typical blank (upper) and spiked (lower) chromatograms: A, margarine; B, honey butter after 
stripping, containing ca 5 ppb AN; C, cold-pack cheese; D, peanut butter. Arrow indicates retention time 
for AN in blank samples. AN spiked at 10 ppb (8 X 10-12 amp/mV) and PN at 96 ppb (16 X 10~12 amp/

mV).

is defined  as 10% FSD at 8 X 10~12 am p /m V , then
4 - 5  ppb AN  in m argarine or honey butter can be 
detected, w hereas about 10 ppb w ould be needed 
to d etect A N  in  cold-pack cheese. For p eanut 
butter, although the blank values w hich  ranged 
from  3 to 8 ppb could be ju stifiably  subtracted in 
p rep arin g  ca libration  curves, one could n o t ar­
b itrarily  do th is for actual A N -contam inated  
sam ples. A lthough the 13% FSD  given  in  Table 
1 w ould give a 7 or 8 ppb d etection  lim it in  pea­
nut butter, a m ore realistic  lim it should  be d e­
fined  at 15 ppb, about tw ice the up p er blank 
level.

A lthough our m ain in terest lay in  d eveloping 
m eth od ology fo r food, it w as also d esirab le to 
b riefly  exam ine the A N -based plastic containers 
for A N  levels. Before analysis o f th e  residual 
A N  in  b oth  food  and con tain er, it w as necessary 
to identify the plastic to ensure that it was indeed 
A N-based. D issolu tion in  ch loroform  o f a sm all 
piece or scraping from  th e container follow ed by 
evaporation o f the solu tion  or d isp ersion  on a 
glass p late gave a film  su itable fo r qualitative

infrared  analysis. The n itrile  peak at 226 0 -2 2 4 0  
cm -1  w as used to confirm  th e in clu sio n  o f acry­
lo n itr ile  as a polym er con stitu en t, and a com ­
parison of the  spectra w ith  au th en tic  re feren ce  
spectra (15, 16) perm itted tentative identification 
o f th e  polym er.

The analysis of the AN-based resin for residual 
A N  was carried  out on a rep resentative  p iece of 
the container. For circular tubs or jars, pie-shape 
segm ents w ere cut and for rectan gu lar con ta in ­
ers, quadrants w ere sam pled. T hese sam ples 
w ere th en  cut in to  sm all p ieces, w eighed , and 
added to m ethyl isobutyl ketone (M IBK ) in  a 
su itable screw -cap vial. D issolu tion  or d isp er­
sion in  the sealed vial was carried out overnight 
w ith m ild shaking. For each gram of resin , 5 mL 
M IBK  was used. A n aliqu ot o f the resu ltin g  
d isp ersion  was norm ally  d iluted  in  M IBK  in  a 
headspace v ial before  eq u ilib ratio n  at 100°C  for 
V2 h. W hen eq uilibriu m  was o btain ed , a gas- 
tig h t heated syringe was used to sam ple 1 m L of 
the  headspace for GC analysis.

A N  in  the plastic was quantitated  by com par-
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Table 2. AN levels In some containers and contacted food

Food C o n ta in e r  m a te ria l S a m p le 3 T u b , ppm

AN le v e l6

L id ,c ppm Foo d, ppb

H o n e y b u tte r (n a tu ra l) A B S rf A 60 1 1 9 10 .4 , 1 5 .8
B 9 9 .2 1 4 1 1 7 .8 ,  2 2 .4
C 4 4 .7 1 2 5 8 .4 , 2 2 .6

H o n e y  b u tte r (c in n a m o n ) A B S A 4 4 .6 9 2 .3 2 0 .7 , 1 8 .4
B 8 0 .7 26 16 .4 , 1 5 .0
C 4 2 .3 __ e 1 6 . 5 , 3 1 . 0

C o ld -p a c k  c h e e se A B S A 3 3 .0 2 4 . 3 , 2 3 . 8
B 6 2 .0 2 5 .4 , 2 9 .4
C 5 4 .9 2 7 . 3 , 3 1 . 5

P e a n u t butter A B S -M M ' A 6 3 .8 3 1 .9 ,  3 8 .1
B 6 4 .3 1 2 .3 ,  1 L .5
C 6 3 .0 < 1 0 ,  14 .0

So ft butter sp rea d A B S A 2 .2 N D «
B 1 .7 N D
C 1 .7 N D

C re a m e d  co co n u t A B S A 5 .2 N D
B 1.8 ND
C 1 .6 ND

3 D ifferent sa m p le s , sa m e  lot nu m b er.
b  S ing le  d e te rm in a tio n  in p la st ic ; d u p lica te  d e te rm in a tio n s in food. 
c  V a lu e  g iven  if A N -b ase d  p la stic  c o n ta c ts  food. 
d  A B S  =  a c r y lo n it r ile -b u t a d ie n e -s ty r e n e  p o lym e r.
3 Not an a lyze d .
'A B S -M M  =  a c r y lo n it r ile -b u t a d ie n e -s ty r e n e  m e th y l m e th a c ry la te  p o ly m e r. 
«  ND =  not d e te cte d ; < 2 .5  ppb.

ing the peak heigh t o f the AN  in the headspace 
o f the p lastic -M IB K  d isp ersion  to that o f AN  
from  a spiked M IBK  solu tion  con ta in in g  no 
plastic. T he sm all am ount o f p lastic, usually 1 -5  
g, in  the 10 mL o f M IBK  solu tion  did n o t affect 
the equilibrium . Tentative results o f the analysis 
o f som e A N -based p lastic con ta in ers are com ­
pared w ith  AN levels in  th e  corresp on d ing 
packaged food in  Table 2. A rough correlation  
is evid ent. H ow ever, the tim e the p lastic is in 
contact w ith  the food as w ell as co n ta in er pa­
rameters, such as w all thickness and area exposed 
to the food, would affect the ultim ate level of AN 
in  the food.

H igh reso lu tion  G C -M S con firm ation  o f the 
id entity  and level of AN  in  several foods and 
containers w as carried out by using a Varian M at 
311A mass spectrom eter. AN  w as m on itored  at 
53 .0265 ±  0.0086 m /z  and 52 .0187 ±  0 .0084  m /z  
in 2 separate determ inations. The equilibration 
tim es, GC colum n, and headspace sam pling was 
as for N -P d etection . Q uan titation  w as carried  
out by ratio ing peak h e ig h ts  o f sam ples and 
spiked blanks. T he sen sitiv ity  o f the G C-M S 
system  op erating  at a reso lu tion  o f 6200 was 
equivalent to the N-P detector for both direct and 
headspace in jections.

D espite the v arying responses o f AN  in vari­
ous foods, the described  procedure provides an

approach to the analysis of AN in packaged foods 
w here the AN  w ould be expected  to be in h o m - 
ogeneou sly  distributed . F u rth er studies on the 
loss o f AN during eq u ilib ratio n , and exten sion  
and ap p lication  o f the procedure to o th er foods 
has b een  carried  out and w ill be reported  later.

Referen ces

(1) Food Chemical News (February 18, 1980) p. 27
(2) Steichen, R. J. (1976) Anal. Chem. 48,1398-1402
(3) Pfab, W., & Mucke, W. (1977) Dtsch. Lebensm. 

Rundsch. 73,1-5
(4) Di Pasquale, G., Di Iorio, G., Capacciolo, T., 

Gagliardi, P., & Verga, G. R. (1978) /. Chromatogr. 
160,133-140

(5) Gawell, G. B.-M. (1979) Analyst 104, 106-110
(6) Marano, R. S., Levine, S. P„ & Harvey, T. M. (1978) 

Anal. Chem. 50, 1948-1950
(7) Brown, M. E„ Breder, C. V., & McNeal, T. P. (1978) 

J. Assoc. O ff. Anal. Chem. 61, 1383-1388
(8) McNeal, T., Brumley, W. C., Breder, C., & Sphon, 

J. A. (1979) ]. Assoc. O ff. Anal. Chem. 62, 41-46
(9) Stampa, G. B., & Imhof, M. (1979) Dtsch. Lebensm. 

Rundsch. 75, 54-57
(10) Lubkavitz, J. A., Semoian, B. P„ Galobardes, J., & 

Rogers, L. B. (1978) Anal. Chem. 50, 672-676
(11) Hachenberg, H„ & Schmidt, A. P. (1977) Gas 

Chromatographic Headspace Analysis, Heyden and 
Son Ltd, London, UK

(12) Chudy, J. C„ & Crosby, N. T. (1977) Food Cosmet. 
Toxicol. 15, 547-551



PAGE & CHARBONNEAU: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 5, 1983) 1105

(13) Guengerich, F. P., Geiger, L. E., Hogy, L. L., & 
Wright, P. L. (1981) Cancer Res. 41, 4925-4933

(14) Peter, H„ & Bolt, H. M. (1981) Xenobiotica 11, 
51-56

(15) Pouchert, C. J. (1975) The Aldrich Library of Infrared

Spectra, 2nd Ed., Aldrich Chemical Co., Milwau­
kee, WI

(16) Haslam, J., Willis, H. A., & Squirrell, D. (1972) 
Identification and Analysis of Plastics, 2nd Ed., Iliffe 
Books, London, UK

Join us in Philadelphia
AOAC 9th Annual Spring Training Workshop 

the first event in the 
AOAC CENTENNIAL YEAR

Sessions on
Pesticides 

Drugs 
Forensics 

Trace Metals 
Disinfectants 

Robotics 
Toxicology 

Food Adulteration 
Methodology 

HPLC 
CLC 
TLC

Contact
Harvey Miller

Food and Drug Administration 
2nd & Chestnut Sts 

Philadelphia, PA 19106 
215/597-4375

James J. Karr
Pennwalt Technical Center 

900 First Ave 
Box C

King of Prussia, PA 19406 
215/337-6560

APRIL 30-MAY 2, 1984 • Philadelphia, PA



1106 JAKOBSEN: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 5, 1983)

W ATER AC TIV ITY

Filament Hygrometer for Water Activity Measurement: 
Interlaboratory Evaluation

MOGENS JAKOBSEN
Alfred Jorgensen Laboratory for Fermentation Ltd, Frydendalsvej 3 0 ,1 8 0 9  Copenhagen V, 
Denmark

A method is presented for measuring water activity 
(aw) of foods with a filament hygrometer. An in­
terlaboratory evaluation carried out for the Nordic 
Committee on Food Analysis demonstrated that 
measurements can be made with a repeatability and 
reproducibility of 0.005 and 0.010 aw, respectively. 
The critical parameters of aw measurements are de­
fined and discussed in relation to the accuracy and 
reproducibility required. The need for strictly stan­
dardized procedures for maintenance of the equip­
ment, sample treatment, calibration, and measuring 
is emphasized.

T he concept of w ater activity (aw) was introduced 
in  food m icrobiology by Scott (1) nearly 30 years 
ago. S in ce  th en , a s ig n ifican t am ount o f in fo r­
m ation  has b een  accum ulated about the  re la­
tion sh ip s o f w ater activ ity  and m icroorganism s
(2). This in form ation , w hich  includes spoilage 
organism s as w ell as p athogens, has resulted  in 
w ide acceptance o f aw as a w ell d efined  phys­
ico-chem ical param eter controlling the microbial 
activ ity  in  foods.

In food con tro l laboratories, the  use of the 
con cep t o f aw was prevented  fo r m any years by 
lack o f appropriate m easuring m ethods and 
equipm ent. This situation has changed  because 
several devices sp ecifically  developed  for aw 
m easurem ents are now  com m ercially  avail­
able.

T h e various m easuring m ethods suggested 
o v er the  years can be grouped in  3 categories:

T h e first category com prises a w ide range of 
com m ercial hygrom etric devices designed for air 
hum idity m easurem ent in general. Considering 
the re lation  o f aw to m icrobial grow th, w hich  
ind icates that aw d ifferen ces of 0.01 are s ig n ifi­
cant and also that aw m easurem ents o f foods 
concentrate on h igh  hum idities, i.e,, 70-95%  RH, 
th ese  d ev ices ap p ear n o t to be accu rate 
enough.

T h e second category com prises relatively  
s im p le  laboratory setups, such as various vapor

Received N ovem ber 10, 1982. Accepted February 17, 
1983.

p ressure m anom etric tech n iques described  by 
Lew icki et al. (3), the isopiestic m ethod described 
by Fett (4) and Vos and Labuza (5), and the so- 
ca lled  p roxim ity  equilibration  cell as described 
by M cC une et al. (6) and m odified by Lenart and 
F lin k  (7). T hese m ethods are not easy to deal 
w ith  in a con tro l laboratory, n o r do they have 
su ffic ien t capacity for routine m easurem ents, so 
w e do not find  these m ethods applicable. 
H ow ever, it should  be m en tioned  that the 
proxim ity  eq u ilib ratio n  cell m ethod w as pub­
lish ed  very recen tly  and future investigations 
m ust show  the ap p licab ility  o f this m ethod.

T he th ird  category com prises com m ercial d e­
v ices d esigned  d irectly  for d eterm ination  o f aw 
for foods. Several comparative studies including 
such  d evices have been  carried  out (8 -1 0 ). In  
these studies, instrum ents using im m obilized salt 
so lu tio n  sensors have played a central ro le and 
have g en erally  b een  regarded as the m ost accu­
rate eq u ip m en t available. H ow ever, in v estiga­
tion  by Jakobsen  (10) and Rodel et al. (11) com ­
p arin g  th is type o f equipm ent w ith  the sim p ler 
and sig n ifica n tly  cheap er filam en t hygrom eter 
(aw-W ert-M esser M odel 5803) based on the lo n ­
g itu d in al chang es in  d im ensions o f a w ater­
absorb in g  fiber, have concluded that b oth  are 
accurate and con v en ien t m ethods, a llow ing aw 
d eterm in ation s to be carried  out rou tinely . La­
buza et al. (12) and recent investigations by Rodel 
e t al. (13) have also concluded that acceptable 
m easurem ents can be carried  out w ith  th e fila ­
m en t hygrom eter.

T h e N ordic C om m ittee on Food A nalysis d e­
cided to carry out an interlaboratory study on the 
filam en t hygrom eter. A m ain purpose o f the 
study was to d efine and standardize the various 
param eters w h ich  are very critical for aw m ea­
su rem en ts regardless o f the m ethod  and eq u ip ­
m en t used.

M E T H O D

P r in c ip le

W ater activ ity  (aw) is d efined  as aw =  p/p0 
w here p is the equilibrium  vapor pressure o f the
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so lu tio n  (the food  product) and po is the eq u i­
lib riu m  vapor pressure o f the so lv en t (w ater) at 
the  sam e tem perature. T h en , aw X 100 equals 
the  eq u ilibriu m  relativ e  hu m idity  (ERH ) pro­
duced by  the food  product in  a closed system . 
ERH  is m easured by a hy grom eter based on a 
polyam id e filam en t show ing m easurable lo n g i­
tudinal changes fo r sm all changes in  ERH at the 
h ig h  values that are o f in terest in  food m icro­
b io logy .

A reas  o f  A p p lic a t io n

A p p lication  o f th e  m ethod is lim ited  to ERH 
values o f 70-97% , corresponding to the aw range 
o f 0 .7 0 -0 .9 7 . W ith in  this range the m ethod can 
be used fo r ord inary food products: fru it, v eg ­
etab le , m eat, and fish  products; con fectionary  
and  o th er products w ith  h igh  sugar con tents; as 
w ell as products w ith  h ig h  salt con tents, etc.

E thanol in teracts w ith  the filam en t and, 
th ere fo re , th e  m ethod  cannot be used for prod ­
ucts co n ta in in g  e th a n o l, e .g ., w ines. T he 
possibilities for interactions w ith  o ther volatiles 
m ust be kep t in  m ind.

A p p ara tu s a n d  R eag en ts

(a) Filament hygrometer.— aw-W ert-M esser, 
M odel 5803 , G. L u fft, Stuttgart, GFR. The sens­
in g  system  is a stain less steel casing h o ld in g  the 
w ater-sen sitive  filam en t and form ing  the lid  of 
a stainless steel container. The container w hich 
ho ld s the sam ple is 4 0 -5 0  cm  h igh  and has a d i­
am eter of 8 0 -1 0 0  mm. The filam ent is separated 
from  th e food sam ple by a p erforated  stainless 
steel plate. aw can be read on a scale subdivided 
in  units of 0.01 a„. T he final aw o f the sam ple is 
obtained  from  a standard curve.

D uring m easurem ents, the hygrom eters m ust 
be kept in  an insulated box w ith a cover allow ing 
the aw to be read w ith ou t o p en in g  th e box. 
M easurem ents m ust be carried  out at a constant 
tem perature o f 20 ±  1°C .

It is an ind isp ensable  req u irem en t that the 
assem bled  apparatus is tig h tly  sealed , so that no 
exchange of w ater vapor betw een the sample and 
the en v iro n m en t can take place.

T he sam ple con tain er m ust be kept absolutely 
clean . A ny m aterial allow ed  to rem ain  in  the 
con ta in er is lik e ly  to m ake the hygrom eter in ­
operable. Extrem e care m ust be taken  t h a t . 
n o th in g  is allow ed to en ter any part insid e the 
hygrom eter that cannot be cleaned . A fter 
cleaning, residues of detergents, etc., m ust not be 
left in  the container. As far as possible, cleaning 
should  be done w ith  d istilled  w ater.

It m ust be ensured  that the filam en t is not

contam inated  w ith  sam ple m aterial. Even the 
sligh test con tam ination  is exp ected  to ru in  the 
filam ent. T he filam en t m ust also be p rotected  
from  dust, and, therefore, the apparatus m ust be 
assem bled  and set aside in  the in su la tin g  box 
w h en  not in  use. T he filam en t should  n o t be 
exposed to h igh  RH  values fo r lo n g  periods. Be­
fore the equipm ent is set aside, the m eter should  
read less than 0 .60 aw.

(b) Constant temperature cabinet. — C abinet must 
be capable of m aintaining a constant tem perature 
of 20 ±  1 °C. The size o f the cabinet should allow  
su ffic ien t space fo r th e  h y gro m eter requ ired  as 
w ell as the sam ples that have to be equilibrated  
to the m easuring tem perature.

(c) Reagents. — The fo llo w in g  salts (AR stan­
dard) are required: N aCl, KC1, BaCl2-2H 20 ,
K N 0 3, and K H 2P 0 4.

S a m p lin g  a n d  S a m p le  P rep ara tion

As far as possib le, the  sam ple should  be kep t 
in  the orig inal p acking u n til transferred  to the 
m easuring instrum ent. If  the  sam ple is trans­
ferred  to an o th er con tain er, th is co n ta in er m ust 
be im p erm eable to w ater vapor and the volu m e 
should  not exceed the sam ple un it by m ore than 
10% .

It is essential that the sam ples are equilibrated  
for su ffic ien t tim e to reach th e m easuring tem ­
perature. Even for sm aller sam ples, the tim e 
required  for eq u ilib ratio n  am ounts to several 
hours.

So lid  sam ples should  be com m inu ted  befo re  
they  are transferred  to the  m easurin g  in stru ­
m ent.

I f  d ifferen ces in  aw are expected  w ith in  the 
sam e product, the sam ple should  be taken  from  
that part hav ing  the h igh est aw. In  som e in ­
stances, it can be necessary to m easure 2 separate 
sam ples, e.g., surface and center. For com posite 
products, it m ust be decided from  kn ow led ge of 
the particular product w h eth er the  various 
com ponents should be measured separately. For 
m eat products in  p ieces, the  sam ples m ust be 
taken from  the lean  meat.

M easu rin g  P roced u re

T he sample volum e shall am ount to one-th ird  
the volu m e of the  m easuring cham ber. A s part 
o f the standardization o f the m ethod, the  sam ple 
volum e m ust be standardized. T he m easuring 
con tain er is closed as qu ickly  as possib le  and 
transferred to the constant tem perature cabinet. 
A fter exactly 3 h, the aw of the sam ple is read. 
The reading is made w ith an accuracy of 0.005 aw.
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The final value obtained from the standard curve 
is rep orted  to 2 decim al places.

A fter each m easurem ent, the  sensors m ust be 
exposed to a relative hum idity ensuring that the 
m eter reads less th an  0.60 hw befo re  the next 
m easurem ent.

C a lib ra t io n  a n d  P ro d u c t io n  o f  S t a n d a r d  
C u r v e

M easu rem ents are carried  out for th e  fo l­
lo w in g  saturated salt solu tions w ith  know n aw, 
at 20  ±  1°C :

Salt aw
N aCl 0.753
KC1 0.843
BaCl2-2H 20 0.900
k n o 3 0.935
k h 2p o 4 0.952

T he saturated salt solu tions are produced by 
d isso lv in g  the salts in 3 0 -4 0 °C  w ater w ith  sub­
seq u en t crystallization  at room  tem perature. 
T h e  saturated solu tions are le ft for one w eek at 
room  tem perature before  they are used.

C alibration  is carried  out by m easuring the 
saturated  BaCl2 solu tion  w hich  shall resu lt in a 
read in g  o f 0.90. I f  th is is not so, the m eter is 
adjusted. The need for calibration is determ ined 
by  the use o f the hygrom eter. H ow ever, it is 
recom m en ded  that calibration  be done at least 
o n ce  a w eek.

The standard curve is produced from  duplicate 
m easurem ents of the  5 saturated salt solutions. 
T he standard curve is constructed from the mean 
values by fitting the best straight line determ ined 
by reg ression  analysis for the 5 points. The 
freq u en cy  required  for m aking standard curves 
varies w ith  th e use o f the  hygrom eter. It is rec­
om m end ed  that a new  curve be constructed  at 
least once every m onth.

T he rep eatab ility  and rep rod ucib ility  o f the 
m ethod correspond to ± 0 .0 0 5  aw and ±  0.010 a„, 
resp ectively .

Interlaboratory Study
Each of 10 participating laboratories analyzed 

th e  fo llo w in g  10 food sam ples: tom ato ketchup, 
tom ato pu ree, b lackcu rrant jam , raspberry jam , 
bacon, 3 types o f salam i, ham , and m arzipan. All 
sam ples w ere hom ogenized  to e lim in ate  sam ­
p lin g  errors and packed in  12 oz tins. T he tins 
w ere filled  com p letely  and  herm etically  sealed. 
T h e  sam ples w ere sen t to the  participants in  2 
series o f 5 sam ples. T im e elapsed betw een the 
series w as 2  w eeks. T he participants w ere in ­

structed  that the unopened  tins should  be 
transferred  to a refrigerator im m ed iately  after 
receipt. Before analysis, the tins should be kept 
o v ern ig h t in  a tem p eratu re-controlled  cabinet, 
20 ±  1°C , to eq uilibrate to the m easuring tem ­
perature. T he m easuring equip m en t and pro­
ced ure w as in  com plete agreem ent w ith  the 
m ethod above. A standard curve was produced 
for each of th e  2 series of sam ples. A ll sam ples 
w ere measured in duplicate. Data w ere reported 
on th e form  sen t w ith  the sam ples to the partic­
ipants. A ll data, noncorrected  and corrected  
valu es, as w ell as the standard curves produced 
fo r each sen sor w ere reported.

Results and Discussion
A ll results reported  from  the 10 particip ating 

laboratories are show n in  Table 1. A ccording to 
a statistical evalu ation  o f the results, it was de­
cided not to reject any values reported. From the 
com m ents given by the participants and from  the 
calibration  check points, i.e., the standard curves 
reported , it also appears that the m ethod  sug­
gested has b een  fo llow ed  very strictly .

T he statistics, calculated according to Youden 
and S te in er (14), are show n in T able 2. T h e Sb 
value, in  g en eral, is larger than  sr, w h ich  show s 
that, as expected, system atic error is the  m ajor 
reason fo r d isp ersion  o f results. T h is is also 
d em onstrated  by the calculated  F-values (s j /S j ). 
As a con sequ ence o f these system atic errors, the 
95% confidence intervals are rather large, as seen 
from  the table. H ow ever, con sid erin g  the 
pooled  values fo r rep eatab ility  (sr) and rep ro­
d u cib ility  (sa), they  w ill be 0.005 and 0 .010 , re ­
spectively . T he values, w hen  com pared w ith  
sim ilar investigations (8, 9), are fu lly  acceptable. 
T h is very satisfactory p erform ance o f th e  fila ­
m ent hygrom eter has also b een  d ocum ented  in  
com parative studies w ith  im m obilized  salt so­
lu tion  sensors (10) w here no sig n ifican t d iffe r­
ences w ere d etected  betw een  the 2 types o f in ­
strum ents.

A m ong o ther factors, we suggest that the use 
of a standard curve in addition to the calibration 
recom m ended by the prod ucer is the m ajor ex­
p lanation for the satisfactory perform ance of the 
hygrom eter. According to the instrum ents from 
the producers, on ly  one calibration check point, 
0 .90 (the saturated BaC l2 solu tion), is required . 
H ow ever, in  previous inv estigations (15), w e 
found that the hy grom eter is sub ject to an error 
w hich  increases w ith  the d istance from  th e ca li­
bration  point. T he error varied  from  o n e set o f 
hygrom eters to the o th er but o ften  am ounted  to 
0 .02 aw. Such  fin d in g s, w hich  w ere con firm ed
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Table 2. Statistical analysis of data shown in Table 1 3

Sample X Sr Sb Sd 4 / s ?
95% Confidence interval 

(f X 2sd)

i 0.959 0.005 0.005 0.006 1,4 0.959 ±0.012

2 0.809 0.008 0.000 0.005 0.4 0.809 ±0.010

3 0.746 0.005 0.006 0.007 2.0 0.746 ±0.015

4 0.840 0.004 0.009 0.009 5.1*** 0.840 ±0.019

5 0.963 0.004 0.010 0.010 6 .3 * " 0.963 ±0.021

6 0.804 0.005 0.007 0.008 2 .6* 0.804 ±0.017

7 0.978 0.006 0.013 0.014 5.4*** 0.978 ±0.029

8 0.744 0.005 0.010 0.011 4.8** 0.744 ±0.013

9 0.939 0.003 0.014 0.014 2 1 .8* * * 0.939 ± 0.029

10 0.939 0.004 0.009 0.009 5.1*** 0.939 ±0.019

3  n  =  number of single determinations = 20 for all samples.
x -  mean of single determinations.
sr = precision (repeatability).
sb = systematic error.
sd = total error (reproducibility).
*, *» »4* go, 95, and 99% probability level for systematic errors.

in  the p resent study, are the  m ain reason for 
con sid erin g  the use o f a standard  curve as an 
in d isp en sib le  requ irem ent.

C ontrary to o th er m ethods fo r ca lib ratio n  or 
check of instrum ents or devices for m easurem ent 
o f aw, e .g ., those described  by S to lo ff (9), the 
p resen t m ethod uses a fixed  m easuring tim e of 
3 h  instead  o f a m easuring tim e d efin ed  as an 
approach to equilibration; in  the latter technique, 
readings m ay be carried  out a fter 15, 30, 60, and 
120 m in  and con tin ued  at 60  m in  in terv als, if  
necessary, u n til 2 con secutive read ings vary by 
less than  0.01 aw. A ccord in g  to earlier in v esti­
gations o f the  filam en t h y gro m eter as w ell as 
o th er m ethods for m easuring aw (10), w e find  
that a fixed  m easuring tim e rep resents a h ig h er 
degree o f standardization  and  also m akes aw 
m easurem ents m ore con v en ient to handle in the 
daily rou tine o f a con tro l laboratory. Su ch  a 
m easuring procedure obviously m ust be seen in 
re lation  to an o therw ise h ig h ly  standardized  
m ethod in clu d in g  on ly  sm aller variations in  
sam ple volum es.

In  th e p resent in v estigatio n , the  m easuring 
tem perature was 20 °C, the tem perature at w hich  
th e hygrom eter is calibrated  by the producer. 
T h e application  o f an o th er m easuring tem p era­
ture, e .g ., 2 5°C , was avoided because it w ould 
have introduced an extra correction factor. This

could have b een  a d isturbing e lem en t in  the 
study w hich , in  p articular, w as in ten d ed  to 
evaluate the  ap p licab ility  o f th e  hygrom eter. 
From  the p rom ising results obtained  and from  
previous experience w ith  the apparatus (10), we 
see no ob jection  to carry ing  out ca libration  and 
m easu rem en ts at o th e r  tem p era tu res , e .g ., 
25°C .

The use o f saturated salt solution or salt slushes 
as referen ces is w idely  accepted. M ore recen t 
investigators (9, 16) seem  to p refer slu sh es to 
saturated solu tions. In  com paring the tw o, we 
found no detectable d ifference in m easurem ents 
carried  out w ith  a filam en t hy gro m eter and 
m easurem ents carried  out w ith  an im m obilized  
sa lt sen sor (un p ublished  results). T he present, 
as w ell as previous inv estigations (1 0 ,1 5 )  using 
saturated salt solutions prepared as described in 
th e m ethod support this finding . H ow ever, for 
standardization , one m ethod and one set o f re f­
eren ce  values at 25 or 20°C , or even  at b oth  
tem p eratu res, should  be agreed on in tern a tio n ­
a lly . M ore recen t p u blications seem  to co n cen ­
trate on the referen ce  values com piled  by 
Greenspan (16). H ow ever, m icrobiological data, 
such as flw lim its for grow th, are gen erally  es­
tab lished  on exp erim ents using o ther data, e.g ., 
those  produced  by Stokes and R ob inson  (17), as 
re feren ce  values. As existing  as w ell as future
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flw regulations w ill predom inantly refer to lim its 
fo r grow th , th is should  be considered  w hen  se­
lectin g  a set o f re feren ce  values.

A part from  the necessity  for standardization 
o f m easuring tem peratures and reference values, 
several other critical param eters are m aintenance 
o f equipm ent, prevention of the hysteresis effect, 
tem p eratu re eq u ilib ratio n  o f sam ples, constant 
m easurin g  tem peratures, etc., are p rerequ isites 
fo r accep tab le aw m easurem ents, as p ointed  out 
in  the  p resen t inv estigation . Provided  these 
param eters are consid ered , it appears that w ater 
activ ity  m easurem ents can be m ade w ith  an ac­
curacy and rep rod u cib ility  o f ± 0 .0 1 0  aw.
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M E T A L S  A N D  O TH E R  E L E M E N T S

Release of Lead and Cadmium: Comparison of Two Hot Leach 
Methods with a Room Temperature Method, Using Specially Glazed 
Ceramic Ware

JOHN H. GOULD, STEPHEN W. BUTLER,1 and EDWARD A. STEELE2 
Food and Drug Administration, Division of Chemical Technology, Washington, DC 20204

Oven and hot plate leach methods were compared 
with the official AO AC room temperature method for 
leaching Pb and Cd from specially glazed ceramic 
cookware. The hot leach methods released from 7 to 
11 times more Pb and from 6 to 10 times more Cd after 
24 h than did the AOAC procedure. Both hot leach 
methods specify a 2 h treatment with boiling 4% 
acetic acid, followed by 22 h of cooling at room tem­
perature. The results show that essentially all of the 
Pb and Cd are released within 2 h, suggesting that the 
total contact time can be limited to 2 h to save labo­
ratory space and time. The hot plate method is less 
difficult to perform and results in a continuous re­
fluxing action. For these reasons, it is proposed as the 
hot leach method of choice.

The official A OAC room  tem perature (RT) leach 
m ethod  (1) for th e  testin g  o f ceram ic foodw are 
for Pb and Cd is identical to that of the A m erican 
Society  for T estin g  and M aterials (2). T he RT 
m ethod has achieved  in tern atio n al reco gn ition  
since it has b een  adopted by the In tern atio n al 
Standards O rganization  (3), and is now  bein g  
used by a num ber o f other countries (4 ,5 )  besides 
the  U nited  States. T he RT test requ ires that the 
w are be filled  w ith  4% acetic acid solu tion  and 
allow ed to stand at RT for 24 h. The quantity of 
Pb a n d /o r  Cd released from  the glazed ceram ic 
w are is then  d eterm ined  by atom ic absorption  
sp ectrop hotom etry (AAS).

The quantity o f Pb and Cd released by bo ilin g  
4% acetic acid  may exceed  by several tim es, de­
p end ing on the natu re o f the surface, the  quan­
tity released  from  the sam e surface at RT (6 -8 ). 
Fu rtherm ore, foods heated  or cooked in  contact 
w ith  such m etal-releasing  surfaces can becom e 
contam inated  (9 -1 1 ). Thus, it is im p ortan t to 
investigate h o t leach m ethods.

Tw o hot leach  m ethods, an oven test used in 
the U nited  Kingdom  (12) and a hot plate test that 
was proposed at a 1979 m eeting  o f the W orld
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H ealth  O rganization  (13), w ere com pared  w ith  
th e  A O AC RT leach  m ethod (1).

M E T H O D S

P rin c ip a l

T he B ritish  Standard 4860 part 2 (oven  test)
(12) is intend ed  to apply to cooking w are, that is, 
glazed p ottery  articles that are heated  in  one of 
several w ays d ep en d ing on the in ten d ed  use.

T he hot p late test (13) is applied  to any  cook­
w are in  w hich  food is heated during preparation. 
T h is inclu d es glazed  ch ina, p orcelain  enam eled  
w are, and glass or glass ceram ics, but excludes 
item s d esigned  fo r m icrow ave cooking.

In  b o th  h o t leach m ethods, Pb and Cd are d e­
term ined by AAS; values are reported as parts per 
m illio n  in  the leach solu tion .

A p p a ra tu s

Glass and p lastic w are used to prepare, trans­
fer, or store analytical and leach solu tions m ust 
be soaked o v ern ig h t in  con centrated  H N 0 3-  
w ater (2 +  3) fo llow ed  by a w ater rinse  before  
use.

(a) Atomic absorption spectrophotometer.— M odel 
403 (P erk in -E lm er Corp ., N orw alk, CT 06856); 
w ith  Pb and Cd hollow  cathode lam ps, and a 
b u rn er fo r C 2H 2 and air. T he sen sitiv ity  of this 
instru m en t was d eterm ined  from  uncorrected  
standard solu tions, and was found to be:

For Pb: (n = 21) absorbance/ppm  Pb =  0.0066 
±  0.0007 (standard deviation).

For Cd: (n =  20) absorbance/ppm  Cd =  0.1108 
± 0 .0 1 0 9 .

(b) Hot plates. — M odel H P-A 1915B  (T h erm o ­
lin e  C orp ., D ubuque, IA 52001).

(c) Oven.— M odel 601 (H otpack C orp ., P h ila ­
d elp h ia , PA 19154).

R e a g e n ts

U se d eion ized , d istilled  w ater.
(a) Acetic acid.— G lacial (ACS) (J.T . Baker 

Chem ical Co., Phillipsburg, N J 08865). M ix w ith  
w ater (1 +  24) as required for leaching by A OAC 
or B ritish  oven test.
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(b) Detergent wash.— Add 15 g a lk a lin e  d eter­
g en t (e.g ., C algon ite , C algon Corp ., P ittsburgh, 
PA 15230) to 1 gal. (3.8 L) water.

(c) Lead standards.—Stock solution. — 1 m g/m L . 
Cut lead shot (Baker A nalyzed , J.T . Baker 
C hem ical Co.) in to  p ieces w ith  a sin gle-ed ge 
razor and d issolve 1.000 g in  10 m L H N 0 3. D i­
lute to 1 L w ith  water. Working solutions.— D ilute
0.0 , 0 .0 2 5 ,0 .0 5 0 , 0 .100, 0 .250, 0 .500, and 1.00 mL 
stock solution to 50 mL w ith  4% acetic acid (0.00, 
0 .50, 1.00, 2 .00 , 5 .00, 10.00, and 20.0 pg P b / 
mL).

(d ) Cadmium standards.—Stock solution. — 1 
m g /m L . Cut th in  tails from  Cd m etal shot 
(C om inco H ig h  Purity M etals, A llied  C hem ical 
Co., M orristow n, N J 07960) and d issolve 1.000 g 
in lO m L H C l. D ilute to 1 L w ith water. Working 
solutions.— D ilute 0.0 and 0.025 mL stock solution 
to 100 m L w ith  4% acetic acid, and 0 .025, 0 .050, 
and 0.10 m L stock solu tion  to 50 m L w ith  4% 
acetic acid (0.0, 0 .25, 0 .50, 1.00, and 2 .00  pg 
C d /m L ).

W are S a m p le s

Six pieces of w are w ere assigned to each o f the 
3 test m ethods. T he w are, not a com m ercial 
product, had b een  prepared w ith  a special red 
Pb- and C d-releasing glaze on the food-contact 
surface of a 103 mm id earthenw are casserole, 
w h ich  had a ceram ic cover w ith  the sam e glaze. 
The depth o f the leach solution used ranged from 
35 to 36.5 mm for both o f the hot leach m ethods, 
and  from  43.5 to 45 mm for the A O AC m ethod.

If  no covers are provided , then  the w are 
sub jected  to h o t leach in g  m ust have substitu te 
covers o f clean, acid-w ashed borosilicate glass to 
p rev ent excessive evaporation.

V o lu m e  o f  L ea ch  S o lu t io n s

Both hot leach  m ethods sp ecify  that the  v o l­
um e o f the leach  solu tion  should  be tw o-thirds 
o f the total volum e of the w are, w hich  is d efined  
as th e  volum e required  to fill th e  w are to o v er­
flow in g or to th e  cover rest. T he fill volu m e to 
the cover rest, w hich was used in  these tests, was 
found to be 420 m L in  2 p ieces o f w are; thu s the 
hot leach  volu m e w as 280 mL.

The AOAC m ethod specifies fillin g  w ithin  6 -7  
mm (V4 in .) o f ov erflow in g , or in  th is case, the 
cover rest. T h is volu m e was 350 mL.

W hen th e hot leach f ill  volu m e o f the w are is 
b e in g  d eterm ined , m arked glass rods to use as 
dip-sticks can be prepared. These rods indicate 
the proper dep th of the leach solu tion and m ake

it easy to restore solu tion  lost by evaporation  
d u rin g  heating .

C le a n in g  th e  W are

A ll in ternal surfaces o f the w are w ere cleaned 
by w ash ing  w ith  the d eterg en t w ash and a pad 
of absorbent cotton. These surfaces m ust be free 
o f grease and  d irt, w h ich  could  p rev ent proper 
w ettin g  by the leach  solu tions, or in  th e  case of 
hot leaching, by the vapors. The clean w are was 
rinsed  w ith  w ater and allow ed  to d rain  dry.

O v e n  H o t  L ea ch  M e t h o d

Six of the  clean , dry casseroles, a long w ith  
th e ir  covers, w ere placed  in  a 1 20°C  oven. (A 
forced-draft oven is suggested in  the m ethod, but 
a con v ection  ov en  w as used for th is w ork .) 
W hile the ware was bein g  w arm ed to reduce the 
therm al shock o f ad ding the b o ilin g  leach  solu ­
tion , en ou g h  4% acetic acid solu tion  to fill the 
w are was heated to bo iling  separately. A fter the 
w are was heated, the required quantity of boiling 
acid  was added to each p iece and  the fille d  w are 
w as covered  and returned  to the 1 20°C  ov en  for 
2 h.

W hen the w are w as rem oved  from  th e o v en , 
so lv ent w as restored  to the  hot sam ples by add­
in g  fresh  RT 4% acetic acid  to the  m ark on  the 
dip-stick. Follow ing the m ethod, the w are w ith  
the leach solu tion  restored  w ould  have b een  
covered, set aside, and allow ed to cool to RT and 
to stand for an ad ditional 22 h, thu s m aking the 
contact tim e 24 h before the solution was assayed 
for Pb and Cd. In this experim ent, how ever, the 
restored  leach  solu tions w ere all sam pled after 
2 h  as w ell as at 24 h. T h e  quan tity  o f so lu tion  
required for the 2 h  hot test sam ples ranged from 
0.5 to 1.0 m L, thus causing no s ig n ifica n t d ev ia­
tion from  the proper leach volum e requ irem ents 
of th e  test.

H o t  P late  M e t h o d

T he RT w are, con ta in in g  en ou g h  d istilled  
w ater to provide th e  requ ired  qu an tity  o f leach  
solu tion  after the  acetic acid  w as added, was 
heated  un til the w ater cam e to a slow  b o il o r a 
sim m er. T hen  enou g h  g lacial acetic acid  was 
added to give a 4% solution, and the tim ing of the 
2 h hot con tact period  began . In  th is case, 270 
m L RT w ater was heated  to b o ilin g  b efo re  10.7 
mL glacial acetic acid w as added to each  casse­
role. T he hot plates w ere ad justed  to m aintain  
a slow  boiling in the covered sam ples. The ware 
w as rem oved from  the heat a fter 2 h. T h e  so l­
v en t level was restored  w ith  4% acetic acid , and



1114 GOULD ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 5, 1983)

th e  2 h  sam ple o f 0 .5 -1 .0  m L was taken. The 
cov ered  w are w as allow ed  to stand at RT for 22 
h, and  th e RT solu tion  was th en  sam pled 
again.

A O  A C  R T  M e t h o d  (1 )

T he w are w as filled  w ith  4% acetic acid , and 
th e solu tion  w as sam pled a fter 2 and 24 h at 
RT.

R esu lts

T able  1 show s that the  average con cen tratio n  
o f Pb found  in  th e 24 h sam ples by th e  oven 
m ethod  was about 7% m ore than  that found  in  
the 2 h sam ple studied. T he hot p late m ethod  
so lu tio n s also show ed that the  increase  in  the 
average Pb content for the 24 h sample w as about 
5% m ore than that present in  the 2 h sample. On 
th e o th er han d , w ith  the A O AC RT m ethod , the 
average Pb co n ten t increased  by 106% on  stand ­
in g  at RT fo r 22  h. T he co effic ien t o f v ariation  
(CV ) o f a ll o f the in d iv idu al readings ranged 
from  about 6 to 12%.

The average 24 h Cd con ten t was less than  the 
2  h  valu e fo r b o th  hot leach  system s (Table 1). 
The reduction o f Cd in the oven test sam ples was 
about 10%, w hile  a 16% decrease was found in the 
h o t p late test sam ples. C on versely , the  Cd co n ­
cen tration  increased in  the A OAC RT 24 h leach 
solu tion  by  about 107%.

The average quantity of Pb in  the 2 h  hot plate 
test sam ples was about 58% m ore, and the 24 h 
sam ple was about 54% m ore, than  th e corre­
sp o n d in g  oven test values. S im ilarly , the  hot 
p late  test release o f Cd exceeded  the average 
ov en  test valu es by about 65% for th e  2 h and  by 
about 54% fo r the  24 h  sam ple.

B oth o f the  h o t leach resu lts far exceeded  the 
average values o f Pb and  Cd released  by  the 
A O A C RT m ethod. T he average Pb con cen tra­
tion in  the 2 h  oven sam ple was about 7 times that 
o f the  24 h  A O A C  RT Pb con ten t, w h ile  the  h o t 
p late  sam ple w as about 11 tim es that o f the 
A O A C R T con ten t. The corresp on d ing com ­
parison fo r Cd show ed that the 2 h  oven sam ples 
con tain ed  about 7 tim es and  th e hot p late sam ­
p les about 12 tim es th e q uan tity  o f Cd fou n d  in  
the 24  h  A O A C RT solu tion .

T able 1 also inclu des a calcu lation  of the 
quantity o f m etal released in  m g/sq . dm to show  
th e extractive p ow er o f th e  various leach  solu ­
tion s based on a u n it area o f w are w et by  the 
leach  solu tion  as the com m on basis fo r com par­
ison . Paired  f-tests w ere used to d eterm ine if  
d iffe ren ces  existed  b etw een  the 2  and  24 h test

Table 1. Pb and Cd concentration (ppm) of leach 
solutions determined by using oven, hot plate, and AOAC 

methods

Oven Hot plate AOAC

Ware 2 h 24 h 2 h 24 h 2 h 24 h

Lead

1 94.4 105.9 171.3 188.3 5.8 14.9
2 102.9 110.1 150.5 160.3 7.0 15.1
3 93.7 100.2 178.2 182.6 8.1 16.8
4 96.0 103.5 156.7 163.6 7.7 11.4
5 110.6 114.2 166.7 163.6 7.4 15.7
6 111.4 118.3 138.3 148.0 7.1 15.1

Av., ppm 101.52108.69160.27 167.72 7.19 14.82
SD, ppm 8.04 6.80 14.67 14.99 0.81 1.81
CV, % 7.9 6.3 9.2 8.9 11.3 12.2
24 h rel. to 2 h

(% change) +7 +5 + 106
Metal3 14.3 15.3 22.6 23.6 1.1 2.3

Cadmium

1 36.5 34.9 75.9 66.4 2.7 5.3
2 41.6 36.7 63.8 53.3 2.8 5.7
3 40.3 37.8 76.9 64.2 3.1 6.5
4 36.2 34.8 63.5 53.8 2.9 5.9
5 44.2 38.1 65.5 53.2 2.7 5.7
6 46.1 39.0 58.0 49.7 2.5 5.5

Av., ppm 40.81 36.89 67.24 56.76 2.78 5.76
SD, ppm 4.00 1.74 7.50 6.80 0.21 0.42
CV, % 9.8 4.7 11.2 12.0 7.6 7.3
24 h rel. to 2 h

(% change) -1 0 -16 + 107
Metal3 5.7 5.2 9.5 8.0 0.4 0.9

3 Metal released in mg Pb or Cd/sq. dm of area wet by 
leach solution.

results. S ig n ifica n t d ifferen ces w ere found at 
th e  0.99 (P < 0 .0 1 )  level for th e  hot plate test Cd, 
the oven test Pb and Cd, and the A O AC RT Pb 
and Cd. Results for Pb released during the hot 
plate test w ere significantly d ifferent at the 0.975 
(P < 0 .0 2 5 )  level.

The loss o f leach acid was m easurable only for 
the  hot leach procedures. The lost volum e was 
restored  by adding 4% acetic acid to the hot so­
lu tions a fter the 2 h heating  period. T he oven 
m ethod requ ired  an average of 73.0 m L acetic 
acid (standard d eviation (SD ) 25.7) and the h o t 
plate m ethod required an average of 73.3 mL (SD 
11.8) fo r the 6 p ieces o f w are tested.

T he p recision  o f th e  use o f dip-sticks w as de­
term ined  by fillin g  the 12 casseroles that had 
previously been used in the 2 hot leach tests w ith 
RT d istilled  w ater. T his volum e ranged  from  
278 to 290 m L, average 284.5 mL (SD  4.27, CV
1.5%). This show s the excellent precision of the 
d ip -stick  tech n iq u e; how ever, the 1.6% error o f 
the average value relative to the nom inal volum e 
o f 280 m L probably  depends on chance, that is,
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on the size o f the s in g le  p iece o f w are initially- 
selected  as b e in g  rep resentative w h en  th e d ip ­
stick w as prepared.

Discussion
The pattern  o f Pb release found in this study 

is sim ilar to that rep orted  by B eckm an and Sark
(14) although their boiling leach conditions w ere 
d ifferent from  those described here. They found 
that the hot leach Pb concentration  exceeded the 
24 h RT values by  a factor o f 10. T hese w orkers 
also extended the RT contact to 2 m onths. A fter
1 m onth the Pb concentration was about the same 
as that found  in  the short-term  b o iled  sam ple, 
w hile  after 2 m onths the Pb concentration  in  the 
RT solu tion  exceeded the in itia l hot leach  co n ­
cen tration  by a factor o f about 2.

In this exp erim en t, the  average Pb con ten t of 
the oven leach solution increased by 2000 /tig, the 
average o f the hot plate sam ples by 2100 /ug, and 
the RT leach average increased by 2700 /ig during 
the 22 h that a ll o f the  sam ples stood at RT after 
the in itia l 2 h o f h eating or o f RT contact. These 
values are rem arkably  sim ilar, w h en  one co n ­
siders that the  quan tity  of Pb that had already 
b een  released  by the glaze in  th e  first 2 h was 
greatly d ifferen t. T h e in itia l quan tity  of Pb re­
leased ranged from  an average total o f 28 000 ng 
in to  the oven leach  sam ples and 45 000 ng in to  
the hot plate samples, but only an average of 2500 
jug Pb w as released  in to  th e RT sam ples.

T he experim ental results all appear to support 
the  con cep t that the  Pb release from  a glaze is a 
d iffu sio n  lim ited , ion exchang e reaction . Such 
a Pb release m echanism  could  exp lain  the ten ­
d en cy  o f th e  Pb con cen tra tio n  to increase w ith  
tim e o f contact or increased  tem perature to the 
lim it so that all o f th e  solu ble Pb (16) is ev en tu ­
ally rem oved from  the glaze. Furtherm ore, such 
a m echanism  w ould  tend  not to be easily  re ­
v ersib le , thus forcin g  th e released  Pb to rem ain 
in  solu tion .

T he Cd con cen tra tio n  in  the A O  AC RT leach 
solution continued to increase betw een the 2 and 
24 h sam plings. Beckm an and Sark (14) also 
studied  Cd release. T h e ir  data show  that eq u i­
lib riu m  for Cd con cen tratio n  is ap p arently  
reached  after on ly  about 3 w eeks at RT. O ne 
possib le  reason fo r the m ore rapid ly achieved  
eq u ilib riu m  o f Cd ions (and one w h ich  is ap­
p aren tly  supported by  the observations in  this 
study, w h ich  show ed that the  Cd con cen tratio n  
fe ll from  10 to 16% in  both hot tests betw een the
2 and 24 h sam plings) is that the colored Cd salts, 
a long w ith  CdO , are not part o f the  glaze m atrix

but are m erely  suspended in  it as a separate 
crystalline solid (1 6 ,17 ). The Cd ions could then 
dissolve out of the glaze to increase the solution 
con cen tratio n  or crystallize  out in to  the glaze 
m atrix again  to reduce it, d ep en d in g  on the Cd 
solubility in the leach acid. This system does not 
d ep end on the slow  release o f ions from  an ion 
exchange m atrix nor does it p rev en t the  loss of 
ions already in  solu tion  by c lo sin g  o ff th e  p re­
cip itation  sites, as is proposed  fo r Pb.

The increased  release of Pb and Cd from  the 
hot plate test solutions com pared to the oven test 
solutions may result from  a greater condensation 
on and reflux from  the in tern a l p ortion s o f the 
w are that are not w et directly by the hot solution. 
T h is greater reflux is expected  in  the hot plate 
test because these sam ples are heated  at th e  b o t­
tom in an approxim ately RT am bient. This is in  
contrast to the oven m ethod  in  w h ich  th e sam ­
p les are heated in  a 120°C  oven . A t th is tem ­
perature, the oven am bient is about 20 °C h igh er 
than the bo ilin g  point o f the 4% acetic acid leach 
so lu tio n . Such  h ig h  am b ien t tem p eratu res 
should  not perm it con d en sation  and reflux to 
take place to any great extent. Consequently, the 
leach in g  by the oven tech n iq u e may be lim ited  
largely  to that glaze actually  w et by the b o ilin g  
acid, w hile the enhanced reflux possible w ith  the 
hot plate m ethod may allow  a partial sam pling 
o f the en tire  in n e r  surface o f the  w are.

T he d ifferen ce  b etw een  2 and 24 h average 
results, as show n by 6 paired f-tests, suggests that 
th e  fu ll 24 h  reg im en  may be requ ired  by th e 2 
hot leach m ethods, and that this possibly should 
be applied  as d irected  by the m ethods (12 , 13). 
H ow ever, it has also been show n by analogy that 
the 2 h heating and the 22 h cooling  do not m ake 
all o f the  lab ile  Pb available for m easurem ent
(18). C on versely , the con centration  o f Cd fe ll 
d uring  the 22 h o f standing after heating . T his 
decrease appears to be an artifact o f the leach 
solu tion  in  w h ich  the Cd ions are d issolved, for 
if  a food substance w ere cooked or baked in  such 
C d -releasing  w are as these test casseroles, th en  
the released Cd could form  a stable com plex w ith 
the food, such as the elem ent does in oysters (19) 
in  nature, and in  this way no lo n ger be available 
fo r p recip itation  back in to  th e glaze. I f  th is 
com plex is form ed, the cooked food  could  co n ­
tain all of the Cd released, and this m ay be m uch 
greater than  th e Cd rem ain ing  d issolved  in  the 
acid after 24 h o f contact w ith  the glaze.

Conclusions
A 2 h hot leach  approxim ates an average 

cooking period, w ith  the advantage over th e  full
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24 h contact tim e that is specified by the methods, 
o f con serv in g  laboratory space and tim e.

T he hot plate m ethod appears to be m ore e f­
fic ie n t than the oven m ethod  in  extracting  Pb 
and Cd. The hot plate m ethod is also technically 
less dem anding than  th e oven m ethod because 
boiling acetic acid solutions need not be handled. 
For these reasons the hot p late leach , m odified  
to 2 h o f contact, is proposed as a hot leach 
m ethod. The hot plate m ethod  has b een  colla- 
boratively studied and has been  adopted interim  
o ffic ia l first action (20).
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Improved Apparatus for Rapid Mercury Determination by Cold Vapor 
Atomic Absorption Spectrometry

LAWRENCE KUPCHELLA, AUGUSTA SYTY,1 and JOHN J. MAHFOOD2 
Indiana University o f  Pennsylvania, D epartm ent o f  Chem istry, Indiana, PA 15705

A glass reaction vessel is described and the conve­
nience and simplicity of its use in cold vapor atomic 
absorption spectrometric determination of mercury 
are pointed out. The vessel is easy to construct and 
requires only 15 s for collection of the analytical 
signal. It provides for continuous flow of carrier gas, 
and contains a septum-covered sample injection port, 
a buret for rapid introduction of reagent, and a drain 
stopcock. Using this apparatus, the relative standard 
deviation is 2.9% at the 40 ng Hg/mL level. The de­
tection limit is 1 ng/mL. Applicability of the appa­
ratus is proved by analysis of 3 commercial waste 
water quality control samples.

The literature on atomic absorption spectro­
metric determination of mercury atomized by 
chemical means is abundant. Since the first re­
ports by Poluektov and coworkers in 1964 (1) and 
by Hatch and Ott in 1968 (2), describing the 
sensitivity afforded by evolving Hg vapor by 
means of a strong reducing solution, hundreds 
of reports have described applications and/or 
improvements of the technique.

The apparatus used for the cold-vapor Hg 
technique (method 245.1) approved by the En­
vironmental Protection Agency (3) makes for a 
considerably slower and more laborious analysis 
compared with the one proposed in the present 
paper. The former technique involves prepar­
ing the Hg-containing samples for analysis in a 
series of simple 300 mL BOD bottles. Following 
digestion, a sample is treated with a strong re­
ducing agent and the bottle is quickly attached 
to an aeration apparatus in which a pump cycles 
air through a closed system consisting of the 
BOD bottle, drying tube, and absorption cell 
positioned in the light path of the atomic ab­
sorption spectrophotometer. It takes approxi­
mately 1 min for the recorder pen to reach a 
maximum and level off. At that time, a bypass 
valve is opened and aeration is continued until 
all Hg has been flushed from the sample and 
absorbed in a waste solution. The stopper and 
the bubbler are then removed from the BOD 
bottle and the next sample in another BOD bottle

1 Address correspondence to this author.
2 Indiana Analytical Laboratories, Shelocta, PA 15774.
The authors gratefully acknowledge support provided by

Indiana Analytical Laboratories for this project.

is treated with reducing agent and quickly at­
tached in position.

With the proposed apparatus, by contrast, the 
same reaction vessel continues to be used for all 
samples, with no rinsing required between runs, 
the analytical signal is obtained in about 15 s, the 
waste Hg is eliminated in a few seconds, and the 
results are reproducible and accurate.

The proposed apparatus has already been used 
to carry out several gas phase molecular spec­
trometric analyses. These include the determi­
nation of iodide and bromide by evolution of I2 
and Br2 (4), sulfite by evolution of S 0 2 (5), sulfide 
by evolution of H2S (6), nitrite by evolution of 
NOC1 (7), ammonium (8) and cyanide (9) by ev­
olution of NH3.

Experimental 

Instrumentation and Reagents

Absorbance measurements were made on the 
Perkin-Elmer Model 373 atomic absorption 
spectrophotometer and readout was presented 
on the Perkin-Elmer Model 023 recorder. The
253.7 nm Hg line generated by the Perkin-Elmer 
Intensitron hollow cathode lamp was used with 
a slit setting of 0.7 nm. The burner head was 
removed and replaced with a T-shape open- 
ended glass tube, 165 mm long and 12 mm in 
diameter, which is supported by a holder fitting 
into the neck of the burner. (A quartz-win­
dowed flow-through cell can also conveniently 
be used.) The carrier gas plus Hg vapor enter the 
absorption cell at the middle of the tube, flow 
toward the ends, and are exhausted into the 
hood. The position of the glass tube is optimized 
to allow the excitation beam to pass through its 
long axis.

In connection with the reaction vessel de­
scribed in the next section, the following 
equipment was also used: Injections were made 
using Becton-Dickinson 5 mL disposable plastic 
syringes equipped with B-D 22 gage 1.5 in. dis­
posable needles. The flow of compressed air was 
measured by means of a Fisher Lab Crest Century 
flowmeter.

Reagent grade chemicals and deionized water 
were used throughout. Nitric acid was Baker 
InstraAnalyzed for trace metal analysis. The



1118 KU PCH ELLA ET AL.: J. A SSO C. O FF. ANAL. CH EM . (VO L. 66, NO. 5, 1983)

1000 pg/mL Banko mercury reference standard 
served as the standard stock solution. The re­
ducing solution consisted of 26.3 g SnCl2-2H20  
diluted to 250 mL with 0.5N H2SO4.

Reaction Vessel and Procedure

The reaction vessel proposed for a speedy and 
convenient evolution of Hg vapor from solutions 
is illustrated in Figure 1. The glass vessel has a 
generally cylindrical shape and a total internal 
volume of about 86 mL. (The exact size and di­
ameter of the vessel do affect the intensity of the 
recorded absorbance signals. No particular ef­
fort was made here to discover the optimum di­
mensions.) The carrier gas, after passing 
through a flowmeter, enters the reaction vessel 
through the plain glass tip (such as that from a 
medicine dropper). The gas is allowed to flow 
continuously and is not turned off until the end 
of the experiment. The carrier gas stream leaves 
the reaction vessel via a sidearm which is con­
nected by a short piece of Tygon tubing to a T- 
shape absorption cell positioned in the light path 
of the spectrophotometer. The reaction vessel 
is connected to a 25 mL buret by means of a 
side-arm and a short sleeve of Tygon. The in­
jection port is covered by a rubber septum. The 
reaction vessel is equipped with a stopcock at the 
bottom.

A 3.00 mL aliquot of the Sn(II) reducing solu­
tion is delivered from the buret into the reaction

vessel. The tip of the carrier gas tube is sub­
merged by the liquid and the continuously 
flowing gas provides vigorous agitation of the 
solution. The recorder is turned on and a base­
line is established. The aliquot of Hg-containing 
solution is introduced with the aid of a syringe 
through the rubber septum. To ensure optimum 
precision, it is important to carry out the injection 
at as rapid and consistent a rate as possible, di­
recting the needle at approximately the same 
angle every time. The carrier gas causes rapid 
mixing of the injected sample with the reducing 
solution. As the evolved Hg vapor is carried 
through the absorption cell, it gives rise to a 
transient signal which reaches a maximum in a 
few seconds and then decays back to the baseline 
much more slowly. The significant advantage 
of equipping the reaction vessel with a stopcock 
at the bottom is that the contents can be drained 
as soon as the recorded signal has passed its 
maximum. The waste is drained into a large 
beaker containing some KM n04 solution. The 
fact that some of the Hg is removed from the re­
action vessel without having had a chance to 
become evolved into the gas phase and to pass 
through the absorption cell is irrelevant because 
it is the peak height rather than the peak area of 
the recorded signals which is measured. Mea­
suring peak height is simple and fast, and this 
measurement remains proportional to the con­
centration of Hg in the sample solutions over a 
substantial concentration range, as the data given 
below demonstrate.

As soon as the recorded absorbance signal has 
passed its maximum (about 15 s after injection, 
see data below), the recorder is turned to standby 
position, the reaction mixture is drained, the 
stopcock is closed, a fresh aliquot of reducing 
solution is measured in, the recorder is turned 
back on, and as soon as a small portion of the flat 
baseline has been traced out, the system is ready 
to receive the next injection. There is no need 
to rinse the reaction vessel between runs. Any 
residual Hg would be carried away by the con­
tinuously flowing carrier gas while the cell is 
being refilled with the fresh aliquot of reducing 
solution. In addition, any residual Hg would be 
easily detectable by a sloping baseline. (No re­
sidual Hg effects were actually ever observed in 
this work.)

Results and Discussion

Optimizing Volume of Reducing Agent

The volume of reducing solution measured 
into the reaction vessel from the sidearm buret
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Table 1. Effect of volume of reducing solution on 
absorbance intensity

Volume, mL
Absorbance, 

peak ht

1.00 0.146 ±0.004
2.00 0.139 ±0.003
3.00 0.128 ±0.003
5.00 0.123 ±0.004
7.00 0.110 ±0.006

10.00 0.102 ±0.005

was varied from 1.00 to 10.00 mL. Repeated 5.00 
mL injections of the 20.0 ng Hg/mL standard 
were made at each volume. The results are 
presented in Table 1. The intensity of the ab­
sorption signal decreases as the volume of the 
reducing solution is increased. However, be­
cause of the shape of the reaction vessel, volumes 
below 3 mL do not permit efficient mixing of the 
injected sample with the reducing solution and 
the recorded absorbance signals acquire a jagged, 
instead of a smooth, shape. A volume of 3.00 mL 
was selected as optimum.

Optimizing Carrier Gas Flow Rate

Keeping the volume of reducing solution at
3.00 mL and making repeated 5.00 mL injections 
of the 20.0 ng Hg/mL standard, the flow rate of 
air used to carry the evolved Hg vapor from the 
reaction vessel to the absorption cell was varied. 
The results are presented in Table 2. As has been 
observed with other applications of the proposed 
reaction vessel, the effect of the flow rate of the 
carrier gas on the intensity of the absorbance 
signal is slight, decreasing only from 0.133 to 
0 .110  as the flow rate was increased from 0.2 to
1.5 L/min.

Whereas the effect of carrier gas flow rate on 
signal intensity is not very significant, its effect 
on the speed with which the absorption signal 
arises is quite significant. Peak time indicated 
in Table 2 is the time elapsed between the instant 
when V2 of the sample aliquot has been injected 
and the emergence of the sharp maximum of the 
recorded peak. At the 0.2 L/min flow rate, the 
recorded signal is very broad and extends anal­
ysis time unnecessarily. At flow rates of 1.0 
L/min and above, the absorption peak begins to 
emerge on the recorder before the injection of 
the entire 5.00 mL sample aliquot can be com­
pleted. A flow rate of 0.6 L/m in offers near op­
timum signal intensity and convenient peak 
time.

Received October 6, 1982. Accepted January 7, 1983.

Table 2. Effect of carrier gas flow rate on absorbance 
signal

Air flow rate, 
L/min

Peak 
time, s

Absorbance, 
peak ht

0.2 46 0.133 ±0.004
0.6 15 0.129 ±0.006
1.0 9 0.124 ±0.007
1.5 8 0.110 ±0.005

Dynamic Range

Five mL aliquots of Hg standards ranging from
2.0 to 80.0 ng/mL and a blank were injected 
several times into fresh 3.00 mL aliquots of re­
ducing solution with a continuous air flow rate 
of 0.6 L/min. When the height of the recorded 
peak above the baseline was measured, a linear 
calibration curve was obtained up to 40.0 ng/mL. 
The line was very slightly curved up to 60.0 
ng/mL and appreciably curved thereafter.

Precision and Detection Limit

Ten replicate injections of the several stan­
dards were made under the usual optimum 
conditions to test the reproducibility of the 
technique. The 4.00 ng Hg/mL standard yielded 
an average absorbance of 0.0233 (with an average 
deviation from the mean of 0.0024 and a relative 
standard deviation of 14%). The 20.0 ng/mL 
standard yielded an average absorbance of 0.116 
(with an average deviation from the mean of 
0.006 and a relative standard deviation of 8 .0%). 
The 40.0 ng/mL standard gave an average ab­
sorbance of 0.226 (with an average deviation 
from the mean of 0.005 and a relative standard 
deviation of 2.9%).

Defining the detection limit as that concen­
tration which gives a signal twice the size of 
standard deviation from the mean of repeated 
injections of the 4.00 ng Hg/mL standard, yields 
a detection limit of 1.0 ng/mL for the tech­
nique.

Accuracy

To show the accuracy of the technique, 3 waste 
water quality control samples supplied by the 
Environmental Resource Associates (ERA, 120 E. 
Sauk Trail, South Chicago Heights, IL 60411) 
were analyzed. Control samples No. 8008, 9201, 
and 2767 came in the form of concentrates and 
were diluted 5.00 mL to 500 mL with deionized 
water and 5 mL of concentrated ultrapure HNO3. 
An appropriate acid blank was also prepared.
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Table 3. Analysis of commercial waste water standards 
(ng Hg/mL)

ERA
standard

“True” Hg 
concn ±2 S range

Proposed
method

8008 1.4 1-3 1.9 ± 0 .4
9201 4.3 3-5.6 4.7 ± 0.3
2767 21.0 11-32 12.3 ± 0 .4

Each sample and a series of standards were in­
jected 4 times and the signals were averaged. 
The results are given in Table 3. The "true" 
values supplied by the ERA represent the results 
of analysis of the given concentrates by a series 
of independent laboratories and the ±25 range 
represents the spread of the answers supplied by 
these laboratories. In all 3 cases, the results ob­
tained by the proposed technique fell within the 
indicated ranges, and in 2 of the cases, the results 
were very close to the "true" averages.

The proposed technique for the cold vapor

atomic absorption determination of mercury 
combines accuracy and sensitivity with im­
proved speed and convenience.
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Electron Capture Gas-Liquid Chromatographic Determination of 
Methyl Mercury in Fish and Shellfish: Collaborative Study

SUSAN C. HIGHT and STEPHEN G. CAPAR
Food and Drug Adm inistration, Division o f  Chem ical Technology, W ashington, DC 20204

Collaborators: J. Anderson; J. Brzezinski; C. J. Cappon; R. Carr; E. S. Kim;
F. G. McNerney; L. Mitchell; J. Newton; K. Panaro

A method for determining methyl mercury in fish 
and shellfish was collaboratively studied in 8 labo­
ratories. Methyl mercury is isolated from acetone- 
washed, homogenized tissue by adding hydrochloric 
acid and extracting into benzene the methyl mercuric 
chloride that is formed. The benzene extract is con­
centrated and analyzed for methyl mercuric chloride 
by electron capture gas-liquid chromatography on 5% 
DEGS-PS treated with inorganic mercuric chloride 
solution. The quantitation limit for the method is 
0.05 fig Hg/ g. Each collaborator determined methyl 
mercury at 2 levels in blind duplicate samples of 
swordfish, tuna, oyster, and shrimp tissues. Both 
fortified and unfortified samples were analyzed. 
Methyl-bound mercury in the samples ranged from 
0.15 to 2.48 fig Hg/g. The reproducibility coefficients 
of variation fo r  the 8 samples ranged from 3 to 13%. 
The accuracy, measured by comparison to reference 
values, ranged from 99 to 120%. Reference values 
were determined in the Associate Referee's laboratory 
by replicate analyses of the fortified and unfortified 
samples. The method has been adopted official first 
action.

Mercury, a toxic element, is widely distributed 
in the environment. Human exposure to mer­
cury occurs mainly from eating seafood (1 ). 
Microbial action in natural waters and bottom 
sediments converts various forms of mercury to 
methyl mercury, which then bioaccumulates in 
fish. The major portion of mercury found in fish 
muscle is methyl mercury, the element's most 
toxic form (2). Official methods used to support 
the Food and Drug Administration's (FDA) 1.0 
Ug Hg/g guideline for mercury in fish and 
shellfish determine total mercury by digesting 
the sample in boiling mineral acid and then an­
alyzing the resulting solution by cold vapor 
atomic absorption spectroscopy or colorimetry
(3). An official method that is specific for

This report of the Associate Referee, S. C. Hight, was pre­
sented at the 96th Annual International Meeting of the AO AC, 
Oct. 25-28,1982, at Washington, DC.
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was approved by the General Referee and Committee E and 
was adopted by the Association. See /. Assoc. O ff. A n a l. Chem. 
(1983) 66, March issue.

methyl-bound mercury in fish and shellfish is 
currently needed.

During the past 2 decades, various extraction 
schemes for the isolation of methyl mercury and 
gas-liquid chromatographic (GLC) conditions for 
the determinative step have been developed 
(4-12). Although many of these methods may 
be used for seafood analysis, none of them was 
considered rapid, simple, and accurate enough 
for routine determination of methyl mercury in 
fish and shellfish. Therefore, FDA scientists 
tried to develop a more practical GLC method. 
To improve speed and accuracy, Watts et al. (13) 
developed an acetone and benzene filtration step 
which removed organic interferences from ho­
mogenized tissue before extraction of methyl 
mercury. To ensure reliability of the Watts et al. 
GLC determinative step, a column conditioning 
procedure was developed by O'Reilly (14). To 
save time and eliminate possible losses during 
quantitative transfer, we substituted a shake, 
centrifuge, and decant procedure for the Watts 
et al. filtration step. To minimize chromato­
graphic sample-column interaction, which pro­
duces unidentified late-eluting peaks for some 
seafood types, we began using only silanized 
supports with the O'Reilly column treatment 
procedure. Several suggestions from individ­
uals who had used the Watts et al. method were 
also incorporated into the final analytical pro­
cedure. The method described here is the result 
of these efforts and is the procedure used in the 
collaborative study.

Collaborative Study

Nine collaborators, representing government, 
industry, and academic laboratories, agreed to 
participate.

Sample Selection

Two species of fish and 2 species of shellfish 
were selected for study. Swordfish was chosen 
because it frequently contains high levels of 
methyl mercury. Oyster was selected because 
it presents more problems during analysis for
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methyl mercury than other seafood (12). Tuna 
and shrimp were chosen to represent commonly 
consumed fish and shellfish.

Swordfish and tuna samples, both unfortified 
and fortified at one methyl mercury level, were 
analyzed. Oyster and shrimp were analyzed for 
methyl mercury at 2 fortification levels. The 8 
levels were selected to demonstrate the suit­
ability of the method for samples containing 
from 0.15 to 2.48 /tig Hg/g. Each collaborator 
analyzed blind duplicates of all 8 levels, a total 
of 16 samples.

Sample Preparation

Canned shucked oyster and cooked-peeled- 
frozen shrimp samples were purchased locally. 
Whole, fresh-frozen tuna was obtained from a 
Los Angeles packing plant. Fresh-frozen 
swordfish was received from an FDA field in­
spector. The tuna and swordfish were thawed, 
skinned, and deboned in the Associate Referee's 
laboratory.

For each seafood type, >1 .6  kg homogeneous 
sample was prepared. Tuna and shrimp were 
homogenized by grinding twice with a meat 
grinder followed by mixing in a Waring blender 
with water equal to about 25% the weight of the 
tissue. Results for tuna and shrimp are based on 
diluted samples. Swordfish and oysters (in­
cluding packing liquid) were homogenized in a 
Waring blender with no water added. Results 
for swordfish and oyster are based on undiluted 
samples.

Each homogeneous sample was then divided 
into 2 equal portions. Each portion was either 
fortified with methyl mercuric chloride dis­
solved in isopropanol or treated only with iso­
propanol. After fortification and alcohol addi­
tion, both portions of each homogeneous sample 
contained the same amount of isopropanol. The 
8 individual portions were thoroughly mixed in 
a Waring blender. Each portion was then di­
vided into 3 g subsamples in 20 mL scintillation 
vials. All vials were labeled with a 6-digit code 
that identified the fish type and fortification 
level. The subsamples were frozen until time of 
analysis.

Collaborative Materials

In addition to the 16 samples, each collaborator 
received a copy of the method, report forms, 
AOAC special instructions for collaborators, a 
questionnaire, 0.4 g methyl mercuric chloride 
crystals for standard solution preparation, and 
20 g practice sample. Each collaborator was in­
structed to obtain results within the range stated

on the practice sample label before analyzing the 
collaborative samples.

Sample Homogeneity

Four to 6 subsamples from each of the 8 levels 
were analyzed in duplicate in this laboratory to 
verify subsample homogeneity and provide 
reference values. A one-way analysis of variance 
shows that there was no significant difference 
(95% confidence level) between individual sub­
samples of any level except shrimp level 1. This 
one statistically significant result is an artifact of 
the very small within-subsample variability 
(within-subsample coefficient of variation (CV) 
=  0.98%) found for shrimp level 1 and is not 
chemically significant. Shrimp level 1 sub­
samples were therefore considered adequately 
homogeneous for collaborative study.

Methyl Mercury in Fish and Shellfish 

Gas-Liquid Chromatographic Method 

Official First Action

2 5 .D 0 5  Principle

Org. interferences are removed from homog­
enized sample by acetone wash followed by 
benzene wash. Protein-bound Me Hg is re­
leased by addn of HC1 and extd into benzene. 
Benzene ext is coned and analyzed for CH3HgCl 
by GLC.

2 5 .D 0 6  Reagents

(a) Solvents.—Acetone, benzene, and isopro­
panol are all distd in glass (Burdick & Jackson 
Laboratories, Inc.; MCB Manufacturing Chem­
ists, Inc.). Note: Benzene is a possible carcin­
ogen.

(b) Hydrochloric acid soln (1 +  2).—Add coned 
HC1 to equal vol. of distd or deionized H20  and 
mix. Ext HC1 soln 5 times with */4 its vol. of 
benzene by shaking vigorously 15 s in separator. 
Discard benzene exts. Soln may be mixed in 
advance but must be extd immediately before 
use.

(c) Carrier gas.—GLC quality Ar-CH4 (95 +
5).

(d) Sodium sulfate.—Heat overnight in 600° 
furnace, cool, and store in capped brown bottle. 
Line cap with A1 foil to prevent contamination 
from cap.

(e) Methyl mercuric chloride std solns.—Keep 
tightly stoppered. (2) Stock std soln. — 1000 gg  
Hg/mL. Weigh 0.1252 g CH3HgCl (ICN-K&K 
Laboratories, Inc., Plainview, NY 11803) into 100
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mL vol. flask. Dil. to vol. with benzene. (2) 
High intermediate std soln.—40 fig Hg/mL. Dil.
10.0 mL stock soln to 250.0 mL with benzene. (3) 
Low intermediate std soln.—2.0 fig  Hg/mL. Dil.
10.0 mL high intermediate std soln to 200.0 mL 
with benzene. (4) Working std solns.—0.010-0.30 
fig Hg/mL. Prep, monthly by dilg with benzene 
in vol. flasks as follows: Dil. 15 mL of 2.0 fig 
Hg/mL std to 100.0 mL, 10.0 mL to 100.0 mL, and
10.0 mL to 200.0 mL for 0.30, 0.20, and 0.10 fig 
Hg/mL, resp. Dil. 20 mL of 0.10 fig  Hg/mL std 
to 25.0 mL, 10.0 mL to 25.0 mL, 10.0 mL to 50.0 
mL, and 10.0 mL to 100.0 mL for 0.080, 0.040, 
0.020, and 0.010 fig  Hg/mL, resp.

(f) Mercuric chloride column treatment soln.— 
1000 ppm HgCl2. Dissolve 0.1 g HgCl2 in 100 
mL benzene.

2 5 .D 0 7  Apparatus

Wash all glassware with detergent (Micro 
Laboratory Cleaner, International Products, 
Trenton, NJ 08601, or equiv.) and rinse thoroly 
with hot tap H20  followed by distd or deionized
h 2o .

(a) Centrifuge.—Model UV (International 
Equipment Co., Needham Heights, MA 02194), 
or equiv.

(b) Centrifuge tubes.—50 mL capacity with 
ground glass or Teflon-lined stoppers.

(c) Kuderna-Danish (K-D) concentrators.—250 
mL flask (No. K570001, Kontes Glass Co.) and 10 
mL graduated concentrator tube (No. K570050, 
size 1025, Kontes Glass Co.).

(d) Modified Snyder distilling column.—Modify 
Snyder column (No. K503000 size 121, Kontes 
Glass Co.) in either of 2 ways: (;) Shorten 3-sec- 
tion, 3-ball column to 2-section, 2-ball column by 
cutting off top at uppermost constriction, (ii) 
Insulate 3-section, 3-ball column by wrapping 
glass wool around top section and holding it in 
place with A1 foil. Glass wool and foil must 
surround only top section above top ball.

(e )  Carborundum boiling chips.—20 mesh, 
HCl-washed.

(f) Graduated cylinders.—Class A, 25 mL ca­
pacity, with ground-glass stopper (Kimble 20036, 
or equiv.).

(g) Transfer pipets.—Disposable glass, Pas­
teur-type 53/4 in. long (No. 13-678-6A, Fisher 
Scientific Co., or equiv.).

(h) Dropping pipets.—5 mL capacity (No. 13- 
710B, Fisher Scientific Co., or equiv.).

(i) Gas chromatograph.—Hewlett-Packard 
Model 5710A or equiv., equipped with linear 
63Ni electron capture detector and 6 ft X 2 mm 
id silanized glass column packed with 5%

DEGS-PS on 100-120 mesh Supelcoport (Supelco, 
Inc.). Pack column no closer than 2.0 cm from 
injection and detector port nuts and hold packing 
in place with 2 cm high quality, silanized glass 
wool at both ends. Install oxygen scrubber and 
molecular sieve dryer (No. HGC-145, Analabs, 
North Haven, CT 06473, or equiv.) between car­
rier gas supply and column. Condition column 
according to manufacturer's instructions as fol­
lows: Flush column 0.5 h with carrier gas
flowing at 30 mL / min at room temp. Then heat 
1 h at 100°. Next, heat column to 200° at pro­
grammed heating rate of 4 ° /min and hold at 
200° overnight. Do not connect column to de­
tector during this conditioning process. Main­
tain 30 mL/min carrier gas flow at all times 
during conditioning, treatment, and use. Op­
erating conditions: column 155°; injector 200°; 
detector, 300°; carrier gas flow 30 mL/min; and 
recorder chart speed 0.5-1.0 cm/min. Under 
these conditions and with HgCl2 column treat­
ment procedure described below, CHiHgCl peak 
will appear 2-3 min after sample injection.

25.D08 Mercuric Chloride Column
Treatment

5% DEGS-PS conditioned according to manu­
facturer's instructions can be used to det. 
CHaHgCl only after treatment by HgCl2 soln, (f). 
Treat column any time column has been heated 
to 200°. Because column performance degrades 
with time, also treat column periodically during 
use. Perform appropriate HgCl2 treatment 
procedures described below. Procedure (b) 
produces most stable baseline and is recom­
mended over procedure (c) for routine use.

(a) Following 200° column conditioning.—If 
column has just been conditioned overnight at 
200°, use this procedure. Adjust column temp, 
to 160° and connect detector. When baseline is 
steady, treat column by injecting 20 pL  HgCl2 
treatment soln 5 times at 5-10 min intervals. 
(Change in column performance may be moni­
tored by injecting 5 fiL 0.010 fig Hg/mL std soln 
before and between HgCl2 treatment soln in­
jections.) During treatment procedure, large 
broad peaks will elute. (CHsHgCl peak reten­
tion time will decrease and peak ht will increase.) 
Approximately 1V2—l 3/i h after last HgCl2 treat­
ment soln injection, a final large peak will elute. 
(CHsHgCl peak ht and retention time will be 
stable.) This broad peak and CH3HgCl peak ht 
stability signal completion of treatment process. 
Adjust column temp, to 155° and wait for steady 
baseline; then column is ready for use.
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(b) On day preceding sample extract analysis.—If 
column has been treated by procedure (a) or used 
at 155° to analyze sample exts, column may be 
treated at end of working day for next day's use 
as follows: Lower column temp, to 115° and 
inject 20 pL  HgCl2 treatment soln one time. 
Broad peaks will elute between 11 and 15 h after 
HgCl2 injection. Next working day, increase 
column temp, to operating temp. When baseline 
is steady (ca 15-30 min), column is ready for 
use.

(c) During sample extract analysis at 155°.—If 
column has been used at 155° for ext analysis and 
column performance has degraded enough to 
require HgCl2 treatment, increase column temp, 
to 160°, inject one 20 pL  aliquot of HgCl2 treat­
ment soln, and monitor baseline. Large, broad 
peaks will elute l - l '/2 h after KgCl2 injection, 
signaling completion of treatment process. 
Decrease column temp, to 155° and wait for 
steady baseline; then column is ready for use.

25.D09 Extraction of Methyl Mercury
Chloride

Perform all operations, except weighing, in labo­
ratory hood. Accurately weigh 2 g homogenized 
sample into 50 mL centrf. tube. Add 25 mL ac­
etone, stopper, and shake vigorously 15 s. Re­
move stopper, cover with foil, and centrf. 2-5 
min at 2000 rpm. Carefully decant and discard 
acetone. (Use dropping pipet to remove acetone, 
if necessary.) Repeat 25 mL acetone wash step 
twice more. Break up tissue with glass stirring 
rod before shaking, if necessary. Add 20 mL 
benzene, stopper, and shake vigorously 30 s. 
Remove stopper, cover with foil, and centrf. 2-5 
min at 2000 rpm. Carefully decant (or draw off 
with dropping pipet) and discard benzene. Ex­
traneous peaks in final GLC anal, chromatograms 
indicate that more vigorous shaking with acetone 
and benzene is required.

Add 10 mL HC1 soln to centrf. tube contg ace­
tone and benzene-washed sample. Break up 
tissue with glass stirring rod, and ext sample by 
adding 20 mL benzene and shaking gently but 
thoroly 2 min. Remove stopper, cover with foil, 
and centrf. 5 min at 2000 rpm. If emulsion 
forms, add 2 mL isopropanol and gently stir 
benzene layer to break emulsion, taking care not 
to disturb aq. phase, and recentrf. Carefully 
transfer benzene layer to K-D concentrator, using 
5 mL dropping pipet. Rinse centrf. tube walls 
with 3-4 mL benzene and transfer rinse to K-D 
concentrator. Repeat extn step twice more, 
adding 20 mL benzene and shaking 1 min each

time. Combine all 3 benzene exts in K-D con­
centrator.

Place 4-6 boiling chips in K-D concentrator, 
connect Snyder column, wet Snyder column 
bubble chambers with 3-4 drops of benzene, and 
immediately place tube in steam bath or vigor­
ously boiling H20  bath. Evap. so that 8 mL re­
mains when cooled to room temp. Cool. Dis­
connect concentrator tube and quant, transfer 
soln to 25 mL g-s graduate using Pasteur-type 
transfer pipet. Dil. to 20.0 mL with benzene and 
mix. Add 4 g Na2SC>4 and mix again. Na2S 0 4 
must be added to 20 mL coned sample ext within 
10 h of first acetone wash. Tightly stoppered 
exts may be held overnight at this point. Ana­
lyze by GLC.

25.D10 Gas-Liquid Chromatography

Verify that system is operating properly by 
injecting 5 pL  vols. of 0.01 pg  Hg/mL working 
std soln into chromatograph. Difference be­
tween CH3HgCl peak hts for 2 injections should 
be <4%. Check detector linearity by chroma­
tographing all 0.01-0.30 pg  Hg/mL working std 
solns.

Inject duplicate 5 pL  vols. (equiv. to 0.5 mg 
sample) of ext. Difference between CH3HgCl 
peak hts for 2 injections should be <4%. Next, 
inject duplicate 5 pL  vols. of std soln with 
CH3HgCl concn approx, equal to or slightly 
greater than ext CH3HgCl concn. Because col­
umn performance and peak ht slowly decrease 
with time, calc, each sample concn by compari­
son to std soln injected immediately after 
sample.

Calc. Me Hg content of homogenate in pg  
Hg/g (ppm Hg) by comparing av. CH3HgCl peak 
ht of duplicate sample injections with av. 
CH3HgCl peak ht of duplicate std injections.

ppm Hg =  (R/R') X (C'/C) X 20

where R =  av. peak ht of duplicate sample in­
jections; R' =  av. peak ht of duplicate std injec­
tions; C =  g sample; C' =  concn of Hg in 
CH3HgCl std soln {pg Hg/mL).

Results

All 9 collaborators completed the study. All 
collaborators provided chromatograms except 
Collaborator 4. The results used for statistical 
evaluation are presented in Table 1.

Collaborator 8 was excluded as a participant 
because the analyst did not follow the method as 
directed. This collaborator made the following
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Table 1. Collaborative results for the determination of methyl mercury (/jg Hg/g) in fish and shellfish by GLC

Swordfish Tuna Oyster Shrimp

Coll. Level 1 Level 2 Level 1 Level 2 Level 1 Level 2 Level 1 Level 2

Reference3 1.351 2.482 0 .145 0 .876 0.255 0 .574 0.400 1.008
1 1.37 2.65 0.15 0.95 0 .3 3 b 0.84 0.45 1.23

1.43 1.69 0.17 0.95 0.97 b 0 76 0.42 1.19
2 1.39 2.62 0.13 1.10 0.29 0.62 0.47 1.02

1.40 2.62 0.15 0 .98 0.33 0.61 0.42 1.26
3 1.42 2.62 0.14 0 .80 0.26 0.56 0.49 1.25

1.32 2.61 0.15 1.01 0.26 0.62 0.48 0.99
4 1.30 2.55 0 .44  e 0.71 0 .5 8 c 1.17 = 0.51 1.14

1.34 2.47 0 .2 6 e 0.71 0 .5 3 c 0 .9 2 e 0.39 ,1 .1 1
5 1.32 2.76 0.14 1.06 0.29 0.70 0.41 1.13

1.38 2.63 0 .15 0.94 0.29 0.69 0 .44 1.10
6d 0.98 4.20 0 .40 2.83 0 .34 0.33 0 .84 2.41

2.33 1.87 0 .42 2.09 0 .64 0.42 0.85 2.407 1.32 2.00 0 .16 0 .84 0.33 0.79 0.42 1.02
1.40 2.21 0 .15 0.89 0.28 0.72 0.42 1.03

9 1.42 2.43 0 .12 1.00 0.24 0.75 0.50 1.02
1.41 2.47 0.17 1.00 0.29 0.63 0 .42 1.12

Coll. av. 1.373 2.452 0 .148 0 .924 0 .290 0.691 0.446 1.115
Accuracy. % e 102 99 102 105 114 120 112 111
Repeatability

So 0.043 0.226 0.017 0 .073 0.026 0 .050 0.042 0 .100
CV0, % 3 11 12 8 9 7 10 9

Coll. av.
SL 0 .013 0.132 0 0.099 0.017 0 .072 0 0
CVL, % 1 5 0 11 6 10 0 0

Reproducibility
Sx 0 .045 0.297 0.017 0 .123 0.031 0.087 0.042 0 .100
CVX, % 3 12 12 13 11 13 10 9

a Average of results from Associate Referee's laboratory, n = 8 -1 2 . 
b Data determined to be outliers by Cochran test; not used in statistical evaluation.
c Data determined to be outliers by Dixon test on blind duplicate average values; not used in statistical evaluation. 
d Data determined to be outliers by Youden rank-sum test; not used in statistical evaluation. 
e Calculated by comparison of collaborator average value with reference value.

modifications in the method; (a) used < 2  g ho­
mogenate for determinations, (b) performed 
replicate determinations on each subsample, and 
(c) evaporated (did not decant) acetone and 
benzene before isolation of methyl mercury.

Q uestionnaire R espon se
All collaborators used 5% DEGS-PS on 100-120 

mesh Supelcoport. The column used by Col­
laborator 9 was packed by the manufacturer. All 
other columns were packed in the collaborators' 
laboratories with stock packing (liquid phase 
loaded onto solid support by the manufacturer). 
Four different stock packing lot numbers were 
used by the collaborators.

Seven different chromatograph models pro­
duced by 4 manufacturers were used for analysis. 
Collaborator 9 reported that detector response 
deviated from linearity for standard solutions 
>0.10 /ifg Hg/mL and that it was necessary to 
analyze diluted swordfish extracts (final volume 
equivalent to 40 and 60 mL for levels 1 and 2, 
respectively) to obtain results within the linear

range of standard solution response. This 
problem was not reported by any other collabo­
rator nor experienced in this laboratory. Chro­
matograms were recorded on 6 different recorder 
models produced by 4 manufacturers.

Collaborator 4 had < 6  months' experience 
with GLC. Collaborator 1 had 6 months to 1 year 
of experience. All other collaborators had 
worked with GLC 2 years or more.

Collaborators kept the extracts different 
lengths of time between the addition of sodium 
sulfate and GLC analysis. Collaborator 6 kept 
some extracts more than 7 days because of in­
strument failure. All extracts were held 2-3 days 
by Collaborator 4. Collaborator 9 kept some 
extracts 2-3 days and the remainder for 1 day. 
All other collaborators held extracts 1 day or 
less.

R ejection  o f  O utliers
The results from Collaborator 6 were excluded 

from statistical evaluation because (a) some 
standard solution peak heights were not pro­
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portional to concentration, indicating possible 
error in serial dilution; (b) for the same standard 
solution, average peak heights of duplicate in­
jections varied greatly during short periods of 
time, indicating possible instrument malfunc­
tion; and (c) complete instrument breakdown 
occurred during analysis. The Youden rank-sum 
test (15) was applied to the data to determine 
whether the problems encountered by Collabo­
rator 6 were great enough to cause pronounced 
systematic error. This test assigns rank numbers 
to the 8 blind duplicate average values for each 
level (lowest value =  rank 1 , second lowest value 
=  rank 2 , etc.) and then sums the rank numbers 
for each collaborator. The statistical distribution 
of rank-sums for ideal data when there is no 
systematic error has upper and lower limits. A 
collaborator rank-sum higher than the upper 
limit indicates that the collaborator has a greater 
number of high results than can be expected by 
chance alone. Conversely, a collaborator rank- 
sum lower than the lower limit indicates a 
greater number of low results than can be ex­
pected by chance. Application of the Youden 
rank-sum test (95% confidence level) to the re­
sults in Table 1 indicates that data from Collab­
orator 6 are indeed outliers due to systematic 
error, consistently yielding high results. Ex­
clusion of results from Collaborator 6 from sta­
tistical evaluations was therefore justified.

The Dixon test (15) was applied to results from 
the remaining 7 collaborators to identify outly­
ing blind duplicate average values. In the Dixon 
test, the gap between the suspected outlier and 
the nearest value is expressed as a fraction of the 
range of values. For an ideal set of data in which 
there are no outlying results, the fraction does 
not exceed a value specified by the number of 
results in the set and the confidence level chosen. 
If the fraction calculated from a collaborator's 
data exceeds the Dixon value, the collaborator's 
data may be rejected. Application of the Dixon 
outlier test (95% confidence level) to the 7 blind 
duplicate average values for each level indicates 
that tuna level 1 and oyster level 2  results from 
Collaborator 4 are outliers (values too high). 
These results were therefore eliminated from 
further statistical evaluation.

The results for oyster level 1 required closer 
inspection. Although the blind duplicate av­
erage value from Collaborator 1 is very high, it 
is not rejected by Dixon test application to the 7 
collaborator averages calculated from 14 blind 
duplicate results. High results from Collabora­
tors 1 and 4 instead mask each other from Dixon 
test rejection. The Cochran test (15) was there­

fore applied to oyster level 1 results to look for 
individual collaborators whose readings have too 
large a variability (i.e., spread or variance). In 
this test, the variance is calculated for the blind 
duplicates from each collaborator. The largest 
variance is then expressed as a fraction of the sum 
of the variances. If the fraction calculated from 
a collaborator's data exceeds the Cochran value 
(specified by the number of collaborators in the 
set and the confidence level chosen) the collab­
orator's data may be rejected. Application of the 
Cochran test (95% confidence level) to the 14 
blind duplicate oyster level 1 results indicates 
that the data from Collaborator 1 are indeed 
Cochran outliers and should be eliminated.

The Dixon test was then applied to the re­
maining 6 collaborator averages calculated from 
12 blind duplicate results. When oyster level 1 
data are treated in this way, the data from Col­
laborator 4 are once again outliers and the 
outlying values are once again high. The fact 
that all 3 blind duplicate average Dixon outliers 
are from Collaborator 4 and that these outlying 
values are all high suggests that Collaborator 4 
may be an outlying analyst and that this special 
treatment of oyster level 1 data is justified. The 
values of Collaborators 1 and 4 for oyster level 1 
were therefore eliminated from further statistical 
evaluation.

Statistical Evaluation

The data in Table 1, purged of outlying data 
(namely, from Collaborator 6 for all samples, 
Collaborators 1 and 4 for oyster level 1, and 
Collaborator 4 for tuna level 1 and oyster level 2), 
were statistically evaluated. Within- and be- 
tween-laboratory variabilities were estimated by 
a one-way analysis of variance. The results are 
presented in Table 1. Repeatability standard 
deviation, S0; pure between-laboratory standard 
deviation, Sl; reproducibility standard deviation, 
Sx; and the corresponding CV values are defined 
by Steiner (15) and have been described previ­
ously by workers in this laboratory (16). The 
CVX range for the 8 levels analyzed in this study,
3-13%, is very good. Historically, CVX values at 
ppm levels have been about 16% for AO AC 
studies (17).

Reference values established by replicate 
analyses in this laboratory were used to evaluate 
the accuracy of the collaborative results. Accu­
racy was calculated as percent by dividing the 
average of collaborative values by the reference 
value. These results are also shown in Table 1. 
The range of accuracy is 99-120%. The overall 
average accuracy, 108%, is slightly high.
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Discussion

The quantitation limit of the GLC method 
depends on the adequacy of sample cleanup. 
For oyster tissue, the worst-case sample analyzed 
in this study, the quantitation limit is 0.05 ng 
Hg / g. At lower levels, extraneous background 
peaks begin to dominate chromatograms so that 
identification and measurement of the methyl 
mercuric chloride peak are questionable. At the 
0.05 ng Hg/g level, the methyl mercuric chloride 
peak is 10  times larger than extraneous back­
ground peaks in oyster tissue. This limit is based 
on a 5 pL injection of 2 g sample in 20 mL ben­
zene extract.

The positive bias in collaborator accuracy may 
be due to incomplete removal of organic inter­
ferences by the acetone/benzene wash step and 
to holding extracts which contain these inter­
ferences too long before analysis by GLC. Visual 
inspection shows that, in general, chromato­
grams obtained by collaborators contained more 
extraneous peaks than those produced in this 
laboratory. Extraneous peaks in chromatograms 
submitted by the collaborators appear at reten­
tion times similar to extraneous peaks produced 
during ruggedness testing of the acetone/ben­
zene wash step. Our ruggedness test on fortified 
and unfortified homogenates showed that less 
vigorous shaking with acetone and benzene be­
fore methyl mercury extraction produces extra­
neous peaks in tuna, shrimp, and oyster chro­
matograms. If the acetone and benzene wash is 
eliminated altogether, the methyl mercury and 
extraneous peaks on a chromatogram from an 
oyster sample are indistinguishable. When an 
extraneous peak elutes at the same time as the 
methyl mercury peak, a positive error in peak 
height measurement is made. Extraneous peaks 
do not appear in either acetone/benzene washed 
or unwashed swordfish chromatograms.

The ruggedness test also showed that oyster, 
tuna, shrimp, and swordfish extracts that pro­
duce chromatograms without extraneous peaks 
can be kept for 7, 14, 14, and >14 days, respec­
tively, with no change in methyl mercury con­
centration. Oyster extracts that produce many 
extraneous peaks can be held for only 3 days 
before the apparent methyl mercury concentra­
tion increases. The apparent concentration in­
crease in aged extracts is probably due to forma­
tion of unidentified interfering compounds that 
elute at the same time as methyl mercury. Be­
cause some collaborators' chromatograms and 
results may have been improved by more vig­
orous shaking with acetone and benzene before

methyl mercury extraction, this instruction has 
been added to the official method.

Recommendation

It is recommended that the electron capture 
gas-liquid chromatographic method for the de­
termination of methyl mercury in fish and 
shellfish be adopted official first action.
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Electrothermal Atomic Absorption Spectrometric Determination of 
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The validity of 2 electrothermal atomic absorption 
spectrometric methods for determination of selenium 
in foods and diets was tested. By using 0.5% Ni(II) 
as a matrix modifier to prevent selenium losses dur­
ing the ashing step, it was shown that selenium can 
be determined in samples containing >1 fig  Se/g dry 
wt without organic extraction. The mean recovery 
tested, using NBS Bovine Liver, was 98%; recovery of 
added inorganic selenium in Bovine Liver matrix was 
100%. In addition, this method gave values closest 
to the median value of all participating laboratories 
using hydride generation AAS or the spectrofluo- 
rometric method in a collaborative study on high 
selenium wheat, flour, and toast samples. For sam­
ples with concentrations <1 fig  Se/g dry wt, separa­
tion of selenium from interfering Fe and P ions by 
organic extraction was necessary. Using inorganic 
75Se in meat and human milk matrixes, an ammonium 
pyrrolidine dithiocarbamate-methyl isobutyl ke­
tone-extraction system with added Cu(II) as a matrix 
modifier yielded the best extraction recoveries, 97 and 
98%, respectively. Accuracy and precision of the 
method were tested using several official and unof­
ficial biological standard materials. The mean ac­
curacy was within 4% of the certified or best values 
of the standard materials and the day-to-day varia­
tion was 9%. The Se/Fe or Se/P interference limits 
proved to be low enough not to affect selenium de­
terminations in practically all foods or diets. The 
practical detection limit of the method was 3 ng Se/g 
dry wt for 1.0 g dry wt samples. Approximately 20 
duplicate determinations can be performed per day. 
In terms of sensitivity, accuracy, precision, and 
sample throughput, the tested method compares fa­
vorably with the best methods available.

Growing interest in selenium as an essential trace 
element for humans has given importance to 
assessing the selenium contents of various foods 
and diets to estimate the dietary selenium intakes 
among different populations. Numerous ana­
lytical techniques can be employed for the de­
termination of selenium in biological materials; 
the most frequently used are spectrofluorometry, 
hydride generation atomic absorption spec­

Received October 23,1982. Accepted January 11,1983.
1 Present address: Agricultural Research Center, Central 

Laboratory, SF-31600 Jokioinen, Finland.

trometry (AAS), and neutron activation analysis 
(NAA). In general, however, the spectrofluo- 
rometric method is cumbersome and the AAS 
method using hydride generation has been re­
ported to suffer from matrix interferences when 
applied to such complex matrixes as foods and 
diets (1-5). Further evidence on matrix inter­
ference problems is provided by interlaboratory 
comparison studies on selenium levels in various 
biological materials (5-7). These studies have 
demonstrated problems in both accuracy (5, 6) 
and precision (5-7). Therefore, a method ap­
plicable to routine determinations not requiring 
costly or special instrumentation and free of 
matrix interferences is needed.

Using nickel as a matrix modifier to prevent 
selenium losses during the ashing step, an elec­
trothermal atomic absorption spectrometric 
(ETAAS) method fulfilling these criteria has re­
cently been developed for serum or plasma se­
lenium (8). After preliminary digestion, this 
method can also be used to determine selenium 
in foods sufficiently high in selenium to allow 
extensive dilution, e.g., selenium nutritional 
supplements at the mg/kg concentration level
(9).

However, because of spectral interferences at 
the 196 nm selenium absorption line caused by 
iron and phosphorus, this method cannot gen­
erally be applied to foods and diets low in sele­
nium and high in these matrix elements (10 - 1 2 ). 
Several procedures have been proposed to sep­
arate selenium from these interfering elements. 
They include methods specifying cation ex­
change (13), precipitation of selenium with 
ascorbic acid (14), and extraction of chelated se­
lenium into an organic solvent (15-17).

Recently, a method was presented in which 
the interfering cations are eliminated by che­
lating with ethylenedinitrotetraacetate (EDTA) 
followed by separation of selenium by an am­
monium pyrrolidine dithiocarbamate-methyl- 
isobutyl ketone (APDC-MIBK) extraction system 
(18). This procedure offers certain advantages 
over the other published extraction methods 
(15-17) because the copper(II) ions used for ma­
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trix modification to increase the temperature 
during the ashing step for improved sensitivity 
can be co-extracted with selenium. Although 
the validity of this procedure was preliminarily 
tested for some foods, we felt that a more com­
prehensive systematic study was required. The 
present paper describes the results of such a 
study using different types of biological standard 
reference materials (SRM) for verification.

In addition, the applicability of ETAAS for 
determination of selenium, without organic ex­
traction, using nickel(II) ions for matrix modifi­
cation was tested for the determination of sele­
nium in nutritional supplements by a certified 
biological standard material and by an interlab­
oratory collaboration.

METHODS

Samples

The validity of the method using the APDC- 
MIBK-extraction system was tested by using 
certified international standard materials— 
National Bureau of Standard's (NBS) Bovine 
Liver (Code SRM 1577) and International Atomic 
Energy Agency's (IAEA) animal muscle (Code 
H-4). In addition, the following unofficial 
Finnish biological standard materials previously 
used as intercalibration samples were analyzed 
for selenium: wheat flour (Code 2); dried ground 
beef (Code 5); dried low fat milk (Code 6) and 
dried human milk (Code 3). All these standard 
samples were the same materials and codes as 
described in a recent intercalibration study by 
Varo and Koivistoinen (5). In addition, a frozen 
sample of pooled serum previously used as an 
intercalibration material (6) was analyzed for 
selenium.

The applicability of the method without ex­
traction for high selenium nutritional supple­
ments was tested using NBS Bovine Liver, sam­
ples of flour, and a toast (made of wheat grown 
in a high selenium soil in South Dakota) and 
with a selenium-rich yeast. In addition to our 
laboratory, the yeast and cereal samples were 
distributed for laboratory intercomparison to 4 
Finnish laboratories regularly performing sele­
nium determinations. One of these laboratories 
used fluorometric assay while the rest used hy­
dride generation AAS.

Apparatus

(a) Atomic absorption spectrophotometer.— 
Model 5000 spectrometer equipped with deute­
rium arc lamp, Model PRS-10 printer, and Model 
56 recorder (all Perkin-Elmer).

(b) Graphite furnace.—Model HGA-500 
graphite furnace equipped with Model As-40 
Autosampler (Perkin-Elmer).

(c) Selenium lamp.—Perkin-Elmer selenium 
electrodeless discharge lamp equipped with 
Perkin-Elmer power supply.

(d) Gamma counter.—Model Ultragamma 1280 
automatic gamma counter (LKB-Wallac) coupled 
with a teletype.

Reagents

(a) Water.—Use double distilled water or 
comparable stored in high pressure polyethylene 
container for preparation of reagents and stan­
dard solutions.

(b) Nickel nitrate solution.—Weigh 251.45 g 
Ni(N0 3)2-6H2 0  into 1 L volumetric flask and 
dilute to volume with water to yield 5% (w/v) 
Ni(II) solution.

(c) Selenium standard solutions. —
(2) Stock solution.—1.000 gSe/L. Weigh 1.405 

g SeC>2 and dissolve in 1 mL HC1. Transfer so­
lution quantitatively into 1 L volumetric flask, 
dilute to volume with water, and mix thor­
oughly.

(2) Intermediate solution. — lm g S e /L . Using 
automatic pipet with disposable polyethylene 
tips, pipet 100 pL stock solution into 100 mL 
volumetric flask and dilute to volume with 
water.

(3) Working standards for extraction method.— 
Pipet 1 mL 1 pg Se/mL standard solution into 100 
mL volumetric flask and dilute to volume with 
water to yield 10 ng Se/mL solution.

(4) Working standards for method without ex­
traction.—Pipet 1, 2, and 4 mL 1 pg Se/mL stan­
dard solution into 100 mL volumetric flasks, 
followed by 20 mL 5% Ni(II) solution, and dilute 
to volume with water to yield 10, 20, and 40 ng 
Se/mL in 1.0% Ni(II) solution.

(d) Copper sulfate solution.—Weigh 0.390 g 
CuS0 4 -5H20  into 100 mL volumetric flask and 
dilute to volume with water to 1 mg Cu/mL so­
lution.

(e) Ethylenedinitrotetraacetate solution.—Weigh 
5 g EDTA into 100 mL volumetric flask and dilute 
to volume with water.

(f) Methyl isobutyl ketone.—Saturate with water 
before use.

(g) Ammonium pyrrolidine dithiocarbamate solu­
tion.—Weigh 2 g APDC into 100 mL volumetric 
flask and add water. Dilute to volume when 
solubilized and transfer to 250 mL separatory 
funnel, add 10 mL MIBK solution and shake 2 
min. Let phases separate and collect water 
phase.
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Table 1. Instrumental parameters

Model 5000 spectrometer: 
Wavelength 
Slit
D2-background correction 
Mode
Integration time 
Scale expansion 
Printout

HGA-500 programs:

196.1 nm
0.7 nm (low) 

yes
peak height 

3s 
10 

yes

Step

Temperature (°C) Ramp (s) Hold (s)

Prog. 1 Prog.2 Prog. 1 Prog.2 Prog. 1 Prog. 2

1 (dry) 110 120 5 10 10 30
2 (ash) 1000 1200 10 30 30 30
3 (atomize) 2500 2700 0 0 3 3

Step Read Baseline Internal flow

1 (dry) 300
2 (ash) 300
3 (atomize) 0 -5 10

Other analytical conditions:
Type of graphite tube normal (Prog. 1)

pyrolytic (Prog. 2)
Purge gas argon
Optical temperature sensor (graphite furnace) yes
Sample injection volume 20 p L

(h) A m m o n iu m  d iba sic  c it ra te  b u f f e r  s o lu tio n .—  
Prepare 0.1M solution (pH 5) by weighing 22.6 
g ammonium dibasic citrate (Merck) into 1 L 
water.

(i) B ro m o p h e n o l b lu e  in d ic a t o r .—Weigh 40 mg 
bromophenol blue into 100 mL flask and dilute 
to volume with ethanol.

(j) S e le n iu m  ra d io iso to p e .—Na275Se0 3  in water 
(0.6 mCi/mL, Amersham, Code SCSI).

Preparation of Standards and Samples for 
Instrumental Analysis

To determine selenium using MIBK-extrac- 
tion, prepare working standards by adding 1, 2, 
5, and 10 m L  of 10 ng Se/mL standard solution 
into 100 mL stopcock test tubes. Add 10 mL 
water and perform extraction procedure as de­
scribed for samples to obtain 2, 4 ,10, and 20 ng 
Se/mL calibration standards. Use 2 blanks 
treated like the samples for each set of determi­
nations.

Use method of standard additions to deter­
mine selenium in samples whose concentration 
is >  1 mg Se / kg dry wt. Pipet 0.5 mL aliquots of 
each sample into 4 sample cups containing 0.5 
mL Se standards of 0,10, 20, and 40 pg  Se/mL in 
1% Ni(II) solutions to yield additions of 0, 5, 10, 
and 20 pg  Se/mL in 0.5% Ni(II) solution.

Instrumental Analysis

The instrumental parameters for both seleni­
um in MIBK matrix (furnace program 1} and 
water matrix (furnace program 2 ) are presented 
in Table 1.

Calculation

When using method of standard additions, 
calculate concentration of unknown sample as 
follows: Using pocket calculator or computer, 
define standard additions curve by calculating 
linear regression from addition-absorbance 
data.

When using extraction method, determine 
concentration of original sample as follows: On 
pocket calculator, use least squares method to set 
up calibration curve with external standards and 
define concentration of sample solutions from 
calibration curve.

Digestion Methods
For digestion of samples to be analyzed for 

selenium by the extraction method, the fol­
lowing procedure was used: Depending on se­
lenium concentration, weigh 0 .2 - 1.0  g dry 
weight into wet digestion tube, followed by 10 
mL digestion acid mixture containing 6 mL 65% 
H N 03, 2 mL 70% HC104, and 2 mL 95% H2S 0 4.
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Table 2. Results of collaborative study on Se levels (mg/kg) in nutritional supplements

Sample

Laboratory
code» Flour Toast

Se-enriched
yeast

A 5.8 4.7 ± 0.2 (n = 3) 169±24 (n  = 4)
B 4.2 3.0 ±0.1 (n = 4) 103 ±  2» (n = 2)
C 5.2 3.1 ±0.05 ( n  =  4) 113 ± 3b(n= 2)
D 5.2 3.7 ± 0.3 ( n  =  4) 1 2 9 ± 3 b(n= 2)
This method 4.6 3.6 ± 0.2 (n = 14) 127 ±  2.8 ( n  = 10)
Mean ±  SD 4.8 ± 0.7 3.6 ±0.7 128 ±  25

a Laboratories A, B, and C used hydride generation A AS; Laboratory D used spectrofluorometry and 75Se to check the re­
covery after a perchloric acid digestion. 

b Standard error of the mean.

Heat mixture carefully in wet digestion ap­
paratus almost to boiling, and keep at this tem­
perature overnight or at least 8 h. Evaporate 
remaining HNO3 and part of the HCIO4 by rais­
ing temperature to the boiling point until 2-3 mL 
solution remains. After cooling, complete di­
gestion by adding 5 mL 30% H2O2 to solution and 
heating it to boiling point. Add 10 mL 10M HC1 
and boil 17 min at 100°C to reduce any seleni- 
um(VI) to selenium(IV).

For digestion of selenium nutritional supple­
ments, use of HCIO4 or H2SO4 is not necessary. 
Boil samples (0.2-1 g dry wt) overnight in 20 mL 
65% HNO3, cool, and dilute with water to give 
approximately twice the concentration (10-15 ng 
Se/mL) optimal for instrumental measure­
ment.

Extraction Procedure

Use 0.04% bromphenol blue as an indicator, 
and adjust pH of solution to 4-5 by adding 
NH4OH. Add 5 mL 0.1M ammonium dibasic 
citrate buffer solution (pH 5) followed by 5 mL 
5% EDTA solution. Add 100 gL  1.0 mg/mL 
copper(II) solution and transfer entire solution

into 100 mL stopcock test tube containing 2 mL 
2% APDC solution. Finally, add 5 mL MIBK 
solution and shake mixture mechanically 5 min. 
Let organic phase separate 20 min before sam­
pling.

Radioactivity Measurements

The 280 keV 7 -peak of 75Se was measured 
along with a standard. The counting time and 
75Se spiking were adjusted to allow a counting of 
at least 10 000 pulses. The background activity 
value used in the calculations was based on a 1 h 
counting time.

Results and Discussion

ETAAS Without Organic Extraction

The intercalibration study on selenium in 
nutritional supplements (Table 2) reveals an 
unexpectedly high variation among the partici­
pating laboratories, considering the high con­
centration level. Furthermore, the difference in 
reported values by participating laboratories is 
clearly due to systematic errors because corre­
sponding differences exist in all samples tested.

Table 3. Accuracy and recovery of ETAAS method without organic extraction, tested using NBS Bovine Liver (SRM
1577)»

Sample
No.

Se found, 
Mg/g dry wt

Recovery,
%

Recovery after 1 fig/g 
inorganic Se added

Ag Se/g Ree., %

1 1.055 95.9 2.137 101.8
2 1.201 109.2 2.116 100.8
3 0.939 85.4 2.034 96.9
4 1.223 111.1 2.125 101.2
5 0.985 89.6 2.100 100.0
Mean ±  SD 1.081 ±0.13 98.2 ± 11.5 2.125 ±0.07 100.1 ± 1.9

»NBS certified value 1.1 ± 0.1 Se/g dry wt.



KU M PU LA IN EN  ET AL.: J. A SSO C. OFF. ANAL. CH EM . (VOL. 66, NO. 5, 1983) 1133

Table 4. Recovery after various extraction procedures of 
75Se added to meat or human milk samples ‘

Recovery, %

Procedure Human milk Meat

Digestion 97.0 96.8
EDTA + Cu(ll) APDC-MIBK 98.4 97.2
Cu(ll) + APDC-MIBK 93.1 95.9
EDTA + Nl(ll) APDC-MIBK 82.1 —

EDTA + Cu(ll) NaDDC-MIBK 95.1 —

3 All experiments were performed in duplicate.

In particular, the results presented by laboratory 
A are clearly outlying compared with the other 
values, suggesting the vulnerability of the hy­
dride generation AAS method to systematic er­
rors. The results of the present ETAAS method 
are closest to the mean value of reported results 
for both types of sample. Moreover, by the 
present method, correct results were obtained for 
the NBS Bovine Liver with a mean value of 1.08 
±  0.13 mg/kg and a recovery of 98.2 ±  11.5% 
(Table 3). It may thus be concluded that the 
present method is free of interferences for the 
samples tested. The very high iron content of 
the NBS Bovine Liver matrix (270 mg/kg) did not 
result in erroneously low selenium analytical 
values for this material, suggesting that the se­
lenium concentration level of 1 mg/kg dry wt is 
high enough to allow the determination of se­
lenium in practically all foods whose selenium 
content is higher than that. This is further 
supported by a study in which, using a compa­
rable method, good recovery was obtained for 
selenium in nutritional supplements after only 
a very short preliminary digestion (9).

Applicability of the APDC-MIBK-ETAAS 
Method

Recovery Studies.—To optimize the analytical 
procedure, recovery tests were carried out with 
inorganic radioactive 75Se added to the digestion 
tubes together with meat (0.5 g dry wt) or human 
milk (1.0 mL) samples. The analytical procedure 
was performed either (2 ) as described above; or
(2) using Ni(II) instead of Cu(II); or (3) without 
EDTA, or (4) using sodium diethyldithiocarba- 
mate as the chelating agent. The recoveries were 
calculated based on 7 -activity measurements as 
described in the methods section.

As Table 4 indicates, recovery was satisfactory 
for both the digestion (96.9%) and the proposed 
extraction method (98.4% for human milk and 
97.2% for meat). However, when EDTA was

omitted, the extraction recovery was somewhat 
lower for both meat (95.9%) and human milk 
(93.1%), indicating that EDTA clearly enhances 
the chelation of selenium with APDC by block­
ing the competition from cations in the system. 
Moreover, when Cu(II) was replaced with the 
same amount of Ni(II), the selenium extraction 
recovery was markedly lowered (82.1%). Al­
though the reason for this is unknown, the ad­
vantage of Cu(II) over Ni(II) as a stabilizer is 
further supported by these results in addition to 
the fact that the Cu(II)-APDC complex is more 
stable than the Cu(II)-EDTA complex (18).

Finally, APDC seems to be a somewhat better 
chelating agent (98.4%) than NaDDC (95.1%) 
when tested in a digested human milk matrix 
(Table 4).

Accuracy and Precision.—Recently, Neve et al.
(15) have shown that wet digestion with con­
centrated HNO3 is not effective enough to de­
compose all selenium compounds naturally 
present in biological materials such as milk and 
liver. The present method requires that all the 
selenium in a sample be reduced to Se(IV) before 
chelation, so recovery tests using added inor­
ganic 75Se do not necessarily validate the diges­
tion method used. Therefore, accuracy tests 
using various types of biological standards are 
necessary. In addition, possible spectral inter­
ferences in the instrumental analysis would thus 
be revealed in unacceptably low values.

Table 5 summarizes the results of accuracy and 
precision experiments, indicating both satisfac­
tory accuracy and day-to-day variation for all 
reference materials tested. The mean values 
obtained for these standard samples were only 
4% lower on average compared with the refer­
ence values, respectively. The day-to-day vari­
ation for all samples tested was 9.1% on av­
erage.

The present method was applied to the deter­
mination of selenium in 80 self-selected Finnish 
diets (Kumpulainen et al., manuscript in prepa­
ration). The mean and median selenium con­
tents of these diets were 98 and 82 ng/g dry wt 
with a range of 47-300 ng/g. These concentra­
tions represent mean and median selenium in­
takes of 57 and 47 pg /d ay , respectively. The 
mean relative standard error of the mean for the 
duplicate determinations was 5.0%.

Interference Tests.—Some biological materials 
may occasionally contain large amounts of iron 
or phosphorus (e.g., liver, milk) which are 
known to cause spectral interference at the 196.0 
nm selenium resonance line (10 - 1 2 ), so experi­
ments were performed to determine the per-
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Table 5. Accuracy and precision of the method

Sample
No. of 
days3

Mean ± SD, 
ngSe/g 
dry wt

Day-to-day 
variation, 
RSD, %

Ref. 
value, 

ng Se/g 
dry wt

NBS Bovine
Liver (SRM 1577) 16 1025 ±87 8.5 1100± 100

IAEA Animal 
Muscle (H-4) 4 274 ±35 12.9 280± 34

Infant formula 
powder (code 4) 9 89 ± 6 6.9 91«

Dried ground 
beef(code 5) 7 85 ± 8 9.7 00 u> o-

Wheat flour 
(code 2) 6 38 ±  5 12.1 43 6

Dried human 
milk (code 3) 9 52 ± 4 7.3 56 b

Pooled human 
serum 5 87 ± 5 6.0 89 3

3 One analysis per day.
6 Median value obtained in intercalibration (see ref. 5). 
c Median value obtained in intercalibration (see ref. 6).

missible levels of these matrix elements by add­
ing increasing amounts of Fe(II) (FeS04) and 
Fe(III) (FeCl3) to the water, diet, or the infant 
formula matrix, or Ca3(P0 4)2 to the water matrix 
after which a complete determination was per­
formed.

The results of these experiments demonstrate 
that the interference limit for Fe(II) is approxi­
mately 3 times higher in the infant formula and 
over 5 times higher in the diet matrix compared 
with the water matrix (Table 6). Accordingly, 
the interference limit for Fe(III) is over 4 times 
higher in the infant formula matrix and over 6 
times higher in the diet matrix compared with 
the water matrix. The ameliorating effect of 
other inorganic ions deriving from organic ma­
trices on Fe(II) and Fe(III) interference is not 
known but most likely results from a reduction 
in iron extractability into the organic solvent.

Table 6. Maximum permissible ion/selenium (wt/wt) 
ratios for Fe(ll), Fe(lll), and P(V) in the determination 

of Se in different matrixes

Matrix
Matrix

element Added as
Limit ion/Se 

(wt/wt)

Water Fe(ll) sulfate 500
Water Fe(lll) chloride 750
Infant Fe(ll) sulfate 1600

formula
Diet Fe(ll) sulfate 2700
Infant Fe(lll) chloride 3300

formula
Diet Fe(lll) chloride 5000
Water P(V) Ca3(P04)2 47 000

Phosphorus did not show any interference in 
this analytical system even at the P/Se ratio of 
47 000 which can be explained by the inability 
of the P 0 4-3  ions to be extracted into MIBK 
(Table 6). Based on these experiments, one may 
conclude that both the Fe/Se and the P/Se in­
terference limits are high enough to allow de­
termination of selenium in all foods and diets 
according to the concentration levels of these 
elements in 400 food commodities (19).

Detection Limit.—Figure 1 shows a recorder 
chart tracing of selenium analytical peaks for a 
dried whole milk sample containing 39 ng Se/g 
dry wt (5) together with 2.5 and 5.0 ng Se/mL 
standard solutions and analytical blanks. The 
detection limit defined as the mean ±  2  standard 
deviation of blanks was 0.6/ng Se/mL (n =  16), 
representing 3.1 ng Se/g dry wt for samples of
1.0 g.

Figure 1. Recorder chart tracing of selenium ana­
lytical peaks. The replicate peaks in numerical order 
represent: 1 , blanks; 2,2.5; 3, 5.0 ng Se/mL standard 
solutions; and 4, 0.963 g sample of dried whole milk 

containing 39 ng Se/g.
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Conclusions

The results of the collaborative study suggest 
that the tested ETA AS method without organic 
extraction is applicable to high selenium bio­
logical materials such as selenium nutritional 
supplements whose selenium content is > 1  
mg/kg dry wt. This method offers certain ad­
vantages over the other methods.

First, use of perchloric acid can be avoided in 
the digestion procedure because all selenium 
compounds need not be decomposed but only 
solubilized (9). Second, the analytical procedure 
is simple and rapid, allowing automated instru­
mental analysis and results in high sample 
throughput; approximately 20 duplicate deter­
minations per day can be performed by one 
person.

Separation of selenium from interfering ions 
is necessary in the ETAAS determination of se­
lenium in foods and diets whose selenium con­
tent is <1 mg/kg dry wt. The advantages of the 
tested ETAAS method employing the APDC- 
MIBK extraction system are (1) the practical de­
tection limit is better than those of the spectro- 
fluorometric or hydride generation methods; (2 ) 
sample throughput is higher compared with the 
spectrofluorometric methods, approximately 20 
samples per day can be analyzed in duplicate by 
one person; (3) compared with the AAS methods 
based on hydride generation, the present method 
is more applicable for laboratories that do not 
have a separate instrument for selenium deter­
minations, the graphite furnace need not be 
switched with the hydride generation apparatus; 
and (4) instrumental analysis is more convenient 
in the present method compared with either of 
the other methods because it is performed auto­
matically.
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TOXICOLOGICAL METHODS

Screening of Fresh Water Fish Extracts for Enzyme-Inducing 
Substances by an Aryl Hydrocarbon Hydroxylase Induction Bioassay 
Technique

JAMES L. CASTERLINE, Jr, JUNE A. BRADLAW,1 BARTHOLOMEW J. PUMA, 
and YUOH KU
Food and Drug Administration, Division o f  Chem ical Technology, W ashington, DC 20204

A sensitive biological test to detect the presence of 
certain contaminants, such as highly toxic halogen- 
ated dioxins, dibenzofurans, and biphenyls in foods, 
was applied to extracts of fresh water fish that had 
been prepared by a food extraction-cleanup proce­
dure developed by the Food and Drug Administration 
for pesticides and industrial chemicals. Aryl hy­
drocarbon hydroxylase (AHH) activity in a rat hep­
atoma cell line was used as the biological detection 
system for residues that induce enzyme activity. The 
induction of AHH activity by the extracts was com­
pared with a standard AHH-induction curve for the 
most active compound known, 2,3,7,8-tetrachloro- 
dibenzo-p-dioxin (TCDD), and results were com­
puted as TCDD equivalents. Several dilutions of fish 
extracts were used to produce AHH-induction curves 
from which an optimal dose-response range was de­
termined and used to estimate TCDD equivalents. 
Cleaned-up extracts of fish obtained from different 
water bodies in the United States were examined for 
AHH activity. The samples which had low levels of 
polyhalogenated contaminants produced low bio­
logical activity, while a higher activity was obtained 
from fish that contained higher levels of polyhalo­
genated contaminants. The results suggest that the 
fish extracts can be screened for AHH inducers before 
chemical analysis.

The detection, identification, and quantitation 
of hazardous chemicals in food are essential for 
safety assessment, and results of such assessments 
are needed for regulatory purposes. Detailed 
analyses of food samples for all possible haz­
ardous chemicals are often tedious and time- 
consuming; therefore a highly specific biological 
test that reflects a toxicologic end point may be 
useful as an initial screening process for food 
samples that are suspected of containing chem­
ical contaminants.

Of particular interest are toxic and potent en­
zyme-inducing chemicals such as some of the 
polychlorinated biphenyls (PCBs), dibenzo-p- 
dioxins (PCDDs), and dibenzofurans (PCDFs).

1 Division of Toxicology.
Received August 18,1982. Accepted February 15, 1983.

Their presence in the environment has been 
documented (1). Because of their properties 
such as chemical stability, solubility in lipids, and 
mobility, they are potential food contaminants. 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and 
some of its congeners induce the activity of a 
variety of enzymes including aryl hydrocarbon 
hydroxylase (AHH) (2, 3). PCBs and PCDFs 
have been screened for their ability to induce 
AHH (3), and there is a correlation between the 
toxicity of certain classes of polyhalogenated 
organic substances and their ability to induce 
AHH (2, 3).

The primary objective of the present study was 
to determine if the cell culture-AHH induction 
test could be used to screen specially prepared 
fish extracts for enzyme-inducing residues of 
industrial origin, especially those belonging to 
the PCB, PCDD, and PCDF families. Food ex­
traction-cleanup procedures developed for pes­
ticides and industrial chemicals were used to 
prepare the extracts. The results of screening 
extracts by the AHH assay and correlation with 
some previous chemical analyses of the fish by 
gas-liquid chromatography (GLC) are re­
ported.

Experimental

Fish Samples

The types of fish and locations where they 
were collected are listed in Table 1. Only the 
edible portion of the fish was used. Samples 
were supplied as frozen whole fish, fillets, or 
ground fillets.

Sample Preparation for Bioassay

Preparation of silica gel column.—To a 22 mm id 
chromatographic column equipped with a coarse 
fritted glass dish and a Teflon stopcock, 50 mL 
petroleum ether was added. Twenty g hot silica 
gel (60-200 mesh, J. T. Baker Chemical Co., 
Phillipsburg, NJ, No. 5-3405), which had been 
activated overnight at 130°C, was poured into the



CASTERLIN E ET AL.: J. A SSO C. OFF. ANAL. CH EM . (VOL. 66, N O . 5, 1983) 1137

Table 1. Analysis of fish samples by GLC multiresidue method and AHH-induction bioassay

Fish sample 
(collection location)

Sample
No.

GLC assay Bioassay

Chemicals3
Concn,

ppm

TCDD equiv., pg 
TCDD/gfish 

(PPt)

Flathead catfish la Chlordane6 0.1 29
(Missouri River) PCB (Aroclors 1254 & 1260) 0.5

Dieldrin b 0.014-0.12
lb Same composite as la ___ C

lc Same as la, but fortified with TCDD 50
equiv. to 21.7 ppt

Bass (lake near 2a PCB 0.2 27
Flattiesburg, MS) PCA 0.1

TCA isomers:
2,3,5,6- 0.018
2,3,4,6- 0.009
2,3,4,5- 0.014

Chlorinated DPE 0.002-0.06
(7-10 chlorines)
Methoxy-substituted ClgDPE 0.02

2b Same as 2a, but fortified with 2,3,4,7,8-PCDF 159
equiv. to 3121 ppt

Catfish (Saginaw Bay, 3 TCDD 0.035e 251
Ml)d PCB (Aroclor 1254) 10

p,p'-DDE 1.6
Carp (Sheboygan River, 4 PCB (Aroclor 1242: 370 1877

Wl, above Kohler 1254 ratio 75:25)
Dam)

Carp (Sheboygan River, 5 PCB (Aroclor 1242:1254 50 56
Wl, Kiwanis Park) ratio 60:40)

3 Abbreviations: PCB; polychlorinated biphenyls; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; PCA, pentachloroanisole; 
TCA, tetrachloroanisole; DPE, diphenyl ether; PCDF, pentachlorodibenzofuran; DDE, dichlorodiphenyldichloroethylene.

6 This chemical is not an AHH inducer (3). 
c At or below the quantitation limit of 25 pg TCDD.
d The GLC assay values were obtained by analysis of the cleaned-up extract by electron capture GLC. 
e PPb-

petroleum ether through a funnel, and ca V2 in. 
layer of Na2S 0 4 was added. The petroleum 
ether was allowed to elute until the liquid level 
was ca 3 mm above the Na2S0 4 .

Extraction and cleanup.—The extraction proce­
dure for high-moisture products in a multiresi­
due method for nonfatty foods (4) was used, ex­
cept that the sample weight was 30 g and the 
factor T [(mL water in sample) +  (mL acetonitrile 
added) — (correction in mL for volume contrac­
tion)] was 220 mL. The petroleum ether extract 
obtained through this method was concentrated 
to ca 5 mL in a Kuderna-Danish (K-D) concen­
trator. The concentrate was applied on the silica 
gel column and eluted with petroleum ether. 
The first 50 mL eluate was discarded and the next 
250 mL was collected. This eluate was trans­
ferred to a K-D concentrator and concentrated to 
ca 5 mL. Isooctane (0.5 mL) was added to the 
K-D tube and the solution was evaporated to ca 
0.5 mL, using a micro-Snyder column. The final 
volume was adjusted to 1 mL with isooctane.

Whenever required, known active compounds 
were added at this point.

Bioassay Procedure
A rat hepatoma cell line, H-4-11-E, was used 

for these studies. The experimental conditions, 
medium composition, and measurement of AHH 
specific activity and protein content have pre­
viously been published (3, 5, 6). Eight serial 
dilutions of the 1 mL samples from silica gel 
cleanup were prepared to range from 100 to 
0.03% (v/v) of the original sample, and 0.1 mL of 
each sample extract or dilution was added to 
triplicate plates containing cell monolayers at 24 
h growth. Concurrently, TCDD was added to 
another series of plates at 10  different concen­
trations ranging from 5 to 1000 pg / plate for the 
standard TCDD-AHH activity curve (Figure 1). 
Control cells received isooctane solvent alone at 
0.1 mL/plate. Cells were collected after 72 h of 
incubation at 37°C in 5% C 0 2-95% air and the 
specific AHH activity was computed as pmol
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Figure 1. TCDD dose response curve. Mean frac­
tional response and standard errors of AHH activity 
are plotted as function of TCDD concentration 

(pg/plate) for 4 experiments.

3-hydroxybenzo[fl]pyrene per mg protein per 
min. The TCDD-AHH response curve was used 
to determine activity induced by the same extract 
and the dilutions of the extract, and the activity 
was equated to the relative amount of TCDD 
necessary to achieve similar induction. The 
limit of detection was 10 pg TCDD/plate. 
However, the quantitative or linear portion of 
the curve, 25-500 pg TCDD, was used to estimate 
TCDD equivalents for fish extracts or dilu­
tions.

Multiresidue Analysis

The fish samples were analyzed for pesticides 
and early eluting residues by the Pesticide Ana­
lytical Manual multiresidue method for nonfatty 
foods (4). PCDDs, PCDFs, and chlorinated 
methoxybiphenyls were determined as described 
by Phillipson and Puma (7).

Results and Discussion
The primary objective of the extraction- 

cleanup procedure was to provide a fish extract 
that would contain all the PCBs, PCDDs, and 
PCDFs present as contaminants in the sample, 
while removing any lipids or other natural 
components of fish tissue that might interfere in 
the bioassay or prevent concentration of the toxic 
compounds of interest to an appropriate level in 
the final solution.

We tested the extraction-cleanup procedure 
described in the Experimental section for re­
covery of several commercial PCBs (Aroclors), 3 
planar PCB congeners (3,3',4,4'-Cl4,3,3',4,4',5-Cl5,

and 3,3',4,4',5,5'-Cl6), PCDFs at all chlorination 
levels from trichloro through octachloro, and 
selected PCDDs containing 3, 4, 6,7 , and 8 chlo­
rine atoms. Ground fillets of ocean perch were 
used as the substrate for the recovery studies. 
All of these chemicals were quantitatively re­
covered in the silica gel eluate fraction collected 
for the enzyme induction test. Of other com­
pounds included in recovery studies with fish, 
chlorinated naphthalenes were found to elute 
from the silica gel column before the appropriate 
fraction is collected, and, as previously reported
(7), heptachlor epoxide, octachlor epoxide, and 
chlorinated methoxybiphenyls (several CI3-, CI4-, 
and Cl5-isomers) are retained on the column. 
Thus, the extraction-cleanup procedure may 
have excluded unknown AHH inducers in the 
samples or it may have admitted others of which 
we were not aware.

We observed during the analyses of fish 
(rather than in systematic recovery studies) that 
p,p'-DDE, pentachloroanisole, and tetrachlo- 
roanisole are recovered (at undetermined levels) 
in the appropriate fraction and that p,p’-DDT, 
chlordane, and phthalate esters are retained on 
the silica gel column beyond this fraction. In 
general, we would expect that polar residues 
would be eliminated by the procedure and that 
nonpolar organohalogen compounds, such as 
brominated biphenyls, chlorinated benzenes, 
aldrin, and mirex, either would be recovered in 
the appropriate fraction or would elute with the 
chlorinated naphthalenes.

Table 1 summarizes the results of multiresidue 
analyses of the fish extracts and AHH induction 
of the silica gel cleaned-up fraction of the ex­
tracts. Not all of the chemicals found in the fish 
extracts would necessarily be present in the AHH 
test fractions because of the silica gel cleanup.

The bioassay results are expressed as TCDD 
equivalents in pg per g of fish (parts per trillion). 
The detection limit for fish samples is the 
equivalent of 10 pg TCDD/0.1 mL fish extract/ 
plate or the AHH activity that was 3 times that of 
solvent control. The lower quantitation limit is 
25 pg TCDD/0.1 mL fish extract/plate. Maxi­
mum induction occurred at a TCDD concentra­
tion >500 pg/plate. The induction of AHH ac­
tivity achieved by the fish extracts or extract 
dilutions that fell between 25 and 500 pg TCDD 
quantitation (the linear portion of the TCDD 
standard curve) was used to compute TCDD 
equivalents.

Samples la and lb, composites from 2 flathead 
catfish collected from the Missouri River 310-460 
miles upstream from St. Louis, induced a very
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low AHH activity. This observation is consistent 
with the chemical analysis of these samples 
which showed that they contained low-level 
residues of PCBs (<0.5 ppm) with a mixture of 
Aroclor 1254 and Aroclor 1260. Sample lc, of the 
same composite as la and lb , induced AHH ac­
tivity that reflected the additive effect of the 21.7 
ppt TCDD addition.

The bass, Sample 2a, was collected from a lake 
near Hattiesburg, MS, shortly after an overflow 
of a holding pond containing waste pentachlo- 
rophenol from a wood treatment plant. How­
ever, no PCDDs and PCDFs were found in this 
sample. The multiresidue extract produced a 
very low level of AHH-inducing substances, 
which reflects the low level of contamination in 
this fish sample.

Sample 2b, prepared from the same fish de­
scribed above, was fortified with 3.1 ppb 
2,3,4,7,8-PCDF. The increased AHH activity 
indicated the inducing effect of this congener in 
the extract.

Sample 3, obtained from catfish caught in Sa­
ginaw Bay, MI, contained 35 ppt TCDD (D. 
Firestone, Food and Drug Administration, per­
sonal communication, 1981); however, the bio­
logical activity of 251 ppt TCDD equivalents in­
dicates the presence of inducers in addition to 
TCDD. The limited amount of this fish sample 
did not allow for multiresidue analysis. How­
ever, the cleaned-up sample solution prepared 
for the enzyme induction study was examined by 
electron capture GLC to estimate the levels of 
electron-capturing residues present. The chro­
matogram contained a peak at the retention time 
of p,p '~DDE superimposed on a chromatographic 
pattern typical of PCBs having the composition 
of Aroclor 1254. No attempt was made to sepa­
rate the residues. However, the residue levels 
were estimated to be about 10 ppm PCB and no 
more than 1.6 ppm p,p'-DDE. The effect of 
p,p'-DDE alone on AHH activity is not known.

Analysis by the multiresidue method revealed 
the presence of 370 ppm PCBs with an Aroclor

1242/Aroclor 1254 ratio of 75/25 in carp (Sample 
4) collected from the Sheboygan River upstream 
from Kohler Dam in Wisconsin. An unusually 
high level of AHH activity was obtained, com­
pared with other samples tested by the AHH- 
induction technique. Another carp (Sample 5), 
caught in Kiwanis Park, WI, contained PCBs at 
50 ppm with an Aroclor 1242/Aroclor 1254 ratio 
of 60/40, and the biological activity was low. No 
chlorinated dioxins and furans were present in 
either Sample 4 or 5. The high activity of Sam­
ple 4 is attributed to substance(s) yet to be iden­
tified.

All fish samples analyzed in this study con­
tained PCBs. Other studies have shown that 
several polyhalogenated biphenyl analogs and 
their mixtures induce AHH activity (2); however, 
in our study it is not possible to attribute AHH 
activity solely to PCBs in fish extracts because 
other compounds may also have contributed to 
the activity.

The bioassay does not specifically identify or 
classify the reactive substances in food; however, 
as this study shows, it is useful as a screen for the 
presence of substances that induce AHH activity. 
The level of induction by such substances in 
comparison with that by TCDD allows quanti­
tation of unknown inducers relative to TCDD, 
the most potent inducer known.
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Atomic Absorption Determination of Serum Copper: Collaborative 
Study

DAVID L. OSHEIM
U.S. Department of Agriculture, National Veterinary Services Laboratories, PO Box 844, Ames, 
IA 50010

Collaborators: H. Casper; W. Colvin; R .}. Emerick; R. J. Everson; D. Hamar; T. Hunter;
A. V. Jain; J. D. Reynolds; J. E. Roof; G. Rottinghaus; H. M. Stahr; L. Torma

Preliminary to conducting a collaborative study on 
a method for copper in serum, methods used by a se­
lected group of laboratories were surveyed. The re­
sponding laboratories were supplied with a Youden 
pair of bovine serum samples and requested to use 
their current method for serum copper. Results of 
the analyses and the methods used were evaluated; 
hypotheses were developed in our laboratory to ex­
plain some of the interlaboratory variation. For the 
AAS method chosen, each of 12 collaborating labo­
ratories analyzed one blind duplicate and 2 Youden 
pair of serum samples. A commercially available 
external control serum with a certified level of copper 
and a 1000 mg copper/L standard were also submit­
ted. The method requires the serum to be diluted 1 
+  1 with distilled water and the standards to be di­
luted with 10% glycerin to approximate the viscosity 
of the diluted serum. The intralaboratory coeffi­
cients of variation (CV) ranged from 2.24 to 4.40% and 
the interlaboratory CV ranged from 2.56% to 6.05%. 
The method has been adopted official first action.

The relationship of dietary copper, molybdenum, 
and sulfate to animal nutrition has been well 
documented by Underwood (1). The syndrome 
caused by high dietary copper and/or low mo­
lybdenum intake as well as several industrial and 
naturally occurring sources of toxic levels of 
copper has been described by Buck et al. (2). A 
survey of methods conducted by our laboratory 
of copper analysis in serum indicates the need for 
an official method of copper analysis (3).

The method chosen for use in this collabora­
tive study is a slight modification of the proce­
dure for serum copper and zinc recorded in the 
Perkin-Elmer book of methods (4). The method 
was submitted to 12  collaborating laboratories 
along with one practice serum, 2 Youden pair of 
samples, one blind duplicate pair of samples, a 
commercially available external control serum 
(Precilip®), and a 1000 mg copper/L standard. 
The laboratories were requested to run each 
serum in duplicate. Mohr pipets were used to

Received September 8,1982.

pipet the serum samples to ensure an accurate 
volume.

Copper in Serum
Atomic Absorption 

Spectrophotometric Method

O fficial First Action

25.D01 Principle

Samples are dild 1 +  1 with H2O, and Cu is 
detd by AAS using std solns prepd in 10% glyc­
erol.

25.D02 Apparatus and Reagents

(a) Atomic absorption spectrophotometer.— 
Equipped with nebulizer and air-C2H2 burner 
head. Monitor performance by assuring that 4.0 
mg/L std produces response > 0.200 absorbance 
unit.

(b) External control.—Precilip, Cat. No. 125067 
(Bio-Dynamics/bmc, 9115 Hague Rd, Indianap­
olis, IN 46250), or equiv. with established value 
for Cu. Dil. according to label.

(c) Glycerol USP.— 10% (v/v) aq. soln.
(d) Copper std solns.—(1) Stock std soln.— 1000 

mg/L. Dissolve 1.000 g Cu metal in min. vol. of 
HNO3-H 2O (1 +  1). Dil. to 1000 mL with 1% 
HNO3. (2) Intermediate std soln.—100 mg/L. Dil. 
10 mL stock std soln to 100 mL with H2O. (3) 
Working std solns.—Dil. 0.0, 0.25, 0.5,1.0, 2.0, and
4.0 mL intermediate std soln to 100 mL with 10% 
glycerol to give std solns contg 0.0,0.25,0.5,1.0, 
2.0, and 4.0 mg Cu/L.

25.D03 Sample Preparation

Rinse all glassware used with 2N HC1. Mix 
samples thoroly before pipetting. Using Mohr 
pipet, transfer 1.0 mL serum and 1.0 mL Precilip 
(external control) to sep. test tubes. Add 1.0 mL 
H2O to each and mix 5 s on vortex mixer or cap 
tubes and shake 10 s. Use 1 external control for 
each 10  samples or fraction thereof.
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Table 1. Collaborative data for AAS determination of serum copper

Lab. Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

1 190 195 207 207 66 66 62 62 62 66 66 66
2 211 196 211 211 72 67 67 67 67 67 67 67
3C 174 176 202 200 64 66 58 56 58 58 66 62
4 194 202 214 210 68 68 64 64 64 68 72 68
5 192 208 200 220 74 74 70 70 62 70 78 74
6 C 250 245 265 270 65 75 80 85 85 95 90 95
7 212 214 208 200 64 58 62 56 68 64 76 72
8 200 204 220 216 66 68 66 68 64 66 66 72
9 200 196 212 212 72 68 68 68 70 70 70 70

10 200 200 210 208 65 65 63 65 65 65 68 70
11 223 216 209 213 66 68 60 60 59 60 61 70

a Units are ng copper/100 mL serum. 
b  Results of duplicate analysis on each sample. 
c Results of outlying laboratory excluded by ranking.

25.D04 D eterm ination
Analyze by AAS using the following condi­

tions: wavelength 324.7 nm; slit 0.7 nm; flame 
air-C2H2 (lean-blue). Aspirate series of working 
std solns, external control soln, and sample dilns. 
Repeat analysis if Cu value in external control 
soln is not within accepted range. Prep, std 
curve of concn, mg Cu/L, vs A, and det. concn of 
sample. Multiply result by 200 to account for 
sample diln and to convert result to /ig Cu/100 
mL.

Results and Discussion
Complete results were received from all 12 of 

the participating laboratories. However, one set 
of results was not returned in time for the sta­
tistical review (Table 1). Three laboratories 
made slight modifications of the prescribed 
procedure: One laboratory used an Oxford mi- 
cropipetter instead of a Mohr pipet. One labo­
ratory used volumetric pipets to transfer serum. 
Work in our laboratory indicates that, probably 
due to the difference in viscosity of serum vs 
water, a full measure of serum is not delivered 
with a volumetric pipet. One laboratory added 
glycerol to the standards instead of making up 
a 10% glycerol solution. It is the consensus in

our laboratory that since glycerol is not imme­
diately miscible with water, it is preferable to 
dilute the standards with a solution of glycerol 
in water.

Most of the laboratories submitted standard 
curves with their analytical results. A standard 
curve is not necessary for calculating results in 
all cases because many instruments have a direct 
concentration readout or linear regression de­
vice. The curve was requested to ensure the 
linearity of the individual instrument over the 
concentration range of the samples.

Samples 1 and 2 and Samples 5 and 6 were 
Youden pairs, while Samples 3 and 4 were blind 
duplicates. Statistical analysis was performed 
according to the AOAC statistical manual (5). 
Laboratories 3 and 6 were outliers, based on the 
Youden rank test. The remaining results were 
used to calculate the means, standard deviations, 
and coefficients of variation recorded in Table 2. 
Because of excellent statistical agreement, no 
further statistical comparison was done on the 
blind duplicates even though blind duplicates 
can give a better indication of the repeatability 
of a method than duplicates of all samples.

The low standard deviations obtained can be 
explained by the relative ease of copper analyses 
by AA, the simplicity of the method, the inclu-

Table 2. Statistical data from collaborative study

Sample Number
1 2 3 4 5 6

Average Gig/100 mL) 203 210 68 65 65 70
Repeatability 6 5 2 2 3 3
CV, % 2.97 2.54 3.22 2.42 3.90 4.40
Reproducibility 9 5 4 4 3 4
CV, % 4.60 2.56 5.81 6.05 5.0/ 5.91
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sion of a practice sample which encourages the 
collaborator to become familiar with the method 
before processing the collaborative samples, and 
most important, the use of an external control 
with a specified range of acceptable values. Two 
of the 3 laboratories which did not obtain results 
within this specified range were outliers. This 
supported the statistical basis for rejection of 
these results.

No estimate of accuracy can be made from this 
study because no spiked samples were included. 
Copper is known to be bound in serum, so the 
addition of the free metal as a check on recovery 
is not a true representation of copper in serum. 
Copper in bound form is available commercially 
and could have been used for spiking had the 
cost not been prohibitive.

Two laboratories were requested to and did 
supply data from ICP and carbon furnace meth­
odology. The data are being evaluated for pos­
sible use in a future collaborative study.

Recom m endation

The Associate Referee recommends that this 
method be adopted official first action.
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ANTIO XID A N TS

Reverse Phase High Pressure Liquid Chromatography and 
Fluorescence Detection of Ethoxyquin in Milk

GRACIA A. PERFETTI, FRANK L. JOE, Jr, and THOMAS FAZIO
Food and Drug Administration, Division o f  Chemistry and Physics, W ashington, DC 20204

A high pressure liquid chromatographic (HPLC) 
method has been developed for the determination of 
ethoxyquin (l,2-dihydro-6-ethoxy-2,2,4-trimethyl- 
quinoline) in milk. Milk solids are precipitated by 
adding acetonitrile, and the water-acetonitrile su- 
pernate is washed with hexane to remove fat. Ad­
dition of sodium chloride causes the water-acetoni­
trile solution to separate into an aqueous phase and 
an acetonitrile phase, thus separating ethoxyquin 
from most water-soluble impurities. A large volume 
of water is then added to the acetonitrile layer and 
ethoxyquin is partitioned into hexane, which is re­
moved at reduced pressure. The residue is dissolved 
in the mobile phase and analyzed on a 4.6 mm id X 
250 mm Ultrasphere ODS column using fluorescence 
detection (excitation 230 nm; 418 nm cutoff filter). 
Water-acetonitrile with a diethylamine-acetic acid 
buffer is the mobile phase. Recoveries from samples 
fortified at 1, 5, and 10 ppb averaged 78% with a 
coefficient of variation of 5.0%. Low levels (<1  ppb) 
of apparent ethoxyquin were found in commercial 
milk samples that were analyzed by using the 
method.

In the United States, ethoxyquin (1,2-dihydro-
6-ethoxy-2,2,4-trimethylquinoline) is used as an 
antioxidant in animal feeds at levels up to 150 
ppm. Consequently, tolerances are specified for 
ethoxyquin residues in edible animal tissues 
(0.5-5 ppm), poultry and eggs (0.5 ppm), and 
milk (zero). Although there is an official AOAC 
method for determining ethoxyquin in animal 
tissues and eggs (1 ), none exists for determining 
ethoxyquin in milk, nor could an adequate 
method be found in the literature. The purpose 
of this study, therefore, was to develop a reliable 
method for determining ethoxyquin in milk.

Dunkley et al. (2) found 7 ppb ethoxyquin in 
the milk of cows fed a diet containing 150 ppm 
ethoxyquin. They also noted an unidentified 
substance in the milk that interfered with the 
determination of ethoxyquin. Thus, a more re­
liable method capable of detecting very low 
levels of ethoxyquin was needed. Fluorescence 
methods are highly sensitive and have been
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widely used for determining ethoxyquin (1-4), 
but these methods lack specificity. More re­
cently, gas-liquid chromatography has been used
(5), but this technique is not well suited to the 
determination of ethoxyquin because of the 
thermal instability of this compound. High 
pressure liquid chromatography (HPLC) is a 
more suitable technique and has, in fact, been 
used with ultraviolet (UV) detection to deter­
mine high levels (about 100 ppm) of ethoxyquin 
in spices (6).

By combining a reverse phase HPLC separa­
tion with fluorescence detection, a highly sen­
sitive and specific method has been developed 
for determining ethoxyquin in milk. Milk 
samples are cleaned up by solvent extraction and 
concentrated before chromatographic analysis. 
The method is designed to operate in the 1-10 
ppb range.

M E TH O D

Apparatus
(a) Liquid chromatograph.— Spectra-Physics 

Model 3500B operated at ambient temperature 
(Spectra-Physics, Piscataway, NJ 08854).

(b) Injector.—Rheodyne Model 7125 sample 
injection valve fitted with 20 pL  sample loop 
(Rheodyne Inc., Berkeley, CA 94710).

(c) Column.—4.6 mm id X 250 mm stainless 
steel, packed with Ultrasphere ODS (ca 
10 000-15 000 theoretical plates) (Altex Scientific, 
Inc., Berkeley, CA 94710).

(d) Detectors.—Schoeffel Model 970 fluores­
cence detector (Kratos, Inc., Westwood, NJ 
07675). Range 0.01-1 pA  full scale; 5 pL  flow 
cell. Excitation wavelength 230 nm, 418 nm 
cutoff filter, time constant 2 s. Schoeffel Model 
770 UV detector (Kratos) used to obtain chro­
matogram in Figure 1. Range 0.1-2 absorbance 
units full scale (AUFS); 8 pL  flow cell, time con­
stant 2 s. Chromatograms were recorded on 10 
mV strip chart recorder.

(e) Centrifuge.—Sorvall RC-3 (E.I. duPont de 
Nemours & Co., Wilmington, DE 19898) or cen­
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trifuge capable of relative centrifugal force of 
1000.

(f) Flash evaporator.—Used with 35°C water 
bath (Buchler Instruments, Inc., Fort Lee, NJ 
07024).

Reagents

(a) Solvents.—Distilled-in-glass grade aceto­
nitrile (UV), hexane, methanol, and toluene 
(Burdick & Jackson Laboratories, Inc., Muskegon, 
MI 49442).

(b) Water.—Obtained from Milli-Q purifica­
tion system (Millipore Corp., Bedford, MA 
01730).

(c) Presaturated solvents.—Acetonitrile and 
water, both saturated with hexane, and hexane 
saturated with water. Prepare as needed.

(d) Silanizing solution. — 10% (by volume) di- 
methyldichlorosilane (Applied Science Division, 
Milton Roy Laboratory Group, State College, PA 
16801) in toluene.

(e) Buffer solution.—Dissolve 0.6 mL acetic acid 
in 500 mL water. Add 1 mL diethylamine (re­
agent grade, Fisher Scientific Co., Pittsburgh, PA 
15219) and dilute to 1 L with water.

(f) Mobile phase. —20% (by volume) buffer so­
lution in acetonitrile.

(g) Ethoxyquin. —Technical grade (Pflaltz and 
Bauer, Inc., Stamford, CT 06902). Determine 
purity (6).

(h) Standard solutions.—Stock solution 1.— 10 
pg/m L. Accurately weigh 0.1 g ethoxyquin and 
transfer to 100 mL volumetric flask; dissolve and 
dilute to volume with acetonitrile. Pipet 1 mL 
into second 100 mL volumetric flask containing 
20 mL buffer solution and dilute to volume with 
acetonitrile. Stock solution 2.—250ng/mL. Pipet 
5 mL stock solution 1 into 200 mL volumetric 
flask and dilute to volume with mobile phase. 
Working solutions.—5, 20, 35, and 50 ng/mL. 
Pipet 1, 4, 7, and 10 mL stock solution 2 into 50 
mL volumetric flasks and dilute to volume with 
mobile phase. Store all standard solutions in 
dark.

Determination

Glassware silanization. —Rinse clean glassware 
with 0.1N NaOH, and then with water until 
neutral. Rinse with 0.1N HC1, and then with 
water until neutral. Rinse with methanol, and 
then toluene. Fill item with silanizing solution; 
let stand 5 min. Rinse with toluene, and then 
methanol; let air-dry. Silanizing solution may 
be reused. Glassware may be reused without 
repeating silanization process provided corrosive

cleaning solution (e.g., chromic acid) is not 
used.

Extraction.—Weigh 50 g milk into 250 mL 
screw-cap polyethylene centrifuge bottle. Add 
75 mL acetonitrile and shake 1 min. Warm to 
room temperature in 35°C water bath. Centri­
fuge 10 min at 2000 rpm. Decant supernate into 
500 mL separatory funnel and wash with 10 mL 
presaturated hexane. Transfer lower layer to 
second 500 mL separatory funnel. Back-extract 
hexane layer with 5 mL presaturated acetonitrile; 
add acetonitrile (lower) layer to second separa­
tory funnel. Discard hexane layer; rinse separ­
atory funnel with ca 5 mL acetonitrile. Discard 
rinsings but retain separatory funnel. Add 3 g 
NaCl and 1 mL 3N NaOH to water-acetonitrile 
solution in second separatory funnel; shake 
vigorously 1 min to dissolve salt. Let solution 
separate into 2 layers. Discard aqueous (lower) 
layer. Add 150 mL presaturated water and 1 mL 
3N NaOH to acetonitrile layer and extract with 
50 mL presaturated hexane by shaking gently 1 
min. Let layers separate 10 min. Drain water- 
acetonitrile (lower) layer into first separatory 
funnel and repeat extraction with 25 mL pre­
saturated hexane. After layers have separated, 
discard lower layer. (If emulsion persists in ei­
ther hexane layer, add 1-2 mL saturated NaCl. 
As emulsion breaks, drain off lower layer. Add 
more saturated NaCl if necessary.) Wash each 
hexane layer with 15 mL presaturated water; 
discard water layers. Combine hexane layers in 
250 mL round-bottom flask. Rinse each separ­
atory funnel with 10 mL acetonitrile and add 
rinse to flask. Concentrate to 1-2 mL on rotary 
evaporator using 35°C water bath. With dis­
posable pipet, transfer solution to 5 mL volu­
metric flask containing 1 mL buffer solution. 
Rinse round-bottom flask with 1-2 mL acetoni­
trile; transfer to volumetric flask. Dilute to 
volume with acetonitrile.

Chromatography.—Sparge mobile phase with 
helium 15 min. Maintaining sparge throughout 
analysis, pump ca 30 column volumes of mobile 
phase through column at 1.5-2 mL/min. Then 
adjust flow rate to 1.0 mL/min. Set fluorescence 
detector sensitivity to 5.0 and range to 0.2 pA  full 
scale. Inject 20 pL  sample solution and 4 work­
ing solutions. Adjust range if necessary. If 
sample peak is larger than peak for most con­
centrated working solution, accurately dilute 
sample solution.

Calculation

Determine peak heights for sample and 
working solutions. Plot peak height vs con-



PERFETTI ET AL.: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66 , N O . 5, 1983) 1145

centration for working solutions and determine 
slope (S) and intercept (I) of line by performing 
linear least squares analysis. Calculate concen­
tration of ethoxyquin in milk sample as fol­
lows:

Ethoxyquin, ppb =  ((H — I)/S) X (5/W ) X D

where H =  peak height of sample; W =  weight 
of sample, g; and D =  dilution factor if sample 
solution is diluted.

Results and Discussion

Analysis of amines by reverse phase HPLC 
often results in broad, asymmetric peaks with 
long retention times. Such behavior has been 
attributed to strong interactions between the 
amine functional group and unreacted silanol 
groups on the packing material. Addition of 
alkylamines (7) or ammonium compounds (6, 8) 
to the mobile phase minimizes these interactions. 
In the present study, a diethylamine-acetic acid 
buffer was added to the mobile phase, resulting 
in sharp, symmetrical peaks for ethoxyquin. 
About 30 column volumes of mobile phase had 
to be passed through the column before repro­
ducible responses were observed for dilute 
(<  100 ng/mL) ethoxyquin solutions. No other 
columns were tried.

Removing dissolved oxygen from the mobile 
phase by sparging with helium increased sensi­
tivity. Ethoxyquin peak heights almost doubled 
when oxygen was excluded, although column 
efficiency was unaffected. Perhaps dissolved 
oxygen reacts with the injected ethoxyquin or 
partially quenches its fluorescence.

Low levels of ethoxyquin can be detected be­
cause of its fluorescent nature. With the condi­
tions specified for this method, a 1 ng/mL solu­
tion gave a response 20 times the noise level of 
the detector. Since a milk sample containing 100 
ppt ethoxyquin would yield a sample solution of 
1 ng/mL, 100 ppt is considered to be the lowest 
level that could reliably be quantitated by the 
method. A comparison of fluorescence detec­
tion with UV detection for a 5 ppb spiked milk 
sample is shown in Figure 1.

During the early part of the study, replicate 
ethoxyquin standard solutions gave widely dif­
ferent responses when unsilanized glassware 
was used; for example, when a 50 ng/mL stan­
dard was analyzed, peak heights of 3.59, 4.12, 
3.77,3.37,3.93, and 1.99 cm were obtained. This 
phenomenon was attributed to adsorption of 
ethoxyquin on the surface of the glassware, since 
good reproducibility was observed when silan-

A

TIME (m in )

Figure 1. Chromatograms of 5 ppb spiked milk 
sample. A, UV detection, 230 nm, 0.01 AUFS, arrow 
indicates ethoxyquin peak; B, fluorescence detection, 

0.2 fiA full scale.

ized glassware was used to prepare standards. 
Use of silanized glassware greatly improved the 
recovery of ethoxyquin from spiked reagent 
blanks, from 0 to 10% with unsilanized glassware 
and from 30 to 60% with silanized glassware. 
For spiked milk samples, however, recoveries 
averaged about 80% regardless of which type of 
glassware was used. However, precision was 
improved by a factor of 3 with silanized glass­
ware.

Preparation of milk samples for HPLC in­
volves a series of solvent extractions. The first 
step of the cleanup, addition of acetonitrile,
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Figure 2. Chromatogram of 1 ppb spiked milk 
sample (0.05 fiA full scale), arrow indicates ethoxy- 

quin peak.

causes precipitation of milk solids, which are 
removed by centrifugation. Fatty impurities are 
removed by washing the water-acetonitrile su- 
pernate with hexane; back-extraction of the 
hexane layer with acetonitrile recovers any eth- 
oxyquin lost by this step. Addition of sodium 
chloride and base causes the solution to separate 
into an aqueous phase and an organic (acetoni­
trile) phase. Ethoxyquin, which is hydrophobic 
in basic solution, migrates to the organic phase; 
proteins and other hydrophilic impurities are 
retained in the aqueous phase. The acetonitrile 
layer is fairly clean, but it is unsuitable for HPLC 
since it contains appreciable amounts of sodium 
chloride, which corrodes stainless steel. To re­
move ethoxyquin from this solution, a large 
volume of water is added and ethoxyquin is 
partitioned into hexane. The hexane layer is 
collected in a round-bottom flask and the solvent 
is removed with a rotary evaporator. Enough 
acetonitrile is added to the flask so that all of the 
hexane can be removed without evaporating to 
dryness, thus preventing loss of ethoxyquin

through evaporation. The concentrate is diluted 
to 5 mL with the mobile phase. The column ef­
ficiency is higher if the mobile phase, rather than 
pure acetonitrile, is used as the solvent.

Using the described method, recoveries of 
ethoxyquin from milk were determined at 1,5, 
and 10 ppb. A sample was prepared by spiking 
50 g milk in a polyethylene bottle with 1 mL 
stock solution and shaking. Twenty samples at 
each level were prepared and analyzed. Milk 
blanks were also analyzed; responses, if any, 
were subtracted before calculating recoveries. 
The average percent recoveries at 1,5, and 10 ppb 
were 79 (coefficient of variation (CV) 5.6), 76 (CV 
4.8), and 79 (CV 3.9), respectively. The average 
recovery for all 60 samples was 78% with a CV of 
5.0%. Figure 2 shows a typical chromatogram for 
a 1 ppb spiked milk sample.

The results indicate that about 20% of the 
added ethoxyquin was not recovered by the 
method. To determine at what point(s) eth­
oxyquin was lost, a series of milk blanks were 
prepared and spiked at different steps through­
out the cleanup procedure. Virtually all of the 
20% loss occurred during the initial extraction of 
the milk with acetonitrile. The lost ethoxyquin 
could not be recovered by further extraction of 
the precipitated milk solids.

Recoveries of ethoxyquin from spiked reagent 
blanks were only 30-60% (even using silanized 
glassware), compared to about 80% from spiked 
milk samples. Because of this discrepancy, we 
were concerned that high incurred residues of 
ethoxyquin in the milk samples being spiked 
could be causing the recovery values to appear 
higher than was actually the case. Conse­
quently, some recoveries were determined using 
milk from cows fed a diet free of ethoxyquin. 
Using ethoxyquin-free milk, recoveries averaged 
79%, compared to 77% with milk from commer­
cial sources. These data demonstrate that in­
curred residues are not responsible for the dif­
ference in recovery from milk and from solvent. 
A possible explanation for the lower recovery 
from solvent is adsorption of ethoxyquin on in­
completely silanized glassware. For milk, 
coating of the glassware by some component 
(e.g., fat) probably prevents loss by adsorption.

During method development, several milk 
blanks were analyzed that contained 1 - 2  ppb 
apparent ethoxyquin. After recovery studies 
were completed, samples of 6 different com­
mercial brands of milk were purchased and an­
alyzed; these samples contained 10 0 -20 0  ppt 
apparent ethoxyquin. It should be emphasized 
that these values are estimates, since the method
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was not documented below 1 ppb. The amount 
of ethoxyquin residues in milk is apparently 
small, based on the results of this limited 
study.
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ALCOHOLIC BEVERAGES

Proof Determination of Liqueurs and Alcoholic Dairy Products: 
Collaborative Study

DUANE H. STRUNK, BERTHA M. TIMMEL, FRANCES L. RAPP, and 
JOHN C. AICKEN
Joseph E. Seagram & Sons, Inc., Research and Development Department, Box 240, Louisville, 
KY 40201

Collaborators: R. J. Andreoli; J. Cherolis; W. D. Daggs; F. G. Mark; W. C. O'Bryan;
A. W. Perrault; F. L. Rapp; R. D. Steinke; B. M. Timmel; W. A. Thurman

A method is described for determining the ethanol 
concentration of liqueur-type products containing 
dissolved solids. The sample is distilled in an all­
glass still equipped with spherical joints; the proof 
of the distillate, diluted to known volume, is mea­
sured by a M ettler/Paar density meter. Ten collab­
orators determined proof of 6 different synthetic li­
queurs containing ethanol-water-sugar mixtures and 
2 alcoholic dairy products. Proof of the samples 
varied from 33 to 92°. Standard deviations and co­
efficients of variation for this method varied from 
0.069 to 0.278 and from 0.20° to 0.36°, respectively. 
The method has been adopted official first action.

Dissolved solids in alcoholic products such as 
liqueurs, wines, and certain types of whisky, 
brandy, and rum interfere with standard proof­
ing procedures using hydrometer, pycnometer, 
refractometer, and/or density meter. Therefore, 
these products must be distilled to obtain an ac­
curate measurement of the ethanol concentration 
in the distillate.

The present AOAC procedure (1) for deter­
mining the proof of liqueurs is not used by 
members of the distilling industry because of the 
time and special techniques required. This 
procedure specifies distilling a 50 or 100 mL 
sample in a 500 mL distilling flask equipped with 
an Iowa-type bulb and a Liebig condenser. 
Distillate is collected in a special 50 or 100 mL 
volumetric-type flask which is used as a pyc­
nometer. Accuracy of results obtained by this 
method has not recently been determined by an 
AOAC collaborative study.

One proofing method used by many U.S.

Received September 8, 1983.
This report of the Associate Referee, D. H. Strunk, was pre­

sented at the 96th Annual International Meeting of the AOAC, 
Oct. 25-28,1982, at Washington, DC.

The recommendation of the Associate Referee was approved 
by the General Referee and Committee D and was adopted by 
the Association. See the General Referee and Committee re­
ports, J. Assoc. O ff. A n a l. Chem. (1983) 66, 370; 419.

plants producing liqueurs and similar products 
containing dissolved solids involves the use of 
a Jaulmes still, manufactured in France (2). This 
macro procedure requires a 500 mL sample. 
After the distillate is collected and diluted to 
volume, its proof is normally determined by a 
hydrometer. A major advantage of using a 
Jaulmes still is that the 500 mL sample can be 
distilled in 7-14 min vs usually more than 1 h by 
other distillation methods. Disadvantages of 
this method are 1) the need to add a correction 
factor of 0.1-0.3° to the proof result because al­
cohol recovery is not quantitative, and the cor­
rection factor must be determined for each still 
with ethanol standards in the same proof range 
as the samples tested; 2) the need for a 500 mL 
sample; and 3) the cost of the still ($10 000).

This collaborative study was initiated to de­
velop a simple, accurate proofing procedure for 
alcoholic products such as liqueurs and alcoholic 
dairy products which contain dissolved solids 
such as sugar, protein, and fat; and to determine 
the accuracy of measuring the proof of these 
products with a method using current state-of- 
the-art distillation and proofing techniques. The 
method being evaluated is currently used in 
Seagram's laboratories to determine the proof of 
all alcoholic products containing dissolved solids 
which restrict direct proofing. Products proofed 
by this method include all liqueur-type products, 
whisky, brandy, rum, and wine. In this method, 
a 50 mL sample is distilled in an all-glass still 
(Seagram's Liqueur Still) equipped with spheri­
cal glass joints. Distillate is collected, diluted to 
volume, and proofed by a Mettler/Paar density 
meter using the AOAC method (3). Advantages 
of this method are that only 50 mL sample is 
distilled which reduces product losses and the 
amount of ethanol and sugar discharged to the 
wastewater system which is taxed on its BOD 
concentration, and that it uses a density meter to
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m easure proof, w hich  is easy to operate, requires 
less analysis tim e and  sm aller sam ple volum es, 
and gives m ore rep rod ucib le  results. T he dis­
advantage o f this procedure is cost o f the density 
m eter ($13 500).

Collaborative Study
T en collaborators received  6 d ifferen t syn ­

thetic liqueurs con tain in g  e th an o l-w ater-su gar 
m ixtures, 2 a lco h o lic  dairy products, and a prac­
tice sam ple all in a proof range o f 33 to 92 0. Each 
collaborator was requested  to d eterm ine the 
p ro o f o f each sam ple o f th e  4 pairs o f b lin d  du­
plicate sam ples and report results in both specific 
gravity  and p roof units.

Alcohol in Liqueur-type and Alcoholic 
Dairy Products

Densitometric Method 
Official First Action

(A p p licab le  to products contg dissolved solids)

9.D01 P rin c ip le

Sam p le is distd in special all-g lass still and % 
a lco h o l in  d istilla te  is detd by d en sity  m eter.

9.D02 A p p a ra tu s  a n d  R e a g e n ts

(a) Liqueur still.— A ll A ce Glass, Inc., Cat. Nos:
(2) Boiling flask.— 300 m L w ith  3 5 /2 0  jo in t (No. 
6902-25).

(2) Vigreaux distilling column.— W ith  3 5 /2 0  
jo in ts, 50  cm  long (m easured from  low est to 
h ig h est in d en ts) X 2.2 cm od (N o. 36578-94).

(3) Connecting adapter.— W ith 3 5 /2 0  joints (No. 
35125-99).

(4) Liebig condenser.— W ith 3 5 /2 0  fem ale jo int 
on  top and straight 7 mm  od tube as ou tlet (H 2O 
jacket len g th  ca 38 cm ) (N o. 35994-96).

(5) Condenser outlet connector tube.— 20 cm long 
X 7 m m  od glass tube.

(6) Clamps.— 3 pinch-type clamps, size 35 (No. 
7670-10).

(7 ) Volumetric flasks.— 50 mL (N o. 7102-12).
(b) Density meter.— M ettler/P a a r D M A  55D  

(M ettle r Instru m en t Corp., H ightstow n, N J 
08520).

(c) Silicone antifoam. — GE-66, GE-70 silicon es, 
o r equiv .

9.D03 A s s e m b l y  o f  D ist illa tio n  E q u ip m e n t

M ou n t V igreaux colum n and con d en ser v er­
tically  on sep. ring stands. Apply film  of silicone

grease to glass jo in ts  and use p in ch  clam ps to 
secure adapter to top o f V igreaux colu m n and 
condenser. Connect condenser connector outlet 
tube to end  o f con d en ser w ith  a 10 X V4 in. p iece 
o f T yg on  tubing.

9 .D 04 D istilla tio n  P r o c e d u r e

Liqueurs.— Place 50 mL vol. flask contg > 5 0  mL 
sam ple in const temp. bath. W hen sample temp, 
has stabilized , adjust vol. to m ark. Q uant, 
tran sfer sam ple to 300 mL b o ilin g  flask , rinsin g  
vol. flask w ith  three  8 m L portions o f H 20  and 
adding rinsings to boiling flask. Add 1 or 2 glass 
beads to bo ilin g  flask and 1 or 2 drops o f silicone 
antifoam , if sample foams. (Silicone spray cannot 
be used as antifoam  because m any sprays contain 
v o latile  solvs.) C on nect b o ilin g  flask contg 
sam ple to bottom of Vigreaux colum n w ith pinch 
clam p. Add 2.5 mL H 20  to orig inal vol. flask 
and use flask as d istillate  receiver. Subm erge 
exten sion  tube from  con d en ser in to  H 20  in  re ­
ceiv er set in  ice bath.

P lace  screen  on support clam p under b o ilin g  
flask  and  heat flask w ith  gas b u rner or elec, 
heater. D o not use elec, heating m antle because 
solids w ill carbonize on insid e w all o f flask. 
Low er receiver after ca 42 mL d istillate has been 
collected  to p erm it all condensate to drain  from  
con d en ser in to  receiver. P erm it last 6 m L dis­
tillate to drip into receiver to rinse condenser and 
exten sion  tube. T otal d istn  tim e should  be > 2 5  
but < 4 0  m in. Rem ove 50 mL vol. flask, stopper, 
sw irl to m ix con tents, and  place in  const tem p, 
bath. W hen sample temp, has stabilized to same 
tem p, as before d istn , add H 20  to adjust vol. to 
m ark, and mix.

A ir bubbles in  fresh  d istillates m ay be d issi­
pated  by p lacing  vol. flask m om entarily  in  u l­
trasonic bath, by tapping flask gently on the side, 
or by a llow ing it to stand for som e period before 
m easuring proof.

Alcoholic dairy products. — T reat as described  
above, except use total o f 50 m L H 20  to transfer 
sam ple from  vol. flask to b o ilin g  flask.

9 .D 05 D e te r m in a t io n

D et. % a lcohol in  d istillate  by 9 .C 0 3 -9 .C 0 7 .

R esults and D iscussion

T h e collaborative proof results are show n in 
T able 1. For statistical evalu ation , the  data are 
grouped in to  sam ple pairs, i.e ., Sam ples 3 and 8, 
2 and 6 ,5  and 7 ,1  and 4. W hen the ran king  test
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Table 1. Proof determination of liqueurs and alcoholic dairy products

S a m p le

C o ll. 3 8 2 6 5 7 1 4

I 3 3 3 .7 0 3 3 .7 3 4 7 .4 5 4 7 .4 7 7 2 .9 5 7 2 .9 5 9 2 .0 8 9 1 .9 2
2 3 3 .8 6 3 3 .8 0 4 7 .4 5 4 7 .5 2 7 3 .0 4 7 3 . 1 1 9 2 .3 0 9 2 .2 6
3 3 3 .9 1 3 3 .8 9 4 7 .7 7 4 7 .8 0 7 3 .5 3 7 3 .4 8 9 2 .6 4 9 2 .5 3
4 3 3 .7 8 3 3 .8 9 4 7 .5 8 4 7 .4 9 7 3 .0 9 7 2 .8 5 9 2 .2 0 9 2 .1 8
5 3 3 .9 7 3 3 .9 7 4 7 .7 9 4 7 .8 0 7 3 .4 4 7 3 .4 6 9 2 .4 5 9 2 .6 7
6 3 3 .8 7 3 3 .9 5 4 7 .5 1 4 7 .5 3 7 2 .9 4 7 2 .6 6 9 1 .9 4 9 2 .0 8
7 3 3 .7 8 3 3 .7 8 4 7 .6 3 4 7 .6 0 7 3 .2 5 7 3 .1 5 9 2 .7 9 9 2 .3 7
8 3 3 .8 4 3 3 .8 4 4 7 .4 9 4 7 .5 1 7 3 . 1 1 7 3 .0 4 9 2 .2 5 9 2 .3 5
9 3 3 .7 8 3 3 .8 9 4 7 .5 6 4 7 .9 9 7 3 .0 4 7 3 .0 9 9 1 .9 9 9 2 .0 4

1 0 3 3 .9 5 3 3 .9 5 4 7 .6 6 4 7 .6 6 7 3 .2 8 7 3 .2 6 9 2 .3 9 9 2 .3 8
M ean 3 3 .8 6 3 3 .8 8 4 7 .6 0 4 7 .6 6 7 3 .1 9 7 3 . 1 2 9 2 .3 3 9 2 .3 2
SD 0 .0 7 3 0 .0 6 9 0 . 1 1 9 0 .1 7 3 0 .1 9 8 0 .2 6 4 0 .2 7 8 0 .2 0 4
C V , % 0 .2 1 0 .2 0 0 ,2 5 0 .3 6 0 .2 7 0 .3 6 0 .3 0 0 .2 2

a R e su lts  e lim in a te d  by ra n k in g  test. 
V a r ia n c e  ra tio s:

b e tw e e n -lab s, M S l / M S ls  =  3 . 1 0

la b -s a m p le  in te ra c tio n , M S l s / M S o  =  4 .2 8

R e p e a ta b ility  S D  =  0 .0 9 7  
R e p ro d u cib ility  S D  =  0 .1 9 8  
Std  e rro r of m e a n  =  0 .1 9

(4) was applied , the results reported  by C o llab ­
orator 1 w ere s ig n ifican tly  low  and w ere ex­
cluded from  fu rth er statistical analyses.

A nalysis of the acceptable data ind icated  that 
the variance ratios (M Sl /M S ls (betw een labo­
ratories) and  MSls/M S o (laboratory-sam p le in ­
teraction) w ere 3.10 and 4.28, respectively. The 
betw een-laboratory ratio is not s ign ificant at the 
95% con fid en ce level, w h ile  the  laboratory- 
sam ple in teractio n  value is s ig n ifican t. No 
con sisten t laboratory bias exists. The rep eat­
ab ility  and rep rod u cib ility  standard deviations 
w ere 0.097 and 0.198, resp ectively , w h ile  the 
standard error o f m ean was 0.19. T he rep ro­
ducibility  standard deviation and standard error 
o f m ean values are sim ilar to those reported  in 
previous collaborative studies (3, 5) using a 
density m eter to measure proof of ethanol-w ater 
solu tions.

A dvantages of using this new  distillation  unit 
are that it is inexpensive, requires a sm all amount 
o f space, and is sim ple to operate. T h e 50 cm 
V igreaux colum n provides e ffic ien t sep aration 
of ethanol from solids and w ater contained in  the 
liqueur sam ple. Accuracy and o ther advantages 
o f the density m eter to m easure proof have been 
review ed (3).

The p ro o f results in Table 1 are acceptable 
considering that the p roof o f ethanol in  d istilled  
a lcoh olic  products is reported  to 0 .1 ° . T hey in ­
dicate the state o f the art for d eterm in in g  the

proof o f a lco h o lic  products con tain in g  h igh  
con cen tratio n  o f dissolved solids w h ich  trad i­
tion ally  are d ifficu lt to proof accurately.

Comments of Collaborators
C ollaborator 6 reported  that som e o f th e  co n ­

tents o f Sam ple 7 had been  lost d uring sh ipm ent 
due to an inad equ ately  torqued cap.

A 550 or 750 w att electric heater equipped w ith 
a rheostat con tro l w as used by C ollaborators 5 
and 7 instead  o f a gas burner to heat the b o ilin g  
flask. O ne recom m ended heater is sold by P re­
cision  S cien tific  Co. (Cat. N o. 61560 w ith  23/4 in. 
up per refractory, Cat. No. 61836).

U se o f a heat sh ield  betw een  the b o ilin g  flask 
and d istilla te  receiver was recom m ended by 
C o llab orator 8. T h is  m o d ificatio n  can be 
avoided by using a lo n g er glass extension  tube 
a n d /o r  T ygon tu bing  to low er the d istillate  re ­
ceiv er and increase its d istance from  th e b o ilin g  
flask. W ith these precautions, the possibility of 
heat from the boiling flask affecting the contents 
o f th e  d istillate  receiv er surrounded by an ice 
bath is m inim al.

T he q uestion  w as asked w hy th is m ethod is 
b e in g  evaluated for testing  only  liqueurs and 
alco h o lic  dairy products and not all a lco h o lic  
products con ta in in g  > 6 0 0  m g dissolved solid s/ 
100 mL. This A O AC collaborative study was 
in itia ted  to d evelop  a standard m icro proofing  
procedure for the liqueur industry. An alcoholic
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dairy product was also included because several 
m em bers of the U.S. d istilling industry requested 
a standard p ro o fin g  procedure for these prod ­
ucts. It w as n o t p ossib le to inclu d e all the d if­
fe ren t types o f a lcoh olic  products co n tain in g  
d issolved  solids in  this study because of the 
nu m ber o f ad ditional sam ples required . H ow ­
ever, as noted in the introduction, this procedure 
is cu rren tly  used by Seagram  laboratories to d e­
term ine the proof o f liqu eurs, a lcoh olic  dairy 
products, w hiskys, brandies, rum s, and w ines.

Recommendation
It is recom m ended  that this m ethod  fo r d e­

term in in g  th e proof o f liqueurs and alco h o lic  
dairy products be adopted offic ia l first action.

Acknowledgments
The authors thank the fo llow ing collaborators 

and their associates for their contributions to this 
study:

R. J. A n d reo li, H eu b le in , H artford , CT
J. C h ero lis , Bureau o f A lcohol, Tobacco and 

Firearm s, T reasure Island , CA
W. D. D aggs, Ju liu s W ile Sons and Co., Inc., 

Lake Success, N Y

F. G. M ark, S ch en ley  D istillers, Inc., C in c in ­
nati, O H

W. C. O 'B ryan , N ational D istillers  Products, 
C in cin n ati, OH

A. W. P errau lt, G lenm ore D istilleries  Co., 
L ouisv ille , KY

F. L. Rapp and B. M. T im m el, Josep h  E. Seag­
ram & Sons, Inc., L ouisv ille , KY

R. D. S te in k e , H iram  W alker & Sons, In c., L i­
vonia, M I

W. A. Thu rm an, Bureau of A lcohol, Tobacco
and Firearm s, R ockville , M D

Referen c es

(1) Official Methods of Analysis (1980) 13th Ed., AOAC, 
Arlington, VA, secs 9.009-9.013

(2) Strunk, D. H. (1972) /. Assoc. Off. Anal. Chem. 55, 
13-14

(3) Strunk, D. H., Aicken, J. C., Hamman, J. W„ & An- 
dreasen, A. A. (1982) /. Assoc. Off. Anal. Chem. 65, 
218-223

(4) Youden, W. J., & Steiner, E. H. (1975) Statistical 
Manual of the AOAC, AOAC, Arlington, VA, pp. 74, 
76, 77

(5) Strunk, D. H„ Hamman, J. W., Aicken, J. C., & An- 
dreasen, A. A. (1981) J. Assoc. Off. Anal. Chem. 64, 
550-553



1152 CAPUTI & MOONEY: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 5, 1983)

Gas Chromatographic Determination of Ethanol in Wine: 
Collaborative Study

ARTHUR CAPUTI, Jr , and DENNIS P. MOONEY 
E. & J. Gallo Winery, PO Box 1130, Modesto, CA 95353

Collaborators: J. Cherolis; M. Clements; E. A. Crowell; B. Dowrie; S. Fike; L. Ho; 
J. King; M. Lerner; R. Posey; T. Ribeiro; M. Rommel; R. Scheidt; R. Tolosa; J. Vahl

After a survey of laboratories using gas chromato­
graphic procedures for wine alcohol analysis, 3 sets 
of columns and operating parameters were chosen on 
the basis of comparative reproducibility evaluations 
run in this laboratory. Fourteen collaborators par­
ticipated in the study and were given their choice of 
any one of the 3 columns: (1) 1.8 m X 2 mm id glass, 
packed with 80-100 mesh Poropak QS; (2) 1.8 m X 2 
mm id glass, packed with 0.2% Carbowax 1500 on 
80-100 mesh Carbopack C; (3) 1.8 m X 6.35 mm cop­
per, packed with 3% Carbowax 600 on 40-60 mesh 
Chromosorb T. Standards and samples were diluted 
1:100  with 0.1 % v /v  n-butanol in water before anal­
ysis. Eight samples containing from 7.3 to 23.6% 
ethanol (v/v) were submitted as randomly coded 
duplicates along with a calibration standard and a 
practice sample. Two injections each of the diluted 
duplicates were made. On the basis of the reported 
results, 2 laboratories were rejected as outliers. The 
results of the remaining 12  collaborators showed an 
average reproducibility of 0.142 and a repeatability 
of 0.036. The method has been adopted official first 
action.

T he d eterm ination  o f e th an o l is o n e  o f the  most 
critical analyses perform ed in  the w in e industry
(1). As greater num bers of samples are analyzed, 
th e  n eed  fo r a m ethod that is sp ecific , accurate, 
p recise , and relativ ely  rapid becom es m ore ap­
parent. Gas chrom atograp hy w ould appear to 
m eet all these requirem ents. The determ ination 
o f a lco h o l in  w in e by gas chrom atography was 
in v estigated  as lo n g  ago as 1960 (2). U n fo rtu ­
nately , at that tim e, therm al con d u ctiv ity  detec­
tion  was used and  the resu ltin g  w ater peak 
caused a re lativ ely  len g th y  analysis tim e. In 
ad dition , m odern m ethods o f in teg ra tio n  w ere 
n o t av ailab le , and  the ball and disk in tegrator 
that w as in  com m on use was re la tiv e ly  cum ber-
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This report of the Associate Referee, A. Caputi, Jr, was pre­

sented at the 96th Annual International Meeting of the AOAC, 
Oct. 25-28,1982, at Washington, DC.

The recommendation of the Associate Referee was approved 
by the General Referee and Committee D and was adopted by 
the Association. See the General Referee and Committee re­
ports, J .  A s s o c .  O f f .  A n a l .  C h e m . (1983) 66, March issue.

som e and tim e-consu m ing. So, w h ile  the p ro­
cedure was capable o f the desired  sp ecificity , 
accuracy, and precision, it did not offer the speed 
or potential for autom ation to m ake it a practical 
tech n iqu e. T he in trod u ction  o f the  flam e io n ­
ization  d etector and h igh -sp eed  calcu latin g  in ­
tegrators perm itted  refinem ent o f this technique 
and a practical procedure was developed  (3). 
T h is procedure w as put in to  rou tine use in  our 
laboratory and , a fter several years and m any 
thousands of analyses, was deem ed to be superior 
in  alm ost a ll respects to o ther procedures avail­
ab le fo r this d eterm ination . W e fe lt that the 
m ethod should  be subjected  to a collaborative 
study w ith  the possibility o f recom m ending it as 
an o ffic ia l A O A C m ethod. W e also fe lt that 
w orkers in  th is field  should  be surveyed to d e­
term ine i f  im p rovem ents m igh t exist in  the 
m ethod w e w ere using.

A nu m ber o f potential collaborators for this 
study w ere asked i f  they w ere cu rren tly  using a 
gas chrom atograp hic procedure for the d eter­
m ination  o f eth an o l in w ine, and, i f  so, to g ive 
the sp ecific  op erating  param eters o f the proce­
dure. O f the  14 potential collaborators w ho re­
sponded, 9 indicated that they w ere indeed using 
gas chrom atograp hic m ethods to one extent or 
an o th er fo r this determ ination .

A ll procedures described w ere evaluated in 
th is laboratory. T hey w ere com pared on the 
basis o f p recisio n , speed o f analysis, and chro­
m atographic qualities. Three chrom atographic 
colu m ns and op erating procedures w ere d eter­
m ined  to be sup erior and rou ghly equal. It was 
d ecided  that th e  collaborators should  be g iven  
their choice o f any one of 3 colum ns to use in this 
d eterm ination , because it w ould be lik e ly  that 
one o f the 3 types w ould be readily  available to 
participants in the study. Because the procedure 
inv olv ed  d ilu tion  o f the  sam ple w ith  w ater 
con ta in in g  an in tern a l standard, the  norm al 
collaborative study was m odified  so that the 
p recision  o f the  chrom atography and d ilu tion
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techniques could be evaluated separately as w ell 
as together to establish real and potential sources 
o f error.

Collaborative Study
Fou rteen  collaborators participated  in  this 

study. Each collaborator was supplied  w ith  an 
e th a n o l-w a te r ca libration  standard prepared  in  
this laboratory and sealed in  glass ampules. This 
standard was prepared from  purified ethanol and 
w ater and its a lcohol con tent was determ ined  by 
averaging  results from  refractom eter, p ycno­
m eter, hyd rom eter, and d ichrom ate oxid ation  
d eterm ination s. A stabilized  w in e (Standard 
R eferen ce  M aterial 1590) w ith  a know n ethanol 
con ten t at 6 0 °F  (18.51%  v /v )  is now  available 
from  the N ational Bureau o f Standards. T his 
w ould  be used as a prim ary standard for the  o f­
ficia l m ethod. In  addition, each participant was 
supplied  w ith  a practice w in e sam ple w ith  a 
kn o w n  eth an o l con tent. P articipants w ere in ­
structed to perform  the analysis as d irected  w ith  
the practice sam ple u n til resu lts ind icated  pro­
ficien cy  w ith  th e m ethod.

P articip ants w ere instructed  to refrigerate  
sam ples upon receipt to prevent referm entation  
b efo re  the  actual analysis. E ight sets (16 total 
sam ples) o f b lin d  duplicates (a and b) o f ran ­
dom ly coded w in e sam ples w ere subm itted  for 
analysis. These ranged in  ethanol con ten t from  
slig h tly  over 7% to ju st un der 24% eth an o l by 
volum e. Each diluted sam ple w as to be in jected  
tw ice to p erm it evalu ation  o f chrom atograp hic 
reproducibility. Because dilution of the samples 
w ith  a so lu tion  con ta in in g  an in tern a l standard 
is a critical p o rtio n  o f th e  analysis, resp ond ents 
w ere asked to describe th eir d ilution  procedures 
as w ell. This factor was also to be included in  the 
statistical analysis to see if  the dilution procedure 
had a s ig n ifican t e ffect on th e  accuracy of the 
d eterm ination .

Ethanol in Wine
Gas-Liquid Chromatographic Method 

Official First Action

11.D 01 A p p a ra tu s  a n d  R e a g e n ts

(a) Gas chromatograph.— W ith flam e ionization 
detector, in tegrato r, heated  on-colu m n in jector, 
and any one o f the fo llo w in g  colum ns and  cor­
resp ond in g op erating  conditions:

(1) 6 ft X 2 mm id glass, packed w ith  8 0 -1 0 0  
m esh Poropak QS.

( 2 )  6 ft X 2 m m  id glass, packed w ith  0.2%

Carbow ax 1500 on 8 0 -1 0 0  m esh Carbopack C 
(Supelco C hrom atography Sup p lies, Supelco  
Park, B elle fon te , PA 16823).

(3) 6 ft X V4 in. Cu, packed w ith  3% Carbow ax 
600 on 4 0 -6 0  m esh C hrom osorb T.

C on dition s Col. 1 Col. 2 Col. 3
C arrier gas: N N N
Flow  rate, m L /m in : 30 15 55
O ven temp. 200° 105° OO 00

o

In jecto r temp. 225° 175° 150°
D etector temp. 225° 175° 150°

A djust a ir and H  for flam e d etector to optim um
fo r carrier gas flow  o f colu m n used. A djust 
e lectro m eter sen sitiv ity  to provide > 5 0 ,0 0 0  
counts o f in tegrato r counts fo r in tern a l std 
peak.

(b) Diluter.— C apable o f ± 0 .1 %  precision.
(c) Internal std soln.— 0.1% (v /v ) «-b u tan ol in

h 2o .
(d) Alcohol std soln.— Prep. a lco h o l-FF jO  soln  

con tg  approx. % a lcohol expected  in  sam ple. 
Det. exact % a lcohol by p ycnom eter, 9.013(a); 
refractom eter, 9.016; hydrom eter, 9.014; or other 
approp riate A O AC m ethod, or use Std R ef. M a­
terial 1590, S tabilized  W ine (N BS).

11.D 02 D e t e r m in a t io n

D il. a lcohol std soln  1:100 w ith  in tern a l std 
soln. In ject at least three 1.0 pL aliquots and det. 
av. response ratio o f area o f a lcohol peak to area 
of «-butanol peak (R R Dil. sam ple 1:100 w ith 
in ternal std soln , in ject 1.0 pL, and det. response 
ratio (RR).

% alcohol =  (RR X % alcohol in  s td )/R R '

R esults and R ecom m end ation s

A ll results of the study are given in  Table 1. It 
can be seen  that C ollaborator 5 used a d ifferen t 
solid  support in  his colum n, but the data did not 
appear in con sisten t and w ere in clu d ed  in  the 
evaluation. T he ranked  results in  T able 2 in d i­
cate that the  results o f C ollaborators 3 and 4 lie  
outside o f the 5% 2-tail lim its for 16 sam ples and 
14 collaborators. T able 1 show s th e  calculated  
m eans and standard estim ate o f erro r w ith  and 
w ith o u t those 2 collaborators inclu ded . A ll 
subsequent statistical calculations given  om it the 
data from  these 2 collaborators. A lth ou gh  a few  
ind iv idu al results could  be exclu d ed  accord ing 
to D ixon's criteria, the authors felt that no results 
w ere so far out o f line that they w ould be atypical 
in  a rou tine ap p lication  of the p rocedu re, so all 
data w ere retained.

A nalysis o f variance was p erform ed  on  th e
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Table 2. Ranked results for collaborative study of ethanol in wine
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S a m p le

C o ll. B u rg u n d y S h e rry
Apple
w ine

Sw eet
ve rm o u th

1 1 3 7 1 2 . 5 10 .5
2 1 1 1 4 5 1 2
3 14 1 2 1 4 1 3
4 2 1 1 1
5 3 4 3 2 .5
6 8 .5 1 0 8 .5 8 .5
7 10 2 5 6
8 1 3 5 4 .5
9 6 1 1 1 2 . 5 1 0 .5

1 0 1 2 1 3 1 1 1 4
1 1 4 .5 8 2 4 .5
1 2 4 .5 5 .5 8 .5 2 .5
1 3 8 .5 9 8 .5 8 .5
1 4 7 5 .5 8 .5 7

Vin
ro se

Fortified  
b a se  w ine P ort C h a b lis To ta l

1 2 9 8 1 2 84
1 1 1 3 1 4 8 88
1 3 1 1 1 2 .5 1 3 1 0 2 .5

1 1 1 1 9
2 7 .5 4 5 3 1
5 1 2 1 0 8 7 0 .5
7 .5 3 3 2 3 8 .5
3 5 .5 2 3 .5 2 7 .5

14 2 9 14 79
1 0 1 4 1 1 1 1 96

4 10 6 3 .5 4 2 .5
6 7 .5 1 2 .5 10 5 7
9 5 .5 6 6 6 1
7 .5 4 6 8 5 3 .5

Table 3. Analysis of variance for collaborative study of ethanol In wine

S o u rc e  of 
v a ria n c e

S u m  of 
sq u a re s

D e g re e s of 
fre e d o m

M ean
sq u a re

C a lc d
v a ria n c e

ra tio
T a b u la r F  

valu e  ( 1 % ;

Betw een lab s 6.848 1 1 0.6225 25,723 2.25
( M S J (M S l / M S l s )

Betw een sa m p le s 8691.412 15 — —

L a b .-s a m p le  in te ra ctio n 0.004 165 2.42 X 1 0 -5 0.0186 1 .0 0
(M S us) (M S Ls / M S o)

Betw een re p lic a te s 0.25 192 1.302 X 10“3 —

(M S 0)
T o ta l 8698.514 383
E st. of re p e a ta b ility  S D  0 .0 3 6  
E st. of re p ro d u c ib ility  SD  0 . 1 4 2

Table 4. Relative difference between injections and between duplicates (with injections averaged)

Item A u to m a tic  diln M anual d iln

In je ctio n s X 0 .2 2 7 0 .2 9 7
s 0 .2 6 8 0 .2 8 1
n 1 2 6 63

D u p lic a te  sa m p le s X 0 .4 4 7 1 .0 2 0
s 0 .4 4 1 0 .7 8 5
n 6 2 3 1

data o f th e  12 rem ain ing  laboratories, using  the 
m ethod  outlined  by S te in er (4). T he results of 
these calcu lation s are show n in  T able 3. The 
lab o rato ry-sam p le in teractio n  variance ratio is 
not s ig n ifican t (p >  0.10). S in ce  this term  is a 
m easure o f the  variance o f th e  m ethod  w ith  the 
e ffects o f laboratories and sam ples e lim in ated , 
it show s that the variab ility  in h e re n t in  the 
m ethod is sm all. T he large laboratory variance 
ratio ind icates that very sig n ifica n t biases are 
possible betw een  d ifferen t laboratories. U n ­
fortu n ately , the laboratory variance ratio is cal­
culated  by using th e laboratory sam ple m ean

square as the d enom inator, w hich  in  this case is 
a very sm all num ber, m aking the resultant ratio 
extrem ely large. W hile it appears that there are 
s ig n ifican t d ifferen ces betw een som e laborato­
ries (as indicated  by the criterion  o f T hom pson 
and W ilke), they are not o f the m agnitude ob­
tained  here.

O ne o f the ob jectives o f the study was to 
evaluate the p recision  o f the chrom atography 
and that o f the d ilu tion  techniques, e ith er auto­
m atic (m echanical) or m anual, using volum etric 
glassware. The follow ing form ulas w ere applied 
to the  data o f Table 1 for this com parison:
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R elative d ifferen ce  b etw een  1st (X ]) and 2nd 
(X 2) in jectio n s (chrom atograp hic p recision):

^rel.(inj)
X 1 - X 2

V2(x 1 -  x 2)
102

Relative difference betw een 1st (a) and 2nd (b) 
d ilu tio n s (duplicate sam ples):

Drel.(dil)

=  % ( X « i  +  X a 2 )  -  V2 ( X b l  +  X b 2 )
% [ % ( X ,1 + x a2) + % ( X b l  +  X b 2 ) ]

D ifferen ces  w ere th en  segregated  accord ing  to 
d ilu tio n  m ethod, and th e m eans and standard 
errors w ere calculated.

T he results o f this evaluation are presented  in 
Table 4. Chrom atographic precision is excellent, 
w hich is obvious from a cursory inspection o f the 
repeat in jectio n  data in  Table 1. T he p oorer 
perform ance of m anual d ilution com pared w ith 
m echanical d ilu tio n  is ev id ent. Previous w ork
(3) has show n the necessity o f this d ilution  ratio 
to keep  in the optim um  lin ear range o f flam e 
ion ization  detectors and  electrom eters in  com ­
m on use. Because one o f the ad vantages of this 
procedure is its p oten tia l fo r autom ation , a m e­
chanical d ilutor w ould com prise a logical part of 
the system . There w as no sign ificant d ifference 
b etw een  in jections.

T he effects o f colu m ns w ere studied by aver­
aging  the results for w ines by colu m ns and 
ap p lying 2-w ay analysis o f variance (Table 5). 
O nce again , th ere  are h ig h ly  s ig n ifica n t d iffe r­
ences b etw een  the w ines. T he d ifferen ces b e­
tw een colu m ns are not sig n ificant.

T he overall ad vantages o f this procedure in 
terms of its specificity, precision, and adaptability 
to fu ll or partial autom ation m ake it extrem ely 
attractive to laboratories w h ich  m ust run large 
nu m bers o f eth an o l d eterm ination s. T he good 
p recision  figures show n in  the study can be im ­
proved ev en  fu rth er if  the d ilu tion  tech n iq u e is 
restricted  to the use of a h igh  quality m echanical

d evice. As for m ost procedures, con tin u ed  ex­
p erien ce w ith  the m ethod w ill y ie ld  b etter re­
sults than obtained  in  this study. It is recom ­
m ended, therefore , that the m ethod be adopted 
o ffic ia l first action.
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DECOM POSITION IN FOODS

Gas Chromatographie Determination of Dimethylamine and 
Trimethylamine in Seafoods

RONALD C. LUNDSTROM and LINDA D. RACICOT1
National Marine Fisheries Service, Northeast Fisheries Center, Gloucester Laboratory, 
30 Emerson Ave, Gloucester, M A 01930

The volatile amines dimethylamine (DMA) and tri­
methylamine (TMA) are common degradation 
products of TMA-oxide in marine fish. Both com­
pounds are used as important indicators of quality in 
seafoods. DMA is produced along with an equimolar 
quantity of formaldehyde by action of an endogenous 
enzyme found primarily in gadoid fish. TMA is 
produced in fresh, but not frozen seafoods by a bac­
terial enzyme. The current AOAC method for de­
termination of TMA in fish is based on the colori­
metric estimation of TMA as a picrate salt. This 
method is not specific for TMA; ammonia, mo- 
nomethylamine, and DMA also form corresponding 
picrate salts. Gas chromatography provides a means 
of separating and quantitating the individual volatile 
amines. A simple perchloric acid extract of fish is 
neutralized with potassium hydroxide and extracted 
with benzene. The amines are then separated by gas 
chromatography on a porous polymer packed column 
and detected by using a nitrogen-phosphorus-spe­
cific flame ionization detector. The method provides 
simple, rapid simultaneous quantitation of DMA and 
TMA, and is applicable to a wide variety of sea­
foods.

D im ethylam ine (D M A ) and trim ethy lam in e 
(TM A) are com m on d egradation products o f tri­
m ethylam ine oxide (TM AO ), and are often  used 
as indicators o f quality in  seafood products. 
DM A and an equim olar am ount of form aldehyde 
(FA) are produced by action o f an end ogenou s 
enzym e on TM A O  (1 -4 ). FA produced in  this 
reaction is thought to induce textural toughening 
by cross-linking m yofibrillar proteins (5, 6). FA 
is d ifficu lt to quantitate due to irrev ersib le
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b in d in g  of a p ortion  of the FA to the p roteins. 
For this reason, DM A content is som etim es used 
to in fer the presence of FA. Several researchers 
have found that D M A  con ten t correlates w ell 
w ith  textural d egradation of gadoid fish  d uring  
frozen  storage and that on a m olar basis, less FA 
is recovered than DM A (7 -10). D M A  itself may 
be im p ortant because o f its role as the p otentia l 
precursor o f the  carcinogenic com pound N -n i- 
trosodim ethy lam in e (7, 11, 12). D M A  is p ro­
duced prim arily during frozen storage but recent 
research has show n that under anaerobic storage 
conditions at tem peratures above freezing, DM A 
can be produced in copious am ounts (13).

TM A  is the o ther v o latile  a lkylam in e o f in ­
terest in  seafood quality. TM A  is produced in 
fresh, but not frozen, fish by action of a bacterial 
enzym e on TM A O  (14).

S everal m eth od s are com m only  used to 
quan titate D M A  and TM A ; each has certa in  ad­
vantages and disadvantages. Probably the m ost 
com m only used m ethod for m easuring D M A  is 
the m ethod of D ow den (15) or the m odifications 
d escribed  by D yer and M ounsey (16). T hese 2 
m ethods are based on th e colorim etric  d eterm i­
nation  o f D M A  as a ye llow  cop per d im eth y ld i- 
thiocarbam ate salt. This reaction  is sp ecific  for 
DM A.

A w id er variety  o f m ethods are available for 
m easuring TM A  but they tend to be less specific. 
The Conw ay m icro-d iffusion  m ethod of Beatty 
and G ibbons (17) was am ong the earliest m eth ­
ods used for qu an titating  TM A  in  fish , but the 
m ethod  su ffers from  in terferen ce  by D M A , and 
from  a nu m ber of o ther problem s (18). D yer's 
m ethod (14) or its m odifications (1 9 -2 4 ) are 
probably  the best know n and m ost w id ely  used 
m ethods. The current AOAC official m ethod for 
d eterm ination  o f TM A  in  seafoods (25) is based 
on D yer's m ethod (14). T here  is p resen tly  no 
A O AC m ethod  for d eterm ination  o f D M A  in  
seafoods.

It has b een  show n that in species capable of
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prod ucing substantial qu an tities o f D M A , the 
TM A  values obtain ed  by using  D yer's m ethod
(14) m ay be in  error (18, 2 2 -2 4 , 26). In  at least 2 
cases, suspect data have b een  p u blished  in  the 
literature. In one paper, it was initially  reported 
that TM A  (determ ined by D yer's m ethod (19 ,20)) 
w as b e in g  produced  in  fro zen  cod (27). In  a 
subsequ ent paper it was show n that it w as actu­
ally  D M A  that w as b ein g  produced (28). T h e 
fo llo w in g  year a paper by an o th er group was 
published, w hich  described the m icrobiological 
changes in  fresh  cod in  re lation  to the oxygen 
p erm eab ility  o f th e  p ackaging m aterial (29). 
T h is paper reported  TM A  con tents d eterm ined  
by D yer's m ethod (14), and in  a recen t paper it 
was suggested  that it w as p rim arily  D M A , not 
TM A , that w as b ein g  produced un der th e ir  ex­
p erim ental con d itions (13).

A n analytical p rocedu re for TM A  d eterm in a­
tion  has also b een  described  w hich  uses a m odi­
fied  am m o n ia-sp ecific  io n  e lectro d e. T his 
m odification renders the electrode m ore selective 
for TM A  but it is subject to in terferen ce  from  
am m onia, D M A , and o ther am ines (30).

The in terferen ce  problem  associated  w ith  the 
TM A  m ethods lim its th e ir ap p licab ility  to only  
those species that do n o t produce sig n ifica n t 
qu an tities o f D M A . M any research ers have 
turned  to gas chrom atograp hy (GC) as the 
m ethod o f cho ice  for quan tita tin g  v o latile  
am ines. T he attraction  o f GC is that the  am ines 
can be p hy sica lly  separated to be quantitated  
individually. N um erous GC methods have been 
described , w h ich  vary in  d etails as to sam ple 
p rep aration , colu m n used, and m ethod  o f d e­
tection .

H ughes (31) d escribed  an early m ethod  in 
w h ich  th e v o latile  am ines w ere extracted  from  
fish  w ith  trich lo roacetic  acid (TCA). T h e TCA  
extract w as neu tra lized  and the am ines w ere 
steam -d istilled  in to  h y d roch lo ric  acid. The 
am ine h y d roch lorid es w ere freeze-d ried  and 
red issolved  in  w ater. The aqueous solu tion  of 
am ine h y d roch lorid es was in jected  onto a short 
p reco lu m n con ta in in g  dry soda lim e to liberate  
the free am ines, w h ich  w ere th en  sep arated  on 
an analytical colu m n packed w ith  « -h en d eca- 
n o l-« -o cta d eca n e  ( 4 + 1  v /w ) on  acid- and al­
kali-w ashed C elite. T he separated am ines w ere 
detected on a unique titration cell detector. This 
m ethod is fa irly  typ ical o f o th er described  
m ethods in  that th e  am ines w ere extracted  from  
th e fish  w ith  an acid, and recovered  as a n o n ­
volatile  salt after steam  distillation . G ruger (32) 
used p erch lo ric  acid (PCA ) instead  o f TCA , and 
recovered  the am ines as hydrosu lfate salts a fter

steam  d istillation . T he salts w ere th en  w ashed 
w ith  m eth y len e  ch lorid e and eth y l e th er, and 
freeze-dried . T he dried salts w ere w eighed  into 
a vo lu m etric  flask , K O H  w as added, and the 
m ixture was diluted  to volu m e w ith  m eth yl oc- 
tanoate. A fter sh ak in g , the m eth yl octanoate 
w as in jected  onto an analytical colu m n packed 
w ith  untreated Chrom osorb 103. T he separated 
am ines w ere d etected  by  a flam e io n izatio n  de­
tector (FID ). R itskes (33) extracted  the am ines 
w ith  TCA  and recovered them  as hydrochloride 
salts a fter steam  d istilla tion . T he am in e-co n ­
ta in in g  h y d roch lorid e w as neu tra lized  and  an 
aliquot was in jected  onto an a lkaline precolum n. 
C om pounds w ere separated on an  analytical 
colu m n co n tain in g  15% Carbow ax 400 plus 5% 
p o ly eth y len im in e  on C hrom osorb  W /N A W . 
T he separated am ines w ere d etected  by  FID. 
K eay and  H ardy (34) extracted  th e am ines w ith  
PCA and recovered  them  as am ine h y d roch lo ­
rides after steam distillation. T he hydrochloride 
was d irectly in jected  onto the analytical colum n 
of D ow fax 9N 9 plus K O H  on S ilo cell C-22. The 
first 9 cm  o f the colu m n contained  p acking 
coated w ith a h igher KO H  concentration to allow  
in situ liberation of the free am ines. The am ines 
w ere d etected  by FID.

In an attem pt to avoid  th e tedious steam -dis­
tilla tio n  step of th ese  m ethods, M ille r  and co­
w orkers used an equilibrium  vapor analysis (35). 
A sam ple o f m inced fish  was m ixed w ith  N aO H  
and sealed  in  a screw -cap vial. A fter h eatin g  at 
60 °C  fo r 10 m in , a vapor sam ple was rem oved 
from  the headspace o f the v ial and analyzed  by 
GC. The am ines w ere separated on an analytical 
colum n packed w ith 2% tetraethylenepentam ine 
on G raphon, and d etected  by n itro gen -p h o s­
p horu s-selective  FID  (N PFID ).

Tw o m ethods have been  p u blish ed  w h ich  
avoid  som e o f th e  problem s in th e GC m ethods. 
N onaka et al. (36) extracted  TM A  from  fish  by 
using TCA. T he free  am ine w as extracted  into 
«-heptane after neutralizing the TCA w ith KOH. 
T he « -h ep tan e, con ta in in g  the free  am ine, was 
analyzed  on a colum n packed w ith  20% cety l a l­
co h o l— 2% KO H  on C -22 firebrick , and detected  
by FID . Tokunaga et al. (37) elaborated  on  the 
above m ethod, using it to m easure b o th  D M A  
and TM A . T he am ines w ere extracted  from  the 
fish by using PCA. The PCA was neutralized by 
K O H , and the free am ines w ere extracted  in to  
«-am yl alcohol and separated on a colum n 
packed w ith  20% sq u alane-2 .5%  g ly c e r in e -2 .5% 
K O H  on D iasolid  L; they  w ere d etected  by FID . 
T hese 2 m ethods (36, 37) avoid  som e o f th e  d is­
advantages of the o ther GC m ethods, and w e fe lt
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that they had good prospects for fu rther d ev el­
opm ent. In this paper, w e d escribe our m od ifi­
cations to these sim ple extraction  m ethods, and 
the suitability  of our m ethod for routine analysis 
o f D M A  and TM A  in fresh  and frozen  seafood.

METHOD

A p p a ra tu s  a n d  R e a g e n ts

(a) G as c h r o m a to g r a p h ic  s y s t e m .— H ew lett- 
Packard 5840 gas chrom atograph equipped w ith 
dual n itrogen -p hosp horu s FID (N PFID ), glass- 
lin ed , heated  in jectio n  ports, and H ew lett- 
Packard 7672 autom atic liqu id  sam pler (ALS). 
T h is m icroprocessor-based  system  allow s unat­
tended analysis of up to 50  consecutive sam ples 
at a tim e. 9 ft X 2 mm id glass colum n packed 
w ith  untreated 8 0 -1 0 0  m esh C hrom osorb 103. 
H elium  carrier gas at 20 m L /m in . H old oven 
isotherm al at 140°C  for 3.1 m in, then  program  at 
3 0 °C /m in  to 190°C , and hold  2.2 m in  to let so l­
vent elute from colum n. D etect am ines by using 
N PFID  system  operated accord ing to m anufac­
tu rer's  instruction s. C onditions: hydrogen 3 
m L /m in , air 50 m L /m in ; collector voltage to give 
ca 50% m axim um  sen sitiv ity  to p rolong life  of 
collector assem bly; detector tem perature 300°C , 
in jectio n  port tem perature 225°C . F it in jection  
port w ith  d isposable glass lin ers to prevent 
am ine d ecom p osition on hot m etal surfaces and 
to facilitate  c lean in g  in jectio n  port o f a lkalin e  
residue from  sam ples.

(b) H y d ro ch lo r id e  sa lts  o f  D M A , T M A , an d  n- 
p ro p y lam in e  (n -P A ) .— Eastm an Kodak.

(c) O th er c h em ica ls— A CS reagent quality.
(d) A m in e sta n d a rd  so lu tion s .— P repare stock 

solu tions from  dried crystals o f DM A-HC1, 
TMA-HC1, and «-PA-HC1 so that each free am ine 
is p resent at a final con centration  o f 1 m g /m L . 
Q uan titatively  transfer approp riate am ount of 
dried am ine HC1 salt to 100 mL volum etric flask, 
add 1.0 mL HC1, and dilute to volum e w ith water. 
In  som e cases, am ines w ere dissolved and diluted 
d irectly  in  4% (w /v ) PCA. Provided no w ater 
evaporated from  flasks, stock solu tions w ere 
stable over several m onths.

E x tra ctio n  o f  A m in e s  f r o m  F is h

In all cases, extract am ines from  fish  by 
b len d in g  50 g m uscle tissue w ith  100 mL 6% 
(w /v ) PCA for 2 m in at h ig h  speed in  250 mL 
stain less steel W aring b len d er jar. F ilte r h o ­
m ogenate by gravity throu gh  W hatm an N o. 1 
paper and store in screw -cap test tube un til 
analysis. In  this extraction, it is assumed that the 
am ines in  the tissue are extracted in to  volum e of

extractant used (100 m L) plus the w ater con- 
tained  in  the tissue. T aking 80% m oisture as an 
average fo r fish  m uscle, th is am ounts to 100 mL 
+  80% o f 50 g =  140 mL. This effectively  dilutes 
th e  6% (w /v ) PCA  used to extract sam ples to 4% 
(w /v ) PCA in the final filtrate. For sam ples that 
d iffe r s ig n ifican tly  from  80% m oisture, exact 
m oisture con ten t is m easured and this volum e 
d ifferen ce  is used to calculate am ine con tent.

G C  D e t e r m in a t io n  o f  D M A  a n d  T M A

Pipet 100 p L  internal standard solu tion («-PA , 
1 m g /m L  in  w ater or 4% (w /v ) PCA ) in to  15 X 
125 mm screw -cap test tube.

Add 2.0 mL sam ple (e ith er standard am ine 
stock solu tions or filtered  H C 104 extracts o f tis­
sue), 2 .0  mL b en zen e , and 2.0 m L 65% (w /v ) 
KOH. Cap tubes and heat in  60°C  w ater bath for 
10 m in. Shake tubes 10 m in on m echanical tube 
rotator set to g ive m axim um  m ixing action .

C en trifu ge tubes b rie fly  (< 5 0 0  X g  for 1 5 -3 0  
s) to separate layers and sedim ent the potassium  
p erch lorate  precip itate. T ransfer an a liqu ot o f 
benzene layer to clean tube or A utosam pler vial, 
and cap tigh tly . In ject 1 p h  aliqu ot of b en zen e  
extract onto GC colum n.

L in e a r ity  o f  A m i n e  D e te c t io n

Prepare v o lu m etric d ilu tions o f standard so­
lu tions of D M A , TM A , and «-PA  in  range 2.0 to 
1000 jug/m L for the free  am ine, corresp on d ing 
to am ine con ten ts o f 0 .17 to 87.00 m g am ine n i­
tro g e n /100 g tissue, w hich  approxim ates the 
range o f values found in very fresh though poor 
quality  fish . A nalyze these d ilu tio n s by GC as 
described  above and prepare lin earity  plots for 
each com pound o f in terest.

R e c o v e r y  o f  D M A  a n d  T M A  fr o m  F is h

P reviously  frozen  m inced  red hake was ex­
tracted w ith 4% (w /v ) PCA or w ith  4% (w /v ) PCA 
contain ing various levels o f DM A or TM A. Two 
d ifferen t batches of frozen  red hake w ere used 
in  the recovery exp erim ents. T h is re flects  the 
d ifference in the D M A  and TM A  contents o f the 
unspiked sam ples in  recovery experim ents w ith 
«-am yl alcohol (T able 1) and b en zen e  (Table 2). 
The extracts w ere analyzed as described above to 
d eterm ine recovery values. «-P A  w as used as 
the in tern a l standard.

Results and Discussion
Figure 1 show s a chrom atogram  o f a standard 

m ixture o f D M A , TM A , and «-P A , each at a co n ­
cen tration  o f 50 jug/m L. T he use of th e  9 ft X 2
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Table 1. Recovery of DMA and TMA from minced red 
hake, using n-amyl alcohol as solvent (mg N/100 g fish)

DM A TM A

A ddec1 Found
%

R e c o v e ry  A dded
%

F ound R e c o v e ry

0 1 2 .8 0 1 .0
1 3 . 1 1 .4
1 3 .4 1 .3

1 3 . 1  ±  0 . 3 a — 1 . 2  ± 0 . 2 —

3 .1 14 .8 2 .4 3 .8
1 5 . 1 3 .7
1 5 .0 3 .7

1 5 .0  ±  0 .2 6 1 .3 3 .7  ± 0 . 1 1 0 4 .2

6 .2 16 .9 4 .7 6 .3
16 .6 6 .3
1 7 .9 6 .3

1 7 . 1  ±  0 .7 6 4 .5 6 .3  ±  0 .0 10 8 .5

1 5 .5 2 2 .5 1 1 . 9 1 2 .8
2 1 .6 1 2 .6
2 3 .0 1 2 .9

2 2 .4  ±  0 .7 6 0 .0 1 2 .8  ± 0 . 2 9 7 .5

3 1 . 1 3 1 .6 2 3 .7 2 2 .8
3 4 .1 2 4 .1
3 3 .7 2 3 .8

3 3 . 1  ±  1 .3 6 4 .3 2 3 .6  ±  0 .7 9 4 .5

a M ean ±  sta n d a rd  d ev ia tio n .

m m  id glass colu m n packed w ith  un treated  
C hrom osorb 103 allow ed  alm ost com p lete sep a­
ration of DM A and TM A. The internal standard, 
«-PA  elutes from the colum n som ew hat later, just 
before  the so lv ent (benzene). Som e s lig h t ta il­
ing o f the D M A  peak is observed , but the TM A  
and «-PA  peaks are fairly sym m etrical. S ince the 
benzene contains no n itrogen or phosphorus, the 
d etector response is very sm all. U sing a new  
co llecto r e lem en t in  the  d etector resu lts in  ab­
solu tely  no response fo r b en zen e . S lig h t ag ing  
effects w ere noted  for the collecto r, w ith  a n eg ­
ative peak gradually progressing  to a large pos­
itive peak as th e  a lk a lin e  ru bid ium  su lfate bead 
in the co llecto r is v o latilized  over a period  of 
tim e. B en zen e, how ever, e lu tes far enough  
away from  «-PA  that quantitation is not affected, 
ev en  using  old  collectors w h ich  give a large 
positive response to benzene.

T he colu m n p acking ch o sen  fo r this m ethod, 
C hrom osorb  103, is a cross-linked  p olystyrene 
m aterial that can provide a fairly good separation 
o f D M A  and TM A  (32, 38). W e fe lt that the  po­
rous polym er p acking was sup erior to any 
p acking  coated w ith  a liqu id  phase for the  fo l­
low in g reasons: T h e porous p o lym er p acking 
has no liqu id  phase that could  be lost throu gh  
gradual v o latilizatio n , causing an ev en tu al loss 
of colu m n e ffic ien cy  and subsequ ent d etector

Table 2. Recovery of DMA and TMA from minced red 
hake, using benzene as solvent (mg N/100 g fish)

DM A TM A

% %
A dded F ound R e c o v e ry  A dded F ound R e c o v e ry

0 5 .5 0 0 .1
6 .1 0 .1
5 .4 0 .2
5 .8 0 .2
5 .4 0 .2

5 .6  ±  0 . 3 a — 0 .2  ±  0 .1 —

3 .1 8.8 2 .4 2 .5
8.9 2 .5
9 .0 2 .5
8 .9 2 .5
9 .3 2 .5

9 .0  ±  0 .2 10 9 .7 2 .5  ±  0 .2 9 5 .8

6 .2 1 1 . 2 4 .7 4 .8
1 1 . 5 4 .8
1 2 .5 4 .8
1 2 .8 4 .8
1 2 .4 4 .8

1 2 . 1  ±  0 .7 10 4 .8 4 .8  ±  0 .0 9 7 .9

1 5 .5 2 1 . 8 1 1 . 9 1 1 . 8
2 0 .9 1 1 . 6
2 1 . 8 1 1 . 8
2 2 . 1 1 1 . 7
2 2 .5 1 1 . 8

2 1 . 8  ± 0 . 6 10 4 .5 1 1 . 7  ±  0 .1 9 6.6

3 1 . 1 3 4 .5 2 3 .7 2 1 . 8
3 4 .2 2 1 . 5
3 6 .6 2 2 .5
3 8 .0 2 3 .2
3 9 .7 2 3 .2

3 6 .6  ±  2 .3 9 9 .7 2 2 .4  ±  0 .8 9 3 .7

a M ean ±  sta n d a rd  d eviation .

contam ination. The stability o f Chrom osorb 103 
is very good. W e successfu lly  ran about 25 000 
sam ples throu gh  one colu m n over a 24 m onth  
period  w ith  no detectable chang e in  p erfo r­
m ance. O n the C hrom osorb  103 colu m n, the 
am ines elu te  before  the so lv en t so analysis tim e 
is lim ited  by how  fast the  so lv en t elutes. D M A  
reten tio n  tim e is 2 .34 m in ; for TM A , 2 .75 m in ; 
and «-P A , 4.91 m in. T he so lv en t, b en zen e , b e­
g ins to elu te  at about 6.5 m in  and e lu tion  is 
com p lete by about 8.0 m in. T he tem perature 
program  used (140°C  fo r 3.1 m in , th en  30° / m in 
to a final tem perature of 190°C  w hich  is held  for 
a further 2.2 m in) takes 7.0 m in to com plete. The 
m icroprocessor adds about 6 m in to each analysis 
cycle in oven cooldow n and colum n tem perature 
equilibrium  tim e to yield  a total analysis cycle of 
about 13 m in. A bout 110 sam ples can be ana­
lyzed  in a 24  h period  un der these con d ition s 
using  th e autom atic liqu id  sam pler fo r un at­
tended op eration  o f the GC system . A bout 36 
sam ples can be in jected  m anually  in  an 8 h
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Figure 1. Gas chromatogram showing separation of 
dimethylamine (DMA), trimethylamine (TMA), and 
n-propylamine (n-PA) on 9 ft X 2-mm id glass col­

umn packed with untreated Chromosorb 103.

w orkin g  day if  an autom atic sam pler is not 
available.

T he identity o f the DM A and TM A peaks from 
fish  extracts is presum ptive, based solely  on re­
tention times. O ther researchers have compared 
v o latile  am ine con tents obtained  using b oth  
colorim etric and GC m ethods and found general 
agreem ent (12, 36, 39, 40). G ruger, using a 
C hrom osorb 103-packed colu m n, found  good 
agreem ent betw een  am ines id en tified  in  tissue 
by GC and id en tificatio n s based on th in  layer 
ch ro m a to g ra p h y -sp ectro p h o to flu o ro m etry  o f 
corresponding 5-d im eth y lam ine-l-nap hth alene 
su lfonam id es (32). T he agreem ent o f re ten tio n  
tim es for am ines isolated  from  tissues and  for 
standard am ine solu tions on m any d ifferen t 
packings (3 1 -3 7 ) lends fu rth er support to the 
con ten tio n  that the peaks in  q uestion  are in  fact 
D M A  and TM A.

Figure 2 show s the lin earity  o f the  N PFID  re­
sponse to D M A , TM A , and «-PA . Each data 
p o in t rep resents the  m ean of trip licates. The 
range o f 2 -1 0 0 0  q g /m L  approxim ates the range 
o f D M A  and TM A  w h ich  could be separated 
from  very fresh or very old fish . T h is corre­
sponds to levels o f approxim ately 0 .2 -8 7 .0  mg 
D M A -N /1 0 0  g (0 .01 -6 .21  m m oles D M A /100 g)

Figure 2. Linearity curves for dimethylamine and 
trimethylamine.

and 0 .1 -6 6 .4  mg T M A -N /1 0 0  g (0 .0 1 -4 .7 4  
m m oles T M A /100 g) for TM A. L inearity curves 
w ere plotted  as the ratio o f the com p o n en t peak 
area to the in tern a l standard peak area as a 
fu n ctio n  o f con cen tratio n  to e lim in ate  the in ­
flu en ce  o f in jectio n  volum e and d etector sen si­
tiv ity  on absolu te area m easurem ents. C orrela­
tion  co effic ien ts  for the regression  lin es (D M A  
=  0 .993, TM A  =  0.999) w ere h igh ly  s ig n ifican t 
(P <  0.001).

The recovery of DM A and TM A was a problem  
using  the «-am yl a lcohol solvent suggested  by 
T okunaga et al. (37). T hey  found recoveries of 
98.0%  for D M A  and 96.7% for TM A  at a level of 
15 mg am ine N /1 0 0  g for each com pound. O ur 
recoveries of D M A  and TM A  at various levels in 
m inced  red hake w ere low er and m ore erratic. 
Table 1 show s recoveries using «-am yl a lcohol 
as th e  organic solvent. A t all 4 levels, TM A  re­
covery is good (average 101.2%) and  con sisten t 
but D M A  recovery was low  (average 62.5%).

W e also did som e lim ited  testing  of o th er po­
ten tia l solvents. Su bstitu tin g  «-h ep tan e , w e 
obtained  average recoveries o f 104.3%  for D M A  
but o n ly  88.9% for TM A. Su bstitu tin g  to lu ene 
resulted in average recoveries of 88.0% for DM A 
and 92.6%  fo r TM A. U sing hexane, recoveries 
averaged 96.4%  for D M A  and 71.7%  for TM A. 
B en zene gave the best overall average recovery 
o f D M A  and TM A  (Table 2), 104.7 and 96.0% , 
resp ectively .

Com parisons o f colorim etric and GC m ethods 
for quantitating DMA and TM A have show n that 
the m ethods for D M A  give com parable valu es, 
w h ile  GC is gen erally  sup erior fo r q u an tita tin g
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TM A  (12, 36, 39, 40). T he m ethod described  in  
this paper has b een  used for the past 4 years for 
rou tine qu an titation  o f D M A  a n d /o r  TM A  in  a 
w ide variety o f seafoods. W e have encountered  
no problem s in  analyzing  extracts o f red hake 
(U ro p h y c is  ch u ss), cod (G adu s m orh u a ), haddock 
(M ellan ogram m u s aeg lefin u s), cusk (Brosm e brosm e), 
w hiting  (M erlu cciu s b ilin earis), pollock (P ollach iu s  
v iren s), w hite  hake (U rop h y cis  ten u is), A m erican 
p laice (H ip p o g losso id es  p la te s so id es ) , blackback 
flou n d er (P seu d op leu ro n ec tes  am erican u s), and 
squid  ( l llex  illecebrosu s). T h e m ethod is easy to 
perform , fa irly  rapid, uses sm all qu an tities of 
reagen ts, and requ ires no special equ ip m en t 
o ther than  the gas chrom atograph. S im u lta­
neous quantitation o f both DM A and TM A is also 
a d istin ct advantage.

R e c o m m e n d a t io n

The A ssociate R eferee  recom m ends that this 
m ethod be collaborativ ely  studied to d eterm ine 
accuracy and precision, and further recom m ends 
that the  cu rren t A O AC m ethod  fo r d eterm in a­
tion o f TM A  in  fish  (18 .031-18 .033) be com pared 
w ith  the GC m ethod during the collaborative 
study to determ ine w hether th e  present m ethod 
should  be retained , m od ified , o r elim inated .
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F IS H  A N D  O TH E R  M A R IN E  P R O D U C T S ____________

Identification of Trout and Salmon Bloods by Simple Immunological 
Technique and by Electrofocusing Patterns of Red Cell Enzyme 
Superoxide Dismutase

JOHN G. SUTTON, JANET GOODWIN, GILLIAN HORSCROFT, RUSSELL E. 
STOCKDALE, and ALLAN FRAKE* 1
C e n t r a l  R e s e a r c h  E s t a b l is h m e n t ,  H o m e  O f f i c e  F o r e n s ic  S c i e n c e  S e r v i c e ,  A ld e r m a s t o n ,  R e a d in g ,  
B e r k s h i r e ,  R G 7  4 P N , U n it e d  K in g d o m

Species identification of animal bloods is readily 
achieved by immunological tests. Differentiation 
among fish species on this basis is more difficult al­
though considerable success has been achieved on the 
basis of both inter- and intra-specific differences in 
their serum proteins. This report describes a method 
for the identification of the different species of fish 
within the Salmonidae family and some coarse fish 
families on the basis of an immunological test and 
electrofocusing patterns of the enzyme superoxide 
dismutase from the red cell. The immunological 
technique relies on the development of a specific 
anti-trout (Salmonidae) serum which is used initially 
to differentiate the blood of a Salmonidae from other 
freshwater fish. Further discrimination, within the 
Salmonidae, is made on the basis of the different 
polymorphic forms of the enzyme superoxide dis­
mutase separated in a pH 2.5 to 8 gradient. Using this 
technique, it is possible to differentiate among 
salmon, sea/brown trout, char, cheetah trout, and a 
number of varieties of rainbow trout.

T h e features used to d ifferen tiate  and id entify  
species of fish  are m ainly external characteristics 
such as color, position of fins, num ber of fin  rays, 
and the nu m ber o f scales in  a particular "sca le- 
row .” In tern al structures can also be used for 
particu lar fam ilies, e .g ., vertebrae counts, p ha­
ryngeal and vom er bones, and gills. U nfortu ­
nately , m any o f these characteristics can be in ­
flu en ced  and m odified  by the env ironm en t; 
therefo re , a num ber o f b iochem ical techniques 
have been  developed  to id en tify  characteristics 
that are g en etica lly  determ ined  and not in ­
flu en ced  by the environm en t.

The forensic scientist, how ever, may have very 
little  ev id ence for the positive id en tificatio n  of 
the  fish  w h en  the available m aterial is in  the 
form  pf epiderm al scales a n d /o r  blood. In the 
past, forensic  and governm ent chem ists have 
relied  on id en tificatio n  o f fish  scales to provide
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ev id ence in  p oach ing  cases and o th er illegal 
fish in g  activ ities.

Scales can be d ivided  into  2 groups; cycloid  
and ctenoid. Cycloid scales are so-called because 
their exposed m argin is totally sm ooth; this scale 
type is found on the majority of scale-bearing fish 
in clu d in g  the salm on (Salm onidae) and carp 
(C yp rin idae) fam ilies. C tenoid  scales d iffe r in 
that their exposed m argins carry sm all teeth-like 
structures or cten ii. Exam ples o f fish  in  this 
group in clu d e the perch  (Percidae) and p ike 
(Esocidae) fam ilies.

A lthough scale m orphology can be help fu l in 
d ifferentiating orders (1), the technique has been 
used to id en tify  a num ber of salm on species in 
th e  can n in g  industry  (2). Such  instan ces, how ­
ever, are exceptional and m ore reliance has been  
placed in  recent years on various electrop horetic 
techniques.

In this rep ort, w e exam ine the p o ssib ility  o f 
d iffe ren tia tin g  am ong species o f fish , in  p artic ­
ular those in  the Salm onidae fam ily, on the basis 
o f an im m u nological test and from  the e lec tro ­
focusing patterns of superoxide dismutase (SOD) 
from  various tissues and red cell lysates.

E lec tro p h o re t ic  M eth o d s  a n d  Fish  
Id e n t if ic a t io n

Sea Fish.— T he id en tificatio n  o f sea fish  p ro­
tein s by using various e lectro p h o retic  m ethods 
has b een  studied extensively  (3 -6 ). A  valu able 
com m ercial ap p lication  was devised by  T hom p ­
son (4) w ho used a starch gel e lectro p h o retic  
tech n iq u e to d ifferen tiate  the p roteins in  fille ts  
m ade from  7 species o f fish  in clu d in g  perch  (Se­
bastos marinius), flou nd er [Platichthys ftcsus), cod 
(Gadus morhua), haddock (G. aeglefinus), w h itin g  
(.Merluccius bilinearis), p ollock  (Pollachius virens), 
and halibu t (Hippoglossus hippoglossus). T he 
tech n iq u e has b een  used to expose a case of sub­
stitu tion in  Kansas w here a m erchant advertized 
catfish  but was sellin g  pollock (4). H ow ever,
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one o f the m ost successfu l m ethods o f d iffe re n ­
tiation  w as based on cellu lo se  acetate e lectro ­
phoretic separation o f the w ater-soluble proteins 
from  fish muscle. U sing this m ethod, Lane et al.
(5) d istin gu ished  am ong cod, haddock, p o llock , 
and w h itin g . In  the  sam e year, H ill et al. (7), 
used an agar gel m ethod to id entify  13 species of 
N orth A tlantic fish from m uscle protein in  fresh, 
frozen , and freeze-d ried  sam ples.

M ost e lectro p h o retic  m ethods are sub ject to 
one or m ore lim itations that can lessen  th e ir  e f­
fectiveness as routine species identification tests. 
In  con ven tional electrophoresis, protein  pattern 
variations can be caused by variations in  the 
com p osition  of th e  stabiliz in g  m edia, sam ple 
application, applied voltage, current, or even the 
analyst's sk ill. In  an attem pt to overcom e som e 
o f these p roblem s, Lundstrom  and Rod erick  (6) 
applied  an electro fo cu sin g  tech niq u e to the 
sep aration o f the  sarcoplasm ic p roteins from  a 
nu m ber o f fish  species in clu d in g  cod, haddock, 
w h itin g , and m ackerel (Scomber scombrus). This 
resulted in  a m ethod that w as quickly and easily 
p erform ed, w ith  p ro te in  patterns that w ere 
sp ecific  and rep rod ucib le  fo r each species.

Freshwater Fish. — T he con cep t o f using  p oly­
m orphic enzym e system s for id en tify in g  fresh ­
w ater fish  has b een  exam ined  for a nu m ber o f 
years. Brassington and Ferguson (8, 9) reported 
that the starch gel e lectro p h o retic  patterns of 
lactate dehydrogenase and esterases from  w hite 
m uscle could  be used to d ifferen tia te  roach (Ru- 
tilus rutilus), rudd (Scardinius erythrophthalmus), 
bream  (Abramis brama), and som e of their hybrids. 
T he sam e e lectro p h o retic  tech n iq u e was also 
applied  by R ein itz  (10) to d istin gu ish  rainbow  
trout (Salmo gairdneri) and cutthroat trout (S. 
clarki) on the basis of the enzym e phosphohexose 
isom erase from  m uscle tissue.

A lth ou gh  enzym e polym orphism  can be 
dem onstrated  am ong d ifferen t species o f fish , 
Taggart et al. (11), w ork in g  w ith  various tissues 
from  b row n trout p op u lations in  bo th  E ngland 
and Irelan d  dem onstrated  a nu m ber o f p o ly­
m orp hic enzym e system s. O f 60 d ifferen t loci 
exam ined , they  found  that at least 22% show ed 
p olym orp hism  that could  be useful as m arkers 
in  d etailed  pop u lation  studies. Superoxide 
dism utase w as one o f th e  enzym es that show ed 
no p olym orp hic form s and that was read ily  d e­
tected by polyacrylam ide electrophoresis. This 
enzym e has already b een  used to d ifferen tia te  
species of deer foun d  in  the U nited  K ingd om
(12). T h erefo re  we d ecided  to evaluate this 
system  fo r d ifferen tia tin g  species of fish , in  
p articu lar the  Salm onidae.

S u p ero x id e  D ism u tase  — B io ch e m ic a l an d  
G en etic  A sp ects

Superoxide dismutase (SOD) has been  detected 
in a w ide range of liv ing things w here it catalyses 
th e  dism utation o f superoxide radicals to yield  
hyd rogen  p eroxide, a reaction  w hich  proceeds 
sp ontaneously  at pH  7.7.

0 2-  +  0 2-  +  2H + -•  0 2 +  H 20 2

It has b een  proposed that the  physio logical 
fu n ctio n  o f the enzym e is to p rotect organism s 
m etab oliz in g  oxygen against a p o ten tia lly  d ele­
terious e ffect o f superoxide free  radical (13).

P o ly m o rp h is m  in  H u m an s

Beckm an et al. (14) show ed that hum an su­
p eroxide dism utase is con tro lled  by  2 separated 
loci SO D A and SO D B. SO D B is located  in  the 
m itoch ond rial fraction s of m ost tissues and or­
gans although it is absent in  red blood cells (14), 
and  is the  slow est m oving o f the  2 isoenzym es, 
w ith  no gen etic  variants. SO D A is found in  all 
tissue except polym orp honu clear lym p hocytes
(14); it has a m olecu lar w eigh t o f 33 000 and 
con tain s b oth  Z n2+ and Cu2+ (15). SO D A ex­
h ib its  polym orphism , and 3 e lectro p h o retic  
variants have been recognized, SO D Al,  2-1, and 
2. A lth ou gh  the SO D Al  variant is extrem ely 
com m on, the 2-1 and 2 phenotypes are very rare 
and on ly  occur w ith  relativ ely  h ig h er freq u en ­
cies in  isolated  com m u nities in  N o rth ern  F in ­
land, N orth  Sw eden  (16), and on the W estray 
Islands in  the O rkneys (17).

P o ly m o rp h is m  in  F ish

T here is still som e debate as to the  nu m ber of 
loci d eterm in in g  superoxide dism utase in  fish . 
U tter (18) claim ed that it was a d im eric enzym e 
d eterm ined  by a s in g le  locus in  m any m em bers 
o f the Salm onidae fam ily. T his w as con firm ed  
by A llen d o rf et al. (19) w ho reported  a s in g le  
locus determ ining one variant a lle le  in Sw edish 
b row n trout. H ow ever, m ore recen t studies by 
Taggart et al. (11) w ork in g  w ith  various tissues 
from  Irish  brow n trout found  ev id ence w hich  
suggested  that, as fo r hum ans, 2 loci w ere in ­
volved. (N ote: S in ce  there  is s till som e con fu ­
sion  over the  nu m ber of loci in v olv ed , superox­
ide dism utase w ill be referred  to as SO D  only .)

M a teria ls

C o lle c t io n  o f  L ysates

W hole blood  w as obtained  from  the caudal 
vein of freshly killed  coarse fish. This blood was
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spun dow n and w ashed  tw ice w ith  0.85% saline 
solu tion , using a Burkhard m icrocentrifu ge type 
320. Lysates w ere obtained by freezing at —20°C 
for 30 m in and then  thaw ing at room  tem p era­
ture.

T issu e Extracts

Sam ples o f liv er and roe w ere obtained  from  
fresh ly  k illed  Carabou ra inbow  trout. Each 
sam ple was fro zen  b rie fly , thaw ed, and th en  
hom ogenized  in  a D ounce h o m og en izer fo r 5 
m in  in  an equal volum e o f w ater (1 g /m L ). The 
extract w as th en  spun in  an M SE h ig h  speed 
cen trifu g e  at 3000 rpm  for 10 m in  at 4 °C  in  a 
centrifuge head No. 59583. The supernatant was 
used neat fo r a ll electro focu sing  studies. In  ad­
dition, some scales w ere rem oved from  the upper 
part o f a fresh ly  k illed  graylin g  (Thymallus thy- 
mallus), and th e basal tissue was exam ined  for 
SO D  activity . (G rayling was chosen  for this 
purpose because it is read ily  available and has 
scales that are re lativ ely  large and easily  re ­
m oved.)

F ish  B lo o d

The fo llo w in g  organ izations k ind ly  donated 
fish  bloods from  th eir stocks, w h ich  enabled  us 
to undertake this project.

W essex W ater A u th o rity , P o o le , D orset: 
sam ples o f a ll the fish  listed  above w ith  the ex­
cep tion  o f the brook and cheetah  trouts.

N orth  W ales and South  W estern  W ater A u­
thorities: a nu m ber of sea trout from  th e ir  re ­
spective areas.

Freshw ater B io logical A ssociation Laborato­
ries, A m bleside, Cum bria: a large nu m ber o f 
b row n trout.

A vington  Trout Farm , A rlesford , H am pshire: 
ra inbow  trout and all sam ples o f the  hybrid  
ch eetah  trout (brook trout X rainbow  trout).

Berkshire Trout Farm , H ungerford : rainbow  
trout (Shaster strain), brow n trout, and one of the 
tw o sam ples o f A m erican  brook trout (char) 
(Salvelinus alphinus). T he b row n trout (Salmo 
trutta fario) held  at th is farm  have b een  in  exis­
tence sin ce th e early 1900s; the ra inbow  trout 
w ere introd uced  from  the U nited  States during 
th e 1930s.

A von Sp rings Trout Farm , Pew sey, W iltsh ire: 
sam ples of ra inbow  trout b lood  from  the A m er­
ican  strains Carabou, W ashington , W inthrop e, 
G ram pian, and W hite Brook. W e purchased 
ad ditional sp ecim ens of rainbow  trout o f u n ­
kn ow n strains at 2 com m ercial fish  farm s in  the 
B erksh ire area, w h ich  sell fish  to the pu blic for 
consum ption.

D. Pascao, U niversity  of W ales In stitu te  of 
Science and Technology, Cardiff: an additional 
sample of brook trout blood, w hich was obtained 
in  the stain  form .

D etails on the num ber of fish species exam ined 
in  th is study are also show n in  Table 1.

P rep ara tion  o f  A n tisera

Fish antisera.— Fifty  com m on carp (Cyprinus 
carpió) of com parable w eight, age, and condition 
w ere divided into 5 groups of 10. Each fish  was 
infused  w ith  0 .25 mL trout serum  in  Freund 's 
com plete ad juvant in to  the in terp erito n ea l cav­
ity. T he fish  w ere b led  tw ice over a 2-w eek p e­
riod after one m onth, and the titre for each serum 
sam ple was d eterm ined  by using the crossover 
e lectro p h o retic  m ethod o f C u lliford  (20). A li­
quots (250 m L) o f serum  w ere then  freeze-d ried  
and stored at 4 °C  b efo re  use.

Freeze-d ried  trout antiserum , raised in  carp, 
w as obtained  from  the H u n tin g d o n  Research 
Laboratory un der a H om e O ffice  contract. T he 
antiserum  was reconstituted in e ith er 250 or 100 
pL w ater.

Human antiserum.— H um an antiserum  w as 
obtained  from  W ellcom e Reagents Ltd, B ecken ­
ham , and w as raised in  rabbits.

C on tro l Sera

Salm on, trout, carp, and hum an con tro l sera 
w ere obtained  from  th e H u n tin g d o n  Research 
Laboratory freeze-d ried  and w ere reconstitu ted  
in 0.25 mL w ater before use. In addition, serum  
samples w ere obtained from freshly killed  brow n 
and rainbow  trout, g raylin g , and several m em ­
bers o f the  carp fam ily in clu d in g  roach, dace 
(Leuciscus leuciscus), chub (L. cephalus), com m on 
carp, m irror carp, crucian carp (Carassius car- 
assius), and bream . These sera w ere used as ad­
ditional controls to test the specificity o f the trout 
antisera.

Im m u n o e le c tr o p h o r e s is

Im m u noelectrop horesis is a 2-stage process 
carried out in  a 1% bu ffered  agar gel cast on a 7.5 
X 5 cm  glass slid e, using  th e m ethod  of H irsch- 
feld  (21). The in itia l stage inv olv es e lectro ­
phoresis o f the serum  p roteins in  one d irection  
along the len g th  of the gel (F igu re 1). W hen 
electrop horesis is com plete the antiserum  is 
placed  in  the narrow  rectangu lar trou gh cut in 
the gel ad jacent to th e  separated p roteins. The 
gel is th en  incubated  in  a hu m idity  cham ber at 
room  tem perature (1 8 -2 0 °C ) for 2 4 -3 6  h during 
w hich tim e the antiserum  w ill have diffused into 
the gel towards the electrophoretically separated
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Table 1. Results of immunological study to evaluate specificity of anti-trout serum against serum from a number of 
British freshwater fish, using the Ouchterlony technique (ref. 22)

O rd e r F a m ily S p e c ie s
No.

e x a m in e d
Im m u n o lo g ica l 

re a ctio n , 1 :4 0 0

P e tro m y z o n ifo rm e s P e tro m y z o n id a e  riv e r la m p re y  (L a m p e tra  fluv ia tilis) i _

C lu p e id a e A llis sh a d  (A losa a lo sa) i -

Tw a ite  sh a d  (A losa fa llax) i -

sa lm o n 8 -f
brow n tro u t 1 2 +
se a  trout 14 +
A m e rica n  b ro o k tro u t (c h a r) 2 +
R a in b o w  t r o u t  s t r a i n s :

C a ra b o u 4 +
Iso sp o n d y li3 S a lm o n id a e W ash in g to n 4 +

W inthro p e 4 +
W hite B ro o k 4 +
G ra m p ia n 4 +

H y b r i d  t r o u t :

c h e e ta h  tro u t (ra inb ow  X  b ro o k trou t) 1 +
T h y m a lid a e g ra ylin g 3 +
O sm e rld a e sm e lt (O s m e ru s  e p e rla n u s) 2 -
C y p rin id a e c o m m o n  ca rp 4 -

m irro r  c a rp 4 -
c r u c ia n  ca rp 5 -
ro ach 2 -
rudd 2 -

d ace 2 -
chu b 4 -

b re a m 2 -
g o ldfish  ( C a r a s s iu s  a u ra tu s) 1 -
gudgeon (G o b io  gobio) 1 -
te n ch  (T in e a  tine a ) 2 -
m inn ow  (P h o x in u s p h ox inu s) 1 -

C o rb itid a e sp ine d  lo a ch  (C o b it is  tae n ia ) 1 -
H a p lo m i E so c id a e pike (E so x  luc iu s) 3 -
A p o de s A n g uillid a e eel (A ng uilla  ang iulla) 1 -
T h o ra c o s te i G a s te ro ste id a e th re e -s p in e d  st ic k le -b a c k  (G a s te ro ste u s  a c u le a tis) 1 -
P e re o m o rp h i P e rc id a e p e rc h  (P e re a  flu v ia tilis ) 1 -
S c le ro p h a re i C o ttid a e b u llh e ad  (C o ttu s  gobio) 1 —

a No v e n d a c e  (o rd e r Iso sp o n d y li, fa m ily  C o re g o n id a e ) w as a va ila b le .

com p onents. As soon as th e  an tigen  and the 
re levan t antibody m eet, an opaque arc-shaped 
p recip itate  appears. T he gel is th en  dried  for 4 
h  in  a 56 °C incubator under a damp filter paper, 
and then  stained w ith  0.1% Amido black solution 
for 15 m in. Excess stain is rem oved by w ashing 
in  m e th a n o l-w a te r-a ce tic  acid (1 +  1 +  0.2).

The antiserum  was evaluated by using the 
crossover e lectro p h o retic  m ethod  of C u lliford
(20) and the O uchterlony double d iffusion plate 
system  (22) in  agar gels prepared in  a pH  8.6 
H irschfeld  buffer. Im m unological studies w ere 
condu cted  at a 10-fold  d ilu tio n  o f th e  antiserum  
from  neat, 1:10, 1:100, and th en  a d oublin g  
d ilu tion  from  1:200 to 1:400 fo llow ed  by  a 1:2.5 
d ilution  to 1:500, using antisera reconstituted  in 
e ith er 250 or 100 pL w ater. For the crossover 
studies, 3 pL serum  or antiserum  per w ell was 
used. For th e  O u ch terlo n y  system , 8 pL serum  
or antiserum  was used in  w ells  cut w ith  a 
Fein b erg  gel cutter.

T he Feinberg  gel cutter is designed  to cut 6 
w ells  each 3 mm in  d iam eter, 2.5 cm  apart, in  a 
c ircle  around a central w ell that is also 3 mm  in 
diam eter. The antiserum  is placed in the central 
w ell and allow ed to d iffu se to the en circlin g  
w ells w hich contain varying dilutions o f antigen 
(serum ).

Iso e le c tr ic  F o cu sin g  M eth o d  

A pparatu s

A ll isoelectric focusing was done on LKB 2117 
M u ltip hor apparatus (LKB Instrum ents, H icks- 
v ille , N Y) in  con ju n ction  w ith  a G rant coo ling  
system .

C on stru ction  o f  G lass M o ld
A sandw ich of 3 glass p lates, two w ith  di­

m en sions 26 X  15 X  0.3 cm and one w ith  d i­
m ensions 26 X  15 X  0.1 cm , was assem bled, sep­
arated by a 1 mm rubber gasket located along the
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Figure 1. Diagram of immunoelectrophoretic system for evaluating antigenic profile of anti-trout serum.

outside edge. The gasket was cut at one point to 
allow  addition of the acrylam ide m ixture.

P o ly a c ry la m id e  G el P rep aration

(1) Stock acrylam ide solu tion : A crylogel
(acrylam id e m on om er co n ta in in g  5% w /w  
N ,N '-m ethylenebisacrylam ide, BDH  Chem icals, 
P oole, U K ), 66 g /L .

(2) Ingred ien ts for one gel: A crylogel solu­
tion , 33 m L; sucrose, 3.6 g; and 0.4 mL each of 
A m p h oline (LKB) pH 2 .5 -4 , pH  4 -6 , and pH
5 -8 .

The m ixture was degassed for 1 -2  m in in a 500 
mL Buchner flask by using a high vacuum pump. 
A fter the air bubbles had b een  rem oved, 0.2 mL 
rib o flav in  (10 mg%) was added. T he solu tion  
w as carefu lly  introduced  in to  the glass m old  by 
using a 50 mL pipet. The rubber gasket was then 
closed and the gel was allow ed to photopolym - 
erize fo r 3 h un der u ltrav io let light.

O nce p olym erization  w as com p lete, the clips 
w ere rem oved and the sandw ich o f p lates was 
placed in  a re frigerato r at 4 °C  for 15 m in. The 
ru bber gasket was then  rem oved and the glass 
sandw ich was carefully prised apart w ith a metal 
spatula. Cooling at 4°C  for 15 m in perm its easier 
sep aration o f the  plate.

E lec trod e  S o lu tion s

1M phosp horic acid and 0.5% pH 5 -8  Am ­
p h o lin e  (LKB) w ere used as electrod e solu tions 
fo r the anode and cathode, respectively . The

solu tions w ere applied  to the gel soaked on 
W hatm an paper w icks (grade 17 C hrom a, 1 cm 
w ide and 1 mm  thick).

S a m p le  A p p lic a t io n

Lysates and tissue extracts w ere applied to the 
gel by using W hatm an No. 1 filter paper strips (1 
X 0.5 cm). These strips w ere b lo tted  befo re  
being applied to the gel approxim ately 3 cm from  
the anod ic edge to p rev ent any residual activ ity  
le ft by the paper strips m asking the area in the 
gel in  w hich  the isoenzym es w ere to focus.

A n a ly tica l C on d ition s

In itia lly  the gels w ere prefocused for 30 m in 
at 300 V and a maximum of 2 watts. The samples 
w ere applied  and the voltage was m ain tained  at 
500 V until the hem oglobin  en tered  the gel (ap­
proxim ately  40 m in). The voltage and pow er 
settings w ere then  increased and retained at 1200 
V and 7 w atts fo r a fu rth er 3 h. A ll electro fo - 
cusing exp erim en ts w ere conducted  at 6°C .

E n zym e V isu a liza tion

W icks and sam ple applicators w ere first re ­
m oved and a fram e o f glass rods was m ade 
around the gel. A m ixture for d ev elop in g  one 
gel was prepared by com bin in g  0.3M  T ris/H C l 
buffer, 33 mL; M TT tetrazolium , 5 mg; phenazine 
m ethosulfate, 5 mg; and 2% agar (cooled to 60°C ),
20 g.

The com bined  agar-reaction m ixture was
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Figure 2. Immunoelectrophoretic patterns obtained for (A) neat trout serum run against anti-trout serum 
reconstituted in 100 f i t  water; (B) spectrum of precipitin arcs obtained for human serum run against a whole

rabbit antiserum directed against human serum.

poured over the  acrylam id e gel and allow ed  to 
set. The glass rods w ere rem oved and the plate 
was incubated  in  th e dark at 37 °C  fo r 1 h  fo l­
low ed  by approxim ately  10 m in  u n d er a flu o­
rescen t strip  lam p. T h e enzym e appeared  as 
lig h t patches on a dark pu rp le background.

S in ce  it is not possib le to d eterm ine the pH  
p ro file  o f a grad ient or th e  p i value o f an iso en ­
zym e once the reaction m ixture has been applied, 
it w ill be necessary to carry out any  pH  d eter­
m inations on a focused gel w hich  has n o t been  
treated in  th is way.

D eterm in a t ion  o f  p H  G rad ien t

A n electro fo cu sin g  gel w as prepared  in  the 
m an ner already described  and then  focused  for 
3%  h to ensure that the same pH  gradient existed 
as that obtain ed  a fter a norm al e lectro focu sing  
ru n. T he electrod e w icks w ere carefu lly  re ­
m oved and a sh eet o f graph paper, graduated at 
1 cm , 5 m m , and 1 m m  in terv als, was p laced  b e­
tw een  th e gel and  the coo lin g  p late (6°C ).

A surface electrod e (Pye U nicam  In gold  E7) 
w as placed  in  a clam p and gen tly  low ered  onto 
th e anod ic surface of th e  gel in  a position  adja­
cen t to th e  first 1 cm  m ark. T he e lectrod e was 
allow ed to rest u n d er its ow n w eig h t on th e gel 
surface, and pH  values w ere taken  at 2 cm  in te r­
vals a lo n g  the len g th  o f th e  gel. T h is w as re ­
peated for the recurring 1 cm positions un til the 
cathodic end  o f the gel was reached. T h e m ean 
pH  value along each cen tim eter d iv ision  was 
th en  p lo tted  vs gel w idth . T h is process w as re ­
peated for a fu rth er 5 gels that had b een  run 
un der id entical conditions. A pH grad ien t was 
th en  draw n on the basis o f th e  pH  values ob ­

tained  from  all 6 gels and w as used in  a ll subse­
qu en t p i determ inations.

p i  M easu rem en ts

As soon as the isoenzym e patterns w ere v isi­
b le, the  gel was carefu lly  transferred  to a p iece 
o f graph paper, id entical to that used in  pH  gra­
d ient determ inations, and was carefully  aligned 
so that th e  anodic and cathodic edges o f th e  gel 
w ere each on a 1 cm or 0.5 cm mark.

The p osition  o f the isoenzym e w as then  
m arked on the graph paper and the position was 
correlated  w ith  th e pH  grad ient already d eter­
m ined. The individual pi values of the different 
isoenzym es w ere obtained  by read in g  from  the 
pH  scale at th e  p o in t on the grad ient w here the 
isoenzym es w ere found to focus.

R esu lts  and D iscu ssio n

Im m u n o e le c t r o p h o r e t ic  S tu d ies

Figu re 2 show s the im m u noelectrop h oretic 
p atterns obtained  for neat trout serum  against 
an ti-trou t serum  reconstitu ted  in  100 /xL w ater 
and fo r hum an serum  against a w hole  hum an 
antiserum  raised in  rabbits. C om paring the 
p atterns show s that p ositions 1 and 3 in  Figure 
2a are analogous to hum an a lbu m in  and caeru­
loplasm in w hile position 2 is possibly equivalent 
to hum an antitryp sin . F inally , positions 4  and 
5 may represent the equivalent in fish  o f the lgG  
com plex of p roteins. T here  w ere ind ications 
that anti-trou t serum  was also reactin g  w ith  the 
a I range o f p roteins a lthough no clearly  d e­
fined  arcs w ere ever observed. T he results that 
w e obtained  w hen  the trout antiserum  was re-
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Figure 3. Precipitin reactions obtained by using 
crossover electrophoretic technique between anti­
trout serum reconstituted in 250 (A) or 100 (B) /xL 

water against varying dilutions of trout serum.

con stitu ted  in  250 /xL w ater w ere essen tia lly  the 
sam e except that the p recip itin  arcs w ere very 
m uch w eaker, esp ecially  those w ith in  the
7 -g lo b u lin  reg ion .

T he results o f these im m unological studies 
ind icate that the an ti-trout serum  is not on ly  
heterogeneous but is w eak w hen com pared w ith 
the hum an equivalent. Furtherm ore, it is n ec­
essary to m ake a serial d ilu tion  of a b loodstain  
extract.in  order to cope w ith  the range o f com ­
p o n en t sen sitiv ity  that is lik ely  to occur.

As a fu rth er check  on  the sp ecific ity  o f th e  re ­
action , carp serum  was run against v arying 
d ilutions o f com m on carp and trout serum  using 
the crossover tech niqu e. The results show ed 
that no p recip itin  lin es appeared, w h ich  sug­
gested that protein interaction betw een d ifferent 
species o f fish  was un likely .

Crossover and Ouchterlony Studies
Figures 3 and 4 com pare the crossover and 

O u ch terlon y  results obtained  w ith  brow n trout 
serum , ran ging  in  d ilu tion  from  neat to 1:500, 
w hen run against antisera reconstituted in  either 
250 /xL (A) or 100 /xL (B) w ater.

W ith the crossover technique, using the m ore 
d ilu te antiserum , the results w ere som ew hat 
variable in  that clear p recip itin  lin es could not 
alw ays be detected  w ith  serum  d ilu tions dow n 
to 1:200. T h is observation was fu rth er re in ­
forced  w ith  the O u chterlony m ethod in  w hich  
no clearly  d efined  arcs w ere recorded m uch 
b elow  1:100.

Figure 4. Ouchterlony results obtained for anti-trout serum reconstituted in either 250 (A) or 100 (B) f i t  
water and run against varying dilutions of trout serum.

Position Ci shows the immunological response obtained with the equivalent dilutions of human serum run 
against anti-human serum. Positions C2I, 2, 4, 5, and 6 contain varying dilutions of anti-trout serum; position 

C23 contains neat human serum. All C2 positions were run against gel buffer in center well.
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W hen the antiserum  was reconstitu ted  in  100 
gL w ater, the  results w ere m ore encouraging. 
W e d etected  a c lear p recip itin  reaction  at d ilu ­
tions o f 1 :200 to 1:400 using  e ith er the crossover 
or O uchterlony techniques. Positions Q  and C 2 

(F igu re 4) rep resent a series o f con tro l exp eri­
m ents on the same plate. Position Q  show s the 
series of im m unological reactions obtained w hen 
neat hum an serum  was run against antihu m an 
(album in) serum . P recip itin  arcs w ere recorded 
b etw een  serum  d ilu tio n s o f 1:100 and 1:400. 
P ositions C21, 2, 4, 5, and 6 con tain  varying 
dilutions o f trout serum  from  neat, 1:10 dow n to 
1:400 run against gel b u ffer only ; position  C23 
con tain s neat hum an serum . N o positive im ­
m u nological reactions w ere observed in  any 
w ells; the slight staining obtained in  position C23 
possib ly  rep resents som e p recip itation  in to  the 
agar gel o f lip op rotein  m aterial associated  w ith  
th e neat hu m an serum .

O n the basis o f these observations, w e decided 
to test th e  antiserum  in  th e m ore con centrated  
form  against various fish species. The results are 
show n in  T able 1. T he o n ly  positive reactions 
w ere w ith  the various Salm onids, and the 
graylin g  (fam ily  T hym allid ae). No p ositive  re ­
action  was obtained  w ith  any o f the  rem ain ing  
fam ilies w ith in  the order Isospond yli, nam ely , 
C lup eidae and O sm eridae. N o exam ples of 
vend ace (Coregonus albula), fam ily  C oregonidae, 
w ere available. A  s in g le  positive reaction  w as 
recorded  w ith  one o f th e  5 crucian carp (fam ily  
C yrinidae) using the crossover technique. This 
resu lt w as n o t con firm ed  by the O u ch terlon y  
m ethod. As yet w e have been  unable to provide 
any exp lanation  o f this cross reaction  althou g h  
it is con ceiv able  that serum  p rotein  a llo typ ic 
variation  cou ld  exist w ith in  the carp fam ily , 
w hose m em bers crossbreed  very read ily  (23).

W e conclude, therefore, that this antiserum  is 
h ig h ly  sp ecific  for the m em bers o f th e  Salm on- 
idae and T hym allid ae fam ilies. T he antiserum  
is b est reconstitu ted  in  100 gh w ater and, to ob ­
tain the best possible an tibody-antigen  response, 
a serial d ilu tio n  o f th e  extract should  be m ade 
dow n to at least 1 :200 to 1:400.

E lec tro fo cu s in g  S tu d y

pH Gradient.— Figure 5 show s the profile of the 
pH  grad ien t used in  th is study. L in earity  was 
observed  w ith in  a pH  range o f approxim ately  
4 .25  to 5.25.

Superoxide Dismutase.— A ll fish  exam in ed  in  
this study show ed SO D  activity in  their red cells, 
w h ich  could  be observed  in  a pH  range o f this 
gradient. T he in ten sity  o f the e lectro focu sing

Figure 5. pH gradient obtained for pH 2.5-8 Am- 
pholine mixture using 1% H3PO4 for anode and 0.5% 

v /v  pH 5-8 Ampholine for cathode.

bands varied  w ith  each ind iv idu al species a l­
though each pattern was characterized by at least 
one in tense band, for exam ple, as seen in  the sea 
trout and salm on. T hese sim ple patterns co n ­
trasted  quite strongly  w ith  certain  m em bers of 
the  carp fam ily , notably , the  C h in ese  grass carp 
and m irror carp w h ich  had 3 isoenzym es.

The electrofocusing patterns of SO D  from  the 
p rincip al species o f fish  exam ined  and th e ir  pi 
values are show n in  Figure 6 and T able  2, re ­
sp ectively . No SO D  p olym orp hism  w as ob­
served  w ith in  any o f the  d ifferen t species ex­
am ined . For exam ple, the e lectro fo cu sin g  pat­
tern  obtained  from  sea trout caught in  N orth  
W ales was id entical to that obtained  from  fish  
caught in  C ornw all. S im ilarly , brow n trout 
caugh t in  Cum bria had an id en tica l p attern  to 
brow n trout held  at any of the fish farm s covered 
in  this w ork.

A lth ou gh  no com m on p olym orp hic  form s 
w ere observed w ith in  a species, it was frequently 
very d ifficu lt to d ifferen tia te  certa in  species b e ­
cause the SO D  isoenzym es had v ery  sim ilar pi 
values. O bvious exam ples are th e  roach  (5.08), 
chub (5.06), p ike (5 .04), dace (5 .05), and  brook 
trout (5.08). A lthough grayling and crucian carp 
could  n o t be separated im m u n olog ically  they
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p H 2 .5 pH 8

Chinese Grass carp I I I
M ir ro r  carp I I I
Common carp II
Tench II
Brown t r o u t 1
Sea t r o u t 1
Bream II
Roach 1
Salmon 1
G ra y lin g I I
Rainbow t r o u t
(Carabou, W ashington, White 
Brook, Shaster) 1 I I

Brook t r o u t 1
Cheetah t r o u t
(Rainbow t r o u t  x Brook t r o u t ) III 1
Crucian carp 1
Chub 1
Pike 1
Dace 1
Figure 6. Isoelectric focusing patterns of SOD iso­
enzyme of various fish species on pH 2.5-8 gradient.

could  be d ifferen tiated  from  m em bers o f the 
Salm onidae by using the e lectro fo cu sin g  tech ­
niques (Figure 6).

Figure 7 show s the electrofocusing patterns of 
the m em bers of the Salm onidae fam ily that w ere 
exam ined . W e found that d ifferen tia tio n  w as 
p ossib le w ith  the excep tion  o f the  sea trout and 
brow n trou t (p i 4 .76), w h ich  are consid ered  by 
m any au th orities to be o f com m on ancestry
(24).

The rainbow  trout could  be classified  in to  2 
d istinct polym orphic form s dep ending on the pi 
values o f th e ir  isoenzym es. T h e Carabou, 
W ashington, Shaster, and W hite Brook strains all 
show ed 3 isoenzym es w hose pi values w ere 4.80, 
4 .90, and 5.07, resp ectively . A lth ou gh  the in ­
tensity  o f the isoenzym es from  the Carabou, 
W ash in g to n , and  S h aster stra in s appeared  
identical, the 2 most anodic isoenzym es from the

p H 2 .5  pH8

Brown t r o u t 1
Sea t r o u t 1
Salmon 1
Rainbow t r o u t  
(Grampian, W inthrope) Il 1
Rainbow t r o u t  
(Carabou, W hite Brook, 
Washington, S haster) 1 II

Cheetah t r o u t  
(Rainbow t r o u t  x Brook t r o u t )  |  K  |

Brook t ro u t 1
Figure 7. Isoelectric focusing patterns of SOD iso­

enzymes from the family Salmonidae on pH 2.5-8  
gradient.

W hite  Brook strains w ere o f a m uch h ig h er in ­
tensity .

T h e rem ain ing  strains, that is, the  W inthrop e 
and Gram pian, also possessed 3 isoenzym es, 2 of 
w h ich  had id entical p i values to the m ost ca­
thod ic isoenzym es observed  in  th e Carabou, 
Shaster, W ash ington , or W hite Brook strains. 
T h e  th ird  isoenzym e in  th is com plex has a pi 
value of 5.28 w hich  was the m ost cathodic iso ­
enzym e recorded  from  any m em ber o f the S a l­
m onidae fam ily studied. T he m ajority o f the 
ra inbow  trout exam ined  w ere o f an u n know n 
strain and came from  various fish farms w ho sold 
fish  d irectly  to the pu blic fo r consum ption. In 
each case the patterns obtained  w ere identical to 
the W inthrop e or G ram pian strains.

The cheetah trout w as the on ly  hybrid  species 
exam ined. It w as produced from  a cross b e ­
tw een rainbow  trout and th e A m erican  brook 
trout (char) and is used prim arily as a gam e fish. 
T he electro fo cu sin g  patterns that w e obtained  
appeared to be a m ixture com posed o f the trip le 
banded pattern associated w ith  a G ram pian or 
W inthrop e strain  and the s in g le  com p onent 
found  in  th e brook trout. T h is p attern  was the 
m ost com plex observed  in  any m em ber o f the 
Salm onidae fam ily  exam ined.

T issu e S tu d ies

The electrofocusing patterns obtained from  the
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Table 2. Mean pi values for SOD isoenzymes found in red cells of Salmonidae and members of 2 coarse fish families •

S p e c ie s
M ean pi v a lu e s for 

e a c h  S O D  iso e n zym e
Std

dev.
No. of 
d etns

C h in e s e  g ra s s  c a rp 4 .5 2  4 .6 6  4 .7 5 0 . 0 5 0 . 1 0 0 . 1 2 5
M irro r ca rp 4 .7 2  4 .7 9  4 .8 8 0 .0 4  0 .0 2  0 . 1 7 5
C o m m o n  c a rp 4 .7 2  4 .7 9 0 .0 4  0 .0 1 5
C ru c ia n  ca rp 5 .0 0 5
T e n c h 4 .7 9  4 .8 6 0 .6  0 .0 5 5
R o a ch 5 .0 8 0 .1 5
B re a m 4 .8 4 0 .1 4 1 7
D ace 5 .0 5 0 .1 0 9
C h u b 5 .0 6 3
Pike 5 .0 4 0 .0 5 3
G ra y lin g 4 .8 7  4 .9 4 0 .0 2  0 .0 5 1 0
S a lm o n 4 .8 9 0 .0 5 26
S e a  tro u t 4 .7 8 0 .1 0 26
Brow n trout 4 .7 6 0 .0 9 14 0
B ro o k tro u t 5 .0 8 0 .0 6 1 0
R a in b o w  t r o u t  s t r a i n :

C a ra b o u  1 4
W ash in g to n ! 3
W hite b ro o k I 4 .8 0  4 .9 0  5 .0 7 0 .0 2  0 .0 3  0 .0 4 4
S h a s te r  J1 4
G ra m p ia n 4
W inthro p e 4 .8 9  5 .0 9  5 .2 8 0 . 1 2 0 . 0 8 0 . 1 0 1 7
U nknow n s tra in s  J 3 6

‘  T h e  e le c tro fo c u s in g  g ra d ie n t w as lin e a r fro m  pH 4 .2 5  to 5 .2 5  (a p p ro x im a te ly ).

sam ples o f rainbow  trout liv er show ed that they 
w ere id entica l to those from  th e red cell except 
that an additional, but fainter, band was observed 
focu sing  in  a m ore cathodic position  to each of 
the  m ain isoenzym es. T he e lectro fo cu sin g  pat­
terns that w e obtain ed  from  roe, a lthou g h  id en ­
tical to those in  b lood , w ere a great deal fa in ter 
and did not appear to be accom p anied  by addi­
tion al satellite  isoenzym es. F in ally , no SO D  
activ ity  w as observed  in  th e tissue associated 
w ith  th e few  graylin g  scales exam ined .

C o n clu sio n

T h e resu lts from  th is study indicate that it is 
possible to d ifferentiate various m em bers o f the 
Salm onid ae fam ily  on the basis o f the iso en ­
zym es of SO D  from  the red cell. In  addition, we 
obtained  som e evidence w hich  indicated that an 
id en tica l polym orphism  could  be found in  vari­
ous tissues o f the  ra inbow  trout, a lthough the 
appearance o f additional but fa in ter bands of 
activ ity  m ig h t be regarded as fu rther ev id ence 
fo r an ad ditional locus as suggested  by Taggart 
et al. (11).

A lth ou gh  som e 28 species o f fish  (exclu d ing  
rainbow  trou t variants) from  8 d ifferen t orders 
have b een  exam ined , they  have b een  few  in 
num ber w ith the possible exception of the brow n 
and sea trout. In  forensic  w ork , it w ould th ere ­
fore be advisable to use control sam ples from  the

crim e area w h en ev er possible in  case rare vari­
ants, h ith erto  unrep orted , are discovered.
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M IC R O B IO L O G IC A L  M E T H O D S

Comparison of Iron Milk and Official AOAC Methods for 
Enumeration of Clostridium perfringens from Fresh Seafoods

CARLOS ABEYTA, Jr
Food and Drug Administration, Seafood Product Research Center, 909 First Ave, 
Seattle, WA 98174

Fresh seafoods collected from Seattle area markets 
were evaluated for the presence and numbers of 
C lostrid ium  p er fr in g en s. In a comparison of the 
official AOAC Shahidi-Ferguson perfringens and the 
simple iron milk methods, 29 of 287 samples of fresh 
fish and shellfish were positive for C. p erfr in gen s. 
All 29 positive samples were detected by the iron 
milk medium; however, only 7 of the 29 were de­
tected by the AOAC methods. A statistical evalua­
tion of the data showed a significant difference be­
tween the 2 methods.

O f several selectiv e  d ifferen tia l m edia devised 
fo r the enu m eration  and iso lation  of Clostridium 
perfringens, som e o f those com m only used are 
S hahid i-F ergu son  p erfrin g en s (SFP) (1), su l­
fite-p o lym yxin -su lfad iazine (SPS) (2), tryptose- 
su lfite-n eo m y xin  (TSN ) (3), and tryptose-sul- 
fite-cycloserine (TSC) (4). These m edia contain  
sulfite and at least one antibiotic. The selectivity 
and ease o f detection are based on the antibiotic's 
in h ib itio n  o f com p eting facu ltative organism s 
and the red uction  of su lfite  to su lfid e w hich  
com bines w ith  iron , p rod ucing black colonies. 
H ow ever, because th e procedures for p rep arin g  
the selectiv e  m edia are costly, tim e-con su m ing, 
and tedious, a sim p le and rapid m ethod  fo r the 
iso lation  and enu m eration  o f C. perfringens in  
foods is needed .

Rapid screen in g  procedures (5, 6) have b een  
d eveloped  fo r the enu m eration  o f C. perfringens 
in  foods. The rapid perfringens m edium (RPM ), 
d eveloped  by E rickson and D ieb el (5), consists 
o f fo rtified  litm us m ilk  b roth  w ith  in h ib ito ry  
agents, p olym yxin  B su lfate, and neom y cin  su l­
fate. In  a com parison w ith  SPS and TSC  plate 
m edia, th e  RPM  was superior in  selectiv ity  and 
sen sitiv ity , d etectin g  low  to m oderate num bers 
o f C. perfringens. Sm ith  (7) d em onstrated  that 
in h ib ito rs  slow ed the grow th  o f certa in  strains 
o f C. perfringens as w ell as com p eting facu ltative 
organism s.

T he m ethod d eveloped  by St. Jo h n  et al. (6) 
used sim p le iro n  m ilk  m edium . The selectiv ity

o f this m edium relied  solely on the rapid grow th 
o f C. perfringens at 45 °C  and the typ ical storm y 
ferm entation  reaction w ith in  18 h. T he present 
study com pared th e sim p le iron  m ilk  m ost 
p robable nu m ber (M PN ) procedure (6) w ith  the 
o ffic ia l A O AC m ethod (8) fo r the iso latio n  and 
enu m eration  of C. perfringens from  fresh  sea­
foods.

E xp erim en tal

Samples. — A total of 287 fresh seafood sam ples 
w ere collected  from  Seattle  retail m arkets.

Media. — T he iron m ilk  m edium  (6) w as p re­
pared by p lacing  10 m L hom ogenized  pasteur­
ized m ilk  and 0.2 g iron pow der in  16 X 150 mm  
screw -cap tubes. T he m edium  was sterilized  at 
10 lb pressure, 116°C , for 10 m in and used on the 
day o f preparation. The M PN  p rocedu re was 
used as outlined by St. Joh n  et al. (6). The official 
A O AC m ethod (8), using  the Shahid i-Fergu son  
perfringens direct spread plate (1), was follow ed. 
T h e m edium  w as prepared accord ing to label 
instru ction s (D ifco) and used on ly  on th e day of 
preparation. Both m edia w ere tested for grow th 
by  in o cu la tio n  w ith  C. perfringens (A TC C  
13124).

Biochemical tests.— Sam ples exh ib itin g  storm y 
ferm en tation  in  iron  m ilk  after 1 6 -1 8  h  at 45 °C  
w ere streaked on SFP  plus egg y o lk  w ith o u t an­
tib iotics and incubated anaerobically at 37 °C  for 
2 4 -2 8  h. Black colon ies d isp laying  lecith in ase  
w ere p icked  to fresh ly  steam ed tubes o f cooked 
m eat m edium  fo r h o ld ing . Iso lates w ere tested  
for m o tility , n itrate red uction , g e la tin  liq u efac­
tion , and  lactose ferm en tation , as o u tlin ed  in 
Official Methods of Analysis (8).

R esu lts

A breakdow n of the  total num bers and types 
of samples tested is given in  Table 1. Each of the 
287 sam ples w as analyzed  for the  p resence o f C. 
perfringens by the 2 test m ethods (Table 2). The 
d istribution  ranges and p ercentages o f positive 
sam ples for C. perfringens are g iv en  fo r the  iron 
m ilk  and the SFP m edia. O f 287 sam ples ana-Received April 14, 1983. Accepted January 17, 1983.
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Table 1. Common and scientific names of seafood 
species analyzed

C o m m o n  na m e S c ie n tif ic  na m e

N o. of 
un its 

teste d

R ou nd fish
T ru e  cod G a d u s  m a c r o c e p h a l u s 1 1
L ing  cod O p h io d o n  e lo n g a t u s 16
B la c k  cod A n o p lo p o m a  f im b r i a 2 4

R o c k fish  (red  sn a p p e r) S e b a s t e s  sp e c ie s 49
Fla tfish

D o v e r so le M i c r o s t o m u s  p a c i f i c u s 2 1
P e tra le  so le E o p s e t t a  j o r d a n i 7
E ng lish  so le P a r o p h r y s  v e tu lu s 3
R ex so le N ot Identified 7
H a lib ut H ip p o g lo s s u s  s t e n d e p is 1 4
S t a r r y  flou nd er P l a t i c h t h y s  s t e l l a t u s 3

C ru s ta c e a n
O y ste rs C r a s s o s t r e a  g ig a s 18
C la m s S a x id o m u s  g ig a n t e u s 1 2
M u ssels M y t i l u s  e d u l i s 1 5
S c a llo p s P a t i n o p e c t e n  c a u r in u s 1 4
Sq uid L o l i g o  o p a ie s c e n 1 7

M o llu scan
D u n g e n e ss cra b C a n c e r  m a g is t e r 2 1
S h rim p P a n d a lu s  j o r d a n i 3 5

lyzed , 29 (10.1% ) w ere positive for C. perfringens 
in  th e  iron m ilk  m ethod and 7 (2.4% ) w ere posi­
tive in  SFP, g iv ing a percent-positive ratio of 4.2 
to 1.0. The 7 samples positive by the SFP m ethod 
w ere also positive by the iron m ilk M PN  method. 
In  sh e llfish  and fin fish  the p ercen t p ositive was
18.2 and  3 .2 , resp ectiv ely , in  the  iro n  m ilk  
m ethod  and 4.6 and 0.6, resp ectively , in  th e  SFP 
m ethod. T hese values show  b etter recovery of
C. perfringens in  the iron m ilk m ethod than in  the 
SFP  p latin g  m edium .

O f th e seafoods exam ined , th e  m olluscan 
shellfish  w ere contam inated at a h igher rate than 
the crustaceans. W ith  the iron  m ilk  m ethod , C.

perfringens w as isolated  from  23 of 76 (30.3% ) of 
th e  m olluscs tested , w hereas on ly  5 o f 76 (6.6% ) 
w ere positive w ith  the SFP m ethod. In  each o f 
th e  seafoods exam ined , the p ercent p ositive in 
th e  iron  m ilk  m ethod was equal to or greater 
than  that in  the  SFP  m ethod.

The average geom etric m eans o f 287 sam ples 
in  the iron m ilk m edium  w ere 1.4 / g and 1.1 / g in 
the iron  m ilk  and SFP  m ethods, respectively . 
T he m icrobial cou nt range was sim ilar in  both 
m edia w ith  < 3 - 4 3 / g  obtained  in  iron  m ilk  and 
< 1 0 - 6 0 /g  in  SFP. Fish contain ing C. perfringens 
and the p ercentage o f positive sam ples for the 
iron  m ilk  m ethod w ere: rou nd fish  (cod, etc.) 
and spiny rockfish , 2.0%; flatfish  (sole, flounder, 
and halibu t), 5.5%; shrim p, 5.6%; oysters, 38.9% ; 
m ussels, 53.3% ; and clam s, 66.6%. T he p ercen t­
age of positive sam ples by the SFP m ethod w ere 
flatfish , 1.8%; shrim p, 5.6%; clam s, 8.3%; oysters, 
11.1%; and m ussels, 13.3%. These data clearly  
indicate that use of the iron m ilk M PN  procedure 
increases the num ber of C. perfringens recovered 
from  seafood. These data also show  that the 
filter-feed in g  sh ellfish  (clam s, oysters, and 
m ussels) con tain  m ore C. perfringens than do 
rou nd fish  and fla tfish . T he flora in the filte r  
feeders is ind icative of w ater con d itions in  the 
grow in g  area. W ith  o ther fish , the  flora is in ­
d icative o f h an d lin g  and p rocessing con d i­
tions.

In  this study, as in  the study by St. Jo h n  et al.
(6), a ll tubes o f iron m ilk m edium  show ing a 
positive reaction w ere subjected to further testing 
fo r th e  p resence o f C. perfringens. In  63 positive 
tubes show ing typical storm y ferm en tation  at 
45°C  w ithin  18 h , C. perfringens was confirm ed in 
57 tubes (90%). Tubes that w ere negative fo r C. 
perfringens and read as false positive had all been

Table 2. Comparison of iron milk and Shahidi-Ferguson perfringens (SFP) methods for enumeration of C. perfringens
in fresh seafoods3

Se a fo o d
N o. of 

sa m p le s

S F P Iron m ilk

No. of p o sitive  
s a m p le s  ( % ) C o u n t r a n g e /g

No. of p o sitive  
sa m p le s  ( % ) C o u n t r a n g e /g

R ou nd fish 5 1 0 1 (2 .0 ) 3 .6
R o ck fish 49 0 1 (2 .0 ) 3 .6
Fla tfish 5 5 1 ( 1 . 8 ) 1 0 3  (5 .5 ) 3 . 6 -2 3
O y ste rs 18 2 ( 1 1 . 1 ) 4 0 -6 0 7 (3 8 .9 ) 3 .6 -4 3
C la m s 1 2 1 (8 .3 ) 1 0 8 (6 6.6 ) 3 . 6 -2 3
M u ssels 1 5 2 ( 1 3 . 3 ) 1 0 - 5 0 8 (5 3 .3 ) 3 .6 -4 3
S h rim p  (u n p e e le d ) 18 1 (5 .6 ) 2 0 1 (5 .6 ) 1 5
T o ta l sh e llfish 1 3 2 6 (4 .6 ) 1 0 - 6 0 2 4 ( 1 8 . 2 ) 3 .6 -4 3
T o ta l finfish 1 5 5 1 (0 .6 ) 1 0 5 (3 .2 ) 3 . 6 -2 3
T o ta l se a fo o d s 2 8 7 7 (2 .4 ) 1 0 - 6 0 2 9  ( 1 0 . 1 ) 3 .6 -4 3

D u n g e n e ss cra b , sh rim p  (p e e le d ), sc a llo p s , and sq uid .
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incubated w ell beyond the 16-18  h prescribed by 
St. Jo h n  et al. (6) and thus further rein force  their 
caution  against extend ed  in cubation . Isolates 
selected  from  the SFP  m edium  w ere con firm ed  
in  o n ly  7 to 10 sam ples (70% ) sh ow in g  typical 
reactions. A ll sam ples that w ere positive in  SFP 
m edium  w ere p ositive in the  iron  m ilk  m e­
dium .

T h e cou nt data obtained  from  287 sam ples by 
th e 2 test m edia w ere sub jected  to the standard 
Z -test (d ifference betw een 2 proportions) (9). A 
Z -value of 3.51 was calculated , in d icatin g  a 
h ig h ly  s ig n if ic a n t d iffe re n c e  b e tw e e n  th e 
counts.

D iscu ssio n

To the regulatory  and quality con tro l m icro­
b io logist, a rapid , s im p le, and accurate m ethod 
for the enum eration and isolation of C. perfringens 
is necessary. Several investigators (5, 6 ,1 0 ) have 
develop ed  m ethods useful to field  m icrob io lo ­
gists. To circu m v ent the  problem  o f using  a 
plate m edium  w ith an inhibitory agent and avoid 
laborious, costly, and tim e-con su m ing prepara­
tion  o f p lates, St. Jo h n  et al. (6) used pasteurized  
w hole  m ilk  sup p lem ented  w ith  0.2% iro n  pow ­
d er in  the d irect enu m eration  o f C. perfringens. 
T hey conclud ed  that com pared w ith  3 p lating 
m edia, th e  m ilk M PN  m ethod  gave the h igh est 
confirm ation for all isolates tested. Erickson and 
D iebel (5) show ed the RPM  to be superior to SPS 
in  d etectin g  C. perfringens from  natu rally  co n ­
tam inated food products. O f 774 samples tested, 
they found 71% positive in RPM  and 22% positive 
in  SPS. These data clearly  ind icated  th e e ffe c ­
tiveness o f th e  m ilk  con ta in in g  RPM ; how ever, 
11 in gred ien ts  are requ ired  in  the in itia l prep a­
ration  of the RPM  m edium , m aking it com plex 
and tim e-consu m ing.

Storm y ferm en tatio n  in  iro n  m ilk  and RPM  is 
h igh ly  indicative of the presence of C. perfringens 
(5, 6). T he storm y ferm en tatio n , i.e., the pro­
duction  o f an acid curd w ith  subsequ ent d is­
ru p tion  o f the curd w ith  large volum es o f gas, is 
produced only by C. perfringens at 45 °C w ithin  18 
h. St. Joh n  et al. (6) reported that organism s such 
as Escherichia coli and Bacillus species can produce 
reactions sim ilar to storm y ferm en tatio n  but at

a low er rate than C. perfringens. T he acid clot is 
produced by the acid ification o f m ilk (lactic acid 
ferm en tation) (11) to a pH of 4.5. The lactic acid 
d enatures the casein  to yie ld  a p recip itate. At 
pH 4.5, the num bers of C. perfringens are reduced 
up on standing ; th erefo re , to obtain  v iab le  C. 
perfringens and to p rev ent false positives, it is 
recom m ended  that results be read and  cultures 
transferred  after 1 6 -1 8  h o f in cubation .

In conclusion, the iron m ilk M PN  m ethod was 
superior to the official AO AC direct plate m ethod 
in  sensitivity and selectivity for the isolation and 
enu m eration  o f C. perfringens from  natu rally  
contam inated seafoods. In addition , the sim ple 
preparation of the m edium and evaluation of the 
reactions make the iron m ilk m ethod very useful 
fo r rapid  evalu ation  o f fresh  seafood sam ples in 
the field  laboratories.
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Ion-Pair Partition Chromatography of Mefenamic Acid with 
Tetraalkylammonium Cations: Development of Analytical Method 
from Extraction Data

WILLIAM M. ADAMS
Food and Drug Administration, Division of Drug Chemistry, Washington, DC 20204

The ion-pair partition properties of mefenamic acid 
with the methyl, ethyl, n -propyl, and n-butyl ho­
mologs of tetraalkylammonium cation were studied 
in relation to a model of an assay procedure for acidic 
drugs. Variables studied included identity and 
concentration of pairing ion and composition of ex­
tracting solvents. Resulting data were used to de­
velop a partition chromatographic assay procedure. 
Standard recoveries averaged 99.01 ±  0.82%. Assays 
of commercial capsules were reproducible.

M efenam ic acid, an analgesic fo r m ild  to m od­
erate p ain , in clu d in g  prim ary d ysm enorrhea, is 
th o u gh t to act by stop ping the pharm acological 
actions and b iosynthesis o f prostaglandins.

T he literatu re  cites m any exam ples o f c lin ica l 
assay and toxicological screening  procedures for 
m efenam ic acid, but few  are applied  to pharm a­
ceutical form ulations. Devaux et al. (1) reported 
d erivatization  reactions w ith  v isib le  or flu ores­
cence spectroscopic detection. Iwai et al. (2) and 
A graw al (3) reported  p o ten tio m etric  titration  
procedures. V doviko et al. (4) d escribed  a po- 
larograp hic m ethod. T he British Pharmacopoeia 
prescribes a titration  for capsules and bulk  m a­
terial (5). A ll o f these p rocedures are e ith er 
n onsp ecific  or requ ire extensive sam ple p re­
treatm ent; n o n e was judged suitable for analysis 
o f pharm aceutical dosage form s.

Ion-pairing colum n partition chrom atography 
(IP-C PC ) has b een  w idely  used for the d eterm i­
nation  o f b oth  acidic and basic drugs in  p har­
m aceutical form ulations (6). T he tech niq u e is 
w ell defined and often produces a m ethod w hich 
is b oth  rugged and h ig h ly  selective. T he p arti­
tion  can be p recisely  studied  throu gh  sim p le 
d istribution  experim ents.

W e rep ort a detailed  study o f the ion-p air 
p artition  o f m efenam ic acid w ith  the m eth y l, 
e thy l, «-p rop yl, and « -b u ty l hom ologs o f tetra­
alkylam m onium  cation, R4N + , using m ixtures of 
ch loroform  and isooctane as the extracting  or 
e lu tin g  solvent. Data derived  from  th is study 
w ere used to develop an IP-CPC assay procedure, 
w hich  was applied  successfu lly  to standard so­
lu tio n s and to com m ercial dosage form s.

E xp erim en tal

A pparatu s a n d  R eag en ts

(a) Chromatographic tube and tamping rod.— See 
37.002(a) and  (b) (7).

(b) UV spectrophotometer.— Cary 118 scanning 
U V /V IS  sp ectrop h otom eter, or equivalent.

(c) Solvents.— R eag en t grade ch lo ro fo rm  
(w ater-saturated) and isooctane.

(d) Pairing ions.— 25% aqueous solu tion  o f n- 
P r4N O H  (Eastm an Kodak Co., R ochester, N Y 
14650), or eq u ivalen t. 0.001M solution: D ilu te 
1 m L 25% solu tion  to 100 m L w ith  0.1N  N aO H ; 
then dilute 10 mL of this solution to 100 mL w ith 
0 .1N  N aO H . 10% solution: D ilu te 10 m L 25% 
solu tion  to 25 m L w ith  0.1N  N aO H .

(e) Mefenamic acid.— Pharm aceutical reference 
m aterial used w ithout purification (Parke, Davis 
& Co., D etroit, M I 48232).

(f) Acidic MeOH (1%>). — 1 m L con centrated  
H C 1/100 m L M eO H .

(g) Acidic chloroform.— 5 m L 1% acid ic  
M e O H /100 m L chloroform .

(h) Prewash.— C h lo ro fo rm -iso o ctan e  (1 +  2).
(i) Celite 545.— A cid-w ashed (Johns-M anville  

Corp ., D enver, CO 80217).

S a m p le  P rep ara tion

D issolve a su ffic ien t nu m ber o f capsules in  
0.1N  N aO H  to produce a 5 m g /m L  solu tion  of 
m efenam ic acid. D issolve by m echanical shak­
in g  fo r 2 h  or by using an u ltrasonic bath  for 30 
m in. B efore sam pling, le t p articulates settle , or 
f ilte r  throu gh  0.6 pm  filter.

S tan d ard  S o lu tion

D issolve an accurately  w eighed  sam ple of 
m efenam ic acid  in  su ffic ien t acidic ch loroform  
to obtain  a con centration  o f ca 0.025 m g /m L .

C olu m n  P rep ara tion

In  sm all beaker, m ix 3 mL 0.001M  « -P r4N O H  
w ith 4 g Celite 545. Transfer to chrom atographic 
tube co n tain in g  glass w ool p led get in  base, and



AD AM S: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 5, 1983) 1179

tam p to un iform  mass. S im ilarly , com bine 0.1 
m L 10% n-Pr4N O H  and 1.0 m L sam ple prepara­
tion . M ix com p letely  by gen tly  sw irling . Add 
2  g C elite , m ix, and transfer to tube. Scrub bea­
ker w ith  1 g C elite  co n tain in g  3 drops 0.1N  
N aO H  and transfer C elite to tube. W ipe utensils 
w ith  glass w ool pledget. P lace p led g et atop 
colu m n and tam p colum n to un iform  mass.

D e t e r m in a t io n

Rinse beaker and utensils w ith 75 mL prewash. 
Pass prew ash throu gh  colu m n and discard el- 
uate. Elute colum n w ith  approxim ately 175 mL 
chloroform . Collect eluate in 200 mL volum etric 
flask con ta in in g  10 m L acid ic M eO H . R inse  tip 
o f colu m n w ith  ch loroform  in to  flask. D ilu te 
eluate to volu m e w ith  ch loroform . C on com i­
tantly determ ine absorbances o f both sam ple and 
standard solu tions in  1 cm quartz cuvets at 
w avelength o f maximum absorbance (ca 353 nm), 
using acid ic ch loro form  as blank.

C alculate quantity  (m g) of m efenam ic acid in  
the  1.0 m L p o rtio n  o f sam ple preparation taken 
by the form ula

M efenam ic acid  (m g) =  (Au/A s) X 200C S

w here Au and A s =  absorbances o f sam ple and 
standard solu tions, resp ectiv ely ; and Cs =  co n ­
cen tration  o f standard solu tion  (m g /m L ).

E x tra ctio n  S t u d y

T etraalky lam m o n iu m  hy d roxid e (R4N O H ) 
reagen ts w ere obtained  as 10 or 25% aqueous 
solu tions and standardized  w hen  necessary by 
titratin g  w ith  aqueous HC1.

Extent o f extraction , %D, was calculated  by 
com parison o f the aqueous phase befo re  extrac­
tion  w ith  e ith er the aqueous phase after extrac­
tion or the aqueous portion of a 0.1N  N aO H  back 
extraction of the organic phase. The distribution 
ratio D w as th en  calculated  from

D =  (%0 /% w) X (V w/V 0) (1)

w here %0 and %w =  p ercentages o f the  drug in  
the organ ic and aqueous phases, resp ectiv ely ; 
and Vw and VQ = resp ective volum es o f the 
aqueous and  organ ic phases. V olum e ratio , 
Vw/ V0, was adjusted to obtain  a %c value o f ca 50 
for the  ion-p aired  drug because th is value pro­
duces D values o f optim um  accuracy and p reci­
sion . A bsorbances used in  calcu lation s w ere 
d ifferences betw een an absorbance m axim um  (ca 
285 nm ) and a m inim u m  (ca 317 nm ).

T he ion-p air extraction  con stan t K q A  and sol­
vation nu m ber N  w ere calculated  from

Table 1. Extraction constants* tor chloroform 
extractions of mefenamic acid as ion-pairs with 

tetraalkylammonium cations (R4N+) in 0.1N NaOH

R <O
' log K qa A lo g  K qa

n -B u ty l 7 .2  X  1 0 “ 4 .9
n -P ro p y l 4 .0  X  1 0 2 2 .6 2 .3
E th yl 4 .7 0 .7 1 .9
M ethyl 1 .4  X  I O ' 1 - 0 . 9 1 .6

a A v era g e  of m u ltip le  e xp e rim e n ts: 4  fo r n -b u ty l, 3  for 
n -p ro p y l, 1 3  fo r e th yl, a nd  2  for m e th y l.

D =  Kqa(Q + )wYN (2)

w here (Q + )w =  m olar con cen tra tio n  o f the  pair­
ing ion in  the aqueous phase after extraction; and 
Y = volum e fraction of chloroform  in  the organic 
phase.

R esu lts  and D iscu ssio n

M efenam ic acid is p ractically  in so lu b le  in 
water, sparingly soluble in  ether and chloroform , 
and freely soluble in aqueous base (pKa =  4.2) (8). 
By choosing  a solu tion  w ith  a pH m uch greater 
than  the pKa value, com p lete io n izatio n  is as­
sured and free acid extraction  is in sig n ifican t. 
U nd er these con d itions, the d istribu tion  D is 
defined in  accordance w ith principles previously 
d eveloped  (9 -1 1 ) by the equation

D =  (QA)0/(A~)W = KqA(Q+)wYn (3)

w here (QA) =  concentration  o f solvated ion-pair 
com plex; (A - ) =  con cen tratio n  o f ionized  drug; 
and subscripts w and o re fer to the  aqueous and 
organ ic phases, resp ectively . N ote that D is in ­
d ep en d en t o f drug con cen tratio n . T he valid ity  
o f th is equation in the p resent in stan ce was v er­
ified  in  d etail exp erim en tally .

P a ir in g  Io n s

T able 1 records the observed  extraction  co n ­
stants for ch loroform  extraction s o f m efenam ic 
acid  paired w ith  4 hom ologs o f R4N + . Each 
valu e rep resents an average o f m u ltip le  exp eri­
m ents: 2 for m ethyl, 13 for ethyl, 3 for n-propyl, 
and  4 fo r n-butyl.

It was observed  that K q A  increases regularly  
w ith  the length  of the carbon chain  in  R4N + and 
show s a very large ch an g e— a factor o f approxi­
m ately 500 000— b etw een  the m eth y l and  n- 
buty l hom ologs. A p lot o f log K q A  vs carbon 
nu m ber is lin ear (slope =  1.91; corr. coeff. =  
0 .996). D oyle and Barkan (12) m ade sim ilar ob­
servations fo r an acid extracted  w ith  th e sam e 
hom ologs o f R4N + as did G ustavii (13), w h o ex-
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Table 2. Linear dependence of distribution on pairing 
ion concentration at constant mefenamic acid 
concentration for chloroform extractions with 

tetrapropylammonium cation *

( Q / A ) b (Q + )c D K qa

7 5 .8 1 2 . 1 0 4 .7 6 3 9 3
5 1 .6 8 .4 2 3 .4 2 4 0 6
2 2 .8 3 .4 9 1 .6 1 4 6 1

6 .3 1 .0 5 0 .4 3 4 1 0
3 .9 0 .6 9 0 .3 2 4 6 4
1 . 1 0 .2 1 0 .1 0 4 7 6
0 .1 3 0 .0 3 5 0 .0 1 7 4 86

3 Plot of D  vs ( Q + ) g ave  slo p e  Kqa  =  3 9 5 , c o rr . coeff. =  
0 .9 9 9 .

b M olar ra tio  of p a irin g  ion to d rug  in a q u e o u s p h a se  after 
e x tra ctio n .

c F in a l p a irin g  ion co n ce n tra tio n  x  1 0 ~ 3 M.

tracted  am ines w ith  quaternary am m onium  pi- 
crates.

D oyle and Proctor (11) found that polar groups 
orien ted  ortho to the ion-p air site  o f p hen ols 
(— O H ) had on ly  a s lig h t effect on th e solvation  
nu m ber N, but d rastically  affected  K q A . H ow ­
ever, in  the  p resent study, the  size and corre la­
tion of K q A  values for R4N + w ith  m efenam ic acid 
show  little  or no e ffect from  the p resence o f a 
polar — N H A r group orien ted  ortho to the  car­
boxy lic  acid ion -p airin g  site.

Table 2 records observed  d istribu tion  values 
fo r ch loroform  extraction s o f m efenam ic acid  as 
ion-p airs w ith  K-Pr4N + . D uplicate 0.1N  N aO H  
solu tions w ith  con stan t drug con cen tra tio n  (3.5 
X 10-4 M ) and varying pairing ion concentration  
(in itia lly  0.01 to 0.0001M ) w ere extracted  w ith  
ch loroform . V alues for Vw/V 0 su itab le  for the 
determ ination  w ere selected  by estim ation from  
Equation 3 (Y =  1) and from  Table 1. O bserved  
D values correlated  d irectly  to the  p airing  ion 
con cen tratio n  (Equation 3, corr. coeff. =  0.999) 
w ith a slope (KqA =  395) com parable to the value 
obtain ed  in d ep en d en tly  in  T able 1 (Kqa = 
404).

S o lv e n t  E ffe c ts

It has b een  show n that d ilu ting  ch loroform  
w ith  a nonp olar so lv ent (in  this case isooctane) 
produces a large and p red ictable e ffect on the 
ion-pair partition of acids (1 2 ,1 4 ) and am ines (15,
16). D oyle and P roctor (11) show ed that this 
"so lv en t e ffe c t"  m ade p ossib le h ig h ly  selective 
chrom atograp hic partitions.

T able 3 records values o f D for extraction s of 
m efenam ic acid as ion-pairs w ith  n-P r4N + . A l­
iquots o f a 0.1N  N aO H  solu tion  con ta in in g  a

Table 3. Solvent effects in extractions of mefenamic 
acid as ion-pairs with tetrapropylammonium cation 3

log D yb log Y

1 . 1 2 1 .0 0 0 .0 0 0
1.0 3 0 .9 0 - 0 . 0 4 6
0 .5 2 0 .8 0 - 0 . 0 9 7
0 .1 8 0 .7 0 - 0 . 1 5 5

- 0 . 1 9 0 .6 0 - 0 . 2 2 2
- 0 . 8 9 0 .5 0 - 0 . 3 0 1
- 1 . 1 6 0 .4 0 - 0 . 3 9 8

3 P lot of log 0  v s  log /g a v e  slo p e N  =  6 .1 9 ,  c o rr . coe ff. =  
0 .9 9 1 .

b V  =  vo lu m e  fra ctio n  of ch lo ro fo rm  In Iso o cta n e .

con stan t ratio o f drug to pairing ion  w ere ex­
tracted w ith  an organic solvent con tain in g  from  
100% (Y =  1.00) to 40% (Y =  0.40) ch loro form  in 
isooctane. By p lo ttin g  log values o f these data, 
a value for exponent N in Equation 3 is obtained. 
T h is value, term ed the solvation  nu m ber by H i- 
guchi (16), is thou ght to represent the nu m ber of 
polar so lv en t m olecu les associated  at th e  an ion  
charge site of the ion-pair. A lth ou gh  this ex­
p lanation is disputed by Frieser (17), experience 
has proven its general em pirical applicability  to 
ion-p air system s. H igu ch i et al. (16) reported  
integral values o f 5 for N, w hereas this laboratory 
has observed values ranging from 4.5 to 6.5. The 
observed value (N = 6.2) is large, but w ell w ithin 
the expected  range. This large solvation  nu m ­
ber, w hich  indicates a pronounced sensitivity  of 
D to so lv en t p olarity , con tributes to the  separa­
tion  sp ecific ity  o f IP-CPC.

S e le c t io n  o f  C h r o m a t o g r a p h ic  C o n d it io n s

C on sid ering  th e above d iscussion, it is appar­
ent that the p artition  o f m efenam ic acid  is p re­
cisely described by the d istribution as d efined  in  
Equation 3. It is also apparent that num erous 
com bination s o f (Q+ )w and Y w h ich  produce 
acceptable p artitions are p ossible. P artition  
chrom atographic systems com m only used in this 
laboratory requ ire D to be greater th an  0 .06 and 
less than 0.01 for com plete elution and retention, 
respectively . Calculations em ploying data from  
Tables 1 and 3 in Equation 3 ind icate  that n- 
P r4N + is the optim um  reagent for chrom ato­
grap hic iso lation  o f m efenam ic acid.

M e t h o d

Sep aration  is obtained  by con tro llin g  the or­
gan ic so lu b ility  o f the ion-paired  drug. A n al­
kaline  solu tion  o f th e  drug is ion-p aired  by 
adding excess rc-Pr4N O H , w h ich  is m ixed  w ith  
a solid  ad sorbent and placed atop an o th er ad-
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Table 4. Standard recoveries of mefenamic acid 
solutions

Sample, mga Ree., mg Ree., %

6.418 6.363 99.14
6.383 99.45
6.315 98.40
6.390 99.56
6.390 99.56

5.028 4.998 99.40
4.985 99.14

4.990 4.843 97.05
4.958 99.36

Av. ± SD 99.01 ±0.82

a Amount (mg) mefenamic acid (actual) placed on 
column.

sorbent layer co n tain in g  a p recisely  know n 
quan tity  o f p airin g  ion . The colu m n is then  
p rew ashed  w ith  ch loroform  diluted  w ith  su ffi­
c ien t isooctane to reduce D to less than  0.01, a 
valu e w h ich  in  th is case corresp onds to 33% 
ch loroform  in  the prew ash. Excip ients w hich  
could p roduce spectral in terferen ces  are thus 
rem oved. The drug is retained  in  the bottom  
(trap) layer. F in a lly , a m ore polar so lv en t, pure 
ch loro form , increases D su ffic ien tly  to perm it 
e lu tion  o f the ion-p air from  the colum n in to  a 
v o lu m etric co llecto r co n tain in g  a q uan tity  o f 
strong acid. HC1, dissolved in  m ethanol to give 
it m iscib ility  w ith  ch loroform , breaks up the 
io n -p air w hose spectrop h otom etric prop erties 
d iffer from  the free acid. M efenam ic acid is then 
d eterm ined  sp ectrally  in  ch loroform  solu tion  
w ith o u t spectral in terferen ce .

M inim um  effo rt in  sam ple preparation  is rec­
om m ended. C apsule con ten ts rapid ly d issolve 
once the gelatin  capsule has d isintegrated. Tw o 
hours or less of m echanical shaking or 30 m in in 
an u ltrason ic  bath is su fficien t. A fter several 
hours, so lu tions turn  from  yellow  to b rig h t or­
ange. Excessive m echanical shaking or ul- 
traso n ificatio n  results in  an acceleration  o f the 
color change. Som e sam ples gave low  yields 
after th is transform ation . A w h ite  precip itate, 
thou ght to be TiC>2 , m ay be rem oved w ith  a 6 pm 
filte r  o r allow ed  to settle  out befo re  sam pling. 
P resen ce or absen ce o f the  p recip itate  had no 
e ffect on yields.

T ables 4 and 5 record  the results o f recoveries 
o f the standard and assays o f com m ercial cap­
sules, resp ectiv ely . R ecoveries o f the  standard 
averaged 99.01 ±  0.82%  fo r 9 d eterm ination s 
taken  from  3 d ifferen t so lu tions prepared  at

Received May 19,1982. Accepted February 14, 1983.

Table 5. Duplicate assays of 4 separate mefenamic acid 
capsule9  solutions

Sample, 5.00 mg6

Found, mg
Percent of label 

claim

4.67 93.4
4.75 95.0
4.95 99.0
4.99 99.8
4.90 98,0
4.90 98.0
4.66 93.2
4.66 93.2

3 250 mg mefenamic acid/capsule. 
b  Amount (mg) mefenamic acid (per label claim) placed on 

column.

d ifferen t tim es over a period  o f several w eeks. 
D uplicate assays of 4 separate capsule solu tions 
w ere made. A lth ou gh  results varied  betw een  
solutions, the variation w ithin the duplicates was 
sm all to nil.
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Sulfisoxazole in Dosage Forms: Collaborative Study

ROBERT W. ROOS
Food and Drug Administration, 850 Third Ave, Brooklyn, N Y  11232

Collaborators: L. R. Alexander; N. Falcone; J. Lepore; G. D. Mack; J. Marzilli;
R. Muzeni; A. N. Papas

A reverse phase high pressure liquid chromato­
graphic method for the determination of sulfisoxa­
zole in tablets, solution, and ointment dosage forms 
was collaboratively studied by 7 laboratories. The 
method uses a Cis column, an acetonitrile-acetic 
acid-water mobile phase, sulfadimethoxime as the 
internal standard, and photometric detection at 254 
nm. Collaborators were supplied samples of 2 
commercial tablets, 1  synthetic tablet powder, 1 
commercial and 1  synthetic ophthalmic solution, and 
1 commercial ophthalmic ointment. Mean recoveries 
of sulfisoxazole from the synthetic tablet powder and 
ophthalmic solution were 99.9 and 100.0%, respec­
tively. Mean coefficients of variation for all samples 
analyzed were less than 2%. The method was 
adopted interim official first action.

P rior w ork from  th is laboratory resulted  in  a re ­
verse p hase h ig h  pressu re liqu id  chrom ato­
grap hic (H PLC ) m ethod  fo r the  assay o f su lfi­
soxazole in  dosage form s (1). Results obtained  
w ith this H PLC m ethod show ed good agreem ent 
w ith  those by th e titrim etric  and colorim etric  
m ethod s o f U.S. Pharmacopeia XX (2). Because 
the H PLC  m eth od  is s tab ility -in d ica tin g  and  o f­
fers a w id er ap p licab ility  and greater con v e­
n ien ce  in  th e  analysis o f su lfisoxazole in  dosage 
form s, a co llaborativ e  study w as undertaken . 
Som e m inor m odifications w ere introduced into 
the o rig in a l m ethod, how ever, i.e ., th e  in tern al 
standard  w as changed  from  su lfaben zam ide to 
su lfad im ethoxin e to im prove its resolu tion from  
the analyte , and  the fin a l d ilu tio n  o f the  sam ple 
w as d one w ith  m obile  p hase rather than  w ith  
m eth an o l to preclu d e sam ple so lv e n t-m o b ile  
phase overload  d u rin g  the d evelop m ent.

Collaborative Study
C ollaborators from  7 laboratories received  6 

sam ples con sistin g  o f 4 com m ercial and 2 syn-

This report of the Associate Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the Associate Referee was approved 
by the General Referee and Committee B and was adopted by 
the Association. See f.  Assoc. O ff. A na l. Chem. (1983) 66, 539- 
540.
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thetic form ulations, and w ere requested to assay 
each of them  in duplicate. Each collaborator was 
supplied  the theoretical average w eight o f the 
syn th etic  tablet pow der, so that values could be 
reported  as m g /tab let. T he collaborators w ere 
also furnished  an instruction sheet, a copy of the 
m ethod, and rep orting  form s. N o restriction  
was placed on the source of the chrom atographic 
colum n needed  in the study.

Sulfisoxazole in Tablets, Solutions, and 
Ointments

Liquid Chromatographic Method 
Interim Official First Action

37.D06 P rin c ip le

Sulfisoxazole con ten t o f tablets, solns, and 
o in tm en ts is detd by reverse phase H PLC  using 
ternary aq. m obile  phase, U V d etection  at 254 
nm , and su lfad im ethoxin e as in ternal std.

37.D07 A pparatu s

(a) Liquid chromatograph.— D uPont M odel 841 
solv. pum p equipped w ith 254 nm  detector (E. I. 
d uP ont de N em ours and Co.), 10 pL in jection  
valve (Valeo Instrum en ts Inc., PO  Box 55603, 
H ouston, TX 77055), and M odel 3380A integrator 
(H ew lett-Packard). Equiv. H PLC system  and 
strip  chart record er m ay be used.

(b) Chromatographic column.— Stain less steel, 
30  cm X 3.9 mm id, packed w ith  10 pm /uBonda- 
pak C j8 (W aters A ssociates, Inc.) or equiv. m eet­
in g  approp riate H PLC system  su itab ility  re ­
quirem ents.

37.D08 R eag en ts

(a) Solvents.— UV grade M eO H  and «-heptane 
(Fisher S cien tific  Co., or equiv.), and acetonitrile 
(B u rd ick  & Ja ck so n  L ab orato ries , In c ., o r 
equiv.).

(b) Mobile phase.— A ceto n itrile -a ce tic  ac id - 
H 2O (30 +  1 +  69); flow  rate 2.0 m L /m in . R e­
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ten tio n  tim es: su lfisoxazole, ca 4 m in ; in tern a l 
std, ca 5.5 m in. Vary ratio of aceton itrile  to H 20  
to m eet H PLC  system  su itab ility  requ irem ents. 
Increased  aceto n itrile  decreases re ten tio n  tim e.

(c) Internal std soln.— D issolve 80 m g U SP Ref. 
Std S u lfad im eth ox in e in  M eO H  and d il. to 100 
m L w ith  M eO H .

(d )  Sulfisoxazole std soln (5.0 mg/100 mL) .— 
Transfer 100 m g accurately w eighed U SP Ref. Std 
Sulfisoxazole (previously dried 2 h at 105°) to 100 
m L vol. flask  and dil. to vol. w ith  M eO H . 
Transfer 5.0 mL aliquot to 100 mL vol. flask contg
5.0 m L in tern a l std soln , dil. to vol. w ith  m obile  
phase, and m ix.

37.D09 S a m p le  P rep ara tion

( a )  Tablets. — Det. av. w t and grind  to pass No. 
60 sieve. T ransfer accu rately  w eighed  p ortion  
of powd. equiv. to 500 m g sulfisoxazole to 100 mL 
vol. flask , add 25 m L M eO H , stopper, m ix on 
m ech. shaker 30 m in , d il. to vol. w ith  M eO H , 
m ix, and filter. T ransfer 20.0 mL aliqu ot o f f i l ­
trate to 100 m L vol. flask and dil. to vol. w ith  
M eO H . T ransfer 5.0 m L aliqu ot to 100 m L vol. 
flask con tg  5.0 m L in tern a l std soln , d il. to vol. 
w ith  m obile  phase, and m ix.

(b) Liquids (injections and ophthalmic solns) .— 
A ccurately  transfer vol. o f  dosage form  con tg  ca 
200 m g sulfisoxazole to 200 mL vol. flask and dil. 
to vol. w ith  M eO H . T ransfer 5.0 m L aliqu ot to 
100 mL vol. flask con tg  5.0 mL in tern a l std soln , 
d il. to vol. w ith  m obile  phase, and m ix.

(c) Ointments.— T ransfer accurately  w eighed  
am t o f sam ple (S) contg ca 50 m g sulfisoxazole to 
125 m L separator con tg  50 m L «-h ep tan e , shake 
to d isperse o in tm en t, and  ext, w ith  three  25 mL 
portions o f M eO H -H 20  (2 +  1), passing each ext 
con secu tiv ely  thru  second 125 m L separator 
con tg  50 m L «-h ep tan e . C ollect exts in  100 mL 
vol. flask and dil. to vol. w ith  M eO H . T ransfer
10.0 mL aliquot to 100 m L vol. flask contg 5.0 mL 
in tern a l std soln , dil. to vol. w ith  m obile  phase, 
and m ix.

37.D10 D eterm in a t ion

Equilibrate colum n w ith  m obile phase at flow  
rate o f 2 mL / m in. M ake 3 replicate in jections of 
su lfisoxazole std soln. U sing e ith er peak area or 
peak h t m easurem ents, fo r each in jectio n  det. 
response ratio of sulfisoxazole to internal std. In 
su itable system , capacity factor, k', fo r su lfisox­
azole should  be 1 .0 -3 .0 ; reso lu tion  factor, R , for 
su lfisoxazole peak and in tern a l std peak should  
be > 1 .5 ; and co effic ien t o f v ariation  o f response

ratio for 3 replicate in jections each of sample and 
sulfisoxazole std w orking solns should be < 2 .0 %. 
W hen chrom atgc requ irem ents are m et, m ake 
a ltern ate  in jectio n s o f std and sam ple solns, and 
det. response ratio for each. R etention  tim es for 
su lfisoxazole and in tern a l std m ust be sam e for 
sam ple and std soln  in jections.

37.D11 C alcu la tion s

Calc, con ten t o f sulfisoxazole in  dosage form  
as follow s:

Tablets: m g /ta b le t

=  (RR/RR') X C X (T /S ) X 100

Solns: m g /m L  =  (RR/RR') X (C/V) X 40

O intm ents: m g /g  =  (RR/RR') X (C/S) X 10

w h ere  RR and RR' = response ratio  o f sam ple 
and std solns, resp.; C =  amt sulfisoxazole in  100 
m L fin al std soln , m g; T = av. tab let w t, g ; S = 
sam ple w t, g; and V =  vol. so ln  taken , mL.

Results and Discussion
T he collaborators w ere d irected  to use a Cis 

colu m n m easuring 2 5 -3 0  cm long X 4 .0 -4 .6  mm  
id, and w ere perm itted to vary the proportion of 
aceto n itrile  to allow  capacity and reso lu tion  
system  su itab ility  requ irem ents to be m et. The 
collaborators w ere requested  to use peak h e ig h t 
in  the  calculations. H ow ever, 4 o f th e  7 co llab ­
orators chose to m easure peak areas, using an 
electro n ic  in tegrator.

Table 1 summ arizes the HPLC conditions used 
by the 7 collaborators. N one of the collaborators 
reported any problem s w ith  the proposed H PLC 
m ethod  and n o n e o ffered  su ggestions fo r p ro­
cedural changes. A chrom atogram  of a standard 
m ixture o f su lfisoxazole and su lfad im eth ox in e, 
the in tern a l standard, obtained  d uring  th e col­
laborative study is show n in Figure 1. The small 
peak retained  at about 1.5 m in  was due to the 
presence of m ethanol in  the sam ple solu tion  but 
n o t in  the  m obile  phase.

The quantitative data subm itted  by the 7 col­
laboratin g  laboratories a long w ith  th e  average 
con cen tratio n , average p ercentage o f declared, 
standard d eviation , and co effic ien t o f variation  
for each of the samples are show n in  Table 2. A ll 
assay results w ere obtained  in  d uplicate except 
those of co llaborator F, w ho subm itted  a s in g le  
resu lt for the  syn th etic  tab let pow der. T h ere ­
fore, the statistical data for this sam ple are based 
on 13 m easurem ents, com pared w ith  14 for the
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Table 1. HPLC conditions of collaborative study for sulfisoxazole

Coll. Column
Mobile phase

(acetonitrile-acetic acid-water) k 13 R b

Calcn
mode

A /¿Bondapak
Ci8

25 + 1 + 74 1.3 2.7 peak area

B Ultrasphere
ODS

30 + 1 +69 2.1 3.0 peak ht

C Whatman
ODS-3

36 + 1 + 6 3 2.4 3.2 peak area

D /jBondapak
Cl8

25 + 1 + 74 2.2 2.6 peak area

E jtBondapak
Cl8

28 + 1 + 71 2.0 2.5 peak ht

F ¿iBondapak
Cl8

30 + 1 +69 3.9 2.8 peak area

G /xBondapak
Ci8

30 + 1 + 6 9 2.0 3.2 peak ht

3  Capacity factor for sulfisoxazole.
b  Resolution factor of sulfisoxazole and sulfadlmethoxine internal standard.

o th er 5 form ulations. R ecoveries o f su lfisoxa­
zole from  the synthetic tablet pow der (99.9%) and 
from  th e sy n th etic  so lu tion  ( 1 0 0 .0 %) w ere ex­
ce llen t. T he corresp on d in g  co effic ien t o f v ari­
ation  valu es fo r these 2 sam ples w ere 1.34 and
1.98% , resp ectiv ely . A lth ou gh  no syn th etic  
o in tm en t sam ple was subm itted  to collaborative

study, an earlie r intralaboratory evaluation o f 
th is form ulation  (1), using the orig inal HPLC 
m ethod, y ield ed  results w hich  w ere w ith in  1 % 
o f those obtained  by the colorim etric m ethod of
U.S. Pharmacopeia XX (2). The two 500 mg com ­
m ercial tab let sam ples, the 40 m g /m L  com m er­
cial op hth alm ic solu tion , and the 40 m g /m L

Table 2. Collaborative results of the HPLC determination of sulfisoxazole

Formulations

Synthetic Commercial

Coll.
Powder,

mg/tab.3
Solution,
mg/mLb

Tablet 1, 
mg/tab.c

Tablet 2, 
mg/tab.c

Solution,
mg/mld

Ointment,
mg/ge

A 506.1 40.0 521.2 511.1 41.1 41.4
505.1 40.2 521.7 511.8 41.5 41.2

B 505.1 40.6 511.5 501.5 42.4 41.9
506.0 40.6 510.9 503.1 42.5 42.5

C 489.9 40.5 504.0 489.5 42.3 42.3
490.8 40.5 499.2 487.0 42.3 42.4

D 488.3 37.8 498.7 486.2 41.1 40.9
493.6 39.1 499.8 488.1 40.9 41.0

E 504.1 39.7 506.8 501.9 42.1 41.5
505.4 39.7 502.0 506.6 41.8 41.3

F 498.3 40.7 508.2 503.3 41.9 40.8
NS» 40.7 502.8 506.5 41.5 40.9

G 499.0 40.1 516.1 500.0 41.8 41.5
500.3 40.3 509.5 497.5 41.7 41.9

Av. 499.4 40.0 508.0 499.6 41.8 41.5
Av. % of deci. 99.9 100.0 101.6 99.9 104.5 103.8
SD 6.690 0.792 7.660 8.730 0.513 0.579
CV, % 1.34 1.98 1.51 1.75 1.23 1.40

3 Formulated to contain 500 mg/0.6344g. 
b Formulated to contain 40 mg/mL. 
c Declared 500 mg/tab. 
d  Declared 40 mg/mL. 
e Declared 40 mg/g.
'  NS = not submitted.
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1

Minutes
Figure 1. Chromatographic separation of 1, sulfi- 

soxazole, and 2, sulfadimethoxime.

com m ercial op hth alm ic o in tm en t w ere show n 
to have co effic ien ts  o f v ariation  in  the range
1.23-1.75%.

Recommendation
T h e selectiv ity  o f the  H PLC  m ethod collabo- 

ratively  evaluated in  the p resent study is such 
that su lfisoxazole can be d istin gu ished  from  19

o th er su lfonam id es hav ing  d ifferen t capacity 
factors (1). Based on  th is selectiv ity  and on the 
collaborative results, the A ssociate R eferee  rec­
om m ends that the  H PLC m ethod proposed  for 
the  d eterm ination  o f su lfisoxazole in  tablets, 
solutions, and ointm ents be adopted official first 
action.

Acknowledgments
T he A ssociate R eferee  thanks Cesar A. Lau- 

Cam , Science A dvisor, Food and D rug A dm in­
istration , N ew  Y ork R egional Laboratory, and 
Professor o f P harm acognosy , St. Jo h n 's  U n iv er­
sity , C ollege o f Pharm acy and A llied  H ealth  
Professions, Jamaica, N Y, for his assistance in  the 
preparation o f th is paper, and the fo llo w in g  
collaborators w ho participated  in  th is  study: 

N icholas Falcone, Food and D rug A d m in is­
tration , P h ilad elp h ia , PA 

A ndrew  N. Papas, Food and D rug A d m in is­
tration , W inchester, M A

Leland R. A lexander, Food and D rug A dm in­
istration , C in cin n ati, O H

G eorge D. M ack, Food and D rug A d m in istra­
tion , Baltim ore, M D

Jo h n  R. M arzilli, Food and D rug A dm inistra­
tion , Boston, MA

Josep h  Lepore, H offm ann-La R oche, Inc., 
N utley, N J

Richard  M uzeni, Food and D rug A d m in istra­
tion , B rooklyn , N Y

Referen c es

(1) Roos, R. W. (1981) /. Assoc. Off. Anal. Chetn. 64, 
851-854

(2) U.S. Pharmacopeia (1980) 20th Rev., U.S. Pharma- 
copeial Convention, Inc., Rockville, MD, pp. 
734-754



1186 RAO & SONI: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 5, 1983)

Separation and Identification of Phencyclidine and Some of Its 
Analogs
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l-(l-Phenylcyclohexyl)piperidine (PCP) and 9 of its 
analogs have been separated and identified by using 
thin layer chromatography, high performance liquid 
chromatography (HPLC), gas chromatography-mass 
spectrometry (GC-MS), and infrared spectroscopy 
(IR). Spectral and chromatographic characteristics 
are discussed in terms of the structural variations 
observed in these compounds. Some compounds 
decomposed on the GC column; the HPLC procedure 
is a helpful substitute. A tentative scheme is pro­
posed for the fragmentation of the major ions ob­
served in the mass spectra. The effect of substitution 
on the IR spectra of the analogs was investigated.

O f all the  drugs that are c lan d estin ely  sy n th e­
sized, p h en cy clid in e  (l-( l-p h e n y lcy c lo h e x y l)-  
p iperidine; PCP; Figure 1) has becom e one of the 
m ost com m only encountered  by the forensic 
chem ist. T he drug, orig inally  m arketed in  1958 
as an anesthetic under the trade nam e Sernylan® 
(C I-395) by  Parke, D avis and Co. in  th e  U nited  
States, was w ithdraw n in 1967 and it is presently 
con tro lled  un der Sch ed u le  II of th e  U .S. federal 
C on tro lled  Substances Act. S in ce  th en  it has 
b een  seized  in  various form s, capsules, tablets, 
w h ite  pow der, etc. It is very o ften  sprayed on 
p arsley  flakes and o th er vegetab le m atter. T he 
relatively sim ple synthesis ( 1 ) may be one reason 
for its preponderance in  the illic it  drug m arket. 
H ow ever, the  p o in t of con cern  arises due to the 
reported  psychic d isturbances caused by the 
drug, w h ich  are m ore com plicated  and  bizarre 
than  for m ost drugs know n to date and  yet are 
least understood (2). R ecen tly , how ever, the 
drug scene p erta in ing  to PCP has becom e m ore 
com plex. Law  en fo rcem en t laboratories in  the 
U nited  States have b een  rep orting  seizures in ­
volving various analogs o f PCP (U.S. D epartm ent 
o f Ju stice , D rug E nforcem ent A d m in istration , 
W ash ington , D C, private com m u nication); this 
laboratory has also been  receiv ing an increasing 
num ber of subm issions involv ing  the analogs of 
PCP.

D ue to th e ir  h igh  potential abuse and lack of 
accepted m edical use, a num ber of the analogs of

Received July 8, 1982. Accepted February 14, 1983.
This paper was presented at the 95th Annual Meeting of the 

AOAC, Oct. 19-22,1981, at Washington, DC.

PC P have recen tly  b een  added to the list o f sub­
stances inclu d ed  in  the C on trolled  Substances 
Act. Table 1 lists the names of these analogs and 
th e ir  federal sched ules; structures are show n in 
Figure 1.

T h ere  have b een  som e earlier reports on the 
identification of PCP and its analogs (3, 4). M ost 
o f th e  recen t p u blications have d ealt w ith  the 
problem  o f id en tifica tio n  and q u an titation  of
1-p ip erid inocycloh exane carb on itrile  (PCC), a 
contam inant found in  PCP, and w hich  is know n 
to be resp onsib le for m any o f the reported  fa­
talities associated  w ith  the drug (5 -1 0 ). It has 
been know n for som e tim e that PCC decomposes 
during th in  layer chrom atographic (TLC) and gas 
chrom atographic (GC) analysis (5). Lately, there 
have been  reports w h ich  ind icate that PC P also 
undergoes m inor decom p osition d uring  GC 
analysis (10). H ow ever, the  th ien y l analogs 1- 
(l-(2 -th ie n y l)cy c lo h e x y l)p ip e rid in e  (T C P ), 1- 
(l-(2-th ienyI)cyclohexyl)pyrrolid ine (TCPy), and
l-( l-(2 -th ie n y l)c y c lo h e x y l)m o rp h o lin e  (TC M ) 
all decom pose consid erably  on the GC colum n
(11). Thus, som e o f the sh o rt re ten tio n  tim es 
reported  earlier (3, 4) for the  th ien y l analogs in  
re latio n  to th e ir  p hen yl counterparts have b een  
show n to be due to the form ation  o f l - ( 2 -th i- 
en y l)cy clo h exen e  as a resu lt of therm al d ecom ­
position  ( 1 1 ).

To circu m vent the problem  of d ecom p osition  
u n d er GC con d itions, h ig h  p erform ance liqu id  
chrom atography (H PLC) has b een  used w ith  
advantage in  this investigation  to separate and 
id en tify  th e  heat-lab ile  th ien y l analogs as w ell 
as the phenyl analogs. A survey o f the literature 
revealed  no p u blication  on  the analysis o f PCP 
analogs by using H PLC; how ever, a few  p u b li­
cations (1 2 ,1 3 )  deal w ith  the sep aration o f on ly  
PC P from  o th er drugs by this tech nique.

A lth ou gh  G C -m ass spectrom etric (G C -M S) 
and infrared (IR) data on the PCP analogs studied 
in  this m anuscript have been  published by o ther 
w orkers (3, 4), w e fe lt that it w as w o rth w h ile  to 
re-exam in e th e ir  fin d in g s to see if  a com pre­
h en siv e  m ethod ology could be d eveloped  for 
positive id en tifica tio n  from  a forensic  stand ­
point. S ince the analogs studied are structurally 
related , they provided  a unique op p ortu nity  to
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exam ine the influence o f structural variations on 
th e sp ectroscopic and  chrom atograp hic charac­
teristics. A ten tative  schem e to exp lain  the fo r­
m ation  o f m ajor ions in  th e  mass spectra o f the 
PC P analogs is proposed. The in frared  spectra 
o f the  analogs w ere studied to find  a reg io n  that 
could  be used fo r quick com parison and id en ti­
fica tio n  o f an unknow n sam ple. Fu rth er, TLC, 
u ltrav io let (U V ), and GC tech n iq u es w ere also 
used to d eterm ine w h eth er they could  b e  used 
for prelim inary screening and separation of these 
com pounds.

M E T H O D
Reagents

(a) Sample standards. — PCP hydrochloride was 
obtained  from  the U .S. Pharm acopeial C o n v en ­
tion , Inc., R ockv ille , M D 20852. A ll o th er ana­
logs w ere obtain ed  from  th e N ational Institu te  
on  D rug A buse (N ID A ), R ockv ille , M D . A ll 
com pounds o th er than  PCC w ere in  h y d roch lo ­
ride form .

(b )  TLC solvents.— A ll Spectro grade un less 
o therw ise specified .

(c) TLC solvent system.— (1). M e th a n o l-  
am m onia (100 +  1.5 v /v ). (2). B en z en e-a ce - 
to n e -p y rid in e  (16 +  8 +  1  v /v /v ) .

(d) TLC spray reagents.— (1). Iod op latin ate 
reagent: M ix 0.6 m L 10% platinum  ch lorid e  so­
lu tion  (F isher S cien tific  C o.) w ith  150 m L aque­
ous K I (3 .6  g). D ilu te  w ith  equal vo lu m e of 
m eth anol. (2). N in h y d rin  reagen t: Prepare 
0.8% (w/v) solu tion  o f n in h y d rin  (Baker A na­
lyzed  R eagent) in  acetone. S tore  b o th  spray re­
agen ts in  am ber bottles.

(e) HPLC solvents.— M eth an o l (H PLC  grade, 
Burdick & Jackson Laboratories, Inc., M uskegon, 
M I 49442), aceto n itrile  (H PLC  grade, W aters 
A ssociates, M ilford , M A  01757), d istilled  w ater. 
F ilter all solvents throu gh  0 .45 pm  M illip o re  
filter.

(f) HPLC buffer.— 0.01M  1-hep tanesu lfon ic  
acid  sodium  salt (Eastm an K odak Co.) in  com bi­
nation  w ith  N ,N -d im eth y l-N -o cty lam in e (0.1%

Table 1. Analogs of PCP with their abbreviations and U.S. federal schedules

C o m p o u n d A b b reviatio n
F e d e ral

sc h e d u le

l-( l-P h e n y lc y c lo h e x y l)p ip e r id in e P C P h

l -( l -P h e n y lc y c lo h e x y l)p y r r o lid in e P C P y i
1 -( 1 -P h e n y lc y c lo h e x y l)m o rp h o lin e PCM —
1 -P h e n y lc y c lo h e x y la m in e P C H ii
N -E th y l 1 -p h e n y lc y c lo h e x y la m in e P C E i
1 -P ip e r id in o c y c lo h e x a n e  ca rb o n itr ile P C C n
l-( l-( 2 -T h ie n y l) c y c lo h e x y l) p ip e r id in e T C P 1
1 ( l-(2 -T h ie n y l)c y c lo h e x y l)p y rro lid in e T C P y —
l-( l-( 2 -T h ie n y l) c y c lo h e x y l) m o r p h o lin e T C M —
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v /v ) (ICN  Pharm aceuticals Inc.) and glacial acetic 
acid (1% v /v )  for use w ith  Su p elcosil LC-18 col­
um n, filtered  throu gh  0 .45 p m  M illip o re  filter.

(g) HPLC mobile phase.— 27% o f a ce to n itr ile - 
m eth anol (80 +  2 0  v /v )  so lv ent m ixture unless 
otherw ise specified, com bined w ith H PLC buffer 
autom atically  in  re feren ce  m an ifo ld  o f M odel 
6000A  pum p accord ing to the  con d itions set on 
M odel 660 solvent program m er (W aters A sso­
ciates).

A pparatu s

(a) UV— visible spectrophotometer.— U n icam  
SP 8000 w ith  1 cm silica  cells.

(b) TIC plates.—20 X 20 cm  or 5 X 10 cm, 
coated w ith  silica gel (E. M erck, D arm stadt, 
GFR).

(c) Liquid chromatograph.— W aters A ssociates, 
equipped w ith  M odel 660 solv ent program m er, 
M odel 6000A  d elivery  system , M odel U 6 K in ­
jector, M odel 440 fixed  w av elen g th  (254 nm ) 
d etector con nected  in  series w ith  M odel 450 
variable w av elength  d etector operated  at 262 or 
235 nm  and used in  con ju n ctio n  w ith  10 m v re­
corder (H ouston Instrum ent, A ustin , TX 78753); 
quartz flow  cells each w ith  flu id  volu m e o f 8 

pL.
(d) Prepared HPLC columns. — 150 m m  X 4.6 

m m  id, 5 p m  particle  size, Su p elcosil LC -18 (Su- 
pelco, In c., B elle fon te , PA 16823).

(e) Gas chromatograph.— H ew lett-P a ck a rd  
(A vondale, PA 19311) M odel 5880A  equipped 
w ith  glass colu m n (60 cm X 2 mm id) packed 
w ith  2% O V -101 on 1 0 0 -1 2 0  m esh C hrom osorb 
W H P, and FID  d etector. Set in jecto r and d e­
tector at 250 and 300°C , resp ectiv ely ; heliu m  
carrier gas at 30 m L /m in .

(f) Gas chromatograph-mass spectrometer (GC- 
MS) .— V arian A erograp h Series 1400 gas ch ro ­
m atograph interfaced  w ith  D u Pont 21-490 mass 
sp ectrom eter using an all glass je t separator; 
ionizing voltage 70 eV, ion source 2 5 0 °C, transfer 
lin es  3 0 0 °C ; n ickel colu m n (180 cm X 2 m m  id) 
packed w ith  3% O V-1 on  8 0 -1 0 0  m esh Supelco- 
port; rem ain in g  con d ition s o f in jecto r and d e­
tector tem peratures in clu d in g  heliu m  flow  rate 
sam e as in  (e).

(g) Infrared spectrometer.— P erk in -E lm e r 
M odel P E257 gratin g  IR. Record  spectra of 
sam ples in  form  o f K Br pellets.

P roced u res

Prepare solution con tain in g  PCP (ca 1 m g/m L  
m eth anol) and  each o f its analogs for TLC, GC, 
and G C-M S studies. For H PLC , d issolve 5 -7

m g/m L  water. Centrifuge each sample solution 
befo re  use.

TLC analysis. — A pply 5 -1 0  pL sam ples on 2 
separate TLC plates u sing a 10 pL pipet. A ir-dry 
sam ples w ithou t ap p lying  heat, befo re  p lacing 
plates in  respective solvent cham bers. D evelop 
one p late in  so lv ent system  1  and the o th er in 
so lv en t system  2 , un til solvent fro n t reaches ca 
2 cm b elow  top edge o f plates. H eat plates 10 
m in in 110°C  oven. Spray both plates w hile still 
w arm  using  iodop latinate reagent. N ote colors 
and m easure Rf. Repeat TLC procedure w ith  
second set o f 2  plates, and use n in h y d rin  
spray.

HPLC analysis.— A fter p rim ing pum ps to re ­
m ove bubbles from  system , equ ilibrate  colu m n 
(ca 15 m in) w ith  m obile  phase o f desired  com ­
position at rate o f 2 m L /m in . For each analysis, 
use chart speed at 5 m m /m in . Set variable 
w av elen g th  d etector at 262 or 235 nm ; fixed 
w av elen g th  d etector is alw ays at 254 nm . O p­
erate H PLC colum n at room  tem perature. In ject 
in  duplicate clear sample solutions of each analog 
onto  colu m n w ith  m obile  phase flow  rate o f 2  

m L /m in . M easure absorbance peak heigh ts for 
each sam ple at 2 pairs o f w av elengths (254 and 
262 nm ; 254 and  235 nm ). Record absorbance 
peak ratios as (2 5 4 /2 6 2  nm ) and (2 5 4 /2 3 5  nm ), 
and reten tio n  tim es for all analogs.

C olum n eluate may be collected  to recover 
pure PCP or its analogs for fu rther characteriza­
tion  by G C -M S or IR.

GC and GC-MS analyses.— Separately in ject 2 -3  
pL PC P and each o f its p hen yl analogs onto the 
n ickel or glass colum n w ith  tem perature p ro­
gram m ing from  100 to 200°C  at rate o f 1 0 ° /m in . 
Record reten tio n  tim e as w ell as mass spectrum  
corresponding to each peak. For thienyl analogs 
(TCP, TC Py, and TCM ), separated on glass co l­
um n, set in itia l oven  tem perature at 120°C  in ­
stead o f 100°C  as above. To separate th ien y l 
analogs on n ickel colum n, in ject 3 0 -4 0  pL S ily l 
8® w ith  oven tem perature held  5 m in  at 150°C  
befo re  in jectin g  sam ple.

R esu lts  and D iscu ssio n  

UV Spectroscopy
A ll p h en yl analogs except PCC absorb in  the 

UV region around 2 5 1 ,2 5 7 ,2 6 2 , and 268 nm  w ith 
m axim um  absorbance at 262 nm  in  0.1N  H 2S 0 4; 
the 3 th ien y l analogs each show  one broad band 
at 232 nm . Thus, the U V absorbance spectrum  
can only distinguish the phenyl from  the thienyl 
class o f com pounds. The band at 232 nm  for 
th ien y l analogs is m uch m ore in ten se  than  the
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p h en yl absorp tion  bands. T he 20-fo ld  increase 
in  the extin ctio n  co effic ien t o f th ie n y l com ­
pounds observed  earlier (3) m ay be partly  ex­
p la in ed  due to the  in teractio n  o f the  lo w -ly in g  
d orb itals located on the su lfu r atom  in  the h e t­
erocyclic  ring  (14).

T hin  L ay er  C h ro m a to g ra p h y

Tw o solv en t system s w ere used for TLC sepa­
ration o f PCP and  its analogs. A lth ou gh  TLC 
solvent system  1  has been  used for a long tim e in 
forensic  laboratories and is su itable for m ost n i­
trogenous bases (15), it  has n o t b een  used in 
co n n ectio n  w ith  PCP analogs. H ow ever, TLC 
so lv en t system  2  w as rep orted  earlier in  the  lit ­
erature to d etect con tam ination  o f PCC in  PCP 
(5). PCC is know n to e lim in ate  a m olecu le  of 
H CN  to form  an enam ine w hen subjected to heat, 
as by ap p lying  the sam ple on a w arm  TLC plate 
or on the GC system . D ue to its therm al insta­
b ility , som e o f the  earlier TLC studies (3, 4, 9) 
reported  vastly d ifferen t R( values fo r PCC.

T able 2 lists the  R f values in  the 2 so lv ent sys­
tem s used, and the colors obtained  on  sp raying 
the plates separately w ith  2  sprays, iodoplatinate 
and ninhydrin . Solvent system  1 appeared to be 
b etter overall for a ll analogs except PCC, w hich  
show ed con sid erable  streaking in  th is system . 
Solvent system  2, how ever, is best suited for PCC 
and also fo r 4  o th er analogs (Table 2). T he n in ­
h y d rin  spray seem s to be a b etter v isu aliz in g  
agent, at least qualita tiv ely ; it gave spots of 
varying  color and  in ten sity  com pared w ith  io ­
doplatinate spray. T he d ifferent colors or shades 
o f a g iv en  color observed  w h ile  using the n in ­
hy d rin  spray are particu larly  h elp fu l in  d istin ­
gu ish in g  PCP from  1-p h en ylcy clo h exy lam in e 
(PC H ), and  TCP from  TCM , sin ce  th e ir  separa­
tion  in  so lv ent system  1 is poor. It m ay be em ­
phasized here that o ther investigators (3 ,4 )  have

MINUTES
Figure 2. GC separation of PCP phenyl analogs on 

3% OV-1 nickel column.

rep orted  a variety  o f TLC system s fo r the  sep a­
ration  o f p h en yl and th ie n y l analogs.

G as C h ro m a to g ra p h y

Figu re 2 show s gas chrom atograp hic separa­
tion  on a 3% OV-1 n ickel colu m n for th e  p hen yl 
analogs in clu d in g  PCC. The re ten tio n  tim e as 
w ell as the mass spectrum  o f PCC is con sisten t 
w ith  the decom posed en am in e  w h ich  show ed 
base peak at m /z  165 corresp on d ing to its m o­
lecu lar ion. U n lik e  th e p h en y l analogs, th e ir  
th ien y l counterparts are very suscep tib le to 
therm al decom position during GC separation (3,
11). A ll 3 thienyl analogs (TCP, TCPy, and TCM ) 
decom posed com p letely  on a n ick e l colum n ir­
resp ective o f the colum n p acking  m aterial used 
(3% O V-1 or 2% O V -101), but a con sid erable

Table 2. Thin layer chromatography of PCP and Its analogs *

Compound

Rf
Color with 
ninhydrin

Color with 
iodoplatinateSystem 1 System 2

PCP 0.55 0.41 grey blue-grey
PCPy 0.31 — dull purple blue-grey
PCM 0.68 — — blue-grey
PCH 0.50 — faint grey bleached
PCE 0.44 — faint grey blue-grey
TCP 0.63 0.42 purple blue-grey
TCPy 0.48 0.27 blue-purple blue-grey
TCM 0.69 0.60 pink blue-grey
PCC 0.75 0.66 deep purple bleached

Blanks Indicate inconsistent R f values due to streaking or indistinct color.
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Figure 3. GC separation of PCP thienyl analogs on 
2% OV-101 glass column.

am ount of the undecom posed  com pound is de­
tected  on a glass colum n. T h is p roblem , h ow ­
ever, is overcom e by in jectin g  3 0 -4 0  pL S ily l -8  

onto the packed n ickel colum n befo re  in jectin g  
the sam ple. Figure 3 show s the GC sep aration 
o f th e  th ien y l analogs on the 2% O V -101 glass 
colum n. T he sep aration of these 3 analogs, a l­
though excellent, does not perm it distinguishing 
them  from  th eir p h en yl cou nterp arts under the 
sam e GC con ditions because the re ten tio n  tim e

for each p hen yl analog is lo n g er by about 0.25 
m in . S im ilar results have been  reported  in  the 
literatu re  (3, 4, 9) w here lo n g er colu m ns and 
varying phases and operating tem peratures have 
y ield ed  sep aration no b etter than  w e observed  
on the 2 ft glass colum n used in  th is study. In  
the case of the th ienyl analogs, the early elu ting  
peak at 1 .6  m in w as id en tified  by L egault (11) as 
the decom posed m olecu le l - ( 2 -th ien y l) cyclo ­
hexen e , and has b een  con firm ed  in  th is study.

M ass S p ec tro m e try

The El m ass spectrum  o f PCP is show n in  F ig ­
ure 4. T h e mass spectra o f th e  analogs studied 
in this m anuscript have been  p ublished  by o ther 
w orkers (3, 4, 16). A ten tative  fragm entation  
schem e (Figure 5) is proposed based on th e ob­
served  mass spectrum  of PCP to exp lain  the fo r­
m ation o f m ost o f the  m ajor ions found. T he 
o th er analogs o f PCP are expected  to undergo 
fragm entation fo llow ing a sim ilar route. W hile 
no confirm atory studies lik e  isotope lab elin g  
w ere conducted  to arrive at such a schem e, 
studying the mass spectra of a structurally related 
series of 1 -ary lcycloh exylam ines such as in this 
in v estigatio n  n ev erth eless provides im portant 
clues on those steps that are m ost likely .

T able 3 lists the 7 m ost p ro m in en t frag m ent 
ions found in  the mass spectra o f PCP and all its 
analogs. A ll these com pounds show  m olecu lar 
ions (e.g., m /z  243 in  PCP) and also an ion cor­
resp ond in g to (M -l)  (e.g ., m /z  242 in  PCP) due 
to the loss of a hydrogen atom . The (M -l)  ion 
can lose a neutral fragm ent (C4H g) to give rise to 
the ion at m /z  186 found in  PCP. Further loss of 
a neutral C2H 4 fragm ent from  the ion at m /z  186
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C7H7
iTVi 91 A

s i
m/z 104

m/z 166

Figure 5. Tentative scheme for fragmentation of PCP.

via a retro  D ie ls -A ld e r  process can p roduce the 
ion at m /z  158. A ltern ativ e ly , th is ion  at m /z  
158 may be gen erated  by th e  loss o f p ip erid in e 
from  th e m olecu lar ion  to form  the l- ( l-p h e -  
ny l)cycloh exen e  ion . T h is latter exp lanation  
appears to be m ore reasonable, sin ce  2  ions at 
m /z  130 and 143 are observed  in  PCP, 1-(1- 
p h en ylcy clo h exy l)p yrro lid in e  (PC Py), and  1- 
(l-phenylcyclohexyl)m orpholine (PCM ), and are 
very lik ely  due to the loss o f 28 and 15 am u from  
the l-( l-p h e n y l)cy c lo h e x e n e  ion , w h ich  is in 
agreem ent w ith  know n fragm entation  o f cyclo ­
hexenes (17). T he base peak observed at (M -43) 
(m /z  200 in  PCP) in  the  PCP analogs m ay be as­
signed  to the  loss o f a propyl radical from  the 
m olecu lar ion . T entative  structures m ay be 
proposed to explain the ions observed at m /z  84, 
115, and 166 (Figu re 5) in  the mass spectrum  o f 
PCP. T h e  ion  found  at m /z  91 in  all th e  p h en yl 
analogs due to the rupture o f th e  b en zy lic  bond 
is w ell know n.

T he fragm entation  p attern  for th e  th ien y l 
com pounds appears to fo llow  the sam e pattern 
as fo r the p h en yl analogs. T he o n ly  d ifferen ce  
is that TCP and TCM  show  a base peak at m /z  165 
w h ich  seem s to arise due to the (C 1 oH 1 3S )+  ion, 
produced  by losing  the n itro gen -co n ta in in g  
heterocyclic m oiety rather than losing the propyl 
radical as observed in the p hen yl series and also 
in  TC Py (m /z  192; T able 3). T he reason TCPy 
follow s the fragm entation pattern o f the p hen yl

analogs to produce a base peak at m /z  192 by the 
loss o f a propyl radical is obscure.

H P L C  D eterm in a tion

Due to the identification difficulties associated 
w ith  therm al decom p osition  un der GC con d i­
tions, separation of PCP and its analogs has been  
accom p lished  by H PLC  at room  tem perature on 
a 5 p.m p article  size, reverse p hase Sup elcosil 
LC-18 colu m n using a ternary so lv en t system . 
F igu re 6 g ives the e lu tion  p attern  o f these com ­
pounds. T h e ir  id en tifica tio n  is based on the 
re ten tio n  tim e and th e 2  ratios o f absorbance 
peaks recorded at 2  pairs of w avelengths for each 
analog  (254 and 262 nm ; 254 and 235 nm ) w here 
the ratios are m easured as (2 5 4 /2 3 5  nm ) and 
2 5 4 /2 6 2  nm ). The selectio n  o f th ese  w ave­
len gth s on the variable d etector is due to the 
m axim um  absorbance of the p hen yl and th ienyl 
analogs around 262 and 235 nm , respectively , as 
m en tion ed  un der the section  on U V sp ectrosco­
py. Each com pound is in jected  in  d uplicate to 
determ ine the individual reten tion  tim e and the 
2 absorbance ratios. T hen the m ixture of phenyl 
as w ell as th ien y l analogs is in jected  sep arately 
to d eterm ine the degree o f reso lu tion  o f each 
com p onent (Figure 6 ).

Results are g iven  in  Table 4 un der con d itions 
of varying com positions of the m obile phase. In 
m obile  phase 1 , the paired p h en yl and th ien y l 
analogs (PCP, TCP; PCPy, TCPy; PCM , TCM ) are
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Figure 6. HPLC separation of PCP analogs on Su- 
pelcosil LC-18 column: left, phenyl analogs; right, 
thienyl analogs. See Table 4 for peak identifica­

tion.

easily resolved at am bient tem perature by HPLC, 
w hereas un der all GC con d itions used in  the 
p resent study as w ell as in  the previously  pub­
lished reports (3 ,4 ,1 1 ) , these paired analogs w ere 
d ifficu lt to separate. In  ad dition , there  was the 
problem  o f therm al decom position especially  of 
th ien y l analogs. H ow ever, am ong all the  ana­
logs, the use o f m obile phase 1  could not resolve 
PCPy, iV-ethyl 1-phenylcyclohexylam ine (PCE), 
and TCP. To sep arate PCPy and PCE, w e d e­
veloped m obile phase 2  w hich  consists o f 2 2 % of 
aceto n itrile -m eth an o l m ixture (80 +  2 0  v /v )  in ­
stead o f 27% as in  m obile  phase 1. T here  is no 
significant change in the absorbance ratios w hen 
m obile  phase 2 is used. TCP can be easily  d if­
ferentiated  from  PCPy and PCE based on the 
values o f 2 absorbance ratios (Table 4). T his 
observation  to geth er w ith  the fact that TCP or 
th e  o ther th ien y l analogs are rarely  seized  in 
m ixture w ith  PC Py, PCE, or w ith  any o ther 
p h en y l analog, m akes m obile  phase 1  the  best 
selectio n  overall to ach ieve sep aration w ith in  
each subgroup. Fu rtherm ore, based on th e ab­
so rb an ce  ra tio s  a lo n e , th e  p h e n y l an a lo g  
subgroup could be easily d ifferentiated  from  the 
th ien y l analog subgroup; the  values o f these ra­
tios b etw een  the 2  subgroups d iffer by at least a
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Table 4. Absorbance peak ratios and retention distance (/?) for PCP and its analogs separated in 2 mobile phases

No. Compound

Mobile phase 1b Mobile phase 2C

R(mm)8 254/235 nm 254/262 nm ff(mm)

i PCH 19 3.7 1.10 37
2 PCM 21 4.4 0.80 27
3 PCE 27 3.7 0.90 43
4 PCPy 28 3.8 0.76 38
5 PCP 32 4.3 0.75 43
6 TCM 16.5 0.49 12.4 —

7 TCPy 25 0.37 16.8 ___

8 TCP 27.5 0.41 13.3 —

a Chart speed: 5mm/min.
6 27% of acetonitrile-methanol mixture (80 + 20 v/v) mixed with HPLC buffer. 
c 22% of acetonitrile-methanol (80 + 20 v/v) mixed with HPLC buffer.

factor o f about 10. Thus, a set of 2 values of these 
absorbance ratios for each analog provides an 
exce llen t su p p lem ent to the  re ten tio n  tim es 
(Table 4), and the ratios could be m easured easily 
and rep rod ucibly . These ratios have b een  used 
in  th e  past w ith  advantage as one o f the criteria  
o f id en tifica tio n  in  drug analysis (18, 19) in  this 
laboratory.

In  the best know ledge o f the authors, no study 
has appeared in  the literatu re in v o lv in g  the 
separation o f PCP analogs by HPLC. H ow ever, 
T rin ler et al. (12) and Lurie (13) reported  sep a­
ration  o f PC P, not from  its analogs, but from  
o th er drugs by using th is tech n iqu e. R ecen tly , 
W all and Clark reported separation of the phenyl 
analogs from  th e ir  corresp on d ing n itr ile  in te r­
m ediates but only  by using a reverse phase HPLC 
procedure (2 0 ).

It may be em phasized h ere  that the ad dition  
o f N ,N -dim ethyl-N -octylam ine (0.1% v /v )  to the 
H PLC  b u ffer as the com p etin g  base is o f para­
m ou nt im p ortance to obtain  sym m etrical peaks 
w ith  th e Su p elcosil LC-18 colum n. In  the ab­
sence o f this com peting base, peaks w ere severely 
ta ilin g  and th e analysis o f basic drugs w as ex­
trem ely  d ifficu lt. T he poor peak shapes w ere 
perhaps due to the in teraction  betw een th e basic 
com pounds and th e unreacted silanol groups on 
the LC-18 p acking m aterial.

IR  S p ec tro s c o p y

The IR spectra o f the PCP analogs exhibit some 
very in teresting  features. T he spectra consist of 
several bands arising due to the cyclohexane, the 
arom atic, and the h etero cyclic  parts o f the m ol­
ecule. IR spectra o f all the analogs studied in  this 
manuscript have been reported earlier (3 ,1 6 ) and 
therefo re , it w as not consid ered  necessary to re­
produce the data. H ow ever, earlier reports have

not d iscussed the observed  bands in  any great 
d etail nor have they attem pted  to correlate  th e  
bands w ith  structure to d istin gu ish  the analogs. 
Exam ination and com parison o f the IR spectra of 
all the analogs reveals som e in terestin g  facts 
b elow  2000 cm - 1 . T he bands in  the reg ion  
2 0 0 0 -4 0 0 0  cm - 1  are o f lim ited  d iagnostic value 
because they  con sist o f several overlap p in g  
com bination bands and overtones. A  weak band 
at 2210 cm - 1  due to the  C = N  stretch , how ever, 
does h elp  to d etect th e  p resence o f the  in term e­
diate PCC, w hich is often found as a contam inant 
in PCP.

T he “fin g e r-p rin t"  reg ion  is useful because it 
perm its d istin gu ish in g  th e p h en y l subgroup 
from  the thienyl subgroup by the presence o f the 
w ell know n p henyl bands in  the form er, around 
1500-1600  cm “ 1 (e.g., 1470 ,1 5 0 0 , and 1580 cm “ 1 

in  PC P h ydroch loride). PCH  and PCE h y d ro­
ch lorid es exh ib it the  characteristic  bands due to 
the  N — H  in -p lan e  b en d in g  m odes (1500  and 
1580 cm - 1  for PCH  hydrochloride and 1590 cm - 1  

for PCE hydrochloride). O therw ise, the region 
1 0 0 0 -1 8 0 0  cm - 1  is o f lim ited  use fo r d istin ­
gu ish in g  m em bers w ith in  a g iv en  subgroup 
(PCP, PC Py, PCM ; TCP, TCPy, TCM ).

Bands in  the  IR reg io n , 7 0 0 -9 5 0  cm - 1  p artic­
u larly , are very sen sitive  to su bstitu tion  (Figure 
7). This region is useful not only  to d istinguish 
p h en yl from  the th ien y l class, but also to d iffe r­
en tia te  w ith in  each subgroup. T he m ajority  of 
th e  bands are sharp and in ten se, and can be ex­
p lain ed  based on th e 3 con stitu tin g  m oieties 
fo rm in g  a g iven  analog. Thus, the  set o f bands 
at 710 and 770 cm - 1  fo r PCP are typ ical o f the 
m onosu bstituted  b en zen e  m olecu le  (e .g ., 710, 
775 cm “ 1 in  PCPy, and 725 , 780 cm “ 1 in  PCM ), 
arisin g  due to the  out-o f-p lane b en d in g  o f the  5 
v ic in al hydrogens. T he bands are n o t very
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Figure 7. Comparison of IR bands observed in 
PCP, PCPy, PCM and TCP, TCPy, TCM.

sen sitive  to th e  nature o f substitu tion , a lthough 
the band at 725 cm - 1  shows pronounced splitting 
in  the  case o f PCM . As expected, the th ien y l 
analogs do not exh ib it th is pair o f bands. In ­
stead, a strong band at 710 cm - 1  and a band of 
m edium  in ten sity  at 850 cm - 1  are seen  in  th eir 
place in  the case o f TCP (e.g ., 740, 850 cm - 1  in  
b oth  TCPy and TCM ). A gain , the absorption  
band at 740 cm - 1  in  TCM  show s sp littin g  as in  
the case o f PCM . It is lik e ly  that these 2 bands 
in  TCP, TC Py, and TCM  are due to th e  out-o f­
p lane b en d in g  o f the free hydrogens o f the 2 - 
substitu ted  th io p h en e ring . T he band at 900 
cm - 1  observed  both  in  PCP and TCP m ay be as­
signed  to the in -p lane rocking  v ib ratio n  of the 
m eth y len e in  the cyclohexane ring . O n  substi­
tution o f the p iperidine ring  present in  PCP and 
TCP w ith  p y rro lid in e (e .g ., in  PCPy and TCPy) 
or w ith m orpholine (e.g., in  PCM  and TCM ), this 
band sh ifts  to 890 cm - 1 .

As d escribed , th e  IR  bands show  a con sisten t 
p attern  i f  the bands due to the cyclohexane and 
the p h en yl m oieties are accounted  fo r and  sepa­
rated from  the rest. T his leaves the set o f bands 
at 950 and 960 cm - 1  in  PCP w h ich  m ay be at­
tributed  to th e  C H 2 d eform ation  o f the p ip eri­
d in e ring.

T he con clu sion  that these orig in ate  from  the 
p ip erid in e part of the  m olecu le is substantiated  
by the observation  that th e  IR  spectrum  o f TCP 
also has 2 such  bands at 950 and 960 cm - 1 . Fur­

th er, these 2 bands are observed  at 925 and 940 
cm - 1  in  PCPy and TCPy and at 900 and 930 cm - 1  

in  PCM  and TCM , as may be expected due to the 
e ffect o f the h etero cyclic  ring  (p y rro lid in e or 
m o rp h o lin e) on the C H 2 d eform ation  v ibra­
tion .

W hile  these assignm ents in  the  absen ce of 
o th er supportive studies lik e  d eu teration  or 
norm al coordinate analysis m ay be best term ed 
ten tative , n ev ertheless, they  are based on band 
assignm ents for m olecules w ith sim ilar structure 
(21 -23). A lthough not all the peaks observed in 
th is reg ion  (7 0 0 -9 5 0  cm ’" 1) can be explained  
based on this study, using this region rather than 
any o th er reg ion  o f IR is proposed for quick 
com parison and confirm ation .

C o n clu sio n

The p resent study describes sep aration and 
identification procedures for the most com m only 
encou ntered  analogs o f PCP. Id en tifica tio n  o f 
a given  analog may be achieved  by using a series 
o f tests. H ow ever, since m ost o f the com pounds 
discussed are very sim ilar in  structure and many 
are heat lab ile , care m ust be exercised  w h en  
ch oosin g  an analytical tech nique.

W hile the analogs o f PCP studied are standard 
com pounds, the  data and in terp retatio n  o f the 
results presented  h ere  m ay be used for the 
id en tifica tio n  o f fo ren sic  street sam ples co n ­
ta in in g  any o f these com pounds. M ost o f the  
c lan d estine preparations o f PCP analogs e n ­
countered in  this laboratory occasionally contain 
a m ixture o f e ith er p h en yl or th ien y l analogs 
a lo n g  w ith  th e in term ed iate PCC. P relim inary  
screen in g  o f the  street sam ple by using UV 
spectroscopy h elp s to d eterm ine w h eth er the 
com pound(s) b elon gs to p h en y l or th ien y l 
subgroup. S ince PCC does not absorb in  the UV 
reg io n , its p resence m ay be detected  by using 
TLC or GC.

T he th ien y l analogs are susceptib le to degra­
d ation w h ile  using  GC, how ever, the  early e lu t­
in g  peak o f these analogs m ay w ell serve as an 
indication of the presence o f TCP, TCPy, or TCM. 
O n the o ther hand, H PLC has a d istin ct ad van­
tage over GC in  that it can be used at am bient 
tem p eratu re thus avoid ing the degradation ob­
served under GC conditions; furtherm ore, H PLC 
can also separate th e  paired analogs (PC P, TC P; 
PCPy, TCPy; PCM , TCM ), w hich is d ifficult if GC 
is used. T hese fin d in g s also m ake the H PLC 
tech n iq u e su itable for qu an titating  the th ie n y l 
analogs. I f  the street sam ple is found to contain  
a m ixture of the PCP analogs or is in  com bination
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w ith  excip ients, th e  H PLC  eluate m ay be co l­
lected  for fu rther confirm ation  by spectroscopy. 
Both IR and M S are specific for any given  analog 
and  at least one o f these 2  tech n iq u es is recom ­
m ended as a fin a l step in  the id en tifica tio n  p ro­
cedure. T he low  frequency IR  region is sensitive 
to substitu tion .
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Rapid High Pressure Liquid Chromatographic Determination of 
Amitriptyline Hydrochloride in Tablets and Injectables: 
Collaborative Study

SAMUEL T. WALKER
F o o d  a n d  D ru g  A d m in is tr a t io n , N e w  Y o rk  R eg io n a l L a b o r a to r y , 8 5 0  T h ird  A v e ,
B r o o k ly n , N Y  11232

Collaborators: R. Balbach; E. Jefferson; D. Jordan; J. Lepore; U. Lia; M. Lookabaugh; 
J. McCarthy; S. Roberts; M. Romano; M. Uribe

A previously reported high pressure liquid chroma­
tographic method for the determination of amitrip­
tyline hydrochloride in dosage forms was modified 
to permit its use as a stability-indicating method. 
The modified method, entailing a nitrile bonded 
microparticulate column, a methanol-0.005M am­
monium acetate (90 +  10) mobile phase, and photo­
metric detection at 239 nm, was collaboratively tested 
by 10 laboratories. Each collaborator received sam­
ples of synthetic and commercial tablets and injec­
tions. The recovery from a synthetic injection at the
10.06 mg/mL spiking level averaged 98.6%. The 
amount of declared found in commercial injections 
averaged 103.1%. The pooled reproducibility SD 
(CV%) and repeatability SD (CV%) were ±  2.12 (2.15) 
and ±  1.81 (1.84), respectively. The recovery from 
synthetic tablet composite at the 7.45% spiking level 
averaged 102.0%. The amount of declared found for 
commercial 25 mg and 100 mg tablets averaged 96.7 
and 97.9%, respectively. The pooled reproducibility 
SD (CV%) and repeatability SD (CV%) for these 3 
tablet samples were ±  1.89 (1.86) and ±  1.66 (1.64), 
respectively. Content uniformity analysis of com­
mercial 25 mg and 100 mg tablets (n =  10) gave 
amounts of declared values averaging 100.5% (range 
92.4-108.8%) and 99.3% (range 89.6-107.0%), respec­
tively. The pooled reproducibility SD (CV%) and 
repeatability SD (CV%) were ±  3.23 (3.2) and ±  2.78 
(2.8), respectively. A commercial injectable prepa­
ration spiked with dibenzosuberone was also colla­
boratively analyzed by a thin layer method. The 
method was adopted interim official first action.

A m itriptyline hydrochloride is an antidepressant 
com m ercially  available in  tablet and in jectab le  
form s. T he com pendial assay o f the  drug sub­
stance entails a nonaqueous titration (1 ), w hereas 
that o f the  dosage form s requires a p relim inary  
oxidative step to U V -absorbing m olecu les fol-
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low ed by sp ectrop hotom etry (2). T he com p en­
dial id en tifica tio n  test for am itrip ty line  h y d ro­
chloride (1), based on the determ ination o f its UV 
absorption  spectrum  and calcu lation  o f th e  ab­
sorp tiv ity  valu e at the w av elength  of m axim um  
absorbance, does not d istinguish it from  products 
arising from  the degradation of its aliphatic side 
chain .

A ccording to Enever et al. (3), the autoclaving 
o f an aqueous solu tion  o f am itrip ty lin e  h y d ro­
ch lorid e at 1 1 5 -1 1 6 °C  in the p resence o f excess 
oxygen results in  the form ation of 3 degradation 
products id en tified  as 3 -(p ro p a -l,3 -d ie n y l)-l,2 :
4 ,5 -d ib en zo cy clo h ep ta-l,4 -d ien e , d ibenzosu b­
erone, and 3 -(2 -o x o eth y lid en e)-l,2 :4 ,5 -d ib en ­
zo cyclohep ta-l,4-d ien e. H enw ood (4) reported 
the autooxidation of am itriptyline hydrochloride 
to d ibenzosu beron e after standing at room  tem ­
perature. In  this laboratory these 3 degradation 
products w ere detected  by th in  layer chrom a­
tograp hy (TLC) in  a com m ercial in jectio n  that 
w as exposed to air at am bient tem perature for as 
little  as 2  h.

B utterfield  and Sears (5) described  a h igh  
pressure liquid chrom atographic (H PLC) m ethod 
for the sim ultaneous d eterm ination  o f am itrip ­
ty lin e  hyd roch lorid e and p erp h enazine in  2 - 
com p onent tab let form ulations. W e have in ­
troduced m in or m od ifications in to  th is m ethod 
to im prove its sensitivity and to provide a m eans 
o f assaying am itrip ty lin e  hyd roch lorid e in  the 
p resence o f d ibenzosuberone. T he m odified  
H PLC  m ethod  has b een  subjected  to in tra- and 
interlaboratory collaborative studies, the  results 
o f w h ich  are th e  sub ject o f this report.

C o lla b o ra tiv e  Stud y

Each o f 10 collaborators received  9 sam ples, 
labeled  A to H , 5 o f w h ich  w ere to be exam ined  
fo r am itrip ty lin e  hyd roch lorid e, 2  for con ten t 
un ifo rm ity , and 2  for purity  and id en tificatio n  
tests. Sam ples A and B rep resented  a syn th etic
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solu tion  fo r in jectio n  (10.06 m g /m L ) and a 
com m ercial solution for in jection (10.00 m g/m L ), 
respectively. Sam ples D and E w ere com m ercial 
25 mg and 100 mg tablets, respectively. Samples 
F and  G w ere the corresp on d ing pow dered  
com posite sam ples o f D and  E, resp ectively . 
Sam ple H  w as an authentic m ixture representing 
a typical com m ercial tablet. Sam ple C w as re­
served  fo r TLC and in frared  (IR) sp ectroscopic 
tests, and sam ple I on ly  fo r a TLC test. A ll sam ­
p les except C and I requ ired  H PLC  assays in  du­
plicate. Sam ples B, F, and G requ ired  TLC , IR, 
and the determ ination of retention tim es to serve 
as id en tifica tio n  tests.

The collaborators w ere also sent an instruction 
sheet, a copy o f the m ethod , vials co n ta in in g  
standards, and reporting form s. For the analysis 
o f com posite tab let sam ples, each collaborator 
w as in form ed  o f th e  average tab let w eigh ts  and 
label declarations, and instructed to use a sample 
w eig h t eq u iv alen t to 1 0  m g o f am itrip ty lin e  h y ­
d roch lorid e.

Amitriptyline in Tablets and Injectables 
Liquid Chromatographic Method 

Interim Official First Action

37.D01 P rin c ip le

A m itriptyline content o f tablets and injectables 
is detd by liq . chrom atography, using  triflu ­
operazine as internal std and UV detection at 239 
nm .

37.D02 A pparatu s a n d  R eag en ts

(a) Liquid chromatograph.— Tracor M odel 950 
solvent pum p, M odel 970A variable w avelength  
d etector, M odel 26325 recorder (Tracor In stru ­
m ents Inc., A ustin , TX 78721), and 20 pL Rheo- 
d yne M odel 7120 loop in jecto r (R heod yne Inc., 
B erkeley , CA 94710). Operating conditions: co l­
um n tem p., am b ien t; solv . flow  rate, 1.33 m L / 
m in ; d etector w av elen g th , 239 nm ; attenu ation , 
16 A U FS; recorder, 1 m V ; chart speed, 1 in ./4  
m in.

(b) Chromatographic column.— Stain less steel, 
300 X 3.9 mm id, packed w ith  10 pm qBondapak 
CN  (W aters A ssociates, Inc.), or equiv.

(c) Methanol. — A R grade (F isher S cien tific  
Co.).

(d) Mobile phase.— M eO H -0.005M  am m onium  
acetate (90 +  10).

(e) Culture tubes.— 95 X 25 mm  w ith screw  cap 
(K im ble).

(f) Internal std soln.— A ccurately prepare ca 0.5 
m g T riflu op erazin e HC1 Ref. S td /m L  M eO H .

(g) Std soln.— 0.04 m g/m L. Accurately w eigh 
ca 10 m g U SP A m itrip ty lin e  FIC1 R ef. Std and 
transfer to 250 m L vol. flask. D issolve in  1 mL 
M eO H , add 25.0 m L in tern a l std soln , dil. w ith  
M eO H , and mix.

37.D03 S a m p le  P rep ara tion

(a) Tablets.— W eigh and  fin e ly  p ow der > 2 0  
tablets. A ccurately  w eigh  and transfer am t o f 
pow d. equiv. to 10 m g am itrip ty lin e  HC1 into  
screw -cap culture tube and add 25.0 m L in ternal 
std soln. Tum ble on rotator 15 m in  at ca 30 rpm, 
and filter, if  necessary. Dil. accurately measured 
vol. o f  so ln  w ith  M eO H  to ca 0.04 m g /m L .

(b) Single tablet.— P lace one tab let in  95 X 25 
m m  screw -cap culture tube and crush  to fin e  
pow d. w ith  glass rod. Add 25.0 mL M eO H  and 
mix. Tum ble on rotator 15 m in at ca 30 rpm , and 
filte r , if  necessary. P ip et accu rately  m easured 
a liqu ot (A) o f this soln , equiv. to 2  m g am itrip ­
ty lin e  HC1, in to  50 m L vol. flask , add 5.0 m L in ­
ternal std soln , d il. to vol. w ith  M eO H , and 
mix.

(c) Injectables.— A ccurately  p ip et vol. o f in ­
jectab le , equiv. to 10 m g am itrip ty lin e  HC1, in to  
50 m L vol. flask, add 25.0 mL in tern a l std soln , 
dil. to vol. w ith M eO H , and m ix. Dil. accurately 
m easured vol. o f th is so ln  w ith  M eO H  to ca 0.04 
m g/m L .

37.D04 D eterm in a tion

E quilibrate system  w ith  m obile  phase at 1.33 
m L /m in , un til b aselin e  is steady. In ject m ea­
sured vol. o f std soln  in to  chrom atograp h by 
m icrosyringe or sam p ling valve. A djust in je c ­
tion  vol. and op erating  param eters so am itrip ­
ty lin e  HC1 in  std soln  in jectio n  gives peak h t ca 
60% fu ll scale and reten tio n  tim e ca 7 m in. 
U nd er these con d itions, 5 rep licate  in jectio n s o f 
std soln  should  give co effic ien t o f v ariation  of 
< 3 %  and reso lu tion  factor (R) b etw een  th e 2  

m ain peaks should  be > 1 .  M ake alternate  in ­
jectio n s o f equal vols. o f sam ple and std solns. 
M easure peak hts fo r am itrip ty lin e  HC1 and in ­
ternal std in  sam ple and std solns, and det. re ­
sponse ratios.

37.D05 C alcu la tion s

T ablets: m g /ta b le t =  RR/RR' X C X T / W
S in gle  tablet: m g /ta b le t

=  RR/RR' X C X 5 / A
In jectables: m g /m L  =  RR/RR' X C/V  

w here RR and RR' =  ratio o f am itrip ty lin e  HC1
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Figure 1. HPLC separation of 1, dibenzosuberone; 
3, amitriptyline hydrochloride; and 2, trifluoperazine 
hydrochloride (internal standard) on Microbondapak 
CN. Mobile phase, methanol-0.005M ammonium 
acetate (90 +  10); flow rate, 1.33 mL/min; wavelength, 

239 nm, 16 AUFS.

peak ht to in ternal std peak ht for sam ple and std 
solns, resp.; C =  mg am itriptyline HC1 in  250 mL 
std soln ; T = av. tablet w t, g ; W =  w t sam ple 
taken , g; A =  aliquot taken , m L; V = vol. in je c ­
table taken , mL.

R esu lts  and D iscu ssio n

A n evaluation of published HPLC m ethods for 
th e  d eterm ination  of am itrip ty lin e  h y d roch lo ­
rid e in  b io logical sam ples (6 ,7 )  and p harm aceu­
ticals (5, 8 , 9) ind icated  that th e  m ethod o f But­
terfield  and Sears (5) was the m ethod o f choice 
for regulatory w ork because o f its sim plicity and 
th e p ossib ility  of using readily available ch em i­
cals. By a lterin g  the ratio of the com p onents of 
th e  m obile p hase and setting  the d etector to 239 
nm , this m ethod was m ade m ore sen sitive  and 
suited  fo r s tab ility -in d icatin g  testing  o f d ib en ­
zo su b ero n e in  am itrip ty lin e  h y d ro ch lo rid e  
sam ples. W ith  this m odified  H PLC  m ethod, 
am itrip ty lin e  h y d roch lorid e could be separated 
from  d ibenzosu beron e, its m ajor degradation 
product, and from trifluoperazine hydrochloride,

Table 1. Recovery of amitriptyline hydrochloride added 
to commercial tablets and injections by HPLC method

Mfr
Added,

mg
Found,

mg
Rec.,

%

Aa 1.19 1.21 101.7
B 1.19 1.19 100.0
c 1.19 1.18 99.2
D 1.19 1.20 100.8
E

Pooled av. rec., %
1.19 1.19 100.0

100.3

a Injection.

the in tern a l standard, in  less than  7 m in (Figure
1 ) .

A lth ou gh  d ibenzosu beron e is the o n ly  d eg­
radation product reported  to be spontaneously  
form ed from  am itrip ty lin e  base up on oxid ation  
at room  tem perature (4), in  the course o f this 
study w e found that the o ther 2  d egradation 
p ro d u cts, n am ely , 3 -(p ro p a -l ,3 -d ie n y l) - l ,2 :
4 ,5 -d ib en zo cy clo h ep ta-l,4 -d ien e  and 3-(2-ox- 
oethylidene) - 1,2:4,5 - dibenzocyclohepta - 1,4- 
d iene, may also be form ed in  aqueous solu tions 
under the sam e exp erim en tal conditions. Ex­
posure o f a com m ercial aqueous solu tion  of 
am itrip ty lin e  hyd roch lorid e to air at room  tem ­
perature for up to 2  h resulted in a sample w hich, 
w hen  separated by TLC w ith  the chrom ato­
grap hic con d itions described  by Z ingales (10), 
produced 3 additional spots. The major spot was 
id en tified  as d ibenzosuberon e by com parison 
w ith  an au th en tic  sam ple. T he o th er 2 degrad- 
ates w ere subjected  to chrom atography and co­
chrom atography w ith  an aqueous solu tion  of 
am itriptyline hydrochloride degraded according 
to the m ethod o f E never et al. (3), and all 3 d eg­
radation products w ere ten tatively  identified . 
These results clearly established the critical role 
of air in p rom oting the self-d egrad ation  o f am i­
trip ty lin e  and lend  support to the fin d in g s of 
Rom an et al. (8 ) w ho w ere unable to d etect any 
ev id ence o f decom p osition  w h en  am itrip ty line  
hydrochloride in jections w ith a low ratio of head 
space oxygen to drug w ere stored e ith er at 80°C  
for up to 3 m onths or at room  tem perature for 
longer than 5 years; sim ilar results w ere obtained 
by Enever et al. (11) w ho stored the drug in 
sealed  am pules un der n itrogen .

In agreem ent w ith  B utterfield  and Sears (5), 
m eth anol was found sup erior to w ater, w a ter- 
m ethanol, or w ater-acetonitrile mixtures, for the 
extraction  o f am itrip ty line  h y d roch lorid e from  
tablets, because the aqueous extractants in v ari­
ably resulted  in  the form ation o f troublesom e 
suspensions. T he rep rod u cib ility  o f the extrac-
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Table 2. Results of analyses of amitriptyline hydrochloride dosage forms by HPLC and USP XX methods

Individual tablet assay Composite sample assay

Mfr
Labeled,

mg

Found, mg (ITA) Found,% Found, mg Found,%

USP HPLC USP HPLC USP HPLC USP HPLC

A 10 9.41 9.36 94.10 93.6 9,40 9.21 94.0 92.1
A 150 150.70 148.70 100.40 99.1 148.60 147.83 99.1 98.6
B 10 9.62 9.93 96.20 99.3 9.87 9.80 98.7 98.0
B 150 152.40 145.70 101.60 95.0 151.00 148.39 100.7 99.0
C 10 9.64 9.76 96.4 97.6 9.79 9.70 97.9 97.0
C 100 100.20 102.40 100.20 102.4 101.50 100.50 101.5 100.5
D 10 10.59 9.97 106.00 99.7 10.35 10.05 103.5 100.5
D 100 104.20 104.10 104.20 104.1 104.20 102.50 104.2 102.5
E 25 26.50 25.90 105.90 103.5 25.70 25.29 102.8 101.3
E 150 157.20 156.00 104.80 104.0 153.70 157.02 102.5 104.7
Aa 10 — — — — 10.30 10.39 103.0 103.9

a Injection.

tion  procedure was evaluated by tu m bling  
crushed individual tablets w ith  25 mL of internal 
standard solu tion  fo r 5 ,1 0 ,  and 15 m in , resp ec­
tively . In  each case, the  susp ension  was cen tri­
fuged  b rie fly , and 1 m L o f th e  sup ern atant was 
d ilu ted  accord ingly  and analyzed  chrom ato- 
graphically. From m easurem ents of peak height 
ratios, rep rod ucible extraction s w ere obtained  
w ith in  5 m in.

Before the subm ission of the H PLC m ethod to 
collaborative evaluation, intralaboratory studies 
w ere conducted  to d eterm ine its p recision  and 
accuracy. Sam ples o f 4  com m ercial tablets and 
1  com m ercial in jectio n  w ere spiked w ith  the 
same am ount of am itriptyline hydrochloride and 
th en  assayed by the H PLC  m ethod. T able 1 
show s that the average recoveries for tablets and 
in jectab les w ere 100.0 and 101.7% , resp ectively . 
T able 2 com pares the assay values obtain ed  by 
th e proposed and com p end ial m ethods fo r in ­
dividual tablet sam ples and their corresp onding 
com posites. A m ong in d iv idu al tab let assays,

d ifferen ces in  values b etw een  m ethods ranged 
from  0.05 to 6.17% o f declared. For all o ther 
sam ples tested , d ifferen ces w ere less than 2 % of 
declared. T h e data on con ten t u n iform ity  test­
in g  presented  in  Table 3 ind icated  good agree­
m en t betw een  m ethods, w ith  d ifferen ces g en ­
era lly  w ith in  less than  2% o f each other. A re ­
covery study from  synthetic sam ples sim ulating 
tablets and in jectables gave the results show n in 
T able 4. For 6 rep licate assays each o f synth etic  
tablets and in jectab les, the recovery values av­
eraged 99.7 and 100.4%, respectively .

T he collaborative results for the recovery  of 
am itrip ty lin e  h ydroch loride from  a synth etic  
in jectable form ulation are given in  Table 5. The 
average recovery value at the 10.06 m g /m L  
spiking level was 98.6 ±  1.22%, w ith a coefficient 
o f v ariation  (CV) o f 1.24%. A com m ercial in jec­
table was found to contain an average of 103.1 ±  
.2.04% w ith  a CV of 1.98% (Table 5). A ccording 
to D ixon 's test (12) all laboratories w ere w ith in  
range. H ow ever, the m odified Cochran test (12)

Table 3. Comparison of results for content uniformity testing by HPLC and compendial methods

Mfr
Label,

mg

Range found,% Av. found, % CV, %

USP HPLC USP HPLC USP HPLC

A 10 90.9-100.1 88.1- 96.0 94.1 93.6 3.4 2.9
A 150 99.7-102.8 96.0-101.9 100.4 99.1 1.4 2.3
B 10 90.7- 99.7 93.8-102.9 96.2 99.3 2.8 2.6
B 150 99.1-105.4 86.7- 99.7 101.6 95.0 2.2 4.2
C 10 91.4- 98.8 91.8-101.9 96.4 97.6 2.4 2.8
C 100 95.5-116.9 97.1-107.9 100.1 102.4 3.8 2.8
D 10 103.1-110.0 93.0-103.9 105.9 99.7 2.2 3.3
D 100 99.7-109.4 100.7-106.7 104.2 104.1 3.2 1.9
E 25 102.9-110.5 101.6-105.4 105.9 103.5 1.9 1.2
E 150 102.1-106.7 102.9-104.9 104.8 104.0 1.3 0.5
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Table 4. Recovery of amitriptyline hydrochloride from 
synthetic tablet and injection formulations by HPLC 

method

Amitriptyline Tablet Injection

Added 10 mg/134.16 g 10.06 mg/mL
Av. found ± SD,a % 100.4 ±0.914 99.7 ±0.303
Range found,% 99.7 -102.0 99.3-100.1
CV, % 0.911 0.304

3 n  =  6 .

found one collaborator reporting outlying results 
for the com m ercial in jectab le  sam ple (Table 5). 
A one-w ay analysis o f variance (A N O V A ) test 
show ed that n e ith er the betw een-co llaborators 
F-statistic  nor the in teraction  F -statistic  was 
s ig n ifican t at the 95% con fid en ce lim it (F <  
0.05).

The collaborative results for syn th etic  and 
com m ercial tablet sam ples are g iven  in Table 6 . 
T he recovery value at 7.45% sp ik in g  level was
102.0 ±  0.127%  w ith  a CV o f 1.67%. O ne set of 
results was found to be an outlier by the m odified 
C ochran 's test. The average assay value for 100 
m g tablets was 97.9% o f d eclared w ith  one set o f 
results found to be an outlier by D ixon's test and 
another one by the m odified Cochran's test. The 
average assay value for the 25 m g tablets was

96.7% of declared, w ith no collaborator reporting 
outliers. The com bined reproducibility  SD  and 
rep eatab ility  SD values for all 3 sam ples w ere ±
1.89 and ±  1.66, resp ectively . T he corresp on d ­
ing CV values w ere 1.86 and 1.64%, respectively . 
Good agreem ent w as noted  betw een  th e in tra ­
laboratory and in terlaboratory  results. T he 
A N O V A  test show ed that the b e tw een -co llab o ­
rators F -statistic  was s ig n ifican t at th e  95% co n ­
fid ence level (F <  0.05), but th e  in teractio n  F - 
statistic w as not (F <  0.05). H ow ever, sin ce  the 
p recision  o f the  m ethod was less than  2 %, the 
variance due to collaborators was not large 
en ou g h  to affect the p recision  o f the  m ethod  
sig n ifican tly .

C ollaborative results fo r the  con ten t u n ifo r­
m ity testing o f com m ercial tablets are presented 
in  Tables 7 and 8 . The average values found for 
100 m g and 25 m g tablets w ere 99.3 and 100.5% 
o f declared, resp ectively . The pooled  rep ro­
d u cib ility  SD  and repeatability  SD  w ere ±  3.23 
and  ±  2.78, respectively , w ith  corresponding CV 
values o f 3.2 and 2.8%, respectively. N o outliers 
w ere found by T hom p son 's test (12).

S tatistical evaluations made in  th is study ex­
clude all those results found as outliers. No 
d ifficu lties  w ith  the H PLC m ethod w ere re­
ported  by any o f the collaborators and no p ro­
cedural m od ification s w ere suggested.

Table 5. Collaborative results for determination of amitriptyline hydrochloride In synthetic and commercial
injectables by HPLC method

Sample Aa 
found, %

Sample Bb 
found, %

Coll. Run 1 Run 2 Av. Run 1 Run 2 Av.

1 98.6 98.9 98.8 101.9 102.0 102.0
2 98.7 99.6 99.2 102.9 102.3 102.6
3 97.1 97.0 97.1 102.0 102.0 102.0
4 98.3 98.6 98.5 101.8 101.7 101.8
5 100.2 100.2 100.2 104.7 104.1 104.4
6 99.0 99.7 99.4 102.0 104.0 103.0
7 100.0 100.1 100.1 107.5C 108.1c 107.8C
8 98.7 97.6 98.2 101.4 101.5 101.5
9 98.4 97.7 98.1 101.3 101.3 101.3

10 96.4 96.4 96.4 104.9 105.0 105.0

Av., %
SD
CV, %
Reproducibility SD 
Reproducibility CV, % 
Repeatability SD 
Repeatability CV, %

98.6
1.22
1.24

2.12
2.15
1.81
1.84

103.1
2.04
1.98

a Synthetic formulation spiked with amitriptyline hydrochloride at 10.06 mg/mL level. 
b Commercial sample with declared value of 10.0 mg/mL. 
c Outlier by modified Dixon's test (12).
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Table 6 . Collaborative results for determination of amitriptyline hydrochloride in synthetic and commercial tablets by
HPLC method

Coll.

Synthetic tablet3 
ree., %

25 mg tablet 
found, %

100 mg tablet 
found,%

Run 1 Run 2 Av. Run 1 Run 2 Av. Run 1 Run 2 Av.

1 99.9 100.0 100.0 94.4 96.4 95.4 96.4 96.8 96.6
2 100.9 101.5 101.2 94.4 94.4 94.4 95.4 99.5 97.5b
3 102.0 102.8 102.4 95.7 95.2 95.5 97.9 97.9 97.9
4 102.3 103.7 103.0 96.6 94.8 95.7 98.0 99.2 98.6
5 100.0 100.0 100.0 95.3 95.2 95.3 97.3 97.3 97.3
6 102.3 103.8 103.1 101.2 102.0 101.6 102.1 c 103.3C 102.7b
7 101.6 100.9 101.3 97.2 96.9 97.1 97.7 98.2 98.0
8 102.8 100.1 101.5 96.8 96.8 96.8 97.9 97.7 97.8
9 100.0 103.1 101.6 95.8 96.0 95.9 97.5 97.5 97.5

10 105.5b 106.l b 105.8 b 99.2 99.2 99.2 100.1 99.7 99.9

Av„ % 101.5 96.7 97.9
SD 1.13 2.17 1.75
CV, % 1.11 2.25 1.78
Reproducibility SD 1.89
Reproducibility CV, % 1.86
Repeatability SD 1.64

3 Spiked at the 7.45% level. 
b Outlier by modified Dixon's test (12). 
c Outlier by Dixon test (12).

Table 7. Collaborative results for determination of amitriptyline hydrochloride in individual 25 mg commercial tablets
by HPLC method

Found, % of declared

Tablet Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6 Coll. 7 Coll. 8 Coll. 9 Coll. 10

1 98.0 102.3 96.7 100.9 100.4 105.0 105.8 102.4 98.8 101.8
2 101.2 104.2 102.8 103.5 100.2 107.0 93.7 102.8 100.4 100.8
3 100.8 99.2 92.9 102.4 100.4 108.7 104.9 98.8 100.0 102.0
4 92.4 96.0 105.4 102.0 98.1 97.4 103.4 99.6 96.0 104.0
5 100.0 97.6 101.6 104.4 99.2 102.0 99.9 94.8 99.2 99.4
6 98.4 99.6 100.2 99.6 103.0 97.4 108.8 100.4 100.0 95.4
7 99.2 103.3 93.4 100.5 102.3 100.7 96.9 99.6 100.8 101.6
8 98.8 99.8 96.5 104.6 101.6 104.9 102.9 100.0 100.8 101.7
9 98.4 103.4 95.9 100.0 101.0 104.7 102.4 100.0 99.6 94.7

10 96.8 96.0 98.4 105.1 97.0 105.2 101.4 102.4 101.2 99.3
Av. 98.4 100.1 98.4 102.3 100.3 103.3 102.0 100.1 99.7 100.1
Low range 92.4 96.0 92.9 99.6 97.0 97.4 93.7 94.8 96.0 94.7
High range 101.2 104.2 105.4 104.6 103.0 108.7 108.8 102.8 101.2 104.0

Table 8 . Collaborative results for determination of amitriptyline hydrochloride in individual 100 mg commercial
tablets by HPLC method

Found, % of declared

Tablet Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6 Coll. 7 Coll. 8 Coll. 9 Coll. 10

1 99.3 95.0 100.4 98.3 97.8 104.4 96.6 101.5 101.0 100.3
2 96.0 89.6 102.0 96.6 100.7 103.0 96.7 93.4 99.1 104.8
3 94.6 91.9 103.8 103.8 101.1 99.7 97.9 95.6 94.3 104.4
4 93.9 97.7 101.1 103.7 98.4 99.6 101.4 97.2 98.1 99.0
5 100.2 92.3 99.8 98.3 102.6 97.4 98.1 100.3 98.6 99.2
6 102.2 97.6 101.1 98.3 99.4 100.0 102.3 99.3 94.5 99.4
7 100.8 100.9 100.6 103.1 99.0 105.1 101.8 98.4 97.4 99.1
8 99.2 96.7 101.5 100.6 101.3 107.0 97.0 98.6 96.7 99.2
9 94.0 97.7 100.9 99.2 104.5 100.2 100.7 96.7 97.4 100.3

10 95.8 95.2 100.7 100.8 103.8 106.8 98.3 96.2 98.5 99.7
Av. 97.6 95.5 101.2 100.3 100.9 102.3 99.1 97.7 97.6 100.5
Low range 93.9 89.6 99.8 96.6 97.8 97.4 96.6 93.4 94.3 99.0
High range 102.2 100.9 103.8 103.8 104.5 106.9 102.3 101.5 101.0 104.8
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Atomic Absorption Spectrophotometric Determination of Mercury in 
Mercury-Containing Drugs: Collaborative Study
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Collaborators: R. Baltz; L. Elliott; E. McGary; E. McNerney; R. Midwood; J. Rupf;
N. Tepedino

An atomic absorption spectrophotometric (AAS) 
method applicable to a wide variety of mercury- 
containing drugs has been developed and subjected 
to a collaborative study. Samples were digested with 
a w ater-H C l-H N 03 (4 +  3 +  1) mixture, and the 
mercury was determined in solution by AAS. High 
levels of mercury were measured with a conventional 
air-acetylene flame, whereas low levels were mea­
sured by the flameless technique. Each of 7 collab­
orators received duplicate synthetic samples of a 
tincture, an ophthalmic solution, and an antiseptic 
solution, and duplicate commercial samples of an 
ointment and an injectable. The overall mean value 
found by collaborators for mercury in these samples 
was 100.13%. The corresponding overall repeat­
ability SD (CV, %) and reproducibility SD (CV, %) 
values were 2.18 (2.18) and 3.38 (3.38), respectively. 
The proposed AAS method has been adopted official 
first action.

T h e m ethods for analysis of m ercury-containing 
drugs ap p earing in  the A O AC chapter on G en­
eral D rugs (1) and d ating as far back as 1927 are 
g en era lly  nonsp ecific . T h e d eterm inative  step 
con sists o f e ith er a gravim etric p recip itation  of 
m ercu ry as m ercu ric su lfid e or an in d irect iodo- 
m etric  titra tio n  (2). A m ore m odern m ethod 
using  vapor-phase atom ic absorption has been  
recen tly  p u blish ed  (3). The d evelop m ent of a 
gen era l m ethod  for analysis o f m ercu ry-con­
ta in in g  drugs is com plicated  by the existen ce of 
a large variety  o f drug preparations and by the 
w ide v ariation  in  th eir m ercury con centrations, 
w h ich  range from  parts p er m illio n  to p ercent 
levels. A A S o ffers the need ed  flex ib ility  to­
g eth er w ith  specificity and adequate sensitivity. 
T he use o f a con v en tio n al a ir-a ce ty len e  flam e 
p erm its the d eterm ination  of h igh  levels of 
m ercury, w hereas low  levels can be measured by 
the flam eless technique.
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Mercury in Mercury-Containing Drugs
Atomic Absorption 

Spectrophotometric Method
Official First Action

36.D01 P rin c ip le

Sam ples are digested in H 20 -H C 1 -H N 0 3, and 
H g is detd by AAS using a ir -C 2H 2 flam e or 
flam eless tech n ic  (low  H g levels).

36.D02 A pparatu s

R inse all glassw are before use w ith  H N O 3 (1 
+  1) fo llow ed  by H 20 .  For low  H g levels, 
d econtam in ate b o ilin g  flasks before use as fo l­
low s: Add 5 mL H 20 -H C 1 -H N 0 3 (4 +  3 +  1), 
p lace on steam  bath 2 0  m in , and rinse  w ith 
H zO.

(a) Atomic absorption spectrophotometer. — 
Equipped w ith a ir-C 2H 2 flam e, or equipped w ith 
H g hollow  cathode lam p and gas flow -th ru  cell 
(Fig. 25:02), 25(id) X 115 mm w ith quartz w in ­
dow s cem ented  in  place. O perating conditions: 
w av elen g th  253.7  nm , slit w idth 160 pm , lam p 
cu rren t 3 m A, and sen sitiv ity  scale 2.5.

(b) Diaphragm pump. — N eptune D yna-Pum p, 
or equiv . Coat d iaphragm  and in tern al parts of 
pum p w ith  acrylic-typ e p lastic spray. U se 16 
gage T eflo n  tubing  for ail connections.

(c) Gas inlet adapter.— 2 4 /4 0  ¥  (K ontes Glass 
Co. N o. K -181000).

(d) Digestion flask.— 250 mL flat-bottom  b o il­
in g  flask w ith  2 4 /4 0  ¥  joint.

36.D03 R eag en ts

(a) Reducing soln.— M ix 50 mL H 2S 0 4  w ith  ca 
300 mL H 20 .  Cool to room  tem p, and dissolve 
15 g N aC l, 15 g hydroxylam ine su lfate, and 25 g 
S n C l2 in  soln . D il. to 500 mL.

(b) Diluting soln.— To 1 L vol. flask contg 
3 0 0 -5 0 0  m L H 20 ,  add 58 m L H N O 3 and 67 mL 
H 2SC>4. D il. to vol. w ith  H 20 .

(c) Magnesium perchlorate.— D ry in g  a g en t 
placed  in  filte r  flask (Fig. 25:02). R eplace as
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needed. (Caution: M g(C 104)2 is explosive w hen 
in contact w ith  org. substances.)

(d) Mercury stock soln.— 1000 ¿ig /m L. D is­
solve 0.1354 g H gC l2 in  100.0 m L H 20 .

(e) Digestion soln.— H2O -H C I-H N O 3 (4 +  3 +  
1). Prepare im m ed iately  before  use.

(f) K2Cr2C>7 soln.— 5%, aq.

36 .D 04 S a m p le  P rep aration

(a) Ointments.— M ix sam ple thoro ly  and ac­
curately w eigh portion contg ca 5 m g H g into 50 
mL beaker. Add 5 m L H 20 -H C 1 -H N 0 3  (4 +  3 
+  1). Cover w ith w atch glass and heat on steam 
bath 30 m in. Cool to room  tem p., sw irl beaker 
to coagulate fat, and decant soln  and three 10 mL 
H 20  rinses into 50 mL vol. flask. Add 2 mL 5% 
K2C r20 7 , d il. to vol., and mix. Prep, reagen t 
b lank, b eg in n in g  “Add 5 m L H 2O -H C I-H N O 3

(b) Tinctures.— P ipet a liquot contg ca 5 mg Hg 
into  50 mL vol. flask, place on steam  bath , and 
evap. alm ost to dryness in cu rren t o f air. Add 5 
mL H 2O -H C I-H N O 3 (4 +  3 +  1), and heat on 
steam  bath 30 m in. Blow  air in to  flask 2 -3  m in, 
w hile sw irling contents, to expel N oxides. Cool 
to room tem p., add ca 30 mL H 20  and 2 mL 
K2C r20 7  soln , dil. to vol. w ith  H 20 ,  and mix. 
Prep, reagent b lank, b eg in n in g  “Add 5 mL 
H 20 -H C 1 -H N 0 3 . . .".

(c) Injectables.— Pipet aliquot contg ca 5 mg Hg 
into 50 mL vol. flask, add 5 m L H 20 -H C 1-H N 0 3  

(4 +  3 +  1), and proceed as in (b), b egin n in g  . . 
and heat on steam bath . .

(d) Preservatives and solns (or samples contg low 
levels of Hg).— Pipet duplicate aliquots contg 0.5 
Mg H g (0.1 mL Eppend orf p ipet, or equiv ., d ilg  
sam ple if  necessary), in to  sep. decontam inated  
250 mL bo ilin g  flasks, add 5 m L H 20 -H C 1 -  
H N O 3 (4 +  3 +  1) to each flask, and heat on steam 
bath 30 min. Cool to room temp., and add 95 mL 
dilg soln, (b). Prep. 2 reagent blanks, beginn ing 
“Add 5 mL H 20 -H C 1 -H N 0 3 . . .".

36 .D 05 S tan d ard  P rep ara tion

(a) 0 and 100 pg Hg/mL std solns (for samples a, 
b, and c).— P ip et 0 and 5 mL 1000 M g/mL H g 
stock soln  in to  50 mL vol. flasks, add 5 mL 
H20 -H C 1 -H N 0 3 (4 +  3 +  1 ), ca 30 m L H 20 ,  and 
2 mL K2C r20 7 soln , dil. to vol. w ith  H 20 ,  and 
mix.

(b) 0.5 pg Hg std soln (for sample d).— D ilute 
1000 Mg/mL H g stock soln  to 5 pg/mL. P ip et 
duplicate 0.1 mL aliquots of this soln (Eppendorf 
pipet or equiv.) into sep. decontam inated 250 mL 
b o ilin g  flasks, (d). Add 5 m L H 20 -H C 1 - H N 0 3

(4 +  3 +  1), and heat on steam bath 30 min. Cool 
to room  tem p., add 95 mL d ilg  so lu tion , (b ), and 
mix.

36.D06 D eterm in a t ion

(a) Samples a, b, and c.— O perate atom ic ab­
sorp tion  sp ectrop h tr w ith  a ir -C 2H 2 flam e ac­
cord ing  to m anufacturer's sp ecification s. Zero 
in stru m en t w ith  0 pglmL  H g std soln , and 
measure A of 100 pglmL  Hg std soln, blank soln, 
and sam ple solns, using  4X  scale expansion.

(b) Sample d. — A djust output o f pum p to ca 2 
L a ir/m in  by reg u latin g  speed of pum p w ith  
variable transform er. C on nect app. as in  Fig. 
25:02, except fo r gas in le t adapter. W ith  pum p 
w ork in g  and sp ectrop h r zeroed, add 20 m L re­
d ucin g  soln  to dild  aliquot. Im m ed iately  co n ­
n ect gas in le t adapter and aerate ca 3 m in. (Ad­
ju st aeration  tim e to obtain  max. A.) Record A, 
d iscon n ect pressure on  "o u t"  side o f pum p, and 
open v en t on filter flask to flu sh  system . A na­
lyze in fo llo w in g  sequ ence: reagen t b lan k , 0.5 
Mg H g std soln , sam ple solns, and 0.5 pglm L  std 
soln .

36.D07 C alcu la tion s

(a) Flam e AAS:

mg H g /g  or mL =  (A -  A B)

X C ' / ( A ' X  W X 20)

(b) F lam eless AAS:

m g H g /g  or m L = (A — AB)/(A ' -  A B)
X (C'IV) X F X 1 /1 0 0 0

w here A, As, and A' = absorbance o f sam ple, 
b lank, and std solns, resp.; C' = concn o f std soln 
(Mg/mL, flam e A AS; pg, flam eless A AS); W =  w t
(g) or vol. (m L) o f sam ple taken; V =  vol. sam ple 
(m L) added to 250 m L b o ilin g  flask ; F =  d iln  
factor if  sam ple was dild.

C o lla b o ra tiv e  Stud y

Seven  collaborators from  7 d ifferen t labora­
tories received duplicate com m ercial sam ples of 
an o in tm en t and an in jectab le  and duplicate 
sy n th etic  sam ples o f a tinctu re, an op hth alm ic 
so lu tio n , and an antisep tic solu tion . Sam ples 
w ere random ly num bered  from  1 to 10 w ith  no 
in d icatio n  o f the  presence o f duplicates. C ol­
laborators also received detailed inform ation and 
instructions for the AAS method, and w ere asked 
to subm it th e ir results and w orksheets fo r the 
proposed  m ethod to the A ssociate Referee.
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Table 1. In-house evaluation of proposed AAS method for precision and accuracy

Sample
Found,

0//o
Added,

%
Total 

found. %
Rec.,

%

Commercial:
Yellow mercuric oxide ophthalmic ointment, 1 % 1.028 3 2.183 3.272 102.S
Thimerosal soin, NF, 0.1% 0.104» — ___ ___

Thimerosal eye drops, 0.001% 0.000 0.0124 0.0125 100.8
Synthetic:

Mercurous chloride (calomel) ointment, 6.786% 6.716 — — 99.0

3 Average of 4 determinations; SD = 0.022, CV = 2.1%.
» Average of 4 determinations; SD = 0.0026, CV = 2.5%.

Table 2. Collaborative results for AAS determination of mercury in mercury-containing drugs (mg/mL 3 or mg/g b )

Content, Coll.

Sample»
m g /m L " 
or mg/gö 1 2 3 4 5 6 7

A 0.01 0.01 0.0097 0.0097 0.0094 0.0089 0.01 0.01
0.01 0.0098 0.0097 0.0093 0.0094 0.01 0.01

B 0.10 0.10 0.106 0.104 0.106 0.103 0.10 0.099
0.09 0.105 0.100 0.099 0.103 0.10 0.093

C 1.00 1.00 1.07 1.02 1.01 1.06 0.98 1.01
0.99 1.06 1.02 1.03 1.06 0.98 1.01

D 50.00 48.9 49.5 50.0 51.0 56.9 49.9 51.4
49.1 49.7 51.0 51.3 52.2 49.7 51.1

E 100.00 109.0 95.7 145.9 103.7 101.0 99.8 97.3
101.0 96.9 145.8 104.7 98.0 98.1 97.3

a Samples A, B, and C. 
b  Samples D and E.
c Synthetic samples: A, thimerosal eye drops; B, phenylmercuric borate solution: C, thimerosal tincture. Commercial 

samples: D, ammoniated mercury ointment; E, mersalyl injection.

Table 3. Collaborative results for mercury content (%) of synthetic and commercial samples

Collaborator

Sample3 1 2 3 4 5 6 7

A 100 97 97 94 89 100 100
100 98 97 93 94 100 100

B 100 106 104 106 103 100 99
90 105 100 99 103 100 98

C 101 107 102 101 106 98 101
99 106 102 103 106 98 100

D 97.8 99.0 100 102 119.8» 98.8 102.8
98.2 99.4 102 102.6 104.4» 99.4 102.2

E 109 95.7 145.9» 103.7 101 99.8 97.3
101 96.9 143.8» 104.7 98 98.1 97.3

3 For identification of samples, see Table 2. 
b Outlier by Dixon's test (4); excluded from statistical evaluation.

R esu lts  and D iscu ssio n
M ost A A S m ethods fo r d eterm in ing  m etals 

req u ire  that the  analyte be p resent in  solu tion . 
For sam ples co n tain in g  o rgan ically  bound  m et­
als, th is is usually accom plished by d igesting the 
sam p le w ith  an oxid izing  acid to destroy the or­
gan ic  com p onent and release the m etal in  its 
io n ic  form . In the case o f m ercu ry-contain in g

com pounds, total destruction of the organic 
m atter is im practical because a prolonged  di­
gestio n  can result in  s ig n ifican t losses of the 
volatile mercury. W hen the AAS determ ination 
in v o lv es the flam eless technique, hydrochloric 
acid can be used to cleave all types of organically 
boun d  m ercury com pounds except those w ith 
m ercu ry-su lfu r bonds (2). In the m ethod pre-
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Table 4. Statistical evaluation of results for mercury 
content (%) from 7 collaborators

Parameter evaluated (n = 66)3 Found

Mean mercury content, % 100.13
Repeatability SD 2.18
Repeatability CV. % 2.18
Reproducibility SD 3.38
Reproducibility CV, % 3.38

3 Of a total of 70 determinations, 4 were outliers and were 
excluded from the evaluation (see Table 3).

sen ted  here, a d ilute m ixture o f h yd roch loric 
a c id -n itr ic  acid was used because it cleaves a 
g reater variety o f m ercury bonds and, in addi­
tion , it can be used w ith  e ith er the flam e or the 
flam eless m ode o f AAS.

To determ ine the applicability , precision, and 
accuracy o f the proposed AAS m ethod, various 
com m ercial and syn th etic  sp iked  and unspiked 
sam ples w ere analyzed in -hou se; the results are 
presented  in Table 1. This table also show s that 
an unspiked com m ercial op hth alm ic solu tion 
declared  to con tain  0.001%  thim erosal as pre­
servative  contained  no thim erosal w hen ana­
lyzed. In contrast, the same sam ple gave a sat­
isfactory recovery a fter sp ik ing. T he apparent 
loss o f thim erosal during storage has been  doc­
um ented  prev iously  (3).

T he analytical results subm itted  by each col­
laboratin g  laboratory are sum m arized in  Table
2. T he values for p ercent m ercury from each of 
th e  5 sam ples collaborated  and the corresp ond ­
in g  statistical evaluation are reported in Tables 
3 and 4, respectively. Results from  Collaborator
3, Sam ple 3 (m ersalyl in jectio n ), and from  C ol­
laborator 5, Sam ple 2 (am m oniated m ercury 
o in tm en t), w ere outliers by D ixon 's test (4) and 
w ere excluded from  the statistical evaluation.

O ne collaborator exp erienced  d ifficu lties  in 
o b ta in in g  a steady AAS signal w hen using the 
air-acety lene flame. This problem  was probably 
due to the reduction o f H g(II) to H g(I) or to e le ­
m en tal m ercury from  o ther com p onents in the 
sam ple, w hich , if present, w ould  have led to in ­
creased sensitivity and thus to erroneously high 
resu lts (5). W e have found that the addition of 
potassium  dichrom ate to the test solu tion  in 
am ounts needed  to produce a final potassium  
d ichrom ate con centration  o f 0.2% yields the 
stable signal show n in Figure 1. To prevent this 
d ifficu lty , all solu tions analyzed  by flam e AAS 
should  con tain  0.2% potassium  dichrom ate. As 
an added precaution, the m ixing cham ber of the 
sp e ctro p h o to m e ter  shou ld  be th o ro u g h ly  
cleaned  before the analysis to rem ove Sn(II) and

Time, Minutes

Figure 1. Effect of K2Cr207 on AAS mercury signal 
in air-acetylene flame. Sample of ammoniated 
mercury ointment, 5%: A, no K2Cr207  added; B, 0.2% 
K2Cr207 added. Standard solution of HgCl2: C, no 

K2Cr207 added; D, 0.2% K2Cr207  added.

o th er red ucing agents, w hich  also m ight cause 
an erratic signal if present in  the cham ber.

Recommendation
It is recom m ended that the proposed AAS 

m ethod for d eterm ination  o f m ercury in m er­
cury-contain ing  drugs be adopted offic ia l first 
action.
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PESTICIDE FORMULATIONS

High Performance Liquid Chromatographic Determination of 
Diclof op-Methyl

RODGER W. STRINGHAM and BRIAN R. BENNETT
P u rd u e  U n iv e r s ity , B io c h e m is try  D e p a r tm e n t , W est L a fa y e t t e ,  IN  4 7 9 0 7

Diclofop-methyl is diluted in acetonitrile-2% acetic 
acid (70 +  30) and chromatographed on a reverse 
phase C-18 column. The analyte is eluted by an ac­
etonitrile-2% acetic acid mobile phase and detected 
at 280 nm. The method was validated by testing 
precision, linearity, and recovery. Precision and 
linearity were excellent (% RSD =  0.55, r2 =  0.9997). 
A multiple standard addition to a pool of formulation 
samples showed the method to have excellent re­
covery (99%) and to be free of matrix interferences.

D iclo fo p -m eth y l (m ethyl 2-(4-(2 ',4 '-d ich lo ro- 
p h en o xy)-p h en o xy ) propanoate) is an EPA re ­
stricted  use p esticid e used for the post-em er­
g en ce  con tro l o f ann ual grassy w eeds in soy­
beans, w heat, and barley. T h is herb icid e is 
m arketed  as a 3 lb / gal. (35.49% ) em u lsifiab le  
con cen trate  by the basic prod ucer un der the 
trade nam e H oelon .

T h ere  are no p u blish ed  m ethods o f d irect 
analysis o f this com pound. In d irect m ethods 
used in clu d e bioassay (1) and th in  layer ch ro ­
m atograp hy of sam ples sup p lem ented  w ith  
,4C -labeled  standard (2 -4 ). T he basic producer 
o f th is p esticid e uses an u n p ublish ed  gas ch ro ­
m atographic assay in quality control.

M E T H O D

R eag en ts

(a) Extractant.— A cetonitrile-2%  acetic acid (70 
+  30).

(b) Mobile phase. — A ceton itrile-2%  acetic acid 
(70 +  30), or as adjusted to give k' > 2 fo r ana­
lyte.

(c) Reference standard.— H oelon , 99% (A m eri­
can H oechst Corp., Rt 2 0 2 -2 0 6  N, Som erville , NJ 
08876).

A p p ara tu s

(a) High pressure liquid chromatograph.— Varian 
M odel 5060 equipped w ith  V arian M odel 8055 
A utosam p ler (V arian A ssociates, Palo A lto , CA 
94303), or eq u ivalen t. P erkin -E lm er LC 55B

v ariab le  w av elen g th  d etector (P erkin -E lm er 
C orp ., N orw alk, CT 06856), or equivalent.

(b) Chromatographic column.— A lltech  C -18 10 
pm colum n (A lltech A ssociates, 2051 W aukegan 
Rd, D eerfield , 1L 60015), or eq u ivalen t. C h ro­
m atograp hic conditions: 10 /xL loop ; flow  rate
1.5 m L /m in ; d etection  at 280 nm  at 0.5 A U FS.

P ro ced u re

W eigh standards and sam ples to con tain  100 
m g d iclofop -m ethyl, d ilute to 100 m L w ith  ex­
tractant and chrom atograph. Each 2 sam ple in ­
jec tio n s  should  be bracketed  by standard in je c ­
tion s w hich  are averaged fo r calcu lation  of 
sam p le con centration .

C alcu la tion s

% A ctive in g red ien t =  {PIP') X (W '/W ) X 
{V ¡V ')  X % purity of standard w here P and P' =  
peak heigh t o f sample and standard, respectively; 
W and W  =  w eigh t o f sam ple and standard, re ­
sp ective ly ; V and V' = fin a l volu m e o f sam ple 
and standard, respectively .

M e th o d  E valu ation

Precision of the m ethod was tested by assaying 
7 form ulations in triplicate. Linearity was tested 
by  chrom atograp hing the standard at various 
d ilu tions. T he m ethod w as tested  for recovery 
and m atrix e ffects by p erfo rm in g  a standard ad­
d itio n  in  trip licate , at 2 levels, to a pool of fo r­
m ulation samples. Recovery was determ ined by 
ca lcu latin g  the am ount of analyte found  due to 
standard  as a p ercentage o f that added. The 
m atrix e ffects w ere tested  by p lo ttin g  p ercent 
foun d  vs am ount added. T he x -in tercep t cor­
resp ond s to the am ount that w ould have to be 
subtracted  from  the m atrix to yie ld  a 0% d eter­
m ination. A bsence of a matrix effect is indicated 
w h en  th is in tercep t corresp onds to the am ount 
o f an aly te  in  th e  sam ple.

R esu lts  and D iscu ssio n

Figure 1 represents a typical chrom atogram  of 
H o elo n  3EC (35.49%  d iclofop -m ethyl). R eten ­
tion  tim e o f th e  analyte peak was 9 m in.Received November 19, 1982. Accepted January 6, 1983.
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(a)

Figure 1. Chromatogram of diluted 35.49% diclo- 
fop-methyl (a) formulation, (retention time =  9 

min).

T rip licate  analysis o f seven H oelon  3EC fo r­
m u lations gave an average relative standard d e­
v iation  (RSD  =  standard d ev iation /m ean  X 100) 
o f  0.55%  w ith  the largest RD S bein g  0.8% (see 
T able  1). T his level o f p recision  ind icates that 
the  use o f an in tern a l standard is not necessary 
in  this m ethod. L in earity  o f peak h eig h t across 
5 standard dilutions was excellent. Least squares 
analysis gave a co effic ien t o f d eterm ination  (r2) 
o f 0 .9997.

Table 1. Results of triplicate analysis of 7 Hoelon 3EC 
formulations

Laboratory
No. % Found ±SD(% RSD)3

82-14 38.0 ± 0.3 (0.8)
82-15 38.0 ± 0.06 (0.2)
82-16 37.9 ±0.06 (0.2)
82-447 37.9 ±0 .3  (0.8)
82-448 37.6 ±0 .2  (0.5)
82-601 36.3 ±0 .2  (0.6)
82-602 37.2 ±0 .3  (0.8)

3 ± standard deviation (% relative standard deviation).

M ean recovery o f standard from  the form ula­
tion pool was 99% w ith  a standard d eviation of 
6%. T he standard deviation of percent recovery 
is in fla ted  in  this procedure by the variation in 
analysis o f analyte in the form ulation pool. The 
p lo t o f p ercent found vs am ount of standard 
added gave an r-in tercep t of —19.3 mg in the 
form ulation  pool. This corresponds w ell to the 
expected  19.45 mg, thus ind icating a lack o f ma­
trix e ffect on our assay.

T h e results presented  here show  this assay to 
giv e good precision , linearity , recovery, and to 
be free o f in terferen ces from  the tested sam ple 
m atrix. These results support the use of this 
m ethod to assay d iclofop -m ethyl at least in the 
H oelon  3EC form ulation.
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Gas-Liquid Chromatography and Nitrogen-Phosphorus Detection of 
N-Nitroso-di-n-Propylamine in Trifluralin Products

RONALD B. MAYBURY and RALPH G. GRANT
A g r ic u ltu r e  C a n a d a , L a b o ra to ry  S erv ic e s  D iv is ion , O t ta w a , O n ta r io , C a n a d a  K 1 A  0 C 5

A method is described for the determination of trace 
levels of N-nitroso-di-n-propylamine (NDPA) in 
trifluralin herbicide formulations. Following sam­
ple extraction, NDPA is separated on a silica gel col­
umn and determined by gas-liquid chromatography 
with a nitrogen-phosphorus detector (NPD). A 
comparison between the results obtained using this 
detection system and the thermal energy analyzer 
(TEA) for 0.5-5 ppm levels of NDPA in 17 samples 
showed no significant differences. Close agreement 
was also demonstrated with the results obtained by 
high resolution gas-liquid chromatography/mass 
spectrometry (GLC/MS). The minimum detectable 
amount of NDPA with the NPD was 5 pg, for the TEA 
system 50 pg, and for high resolution GEC/MS 100 
pg. A number of other nitrosamines were detected 
by all systems in one sample but these were not fully 
characterized. The nitrogen-phosphorus detector is 
useful for monitoring traces of NDPA in trifluralin 
when preceded by cleanup on a silica gel column.

N -N itroso  com pounds have b een  dem onstrated  
to be carcin o g en ic  in  several species o f anim als, 
and are th erefo re  lik e ly  to be causally related  to 
hu m an can cer (1). T he p resence o f N ,N -dial- 
kyl-nitrosam ines in some w idely used herbicidal 
form ulations was reported by Ross et al. (2), and 
the general subject of nitrosam ines in relation to 
p esticid es has b een  review ed m ore recen tly  by 
K earney  (3). In  the h erb ic id e  a ,a ,a -tr if lu o ro -
2 ,6-d in itro -N ,N -d ip ro p y l-p -to lu id in e (triflu ra l­
in ), the n itrosam in e corresp on ding to the dialk- 
y lam in o  group on the arom atic rin g  is N -n i- 
troso-d i-n -p rop ylam ine (N D PA ); the presence 
o f up to 154 ppm was reported originally by Ross 
et al. (2). C ohen et al. (4) found betw een 21 and 
188 ppm  N D PA  in  triflu ra lin  before  the  pro­
d u ction  process w as m od ified  to reduce N D PA  
co n ten t to betw een  11 and 22  ppm. Subse­
q u en tly , the  level in  tech n ica l triflu ra lin  has 
b een  fu rth er reduced, in  m ost cases to b elow  1 
ppm . S in ce  the regulatory lim it in  Canada is set 
at 1 ppm  in tech n ical triflu ra lin , th is study was 
in itia ted  to evaluate the m eth od ology for this 
le v e l o f N D PA  in  form ulated  products.

Day et al. (5) reported a m ethod for the analysis 
o f n itrosam ines in  d in itro an ilin e  h erb icid es, 
using  a gas-liqu id  chrom atograp hic (GLC)-

Received November 1, 1982. Accepted January 13, 1983.

therm al energy analyzer (TEA) system  that gave 
a sensitivity of 0.1 ppm. The TEA system has the 
ab ility  to sp ecifica lly  d etect com pounds that 
produce the nitrosyl radical fo llow ing pyrolysis, 
and thus it is very specific for the determ ination 
o f v o latile  n itrosam ines, a lthou g h  som e in te r­
feren ces have b een  reported  (5, 6). In  a com ­
parison o f som e chrom atographic systems w hich 
exam ined  G LC /TEA , G LC -high resolu tion mass 
sp ectrom etry , G LC -C oulson e lectro ly tic  con ­
d u ctiv ity  d etection , and th in  layer chrom atog­
raphy, the TEA detector was reported to be m ore 
sen sitiv e  by a factor o f about 50 (7). W ebb et al.
(8) reported  that gas-liqu id  chrom atography 
coupled w ith  h igh  resolution mass spectrom etry 
is the  m ethod o f cho ice  fo r u n equivocal id en ti­
fica tio n  o f n itrosam ines, w ith  a sen sitiv ity  su­
perior to all other techniques. Recently, the Hall 
e lec tro ly tic  con d u ctiv ity  d etecto r has b een  
m od ified  for the sp ecific  d etection  of n itrosam ­
ines in  the p resence o f o th er n itro g en  com ­
pounds (9), w ith  < 1 0  pg reported  as th e  m in i­
m um  d etectab le am ount.

M ost p esticid e quality  con tro l laboratories 
have a gas chrom atograph equipped w ith  a hy­
d rogen  flam e ion ization  d etector w h ich  can be 
easily  m od ified  to a n itrogen -p hosp horu s selec­
tive d etector (N PD ). T he p resent study com ­
pares resu lts obtained  using this system , p re­
ceded  by silica  gel colum n cleanup, w ith  those 
obtain ed  using the TEA detector.

M E T H O D

A p p ara tu s

(a) Gas-liquid chromatograph with NP detec­
tor.— H ew lett-P ackard  5710A fitted  w ith  n itro ­
gen -p hosp horu s flam e ion ization  d etector and 
1.85 m X 2 mm id glass colum n packed w ith  10% 
Carbow ax 20M -1%  N aO H  on 8 0 -1 0 0  m esh 
C h rom osorb  P. O perating cond itions: in le t
2 00°C , colum n oven 160°C , and detector 300°C . 
C arrier gas flow : h ig h  purity h eliu m , 30 m L / 
m in . D etector gases: hyd rogen , 3.0 m L /m in ; 
a ir, 50 m L /m in .

(b) Gas-liquid chromatograph / mass spectrome­
ter.— P erk in -E lm er Sigm a 3 gas chrom atograph 
w ith  s in g le  glass je t separator and  K ratos M S-50 
m ass spectrom eter. GLC colum n: 1.85 m X 2
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mm id glass packed w ith 20% Carbowax 20M -1%  
N aO H  on 8 0 -1 0 0  m esh C hrom osorb P. T em ­
peratures: colum n 180°C ; in jector 200°C . H e­
liu m  carrier gas flow  30 m L /m in . M ass spec­
trom eter conditions: reso lu tion  10 000 ; ion
cu rren t 500 pA; accelerator voltage 8000; source 
200°C . O peration mode: single ion m onitoring 
m /z  130.1106.

(c) Gas-liquid chroniatograph/TEA.— Therm al
en erg y  analyzer M odel 502A  in terfaced  w ith  
H ew lett-P ack ard  5710A  gas chrom atograp h  
equipped  w ith  1.85 m X 2 mm id stain less steel 
co lu m n packed w ith  10% Carbow ax 20M -1%  
N aO H  on 8 0 -1 0 0  m esh C hrom osorb P. O per­
a tin g  conditions: in le t 200°C , colum n oven
160°C , in terface  200°C ; carrier gas, h igh  purity 
h eliu m , 30 m L /m in . O perate therm al energy 
analyzer at pyrolizer tem perature of 485°C  using 
CTR gas stream  filter (Therm o E lectron  Corp., 
W altham , M A).

(d) Chromatographic columns.— 30 cm long X 1.9 
cm  id, fitted  w ith  T eflo n  stopcocks.

(e) Kudcrna-Danish evaporators.-^lKontes S ci­
e n tific  G lassw are.

(f) Sealed vials.— GLC A u to sam p ler v ials 
(H ew lett-P ackard) or M in in ert v ials, 3.5 mL 
(P ierce  C hem ical Co.).

M ateria ls

(a) NDPA standard.-East.man O rg a n ic  
C hem icals or Sigm a C h em ical Co. Stock  stan­
dard: 1 m g /m L . M easure 10 pL at 2 0 °C  (S.G.
0 .9163, CRC H andbook) in to  ca 1 mL absolute 
ethanol in 10 m L low -actin ic  v o lu m etric  flask 
and d ilute to volum e w ith  absolu te ethanol. 
W orking standards: 1 and 0.1 jug/m L. D ilu te 
100 and 10 pL resp ectively  o f the  stock standard 
to 100 mL ethanol. D aily, transfer 1 pg/mL  and 
0.1 yug/mL w ork in g  standards to a sealed  vial. 
(Ready-diluted  analytical standards are also 
available from  Therm o E lectron Corp.) H andle 
standards and sam ples in  fum e hoods w ith  all 
approp riate safety precautions. H and le under 
red flu o rescen t lig h tin g  to avoid  photod eg­
radation o f n itrosam ines.

(b) Solvents.— A ll g lass-d istilled ; e th y l eth er 
con tain s 2% ethanol preservative.

(c) Silica gel.— E. M erck SG 60. C on d ition  3 
days at 100°C .

S a m p le  C lean u p

To prepare colum ns, slurry 25 g silica gel w ith  
ca 100 mL 1% ethy l e th er in d ich lo ro m eth an e in 
250 m L separatory fu n n el and drain  in to  ch ro ­
m atographic colum n con ta in in g  plug o f glass

w ool and layer o f sand. Top silica gel bed w ith  
layer o f anhyd rous sodium  su lfate and drain  
solvent to top o f sodium  sulfate.

Technical materials.— W eigh ca 1 g sam ple in to  
50 m L beaker, d issolve and transfer qu an tita­
tively  to cleanu p  colum n w ith  sm all p ortions of 
1% eth y l e th er-d ich lo ro m eth a n e  (about 10 mL 
total), then  elute w ith  balance from  total o f 150 
mL solvent m ixture. D iscard  this fraction  
(con tain in g  triflu ralin  and o ther com pounds) 
and proceed to e lu tion  o f n itrosam ines.

Liquid formulations (40% ).— A ccurately  w eigh  
ca 2.5 g sam ple by  d ifferen ce  and tran sfer to 
cleanup colum n. Elute w ith  150 m L 1% ethyl 
e th e r-d ich lo ro m e th a n e , and d iscard  eluate. 
Proceed  to e lu tion  o f n itrosam ines.

Granular formulations (5%).— W eigh 30 g sam ple 
into 100 m L am ber glass bottle w ith Teflon-lined  
screw  cap and shake w ith  75 m L 1% ethy l 
ether-d ichlorom ethane for 15 m in. Let separate 
and transfer 50 m L aliqu ot o f extract onto 
cleanup colum n. Elute w ith  an ad ditional 100 
mL solvent m ixture and discard eluate. Proceed 
to e lu tion  o f nitrosam ines.

E lu tion  o f  N itro sam in es

For all sam ple types, elute n itrosam ines w ith  
175 mL 4% ethy l e th er in  d ich lo ro m eth an e, co l­
lectin g  eluate in  250 mL K u d erna-D anish  evap ­
orator fitted  w ith  10 mL 1 9 /2 2  graduated re­
ce iv in g  tube and  size  121 2 4 /4 0  S n y d e r 
colum n.

S a m p le  C on cen tra tion

Add one anti-bum p ing granule and im m erse 
evaporator in 4 8 -5 2 °C  w ater bath to d ep th  that 
gives evaporation rate o f ca 100 m L /h . Seal top 
h a lf o f low er 1 9 /2 2  jo in t w ith  lig h t film  o f s ili­
cone grease. A fter con centration  o f so lv en t to 
ca 5 m L, raise evaporator and cool, th en  rinse 
Snyder colum n and flask w ith ca 0.5 mL absolute 
ethanol in  ca 3 m L d ich lorom eth an e. Rem ove 
colum n and flask from  rece iv in g  tube, first 
m aking sure that outside o f tube is thorou ghly  
dry. Add another anti-bum ping granule and fit 
rece iv in g  tube w ith  3 cham ber Snyd er colum n. 
Concentrate extract to ca 0.5 mL, and dilute to 1.0 
mL w ith  ethanol added dropw ise throu gh  
m icro-Snyder colum n. Transfer aliquot to sealed 
v ial for GLC analysis.

G a s-L iq u id  C h ro m a to g ra p h ic  A n a ly sis

In ject m acro quantity  (ca 1 pg) o f  N D PA  to 
con d ition  colum n. Subsequent responses fo r 1 
pg standard in jectio n s should  vary less th an  5%. 
In ject 5 pL a liqu ot of sam ple extract at 1 X 4 or
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o th er a tten u atio n  p rov id ing  m axim um  sen si­
tivity com patible w ith  acceptable baseline noise. 
(T yp ically , 5 pL aliquots o f 1 p g /m L  and 0.1 
p g /m L  w orking standards w ill produce one-half 
fu ll-scale d eflection  at attenuations 1 X 32 and 1 
X 4, resp ectively ).

C alcu la tion s

N itrosam ine (ppm ) in  triflu ra lin  sam ple =  

(Rsam/Rstd) X (W std/W sam) X purity  o f std

w here R sam =  d etector response of sam ple in ­
jected ; R std =  d etector response o f standard in ­
jected ; Wstd =  w eight (pg) nitrosam ine standard 
in jected ; Wsam =  w eigh t (g) tr iflu ra lin  in jected . 
W eight of trifluralin is calculated from  trifluralin  
(% w /w ) con tain ed  in  sam ple as d eterm ined  by 
G L C /F ID  analysis.

R esu lts  and D iscu ssio n

T he activated  silica  gel cleanup colu m n was 
used in  p referen ce  to the  deactivated alum ina 
used by Day et al. (5) because o f better availability 
o f the m aterial and greater ease o f preparation. 
T he e th y l e th er-d ich lo ro m eth a n e  so lv en t sys­
tem s w ere chosen because of their low er bo iling  
range, w h ich  help ed  reduce losses o f nitrosam - 
in es in  th e  evap oration  step. T he order o f e lu ­
tion o f 8 nitrosam ine standards from  a 25 g silica 
ge l colu m n, using  175 m L 4% eth y l e th e r -d i­
ch loro m eth an e, was established  by analysis of 
fraction s o f the  eluate collected . N -N itro - 
soeth y lm eth y la lly lam in  elu ted  first, fo llow ed  
by N -n itro so d ib u ty lam in e, -buty lp rop ylam ine, 
-b u ty leth y lam in e , -d i-rr-propylam ine, -d iethy l- 
am ine, and last, -d im eth ylam ine. T he last 
com pound was on ly  p artia lly  eluted; use o f 10% 
eth y l e th er-d ich lo ro m eth a n e  is requ ired  for 
qu an titativ e  recovery . T h is order o f e lu tion  is 
reported  as usefu l analytical in fo rm atio n , even  
thou gh  clear sep arations w ere n o t obtain ed  b e ­
tw een all standards.

Crosby (10) has stated that solvent evaporation 
is the  s in g le  m ost critica l step in  n itrosam ine 
analysis, and  great care m ust be exercised  to 
avoid  unaccep table losses. M ost w orkers favor 
using the Kuderna-D anish evaporator fitted w ith 
a m icro-Sn yd er colu m n, in  p referen ce to the  ro ­
tary evaporator, and use a sm all volu m e o f a 
h ig h er b o ilin g  so lv en t as keep er, w h ich  in  this 
study w as e thanol. C on centration  by  using  a 
rotary evaporator w ith  a w ater aspirator pum p 
and a w ater bath  at 40 °C  w as used fo r screen in g  
large num bers of samples. Losses o f N D PA  w ere 
m inim al, but recoveries o f N -nitroso-di-rc-eth- 
y lam in e w ere about 80% and o f N -n itroso-d i-

Table 1. Recovery of standard NDPA added to sample of 
trifluralin 40% emulsifiable concentrate of known NDPA 

content

ppm NDPA

% RecoveryBase level Added Total

1.2 0.6 1.8 96, 115, 100
1.2 1.2 2.4 96, 100, 91
1.2 2.4 3.6 101, 110, 104
1.2 3.6 4.8 101, 113, 110

tt-m ethylam ine about 50% in  analyses fo r n itro - 
sam ines in  pesticid es o th er than  triflu ra lin . 
R ecoveries d ep end largely  on the p erform ance 
and con d ition  o f the rotary evap oration  system , 
p articu larly  the vacuum  seals.

In itia lly , a C hrom osorb 103 porous p o lym er 
colu m n w as used for gas chrom atography b e­
cause this m aterial is quite selective to the low er 
m olecu lar w eigh t n itrosam ines. H ow ever, th is 
colu m n show ed a low  e ffic ien cy , and its p ow er 
to resolve closely  related  n itrosam ines d eclin ed  
w ith  repeated  use. M oreover, w hen  con nected  
w ith  a mass sp ectrom eter for con firm atory  pur­
poses, it produced an unaccep table d egree of 
b leed . C hrom osorb P treated w ith  1% N aO H  
and coated w ith  10% Carbow ax 20M  w as a m ore 
e ffic ien t and stable p acking  m aterial.

To study the recovery of N D PA  at levels above 
1 ppm , 8 rep licates of a 40% EC liq u id  form u la­
tion  w ere analyzed , using the N P d etector, and 
show ed a m ean N D PA  level o f 1.2 ppm , w ith  a 
relative standard deviation  o f ± 5 % . T h is m ate­
rial was th en  fo rtified  w ith  several lev els  of 
standard N D PA , and analysis gave an average 
recovery o f 103.2% (Table 1).

To fortify  sam ples at the 0.1 ppm  lev e l, it w as 
necessary to produce nitrosam ine-free trifluralin , 
because all sam ples w ere con tam inated  above 
th is level. This was prepared  by passing a so­
lution of technical trifluralin through a scaled-up 
silic ic  acid cleanup colu m n, th en  adding to the  
n itrosam ine-free  m aterial the  approp riate so l­
vent and adjuvants to give a 40% EC form ulation. 
A nalysis of this fortified m aterial gave recoveries 
of 9 0 ,1 0 8 , and 95% at th e  0.2 ppm  level, and 106, 
106, and 106% at the 0.1 ppm  level.

R ecovery studies w ere also carried  out on  tr i­
flu ra lin  5% granular form u lation . R ecoveries 
w ere 103, 75, and 59% at the 0 .32  ppm  added 
N D PA  level; 94% at 0.64 ppm ; 97 and 76% at 0.96 
ppm ; and 97 and 97% at the 1.29 ppm  level.

Sam ples already contam inated at the 0.62 ppm 
level w ere fortified  w ith  ad ditional N D PA  and
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Table 2. Comparison of results for NDPA (ppm) in 
trifluralln, using NP and TEA detectors

NP detector TEA detector

0.76,0.77 0 80, 0.75
0.74, 0.76 0.75,0.77
0.60, 0.59 0.64, 0.65
0.80. 0.92 0.98, 0.97
0.60, 0.65 0.69,0.69
4.15, 4.82 3.92, 4.05
1.01, 0.84, 1.02 0.96, 1.00
2.09, 2.15 2.20, 2.27
0.81,0.87.0.83 0.91, 1.0
2.38, 2.50 2.89, 3.05
2.34,2.08 1.96. 2.10
2.15,2.57,2.29, 2.21 2.19, 2.14
1.17, 1.22 1.08, 1.03
1.10, 1.11 0.99, 1.05
1.42, 1.49 1.44, 1.39
5.04, 5.35 4.15, 4.08
1.19, 1.22 1.16, 1.12

a least squares plot of results indicated an average 
recovery o f 92%.

To com pare the responses o f th e  N P and TEA 
detectors, sam ples of tr iflu ra lin  em u lsifiab le  
con cen trate  w ere extracted  and d uplicate in je c ­
tions w ere made on each d etection  system . A 
com parison of responses is show n in  T able 2. 
S tatistical analysis, using the paired (-test, 
show ed no differences betw een the m eans of the
2 sets of results.

G as-liquid  chrom atograp hy-h igh  reso lu tion  
mass spectrom etry was used for confirm ation  of 
the  levels and id entity  o f n itrosam ines. Table
3 show s com parison o f results obtained  by 
G L C /M S  w ith  the o th er 2 d etection  system s. 
A gain, no sig n ifican t d ifferen ces are d em on­
strated.

Based on the criterio n  that the m inim um  d e­
tectab le am ount (M D A ) o f a com pound gives a 
recorder response tw ice the b aselin e  no ise , the 
M DA for the TEA detector w as 50 pg and for the 
N P detector, 5 pg. For high resolution G L C /M S, 
the m inim um  d etectab le am ount o f N D PA  at a 
resolution of 10 000 was 100 pg. Response w ith  
the N P d etector was lin ea r from  0.1 to 10 ng.

Figure 1 show s a typical chrom atogram  o f a 
triflu ralin  sam ple extract, recorded from  the NP 
detector. Figure 2A show s the chrom atogram  of 
a typical extract w h ich  exh ib its 5 s ig n ifican t 
peaks w ith  the NP detector. S im ilar traces w ere 
obtained  by G L C /M S w here m /z  29 9979 (N O .) 
was m onitored  (Figure 2B) and w h en  the TEA 
response for the n itrosyl radical w as recorded  
(Figure 2C), thereby p rovid ing  the strongest 
ev id en ce that all 5 peaks are n itrosam ines.

Figure 3 show s the chrom atogram  produced

Table 3. Determination of NDPA (ppm) in trifluralin by 
GLC/MS compared with results using NP and TEA 

detectors

Sample GLC/MS NPD TEA

1 3.2 3.3 2.9
2 2.2 1.7 1.8
3 1.1 1.7 1.4
4 2.0 1.5 1.5
5 2.0 1.5 2.2
6 1.7 1.6 1.4
7 1.2 1.7 1.3

w ith  sin g le  ion m on itoring  at m /z  130.1106 
w hich  show s 2 responses for the m olecu lar ion 
corresp on d ing to a C é-nitrosam ine. T he sam e 
sam ple produced 2 apparent n itrosam ine peaks 
having  sim ilar re ten tio n  tim es w ith  th e N P d e­
tector.

T he p resence o f o ther n itrosam ines in  tr if lu ­
ralin  w as reported  by Day et al. (5) w ho id e n ti­
fied  a peak elu tin g  after N D PA  as a C 7-n itrosa- 
m ine by GLC / M S. These w orkers also reported 
a peak at a retention tim e of 1.8 relative to N DPA 
un der th eir cond itions, w h ich  was id en tified  as

Figure 1. A, chromatogram of typical trifluralin 
extract, using NP detection; B, chromatogram of 

NDPA standard.
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Figure 2. Chromatograms of trifluralin extract with 
5 significant peaks: A, response using NP detector; 
B, response with TEA detector; C, GC/M S response 

when monitoring the NO ion (m/z 29 9979).

Figure 3. GLC/M S response of trifluralin extract 
when monitoring the single ion m /z 130.1106, 
showing 2 peaks corresponding to C6 nitrosamines.

N D P A . N evertheless, con firm ation  by G L C / 
T E A  or G L C /M S  w i l l  be desirable w h e n  results 
above the reg u la to ry  levels are discovered.

A c k n o w le d g m e n ts

W e th an k  J. S e lw yn  and Y. W ig fie ld  fo r assis­
tance in  ana lyzing  samples, and W . W h itn e y  for 
statistical analysis. W e are gratefu l to E. W . Day  
o f L il ly  Research Laboratories fo r supp ly ing  
several n itrosam ine standards.

a n itra m in e  com pound. T h e  id e n tity  as w e ll as 
quantitation  of N -nitrosam ines other than N D P A  
is of concern w here  lim its are set in  terms of total 
N -n itro sam in es  in  a product. In  the  present 
study, no fu r th e r  in vestigation  in to  the id e n tity  
o f N -n itro sam in es  o th er than  N D P A  was made  
because they  appear at s ign ificant levels o n ly  
occasionally, and an estim ate o f the total N -n i ­
trosam ine content d id  not exceed 1 ppm .

Th is  study has dem onstrated  that the  N P  de­
tector, w h e n  used fo llo w in g  silica gel c leanup, 
can be used w ith  a considerable degree o f con­
fidence as an inexpensive a lternative  to a T E A  or 
G L C /M S  system fo r m o n ito ring  levels o f N D P A  
in  tr if lu ra lin  products. N P  detection  offers a 
greater degree o f sensitiv ity  than  most o ther 
ava ilab le  detectors. A fte r  analysis o f several 
h u n d red  t r if lu ra lin  samples from  a n u m b er of 
m an u fac tu rin g  sources, w e have fou n d  no in ­
terferences w h ic h  gave false positive results for
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Liquid Chromatographic Determination of Glyphosate Technical and 
Its Formulation: Collaborative Study

ARNOLD J. BURNS
M o n s a n t o  C o . ,  P O  B o x  1 7 4 ,  L u l in g ,  L A  7 0 0 7 0

Collaborators: J. B. Audino; O. O. Bennett; G. T. Gale; R. Glinski; M. E. Owens;
J. J. Parker; A. Peake; N. Rowe; E. V. Sorensen; L. Torma; B. M. Valange

An HPLC method for the determination of glypho­
sate in formulation and technical samples has been 
subjected to a collaborative study with 12  laboratories 
participating. This method requires no sample 
pretreatment. Samples were dissolved in mobile 
phase, injected directly using a fixed-volume loop, 
and quantitated by an external standard technique. 
Compounds were separated on a strong anion ex­
change column with a water-methanol (96 +  4) mo­
bile phase that was 0.0062M in KH2PO4 and adjusted 
to pH 1.9 with 85% H3PO4, and detected with a vari­
able wavelength UV detector at 195 nm. Calculations 
were made using peak areas. The collaborative study 
involved 3 pairs of matched samples with single de­
terminations on each sample: Roundup herbicide, 
a technical intermediate, and technical glyphosate. 
The coefficients of variation for the 3 pairs were 1.70, 
0.88, and 0.90%, respectively. The method has been 
adopted official first action.

Glyphosate, N -(phosphonom ethyl)g lycine, is the 
active in g re d ie n t in  Roundup® herbic ide. This  
fo rm u la tio n  is a w ater-so lub le , nonselective  
herb ic ide that is app lied  to foliage. Acceptance 
o f this herb ic id e  w o rld w id e  has necessitated 
d eve lo p m en t o f an accurate, precise analy tica l 
m etho d  fo r d e te rm in in g  g lyphosate. G ly p h o ­
sate is n o n vo la tile  and, because the fo rm u la tio n  
is a water-based system, d eriva tiza tio n  and  
analysis by gas chrom atography was not a de­
sirable approach fo r m ethod  develo pm en t. A  
m etho d  based on fo rm in g  a co lorim etric  d e r iv ­
ative fo llo w ed  by spectral analysis is being  used 
by  some laboratories (1). This  m ethod has been  
used by in d ustry  and reg u latory  agencies w ith  
some degree o f success, but the m ethod  is quite  
leng th y, and accuracy and reproducibility  are not 
satisfactory. For these reasons, w e  decided that 
h ig h  pressure liq u id  chrom atography (H P L C )  
w o u ld  be a v iab le  approach to d eve lo p ing  a
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m ethod . E arlier w o rk  on this approach was re ­
ported  by Burns and Tom pkins (2).

T h e  H P L C  m ethod  described here has been  
used in  the author's laboratory for over 5 years 
on com m ercial fo rm u lations and in  process 
control. W ith in  our laboratory, the m ethod  has 
a standard d ev ia tion  o f ±0 .13%  on form u lations  
w ith  41% active ingredient. These precision data 
w ere  generated on the same sample analyzed by  
4 d iffe re n t technicians over 5 m onths. The  
m ethod  has no k n o w n  interferences, is lin ear  
o ve r the range studied, and is qu ite  rugged. 
O v e r 1000 injections have been m ade on one 
co lum n before any s ign ificant loss o f resolution  
was observed. A nalysis takes less than 1 h, 
com pared w ith  several hours fo r o ther less ac­
curate m ethods, such as the  spectral m ethod  re­
fe rred  to e a rlie r ( 1 ).

Development of Method

T he  m ethod  has been used in  the author's  
laboratory  fo r over 5 years. D u rin g  this tim e, it 
has been evaluated  fo r precision, lin e a r ity , in ­
terferences, recovery, and sam ple s tab ility . 
A n aly tica l results indicate an im provem ent over 
o th er m ethods (1 -3 )  and it  is faster w ith  im ­
p roved  precision. A  typ ical chrom atogram  for 
a R oundup herbicide is shown in  F igure 1. The  
chrom atogram  illustrates good peak sym m etries  
and  separation fro m  k n o w n  typ ical im purities . 
The early e lu ting  peaks are due to the em ulsifier, 
and a sm all im p u r ity  peak appears just a fte r the  
glyphosate. A  doublet peak appears in  the 10-12  
m in  range; this doublet is 2  isomers o f ano ther 
im p urity . O perating  parameters are adjusted for 
baseline separation o f g lyphosate and the sm all 
im p u rity  that follow s. The parameters g iven  in  
the m ethod  should  achieve this separation.

The precision of the m ethod was demonstrated  
by analysis of the same sam ple m o n th ly  fo r 5 
m onths by 4 d iffe re n t technicians. T he  data on  
3 sam ple types are show n in  Table 1. The coef­
ficients of variation (C V ) for these 3 samples w ere  
0.32, 0.54 and 0.48%, respectively. T he  C V  fo r  
each technician was essentially equ iva len t to the  
C V  fo r a ll data w h e n  pooled  fo r that sample.
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Figure 1. HPLC separation of surfactant (A), gly- 
phosate (B), impurity 1 (C), and 2 isomers of impurity 

2 (D) on glyphosate herbicide sample.

T he  lin e a r ity  was tested by p rep aring  stan­
dards up  to 500 m g in  100 mL m obile phase. The  
area response vs concentration  was lin e a r over 
this range and passed through the origin . Above  
500 m g, the  curve starts to flatten . W e have de­
te rm in e d  that consistent results are obtained  
w h e n  the sam ple concentration  is s im ila r to the  
standard  and  in  the range suggested in  the  
m etho d .

Possible k n o w n  in terferences from  ra w  m a­
teria ls, reaction by-products, etc., have been  
checked, and no interferences w ere found. This  
was fu r th e r  con firm ed  by previous w o rk  (2 ), 
w h ic h  show ed that re ten tio n  times could be 
p red ic ted  by the pK a o f the com pound. T he  
h ig h e r the  pK a, the  shorter the re ten tio n  tim e. 
T he  k n o w n  com pounds most lik e ly  to in terfe re  
have pK a values d iffe re n t fro m  that of g ly p h o ­
sate.

A  recovery test was carried out by m aking  4 
small laboratory batches of Roundup form ulation  
w ith  standard glyphosate and a ll norm al raw  
m ateria ls  used in  the fo rm u lation . Samples of 
these batches w ere w eighed so that the analytical 
samples fo r these 4 batches contained 350, 375, 
400, and 425 m g glyphosate. Recovery was 347, 
377, 396, and 423 m g, respectively (99.0-100.5% ). 
This is acceptable recovery and also confirm s the 
absence o f interferences.

T he  typ ica l chrom atogram  show n in  F igure 1 
is possible u nd er conditions stated in  the m eth ­
od. These conditions are recom m ended for 
ro u tin e  use. S lig h t m odifications in  e ith e r m o­
b ile  phase salt concentration  or p H  can change  
retention  times and affect separation. Colum ns  
should be replaced w h e n  baseline separation  
cannot be achieved betw een glyphosate and the 
sm all im p u rity  w h ich  fo llow s. M o d ific a tio n  of 
the m obile  phase in  an a ttem pt to im p ro ve  sep­
aration  on a used co lum n results in  loss o f e f f i ­
ciency and precision and is not recom m ended.

There are several o ther observations about the  
m ethod  that affects results. F orm u la tion  sam­
ples contain  surfactant and, in  w a te r solution, 
bubbles fo rm  easily. A n y  bubbles present 
should be rem oved  from  the syringe before in ­
jection because they  w i l l  affect rep ro d u c ib ility  
of the fixed  vo lum e loop and externa l standard  
q uantitation . Some loss o f e ffic iency  due to 
in it ia l settling  of the co lum n packing  has been  
noted. Repacking the in le t  end  w ith  support 
restores efficiency. A d d itio n  of 4% m ethanol to 
the m obile  phase retards bacterial g ro w th  and  
im proves shelf life. W itho u t m ethanol, shelf life  
is reduced.

Collaborative Study

T hree sets o f m atched sam ple pairs together 
w ith  standard glyphosate, a practice sample, and  
detailed guidelines w ere sent to 12 collaborators. 
The matched pairs w ere sim ilar but not duplicate  
samples: Samples A  and  B w ere  R oundup  fo r­
m u lation , C and D  w ere  technical interm ediates, 
E and F w ere  solid technical g lyphosate. A  
typ ical chrom atogram  was supplied  and collab­
orators w ere  instructed  to vary  conditions, if  
necessary, to achieve separation fo r the practice  
sample. Collaborators w ere  requested to report 
any changes necessary to achieve separation. 
Collaborators w ere instructed to d ry the standard 
and solid technical samples and to m ake o n ly  
single determ inations a fter analysis o f the prac­
tice sam ple. Data sheets w ere  p ro vid ed  fo r raw  
data such as sam ple and standard w eights  and  
areas. Each was asked to submit a chrom atogram
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Table 1. Precision study on glyphosate samples (% isopropylamine salt of glyphosate)

Analyst

Month 1 2 3 4 Overall8

Roundup

1 41.15 41.09 41.00 41.33
2 41.26 41.44 41.38 41.17
3 41.47 41.08 41.25 41.30
4 41.21 41.38 41.35 41.35
5 41.17 41.38 41.21 41.35

Av. 41.25 41.27 41.24 41.30 41.25
SD 0.13 0.17 0.15 0 .08 0.13
CV,% 0.32 0.41 0.36 0.19 0.32

Technical Intermediate

1 62.52 62.46 62.79 62.85
2 62.60 62.24 62.95 62.75
3 62.36 63.11 62.73 63.07
4 62.62 63.07 63.36 63.71
5 62.78 62.90 63.01 62.64

Av. 62.58 62.76 62.97 63.00 62.83
SD 0.15 0.39 0.25 0.43 0.34
CV,% 0.24 0.62 0 .40 0.68 0.54

Technical Glyphosate

1 96.30 95.60 95.83 96.74
2 96.36 95.40 96.58 95.53
3 96.38 96.30 96.05 96 90
4 96.83 96.30 96.76 96.43
5 96.29 96.40 96.80 96.26

Av. 96.43 96.00 96.40 96.37 9 6 .3 0 6
SD 0.23 0.46 0.44 0.53 0.46
CV,% 0 .24 0.48 0.46 0.55 0.48

3 Pooled data using all 20 results. 
b % glyphosate.

for Sam ple A. In gen eral, in stru ctio n s w ere 
follow ed closely . A ny d eviations from  the 
m ethod are noted below .

Glyphosate (N-Phosphonomethyl Glycine) 
Technical and Formulations

Liquid Chromatographic Method 

Official First Action

6.D22 Principle

Sam ples are d issolved in phosphate b u ffer 
m obile  phase and in jected  d irectly  in to  ion ex­
change chrom atogc system  using fixed vol. loop. 
Peak area response as m easured by UV detector 
is quantitated  by external std tech nic.

6.D23 Apparatus and Reagents

(a) Liquid chrom atograph .— A ble to gen erate 
over 1000 psi and m easure A at 195 nm.

(b) Loop in jector . — R heodyne M odel 7120 sy­

rin g e  load ing  (Supelco, Inc .), or equiv.
(c) S t r ip  c h a r t  r e c o r d e r .— H ouston  In s tru m en t  

10 m V  fu ll  scale (In d u s tria l Scien tific , P O  Box 
60002, H ouston , T X  77060), or equiv.

(d ) E lec tro n ic  in t e g r a t o r .— Capable of h an d lin g  
detector output.

(e) C h r o m a to g ra p h ic  c o lu m n .— 25 cm X  4.6 m m  
id, l/ i  in. od, strong anion exchange, e.g., Partisil 
10 SAX (available from  W hatm an, Inc., 9 Bride­
w e ll P I, C lifto n , NJ 07014).

( f )  M e t h a n o l .— H P L C  grade (ava ilab le  fro m  
B urd ick &  Jackson Laboratories, Inc.).

(g ) W a t e r .— H P L C  g rade (av a ila b le  fro m  
B urdick &  Jackson Laboratories, Inc .). Use 
th ruout.

(h) P o ta s siu m  d ih y d r o g e n  p h o s p h a t e .— P rim ary  
std grade (ava ilab le  fro m  Fisher S c ien tific  Co.).

( i )  P h o s p h o r i c  a c i d .— 85% , reag en t g rade  
(ava ilab le  fro m  Fisher Scientific  Co.).

( j) G ly p h o s a te  s t d .— M onsanto  Co.
(k )  M o b ile  p h a s e .— D issolve 0.8437 g K H 2P O 4
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in  960 m L H zO . A d d  40 m L  M e O H  and m ix  
w e ll. U sing  p H  m eter buffered  at p H  2.0, adjust 
p H  to 1.9 w ith  85% H 3P O 4. F ilte r  and degas be­
fore  use.

6.D24 Preparation o f  Standard

A ccurate ly  w e ig h  ca 400 ±  10 m g glyphosate  
std (dried  2 h at 105°) in to  100 m L vol. flask. D il. 
to vol. w ith  m obile  phase and stir to dissolve (30 
m in  m ay be required  to dissolve std). Soln is 
stable > 1  w eek.

6.D25 Preparation o f  Sample

A ccurately  w e ig h  sam ple contg ca 400 m g  
glyphosate in to  100 m L vol. flask contg ca 50 m L  
m obile phase. D il. to vol. w ith  m obile phase and  
m ix  w e ll.

6.D26 Determination

Adjust operating parameters so that glyphosate 
elutes at 2 .5 -4 .0  m in . M a in ta in  a ll param eters  
consistent th ru o u t std and sam ple analysis. 
Typ ica l values are as fo llow s: f lo w  rate 2.3
m L /m in ;  pressure ca 1200 psi; chart speed 0.5 
c m /m in ; A  range 0.2 A U FS; colum n tem p, am ­
b ien t; in jector vo l. 50 p L .

Let m obile phase flow  thru  system u n til steady 
baseline is obtained; 1 h m ay be required for new  
colum n. W h en  new  colum ns are ins ta lled  or 
ins tru m en t has not been used for 24 h, m ake at 
least 6  rap id  injections o f std soln; then inject std 
soln u n til peak areas for successive injections

agree ±1% . Then  inject sam ple soln u n til peak 
areas for successive injections agree ±1% . Let all 
com ponents from  samples e lute  (ca 1 0 -1 2  m in )  
before m ak in g  next injection .

6.D27 Calculation

A verage peak areas from  2 successive injec­
tions that agreed ± 1% from  both std and sample 
solns.

% G lyphosate =  (R/R') X (W'/W)  X P

w here  R =  av. peak area of sample; R' =  av. peak 
area o f std; W  =  m g sample; W  =  m g std; and P 
=  %  p u rity  o f std. To convert % g lyphosate to 
isopropylam ine salt, m u ltip ly  by 1.3496.

Results

The collaborative test of a closely matched pair 
and in terp re ta tio n  of results as o u tlin ed  by  
Youden  and S teiner (4) was fo llo w ed . In  ad d i­
tion , published w ork  by Pearson (5) and priva te  
com m unications w ith  E. G locker, statistical 
consultant to A O A C , w ere  also used fo r in te r­
pretation .

Table 2 shows the results from  a ll laboratories. 
The ran k in g  test (4) was app lied  and a ll labora­
tories fe ll w ith in  lim its; thus no laboratory was 
discarded as an o u tlie r due to system atic error. 
Several pairs o f results w ere  rejected as outliers  
according to confidence lim it  calculations that 
fo llow : L im its  for in d iv id u a l m easurem ents

Table 2. Collaborative results for HPLC analysis of glyphosate

Coll.

Wt % isopropylamine salt Wt % glyphosate

A B C D E ' F

1 (AR) 41.2 41.0 61.8 62.6 97.7 9 7 .9
2 44.7 43 .9 a 62.1 63.2 103.8 1 00 .96
3 42.5 41.4 62.6 62.7 98.8 98.2
4 41.8 41.2 63.5 62.0 97.2 96.7
5 41.8 41.4 62.8 63.4 98.2 98.4
6 41.4 41.0 62.2 63.0 96.6 97.8
7 43.6 41.5 62.9 62.6 96.5 96.6
8 41.8 42.3 60.5 6 3 .1 b 96.8 97.2
9 41.9 42.1 69.1 66 .0 b 98.6 99.5

10 42.6 43.3 62.7 63.6 94.7 9 8 .3 b
1 1 38.3 4 1 .6 * 62.6 62.5 98.6 97.4
12 41.8 41.2 62.6 63.1 97.4 98.5

Pairs 10 10 10
Mean 42.08 41.64 62.58 62.87 97.64 97.82
s, 0.57 0.55 0.55
Sb 0.42 _ c 0.69
SD = V S r2 +  Sb2 0.71 0.55 0.88
cv. % 1.70 0.88 0.90

3 Pair omitted by Dixon test (6). 
b Outlier pairs at P = 0 .02  by Pearson (5). 
c Negative Sb2 by chance. See Ref. 4.
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w ere obtained by mean ±  t X  S j, w here  the mean  
is that of a g iven  sample (e ith er one of the pairs), 
t =  a p ro b ab ility  of 0 .0 2 , and S j =  V S r2 +  Sb2/ 
w h ich  is the standard d ev ia tio n  o f a s ing le  m ea­
surement. L im its for sums are also based on the 
mean ±  t X  Sd, w here the mean is that of the sum  
of a m atched pair, f =  a p ro b ab ility  o f 0 .0 2 , and  
Sa (Youden and S teiner (4)) =  V S r2 +  2 Sb2- 
L im its  for differences betw een  2 m easurem ents  
( N  =  2) w ere  obtained by m ean d iffe rence  ±  
[1.128(Sr) ±  1(0.8525)] fo r N  =  2, w h ere  1.128(Sr) 
is the re la tion ship  betw een  the m ean range and  
the standard d evia tion  (1.128(Sr) =  R w h e n  N  =

2), and 0.8525 is the standard d eviation  o f ranges 
( S r  w h e n  N  =  2). The values 1.128 and 0.8525  
are from  Pearson (5). In  Table 2, sam ple p a ir A  
and B was om itted  for Collaborator 11 as outliers  
on ind iv idu al results for A  and for the d ifference  
on A  and B; sample pair C and D  for Collaborator 
8  was an o u tlie r because the in d iv id u a l result of 
C was out of lim its; sam ple p a ir C and D  for  
C o llaborato r 9 was om itted  as a gross outlier; 
sam ple pair E and F was an o u tlie r for C o llabo ­
rators 2 and 10 because the sum for Collaborator 
2 and the d ifference for Collaborator 10 w ere out 
of lim its . The results fo r C o llab orato r 2 on 
sample pair A  and B w ere also om itted as outliers 
by the D ixo n  test (6 ).

T h e  re m a in in g  results in  Tab le  2 w ere  
subjected to a statistical eva luation  fo r precision  
as described by Y ouden  and S te iner (4). The  
eva luatio n  was based on a closely m atched pair  
s im ila r in  nature and s im ilar am ounts o f active  
in g re d ie n t present. Results show  that the 
standard d ev ia tion  (SD ) w h e n  com bin ing  Sam­
ples A  and B was 0.71 w ith  a C V  o f 1.70%; w h en  
Samples C and D  are com bined, Sb is negative by 
chance and SD was 0.55 w ith  a C V  of 0.88%; the  
com bination  o f Samples E and F had an SD of 
0.88 and the C V  was 0.90%. This gave an overall 
average C V  equal to 1.16% for a ll 3 sample  
types.

T h e  collaborators m ade various changes from  
the recom m ended procedure. Several collabo­
rators reported that changes in  the m obile phase 
w ere necessary to achieve the desired separation. 
These w ere  o n ly  slight changes in  e ith er the salt 
concentration or p H . O ne collaborator added 6% 
m ethan o l to the m ob ile  phase ra ther than the  
specified  4% by vo lum e. A n o th e r com m on  
change was a d iffe re n t size sam ple loop; 2  col­
laborators used a 10 and another a 20 juL loop. In  
the la tte r case w ith  a 2 0  /iL  loop, the sample  
concentration  was increased 2.5 tim es to com­
pensate fo r the sm aller in jection  vo lu m e. A n ­
o th er d ev ia tio n  fro m  the m ethod  was use o f a

sam ple w e ig h t out of the recom m ended range. 
T h is  was not a serious d ev ia tion  because no  
w eigh ts  used w ere  outside the lin ear p ortion  of 
the  curve. Collaborators 3 and 8  used peak  
h e ig h t ra ther than peak area fo r calculations. 
T h e ir  results show  good agreem ent w ith  the  
o th er collaborators and thus peak h e ig h t could  
be an a lte rn a tive  i f  in tegra tio n  capabilities are 
n o t availab le . Seven collaborators reported  
d iff ic u lty  in  obta in ing  1% rep ro d u c ib ility  for  
areas fro m  one in jection  to another. In  our lab ­
o ra to ry , w e  n o rm a lly  do better than 1%, usually  
around 0.5%. Thus, experience w ith  the m ethod  
should  d e fin ite ly  im prove re p ro d u c ib ility  of 
in jections. O ne  collaborator m ade o n ly  single  
in jections; how ever, no results from  that col­
laborator w ere  outliers, so results w ere included  
in  the statistical evaluation.

T he  m ethod  collaboratively studied is rugged  
and has good precision. The precision rem ained  
consistent even w ith  the changes such as peak  
h e ig h t vs area, size o f sam ple in jection , and  
m o difications o f m ob ile  phase, and thus is a 
dem onstration  o f m ethod  ruggedness.

Recommendation
I t  is recom m ended that the H P L C  m ethod  for  

d e te rm in in g  glyphosate technical and its fo r­
m u lations be adopted o ffic ia l firs t action.
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Liquid Chromatography of Liquid Formulations Containing 2,4- 
Dichlorophenoxyacetic Acid, Dicamba, and 2-(2-Methyl-4- 
chlorophenoxy)propionic Acid as Their Salts

ROBERT B. GRORUD and JOHN E. FORRETTE* 1
N o r th  D a k o ta  S ta te  L a b o ra to r ie s  a n d  C o n su m er  A ffa i r s ,  L o c k  B ox  9 3 7 , B ism a rc k , N D  5 8 5 0 2

A high pressure liquid chromatographic method has 
been developed for liquid herbicide combinations 
that contain different combinations of 3 active in­
gredients including 2,4-dichlorophenoxyacetic acid 
(2,4-D), 2-(2-methyl-4-chlorophenoxy)propionic acid 
(MCPP), and dicamba. A reverse phase column in the 
ion suppression mode and a binary solvent system 
separate all 3 herbicides quantitatively on a single 
chromatogram. The internal standard solution may 
contain 2 internal standards, salicylic acid and 
butyrophenone, for use with certain combinations 
of the herbicides. The solvent system resolves the 
compounds of interest from all significant impuri­
ties.

A  v arie ty  o f herbicides fo r yard  use are available  
to consum ers in  re ta il stores today; the  most 
co m m o n  active  in g re d ie n t  is 2 ,4 -d ic h lo ro ­
p henoxyacetic  acid (2 ,4 -D ). Form ulations of
2 ,4 -D  as a s ing le  active in g re d ie n t are seldom  
ava ilab le . R ather, m an y form u lation s  are com ­
b in atio ns  o f 2 or 3 active in g red ien ts , o rd in a rily  
b lends o f 2 ,4 -D  w ith  3 ,6-d ich loro-o -an is ic  acid 
(d icam b a) a n d /o r  2 -(2 -m e th y l-4 -c h lo ro p h e n -  
o xy )p ro p io n ic  acid (M C P P ). These com bina­
tions occur n ot o n ly  in  the liq u id  spray but also 
in  w e ed -an d -feed  products, and  are increasing  
in  num bers. Thus, the pesticide analy tica l 
chem ist has a complex and dem anding task w h en  
a tte m p tin g  to separately q uantitate  each active  
in g re d ie n t.

Reverse phase h ig h  pressure liq u id  chrom a­
to g rap h y  (H P L C ) in  the ion  suppression m ode  
has been v e ry  useful in  separating  isomers and  
o ther im purities in  the A O  A C  H P L C  methods for 
chlorophenoxy herbicides ( 1, 2 ); how ever, the 10 
p m /2 5  cm colum n specified does not have the  
required  effic iency to separate active ingredients, 
in te rn a l standard, and  p ro m in e n t im p urities  
associated w ith  each technical product in  the  
com bin atio n  form u lation s. In  searching fo r a 
colum n that w o u ld  have the necessary efficiency, 
a sm all partic le  size, h ig h e r carbon-loaded O D S  
stationary  phase m ay be unsatisfactory because
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of h ig h e r m olecular w e ig h t species that elute in  
an unacceptable leng th  o f tim e w ith  accompa­
n y in g  zone spreading. In  add itio n , h ig h  pres­
sure com bined w ith  the sm all partic le  size o f 5 
/um o r less w o u ld  result in  problem s such as 
p lu g g in g  filters , leaks, and shorter colum n  
life .

A  co lum n w ith  im p ro ved  effic iency has been 
fo u n d  w h ic h  separates each active ing red ien t 
q u a n tita tiv e ly  on a sing le chrom atogram . The  
reverse phase colum n selected has a carbon  
lo ad in g  o f approxim ately  10% and residual sila- 
nols “ capped" w ith  a shorter chain leng th  orga- 
nosilane. D esirab le characteristics o f this col­
um n fo r use w ith  h ig h  ionic strength buffers are 
increased effic iency, compared w ith  the colum n  
specified  fo r the present A O A C  chlorophenoxy  
methods; v irtu a lly  complete coverage of silica gel 
surface silanols, and, therefore, lon ger life  ex­
pectancy fo r the colum n; lo w  back-pressure of 
app ro x im ate ly  2 2 0 0  psi, w h ich  includes about 
500 psi con tribu ted  by the guard colum n.

D evelopm ent o f  M ethod

Im p u ritie s  in  the  technical product must be 
considered in  deve lo p ing  an analytical m ethod  
fo r a com m ercial herbicide. In  the case o f a fo r­
m u la tio n  that contains a single herbic ide there  
is g reater la titu d e  in  selection o f solvents, col­
um ns, and ins tru m en ta l parameters. As the  
fo rm u la tio n  increases in  com plexity, the ava il­
able options d im in ish  in  num ber. The ratio  of 
percentages claim ed is a criterion in  determ ining  
the  re la tive  con tribu tio n  of im punities in  the  
fo rm u la tio n  from  each technical product w hen  
2 o r 3 herbicides are b lended. For exam ple, the  
percentage o f 2 ,4 -D  claim ed can be 10 times 
greater than  the claim  fo r dicam ba. Therefore, 
i t  becomes im p ortan t to separate the re la tive ly  
m in o r im p u rity , p -chlorophenoxyacetic acid 
(p -C P A A ) fro m  2 ,4 -D , w h ich  w i l l  co-elute w ith  
dicam ba w h en  using o n ly  33% acetonitrile  m o­
b ile  phase as an isocratic solvent. To accomplish 
th is separation, an in it ia l m obile  phase contain ­
in g  2 2 % aceto n itrile  is necessary.

In  th is w o rk , a tten tion  was directed at d eve l­
o p ing  m ethodology fo r the most com plicated
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Table 1. Elution of combination herbicides, impurities, 2 internal standards, and p-bromophenol as marker, using 
acetonitrile-water (33 + 67) pH 2.68-2.70 as eluant

Time,
min

Elution
order Solute3

1 3,6-DCSA 3,6-dichlorosalicylic acid
4.9 2 internal std salicylic acid
5.5 3 PPA phenoxypropionic acid

4 o-CP o-chlorophenol
6.1 5 o-CPAA o-chlorophenoxyacetic acid
6.5 6 p- CPAA p-chlorophenoxyacetic acid
6.6 7 dicamba 3,6-dichloro-o-anisic acid

8 p- CP p-chlorophenol
9 3,5-DCSA 3,5-dichlorosalicylic acid

7.3 10 2,6-D 2,6-dichlorophenoxyacetlc acid
8.8 11 2-CPPA 2-chlorophenoxypropionic acid
9.0 12 2-MPPA 2-methylphenoxypropionic acid
9.1 13 4-CPPA 4-chlorophenoxypropionlc acid
9.2 14 p-Br-P p-bromophenol (marker)

15 2,6-DCP 2,6-dichlorophenol
10.3 16 2,4-D 2,4-dichlorophenoxyacetic acid
10.3 17 2,6-DCPPA 2,6-dichlorophenoxypropionic acid
10.7 18 2-M-6-CPPA 2-methyl-6-chlorophenoxypropionic acid
11.3 19 3,5-Dicamba 3,5-dichloro-o-anisic acid
12.8 20 — unknown
13.4 21 2-M-4-CP 2-methyl-4-chlorophenol
13.6 22 2,4-DCP 2,4-dichlorophenol
15.8 23 2,4-DCPPA 2,4-dichlorophenoxypropionic acid
16.2 24 MCPP 2-(2-methyl-4-chlorophenoxv)propionic acid
17.7 25 2.6-DM-4-CPPA 2,6-dimethyl-4-chlorophenoxypropionic acid
18.9 26 2,4,6-TCPAA 2,4,6-trichlorophenoxyacetic acid
20.7 27 2-M-4.6-DCPPA 2-methyl-4,6-dichlorophenoxypropionic acid

28 2,4,6-TCP 2,4,6-trichlorophenol
23.5 29 internal std butyrophenone

a Compounds of interest and internal standards are underlined.

s itu a tio n — the ternary  fo rm u latio n . Basic sup­
p liers  (Th e D o w  Chem ical Co., M id la n d , M I  and  
D ia m o n d  Sham rock C orp ., Tuscaloosa, A L ) p ro ­
v id ed  reference com pounds w h ich  represent all 
k n o w n  im p u rities  in  technical form ulations. 
These w ere  used to evaluate columns and m obile  
phases fo r th e ir  reso lv ing  p ow er. O p tim u m  
conditions using a b in ary  so lvent system are ac­
e to n itr ile -w a te r  (22 +  78) p H  2 .68-2 .70  as the  
in it ia l so lvent fo r e lu tin g  dicam ba, and then  ac­
e to n itr ile -w a te r  (33 +  67) p H  2 .68-2 .70  fo r e lu t­
in g  the  rem a in in g  solutes, in c lu d in g  2 ,4 -D  
a n d /o r  M C P P , and the in te rn a l standard bu ty -  
ro p heno ne . Tab le 1 shows the  e lu tio n  order 
using the latter solvent (33% acetonitrile). Table  
2  contains a list of typical form ulations, currently  
in  use, classified fo r the purpose o f the assay 
m etho d . I f  dicam ba is not present, 33% aceto­
n it r ile  can be used as an isocratic solvent.

W e  a ttem p ted  to use the  n ew e r 5 p m  colum ns  
to im p ro v e  reso lution  and thereby c ircu m vent 
the  use o f a b in ary  m obile  phase solvent system. 
T w o  colum ns, W h atm an  5 /2 5  O D S -3  and IB M  
O ctadecyl (Cig) RP 5 jttm /25 cm, w ere  tried  using  
d iffe re n t am ounts o f ace ton itrile  in  the m obile

phase. Using 37% acetonitrile-63%  w ater m obile  
phase b u ffe red  to p H  2.68, it  was possible to 
separate p -ch lorophenoxyacetic  acid fro m  d i­
camba. U n fo rtunate ly , the 2,6-D  im p u rity  (from
2 ,4 -D ) m oved  u n d er dicam ba peak. In  general, 
the  5 p m  colum ns d id  not resolve peaks any  
b etter than  d id  the 10 /am O D S -3 , and there was 
the added disadvantage o f h av in g  to use h ig h  
pressure to attain  a reasonable flo w . T w o  o ther 
h ig h e r capacity colum ns w ere  tried , Partis il 10 
O D S -2  and 5 p m /2 5  cm U ltrasph ere  O D S . Re­
sults w ere  unsatisfactory. The P artis il 1 0 /25  
O D S -3 colum n, specified in  the m ethod, o ffered  
the best com prom ise am ong reso lu tion , speed, 
and capacity. N o  o th er co lum n should  be sub­
stituted w ith o u t p rio r evaluation  w ith  respect to 
separation requirem ents  because there  m ay be 
co-elution  problem s (bias) w ith  peaks o f interest 
and  im p urities .

M E T H O D

Apparatus

(a) L iq u id  c h ro m a to g ra p h .— Fitted w ith  5000 psi 
pressure gauge and  w ith  2 .0  m L /m in  f lo w  rate
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Table 2. Typical combinations herbicide in formulations3

Formulation
Claim,

%
Equiv. acid, 

% Ratio Mobile phase

Class 1— Dicamba and 2,4-D:
Dicamba 0.31 0.25 0.25 binary solvent:
2,4-D alkanolamine salt 1.66 1.00 1.00 acetonitrile-

Dicamba 3.42 2.84 0.20
water (22 + 78) pH 2.70 

acetonitrile-
2,4-D 17.12 14.21 1.00 water, (33 + 67) pH 2.70
Dicamba 3.18 2.64 0.25
2,4-D 12.72 10.57 1.00
Class II— Dicamba, 2,4-D, 

and MCPP:
Dicamba 0.65 0.54 0.10 binary solvent:
2,4-D 6.27 5.2 1.00 same as Class 1
MCPP 2.84 2.35 0.45
Dicamba 1.20 1.00 0.19
2,4-D 6.25 5.20 1.00
MCPP 10.83 8.95 1.72
Dicamba 1.28 1.07 0.40
2,4-D 3.23 2.69 1.00
MCPP 10.59 8.76 3.26
Classili— 2,4-D and MCPP:
2,4-D 0.75 0.51 1.00 isocratic solvent:
MCPP 0.75 0.50 1.00 acetonitrile-

2,4-D 11.50 9.6 1.00
water (33 + 67) pH 2.70

MCPP 11.6 9.6 1.00

a Active ingredients are dimethylamine salts except where noted.

capab ility ; 280 n m  U V  detector; lin e  f i lte r  in  e l­
u an t reservoir; in jection  va lve  vo lu m e 10  p L ;  10 
m v fu ll scale deflectio n  s trip  chart recorder. 
O p era tin g  conditions: f lo w  rate 2.0 m L /m in ,  
chart speed 0.5 c m /m in , detector 280 n m , in jec­
tion  vo lum e 10 p L ,  constant am bient tem perature  
< 7 6°F  (troublesom e bubbles fo rm  in  acetonitrile  
e lu an t above this tem peratu re). S en s itiv ity  0.2 
A U F S  fo r dicam ba and 1.0 A U F S  fo r rem a in in g  
com ponents.

(b) C h r o m a t o g r a p h ic  c o lu m n .— 250 X 4.6 (id )  
m m , P artis il 10 p m  O D S -3  (W hatm an  Inc ., 9 Bri­
d e w e ll P I, C lif to n , NJ 07014). Use w ith  W h a t­
m an  50 X  4.6 (id ) m m  C o:P ell O D S  p ellic u la r  
guard  co lum n  as in  6.276(b), ref. 1. F lush col­
u m n  w ith  w a te r before and  a fte r regeneration  
w ith  ace to n itrile  to obta in  stable baseline.

(c) R e a c tio n  v e s se l f o r  s a m p le  a n d  s t a n d a r d .— 50 
m L conical glass centrifuge tube w ith  leak-proof 
screw cap. 50 m L p olypropylene centrifuge tube 
(C o rn in g , Cat. N o . 2533050) can be used fo r  
am in e  salt fo rm u lation s  b u t not fo r ester fo rm u ­
la tio n  due to absorption pro b lem .

(d) C o n ta in e r  f o r  p r e p a r e d  s a m p le .— 1 oz n arrow  
m o u th  lin e a r p o ly e th y len e  b ottle  (Cat. N o . 
2002-0001, N a lg e  Co., P .O . Box 365, Rochester, 
N Y  16402, or equ iva len t).

Reagents

(a) S o d iu m  h y d r o x id e  so lu tio n .— (1 +  1). Pre­
pare as in  50.033(b), ref. 1. D eterm ine norm ality  
fo r use in  p reparing  m obile  phase.

(b) S a lic y lic  a c id .— Reagent grade (A ld rich  
C h em ical Co., P .O . Box 2060, M ilw a u k e e , W I  
53201).

(c) n - B u t y r o p h e n o n e .— Reagent grade (A ld rich  
C h em ical Co.).

(d) M o b ile  p h a s e .— v / v  w ith  precise p H  
(2 .68 -2 .70 ) contro l. A ce to n itrile  (d is tilled  in  
g lass )-H P L C  q u a lity  w ater. Prepare w a te r by 
f ilte r in g  d is tilled  d eion ized  w ater th rough  0.45 
p m  filter. Transfer to 2 L Erylenm eyer flask, boil 
several m inutes, and cap t ig h tly  w ith  double  
layer o f A1 fo il. Prepare 2 solvent systems (each 
p H  2 .68-2 .70 ) as shown:

2 2 % C H 3C N -  3 3 % C H 3C N -  

7 8 %  w a te r  6 7 %  w a te r

W ater 725 610
A ce to n itrile 2 2 0 330
N a O H  solution  

(approx. 17.7N) 16.9 16.9
H 3P O 4 (coned), 

add to proper p H 31.8 33.0
994 990
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A d d  w a te r fo r
total
vo lu m e  o f 1 L  6  10

1000 m L  1000 m L

Use graduated  25 m L  p ip e t to add calculated  
vo lu m e  o f p repared  N a O H  solu tion  fo r 0 .3M  
f in a l solution. Begin w ith  approxim ately  10 m L  
short vo lu m e  o f w a te r and  a fte r p H  adjustm ent 
add balance o f w ater for total volum e o f 1000 mL. 
Use standard b u ffe r reference of p H  3.0 or 4.0 to 
standard ize p H  m eter. Prepare m o b ile  solvent 
one day in  advance o f assay.

(e) I n t e r n a l  s t a n d a r d  s o lu tio n  (I S S ) .— Use iso- 
p ro p a n o l-w a te r (2  +  1) as s tan dard /sam p le  sol­
v e n t and d ilu e n t, and fo r rin s in g  w h e n  trans­
fe rr in g  0.950 g salicylic acid in to  1 L vo lu m etric  
flask. P ip e t in  9.0 m L  b u tyro p h en on e , sw irl, 
d ilu te  to vo lu m e, and m ix. Use salicyclic acid as 
reference fo r d icam ba at 0.2 A U FS  (peak h e ig h t  
ca 95 m m ) and  b u tyro ph en on e  fo r 2 ,4 -D  and  
M C P P  at 1.0 A U F S  (peak h e ig h t ca 85 m m ). 
F ilte r ISS as fo r sam ple.

Preparation o f  Standards and Sam ple

D ry  standards 5 -1 0  m in  at < 8 5 °C  and  w e ig h  
d irectly  in to  reaction vessel according to ratio  of 
herb ic id e  percentages c laim ed. To keep peak  
heights on scale, largest com ponent (percent) 
present, w h ic h  is e ith er 2 ,4 -D  or M C P P , must be 
used as g o vern in g  factor. Target w e ig h t, fo r a 
recom m ended  peak h e ig h t o f 115 m m  at 1.0 
A U FS  or approxim ately 50% fu ll scale deflection, 
is as fo llow s: 2 ,4 -D  eq u iva len t w e ig h t 0.150 g 
and  M C P P  e q u iva len t w e ig h t 0.225 g. Because 
of va ria tio n  in  peak h e ig h t response betw een  
detectors o f d iffe re n t m anufacture , each labora­
to ry  should  prepare a test solu tion  o f k n o w n  
concentration to check detector response before  
proceeding w ith  assay, and adjust sam ple size 
accordingly . D icam ba, alw ays in  least percent 
cla im  and  correspon ding ly  lo w e r peak h e ig h t  
response, can be prepared  as separate standard  
fo r an o p tio n a l procedure.

F in a l vo lu m e  fo r a ll samples and standards is 
25 m L. W e ig h  liq u id  sam ple, by d iffe rence , 
fro m  d ro p p in g  b ottle  in to  reaction vessel and  
p ip e t in  20 m L  in te rn a l standard solution. A l ­
ways use same p ip e t fo r samples and standards. 
To keep w ith in  25 m L  vo lu m e  lim it ,  sam ple  
vo lu m e  greater than  5 m L requires evaporatio n  
fro m  the reaction vessel in  65 °C  bath  w ith  a ir  
stream. F ilter all samples and standards through
9.0 cm W hatm an  glass m icro fiber f ilte r  G F /C , or 
equ iva len t.

Determ ination

Flush co lum n of previous solvent w ith  w ater  
fo r several m inutes before chang ing  to m ob ile  
phase used in  m ethod. W h en  baseline is stable, 
return  e ffluen t from  detector (use Teflon  tubing) 
back in to  solvent reservoir fo r rec ircu la tio n  of 
m o b ile  phase, and cap flask w ith  A1 fo il. A n  
in it ia l 10 pL  in jec tion  o f salicylic acid (0.95 g /L  
in  iso p ro p an o l-w ate r) (2  +  1 ) is recom m ended  
to con d ition  co lum n. For class I  and  I I  com bi­
n ation  herbicides, use 22% ace to n itrile -78%  
w a te r firs t fo r early  e lu tin g  com ponents w h ere  
dicam ba is last com ponent to e lu te  in  firs t sol­
vent. Set sensitivity at 0.2 AU FS and inject 10 pL  
standard solution. A fte r dicamba has eluted and  
pen  returns to baseline, stop p u m p  and sw itch  
T e flo n  tub ing  in le t  (w ith  f ilte r)  to 33% acetoni­
trile  67% w ater m obile phase. Flush system w ith  
syringe before s tarting  pum p  again and  set sen­
s itiv ity  at 1.0 A U FS . W h e n  in s tru m en t is 
equ ipped  w ith  2  pum ps, each p u m p  m ay be 
dedicated to the specified m obile phase; this w ill  
reduce analysis tim e.

A fte r changing to second m obile  phase, in it ia l 
com ponent o f interest to e lu te  is 2 ,4 -D , in  about 
5 m in , w h ic h  allows adequate equ ilib ration  tim e  
in  second solvent. Second in te rn a l standard, 
b utyro ph en on e , is req u ired  fo r second m ob ile  
phase. This neutra l com pound is unaffected  by  
p H , i.e ., o n ly  the strength  o f the  so lvent (aceto­
n itr ile )  affects re ten tion  tim e. In jec tio n  se­
quence: standard, Sam ple 1, Sam ple 2, standard  
rep licate , average standard peaks.

For class I I I  herbicides (Tab le 2), use 33% ace- 
to n itr ile -6 7 %  w ate r e luan t as an isocratic sol­
vent.

As an option al p rocedure fo r class I  and I I  
com bination  form u lation s  co n ta in in g  b lends of 
dicam ba and 2 ,4 -D  and w ith  or w ith o u t M C P P , 
use 33% ace to n itrile -67%  w a te r e lu an t as an iso­
cratic solvent and then  repeat assay (rep licate  
in jec tion ) using the  firs t so lven t 2 2 % acetoni­
tr ile -7 8 %  w a te r fo r dicam ba. A  key  part o f the  
a lte rnative  procedure is tha t w h e n  dicam ba has 
elu ted , rem a in in g  com ponents m ay be flushed  
fro m  the co lum n w ith  50% a c e to n itrile -50%  
w a ter (no b u ffe r). Use separate d icam ba stan­
dard  w ith  o n ly  salicylic acid ISS (0.950 g /L ) ,  
thereby e lim in a tin g  the delay  in  w a itin g  fo r  
butyrophenone to elute, as in  the m ethod, before 
next in jection . D o  n o t change d ire c tly  to 100% 
aceton itrile  from  b u ffe red  so lvent because col­
u m n  w i l l  p lu g  fro m  sa lted -o ut phosphate  
b uffer.
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dicamba

Calculations

Calculations are based on autom ated in teg ra ­
tion of peak area or m easurem ent of peak height, 
using the fo llo w in g  form ula:

% =  ( R / R ' )  X  ( W ' / W ) X  % p u r ity  o f standard

w h ere  R  =  sam ple ratio  (h e rb ic id e )/in te rn a l 
standard and R ' =  same ratio  o f standard. W  =  

m g standard and W  =  m g sample.

dicamba

2,4-D

1 -  MPPA
2- 4CPPA

2

Figure 3. Separation of impurities from MCPP in
33% CH3CN.

Discussion

Tab le 1 lists possible im p u rities  p lus 3 h erb i­
cides and 2  in terna l standards, a total of 28 solutes 
in  a ternary  com bination  fo rm u la tio n . E xam i­
nation  o f e lu tio n  o rder and  re ten tio n  tim es in  
Table 1 indicates that some im p urities  in  the 33% 
acetonitrile  solvent are not suffic ien tly  resolved. 
Good reso lution  o f early  e lu tin g  im p u rities  and  
peaks of interest is accom plished by im p ro ved  
colum n se lectiv ity  th rou gh  the use o f 2 2 % ace­
to n itr ile  as the  firs t solvent. O f  in terest is the  
change in  position of o -CPAA, in  reference to the  
position  ind icated  in  Tab le 1. T he  chrom ato­
gram  (Figure 1) is m arked at the p o in t w here  the  
p um p  is stopped and e luan t is sw itched to 33%  
aceton itrile . F igure 2 shows the position  o f an

p-Br-P
2,4-D

Figure 2. Separation of the 2,6-D isomer of 2,4-D 
from dicamba in 33% CH3CN.

Figure 4. Separation of p-bromophenol from 2,4-D 
in 33% CH3CN.
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Figure 5. Separation of other impurities from 2,4-D, MCPP, and internal standard butyrophenone in 33%
CH3CN.

im portant im p urity , the 2,6-D  isom er fro m  2,4-D. 
T he  firs t im p u rities  to appear a fte r sw itch in g  to 
the second so lvent, 33% aceto n itrile , are 2 ,6 -D  
and  o -C P A A  w h ic h  co-elute.

Both 2 -M P P A  and  4 -C P P A  are s ign ifican t im ­
p urities  fro m  technical M C P P  (F igure  3). As 
show n in  F igure 4, p -b ro m o ph en o l cannot be 
used as an in terna l standard because of co-elution  
w ith  the im p u rities  seen in  F ig ure  3. In  d ev e l­
op ing  the autom ated H P L C  m ethod  fo r 2 ,4 -D  
(6.275), S ke lly  et al. (3) show ed that the 2 ,6 -d i- 
ch lo ro p h en o l peak is positioned  just before the
2 .4- D  peak. T he  same e lu tio n  o rder o f 2 ,4 -D  
im p u rities  is g en era lly  fo llo w e d  in  b oth  the  
colum n specified  in  the  2 ,4 -D  m ethod  and  the  
O D S-3 colum n, w ith  the d ifference that the latter 
colum n is m ore selective. W e conclude that
2 .6- d ich lo ro p h en o l is resolved before  the 2 ,4 -D  
peak in  this m ethod , p robab ly  at the p -brom o- 
p h e n o l position. M in o r  M C P P  im p urities ,
2 .6 - D C P P A  and 2 -M -6 -C P P A , are not resolved. 
F ig ure  5 shows separation o f o th er im p u rities  
fro m  2 ,4 -D , M C P P , and  in te rn a l standard b u ty ­
ro p hen o n e  in  33% acetonitrile . O f  these, 2 -M -
4.6- D C P P A  is a significant im p u rity  from  M C PP. 
T he  u n iden tified  peak is an im p u rity  from  2,4-D, 
an d  corresponds to the u n id e n tif ie d  peak in  the  
chrom atogram  show ing  separation o f im p u r ity  
ch lorophenoxy acids fro m  in te rn a l standard and
2 .4 - D , w h ic h  was rep orted  in  the 2 ,4 -D  m etho d  
d ev e lo p m en t p aper o f S ke lly  et al. (3).

In  practice, b u tyro ph en o n e  has p ro ven  to be 
an excellen t in te rn a l standard. A lth o u g h  it  ap­
pears last in  the chrom atogram, there is re latively  
l i t t le  zone spreading and v ir tu a lly  no peak 
ta ilin g .

T w o  ternary  fo rm u lations consisting o f d i- 
camba, 2 ,4 -D , and  M C P P  w ere  ana lyzed  colla- 
b o ra tiv e ly  in  these laboratories, using a colum n  
w h ic h  was 1 year o ld  vs a n ew , unused colum n. 
A lth o u g h  there was a s ligh t deterio ra tion  in  
resolution w ith  the o ld  colum n, quantitation was 
n ot affected.

R ecom m endation

T h e  m ethod , as described, has been show n to 
be capable o f reso lving  the com pounds o f in te r­
est fro m  a ll s ign ificant im p urities . There fore , 
its range of app lication  covers sing le as w e ll as 
te rn ary  fo rm u lation s  con tain ing  m ixtures o f d i- 
camba, 2 ,4-D , and M C P P  in  any com bination. It  
is recom m ended that the m ethod be subjected to 
collaborative  study.
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D R U G  R E S ID U E S  IN A N I M A L  T IS S U E S

Role of Anthranilic Acid in Background Levels of Sulfonamide in 
Porcine Livers when Determined by the Tishler Method

OWEN W. PARKS
A g r i c u l t u r a l  R e s e a r c h  S e r v i c 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 t e r ,  P h i l a d e l p h i a ,  P A  1 9 1 1 8

Anthranilic acid occurs in excised swine livers as a 
result of temperature abuse before and/or after 
freezing. The tryptophan metabolite is the major 
source of the variable non-sulfonamide background 
level frequently encountered in the Tishler method 
for determining sulfonamide residues in swine livers. 
Diazotized anthranilic acid reacts slowly with N-
l-(naphthyl)ethylenediamine [k(s-1) =  5.79 (±0.07) 
X 10-5] and the final background level depends on the 
time elapsed between addition of the coupling agent 
and spectrophotometric determination. Kynurenine 
was tentatively identified as a minor source of the 
non-sulfonamide background level.

T he  procedure o f T ish le r et al. (1) (co m m on ly  
referred to as the T ishler m ethod), specifying the 
B ra tto n -M a rs h a ll (2) reaction, is the u n o ffic ia l 
m ethod o f choice used by the regulatory agencies 
fo r d e te rm in in g  su lfon am ide residues in  ed ib le  
an im al tissues. The co lo rim etric  procedure, 
based on the cou p ling  o f N - l- (n a p h th y l)e th y l-  
ened iam in e  to d iazo tized  p rim a ry  arom atic  
am ines, is not specific fo r sulfonam ides; there ­
fore, the procedure is p o te n tia lly  subject to er­
roneous results. I t  is not unusual to conclude, 
on the basis o f results o f the T ish le r m ethod , 
apparent sulfonam ide residues o f 0 .01-0 .05  ppm  
in  liv e r  tissues obtained from  anim als m a in ­
ta in ed  in  care fu lly  con tro lled  su lfon am ide-free  
env iron m en ts  (3). F urth erm o re , it  is w e ll  
k n o w n  that h ig h e r values can occur i f  the tissues 
are subjected to tem perature abuse before anal­
ysis (3). Tem perature abuse m ay be responsible, 
at least p artia lly , for w id e  variations in  results on  
the same samples assayed by d iffe re n t laborato­
ries (4).

In  a recent pub lica tion  (5), w e  id e n tif ie d  an­
th ran ilic  acid (o-am inobenzoic acid), a n atu ra lly  
occurring B ratton-M arshall-positive com pound, 
in  sw ine liv e r  extracts analyzed  b y  a s ligh t 
m odification o f the T ishler method. The present 
m anuscrip t defines the  ro le o f a n th ra n ilic  acid  
in  the  variab le  "backg ro u nd  le v e l"  o f the Brat­
to n -M a rs h a ll T is h le r m etho d  fo r su lfonam id e

Received June 24,1982. Accepted January 25, 1983.

residues in  sw ine livers and presents o th er ob­
servations m ade d u rin g  the course o f the  
study.

Experimental

Reagents

(a) S o lv e n t s .— Acetone, hexane (M a llin ckro d t, 
Inc ., St. Louis, M O ), and e th y l acetate (B urdick  
and Jackson Laboratories, Inc., M uskegon, M I  
49442) w ere  d is tilled  in  glass; ch loroform , Baker 
A n a ly ze d  reagent (J. T. Baker C hem ical Co., 
P h illip sb u rg , NJ 08665).

(b) C h e m i c a l s .— A n th ra n ilic  acid (Eastm an  
K odak, Rochester, N Y  (14650); k y n u re n in e  
(Sigm a C hem ical Co., St. Louis, M O  63178); o- 
am inoacetophenone (A ld r ic h  C hem ical Co., 
M ilw a u k e e , W I 53233).

(c) N - l - ( N a p h t h y l ) e t h y l e n e d i a m i n e  (N E D A ) 
d i h y d r o c h l o r id e .— 0.1% aqueous so lu tion  (Sigm a  
C hem ical Co.).

(d ) S o d iu m  n i t r i t e .— 0.1% aqueous solution.
(e) A m m o n iu m  s u l f a m a t e .— 0.5% aqueous so­

lu tio n .

Apparatus

(a) T is s u e  g r i n d e r .— B rin k m a n n  P o ly tron ®  
h o m o g en ize r (B rin km a n n  Ins tru m en ts  Inc ., 
W estbury, N Y  11590).

(b) C e n t r i f u g e .— Servall Superspeed cen tri­
fuge, type SS-1 Rotor (Ivan  Sorvall, Inc ., N o r ­
w a lk , C T).

(c) V o r t e x  s t i r r e r . — Super M ix e r  (Lab -L ine  In ­
strum ents, Inc ., M elrose Park, IL  60160).

(d) S p e c t r o p h o t o m e t e r .— H itach i-P erk in  E lm er 
M o d e l 139 U V -v is ib le  spectrophotom eter oper­
ated at 545 nm .

(e) T h in  la y e r  c h r o m a t o g r a p h ic  a p p a ra tu s  a n d  

r e a g e n t s .— 2.5 X  10 cm precoated (250 p m ) silica 
gel G  glass plates (A na ltech , Inc ., N e w a rk , D E  
19711). A n th ra n ilic  acid solvent system: e thy l 
acetate-m ethano l (4 +  1); o-am inoacetophenone  
solvent system: h e x a n e -e th y l acetate (4 +  1).

(f) U V  s o u r c e .— C h ro m ato-V u e  (U ltra -V io le t  
Products, Inc ., San G abrie l, C A  91778).
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Liver Sam ples

S w in e  livers  w ere  obtained  from  a local 
slaughter house im m e d ia te ly  a fte r s laughter. 
A fte r bein g  excised fro m  the anim als, 4 adjacent 
portions (2 5 -3 0  g) w ere  sliced from  a section of 
the organ. O ne p ortio n  (zero abuse) was frozen  
im m e d ia te ly  in  crushed d ry  ice and the others  
w ere  h e ld  1, 3, and 5 h , respectively, at am b ien t 
tem peratu re  before fre e z in g  at —15°C .

M odified  Bratton-M arshall Tishler M ethod  
(B M TM )

F ifteen  m L  ch lo ro fo rm -aceton e  (1 +  1) was 
added to 5 g p a rtia lly  th aw ed  tissue in  a 50 m L  
p o lyp ro p y len e  centrifug e  tube and  the m ix tu re  
was hom og en ized  at lo w  speed fo r 1 m in . The  
hom ogenate was centrifuged 2 m in  at 3500 rpm . 
T he  solvent was rem oved  w ith  a disposable  
Pasteur p ip e t and  filte re d  throu gh  glass w oo l 
packed in  a super Pasteur pipet. The filtrate  was 
collected in  a 50 m L  p o lyp ro p y len e  screw-cap  
centrifuge tube. The tissue was re-hom ogenized  
w ith  a d d itio n a l 15 m L  ch lo ro fo rm -aceto n e  (1 +  
1 ) and centrifug ed , and  the solvent was recov­
ered and filte re d  th ro u g h  glass w o o l in to  the 50 
m L  screw-cap centrifug e  tube. T h e  com bined  
extracts w ere  evaporated  just to dryness u n d er a 
stream o f n itro g en  at 50 °C . The residue was 
dissolved in  0.6 m L  acetone and 15 m L  hexane  
w ith  vortex  m ix in g . T he  solvent was extracted  
w ith  tw o  1.25 m L portions of I N  HC1 in  a rocking  
m o tion  fo r 3 m in  fo llo w e d  by cen trifu g a tio n  at 
3500 rpm  fo r 2 m in . T h e  aqueous layers w ere  
recovered w ith  a disposable Pasteur p ip e t and  
f ilte re d  th ro u g h  glass w oo l packed in  a Pasteur 
p ip e t in to  a 10 m L  graduated cy lin d er. T he  en ­
tire  p rocedure was repeated on a second 5 g 
sam ple, and  the HC1 extracts from  each sam ple  
w ere  com bined, d ilu te d  to 6 m L  w ith  I N  HC1, 
m ixed  th o ro u g h ly , and d iv id e d  in to  tw o  3 m L  
portions in  9 m L  screw-cap specim en vials. To  
each sam ple and a 3 m L b lank sample o f I N  HC1,
0.2 m L  0.1% aqueous sodium  n itr ite  was added. 
T he  solutions w ere  m ixed  th o ro u g h ly , a llo w e d  
to stand fo r 3 m in , 0.2 m L 0.5% aqueous am m o ­
n iu m  sulfam ate was added, and solutions m ixed  
th o ro u g h ly  and a llo w e d  to stand fo r 2 m in . To  
one sam ple and  the HC1 b lan k , 0.2 m L 0.1%  
aqueous N E D A  was added; to the rem a in in g  
sam ple (con tro l), 0.2 m L  w a te r was added. So­
lu tions  w ere  m ixed  th o ro u g h ly  and  a llo w e d  to 
stand in  the  dark. Absorbances w e re  d eter­
m ined  at 545 nm  in  a 1 cm cell at 0 .25,1 .0 ,2 .0 , and
4.0 h a fte r add itio n  o f N E D A .

A nthranilic A cid  — BM Reaction

To determ ine reaction rate, 2.64 pg  anthranilic  
a c id /3  m L I N  HC1 was subjected to the B M  re ­
action according to the procedure o u tlin e d  
above. Absorbances w ere  obtained  at 545 nm  
(m ax im u m  absorption, 550 n m ) in  1 cm cell at 
various in terva ls  fo llo w in g  a d d itio n  o f N E D A .

A bsorp tiv ities  at 1, 2, and 4 h reaction  times  
w ere obtained on standard solutions of 0.22-3.08  
pg an th ra n ilic  a c id /3  m L  I N  HC1.

Results and Discussion
P relim inary  studies on num erous sw ine livers, 

using the p rev iou s ly  described (6 ) th in  layer 
chrom atographic (TLC ) screening procedure for  
sulfam ethazine and sulfath iazole , dem onstrated  
that the m ajority  o f samples fro zen  in  d ry  ice 
im m edia te ly  a fter being  excised from  the an im al 
contained only  trace amounts o f an th ran ilic  acid. 
H o w e v e r, i f  the livers  w ere  abused, tha t is, h e ld  
at am b ient tem peratures before  free z in g , the  
concentration  o f the m etabo lite  increased sig­
n ific a n tly  in  about h a lf o f the  livers  analyzed , 
and  the concentration  increased w ith  increased  
tim e  of abuse. T he  same results w e re  observed  
by TLC  o f m ethanol effluents from  Chrom osorb  
102 w h ic h  was show n p rev iou s ly  (5) to adsorb  
a n th ra n ilic  acid fro m  liv e r  extracts obtained  by  
the T ish le r m ethod. Based on these in it ia l ob­
servations, the actual con tribu tion  of an th ran ilic  
acid to the variab le  background levels observed  
in  the  T ish le r m ethod  fo r d e te rm in in g  su lfona­
m id e  residues in  sw ine livers  was investigated .

Studies on a n th ra n ilic  acid in  the  B ra tto n -  
M ars h a ll reaction revealed  that, in  contrast to 
d iazo tized  su lfonam ide w h ic h  reacts in  15 m in , 
d iazo tized  an th ra n ilic  acid reacted m ore s low ly  
w ith  the coup ling  agent (N E D A ). The reaction  
fo r a series o f k n o w n  concentrations of an th ra ­
n ilic  acid was com plete, for practical purposes, 
w ith in  24 h , w ith  a m ean abso rp tiv ity  o f 230 
(L /g /c m  lig h t path ). H ence by using the ab­
sorp tiv ity  equation (E =  A  l ( c  X  /) , w h e re  E =  
absorptiv ity; A  =  absorbance; c  =  concentration  
in  g /L ;  and  l =  len g th  o f lig h t  path  in  cm ), it  is 
possible to d eterm ine  the am o un t o f d iazo tized  
an th ran ilic  acid in  a standard solution  reacted at 
tim e  t. A n  analysis of results obtained  on a 
kno w n  concentration of anthranilic  acid showed  
the  reaction  to be firs t-o rd er and  could  be ex­
pressed m athem atically  by kf =  In  a ° / a  (k  =  rate 
constant, a °  =  in it ia l concentration , and  a =  
concentration  rem a in in g  at tim e  f). U s ing  this  
equation, the slope o f a straight lin e , determ ined  
by the m ethod o f least squares, corresponding to



12 2 8 PARKS: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 5, 1983)

the  reaction  rate [k(s_1) =  5.79 (± 0 .0 7 ) X  10~5] 
was obtained (0.07 =  mean deviation  of duplicate  
sam ples) (r =  0.9997). The reaction  was calcu­
lated  to be 95% com plete in  14.4 h. Spectro- 
photom etric studies on liv e r extracts spiked w ith  
a n th ra n ilic  acid dem onstrated , h o w ever, that 
h o ld in g  samples fo r extended periods before  
spectrophotom etric  d e te rm in a tio n , in  ad d itio n  
to being im practical, resulted in  the developm ent 
o f a n o n -B ra tto n -M a rs h a ll b lu e  color and  an oc­
casional cloudy reaction m ixture. To overcom e  
these lim ita tio n s  and s till obta in  q u an tita tive  
a n th ra n ilic  acid data, m ean abso rp tiv ity  values  
o f k n o w n  concentrations o f a n th ra n ilic  acid in  
the  reaction  w e re  d ete rm in ed  at 1 (£ =  46), 2 (E  

=  83), and  4 h (E =  136) reaction times.
Table 1 compares the  results ( in  absorbance 

u nits) o f  2 samples o f sw ine livers  h e ld  at am b i­
en t tem peratu re  fo r  0 ,1 , 3, and  5 h before freez­
in g  and an a lyzed  by the m o d ifie d  T ish ler  
m etho d . Absorbances w ere  d e te rm in ed  a fter 
0.25, 1.0, 2.0, and 4.0 h fo llo w in g  ad d itio n  of 
N E D A . In  m ost sam ples a n a ly ze d , trace  
am ounts of sulfam ethazine w ere  observed by the 
T LC  screening procedure w h ich  m ay account for 
a ll or a p o rtio n  o f the absorbance o f non-abused  
samples read after 0.25 h color developm ent. As 
show n  by b oth  T L C  and  spectrophotom etric  
d ete rm in a tio n , liv e r  A  develo ped  v e ry  lit t le  an ­
th ran ilic  acid, even in  the sam ple abused fo r 5 h. 
In  contrast, l iv e r  B d eve lo ped  s ig n ific a n t  
am ounts, the  concentration  o f w h ic h  increased  
w ith  increasing tim e  o f abuse. As im p o rtan t to 
the fin a l results is the increase in  absorbance as 
the tim e d iffe re n tia l betw een add itio n  o f N E D A  
an d  sp e c tro p h o to m e tric  d e te rm in a tio n  in ­
creased. For exam ple, the 5 h  abused liv e r B read 
0.25 h after addition  o f N E D A  had an absorbance 
o f 0.009, equivalent to 0.034 ppm  sulfam ethazine  
(0.1  ppm  sulfam ethazine, the regulatory vio lative  
le v e l, in  5 g l iv e r  has an absorbance o f 0.026). 
H o w ev e r, i f  the reaction was a llow ed  to proceed  
fo r 1 h , the m ax im u m  tim e  recom m ended  (3), 
0.077 p p m  app aren t su lfon am id e  (based on sul­
fam eth az in e ) w o u ld  be concluded based on the  
absorbance o f 0 .0 2 0 , b u t ac tua lly  a m ax im u m  o f 
0.011 p pm  (based on non-abuse, 0.25 h absorb­
ance) is p resent in  the sample.

A p p ly in g  the  absorp tiv ity  values d ete rm in ed  
at 1, 2, and  4 h reaction  tim e  to the absorbances 
obta ined  on liv e r  B (m inus  non-abuse, 0.25 h  
absorbance) suggested tha t sm all am ounts o f 
o th er n o n -su lfo nam id e  B ra tto n -M arsh a ll-p o s i-  
tive  com pounds w ere  also present in  the 3 and 5 
h abused samples. T L C  on extracts obta ined  by 
the screening procedure from  abused livers w ith

Table 1. Effect (measured in absorbance unit) of abuse 
and elapsed time before spectrophotometric 

determination on results for sulfonamide residues in 
swine livers

Abuse
time,

ha

Absorbance time, hb

0.25 1.0 2.0 4.0

Liver Sample A

0 0.002 0.002 0.002 0.002
1 0.002 0.004 0.005 0.007
3 0.004 0.007 0.009 0.011
5 0.004 0.007 0.009 0.011

Liver Sample B

0 0.003 0.004 0.006 0.009
1 0.003 0.006 0.010 0.013
3 0.005 0.011 0.016 0.021
5 0.009 0.020 0.032 0.049

a Time fresh swine liver held at ambient temperature before 
freezing.

b Hours following addition of NEDA reagent.

sign ificant am ounts of an th ran ilic  acid revealed  
trace am ounts o f an u n k n o w n  positive com ­
p o u nd  at the o rig in  fo llo w in g  solvent d eve lo p ­
m ent. The u n kn o w n  was ten tative ly  iden tified  
as k y n u re n in e  on the basis o f the odor, fluores­
cence, positive B ratton -M arshall reaction, and  
T L C  characteristics o f its a lka lin e  hydro lysis  
product o-am inoacetophenone (7). K ynu ren ine  
is n o t considered a m ajor factor in  the  T ish ler  
m ethod  because o f its lo w  so lu b ility  in  organic  
solvents and a m o lar absorptiv ity  o f 8500 in  the  
B ratton -M arsha ll reaction (c su lfam ethazine  =  
52 500). It  is estim ated that kyn u re n in e  con­
trib u ted  less than 0.01 p pm  to 5 h abused liv e r B 
sam ple reported  in  Table 1.

To d ete rm ine  the effect o f frozen  storage on  
the d eve lo pm en t o f an th ra n ilic  acid in  sw ine  
liv e r , fresh samples w ere  obtained and each 
sample was d iv ided  into  2 portions. O ne portion  
o f each sample was abused before freezing . The  
second p o rtio n  o f each sam ple was fro zen  im ­
m ed ia te ly  and held  at —15°C  fo r 2 -4  m onths  
before being thaw ed and abused. Typical results 
o f these studies are presented in  Table 2. A n ­
th ra n ilic  acid d id  not develop  d u rin g  frozen  
storage. H o w ev e r, tem perature abuse a fter  
fre e z in g  resulted  in  h ig h e r concentrations of 
a n th ra n ilic  acid com pared w ith  abuse before  
freezing . This  suggests that freez in g  and  
thaw ing  sign ificantly disrupts liv e r cells, thereby  
increasing the  substrate (i.e ., tryp to ph an  or its 
metabolites) available for enzym atic degradation  
to anthranilic  acid. The variab ility  in  ind iv idu al
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Table 2. Effect of swine liver abuse on formation of anthranilic acid (ppm) *

Liver sample Abuse treatment 0

Abuse time, hb 

1 3 5

c before freezing 0.03 0.03 0.05 0.04
after freezing 0.03 0.04 0.08 0.09

D before freezing 0.02 0.04 0.12 0.19
after freezing 0.03 0.05 0.16 0.28

a Based on 4 h absorbances (minus zero h abuse, 0.25 h reading). 
b Time swine liver was held at ambient temperature.

Table 3. Effects on abuse treatments before and after 
freezing on formation of anthranilic acid in swine liver

Abuse time, ha

Anthranilic 
acid, ppm6

Before
freezing

After
freezing Total

0 0 0 0.04
1 0 1 0.05
3 0 3 . 0.22
5 0 5 0.30
0 0 0 0.05
0 1 1 0.13
1 2 3 0.28
3 2 5 0.50

a Time swine liver was held at ambient temperature. 
b  Based on 4 h absorbances (minus zero h abuse, 0.25 h 

reading).

liv e r  samples to d evelo p  s ign ificant am ounts of 
a n th ra n ilic  acid is again  ev iden t.

Tab le 3 dem onstrates the  add itiv e  effect o f  
abusing samples b efore fre e z in g  and fo llo w in g  
fro zen  storage. L iv e r  samples w h ic h  had been  
p rev iou s ly  abused 0 ,1 ,  and  3 h at am b ien t tem ­
peratu re  before fre e z in g  w ere  th aw ed  a fter 1 
m o n th  storage at —15°C  and  abused at am b ien t 
tem peratu re  fo r an a d d itio n a l 1, 2 , and  2  h , re­
spectively. As m ig h t be expected, an th ra n ilic  
acid concentration  increased in  the d ou b ly  a- 
bused samples relative to samples abused only  
before fre e z in g  fo r the corresponding le n g th  of 
tim e.

T he  results o f these studies establish an th ra ­
n ilic  acid as the m ajor source o f the variab le  
non-su lfonam ide B ra tto n -M arsh a ll background

levels encountered in  the T is h le r m ethod  for 
su lfonam ide residues in  sw ine livers. The  
v a ria b ility  in  levels depends on the  a v a ila b ility  
of precursor a n d /o r  the  a b ility  o f in d iv id u a l 
livers  to develop  a n th ra n ilic  acid as a resu lt o f 
tem perature abuse before a n d /o r  after freezing , 
the len g th  o f tem peratu re  abuse, and the  tim e  
betw een addition of N E D A  to d iazotized  samples 
and spectrophotom etric determ ination . H ence, 
it  is erroneous to a rb itra rily  subtract a fixed  
background leve l fro m  u n k n o w n  liv e r  samples 
as has been done in  the past (3, 4) by regu la tory  
agencies and research institutions. The need for 
a q uan tita tive  procedure free o f background in ­
terferences is evident. U n til such procedures are 
developed, increased care m ust be taken  in  
sam ple h an d lin g , and  the tim e  of spectrophoto­
m etric  d e te rm in a tio n  m ust be s tandard ized  to 
0.25 h  fo llow in g  addition  of N E D A  to ensure that 
accurate and reproducible results are obtained by  
the T ish ler m ethod and sim ilar Bratton-M arshall 
procedures.
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Modified Method for Electron Capture Gas-Liquid Chromatographic 
Determination of Diethylstilbestrol Residues in Urine of Fattened 
Bulls

ATHANASIOS E. TIRPENOU, STYLIANOS D. KILIKIDIS, and 
ATHANASIOS P. KAMARIANOS
A ris to te lia n  U n iv ers ity  o f  T h e s s a lo n ik i,  F a c u lty  o f  V e te r in a ry  M e d ic in e ,  D e p a r tm en t  o f  F o o d  
H y g ien e  a n d  D e p a r tm en t o f  E c o lo g y  a n d  E n v iro n m en ta l P r o te c t io n , T h e s s a lo n ik i,  G re e c e

A gas-liquid chromatographic (GLC) method with 
electron capture (EC) detection was developed for 
determining diethylstilbestrol residues in the urine 
of fattened bulls. Diethylstilbestrol (DES) is ex­
tracted into benzene, and then into IN sodium hy­
droxide. The pH of the phenolic fraction (alkaline 
phase) is adjusted to 10.2 and DES is extracted again 
into benzene. Sample extracts are cleaned up on 
silica gel. Trifluoroacetic anhydride (TFAA) is used 
as acylation reagent, and the derivatized sample is 
chromatographed on a 3% OV-17 column and mea­
sured with a 63Ni EC detector. The method is suitable 
for determining residues at levels as low as 2 ppb.

The synthetic  estrogen d ie th y ls tilb es tro l (DES) 
has gained im portance as a h um an  therapeutic  
drug , and is used com m ercia lly  as an aid  in  fat­
ten in g  cattle fo r s laughter. As a g ro w th -p ro ­
m o tin g  agent, DES is adm in is tered  e ith e r as a 
surgical im p la n t in  p e lle t fo rm  or as a feed ad­
d itiv e . Because of its estrogenic and  carcino­
genic properties, DES residues are not p erm itted  
in  food o f a n im a l o rig in  (zero tolerance). 
H o w ev e r, DES is s till used ille g a lly  in  an im al 
husbandry in  the U n ited  States and Europe (1 ,2 ). 
W e needed a m ethod  to determ ine w h e th e r DES 
is used in  Greece.

Several procedures have been developed  for 
m easuring  DES in  an im al tissues (3 -5 ) , but be­
cause some authors have em phasized the  im ­
portance o f u rin e  and fecal excreta (6 - 8 ), w e  de­
cided to detect DES in  u rin e  samples.

W e carried  out a study based on p ub lished  
procedures (9 -1 1 ). The m etho d  has been suc­
cessfully used in  our laboratory fo r the  d eter­
m ination  of DES residues at levels as lo w  as 2 ppb  
in  the u rin e  o f fattened  bulls.

M E T H O D S

Apparatus

(a) G la s s w a re .— A ll glassware was im m ersed  
in  10% n itr ic  acid 1 h , rinsed th o ro u g h ly  w ith  
d is tilled  w ater, and d ried  at 110°C .

(b ) G a s c h r o m a t o g r a p h .— V arian  M o d e l 3700,

Received O c tober 21, 1982. A c c e p t e d  January 10, 1983.

w ith  63N i  e lectron capture detector, 200 cm X
6.35 m m  X  2 m m  id glass colum n packed w ith  3% 
O V -1 7  on 80 -1 0 0  mesh Chrom osorb W (H P ). 
O p era tin g  conditions: n itrogen  carrier gas,
99.997%  p u re , 30 m L /m in ;  tem pera tu res  
( ° C )— in jector 210, detector 250, co lum n 180. 
A tte n u a tio n  32.

(c) C h r o m a t o g r a p h ic  c o lu m n . — 10 X  100 m m  
Q u ic k fit w ith  50 m L reservoir packed w ith  silica 
gel 60 ,0 .063 -0 .2  m m , 70-230 mesh A S T M  (M erck  
N o . 7734) in  b e n z e n e -e th y l acetate (85 +  15 
v /v ) .

Reagents

(a) S o lv e n t s .— Benzene. (C aution: Benzene  
is a possible carcinogen. N o  o ther satisfactory  
solvent has been fou nd .)

(b ) T r i f lu o r o a c e t ic  a n h y d r id e  { T F A A ) . — Test 
p u r ity  by evaporating  1 m L  T F A A  (M e rck ) to 
dryness in  15 m L centrifuge tube equipped w ith  
T e flo n -lin e d  cap. Dissolve residue in  2 m L dis­
t ille d  « -hexane and inject exactly 2  p L  in to  gas 
chrom atograph  u n d er conditions used fo r m ea­
suring  d ie thy ls tilb es tro l. I f  in te rfe rin g  sub­
stances are present, d is till T F A A  in  all-glass  
system equipped w ith  d ry ing  tube. Discard first 
10% and last 20% of d is tilla te . Test collected  
T F A A  as described.

(c) D E S  s to ck  so lu tio n . — 1000 ppm . Dissolve  
100 m g t r a n s - D E S  and d ilu te  to 100 m L  w ith  ac­
etone. Let stand 24 h before use. Store in  dark; 
prepare fresh m o n th ly .

(d ) D E S  w o rk in g  so lu tio n . — 1 ppm . Prepare by  
d ilu tin g  DES stock solution. Store in  dark; p re ­
pare fresh daily .

Preparation o f  Sam ple

Before analysis, le t u rine  samples stand 24 h at 
room  tem peratu re  (ca 2 0 °C ) fo r hydro lysis  of 
DES conjugates. I f  samples have been frozen  
( —15°C ), th aw  and let stand 18 h at 22 °C .

Extraction

F ilte r 50 m L  u rin e  and m ake strong ly acid (ca 
p H  1). T ransfer sam ple to 250 m L separatory
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Figure 1. Gas chromatograms of (a) frans-DHS-TFA standard and (b) frans-DES-TFA in urine sample from
fattened bull.

fu n n e l and  extract w ith  tw o  50 m L portio ns o f 
benzene. Let layers separate and  transfer b en­
zene layer in to  ano ther 250 m L separatory fu n ­
nel. Extract com bine benzene layers w ith  tw o  
50 m L portions of 1N  N a O H . Let layers separate, 
and  transfer a lk a lin e  phase to 250 m L  beaker. 
Adjust p H  of com bined phenolic fractions to 10.2 
and  extract again  w ith  tw o  50 m L portions of 
benzene. A fte r  layers separate, discard lo w er  
layer and  transfer ben zene extracts to 250 m L  
round-bottom  flask through  3 -4  cm h ig h  colum n  
of anhydrous N a 2SC>4 . W ash colum n w ith  five  
10 m L  portions o f benzene and  collect e luate in  
same flask.

Colum n Chrom atography

Evaporate com bined benzene extracts to d ry ­
ness by using 40°C  w ater bath and vacuum  rotary  
evaporator. D issolve residue in  1 m L  b en ­

ze n e -e th y l acetate (85 +  15 v /v ) .  Pour silica gel 
in  suspension w ith  b e n z e n e -e th y l acetate in to  
10 X 100 m m  glass co lum n fitte d  w ith  coarse 
porosity  fr itte d  glass f ilte r  to d ep th  o f 9 cm. 
W ash colum n w ith  20 m L o f above m ix ture . 
Transfer residue to top o f colum n by  using an ­
o th er 1 m L b e n ze n e -e th y l acetate m ix tu re  to 
com plete transfer. E lu te w ith  fu r th e r  10 m L  of 
the same m ix tu re  at a m ax im um  flo w  rate o f 1.5 
m L /m in  (th is  eluate contains the DES residue). 
Transfer this e luate to a 15 m L  cen trifug e  tube  
equipped w ith  Teflon -lin ed  cap by using 2 -3  m L  
b e n ze n e -e th y l acetate.

Derivatization

P erfo rm  analysis on sam ple and standard so­
lu tio n  at same tim e.

Transfer 1 m L  w o rk in g  standard so lu tion  to 
another centrifuge tube. Evaporate sam ple and
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standard to dryness in  40 °C  w a te r bath  u nd er  
g en tle  stream  of n itrog en . A d d  to each tube 1 
m L T F A A , stopper t ig h tly , and le t stand 2 h at 
room  tem peratu re  (ca 20°C ). Evaporate to d ry ­
ness u n d er g entle  stream  o f n itro g en , and re ­
dissolve residue in  2 m L  d is tilled  n-hexane.

Gas-Liquid Chrom atography

In ject 2 p L  d eriva tized  standard in to  the  
chrom atograph to d e te rm ine  w h e th e r d eriv a ti-  
zation  has been successful. T h en  inject 2 p L  

d erivatized  sam ple and com pare area o n ly  of 
(nw s-D E S -TFA  peak w ith  that produced from  
standard. In ject standard fro m  tim e  to tim e  to 
com pensate fo r s lig h t changes in  in s tru m en t 
response (F igure  1).

Calculation

Use peak h e ig h t o n ly  o f trim s-D ES-TFA  peak  
to d eterm in e  ppb DES in  sam ple by m easuring  
peak h e ig h t w id th  at o n e -h a lf h eig ht.

R esults and D iscussion

Sixty u rin e  samples fro m  fattened  bulls  (no t 
steers) w ere  analyzed  by the described m ethod. 
D ie th y ls tilb es tro l was detected in  10 samples 
(16.7% positive). C oncentrations ranged be­
tw een  8 and 40 ppb. Presence o f DES in  these 
samples was con firm ed  by the th in  layer chro­
m atographic (TL C ) m ethod  o f V o g t (12).

M etabo lic  studies on  DES in  both  ru m inants  
and n on ru m in an ts  ind ica ted  that DES occurs in  
both urine and b ile as the m onoglucuronide (13). 
O th e r studies show ed that the m ajor portio n  of 
the DES occurs in  u rin e  as e ith e r DES or as a h y ­
d ro lyzab le  conjugate o f DES (8 ). I t  is also n ote­
w o rth y  that the proportion  o f conjugate in  u rine  
decreased w ith  storage and h an d lin g , ind icating  
a gradual hydro lys is  to the free fo rm . Exam i­
nations o f fresh u rin e  samples ind ica ted  that a 
h ig h  p ro p o rtio n  (perhaps a ll)  o f the DES was 
present in  conjugated fo rm  at the tim e  o f excre­
tion  (14). O thers observed th a t p u tre fac tion  in  
u rin e  converts the conjugate to the  free  fo rm
(15).

Because hydro lysis  of D E S -g lucuro n id e  is 
usually  effected to fac ilita te  la ter p u rifica tio n  
steps, HC1 hydro lysis was used and showed that 
th is  pro cedure  d id  not release s ig n ifican t  
am ounts of free DES, and  m ore v igorous con d i­
tions, such as bo iling  in  aqueous HC1, caused low  
recoveries of free DES (16). Ryan (17) stated that 
acid hydrolysis of DES-glucuronide can give low  
DES recoveries by being too destructive, and that 
enzym e hydro lysis  can g ive  lo w  recoveries by  
b ein g  too specific.

Th is  en tire  question was fu rth e r studied  in  a 
series o f papers fro m  the  U .S. D ep a rtm e n t o f 
A g ric u ltu re , w h ic h  show ed tha t DES could  be 
freed  from  conjugates in  u rin e  samples on  
standing at room  tem perature. A ccord ing  to 
these studies, the nature of the DES in  u rin e  de­
pended  on the h is tory  o f the  sam ple before  
analysis. The m ajority of the DES was obtained  
i f  the  u rin e  had been a llo w ed  to accum ulate for 
12 h and  then  stored at —15°C . W h e n  these 
urine  samples w ere thaw ed and held  18 h at 22°C  
before chrom atography, most o f the  DES was 
characterized  by T LC  as free DES. Th is  p ro ­
portio n  appeared to increase w h e n  u rin e  had  
been a llow ed  to stand for 24 h before cooling (7). 
There fore , w e  decided to deconjugate D ES -G  by  
standing at room  tem perature.

This entire area needs further experim entation  
on contro l u rin e  "sp iked " w ith  DES-G  to d eter­
m in e  the degree of recovery of free  DES. Such 
tria ls are being  developed.

Estrogens in  general and DES in  particu lar are 
phenols. Because of this characteristic property, 
they  can be p artitio n ed  betw een  organic and  
aqueous phases by choosing a suitable p H . W e  
noted that at p H  10.2, a h igher percentage of DES  
was recovered.

H a v in g  observed that the frans-DES peak was 
p red o m in an t and the ris-DES peak was alw ays  
sm all and o f stable height ( ±  10%), w e  used only  
the  frans-DES isom er fo r calculation.

F o llo w in g  th is procedure, the recovery o f the  
en tire  technique is app ro x im ate ly  81%. A n  an­
alyst tra ined  in  th is m ethod  can p erfo rm  5 -1 0  
analyses a day, d ep end ing  on the leve l o f detec­
tion  desired.
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F E R T IL IZ E R S

Comparison of AOAC and Atomic Absorption Spectrophotometric 
Methods for Determining Sodium in Fertilizers: Collaborative Study

LUIS F. COROMINAS, ROBERTO A. NAVARRO, and PEDRO ROJAS
F er t il iz a n te s  M e x ic a n o s , S .A ., S u b g eren c ia  d e  In v e s t ig a c ió n , C h ia p a s  N o . 1 8 4 , 0 6 7 6 0  M e x ic o ,
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Collaborators: M. Aihara; N. I. F. Baker; B. Baumgartner; V. W. Case; M. G. Cherwin;
E. Erickson; E. J. Huber; G. B. Hunter; D. Jasper; F. J. Johnson; L. Lartigue; R. J. Mobley; 
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Smith; W. C. Ware; J. L. Williams; T. M. Wood; T. C. Woodis

A collaborative study was carried out to compare 
AOAC method 2.147-2.150 for determining sodium 
in fertilizers with the atomic absorption spectro­
photometric (AAS) method. Twelve synthetic NPK 
samples, 6 pairs of blind duplicates (0.06-8.5% Na), 
were sent to 22 collaborators; a total of 13 sets of re­
sults were received and evaluated by the modified 
matched pairs technique. The AAS method showed 
better performance in samples with low sodium 
content and high potassium content. The AAS 
method has been adopted official first action for de­
termining sodium in fertilizers.

T he  o ffic ia l firs t action m ethod , 2.147-2.150, (1) 
based on a flam e em ission spectrophotom etric  
(FES) procedure was com pared in  2 previous  
studies (2, 3) w ith  the atom ic absorption  spec­
tro photom etric  (A A S ) procedure and a sodium  
selective ion  electrode (SSE) m ethod . Results 
from  these studies showed that the A A S m ethod  
could p erfo rm  better than  the FES m ethod. 
F urth erm o re , according to M ag ru d er Reports 
(4 -9 ) , it  appears that the A A S  m etho d  is used 
m ore fre q u e n tly  than the FES m ethod . T h e re ­
fore, a collaborative study was carried  out to 
evaluate the perform ance of the A A S  m ethod  
and  the FES m etho d  in  d iffe re n t laboratories.

Collaborative Study

Six fe rtilize r samples w ere  prepared and each 
was d iv id e d  in to  2  parts to d is tribu te  as b lin d  
duplicates. T he  12 resu lting  samples (Table 1) 
w ere sent to 22 collaborators. Each collaborator 
was supplied  w ith  a copy of the 2  m ethods and
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was instructed to: ( 1 ) practice each m ethod once 
on any sam ple; (2 ) analyze each sam ple once by  
each m ethod, fo llo w in g  the analy tica l proce­
dures exactly; (3) analyze Samples 1 to 6 one day, 
and Sam ples 7 to 12 ano ther day; (4) have one  
analyst perform  all determ inations; (5) report any  
com m ent on the perform ance o f the m ethods.

M ETH O D S

The flam e emission spectrophotom etric (FES) 
m ethod  was used as show n in  2 .147 -2 .150  (1).

Sodium in Fertilizers

Atomic Absorption Spectrophotometric 
Method

Official First Action

2.D19 Reagents and Apparatus

(a) A m m o n iu m  o x a la te  s o ln .— D issolve 40 g 
( N H 4)2C 20 4  in  1 L  H zO.

(b) S o d iu m  c h lo r id e .— D ry  2 h at 105°.
(c) A to m ic  absorption  s p e ctro p h o to m e te r .— M od el 

A A 6  (V a r ia n  T ec h tro n  P ty  L td , 679-701  
S p ringva le  Rd, M u lg ra v e , V ic ., A ustra lia  3170), 
o r equ iv.

2.D20 Preparation o f  Solution

W eig h  2.5 g (< 4 %  N a ) or 1.25 g (4-20%  N a )  
sam ple in to  250 m L  vol. flask, add 125 m L  H 20  
and 50 m L  ( N H 4)2C 20 4  soln, and b o il 30 m in . 
C ool, d il. to vo l., m ix , and pass th ru  d ry  f ilte r. 
For samples contg <1%  N a, use this soln for detn. 
For samples contg 1 -20%  N a , place 20 m L  in  100 
m L  vol. flask, d il. to vo l. w ith  H 20 ,  and m ix.

2.D 21 Preparation o f  Standard C urve

Dissolve 2.5421 g d ried  N a C l in  H 20  and d il.
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Table 1. Description of blind duplicate samples used in collaborative study

Approx. Na
Samples Description content, %

1 and 7 20-10-35, mixture of diammonium phosphate, potassium chloride, ammonium chloride, 0.06
and sodium chloride

2 and 8 10-25-33, mixture of diammonium phosphate, potassium chloride, and sodium chloride 0.10
3 and 9 10-10-0, mixture of ammonium sulfate, normal superphosphate,3 and sodium chloride 2.3
4 and 10 7-7-15, mixture of ammonium sulfate,3 normal superphosphate,3 potassium chloride.3 2.6

and sodium chloride
5 and 11 10-10-20, mixture of diammonium phosphate,3 potassium chloride, ammonium chloride, 8.0

and sodium chloride
6 and 12 6-31-0, mixture of ammonium sulfate,3 normal superphosphate,3 and monosodium 8.5

phosphate

3 Fertilizer grade product. Others are reagent grade products.

to 1 L (1000 ppm  N a). Prep, std solns to cover 
range 0 -2 0 0  ppm  at in terva ls  < 2 0  ppm  Na.

2.D22 Determ ination

Set w avelen g th  at 330.3 nm  using a ir -C 2H 2 
flam e. Aspirate  stds and samples. P lo t curve  
from  std values and det. N a  content o f sam ple  
solns from  p lot of A  against ppm  Na. Calc. % N a  
as follow s:

<1% : ppm  N a  X 2 5 / M  =  %Na  
1-20% : ppm  N a  X 1 2 5 /M  =  % Na  

w h ere  M  =  w t o f sam ple (m g).

Results and Discussion

A  total o f 13 com plete sets o f results w ere  re­
ceived fro m  collaborators. A ll  in d iv id u a l col­
laborative results w ith  averages, standard de­
v iations, and  coefficients o f va ria tio n  fo r each 
sam ple are show n in  Tables 2 and 3.

The sets o f results w ere  analyzed  by the 2- 
sam ple X -Y  chart (10), w h ic h  is not inc lu ded  
here, fo rm in g  6  u n it  blocks fo r each m etho d  
p a ir in g  Sam ple 1 w ith  Sam ple 2, Sam ple 3 w ith  
Sam ple 4, etc. As usual, the points w ere  fou nd  
p re d o m in a n tly  in  quadrants I  and I I I ,  rep re ­
senting  + ,  +  and —, — results, and w ith  some 
exceptions w ere also generally  clustered near the  
average concentrations in  an e llip tica l pattern  
aroun d  a m ajor axis at 45°.

T he  results o f a p p ly in g  the  ran k in g  test de­
scribed by Y o uden  (10) are presented in  Tables  
4 and 5. For the FES m ethod, Collaborator 3 had  
a total rank o f 41.5, w h ic h  is outside the 95% 
confidence lim its , and therefore  was not in ­
c luded in  fu r th e r  statistical analysis because of 
the consistently lo w  bias. For the A A S  m ethod, 
using the same criteria , C o llab orato r 3, w ith  a 
total rank o f 30, and Collaborator 11, w ith  a score

o f 133.5, w ere  e lim in ated  because o f th e ir lo w  
and  h ig h  bias, respectively.

D ixon 's  test for o u tlie r in d iv id u a l results (11) 
was app lied  to rem a in in g  values w ith  a 1 in  20 
probability  o f a w rong  decision, and 8 additional 
values for the FES m ethod and 5 m ore values for 
the A A S m ethod w ere rejected. Some additional 
values for both  m ethods w ere  not considered in  
calculations because they w ere paired w ith  out­
lie r  results.

A fte r  app ly in g  rejection tests, the rem a in in g  
in d iv id u a l results w ere analyzed by W ernim ont's  
varia tio n  to the Youden's m atched pairs tech­
n ique (10). W ith in  days ( % D)> from  one day to 
another ( ctd/ l)/ from  one laboratory to ano ther 
(<tl ), and total (o r) e rror estimates are show n in  
Tab le 6 . Results o f app ly in g  the F-test fo r sets 
o f samples are show n in  Table 7, and results of 
the f-test for each sam ple are presented in  Table  
8 .

W h en  estimates o f Cvvd/ ° d /l/ and w ere  
com pared by means o f the F-test (Tab le  7), 5 
values w ere  s ign ifican tly  d iffe re n t at the 95% 
le v e l o f confidence and 4 w ere in  favor o f the  
A A S  m ethod.

It  is im p ortan t to note that the greatest d iffe r­
ences found  w ere  for Set I  (low  sodium  content), 
and this was the o n ly  set w h ere  s ign ificant d if ­
ferences fo r <j\ w ere  found. This indicates that 
the A A S  m ethod  has better rep ro d u c ib ility  at a 
lo w  sodium  leve l than does the FES m ethod.

C oefficien ts o f varia tio n  (Table 8 ), are lo w  fo r  
the 2 m ethods w ith  the exception o f Sam ples 1, 
2 , 7 , and 8 w h ic h  w ere  lo w  in  sodium  content.

Sodium  averages obtained fo r each sample 
w ere  com pared by the f-test at the 95% leve l 
(Table 8 ), and significant differences w ere found  
in  the averages fo r Sam ples 1, 2, 7, and  8 (lo w  
sodium  content). The o ther samples d id  not 
show  s ign ificant differences.
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Table 8. Results of significance by f-test

Sample

Na, av. 
content (%)

Coeff. of. 
var„ % Degrees

of
freedom f-valueFES AAS FES AAS

1 0.1213 0.0959 13.85 15.12 19 3.687 3
2 0.1607 0.1294 7.65 14.21 19 4.4703
3 2.3658 2.2825 4.63 5.62 18 1.561
4 3.0234 2.9495 4.24 3.18 18 -0.997
5 7.8784 7.8779 1.59 2.15 19 0.007
6 8.6263 8.6497 2.73 2.54 19 -0.235
7 0.1174 0.1018 10.22 11.98 19 2.9513
8 0.1585 0.1321 7.95 7.42 19 5.3123
9 2.3189 2.3137 3.89 4.73 18 0.116

10 2.9567 2.8865 2.53 3.28 18 1.839
11 7.8833 7.8495 2.80 2.25 19 0.384
12 8.6196 8.5074 1.62 2.55 19 1.403

3 Significant at the 95% level of confidence.

T h ree  collaborators com m ented  on the  l in ­
e a rity  o f the  w o rk in g  curve, w h ic h  is b etter fo r  
the A A S  m ethod  than fo r the FES m ethod . O ne  
collaborato r com m ented  th a t a h ig h  potassium  
concentration  enhances the sod ium  va lu e  ob­
tained by the FES m ethod for Samples 1 ,2 ,7 , and
8 . A n o th e r co llab orato r said tha t using a large  
sam ple size or sm alle r d ilu tio n  w o u ld  p robab ly  
g ive  b e tte r results fo r Sam ples 1, 2, 7 and 8 .

Six o f the 13 collaborators rep o rted  th a t th ey  
had  to m ake a fu r th e r  d ilu tio n  on Sam ples 3, 4,
9, and 10 to f it  the calibration curve, because they  
w ere  above 200 ppm  N a . I t  can be assumed that 
the others also m ade this d ilu tio n  unless th ey  
increased the calibration  curve range or m ade an 
extrapo latio n .

Conclusions and Recommendations

T he  statistical analysis shows tha t the  p erfo r­
m ance o f the A A S  m etho d  is b e tte r than  that fo r  
the FES m etho d  in  samples w ith  a lo w  sod ium  
conten t and  h ig h  potassium  con ten t, p ro bab ly  
due to interferences caused by this elem ent w h en  
the  K /N a  ra tio  increases. A t  K /N a  m o lar ratios 
less th an  4:1 (Sam ple 3), it  appears that there  is 
no in flu en ce  on the  sodium  d ete rm in a tio n . In  
samples w ith  h ig h  sod ium  con ten t, there  w ere  
no differences betw een the averages obtained by 
the 2  m ethods.

I t  is recom m ended  that the  A A S  m etho d  be 
adopted o ffic ia l firs t action  fo r d e te rm in in g  so­
d iu m  in  fe rtilize rs , ex ten d in g  the d ilu tio n  for 
samples con ta in in g  4 -20%  to 1 -20%  N a  to b rin g  
a ll solutions in to  an adequate range in  the cali­
b ration  curve. I f  this d ilu tio n  is not carried out, 
samples w ith  2 -4%  N a  w i l l  be above 200 ppm  
and  those w ith  1 - 2 % w i l l  be in  a n o n lin e a r sec­

tion  o f the  ca lib ration  curve, causing u n re lia b le  
results. T h e  ca lcu la tion  equations should  also 
be changed to in c lu d e  samples w ith  1 -4%  N a .

It  is also recom m ended that a fu rth e r study be 
carried  out on the  in flu e n c e  o f potassium  in  the  
d eterm ination  o f sodium  by flam e em ission and  
m eans to e lim in a te  it.
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Flame Photometric Determination of K20  in Fertilizers: 
Collaborative Study

PETER F. KANE and RODGER W. STRINGHAM
P u rd u e  U n iv ers ity , D e p a r tm en t  o f  B io c h e m is try , W est L a fa y e t t e ,  IN  4 7 9 0 7

Collaborators: D. Coggin; S. Grigor; J. H. Holmes, Jr; F. J. Johnson; L. A. Kirk; C. Lee; 
C. M. Lehe; J. F. Neuman; P. Proska; F. L. Ptak; R. Shideler; L. L. Wall, Sr;
W. L. Wheeler; T. C. Woodis, Jr

A collaborative study of the flame photometric de­
termination of K2O in fertilizers has been conducted. 
The proposed method is intended to replace both the 
official manual flame method, 2.091, and the official 
automated method, 2.097. This is possible because 
the method is written in a general fashion in terms of 
instrument performance, rather than specifically for 
a particular instrument configuration. An example 
automated instrumental system in specific detail, 
which meets the general method requirements, is also 
included. Results for 20 samples from 11 laboratories 
were compared with results by the official STPB 
method, 2.102. Means and standard deviations of 
results are comparable between methods. Analysis 
of variance does not show any difference in methods. 
The method has been adopted official first action.

A  co llaborative study on the autom ated flam e  
photom etric  d eterm ination  of K20  in  fertilizers, 
reported  in  1971 (1), resulted in  the present o f­
fic ia l autom ated m ethod , 2.097 (2). Because the  
m ethod  was w ritte n  in  ra ther specific term s for 
the most com m only used instrum ent at that time, 
n e w  flam e pho to m eter m odels have m ade that 
m ethod  lim ite d  or obsolete.

Instead o f again co llaborating  a m o d ified  
m etho d  suited to a particu lar in s tru m en t m odel 
i t  was decided to w rite  a m etho d  in  general 
term s, a llo w in g  various ins tru m en t m odels and  
designs, but req u ir in g  specified perform ance  
checks on w h a te v er in s tru m en t is used. The  
Associate Referee w o rked  w ith  the C om m ittee  
on A utom ated  M ethods of the A O A C  to develop  
a p h iloso ph y  fo r app ro pria te  perform ance cri­
teria  w h ic h  m ig h t app ly  to this m ethod  and to 
autom ated m ethods in  general.

S tarting  w ith  the p articu lar autom ated in ­
s trum entation  curre n tly  in  use in  the  Associate
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This report of the Associate Referee, P. F. Kane, was pre­

sented at the 96th Annual International Meeting of the AOAC, 
Oct. 25-28, 1982, at Washington, DC.

The recommendation of the Associate Referee was approved 
by the General Referee and Committee A and was adopted by 
the Association. See the General Referee and Committee re­
ports, J. Asstic. Off. Anal. Chew. (1983) 66, 329, 513.

Published as Journal Paper No. 9180 of the Purdue Univer­
sity Agricultural Experiment Station.

Referee's laboratory, inc luded  in  this paper 
u n d er the head ing  “ Exam ple A u tom ated  In ­
s trum ent System," an attem pt was made to keep  
the basic chem istry fixed  b u t to genera lize  the  
instrum ent parameters as m uch as possible. The  
fina l perform ance criteria developed for the K zO  
m ethod  are such that e ith e r an autom ated or 
m anual flam e instrum ent may be used. The type  
o f autom ation  could be e ith e r continuous flo w  
or f lo w  in jection .

T he  m ethod  as sent to collaborators inc lu ded  
2  parts: a general section, specifying  the pa­
ram eters fo r the basic chem istry o f the m ethod  
and describ ing the various perform ance checks 
that must be carried  out, and  a second part con­
sisting of detailed  instructions fo r setting up and  
using the p articu lar flam e p ho tom eter and au­
tom ated instrum ent system used in  the referee's 
laboratory. This system is capable of m eeting all 
the  specified perform ance criteria . In  the p er­
form ance specifications section o f this paper, the 
values that appear in  parentheses ind icate the  
perfo rm ance capabilities o f the exam ple auto­
m ated ins tru m en t system. Collaborators w ere  
free to choose this instrum ent system or another 
o f th e ir  o w n  design.

This m ethod  form at has several advantages. 
First, it  avoids specifying a particular instrum ent 
m an ufactu rer w ith in  the context of an o ffic ia l 
m ethod, or requiring  that a particular instrum ent 
be purchased in  o rder to p erfo rm  the o ffic ia l 
m ethod . This has been o f concern to A O A C . 
Second, n ew  developm ents in  ins trum enta tion  
can be q u ick ly  adapted w ith o u t the long delays 
o f n ew  collaborative studies. As long  as the 
chem istry  is unchanged , a ll that is required  is 
that the  instrum ent's  perform ance be suitably  
dem onstrated . This should be o f interest to in ­
s trum ent m anufacturers. A n d  fin a lly , this  
m ethod  form at provides a fram ew o rk  in  w h ic h  
in s tru m en t m anufacturers, referees, or o ther  
in terested  persons m ay m ake kn o w n  various  
in s tru m en ta l configurations w h ic h  have been  
fou nd  to better m eet a ll o f the perform ance  
specifications requ ired  by the m ethod . In s tru ­
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m enta l system im p ro vem ent is thus encouraged  
ra th er than  p ro h ib ited .

T w e n ty  samples used in  the collaborative  
study consisted o f 10  b lin d  duplicates arranged  
as 5 closely m atched pairs. The samples w ere  to 
be ana lyzed  one tim e  each by the o ffic ia l STPB 
m etho d , 2.102 (2 ), by the flam e pho tom etric  
m ethod  using am m on ium  citrate extraction, and  
by the  flam e pho tom etric  m ethod  using am m o­
n iu m  oxalate extraction. Collaborators w ere  
asked to re tu rn  perform ance check data and in ­
s trum ent system descriptions in  ad d itio n  to 
sam ple data.

K 20  in Fertilizers 

Flame Photometric Method 

(Manual or Automated)

Official First Action

(Caution : See 51.007)

2.D06 M ethod Parameters

A n y  flam e photom eter, m anual or autom ated, 
capable o f detecting  K, using Li as in te rn a l std, 
and meeting m ethod perform ance characteristics 
described b e lo w , is satisfactory. Sam ples are 
extd w ith  am m onium  oxalate soln or am m onium  
citrate soln. A p p rop ria te  d ilns o f ext are m ixed  
w ith  L iN 0 3 in te rn a l std soln and aspirated or 
pum ped into  flam e photom eter. La20 3 is added  
to L iN 0 3 soln to e lim in ate  the phosphate effect. 
Final soln to be introduced to flam e should have 
the fo llo w in g  com position: (a) concn of K zO  in  
range such that std curve response is lin ear over 
that range, (b) const am t o f L i in  range 5 to 40 
ppm , (c) selected concn of La <1400 ppm , and (d)
0 .2 N  H N 0 3. Exact concn of L iN 0 3 and La20 3 
are o p tim ized  fo r p articu lar in s tru m en ta tion  as 
described in  perform ance specifications below . 
Ratio o f K  in ten s ity  at 768 nm  to L i in tens ity  at 
761 nm  is detd, and com pared w ith  s im ilar ratios 
from  std set o f > 6  stds, p repd  from  NBS or p r i­
m ary std K H 2P 0 4. Stds are arranged  in  as­
cend ing  o rd er and even ly  d is tributed  th ru  cho­
sen range.

2.D07 Preparation o f  Sam ple

(a) Ammonium oxalate extraction .— W eigh  1 g 
sam ple in to  500 m L vol. flask, add 50 m L 4% 
( N H 4)2C 20 4  and 125 m L H 20 ,  b o il 30 m in , and  
cool. D il. to vol. w ith  H 20 ,  m ix, and f ilte r  or let 
stand u n til clear.

(b) Am m onium citrate extraction from  direct 
available phosphorus extract.— Prep, as in  2.050. ( If

solns must be held  o vern ig h t, add 3 -4  drops of 
C H C 13.)

2.D08 Perform ance Specifications

System perform ance criteria.— D etailed  exam ple  
of specific ins tru m en ta l system capable of 
m eeting  specified perform ance criteria  fo llow s  
this perform ance section. It  is necessary to 
v e rify  that this or any o ther p articu lar system  
meets all of the fo llo w in g  perform ance criteria  
before samples are analyzed. Levels specified  
are to be considered m in . acceptable levels. 
Various criteria  are w ritte n  for autom ated in ­
strum ent, but should also app ly  to m anual in ­
s trum ent systems.

(a) U N O 3 concentration lev e l.— A m t o f L iN 0 3 
in  f in a l soln aspirated in to  flam e is adjusted  
partly for convenience of instrum ent parameters, 
but should  be such that L i and K channels g ive  
roughly equal responses. This can be detd either 
by d isp laying  each channel's o utpu t sep., or by  
d isp laying  ratio  of K to L i response and  then in ­
terchanging Li and K filters and d isp laying  ratio  
again.

U sing  e ith er procedure, sample m id ran ge  K + 
stds u nd er analysis conditions w h ile  va ry in g  
concn of L i+ u n til acceptable concn of L i+ is 
found.

(b) N oise.— Adjust detector output to 90% fu ll 
scale w ith  h ig h  std sam pled continuously. 
Noise must be <2%  fu ll scale peak to peak. Note  
that some instrum ents, flo w  in jection  analysis  
systems, for exam ple, are not designed to pum p  
samples continuously. In  this case, substitute  
repeated sampling for continuous sam pling, and  
consider noise to be d ifference betw een adjacent 
peak m axim a. (O p tim u m  perform ance on ex­
am ple  ins tru m en t system described in  this  
m ethod  is ca V2% peak to peak. To reduce noise 
on exam ple system, s tab ilize  flam e, stab ilize  
p u m p in g  rate, stab ilize  back-pressure, change  
p um p  tubes, clean m an ifo ld , a n d /o r  rew o rk  
m an ifo ld  to ensure adequate m ix in g . To det. 
m in . noise l im it  of ins tru m en t, collect system  
waste soln, connect short leng th  of tu b in g  d i­
rectly to photom eter aspirator, and aspirate waste 
soln d irec tly  in to  flam e.)

(c) C arryover.— Adjust detector o utpu t to g ive  
ca 10% and 90% fu ll  scale response fo r  lo w  and  
h ig h  stds, resp Sam ple 3 h ig h  stds fo llo w ed  by  
5 lo w  stds on system u nd er analysis conditions. 
C arryover, d e fin ed  as d iffe rence  betw een  firs t 
lo w  std and m ean of o ther lo w  stds, m ay n ot be 
> 1 %  fu ll  scale. (O p tim u m  perform ance on ex­
am ple system is neglig ib le carryover. To reduce 
carryover on exam ple system, clean m a n ifo ld
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and  aspirator, check m an ifo ld  connections for 
dead space, redesign m a n ifo ld  sho rten in g  h y ­
d rau lic  system w h e re ve r possible, decrease 
sam pling  rate, a n d /o r  reduce std range.)

(d) D rift . — Adjust instrum ent to g ive detector 
response ca 50% fu ll scale w ith  m id d le  std sam­
p led  continuously. Sam ple m id d le  std co n tin ­
uously fo r the tim e it  w o u ld  take to analyze  30 
samples. For instrum ents not designed to sam­
p le  continuously , d raw  sm ooth lin e  th ru  30 
m id d le  std peaks. D r if t  m ay not exceed 1% fu ll 
scale per any 10 sam ple segm ent. (O p tim u m  
perform ance on example system is zero drift. To 
reduce d r if t  on exam ple system , s tab ilize  room  
and soln tem ps, adjust m a n ifo ld  to m ain ta in  
const back-pressure, and /o r  stabilize flam e.) As 
long as d rift  does not exceed 1% per 10  peak level, 
ro u tin e  data m ay be fu r th e r im p ro ved  by in ­
serting a m iddle std periodically betw een groups 
o f samples. This  a llow s m athem atical peak ht 
correction, assum ing lin e a r d rift.

(e) P re c is io n .— W ith  instrum ent calibrated for 
10% and 90% fu ll  scale fo r lo w  and h ig h  stds, 
resp., sam ple 30 m id d le  stds u n d er analysis  
conditions. Range o f instru m en t response m ay  
not vary >2%  fu ll scale. (O ptim u m  perform ance  
on example system is 0.7% fu ll scale. To im prove  
precision on exam ple system, reduce noise, check 
sam pler tim in g , a n d /o r  decrease sam p ling  
rate.)

( f)  S t d  c u r v e .— Std curve consists o f > 6  d if ­
feren t stds, even ly  d is trib u ted  th ru  std concn  
range. Prep, solns from  NBS or p rim a ry  std 
K H 2P O 4, d ried  2 h at 105°. In c lu de  factor for 
actual p u rity  of std m ateria l in  calcns o f std 
concn.

W ith  instrum ent calibrated for ca 10% and 90% 
response for lo w  and h ig h  stds, resp., ru n  stds in  
o rder o f ascending concn u n d er analysis cond i­
tions. Response should be linear. M a th e m a ti­
ca lly  perfo rm  firs t degree least squares f it  to std 
curve data. A lternative ly , use calculator capable 
o f least squares fits. First o rder least squares f it  
m ay be p erfo rm ed  as fo llow s: Assum e that
points to be fitte d  are (X j, Y { ) ,  (X2, Y 2), • • • (X„, 
Y n ). Calc, means by:

X = -  2X. Y = -  2Y ; 
n  n

Slope o f least square fitted  lin e  is g iven  by:

b _ 2(X; -  X )  (Yj -  Y ) (2X;Yj) -  n X Y  

2  (Xj — X)2 (2X j2) -  l/tt/S X ;)2
In te rcep t fo r lin e  is g iven  by:

bo =  Y  — b jX

Equation  o f resu lting  lin e  is:

Y =  bo +  b i X

U sing  d erived  equation  and in d iv id u a l std 
responses, calc, concn fo r each std. Com pare  
calcd and k n o w n  concns fo r each std. Calcd  
value m ay not d iffe r from  kno w n  value by > ± 2 % 
in  any one instance. Also, av. of absolute values 
o f those % differences m ay not be >1% . (O p ti­
m um  perform ance on exam ple system is 0.75%  
and 0.37%, resp. To im p ro ve  std curve f it, o p ti­
m ize parameters (b) th ru  (e) above a n d /o r  reduce 
std range.)

(g) P h o sp h a te  e f f e c t .—  For example system, amt 
o f La2 0 3  in  L iN 0 3  reagent is su ffic ien t to e lim i­
nate phosphate effect (depression o f instrum ent 
response to K  by phosphate ion ). I f  o th er than  
exam ple autom ated system is used, e lim in a tio n  
o f phosphate effect m ust be ve rified . U sing  
K N O 3, prep. 200 m L  soln o f K 20  w ith  concn  
equal to tw ice that o f h ighest std. P ip e t 50 m L  
o f that soln in to  each o f tw o  100 m L  vol. flasks. 
D il.  one to vol. and m ix. A d d  su ffic ien t 
N H 4H 2PO4 soln to the o ther flask such that 
concn of P2O 5 w i l l  be as h ig h  as highest concn of 
P2O 5 antic ipated  in  any  sam ple ext. D il .  to vo l. 
and m ix. Sam ple 10 portions o f each soln, a l­
ternating , u n d er analysis conditions. A verage  
10 responses fo r each soln. A v . responses o f the 
2  solns must not d iffe r  fro m  each o th er by > 1%. 
Select m in . am t o f La2C>3 w h ic h  w i l l  e lim in ate  
phosphate effect. (O p tim u m  perform ance of 
exam ple system is <0.5% . To im p ro ve  p erfo r­
mance, adjust am ount o f La20 3 .)

(h ) O v e r a ll  p e r fo r m a n c e  o f  s y s t e m .— P erfo r­
mance characteristics m entioned above are worst 
case examples. A  system function ing  m arg ina lly  
in  m an y  categories w o u ld  probab ly  fa il the fo l­
lo w in g  o vera ll perform ance check.

V e r ify  o vera ll perform ance as fo llow s: Ext 
and analyze  once each 20 d iffe re n t M ag ru d er  
samples, or o th er s im ila r perform ance check 
samples p rev iou s ly  detd  by in terlab ora to ry  
study. A lso ext and analyze  5 ind epen den t 1 g 
portions o f NBS or p rim a ry  std K H 2P O 4 . R an­
d om ize  M ag ru d er and K H 2P 0 4 sam ple order. 
Calc. % K 20 .  A v . bias o f M a g ru d e r results, 2  
(M ag ru d er grand av. — calcd % K 2O ) / 2 0 , must be 
< ± 0 .1 . A v. o f absolute value of differences must 
be < 0 .4 . (O p tim u m  values on exam ple system  
are ca ± 0 .0 2  and ± 0 .2 , resp.)

For 5 analyses o f K H 2P0 4, d ifference betw een  
mean o f calcd % KzO  and kno w n  % K 20  must not 
be > ± 0 .2 ,  and std d ev ia tion  m ust not be > 0 .25 . 
(O p tim u m  values fo r exam ple system are ±0 .1  
and  0.15, resp.)
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(i) Ongoing performance checks.—(1 ) Conduct 
daily performance check by analyzing same 
performance check sample at least once in every 
60 regular samples, and at least once in each run. 
( 2 )  Repeat ( h )  above at least twice per year, and 
whenever system has not been used for pro­
longed periods.

E x a m p le  A u to m a te d  In s tru m e n t S y ste m

2.D09 Apparatus

Automatic analyzer.—AutoAnalyzer with fol­
lowing modules (available from Technicon In­
struments Corp.): sampler II or IV, pump III, 
flame photometer IV, and recorder. Computer 
or calculator capable of least square fits is desir­
able.

2.D10 Reagents

(a) Ammonium oxalate soln.—Dissolve 40 g 
(NH4)2C204  in 1 L H20 .

(b) Ammonium citrate soln.—Should have sp. 
gr. of 1.09 at 20° and pH of 7.0 as detd potentio- 
metrically.

Dissolve 370 g cryst. citric acid in 1.5 L H20  
and nearly neutze by adding 345 mL NH4OH 
(28-29% NH3). If concn of NH3 is <28%, add 
correspondingly larger vol. and dissolve citric 
acid in correspondingly smaller vol. H20 . Cool, 
and check pH. Adjust with NH4OH (1+7) or 
citric acid soln to pH 7. Dil. soln, if necessary, 
to sp. gr. of 1.09 at 20°. (Vol. will be ca 2 L.) 
Keep in tightly stoppered bottles and check pH 
from time to time. If pH has changed from 7.0, 
readjust.

(c) Lithium nitrate soln.—Dissolve 1.642 g La20 3 

in 30 mL HNO3, add 0.9935 g dried (2 h at 105°) 
L iN 03 and 1 mL Flaminox 1% soln (Fisher Sci­
entific Co.), and dil. to 1 L with H20 .

(d )  Sampler wash and dilution water soln.—Dil. 
1 mL Flaminox 1% soln to 1 L with H20 .

(e ) Potassium std solns.—(1 )  Stock std soln. — 1 
mg K20/m L. Dissolve 2.889 g dried (2 h at 105°) 
KH2P 0 4 (NBS SRM 200) in H20 ,  and dil. to i L. 
(2) Working std solns. —10, 20, 30,40, 50, and 55 pg 
K20/m L . Accurately measure by buret 10, 20, 
and 30 mL stock std soln into 1 L vol. flasks, and 
20, 25, and 27.5 mL into 500 mL vol. flasks. Add 
0.2 g (NH4)2C20 4 per 500 mL final vol. if samples 
are prepd by ammonium oxalate extn, or add 1 2  

mL ammonium citrate soln per 500 mL final vol. 
if samples are prepd by ammonium citrate extn. 
Dil. to vol. with H20  and mix. (Add 3 mL CHC13 

to preserve citrate std solns for long periods.)

2.D11 A n a ly tica l S ystem

Assemble manifold as in Fig. 2:D1. Use
1 .6 - 2 .0  mm id glass transmission tubing for all 
reagent flow upstream from D1 fitting. Use 
clear std pump tubes for air and soln stream 
flow.

Air and H20  are combined thru injection fit­
ting (116-0492-01). Hard thin-wall polyethylene 
tubing (ca 0.30 in. id) connects air bar tubing to 
injection fitting. Sample is introduced imme­
diately downstream thru second injection fitting 
(194-G012-01), designed to eliminate double 
peaks in recorder output. Mixing of sample and 
H20  occurs in double 10-turn coil with insert 
(157-B089). L iN 03 reagent is introduced thru 
insert. Another 10-turn coil (157-0251) further 
mixes solns.

Portion of soln is aspirated to flame photom­
eter thru A4 fitting (116-0200-04). Hard, thin- 
wall polyethylene tubing (ca 0.045 in. id) con­
nected to photometer is inserted and glued to tee 
arm of A4 fitting. Remaining unaspirated soln 
is drawn thru double 10-turn mixing coil (157- 
0248-01) and thru D1 fitting (116-0203-01). 
Large diam. branch of D1 fitting leads to pump 
and waste. Small diam. branch of D1 fitting is 
connected to 6  ft (1.83 m) of Tygon tubing (0.030 
in. id) to waste. D1 fitting is oriented with small 
diam. branch low, so that only soln, and no air, 
enters 0.030 in. tubing. This establishes const 
back pressure and therefore stable aspiration 
conditions at flame photometer.

2.D12 Startu p  a n d  S h u td ow n  P roced u res

Start system and place reagent lines in proper 
solns. Let equilibrate 30 min before beginning 
calibration. Adjust flame photometer as follows: 
(1) damping control to damp 3 position; (2) flame 
ht of main cone ca 4 cm; (3) atomizer adjust con­
trol set to give atomization rate of ca 1.3-1.4 
mL/min. Rate of atomization is detd by sub­
tracting rate of flow to waste from rate of flow 
upstream from (disconnected) A4 fitting. Use 
0.3 and 0.6 neut. density filters for Li and K de­
tectors, resp.

Initially it may be necessary to manually fill 
system downstream from A4 fitting with H20 ,  
making certain that 6  ft of 0.030 tubing is filled. 
System is shut down after pumping H20  thru 
reagent lines >15 min.

2.D13 C h e c k o u t  a n d  C a lib ra tion

After equilibration, pump 10 pg K20 /m L  std 
thru system and adjust baseline control of pho­
tometer to read 10% full scale. Pump 55 pg



1246 KANE & STRIN G H A M : J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 5, 1983)

Figure 2:D1. Manifold for K2O in fertilizers. A, injection fitting 116-0492-01; B, injection fitting 194-G012-01; 
C, double 10-turn coil with insert 157-B089; D, 10-turn coil 157-0251; E, A4 fitting 116-0200-04; F, double 10-turn

coil 157-0248-01; G, D1 fitting 116-0203-01.

K20 /m L  std thru system and adjust std calibra­
tion control to read 90% full scale. If noisy con­
ditions exist, check for aspiration of air at A4 
fitting, or check for air entering lower arm of D1 
fitting. If drift exists, check room and solns for 
temp, stability. Std curves should be virtually 
linear.

2.D14 D eterm in a tion

Pipet aliquots of sample solns, Table 2:D1, into 
250 mL vol. flask, dil. to vol. with H20 ,  and mix 
15 times. For 10 mL aliquots of citrate extns, add 
4 mL ammonium citrate soln to aliquots before 
dilg to vol. Run samples in groups of 10. Place 
10 thru 55 pg K20 /m L  stds in order in sampler, 
preceded by extra 10 pg/mL std. Place 30 
pg/mL std after every 10th sample, to be used for 
drift correction. End series with two 30 pg/mL 
stds. Sample at rate of 40 / h, 2:1 sample-to-wash 
ratio.

Table 2:D1. K20  aliquots

% K20  expected Aliquot, mL

<2 250 (no diln)
2-6.49 100
6.50-19.99 30
>20 10

2.D15 C alcu la tion s

Correct sample peak hts for drift. Correct 
peak hts of first 1 0  samples as follows:

H c =  H  — [(Di — D0) / 14] [L +  3]

where Hc =  corrected peak ht; H =  uncorrected 
peak ht; D1 =  ht of first drift correction std; Do = 
ht of 30 pg std in initial std sequence; and L =  
position No. of sample peak to be corrected. 
Correct subsequent sample peak hts as follows:

Hc =  H -  [Dx -  D0] -  [(Dy -  Dx) / l l ]  [P]

where Dx =  ht of drift std preceding sample to be 
corrected; Dy =  ht of drift std following sample 
to be corrected; and P =  position No. of sample 
within group of 1 0 .

Calc, least squares fitted curve of emission 
against KzO concn. Calc, pg K20 /m L  of cor­
rected peak hts from equation:

% K20  =  (pg K20 /m L  X 12.5)/
(aliquot X g sample)

R e s u lts  an d  D iscu ssio n

Table 1 lists the collaborative samples, iden­
tifying the blind duplicates. As much as possi­
ble, closely matched pairs were selected from the 
same source to have similar matrices.

Collaborative results were received from 11
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Table 1. Collaborative samples

Blind
duplicates,

Sample

Closely
matched

pairs Grade Source

1.9 Pair 1 15-40-5 Company A
6, 13 15-40-5 Company A
2, 15 Pair 2 reagent grade 

KCI
Fisher Sei. 

Co.
4, 18 0-0-62 composite

mixt.
3, 11 Pair 3 primary std

k h 2p o 4
Fisher Sei. 

Co.
5. 20 4-12-36 Company B
7. 17 Pair 4 6-24-24 Company ß

10. 19 6-24-24 Company B
8, 16 Pair 5 12-12-12 Company B

12, 14 12-12-12 Company B

laboratories. Table 2 presents the results for the 
STPB method, Table 3 for the flame photometric 
method with ammonium citrate extraction, and 
Table 4 for the flame photometric method with 
ammonium oxalate extraction.

Collaborator 7 used an Instrumentation Lab­
oratories No. 951 manual flame instrument 
without lithium internal standard capability. 
The overall performance check was not within 
specifications. Collaborator 10 used a Varian 
Model AA-5 instrument operating in the ab­
sorption mode. He found that he could not get 
linear standard response in the emission mode. 
Also, in the ammonium citrate extraction, he 
omitted the water wash step. Collaborator 11 
submitted results only for the ammonium oxalate

extraction, and provided no performance check 
data and no indication of type of instrument 
used. Collaborator 2  used a Perkin-Elmer 503 
instrument in the emission mode. Collaborator 
8  used an Instrumentation Laboratories No. 353 
manual AA/AE spectrometer in the emission 
mode.

Collaborators 1 and 6  used the example auto­
mated method provided as an option with the 
collaborative materials. Collaborators 4  and 9 
used the example method with minor modifica­
tion, including Brij® (Technicon) as the wetting 
agent instead of Flaminox® (Fisher). Collabo­
rator 5 used a Technicon Flame III instrument 
essentially as outlined in the present automated 
official method.

Collaborator 3 used a Technicon Flame IV in­
strument with a modified manifold design and 
wider range standards to eliminate aliquoting 
the original sample extracts. This manifold de­
sign resulted in a final concentration of about 17 
ppm K20  for aspiration into the flame. The 
maximum concentration proposed in the col­
laborative method was 6.25 ppm K20 .  Other 
than this, Collaborator 3 had acceptable perfor­
mance levels and results.

The Associate Referee's laboratory subse­
quently tested a similarly designed manifold and 
also found it to have acceptable performance 
checks, with linear standard curves. It would 
appear that the 6.25 ppm upper limit on K20  
concentration is too restrictive.

Two-sample X-Y charts (3) were prepared for 
each closely matched pair for each of the 3

Table 2. Collaborative results (% K20), STPB method

Collaborator

Sample 1 2 3 4 5 6 7 8 9

1 5.94 6.00 6.05 5.80 5.91 6.33 6.05 6.13 6.16
2 62.85 63.99 62.82 62.72 62.38 63.73 63.08 63.56 63.24
3 34.33 35.09 34.32 34.56 34.80 34.78 34.79 34.79 34.61
4 61.57 62.03 61.83 61.68 62.11 62.77 61.69 62.47 62.13
5 34.65 34.72 34.53 34.54 34.99 34.88 34.79 34.87 34.72
6 6.02 6.11 5.96 5.71 5.97 6.17 5.94 6.06 5.92
7 24.30 24.80 24.44 24.40 24.54 24.61 24.63 24.56 24.64
8 12.83 13.08 12.87 12.79 12.95 13.21 13.19 13.01 12.91
9 5.94 6.13 6.11 5.76 6.05 6.24 6.04 6.28 6.08

10 24.57 24.93 24.44 24.34 24.07 24.63 24.50 24.59 24.72
11 34.37 35.41 34.64 34.48 34.43 34.61 34.57 34.71 34.64
12 14.84 15.01 15.12 14.68 14.95 15.14 14.71 14.97 14.84
13 5.84 5.97 5.99 5.77 5.95 6.15 5.99 6.15 5.94
14 14.72 14.87 15.11 14.68 14.93 15.05 14.83 14.97 14.82
15 62.35 63.16 63.04 63.08 62.76 63.62 62.85 63.53 63.21
16 12.83 13.02 12.85 12.68 12.83 13.10 12.73 13.04 12.92
17 24.23 24.94 24.42 24.36 24.23 24.48 24.86 24.70 24.53
18 61.42 62.65 61.90 61.76 61.05 62.23 61.99 62.53 62.03
19 24.15 24.97 24.52 24.26 24.65 24.55 24.59 24.80 24.61
20 34.55 35.69 34.64 34.40 34.56 34.65 34.76 34.68 34.65
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Table 3. Collaborative results (% K20), flame photometry, ammonium citrate extraction

Collaborator

Sample 1 2 3 4 5 6 7 8 9 10

1 6.10 6.08 6.04 6.39 6.03 5.83 6.09 5.98 6.00
2 64.32 62.73 62.84 61.79 63.46 61.85 63.90 63.02 64.09
3 35.21 34.62 35.37 35.17 34.47 33.56 34.83 34.74 Lost
4 62.90 62,08 61.65 61.37 62.42 60.69 62.67 61.91 64.03
5 35.02 34.62 35 .0 2 35.20 34.85 34.35 34.79 34.59 35.00
6 5.95 6.08 6.00 6.18 5.93 5.66 6.01 5.94 6.00
7 24.34 24.47 25.02 24.29 24.50 23.99 24.67 24.38 24.15
8 12.97 12.92 12.88 13.22 12.69 13.44 12.90 12.71 12.97
9 6.15 6.08 6.12 6.17 6.01 5.77 6.01 6.05 6.02

10 24.62 24.63 24.67 24.57 25.00 23.39 24.56 24.30 24.00
11 35.12 34.95 34.32 34.63 34.47 33.48 34.64 34.42 34.97
12 15.02 14.87 14.84 14.69 14.95 14.51 14.61 14.78 15.01
13 6.06 5.92 5.96 6.14 5.93 6.16 5.94 5.91 6.01
14 14.97 14.87 14.63 14.69 14.72 14.88 14.94 14.84 15.02
15 64.27 62.73 62.63 61.87 63.74 63.32 63.30 63.26 63.12
16 12.95 12.91 12.86 13.71 12.85 13.03 12.83 12.93 13.03
17 24.44 24.80 24.95 24.49 24.55 24.95 24.55 24.39 24.00
18 63.11 62.08 61.30 61.32 62.74 61.82 62.92 61.99 62.14
19 24.28 24.80 24.67 24.60 24.46 24.43 24.77 24.60 24.05
20 35.16 35.27 35.02 34.74 34.74 33.52 35.49 34.54 35.02

methods. Since Collaborator 7 did not use an 
internal standard instrument, Collaborator 10 
detected in the absorption rather than emission 
mode, and Collaborator 11 did not include any 
performance check information or instrument 
description with the data, and since all 3 had a 
number of apparently extreme values on the X-Y 
charts, the flame photometric data for these 3 
collaborators were excluded from further statis­
tical analysis. All other data were kept.

For each concentration level and for each of 
the 3 methods, Sr, a measure of intralaboratory 
standard deviation, and S<j, a measure of overall 
interlaboratory standard deviation, were calcu­
lated according to Youden (4). The values, 
which are required for inclusion with official 
methods, are listed in Table 5. Since the col­
laborative scheme involved blind duplicates of 
closely matched pairs, each Sr and S j is an aver­
age of 2 values. Table 5 also includes the num-

Table 4. Collaborative results (% K2 O), flame photometry, ammonium oxalate extraction

Collaborator

Sample 1 2 3 4 5 6 7 8 9 10 11

1 6.03 6.08 6.10 6.09 6.08 6.05 6.06 5.97 6.00 6.51 5.91
2 63.17 63.88 62.61 63.53 62.46 63.96 60.89 63.06 62.16 64.31 63.30
3 34.70 35.00 34.69 35.30 36.12 34.94 34.09 34.48 34.55 37.06 34.60
4 62.11 62.10 61.37 62.59 61,43 62.65 59.17 62.44 61.36 64.10 62.00
5 35.25 34.81 34.69 35.50 35.75 35.14 33.93 34.68 34.51 36.92 34.82
6 6.01 6.10 6.10 6.04 5.92 5.98 5.86 5.90 5.89 6.50 5.64
7 24.47 24.65 24.59 24.99 24.60 24.87 24.18 24.64 24.34 25.17 24.49
8 13.00 12.90 13.03 13.05 12.99 12.97 11.95 13.01 12.74 14.06 12.57
9 6.06 6.16 6.10 6.23 5.98 6.04 6.00 5.97 5.93 6.51 5.74

10 24.58 25.02 24.28 24.59 25.80 25.16 23.34 24.18 24.14 24.48 24.60
11 34.64 35.55 34.69 34.70 35.06 34.96 33.76 34.24 34.40 36.21 34.69
12 14.88 15.10 14.88 15.00 14.54 14.90 14.65 14.48 14.68 15.51 14.83
13 6.01 6.00 6.10 6.03 5.89 5.93 5.80 5.78 5.99 6.51 5.60
14 15.04 14.98 14.73 14.91 15.05 14.78 14.19 14.49 14.71 16.00 14.71
15 64.35 63.12 63.22 63.26 62.98 63.74 63.61 63.17 62.80 64.08 62.30
16 13.09 13.18 12.87 13.30 13.13 12.93 12.22 12.71 12.81 13.52 12.59
17 24.58 25.07 24.43 24.99 24.87 24.72 23.67 24.37 24.22 25.07 23.32
18 62.53 62.67 61.99 63.46 61.37 62.55 58.67 61.89 61.54 63.09 61.50
19 25.01 25.05 24.74 25.13 25.75 24.89 25.36 24.51 24.21 24.91 23.57
20 35.03 35.41 35.00 35.37 34.92 34.98 33.86 34.08 34.51 36.01 33.13
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Table 5. Means (% K2 O), Sr, Sd, and CV values by 
concentration level

Statistic

STPB 
method 
18 Pairs

Ammonium 
citrate 

method 
14 Pairs

Ammonium 
oxalate 
method 
16 Pairs

Mean 6.017 6.045 6.017
S r 0.070 0.043 0.056
sd 0.144 0.095 0.085
C V , % 2.39 1.57 1.41

Mean 13.919 13.865 13.902
S r 0.113 0.159 0.121
sd 0.150 0.142 0.179
C V , % 1.08 1.02 1.29

Mean 24.543 24.581 24.733
S r 0.139 0.176 0.299
S d 0.226 0.212 0.322
C V , % 0.92 0.86 1.30

Mean 34.700 34.858 34.895
S r 0.112 0.191 0.251
Sd 0.271 0.300 0.480
C V , % 0.78 0.86 1.38

Mean 62.550 62.654 62.673
S r 0.279 0.257 0.3556
sd 0.457 0.735 0.597
C V , % 0.73 1.17 0.95

Table 6. Standard deviations of results by method at 
various concentration levels

Approx. Ammonium Ammonium
concn, oxalate citrate STPB

Sample % k 2o SD SD SD

1 ,9 6 0.077 0.101 0.151
6, 13 6 0.090 0.089 0.125
8. 16 12 0.156 0.145 0.151

12, 14 12 0.201 0.132 0.150
7, 17 24 0.253 0.223 0.204

10, 19 24 0.511 0.187 0.239
3, 11 35 0.471 0.332 0.270
5, 20 35 0.429 0.382 0.278
4, 18 60 0.613 0.628 0.442
2, 15 60 0.576 0.779 0.450

ber of pairs used to determine'the standard de­
viations, the means, and the coefficients of 
variation.

In general, the Sr and Sq values are either 
comparable to or lower than the corresponding

values for the same method and concentration 
range from the previous study (1). A case might 
be made that the standard deviations at the 60% 
level are slightly higher than in the previous 
study. But this condition applies across all 3 
methods.

A noteworthy trend appears if standard de­
viations of results by method at various guaran­
tee levels are examined as in Table 6 . Compar­
ing the STPB and ammonium citrate method 
standard deviations, the STPB method has more 
overall precision at the higher guarantee levels 
while the ammonium citrate method has more 
precision at the lower guarantee levels. At the 
midrange levels, the 2  are roughly equivalent. 
In general, the ammonium oxalate standard de­
viations fit this same trend, except several mid­
range deviations appear abnormally high.

This situation is no doubt due to the basic de­
sign of the methods. If desired, the flame pho­
tometric methocs could be made more precise at 
the higher guarantee levels by adjusting the 
standard curve range and aliquoting scheme. 
This becomes a quite simple matter to do when 
the method is written in terms of performance, 
as the flame photometric method is. An indi­
vidual laboratory could and should tailor the 
method to its specific wants and needs.

Two-way factorial analyses of variance, 
method by laboratory segregated by sample, 
were performed. For Sample 5, the 4-12-36 
sample, Table 7, there was a significant method 
effect. The average result across all laboratories 
for the ammonium oxalate method was 34.96%, 
for the ammonium citrate 34.93%, and for the 
STPB 34.66%. It appears that the STPB method 
presented difficulty with this particular sample. 
The product consisted of ammonia, phosphoric 
acid, triple super, sulfuric acid, and potassium 
chloride. No reason for this discrepancy be­
tween methods could be deduced from the 
sample components.

A 2-way factorial analysis of variance, method 
by sample across all laboratories, was performed 
(Table 8 ). Since standard deviations had a linear

Table 7. Analysis of variance, method by laboratory, Sample 5

Source Sum of squares DF Mean square F
Significance 

of F (a)

Method 0.736 2 0.368 5.696 0.011
Laboratory 0.816 6 0.136 2.105 0.096
Interaction, 1.734 12 0.144 2.235 0.051

method X lab. 
Residual 1.357 21 0.065 — —
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Table 8. Analysis of variance, method by sample across all laboratories

Source Sum of squares DF Mean square F
Significance 

of F ( a)

Method 0.001 2 0.000 2.635 0.073
Sample 0.406 9 0.045 278.163 0.001
Interaction, 0.003 18 0.000 1.031 0.423

method X sample 
Residual 0.063 390 0.000 — —

relation with concentration level, results were 
scaled to unity so that standard deviations were 
uniform across all sample levels. The F-value for 
method was not significant.

C o n clu s ion s  a n d  R eco m m en d a t io n

The flame photometric methods give good 
agreement with the STPB method, with the ex­
ception of Sample 5 and the STPB method. 
Values for Sr and Sa for all 3 methods are gener­
ally equivalent or better than corresponding 
values in the 1971 collaborative study which es­
tablished the automated method as official. A 
possible exception occurs at the 60% level, where 
the STPB method as well as the flame photo­
metric methods had somewhat larger standard 
deviations than in the 1971 collaborative study. 
Whether or not this is significant, the flame 
photometric methods may be easily adjusted for 
higher precision at the 60% guarantee level 
within the framework of the proposed method 
if desired.

The specified limit of 6.25 ppm K2O as the 
maximum concentration of potassium to be as­
pirated into the flame was arbitrarily set at too 
small a value. Subsequent work has shown that 
instrument configurations can be devised 
meeting all performance criteria while aspirating 
about 18 ppm K2O.

It is recommended that the proposed flame 
photometric method for the determination of 
K2O in fertilizer be adopted official first action; 
and that the 6.25 ppm maximum concentration 
restriction for the standard curve be removed, 
and instead it be specified that the K2O standard 
concentrations be such that the standard curve 
response is linear.
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FRUIT AND FRUIT PRODUCTS

Composition of Apple Juice

LEONARD R. MATTICK and JAMES C. MOYER
N e w  Y o rk  S ta te  A g r ic u ltu ra l E x p er im en t S ta t io n , C o rn e ll U n iv ers ity , D e p a r tm en t  o f  F o o d  
S c ie n c e  a n d  T e c h n o lo g y , G e n e v a , N Y  1 4456

Thirty-one samples from 8 geographic growing re­
gions of the United States and 15 varieties common 
to these areas were converted to apple juice and ana­
lyzed for their attributes over the 3 year period 1979, 
1980, and 1981. The total of 93 samples were ana­
lyzed for ash, brix, pH, proline, specific gravity, total 
acid, sorbitol, sucrose, fructose, and glucose. The 
elements cadmium, calcium, iron, lead, phosphorus, 
potassium, sodium, and zinc were also determined. 
These data are presented to serve as a data base for the 
detection of fraudulent or adulterated apple juice.

It has long been recognized that the chemical 
composition of apple juice varies depending on 
the cultivar, growing region, climate, maturity, 
and cultural practices. Only limited information 
is available, however, that shows the effect of 
these different variables on the composition of 
apple juice produced in the United States (1)

During the past 10 years, the consumption of 
apple juice has increased markedly, until it is 
now the leading single strength fruit juice con­
sumed in this country. It is a concern of the 
apple juice processing industry that the popu­
larity of their product could cause problems of 
adulteration. This project was initiated, there­
fore, to obtain a data base regarding juice com­
position that would be useful in combatting this 
type of fraud.

E x p e rim e n ta l

Source of the apples.—The geographic source 
and varieties of apples used in this study are 
listed in Table 1. Apples were representative of 
the material normally entering an apple pro­
cessing plant. Each of these varieties from the 
location designated was shipped every year be­
tween 1979 and 1981 to the New York State Ag­
ricultural Experiment Station at Geneva, NY.

Processing the apples. When received, apples 
were taken to the pilot plant of the Department 
of Food Science and Technology and the un­
sound fruit were removed. Sound fruit were 
then ground and the juice was extracted using a 
continuous screw press. The resulting juice was

Received November 18,1982. Accepted February 9,1983.

treated with pectic enzyme and filtered, using a 
plate and frame filter precoated with diatoma- 
ceous earth. The juices were bottled after being 
passed through a heat exchanger, which heated 
the product to 8 8 °C. These pilot plant opera­
tions used conditions which closely approxi­
mated commercial conditions.

Samples were stored at 6 °C until analyzed, 
which was done within a month after pro­
cessing.

Ash, brix, and specific gravity analysis.—These 
constituents were analyzed as described by 
AOAC (2). Ash analysis was performed using 
method 31.012. Soluble solids of the juice was 
determined by the method contained in 22.024 
and 13.011, with no correction being made for 
insoluble substances. Specific gravity was cal­
culated using the pycnometer technique, 
9.009-9.011.

pH and total acid analysis.—A 10 mL sample of 
the juice was placed in a 250 mL beaker and pH 
was measured using a combination glass elec­
trode and an Orion Research Digital Ionalyzer, 
Model 501, equipped with an automatic tem­
perature probe. Following the pH measure­
ment, the sample was agitated with a magnetic 
stirrer and titrated with 0.1N NaOH to an end 
point of pH 8.1. The total acid was calculated as 
percent malic acid.

Proline analysis.—Proline was determined by 
the method described by Amerine and Ough
(3).

Sucrose, glucose, fructose, and sorbitol determina­
tion.—These components were determined by 
high pressure liquid chromatography (HPLC) 
using a Model 7000 Micromertics HPLC in­
strument equipped with a Waters Model R-401 
differential refractive index detector. The de­
tector and a strip chart recorder (Fisher Recordall 
5000) were connected in parallel to a dedicated 
computer (Type 3353, Hewlett-Packard Corp.) 
suitable for the acquisition of laboratory data. 
The sensitivity of the detector was set at 64X. 
The combination of 64X and 1 mV full scale on 
the recorder was used to interface the detector 
with the data acquisition system. The recorder
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Table 1. Geographic source and apple varieties used In 
study of apple juice authenticity

State Varieties

New York Baldwin, Cortland, Idared, McIntosh, 
Rhode Island Greening, Twenty Ounce

California Golden Delicious, Gravensteln, Jonathan, 
Rome Beauty, Yellow Newton

Washington Granny Smith, Jonathan, Red Delicious, 
Winesap, Yellow Newton

Michigan Cortland, Jonathan, McIntosh, Red 
Delicious

Pennsylvania Golden Delicious, Jonathan, Red Delicious, 
Stayman

Massachusetts Cortland, McIntosh, Red Delicious
North Carolina Golden Delicious, Red Delicious, Rome 

Beauty
Virginia York Imperial

was operated at a chart speed of 0.5 cm/min. A 
carbohydrate analysis column, 300 mm X 7.8 mm 
containing Aminex HPX-87C, 9 pm particle size 
(Bio-Rad Laboratories, Richmond, CA), was 
maintained at 8 6  ° C. Detector temperature was 
maintained at 20°C, using a Model FJ Haake 
constant temperature water circulator. Deion­
ized water was used as the mobile phase. The 
reservoir temperature was maintained at 65°C.

A standard solution containing 5.0 pg/pL each 
of the components was prepared. A 10.0 pL 
sample was injected, and the response to each 
individual component was calibrated using the 
external standard method.

Apple juice samples were prepared by passing
5.0 mL juice through 4 mL of an anion exchange 
resin (AG1-X8, hydroxide form, Bio-Rad Labo­
ratories) contained in a disposable chromato­
graphic tube with a solvent reservoir (Cat. No.
5-8101, Supelco, Inc., Bellefonte, PA). Deionized 
water was passed through the column and 50 mL 
eluate was collected in a volumetric flask.

Twenty pL collected sample was injected into

the HPLC instrument. The concentration of the 
components in the original apple juice was cal­
culated as follows:

g Sugar or sorbitol/100 mL apple juice =  pg 
determined X dilution factor/10 X pL sample 
injected

Calculation of fructose:glucose ratio before and after 
inversion of sucrose.—The fructose:glucose ratio 
is calculated by using the original analytical data 
for the components in the apple juice.

A theoretical level of glucose and fructose after 
inversion was calculated based on the stoichio­
metric relationship of the products, which are 
added to the original concentrations of the glu­
cose and fructose. The calculation of the ratio 
after inversion is determined as follows:

Fructose:glucose (after inversion) =  [(g fruc- 
tose/100 mL) +  0.526(g sucrose/100 mL)]/[(g 
glucose/100 mL) +  0.526 (g sucrose/100 mL)]

Cation determination.—The cations calcium, 
iron, potassium, sodium, and zinc were deter­
mined using an atomic absorption spectropho­
tometer, Perkin-Elmer Model 305B, equipped 
with burner control. The spectrophotometer, 
when operated under the conditions outlined in 
Table 2, gave optimum recorder response and a 
peak duration of approximately 5 s for the stan­
dard solution.

Phosphorus determination.—Juice samples were 
subjected to wet ashing using perchloric and 
concentrated nitric acids to ensure the conver­
sion to PO4 ion before the colorimetric mea­
surement by the molybdovanadate procedure of 
AOAC, 22.042-22.045 (2).

Cadmium and lead determination.—Cadmium 
and lead were determined by differential pulse 
anodic stripping voltammetry, using a Princeton 
Applied Research Corp. Model 174A instrument.

Table 2. Operating parameters for atomic absorption spectrophotometric determination of cations

Element Ca Fe K Na Zn

Flow setting— fuel (m L /m in ) 25 25 30 30 25
— air (m L /m ln ) 45 40 50 50 40

Vertical burner height 5.5 5.5 5.5 5.5 5.5
Source 10 30 12 8 15
Wavelength— (nm) 211 248 383 294 214

— (range) vis UV vis vis UV
Slit 4 3 4 4 4
Recorder exp. X3 or X10 X10 X3 X3 X3
Dampening degree Int 2 or 10 Int 2 Int 2 Int 2 Int 2
Upper lim it (pg /m L) 5 5 2 1 1
Recorder range (mv) 5 or 20 5 or 10 5 10 5
Chart speed (m m /m in ) 20 20 20 20 20
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The samples were prepared and measured using 
the method of Gajan and Larry (4).

Results and Discussion
The apple juices prepared from the apples re­

ceived were analyzed for ash, brix, pH, proline, 
specific gravity, total acid, sorbitol, sucrose, 
fructose, and glucose as well as the elements 
cadmium, calcium, iron, lead, phosphorus, po­
tassium, sodium, and zinc. The variations found

on analysis of the juices for various components 
are listed in Table 3. In Table 4, the composite 
data have been calculated for the 3 years. The 
data do not show marked differences in the range 
of constituents between the years of the analysis. 
For all practical purposes, the mean, standard 
deviation, coefficient of variation, minimum and 
maximum for a single attribute are the same for 
all 3 years.

During the course of the study on single

Table 3. Mean, standard deviation, coefficient of variation, minimum, and maximum of authentic apple juice prepared
over 3-year period (1979-1981)

Attribute Mean SD CV, % Min. Max.

1979

Ash (%) 0.201 0.0454 22.6 0.13 0.30
Brix 12.60 1.85 14.7 10.1 16.9
pH 3.66 0.581 15.9 3.31 4.24
Proline (ppm) 5.97 2.38 39.9 2.88 12.65
Specific gravity 1.0473 0.0070 0.67 1.0372 1.0690
Total acid (% as malic) 0.406 0.172 42.4 0.15 0.79
Sorbitol (g /1 0 0  mL) 0.565 0.261 46.2 0.16 1.20
Sucrose (g /1 0 0  mL) 2.51 1.01 40.2 0.88 4.78
Fructose (g /1 0 0  m il)

Before inversion 6.71 1.16 17.3 5.07 10.51
After inversion 8.03 1.18 14.7 6.38 11.76

Glucose (g /1 0 0  mL)
Before inversion 2.39 0.643 26.9 1.23 3.99
After inversion 3.71 0.77 20.8 2.45 5.24

Fructose/glucose
Before inversion 2.99 0.898 30.0 1.86 5.39
After inversion 2.23 0.459 20.6 1.52 3.31

Elements
Cadmium (ppb) 4.07 3.72 91.40 1.10 19.3
Calcium (ppm) 35.44 6.69 18.88 19.70 48.70
Iron (ppm) 0.764 0.291 38.09 0.35 1.56
Lead (ppb) 26.63 15.8 59.33 11.8 86.7
Phosphorus (ppm) 149.19 52.3 35.06 73.1 289.8

Potassium (ppm) 1038.4 189.0 18.20 685.0 1365
Sodium (ppm) 19.82 4.86 24.52 14.3 38.4
Zinc (ppm) 0.307 0.105 34.20 0.15 0.54

1980

Ash (%) 0.210 0.0441 21.0 0.11 0.30
Brix 12.80 1.61 12.6 9.80 16.70
pH 3.69 0.581 15.7 3.23 6.54
Proline (ppm) 6.10 2.46 40.3 2.29 13.8
Specific gravity 1.0530 0.00688 0.65 1.0404 1.0705
Total acid (% as malic) 0.403 0.164 40.7 .0.16 0.75
Sorbitol (g /1 0 0  mL) 0.533 0.210 39.4 0.23 1.05
Sucrose (g /1 0 0  mL) 2.64 0.947 35.9 1.38 4.32
Fructose (g /1 0 0  mL)

Before inversion 5.33 1.08 20.3 3.00 7.92
After inversion 6.72 1.27 18.9 3.92 9.87

Glucose (g /1 0 0  mL)
Before inversion 2.00 0.652 32.6 0.99 3.56
After inversion 3.39 0.816 24.1 2.15 5.58

Fructose/Glucose
Before inversion 2.90 0.963 33.2 1.6/ 6.6U
After inversion 2.04 0.426 20.9 1.43 3.20

Elements
Cadmium (ppb) 2.816 1.42 50.43 1.30 83.0
Calcium (ppm) 37.59 9.18 24.42 23.20 63.40
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Table 3. (cont’d)

iron (ppm) 0.845 0.528 62.49 0.28 2.67
Lead(ppb) 26.42 12.2 46.18 12.60 6.15
Phosphorus (ppm) 148.87 57.2 38.42 29.2 270.6
Potassium (ppm) 1021.3 163.0 15.96 740 1350
Sodium (ppm) 19.28 4.15 21.53 13.5 28.8
Zinc (ppm) 0.301 0.0732 24.32 0.20 0.50

1981

Ash (%) 0.21 0.0342 16.3 0.14 0.29
Brix 12.83 1.34 10.4 10.7 15.6
pH 3.72 0.267 7.2 3.35 4.24
Proline (ppm) 5.97 2.38 39.9 2.88 12.65
Specific gravity 1.0530 0.00565 0.54 1.0442 1.0641
Total acid (% as malic) 0.441 0.183 41.5 0.19 0.91
Sorbitol (g /1 0 0  mL) 0.475 0.153 32.2 0.23 0.88
Sucrose (g /1 0 0  mL) 2.89 1.07 37.0 1.26 5.62
Fructose (g /1 0 0  mL)

Before inversion 5.32 0.781 14.7 3,95 7.44
After inversion 6.83 0.914 13.4 5.18 9.29

Glucose (g /1 0 0  mL)
Before inversion 1.83 0.601 32.8 0.89 3.18
After inversion 3.35 0.665 19.9 2.05 4.84

Fructose/glucose
Before inversion 3.20 1.11 34.7 1.67 6.09
After inversion 2.09 0.372 17.8 1.48 3.21

Elements
Cadmium (ppb) 11.77 4.46 37.89 4.70 29.1
Calcium (ppm) 42.81 9.38 21.91 25.70 61.20
Iron (ppm) 1.677 0.441 26.30 1.14 3.72
Lead(ppb) 47.91 36.3 75.77 12.8 163.5
Phosphorus (ppm) 78.02 28.8 36.91 34.7 144.9
Potassium (ppm) 1159.4 185.0 15.96 850 1510
Sodium (ppm) 23.30 7.14 30.64 16.8 53.3
Zinc (ppm) 0.508 0.177 34.84 0.27 1,06

Table 4. Mean, standard deviation, coefficient of variation, minimum, and maximum of composite 3-year sampling

Attribute Mean SD CV, % Min. Max.

1979-1981

Ash (%) 0.207 0.0413 20.0 0.11 0.30
Brix 12.74 1.60 12.6 9.8 16.9
pH 3.69 0.393 10.7 3.23 6.54
Proline (ppm) 5.47 2.78 50.8 1.27 13.8
Specific gravity 1.0511 0.00702 0.67 1.0372 1.0705
Total acid (% as malic) 0.417 0.172 41.2 0.15 0.91
Sorbitol (g /1 0 0  mL) 0.524 0.214 40.8 0.16 1.20
Sucrose (g /1 0 0  mL) 2.68 1.01 37.7 0.88 5.62
Fructose (g /1 0 0  mL)

Before inversion 5.79 1.20 20.7 3.00 10.50
After inversion 7.20 1.27 17.8 3.92 11.76

Glucose (g /1 0 0  mL)
Before inversion 2.07 0.668 32.3 0.89 3.99
After inversion 3.48 0.765 22.0 2.05 5.58

Fructose/glucose
Before inversion 3.03 0.993 32.8 1.67 6.09
After inversion 2.12 0.424 20.0 1.43 3.31

Elements
Cadmium (ppb) 6.22 5.24 84.24 1.10 29.1
Calcium (ppm) 38.61 8.97 23.23 19.70 63.40
Iron (ppm) 1.095 0.595 54.34 0.28 3.72
Lead(ppb) 33.65 25.8 76.67 11.8 163.5
Phosphorus (ppm) 125.36 58.0 46.27 29.2 289.8
Potassium (ppm) 1073.0 188.0 17.52 685 1510
Sodium (ppm) 20.80 5.76 27.69 13.5 53.3
Zinc (ppm) 0.372 0.158 42.47 0.150 1.06
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strength juice and preliminary studies on con­
centrate, it was observed that the concentrate had 
a lower sucrose concentration than one would 
normally expect for single strength juice. Fur­
thermore, if the single strength juice was ana­
lyzed and then the analysis was repeated 6-9 
months later, the sucrose concentration de­
creased while the glucose and fructose concen­
trations increased. This is the result of the hy­
drolysis of the sucrose to its basic monosacchar­
ides, glucose and fructose. This hydrolysis could 
affect the fructose:glucose ratio. The increase in 
the fructose and glucose concentration would 
result in a lower value and a reported ratio would 
depend on the storage conditions of the 
product.

To overcome this variability and negate the 
effect of the ratio change over a period of time, 
hydrolysis of sucrose was proposed, and the 
fructose:glucose ratio was calculated following 
this hydrolysis. The data in Tables 3 and 4 in­

dicate that this procedure reduced the range of 
the ratio and also reduced the coefficient of 
variation by approximately one-third.
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METHOD PERFORM ANCE

Detection and Determination of Error in Analytical Methodology. 
Part I. In the Method Verification Program
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A total method verification program is presented, 
composed of the initial developing laboratory's 
method validation process and the end user's method 
evaluation studies. Both processes escalate in a cyclic 
fashion and the communicative pathway is the 
method transfer process. The participating labora­
tories acquire data by the intralaboratory procedures 
described and the cross-over studies entail the in­
terlaboratory (collaborative) procedures described. 
During the entire process, the diagnostic techniques 
described result in the detection and determination 
of error in the methodology.

P arti

1.0 Introduction
2.0 The Process of Method Development
3.0 Method Verification Program

3.1 Method Transfer
3.2 Method Validation

3.2.1 Ruggedness Test
3.2.2 Determination of Accuracy of 

Final Method
(a) Systematic error 

determination
(1) Placebo analysis
(2) Spiked placebos
(3) Alternative approaches
(4) Method of standard 

additions
(b) Random error determination

(1) Precision measures
(2) Measurement
(3) Priority
(4) Objective

(c) Accuracy of methods for bulk 
drugs

(d) System suitability
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3.3 Method Evaluation
3.3.1 Determination of Acceptibility 

of Final Method
(a) Method transfer procedure
(b) Other techniques for 

determination of precision
(1) Duplicate pairs
(2) Pooling of variances
(3) Youden plot
(4) Greenbriar procedure

3.4 Diagnostic Tests
3.4.1 Repeatability/Reproducibility 

Ratio
3.4.2 Ranking Test
3.4.3 Interlaboratory (Collaborative) 

Tests
(a) Analysis of variance 

(ANOVA) procedure
(b) Youden two-sample 

technique
(1) Youden plot
(2) Youden plot 
heterogeneity test
(3) Youden plot with 

additional paired 
samples

3.4.4 Intralaboratory Procedures
(a) ANOVA procedure
(b) Youden-King two-sample 

procedure
(c) Youden regression test
(d) Joint confidence ellipse test

3.5 Validation of Alternative Assay 
Methods
3.5.1 Extension of the Normal Method 

Development Program
(a) Noncritical applications

(1) Comparison of means (f- 
test)

(2) Paired measurements (f- 
test)

(b) Normal applications
3.5.2 Greenbriar Procedure
3.5.3 Youden Two-sample Procedure 

for Two Methods
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1.0 Introduction

A method is either accurate—or it is inaccurate. 
This categorical statement is correct because of 
the now generally accepted technical definition 
of the term accuracy (1-9). Except for an indi­
cation of degree, nothing more or less is required. 
Accuracy in this text means the total error of a 
method, procedure, or measurement system in­
cluding thereby both its systematic (bias) and 
random (precision) component errors.

A measurement system has a certain in situ 
sensitivity and specificity. (See Wilson, 8 ,10-12 
for definitions and discussion of these and other 
analytical terms.) The resultant sensitivity and 
specificity of a method is the sum total of the re­
spective sensitivity and specificity contributions 
imparted by each of the procedural steps in the 
method, with the main contributions being the 
least sensitive or nonspecific steps, respectively. 
When a method whose overall sensitivity and 
specificity has been accepted is to be tested for its 
validity, the question which remains is—How 
accurate is it? Accuracy, unlike the sensitivity 
and specificity performance characteristics, is not 
fixed but rather is a variable because of the nature 
of the random error component (10, 13). 
Therefore, it must be measured in the hands of 
the persons and in the environment (place and 
apparatus) where it is to be used.

This operation of method verification invokes 
both the processes of method validation and 
method evaluation (14). A method validation 
program provides the answer to the question: 
How accurate is it?—and the answer is limited to 
that determined by the method developer in his 
hands. A method evaluation program provides 
the answer to the question: How good (i.e., how 
precise) is the method in the end user's hands? 
Almost invariably, the process of method eval­
uation involves a physical method transfer 
mechanism in that the end user is in a different 
laboratory. The most common example of the 
method evaluation process is a collaborative 
study (15).

In situations where responsibilities are fixed, 
and to attain maximum efficiency, these pro­
cesses functionally should not unduly overlap. 
Thus, in industry, a method development group 
issues methods and determines their validity. 
The user laboratories evaluate the method's 
suitability in their hands. However, where or­
ganizational lines are not drawn, such as when 
a scientist must verify a literature or regulatory 
method, one needs answers to both of the above 
questions and, in addition, a substantiation of the

sensitivity and specificity performance charac­
teristics as well.

In essence then, when the performance of a 
method is either unknown or is to be challenged, 
a total method verification program is required. 
However, when the method is part of a chain in 
a well disciplined, functional development sys­
tem, as a research and development/quality as­
surance operation should be, then the subdivi­
sion into method validation and method evalu­
ation functions should be effective and effi­
cient.

2.0 The Process of Method Development
The detection of errors and elimination of the 

identified error sources is a continuous process 
throughout the development of a method, 
starting with the basic measurement response 
system and working back to the actual sample. 
This process provides the transformation 
mechanism, with or without sample cleanup, 
with either dilution or concentration, from 
sample to analyte read-out. Automated sample 
and data handling may be added to the basic 
method core. All these steps have their indi­
vidual error sources and require careful appli­
cation of state-of-the-art technology and con­
sideration of the basic scientific disciplines. In 
the process, the degree of specificity is locked in, 
and is contributed by the response system, or by 
the functional group or enzymatic reaction em­
ployed, or from physical separation procedures. 
It may result from any of these singly or from 
more than one additively.

Analogously, the bias component of the ac­
curacy of the method is also built in because the 
resultant biases in the method depend on the 
zeal with which they were eliminated by design 
or detected and eliminated during method de­
velopment (16, 17). The precision component 
of accuracy arises in large measure from the type 
of response system selected and on the overall 
sequential procedures composing the method. 
Horwitz (18), dealing with this latter point, 
presented experimental data from AOAC col­
laborative studies which show that for every 
1 0 0 -fold decrease in the concentration of the 
analyte, the relative standard deviation (i.e., CV) 
increases by 2-fold. This trend also has been 
shown by Kennedy (19), but has been generally 
only intuitively known. Normally, as the con­
centration of analyte decreases, methodology 
becomes increasingly complex due to cleanup 
and concentration steps. However, if a very 
sensitive response system can be employed in a 
simple dilute-and-inject method, relatively low
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Figure 1. Method verification program in the author's laboratory: AMD =  Analytical Method Development 
Section; AS =  Analytical Services Section; QA =  Quality Assurance Section.

levels of analyte sometimes may be determined 
with the same order of precision as are the more 
normal analyte levels with less sensitive detec­
tors.

The final output is the development of a 
method with a status, quoting Dols (1): "(a) the 
method satisfies the defined needs; (b) a linear 
calibration function is obtained where the slope 
of the line defines the sensitivity of the method;
(c) the method has been optimized . . . (16); (d) 
the method is in statistical control, i.e., all the 
causes of error remain the same; and (e) a set of 
adequate instructions defining the method has 
been written."

At this point the method is ready for final 
testing as to its accuracy; this is the method ver­
ification program.

3.0 Method Verification Program

3.1 Method Transfer
The method verification program starts with 

the final issue but, as shown in Figure 1, it does 
not end with the completion of the method val­
idation by the method development group. 
Rather, method verification is a dynamic pro­
gram of continuing method development from 
the contributions by the method users through­
out the life of the product as a consequence of 
their method evaluation programs. Thus, at 
Norwich Eaton, the method is used by the Ana­
lytical Services Section to discharge its functions 
on experimental products, and its method eva-

lution program at the least provides input for 
optimization of certain of the practical perfor­
mance characteristics (2 0 ), such as ruggedness, 
cost, and speed. Quite often, the reliability 
performance characteristics (1 , 1 0 , 2 0 , 2 1 ) (sen­
sitivity (linearity), specificity, and accuracy) are 
stressed by the differences in environmental 
conditions, execution, apparatus, reagents, and 
so on, and bias errors previously undetected be­
come evident. These problems are either re­
solved or the method is returned for further 
modification if the effort becomes significant. 
The same process occurs when the product be­
comes marketable and the method moves into 
Quality Assurance. All input information on 
any method is coordinated for documentation 
and approval by the Analytical Method Devel­
opment Section and is experimentally verified 
or amplified when necessary. As shown, further 
input may be received from the regulatory 
agency which may also perform a method eval­
uation. This route, however, is kept to the irre­
ducible minimum for obvious reasons and, in 
practice, such an internal 2 -laboratory method 
evaluation program is very effective for our in­
ternal purposes.

A further source of input for the continuing 
method verification program comes from the 
stability programs monitored by the experi­
mental user. The specificity of any method, 
particularly one designed to be stability-indi­
cating, is only as good as the last sample ana­
lyzed. A method may fail on any aged sample
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presented and the specificity of a method is only 
reasonably assured after the completion of sev­
eral stability programs. Consequently, a good 
recommended practice is for aged samples to be 
examined periodically by the method develop­
ment group during the initial stability programs, 
concurrently with the regular monitoring by the 
stability laboratory. As will be discussed later, 
specificity failure is a direct interference bias 
error and can only be discerned by direct exper­
imental examination techniques. There are no 
statistical diagnostics possible nor are there any 
calculational corrective measures possible.

3.2 Method Validation
The validation of analytical methods continues 

to be the subject of considerable discussion 
(22-26). The approaches have been limited 
largely to the validation of the final developed 
method from the original developer, as shown 
in Figure 1. All of the approaches concur on the 
issue of generality as contrasted with hard-lined 
rules, since there are many possible variations to 
method validation on basic considerations such 
as which method performance characteristics 
need be covered and to what extent. Some 
questions on which characteristics to cover have 
been decided by the issue of the Good Manu­
facturing Practices/Good Laboratory Practices 
(GMP / GLP) regulations. In an interesting aside, 
Pasteelnick (23) mentions methods that have 
been used for a number of years but have never 
been formally validated. Documentation data 
showing a state of statistical control on samples 
produced under GMP controlled process condi­
tions should in a broadly accepted view consti­
tute a prima facie defensible validation argu­
ment.

More directly, there is general agreement as to 
the method performance characteristics which 
are to be addressed so that the GMP/GLP regu­
lations are satisfied (24, 27). In the original 
method development, sensitivity (linearity) and 
specificity performance characteristics will have 
been duly considered in the design of the 
method (27). Direct specificity challenge tests 
on the final method may be carried out by spik­
ing the analysis samples with the suspect inter- 
ferents, singly and additively. In addition, 
samples should be stressed under controlled 
environmental conditions of time, temperature, 
humidity, and various radiant energy exposures, 
such as sunlight, ultraviolet light, and incan­
descent light. These forcibly degraded samples 
will then be monitored for the intact drug con­
tent and examined using the proper detection

methodology for degradants. In the case of 
stability-indicating assay methods, the analyte 
peak (and internal standard peak, if one is used) 
should be tested for peak homogeneity.

In the continuing method verification pro­
gram, naturally aged samples should be exam­
ined by the same techniques as those developed 
for forcibly aged samples. Any degradants de­
tected must be shown not to interfere in the 
method or suitable revision should be under­
taken.

The range and the scope (22) performance 
characteristics must be provided for in the orig­
inal development design plan, and the require­
ments satisfied by the final method. Process 
control methods must meet a previously defined 
range capability, usually 75-125% of the nominal 
analyte dosage level, for specification and quality 
assurance (QA) monitoring purposes. Stabil­
ity-indicating methods perforce must extend to 
levels even lower, 40 or even 25%, to permit 
full-ranged scientific, artificially induced sta­
bility studies to be conducted.

It is recommended that the linear dynamic 
range of the standard curve be as extended as 
possible so that the applicability of the method 
can be varied by a simple selection of sample size, 
dilution, and response system sensitivity pa­
rameters. Methods with an extended range ca­
pability should be checked for homoscedasticity 
(constancy of the precision) over the actual range 
applied to a dosage form (22). There are two 
practical ways to accomplish this: 1) Compare 
the standard deviations of the sample range 
subsets (for example, 75-100-125% of nominal), 
each in turn, the low vs the nominal and the high 
vs the nominal using the F-test (28) for variances; 
or 2 ) compare the relative standard deviation 
(RSD) of the ungrouped assay data against the % 
variation [(std error of est./y)(1 0 0 )] as obtained 
from the Youden regression analysis. Does a 2 

=  ffy x (29)? See Figure 2 and sec. 3.4.4(c). If the 
values are unacceptably different, that is to say, 
for example, that the difference value is more 
than 25% of the RSD value of the data pack at the 
nominal concentration level, then the system is 
likely heteroscedastic and the straight line pa­
rameters should be obtained by a weighted re­
gression technique (29, 30). The precision of the 
system is then only that provided by the RSD at 
the prescribed nominal concentration to be used 
for the samples.

Methods should possess as wide a scope as 
possible and be applicable to samples of similar 
nature. The validation, however, is only good 
for those matrixes specifically defined and tested.
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Reformulated dosage forms constitute a change 
in the nature of the matrix and require reval­
idation. The amount of revalidation, however, 
is a judgment process depending on the extent 
of the matrix change, but conversely, a simplifi­
cation of a formulation, as, for example, the de­
letion of one or more excipients seldom will re­
quire revalidation.

3.2.1 Ruggedness Test
Before a method development program should 

be considered complete, the effect of variables in 
the method, which although considered insig­
nificant or at the least not critical, should be 
tested. Changes should be of the magnitude that 
would normally be expected to occur in the daily 
operations in the laboratory. Some variables are 
concentrations of reagents; reaction temperature; 
reaction time; different reagent lots (purity); 
types of mixing, such as manual, swirling, soni- 
cation; ambient temperature, humidity, or 
lighting conditions, or any other variable that 
can be specified.

Important variables critical to the method 
should be studied in detail, e.g., reaction time in 
a functional group reaction method, or the se­
lectivity performance of purportedly the same 
HPLC columns (27). However, many variables 
or factors which cannot be justifiably tested in­
dividually can be tested simultaneously by using

Youden's ruggedness test (15,17), where in one 
plan 7 factors can be studied by performing only 
8  determinations. This plan has been discussed 
by Hendrix (31), and an interesting and recom­
mended half-normal plotting technique is de­
scribed (32). The benefit derived from the 
ruggedness test is a better insight into the 
method variables which can make the method 
transfer process smoother.

3.2.2 Determination of Accuracy of Final 
Method

The general approaches to validating a method 
for accuracy have been outlined by Vander- 
weilen and Hardwidge (25), Letterman (24), 
Brewer (22), and Debesis et al. (27). It is now a 
generally accepted practice to test the accuracy 
of a method across the range of possible assay 
values (24, 25, 27, 33-35).

(a) Systematic Error Determination.— (1) Placebo 
Analysis. Certain types of samples, of which 
pharmaceutical dosage forms are just one exam­
ple, permit the matrix of the sample to be simu­
lated by a laboratory or actual scale preparation 
procedure with all the excipients present in their 
normal ratios except the analyte of interest. In 
certain other cases, the sample may be a synthetic 
mixture of complex natural substances that has 
been processed analyte-free, such as an animal 
feed, or naturally occurring complex substances
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such as analyte-free body fluids from unmedi­
cated patients. In any case, when such a placebo 
or control sample is available, it can be a valuable 
aid for the detection and elimination of a matrix 
interfèrent bias error in a method validation 
program (24).

A normal size placebo sample should be ana­
lyzed by the method and if the response level is 
unacceptable, the analysis should be repeated 
using placebo sample sizes varied over the range 
of possible assay values.

If the response is essentially constant, it is a 
matrix blank, but if it is a simple function of 
sample size then it is a matrix interfèrent, albeit 
low, and possibly the analyte itself. Individual 
analysis of the excipients can be undertaken to 
isolate the source of the bias. Any method that 
would require a separately determined matrix 
blank correction would normally be unaccept­
able because of the problems associated with the 
ready availability of the analyte-free material 
(placebo) (22). In some cases, such a method has 
temporary value in in-house restricted usage, 
pending development of a more suitable 
method.

(2) Spiked Placebos. The determination of 
biases may be accomplished through a recovery 
determination (24,25) using spiked placebos over 
the analyte range of interest, for example, 75- 
125% of the expected (label or theory) assay 
value, holding the placebo constant at the nom­
inal level. If a matrix blank was observed, and 
particularly if it appeared to be variable with 
placebo sample size, the analyte spike to placebo 
ratio should be alternately varied by holding the 
analyte spike concentration at the nominal level 
and varying the placebo size over the range of 
interest. Although the ratios of analyte to pla­
cebo are about the same as those in the reverse 
procedure above, the actual sample sizes ap­
proximate more closely those in actual analyses, 
and a direct observation of the matrix interfèrent 
is possible without knowing its nature. More­
over, this variation can eliminate the need for the 
variable size placebo interfèrent study men­
tioned in the preceding section. If the inter­
fèrent substance has been identified, it should be 
directly tested (24) for its interference by direct 
addition to a nominal size placebo in an amount 
which produces a response IX , 2X, and 5X that 
of the matrix blank response observed.

A statistical analysis of a found vs taken func­
tion is then made (36, 37). The value of the slope 
of the regression line is compared against the 
expected value of 1 .0  and similarly, the intercept 
value from the regression line is compared

against the expected value of zero. If the confi­
dence interval of the slope calculated using the 
selected confidence level, alpha, conventionally 
0.05, includes the value of 1.0 and if the confi­
dence interval of the intercept includes the value 
of zero, then the statistical inference may be 
drawn, respectively, that the slope value is not 
significantly different than 1 .0 , and that the in­
tercept value is not significantly different than 
zero. In other words, in the case of the slope, no 
indication of a proportional bias error is evident, 
and in the case of the intercept, there is no indi­
cation of a constant bias error.

Should a statistical significance be found, then 
the converse inferences are drawn. If the re­
spective indicated biases are unacceptable, fur­
ther direct experimental examination of the 
method for the bias sources and their elimination 
is required.

Another diagnostic technique which is com­
monly applied to such data is to group the re­
covery data into range subsets and then calculate 
the mean (T) and the standard deviation (s) of 
each subset. The subsets are then subjected to 
the conventional f-test for means, the 75 vs the 
100% and the 125 vs the 100% to discern whether 
there is any statistical difference in the subset 
means. If there is, a shortening of the linear 
dynamic range in the assay practice is required 
or, if that is unacceptable, further method bias 
studies are required. If there is no statistical 
difference, the x and s values of the ungrouped 
data are calculated.

Recovery bias is calculated from the general 
expression:

Bias =  found — (added +  placebo blank) 
and the calculation can be made for the mean 
observed difference at any one subset range, or 
the mean observed difference averaged over the 
entire range (ungrouped data). The confidence 
interval for the bias is then the average found 
minus the effective average added ifs/v^u 
where f is the Student's t-value for the chosen 
confidence level (usually 95%) at n — 1 degrees 
of freedom, and n is the number of assay tests in 
either the subset or in the total ungrouped set
(28).

An alternative technique for calculating the 
spiked recovery data has been presented by 
Vanderweilen and Hardwidge (25) who use the 
fundamental relationship (38):

total error (accuracy) =  bias error (systematic) 
+  standard error (random).
The first term in their equation 2 is the relative 
total error and the second term is the standard 
error (39) so that the difference is the desired
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r e l a t i v e  b i a s  e r r o r .  U n f o r t u n a t e l y ,  t h e y  s e t  t h e  
v a l u e  i n f l e x i b l y  a t  1 .5 %  w i t h o u t  i n d i c a t i n g  a n y  
r e g a r d  f o r  t h e  e n d  p u r p o s e  o f  t h e  m e t h o d  u n d e r  
d e v e l o p m e n t .  T h e  b i a s  s p e c i f i c a t i o n  a ls o  s h o u l d  
b e  p l u s  o r  m i n u s  b e c a u s e  i t  c a n  v a r y  i n  e i t h e r  
d i r e c t i o n .  I n  a n y  c a s e ,  t h i s  a l t e r n a t i v e  is  t h e  
m a t h e m a t i c a l  e q u i v a l e n t  o f  t h e  p r e v i o u s  o n e  a n d  
o f f e r s  n o  a d v a n t a g e  b u t  r a t h e r ,  a r b i t r a r i l y ,  a t ­
t e m p t s  to  s e t  a  l i m i t  f o r  a c c e p t a b le  b ia s  w h i c h  c a n  
o n l y  b e  m a d e  b y  t h e  e n d  u s e r  f o r  t h e  s p e c i f i c  
c a s e .

T h e  a c c e p t a n c e  c r i t e r i o n  f o r  b i a s  r e c o m ­
m e n d e d  b y  D e b e s i s  e t  a l .  ( 2 7 )  is  s u b j e c t  t o  t h e  
s a m e  c r i t i c i s m  o f  i n f l e x i b i l i t y  a n d  h a s  a l s o  b e e n  
c h a l l e n g e d  a s  b e i n g  o v e r c o n s e r v a t i v e  ( 4 0 ) .

( 3 )  A lte r n a t iv e  A p p r o a c h es .  I f  a  p l a c e b o  c a n n o t  
b e  o b t a i n e d  a s  is  q u i t e  o f t e n  t h e  c a s e ,  t h e r e  a r e  
s e v e r a l  o t h e r  o p t i o n s  a v a i l a b l e .  O n e  o p t i o n  
w h i c h  Y o u d e n  ( 4 1 )  a n d  W i l s o n  ( 1 2 )  b o t h  c o n ­
s i d e r  i s  t h e  c o m p a r i s o n  o f  e x p e r i m e n t a l  r e s u l t s  
w i t h  t h o s e  o b t a i n e d  o n  a  s t a n d a r d  r e f e r e n c e  
m a t e r i a l  (S R M ),  s u c h  a s  t h e  S R M s  t h a t  a r e  a v a i l ­
a b l e  f r o m  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s  
(N B S )  ( 4 2 ) .  M o r e  d i r e c t l y ,  t h e  S R M  c a n  b e  u s e d  
to  p r e p a r e  t h e  s t a n d a r d  c u r v e  w h e n  t h e  m a t r i x  
o f  t h e  s a m p l e s  is  k n o w n  to  b e  c o m p l e t e l y  r e la t e d ,  
o r  w h e r e  c o m p a r i s o n  o f  t h e  e x p e r i m e n t a l  a n a l ­
y s i s  d a t a  a g a i n s t  t h a t  f o r  t h e  S R M  s h o w s  t h e  r e ­
s u l t s  t o  b e  i n  a c c e p t a b l e  a g r e e m e n t .

T h e  b i a s  is  c a l c u l a t e d  a s  b e f o r e  e x c e p t  t h a t  t h e  
d i f f e r e n c e  is  b e t w e e n  t h e  f o u n d  a s s a y  r e s u l t s  a n d  
t h e  k n o w n  S R M  v a l u e .  A g a i n ,  t h e  c o n f i d e n c e  
i n t e r v a l  i s  e v a l u a t e d  a s  b e f o r e ,  ± t s ly /~ r t  ( 1 2 ).

A  s e c o n d  o p t i o n  is  t h e  c o m p a r i s o n  o f  t h e  
s a m p l e  e x p e r i m e n t a l  r e s u l t s  w i t h  t h o s e  o b t a i n e d  
b y  a  s t a n d a r d  m e t h o d ,  p r e f e r a b l y  o n e  w h i c h  h a s  
b e e n  s h o w n  to  b e  f r e e  o f  b i a s  e r r o r  ( 4 3 ,  4 4 ) .  I n  
t h i s  i n s t a n c e ,  t h e  r e f e r e n c e  m e t h o d  is  t a k e n  a s  
p o s s e s s i n g  z e r o  b i a s  e r r o r .  T h e n ,  t h e  b i a s  is  
e q u a l  t o  t h e  m e a n  o f  t h e  m e t h o d  u n d e r  e x a m i ­
n a t i o n  m i n u s  t h e  m e a n  o f  t h e  r e f e r e n c e  m e t h o d .  
W i l s o n  ( 1 2 )  a n d  N a t r e l l a  ( 4 5 )  g i v e  t h e  d e t a i l e d  
e x p r e s s i o n s  f o r  t h e  c a l c u l a t i o n  o f  t h e  c o n f i d e n c e  
i n t e r v a l  o f  t h e  b i a s  f o r  t h e  m o r e  c o m p l e x  s i t u a ­
t i o n  w h e r e  t h e  m e t h o d s  h a v e  u n e q u a l  v a r i a n c e s  
( s e e  S e c t i o n  3 .5 .1  f o r  t h e  e q u a l  v a r i a n c e  c a s e ).  I n  
t h e  p h a r m a c e u t i c a l  i n d u s t r y ,  a  c o m m o n  u s e  o f  
t h i s  a p p r o a c h  is  t h e  c o m p a r i s o n  o f  a  d e v e l o p e d  
m e t h o d  a g a i n s t  a  c o m p e n d i a l  m e t h o d  w h i c h  is  
l e g a l l y  d e f i n e d  a s  a n  u n b i a s e d  r e f e r e n c e  m e t h o d .  
H e r e ,  t h e  d e v e l o p e d  m e t h o d  m a y  b e  t h e  p r e ­
f e r r e d  m e t h o d .  F o r  a  c o m p l e t e  v a l i d a t i o n  p r o ­
c e d u r e  u n d e r  t h e  l e g a l l y  d e f i n e d  s t i p u l a t i o n ,  s e e  
S e c t i o n  3 .5 . 2 ,  G r e e n b r i a r  p r o c e d u r e .

A  t h i r d  o p t i o n  ( a l r e a d y  r e f e r r e d  to  i n  s e c t i o n  
2 .0 )  is  to  c o n d u c t  a d e t a i l e d  " f i r s t  p r i n c i p l e s "

a n a l y s i s  o f  t h e  i n d i v i d u a l  s t e p s  i n  t h e  p r o c e d u r e  
f o r  t h e  r e s p e c t i v e  b i a s  e r r o r  i n  e a c h  s t e p  ( 3 8 ) .  
T h e n ,  t h e  t o t a l  b i a s  e r r o r  is  t h e  s u m  o f  t h e  i n d i ­
v i d u a l  s te p s .  T h i s  r e f e r e n c e  s h o u l d  b e  c o n s u l t e d  
f o r  d e ta ils ;  h o w e v e r ,  t h e  b a s ic  r e q u i r e m e n t  is  t h a t  
t h e  c h e m i c a l  m e a s u r e m e n t  p r o c e s s  ( i . e . ,  t h e  
m e t h o d )  m u s t  b e  i n  a  s t a t e  o f  s t a t i s t i c a l  c o n t r o l  i f  
t h e  b i a s  e r r o r s  a r e  t o  b e  a s s e s s e d .  T h i s  a p p r o a c h  
is  a n a l o g o u s  to  t h a t  u s e d  a t  N B S  i n  t h e i r  S R M  
p r o g r a m  a s  o n e  o f  t h e  w a y s  b y  w h i c h  t h e y  a r r i v e  
a t  a n  a n a l y t e  c o n c e n t r a t i o n  v a l u e  a l o n g  w i t h  t h e  
i n d i c a t e d  v a r i a n c e  r a n g e  ( 4 2 ,  4 6 ) .  C o m p l e x  
S R M s , s u c h  a s  t h e  v a r io u s  s te e ls ,  r u b b e r s ,  p la s t ic s ,  
e t c . ,  h a v e  n o  a c c u r a t e l y  k n o w n  v a l u e  e x c e p t  f o r  
t h e  m a n u f a c t u r i n g  o r  s y n t h e s i s  e x p e c t e d  v a l u e ,  
h e n c e  t h e  N B S  p r o c e d u r e  f o r  e s t a b l i s h i n g  a n  
a b s o lu t e  c o n c e n t r a t i o n  v a l u e  i s  t h e  d e f in i t iv e  e x ­
e r c i s e  i n  t h e  d e t e c t i o n ,  e l i m i n a t i o n ,  a n d / o r  c o r ­
r e c t i o n  o f  b i a s  e r r o r  i n  t h e  c h e m i c a l  m e a s u r e ­
m e n t  p r o c e s s .  T h e s e  p r o c e d u r e s  d e s e r v e  c a r e f u l  
s t u d y  f o r  a n a l o g o u s  a p p l i c a t i o n  t o  t h e  w o r l d  o f  
i n d u s t r i a l ,  e n v i r o n m e n t a l ,  o r  b i o l o g i c a l  s a m ­
p l e s .

A  f o u r t h  o p t i o n  f o r  e s t a b l i s h i n g  t h e  t r u e  v a l u e  
o f  t h e  s a m p l e  s o  t h a t  t h e  b i a s  o f  t h e  m e t h o d  c a n  
b e  s t a t e d  is  to  c o m p a r e  t h e  r e s u l t s  o f  t h e  m e t h o d  
o n  a  s a m p l e  b y  u s i n g  o n e  o r  m o r e  d i f f e r e n t  a n a ­
l y t ic a l  m e t h o d s  ( 1 ,  4 1 ) .  E a c h  a l t e r n a t i v e  m e t h o d  
s h o u l d  b e  b a s e d  o n  q u i t e  d i f f e r e n t  " f i r s t  p r i n c i ­
p l e s "  a n d  e a c h  m e t h o d  s h o u l d  b e  r e p l i c a t e d  
s u f f ic ie n t ly  ( p e r h a p s  2 0  to  3 0  i n - d a y  r e p e a t a b i l i t y  
v a l u e s )  o n  t h e  s a m p l e  t o  d e t e r m i n e  a  r e l i a b l e  
s t a n d a r d  e r r o r  ( r a n d o m )  v a l u e .  I f  t h e  r e s u l t s  
a g r e e ,  t h e  a b s e n c e  o f  b i a s  e r r o r  i s  n o t  u n e q u i v o ­
c a l l y  p r o v e n  b u t  t h e r e  is  s t r o n g  e v i d e n c e  t h a t  
b i a s  e r r o r  is  n o t  p r e s e n t .  T h e  c o n v i c t i o n  i n ­
c r e a s e s  w i t h  t h e  n u m b e r  o f  m e t h o d s  u s e d .  
A g a i n ,  t h i s  is  a n o t h e r  a v e n u e  u s e d  i n  t h e  N B S  
S R M  p r o g r a m  ( 4 2 ,  4 6 ) .  I f  t h e  r e s u l t s  d i s a g r e e ,  
o n e  o r  a l l  o f  t h e  m e t h o d s  c o u l d  b e  i n a c c u r a t e  a n d  
c o n c l u s i o n s  m u s t  b e  c a r e f u l l y  d r a w n .

A  f i f t h  o p t i o n ,  p r i n c i p a l  c o m p o n e n t  a n a l y s i s ,  
i s  a  c o m b i n a t i o n  o f  t h e  a p p r o a c h e s  u s e d  i n  t h e  
2 n d  a n d  4 t h  o p t i o n s  a b o v e  ( 4 7 ) .  I n  t h i s  a p ­
p r o a c h ,  q u i t e  d i f f e r e n t  m e t h o d s  a r e  u s e d ,  n o  le s s  
t h a n  4  o r  5 ,  a n d  n o n e  o f  t h e  m e t h o d s  s h o u l d  b e  
s i g n i f i c a n t l y  i n f e r i o r  to  t h e  o t h e r s .  R a t h e r  t h a n  
c h o o s i n g  o r  r e l y i n g  o n  a  s i n g l e  r e f e r e n c e  m e t h ­
o d ,  p r i n c i p a l  c o m p o n e n t  a n a l y s i s  u s e s  t h e  r e s u l t s  
o f  t h e  s e v e r a l  m e t h o d s  t o  p r o v i d e  a  c o m p o s i t e  
r e f e r e n c e  v a l u e ,  i n  e s s e n c e  c o m p e n s a t i n g  f o r  t h e  
l a c k  o f  r i g o r  o f  s i n g l e  m e t h o d s  b y  p o o l i n g  t h e  
s e v e r a l  m e t h o d s .  T h e  m a i n  l i m i t a t i o n  o f  t h e  
a p p r o a c h  o b v i o u s l y  i s  t h e  a v a i l a b i l i t y  o f  t h e  
d i f f e r e n t  m e t h o d s .

A  s i x t h  o p t i o n  is  u s e  o f  t h e  G r e e n b r i a r  p r o c e -
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Figure 3. Plot of data for method of standard additions: linear response.

d u r e ,  S e c t i o n  3 .5 .2 .
( 4 )  M e th o d  o f  S ta n d a rd  A d d it ion s .  O f  t h e  a b o v e  

t e c h n i q u e s  f o r  d e t e r m i n i n g  s y s t e m a t i c  e r r o r ,  t h e  
m e t h o d  o f  s t a n d a r d  a d d i t i o n s  i s  o n e  o f  t h e  m o s t  
i m p o r t a n t .  T h i s  t e c h n i q u e  h a s  b e e n  v a r i o u s l y  
c a l le d  m e t h o d  o f  a d d i t i o n s ,  i n c r e m e n t a l  a d d i t i o n  
m e t h o d ,  a u t o s t a n d a r d i z a t i o n  m e t h o d ,  s t a n d a r d  
a d d i t i o n  m e t h o d ,  m e t h o d  o f  s u c c e s s i v e  a d d i t i o n ,  
a n d  m i x t u r e  m e t h o d .  C h o w  a n d  T h o m p s o n  ( 4 8 ,  
4 9 )  a p p l i e d  t h e  m i s n o m e r  i n t e r n a l  s t a n d a r d  
m e t h o d .

I n  a d d i t i o n  to  u s i n g  t h e  m e t h o d  o f  s t a n d a r d  
a d d i t i o n s  t o  d e t e r m i n e  b i a s  i n  a  m e t h o d  b y  
s p i k i n g  p l a c e b o s  a s  a l r e a d y  d i s c u s s e d ,  w h i c h  
S k o g e r b o e  a n d  K o i r t y o h a n n  ( 5 0 )  r e f e r  t o  a s  a 
s p i k e - r e c o v e r y  s t u d y ,  t h e  m e t h o d  o f  s t a n d a r d  
a d d i t i o n s  m a y  b e  u s e d  i n  t h e  a n a l y s i s  o f  r e a l  
s a m p l e s  t o  o v e r c o m e  c a l i b r a t i o n  a n d  m a t r i x  i n ­
t e r a c t i o n  b i a s e s  ( 5 1 ,  5 2 ) ,  a n d  b y  p r o p e r  d i a g n o s i s  
o f  t h e  d a t a ,  t h e  t e c h n i q u e  is  v a l u a b l e  f o r  t h e  d e ­
t e c t i o n  a n d  e l i m i n a t i o n  o f  s o m e  b i a s  e r r o r  
s o u r c e s .  T h e  s t a n d a r d  a d d i t i o n  is  a l w a y s  m a d e  
t o  a n  a c t u a l  s a m p l e  m a t r i x ,  w h e t h e r  t h e  m a t r i x  
a n a l y t e  c o n t e n t  is  z e r o ,  a s  f o r  a  p l a c e b o ,  v e r y  l o w  
a s  i n  t r a c e  a n a l y s i s ,  o r  a t  n o m i n a l  c o n c e n t r a t i o n s ,  
a s  i n  e n v i r o n m e n t a l  a n a l y s i s  o r  i n  p h a r m a c e u ­

t i c a l  d o s a g e  f o r m s .  T h e  p r i n c i p l e s  a n d  t e c h ­
n i q u e s  r e m a i n  t h e  s a m e .  C a l c u l a t i o n s  a r e  m a d e  
e i t h e r  i n  t e r m s  o f  r e c o v e r y  o f  t h e  a d d i t i o n  o r  a n  
a s s a y  o f  t h e  u n s p i k e d  s a m p l e .

T h e  t e c h n i q u e  is  p e r f o r m e d  b y  a d d i n g  e i t h e r  
a  s m a l l  a m o u n t  o f  a  s t a n d a r d  t o  t h e  s a m p l e ,  o r  a 
s m a l l  a m o u n t  o f  a  s t a n d a r d  s o l u t i o n  to  a n  a l i q u o t  
o f  a  s a m p l e  s o l u t i o n ,  a n d  i n  b o t h  c a s e s  c o m p l e t ­
i n g  t h e  a n a l y s i s  w i t h  a n d  w i t h o u t  t h e  a d d i ­
t i o n ^ ) .

T h e  d a t a  a r e  p l o t t e d  a s  s h o w n  i n  F ig u r e  3 . T h e  
u n s p i k e d  s a m p l e  is  s h o w n  o n  t h e  o r d i n a t e  a s  t h e  
i n t e r c e p t  a  w h o s e  c o n c e n t r a t i o n  is  to  b e  d e t e r ­
m i n e d ,  a n d  i t  is  s e e n  t h a t  w h e n  x  =  0 ( i . e . ,  n o  
s p i k e  a d d i t i o n ) ,  y  =  a .  T h e  c o n c e n t r a t i o n  o f  
a n a l y t e  i n  a ,  t h a t  i s ,  t h e  v a l u e  o f  x ,  m a y  b e  d e ­
t e r m i n e d  i n  2  w a y s .  T h e  f i r s t  a n d  m o s t  c o m ­
m o n l y  e m p l o y e d  is  to  c a l c u l a t e  t h e  a b s c is s a  i n ­
t e r c e p t  v a l u e  f r o m  t h e  e q u a t i o n  o f  t h e  e x p e r i ­
m e n t a l l y  d e t e r m i n e d  a d d i t i o n s  l i n e ,  y  =  m r  +  a 
f o r  t h e  c o n d i t i o n  w h e r e  y  — 0 w h i c h  is  — y  / m  a s  
s h o w n .  ( T h e  m i n u s  s i g n  is  p h y s i c a l l y  m e a n ­
i n g l e s s . )  T h e  v a l u e  o f  a  ( = y ) t o  b e  u s e d  s h o u l d  
b e  t h e  i n t e r c e p t  a s  o b t a i n e d  f r o m  t h e  r e g r e s s i o n  
a n a l y s i s  a n d  n o t  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  
v a l u e  ( 3 4 ) .  T h e  s e c o n d  a n d  s i m p l e s t  w a y  is  to
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u s e  t h e  r e g r e s s i o n  e q u a t i o n ,  y  =  m r  ( a s  d e t e r ­
m i n e d  f o r  t h e  c o n d i t i o n  w h e r e  a  =  0 ) .  I n  e i t h e r  
c a s e , t h e  u n k n o w n  a n a l y t e  c o n c e n t r a t i o n  x  i n  t h e  
u n s p i k e d  s a m p l e  is  e q u a l  t o  t h e  r a t i o  o f  t h e  u n ­
s p i k e d  s a m p l e  r e s p o n s e  to  t h e  s l o p e  o f  t h e  a d d i ­
t i o n s  l i n e .

A n  i m p o r t a n t  r e q u i r e m e n t  i n  t h e  t e c h n i q u e  is  
t h a t  a l l  s o l u t i o n s ,  u n s p i k e d  s a m p l e ,  a n d  s p i k e d  
s a m p l e s ,  b e  d i l u t e d  to  t h e  s a m e  f i n a l  v o l u m e  s o  
t h a t  a n y  i n t e r f è r e n t  p r e s e n t  w i l l  b e  p r e s e n t  i n  t h e  
s a m e  c o n c e n t r a t i o n  i n  a l l  s o l u t i o n s ,  a n d  w i l l  
e q u a l l y  a f f e c t  t h e  a n a l y t e  o r i g i n a l l y  p r e s e n t  o r  
i n c r e m e n t a l l y  a d d e d  ( 5 3 ) .  S o m e  c o n s i d e r a t i o n  
s h o u l d  b e  g i v e n  to  t h e  n a t u r e  o f  t h e  a n a l y t e  
m o i e t y  i n  t h e  u n s p i k e d  s a m p l e  s o l u t i o n  a n d  to  
a d d i n g  t h e  s a m e  a n a l y t e  m o i e t y  i n  t h e  s p i k e ,  o r  
p r o v i d i n g  t h e  p r o p e r  s o l u t i o n  c h e m i s t r y ,  e .g . ,  
p H ,  s o  t h a t  t h e  s a m e  m o i e t y  i s  p r e s e n t .  F a i l u r e  
i n  t h i s  r e g a r d  is  o n e  o f  t h e  p r i n c i p a l  c r i t i c i s m s  o f  
t h e  t e c h n i q u e  ( 5 0 ) .  A  s e c o n d  c r i t i c i s m  b y  S k o -  
g e r b o e  a n d  K o i r t y o h a n n  ( 5 0 )  i s  t h a t  s p i k e  a d d i ­
t i o n  c h a n g e s  t h e  r a t i o  o f  a n a l y t e  t o  i n t e r f è r e n t  
a n d  m a y  r e s u l t  i n  a  c h a n g e  i n  t h e  i n t e r a c t i o n  e f ­
f e c t  ( 5 4 ) ;  h o w e v e r ,  t h e y  a c k n o w l e d g e  t h a t  o b ­
s e r v e d  l i n e a r i t y  o f  t h e  s y s t e m  p r e e m p t s  t h i s  
f a i l u r e .  T h u s ,  l i n e a r i t y  o v e r  t h e  r a n g e  o f  i n c r e ­
m e n t a l  r e s p o n s e ,  2 X  t o  4 X  t h e  u n s p i k e d  c o n ­
c e n t r a t i o n  w i t h  2  o r  m o r e  a d d i t i o n s  is  a  r e q u i r e ­
m e n t  f o r  v a l i d i t y .

A n o t h e r  r e q u i r e m e n t  ( 5 5 - 5 8 )  is  c o r r e c t i o n  f o r  
b a c k g r o u n d  (s y s t e m  b l a n k )  to  a v o i d  h i g h  r e s u l t s .  
T h e  c o r r e c t i o n  is  m a d e  b y  u s i n g  t h e  b e s t  c o n ­
v e n t i o n a l  p r a c t i c e  f o r  m e a s u r e m e n t  o f  t h e  b l a n k  
f o r  t h e  p a r t i c u l a r  t e c h n i q u e ,  e .g . ,  i n  f l a m e  s p e c ­
t r o s c o p y ,  t h e  l u m i n o s i t y  o f  a  w a t e r  b l a n k  w a s  
d e t e r m i n e d  ( 5 8 ) .

T h e  q u e s t i o n  o f  b l a n k  c o r r e c t i o n  a r i s e s  i n  a n  
i n t e r e s t i n g  w a y  i n  a  v a r i a t i o n  o f  t h e  m e t h o d  o f  
s t a n d a r d  a d d i t i o n s  w h e r e  i t  h a s  b e e n  i m p l i e d  to  
b e  a  m u lt ip le  a d d i t i o n s  t e c h n i q u e .  T h e  u s e  o f  
m u l t i p l e  a d d i t i o n s  is  m a n d a t o r y  t o  d e m o n s t r a t e  
l i n e a r i t y  o f  t h e  s y s t e m  o v e r  t h e  d y n a m i c  r a n g e  
o f  i n t e r e s t .  H o w e v e r ,  o n c e  l i n e a r i t y  is  k n o w n ,  
a  n o v e l  s i n g l e  a d d i t i o n  v a r i a t i o n  h a s  b e e n  r e c ­
o m m e n d e d  b y  D e a n  ( 5 9 )  a n d  M e n i s  a n d  R a i n s  
( 5 1 ) .  T h e i r  s i n g l e  a d d i t i o n  t e c h n i q u e  is  n ot  to  b e  
c o n f u s e d  w i t h  a  s i n g l e  a d d i t i o n  v a l u e  c a l c u l a t e d  
f r o m  t h e  b a s i c  p r o p o r t i o n a l i t y ,  C / C  +  S =  R x/ R 2 
( 6 0 ) ,  w h e r e  C is  t h e  u n k n o w n  a n a l y t e  c o n c e n ­
t r a t i o n ,  S is  t h e  a n a l y t e  s t a n d a r d  a d d i t i o n ,  a n d  R x 
a n d  R 2 a r e  t h e  u n s p i k e d  s a m p l e  a n d  s p i k e d  
s a m p l e  r e s p o n s e s ,  r e s p e c t i v e l y .  T h i s  e x p r e s s i o n  
l e a d s  t o  C  =  S ( R i / R 2 — R i ) ,  t h e  c o n v e n t i o n a l  e x ­
p r e s s i o n  u s e d  b y  m a n y  w o r k e r s  ( 5 3 ,  6 1 ,  6 2 ) .  
W i l l i s  ( 6 2 ) ,  i n  a p p l y i n g  t h i s  e x p r e s s i o n ,  e r r o ­
n e o u s l y  s t a t e d  t h a t  a  b l a n k  c o r r e c t i o n  is  n o t

n e c e s s a r y .  D e a n  ( 5 9 )  a n d  M e n i s  a n d  R a i n s  ( 5 1 )  
i n c o r p o r a t e  t h e  u s e  o f  a  s t a n d a r d  c u r v e  b y  i n ­
t e r p o l a t i n g  t h e  R 1 a n d  R 2 r e s p o n s e s  f r o m  t h e  
s t a n d a r d  c u r v e  t o  o b t a i n  t h e  c o r r e s p o n d i n g  a n ­
a l y t e  v a l u e s  x  a n d  y .  I n  t h e i r  e x p r e s s i o n ,  C  =  
X ( S / Y  — X ) ,  t h e  t e r m  S / Y  — X  i s  a  c o r r e c t i o n  
f a c t o r  w h i c h  s h o u l d  b e  b e t w e e n  0 . 5  a n d  1 .5  to  
a v o i d  e r r a t i c  r e s u l t s .

I t  is  o b v i o u s  t h a t  b y  u s e  o f  t h e  s t a n d a r d  c u r v e ,  
t h e  c a l c u l a t i o n  a b o v e  a u t o m a t i c a l l y  i n c o r p o r a t e s  
t h e  s y s t e m  b l a n k  f r o m  t h e  s t a n d a r d  c u r v e  a n d  
t h a t  a  s i m p l e  s u b t r a c t i o n  o f  t h e  s t a n d a r d  c u r v e  
s y s t e m  b l a n k  f r o m  t h e  R i  a n d  R 2 o b s e r v e d  r e ­
s p o n s e s  w o u l d  a c c o m p l i s h  t h e  s a m e  e n d  r e s u l t .  
H o w e v e r ,  t h e  u n i q u e  a d v a n t a g e  o f  t h e  c a l c u l a ­
t i o n  is  i n  t h e  c o r r e c t i o n  t e r m  w h i c h  is  a  v a l u a b l e  
d ia g n o s t ic  d e v i c e ,  b e c a u s e  d e v i a t i o n s  f r o m  u n i t y  
a r e  i n d i c a t i v e  o f  t h e  m a g n i t u d e  a n d  d i r e c t i o n  o f  
t h e  b i a s  e r r o r s .

T h e  p r i n c i p a l  o p e r a t i o n a l  d e f e c t  o f  t h e  t e c h ­
n i q u e  is  t h a t  e v e n  i f  t h e  a b o v e  r e q u i r e m e n t s  a r e  
m e t ,  t h e  s t a n d a r d  a d d i t i o n s  t e c h n i q u e  m a y  o n l y  
b e  e f f e c t i v e  i n  e l i m i n a t i n g  b i a s e s  f r o m  t h e  p o i n t  
a t  w h i c h  t h e  s p i k e  is  m a d e .  P r i o r  s t e p s  i n  t h e  
s a m p l e  h a n d l i n g  p r o c e d u r e  m a y  s t i l l  b e  a  s o u r c e  
o f  b ia s .  F o r  t h i s  r e a s o n ,  t h e  s p i k e  a d d i t i o n  p o i n t  
m u s t  b e  c h o s e n  a s  c lo s e  t o  t h e  o r i g i n a l  s a m p l e  a s  
p o s s i b l e .  W i t h  s p e c i a l  c a r e ,  t h e  s p i k e  a d d i t i o n  
c a n  b e  m a d e  t o  t h e  o r i g i n a l  s a m p l e  ( 6 0 ,  6 2 - 6 5 ) ,  
a n d  t h i s  w a s  i n  f a c t  t h e  t e c h n i q u e  d e s c r i b e d  b y  
F o s t e r  e t  a l .  ( 6 1 ,  66 )  i n  w h a t  a p p a r e n t l y  a r e  t h e  
f i r s t  a p p l i c a t i o n s  o f  t h e  m e t h o d  o f  s t a n d a r d  a d ­
d i t i o n s  d e s c r i b e d  i n  t h e  l i t e r a t u r e .  T h e  r e s u l t s  
f r o m  t h i s  a p p r o a c h  m a y  t h e n  b e  c o m p a r e d  w i t h  
t h e  r e s u l t s  f r o m  s p i k e  a d d i t i o n s  f a r t h e r  d o w n ­
s t r e a m .  I f  t h e y  a r e  e s s e n t i a l l y  t h e  s a m e ,  t h e n  a  
m o r e  c o n v e n i e n t  l a t e r  p o i n t  c a n  b e  u s e d .

A n y  s u b s t a n c e  w h i c h  a c t s  a s  a  d i r e c t  i n t e r f e r ­
e n c e  i n  t h e  m e t h o d  o f  a d d i t i o n s  w i l l  c a u s e  a  b i ­
a s e d  r e s u l t  b e c a u s e  t h e  t e c h n i q u e  r e q u i r e s  t h a t  
t h e  r e s p o n s e  b e  d u e  o n l y  t o  t h e  s p e c i f i e d  a n a l y t e  
a n d  n o t h i n g  e l s e .  C e r t a i n  o t h e r  t y p e s  o f  i n t e r ­
f e r e n c e s  d i s c u s s e d  b y  K l e i n  a n d  H a c h  ( 6 7 )  c a n  
r e n d e r  t h e  t e c h n i q u e  i n a p p l i c a b l e ,  s u c h  a s  i n -  
t e r f e r e n t s  w h i c h  c a n  r e a c t  ( c o m p l e x )  w i t h  t h e  
a n a l y t e ,  c a u s e  r e a g e n t  d e p l e t i o n  o r  r e a g e n t  i n ­
e f f i c a c y ,  o r  m a t r i x  i m b a l a n c e s ,  s u c h  a s  p H  o r  
b u f f e r  c a p a c i t y .

A l t h o u g h  M c B r y d e  ( 68 )  h a s  s h o w n  t h a t  t h e  
t e c h n i q u e  is  n o t  e f f e c t i v e  f o r  t h e  p u r p o s e  o f  i m ­
p r o v i n g  t h e  p r e c i s i o n  o f  t h e  r e s p o n s e  ( a b s o r b ­
a n c e )  m e a s u r e d  o n  t h e  u n s p i k e d  s a m p l e  b y  
b r i n g i n g  i t  f r o m  b e l o w  t h e  l e v e l  f o r  m i n i m u m  
e r r o r  ( 6 9 ) ,  a s  i n  a  t r a c e  a n a l y s i s  a p p l i c a t i o n ,  u p  to  
a v a l u e  c o r r e s p o n d i n g  t o  t h e  l e v e l  o f  m i n i m u m  
a n a l y s i s  e r r o r ,  t h e r e  a r e  o p t i m u m  v a l u e s  f o r  t h e
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Figure 4. Plot of data for method of standard addi­
tions: logarithmic response.

r e s p o n s e  m e a s u r e m e n t s  i n  t h e  t e c h n i q u e .  M o s t  
w o r k e r s  ( 5 1 ,  5 2 ,  5 6 ,  6 0 ,  6 3 ,  6 4 )  s t a t e  t h a t  t h e  o p ­
t i m u m  v a l u e s  f o r  t h e  a d d i t i o n s  a r e  e q u a l  to ,  
t w i c e ,  o r  4  t i m e s  t h e  l e v e l  o f  a n a l y t e  i n  t h e  u n ­
s p i k e d  s a m p l e .  B e u k e l m a n  a n d  L o r d  ( 5 2 )  h a v e  
p r o v i d e d  a n  e r r o r  f u n c t i o n  a n a l y s i s  f o r  f l a m e  
s p e c t r o m e t r y ,  a s  h a v e  M e i t e s  ( 6 5 ,  7 0 )  a n d  R e i n -  
m u t h  ( 7 1 )  f o r  p o l a r o g r a p h y .  M e i t e s  ( 6 5 )  r e c ­
o m m e n d s  t h e  m a x i m u m  l e v e l  o f  t h e  a d d i t i o n  to  
b e  j u s t  b e l o w  C max, t h e  p o i n t  a t  w h i c h  t h e  w a v e  
h e i g h t  o f  t h e  a n a l y t e  n o  l o n g e r  i s  p r o p o r t i o n a l  
t o  i t s  c o n c e n t r a t i o n .

L a r s e n  e t  a l .  ( 5 5 )  p r e s e n t  a  d i s c u s s i o n  o f  t h e  
u n c e r t a i n t y  ( i m p r e c i s i o n )  o f  t h e  s t a n d a r d  a d d i ­
t i o n s  l i n e  u s i n g  r e g r e s s i o n  a n a l y s i s ,  w h i l e  F r a n k e  
e t  a l .  ( 7 2 )  d i s c u s s  t h e  o p t i m i z a t i o n  o f  s y s t e m  p a ­
r a m e t e r s .

I n  a n  a p p r o a c h  c a l l e d  g e n e r a l i z e d  s t a n d a r d  
a d d i t i o n  m e t h o d ,  S a x b e r g  a n d  K o w a l s k i  ( 7 3 )  
p r e s e n t  a  m a t h e m a t i c a l  m o d e l  f o r  t h e  a n a l y s i s  o f  
m u l t i c o m p o n e n t  m i x tu r e s  i n  w h i c h  t h e  p r i n c i p a l  
a d v a n t a g e  is  t h a t  t h e  r e s p o n s e  o f  e a c h  a n a l y t e  
n e e d  n o t  b e  f u l l y  s e l e c t i v e ,  a s  i s  r e q u i r e d  i n  t h e  
c o n v e n t i o n a l  s i n g l e  a n a l y t e  m e t h o d .  T h e  g e n ­
e r a l i z e d  m e t h o d  p r o v i d e s  a  m e a n s  o f  d e t e c t i n g  
a n d  q u a n t i t a t i n g  i n t e r f e r e n c e  e f f e c t s ,  a n d  s i ­
m u l t a n e o u s l y  d e t e r m i n i n g  a n a l y t e  c o n c e n t r a ­
t i o n s .  B o th  l i n e a r  a n d  n o n l i n e a r  m o d e l s  a r e  
c o n s i d e r e d  b u t  n o  e x p e r i m e n t a l  d a t a  a r e  g i v e n .
. T h e  c a s e  o f  n o n l i n e a r  r e s p o n s e ,  s u c h  a s  is  s e e n  
w h e n  u s i n g  i o n  s e l e c t i v e  e l e c t r o d e s  o r  a s  s e e n  i n  
f l a m e  s p e c t r o m e t r y ,  h a s  b e e n  d i s c u s s e d  i n  d e t a i l  
b y  B e u k e l m a n  a n d  L o r d  ( 5 2 )  a n d  N a g y  ( 7 4 ) .  
H e r e  t h e  r e s p o n s e  m a y  b e  l o g a r i t h m i c ,  q u a d r a t i c ,  
o r  o t h e r  m a t h e m a t i c a l  f u n c t i o n  o f  c o n c e n t r a t i o n ,  
c ,  n a m e ly :  R  =  k c m . T h i s  f u n c t i o n  y i e l d s  a  p l o t  
a s  s h o w n  i n  F i g u r e  4 .

T r a n s f o r m a t i o n  o f  t h e  d a t a ,  e i t h e r  b y  u s i n g  
a p p r o p r i a t e  i n s t r u m e n t a t i o n  o r  m a t h e m a t i c a l l y ,  
m a y  y i e l d  a  r e s u l t a n t  l i n e a r i t y  w h i c h  s a t is f ie s  t h e

r e q u i r e m e n t s .  ( T h i s  i s  a n a l o g o u s  to  t h e  t r a n s ­
f o r m a t i o n  o f  t r a n s m i t t a n c e  d a t a  t o  a b s o r b a n c e  
t h r o u g h  t h e  r e l a t i o n s h i p ,  A  =  —l o g  T . )  I f  t h e  
u n t r a n s f o r m e d  d a t a  m u s t  b e  u s e d  ( 5 2 ,  6 0 , 6 3 ,  7 4 ) ,  
t h e  c a l c u l a t i o n  b e c o m e s  i n c o n v e n i e n t  a n d  
s o m e w h a t  c o m p l i c a t e d ,  r e q u i r i n g  i t e r a t i o n .

( b )  R a n d o m  E rro r  D e t e r m in a t io n .— ( 1 )  P rec is ion  
M e a s u r e s .  T h e  r a n d o m n e s s ,  t h a t  is ,  v a r i a b i l i t y  
o f  a  m e t h o d ,  m a y  b e  q u a n t i t a t i v e l y  e s t i m a t e d  b y  
a  n u m b e r ,  a  s t a t i s t i c  c a l l e d  s t a n d a r d  d e v i a t i o n ,  s. 
T h i s  c a p a b i l i t y  u n f o r t u n a t e l y  is  n o t  p o s s i b le  w i t h  
t h e  o t h e r  r e l i a b i l i t y  m e t h o d  p e r f o r m a n c e  c h a r ­
a c t e r i s t i c s .  I t  i s  e a s i l y  d e t e r m i n e d  a n d  i t s  m e a ­
s u r e  is  m a d e  a t  v a r i o u s  s t a g e s  o f  t h e  m e t h o d  
v e r i f i c a t i o n  p r o g r a m .  T h e  e a r l i e s t  d e t e r m i n a ­
t i o n  o f  s ,  i n  a  m o d i f i e d  f o r m ,  h a s  b e e n  m e n t i o n e d  
i n  S e c t i o n  3 .2 ,  i n  c o n n e c t i o n  w i t h  t h e  m e t h o d  
p e r f o r m a n c e  c h a r a c t e r i s t i c  r a n g e ,  a n d  is  i l l u s ­
t r a t e d  i n  F ig u r e  2 . T h e  s t a n d a r d  d e v i a t i o n  a b o u t  
t h e  s t a n d a r d  c u r v e  is  e s t i m a t e d  b y  a  s t a t i s t i c  
c a l le d  t h e  s t a n d a r d  e r r o r  o f  e s t i m a t e ,  S y.x, w h i c h  
e x p r e s s e s  n u m e r i c a l l y  t h e  i m p r e c i s i o n  o f  t h e  
l i n e ,  t h a t  is , t h e  v a r i a b i l i t y  o f  t h e  s t a n d a r d  c u r v e  
d a t a  p o i n t s .  T h i s  s t a t i s t i c  w h e n  d i v i d e d  b y  y  
( m e a n  o f  t h e  r e s p o n s e s )  a n d  m u l t i p l i e d  b y  100 
y i e l d s  % v a r i a t i o n  (n o t  v a r i a n c e ) ,  a n o t h e r  s ta t i s t ic  
c o m p a r a b l e  t o  t h e  f a m i l i a r  r e l a t i v e  s t a n d a r d  d e ­
v i a t i o n  ( a l s o  c a l le d ,  c o e f f i c i e n t  o f  v a r i a t i o n ,  C V ). 
S i n c e  t h e  v a r i a b i l i t y  o f  t h e  s t a n d a r d  c u r v e  r e p ­
r e s e n t s  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  m e t h o d  
v a r i a b i l i t y ,  t h i s  s t a t i s t i c  is  a  g o o d  e a r l y  m e t h o d  
d e v e l o p m e n t  e s t i m a t o r .  U n l e s s  t h e  m e t h o d  is  
a  d i l u t e - a n d - i n j e c t  t y p e  w h e r e  m o s t  o f  t h e  
m e t h o d  v a r i a b i l i t y  i s  i n  t h e  s t a n d a r d  c u r v e ,  t h e  
v a l u e  o f  %  v a r i a t i o n  s h o u l d  b e  l e s s  t h a n  o n e - h a l f  
t h e  t o t a l  m e t h o d  i m p r e c i s i o n  t a r g e t  v a l u e ,  o t h ­
e r w i s e  t h e r e  m a y  b e  a  p r e c i s i o n  a c c e p t a b i l i t y  
f a i l u r e  i n  t h e  f i n a l  m e t h o d  w h e n  i t  is  a p p l i e d  to  
s a m p l e s  o v e r  t h e  r e q u i r e d  r a n g e  ( 2 7 ) .

( 2 )  M e a s u r e m e n t .  T h e  p r e c i s i o n  o f  t h e  f i n a l  
m e t h o d  s h o u l d  a l w a y s  b e  d e t e r m i n e d  o n  a c t u a l  
s a m p l e s ,  p r o d u c t i o n  s a m p l e s  i n  t h e  c a s e  o f  
m a n u f a c t u r e d  a r t i c l e s  s u c h  a s  d o s a g e  f o r m s .  I n  
e a r l y  m e t h o d  d e v e l o p m e n t  b e f o r e  t h e s e  a r e  
a v a i l a b l e ,  s i m u l a t e d  s a m p l e s  s u c h  a s  s p i k e d  p l a ­
c e b o s  m a y  b e  u s e d ,  b u t  t h e  r e s u l t s  a r e  o n l y  f o r  
s c i e n t i f i c  i n f o r m a t i o n  a n d  a r e  o f  l i m i t e d  v a l u e  i n  
d o c u m e n t i n g  t r u e  m e t h o d  p r e c i s i o n  ( 2 4 ) .  I f  t h e  
m e t h o d  u n d e r  s t u d y  is  to  b e  u s e d  a s  a  Q A  c o n t r o l  
m e t h o d ,  f r e s h  p r o d u c t i o n  s a m p l e s  s h o u l d  b e  
o b t a i n e d .  F o r  a  s t a b i l i t y - i n d i c a t i n g  m e t h o d ,  
h o w e v e r ,  t h e  m o s t  n a t u r a l l y  a g e d  s a m p l e s  
a v a i l a b l e  s h o u l d  b e  u s e d .  T h e  c o n v e n t i o n a l  
p r o c e d u r e  is  t o  o b t a i n  a  s e t  o r  s u b s e t s  o f  a n a l y s i s  
r e s u l t s  o n  a  h o m o g e n e o u s ,  s t a b l e  s a m p l e  a t  t h e  
a n a l y t e  c o n c e n t r a t i o n  v a l u e s  o f  i n t e r e s t  a n d
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c a l c u l a t e  t h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  o f  t h e  
s e t  o r  s u b s e t s .  A s  w a s  d e s c r i b e d  a b o v e  f o r  d e ­
t e r m i n i n g  m e t h o d  b i a s  ( S e c t i o n  3 . 2 . 2 ) ,  m o s t  
w o r k e r s  n o w  g e n e r a l l y  t e s t  t h e  p r e c i s i o n  o f  t h e  
m e t h o d  a c r o s s  t h e  r a n g e  o f  p o s s i b le  a s s a y  v a l u e s ,  
t h e  r a n g e  d e p e n d i n g  o n  w h e t h e r  t h e  m e t h o d  is  
f o r  p r o d u c t i o n  c o n t r o l  o r  f o r  u s e  i n  m o n i t o r i n g  
s t a b i l i t y  p r o g r a m s .

A g a i n ,  t h e  r e s u l t s  a r e  e v a l u a t e d  a s  p r e v i o u s l y  
d e s c r i b e d  f o r  t h e  d e t e r m i n a t i o n  o f  b i a s  b y  u s i n g  
s p i k e d  p l a c e b o s .  T h e  s u b s e t  v a l u e s  a r e  t e s t e d  f o r  
a  h y p o t h e s i z e d  n o n - v a r i a t i o n  i n  t h e  m e a n s  b y  
t h e  f - t e s t .  I f  n o  s i g n i f i c a n t  d i f f e r e n c e  o f  t h e  
m e a n s  b e t w e e n  t h e  r a n g e  s u b s e t s  w i t h  t h e  
n o m i n a l  v a l u e  s u b s e t  i s  f o u n d ,  t h e  s t a n d a r d  d e ­
v i a t i o n  o f  t h e  e n t i r e  s e t  o f  d a t a  is  c a l c u l a t e d  a n d  
r e p o r t e d  a s  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  m e t h o d .  
I f  a n  u n a c c e p t a b l e  d i f f e r e n c e  is  f o u n d ,  t h e  p r e s ­
e n c e  o f  a  b i a s  e r r o r  is  i n d i c a t e d .  A  s e a r c h  f o r  t h e  
e r r o r  s o u r c e  s h o u l d  b e  m a d e .  S e e  a l s o  P a r t  II  f o r  
a  p o s s i b l e  c o r r i g i b l e  e r r o r  c o r r e c t i o n .  S in c e  t h e  
c o n c e n t r a t i o n  o f  a n a l y t e  i n  r e a l  s a m p l e s  is  u n ­
k n o w n ,  a  c o r r e l a t i o n  p l o t  o f  f o u n d  v a l u e s  v s  t r u e  
v a l u e s  is  n o t  p o s s i b l e .

I n  a d d i t i o n ,  s e v e r a l  p r o b l e m s  a r i s e  i n  t h e  
p r a c t i c e  o f  d e t e r m i n i n g  t h e s e  p e r f o r m a n c e  
c h a r a c t e r i s t i c s .  S o m e  o f  t h e s e  a re :  h o w  m a n y  
a n a l y s e s  o n  e a c h  s a m p l e  o v e r a l l ;  h o w  m a n y  o n  
e a c h  s u b s e t;  s h o u l d  a l l  v a l u e s  b e  t a k e n  i n  o n e  d a y  
( r e p e a t a b i l i t y )  o r  a l l  a g a i n  o n  d i f f e r e n t  d a y s  ( r e ­
p r o d u c i b i l i t y ) ;  h o w  m a n y  d i f f e r e n t  d a y s ;  h o w  
m a n y  a n a l y s t s ;  h o w  m a n y  l a b o r a t o r i e s ?

F o r  t h e  f i n a l  m e t h o d  i n  t h e  c a s e  w h e r e  t h e  
m e t h o d  is  t h e  f i r s t  i n v o l v i n g  t h e  a n a l y t e  i n  t h e  
p a r t i c u l a r  m a t r i x ,  5  r e s u l t s  a t  e a c h  s u b s e t  r a n g e  
p e r  d a y  b y  o n e  a v e r a g e  a n a l y s t  o v e r  t w o  d i f f e r e n t  
d a y s  i s  c o n s i d e r e d  a d e q u a t e  ( 2 2 - 2 4 ) .  T h e  a v e r ­
a g e  a n a l y s t  i s  a  t r a i n e d  a n a l y s t  f a m i l i a r  w i t h  t h e  
m e t h o d ;  t h e  d i f f e r e n t  d a y s  s h o u l d  b e  a s  d i f f e r e n t  
a s  p o s s i b l e  ( 3  t o  5  d a y s  a p a r t ) ;  a n d  a l l  r e a g e n t s ,  
i n s t r u m e n t  s e t t i n g s ,  s t a n d a r d  s o l u t i o n s ,  a n d  
o t h e r  o p e r a t i o n s  s h o u l d  b e  c o m p l e t e l y  r e n e w e d  
a n d  r e p e a t e d .

I f  s e v e r a l  a n a l y t e  l e v e l s  a r e  i n v o l v e d ,  t h e  
a b o v e  is  p e r f o r m e d  o n  t h e  o n e  t h a t  h a s  t h e  
h i g h e s t  m a t r i x - t o - a n a l y te  r a t i o  a n d  t h e  o t h e r s  a r e  
t e s t e d  a t  o n l y  o n e  r a n g e  l e v e l ,  w i t h  a t  l e a s t  3  r e ­
s u l t s  o n  o n e  d a y  b y  o n e  a n a l y s t .  D i f f e r e n t  a n a ­
l y t e  l e v e l s  a n d  m a t r i c e s  w i l l  r e q u i r e  s o u n d  p r o ­
f e s s i o n a l  j u d g m e n t  a s  t o  h o w  m u c h  c u t b a c k  c a n  
b e  e n j o y e d .

M a n y  o f  t h e s e  o p t i o n s  w i l l  b e  r e c o n s i d e r e d  i n  
t h e  d i s c u s s i o n  o f  m e t h o d  e v a l u a t i o n  (S e c t i o n  
3 . 3 ) .

( 3 )  P r io r ity .  T h e  q u e s t i o n  a r i s e s  d u r i n g  
m e t h o d  v a l i d a t i o n  a s  t o  w h i c h  s h o u l d  b e  s t u d i e d

f i r s t ,  t h e  b i a s  o f  t h e  m e t h o d ,  o r  t h e  p r e c i s i o n .  
W e s t g a r d  a n d  H u n t  ( 7 5 )  s t a t e  t h a t  t h e y  s t u d y  
p r e c i s i o n  e x p e r i m e n t a l l y  f i r s t  “ b e c a u s e  s y s t e m ­
a tic  e r r o r s  a r e  d i f f i c u l t  to  e v a l u a t e  w h e n  l a r g e  
r a n d o m  e r r o r s  a r e  p r e s e n t , "  a n d  t h i s  is  m o s t  
e m p h a t i c a l l y  c o r r e c t .  O n  t h e  o t h e r  h a n d ,  o f  
w h a t  v a l u e  is  i t  t o  r u n  a  p r e c i s i o n  s t u d y  o f  t h e  
s c o p e  d e s c r i b e d  a b o v e  a n d  t h e n  h a v e  t h e  d a t a  
d e f a u l t e d  b y  a s u b s e q u e n t  d i s c o v e r y  o f  a n  u n ­
a c c e p t a b l e  b i a s  e r r o r ?

T h e  m o s t  c o m m o n  e x p e r i e n c e  i n  m e t h o d  d e ­
v e l o p m e n t  is  t h a t  t h e  b i a s  a n d  p r e c i s i o n  s t u d i e s  
a r e  a n  i t e r a t i o n  a n d  e s c a l a t i o n  p r o c e s s  w i t h  t h e  
p r e c i s i o n  f i r s t  e s t i m a t e d  f r o m  t h e  s t a n d a r d  c u n e  
%  v a r i a t i o n  s t a t i s t i c ,  t h e n  b y  a r e c o v e r y  s t u d y  
f r o m  e i t h e r  a  s p i k e d  p l a c e b o  o r  a m e t h o d  o f  
s t a n d a r d  a d d i t i o n s  s t u d y .  I n  a n y  c a s e ,  n o n e  o f  
t h e s e  e a r l y  s t u d i e s  s h o u l d  b e  e l a b o r a t e ,  b u t  r a t h e r  
e x p l o r a t o r y .  A f t e r  s e v e r a l  t r i a l s  ( m o d i f y i n g  
a l o n g  t h e  w a y ) ,  i f  t h e  m e t h o d  s e e m s  to  b e  v i a b l e ,  
a  s h o r t  v e r s i o n  p r e c i s i o n  s t u d y  is  i n d i c a t e d ,  
u s u a l l y  3  to  5  r e s u l t s  a t  t h e  n o m i n a l  l e v e l  b y  o n e  
a n a l y s t  i n  o n e  d a y .  I f  t h e s e  r e s u l t s  a r e  a c c e p t ­
a b l e ,  t h e  r u g g e d n e s s  t e s t  i s  p e r f o r m e d ,  c h a n g e s  
a r e  m a d e  a s  i n d i c a t e d ,  a n d  t h e n  t h e  f i n a l  a c c u ra c y  
s t u d y  s h o u l d  b e  m a d e .  I f  t h e  m e t h o d  r e m a i n s  
f u n d a m e n t a l l y  i n t a c t ,  t h e  f i n a l  p r e c i s i o n  s t u d y  
c a n  b e  m a d e  w i t h  s o m e  a s s u r a n c e  o f  i t s  a c c e p t ­
a b i l i t y .

(4 )  O b jec t iv e .  V a n d e r w e i l e n  a n d  H a r d w i d g e
( 2 5 )  a n d  D e b e s is  e t  a l. ( 2 7 )  c o n s i d e r e d  t h e  e n d  u s e  
p r e c i s i o n  r e q u i r e m e n t s  o f  a m e t h o d  d u r i n g  t h e  
m e t h o d  d e v e l o p m e n t  s t a g e .  T h e  a c c e p t a b i l i t y  
o f  t h e  m e t h o d  p r e c i s i o n  d e p e n d s  o n  i t s  s t a n d a r d  
d e v i a t i o n ,  t h e  r a n g e  o f  t h e  p r o b a b l e  p r o d u c t  
s p e c i f i c a t i o n s ,  a n d  t h e  a c c e p t a b i l i t y  o f  t h e  
n u m b e r  o f  a s s a y  r e p l i c a t i o n s  to  b e  r e q u i r e d .  
T h e s e  c r i t e r i a ,  e i t h e r  a s  p o s s i b l e  l i m i t a t i o n s  o r  
t r a d e - o f f s ,  s h o u l d  b e  p a r t  o f  t h e  m e t h o d  d e v e l ­
o p m e n t  o b j e c t i v e s  a s  i n f l u e n c e d  b y  p r o p e r  i n p u t  
f r o m  t h e  e n d  u s e r s .

T h e  d e s i r e d  p r e c i s i o n  o f  t h e  r e s u l t s  c a n  b e  
a c h i e v e d  e i t h e r  b y  d e v e l o p i n g  a  m e t h o d  w i t h  t h e  
r e q u i r e d  p r e c i s i o n  f o r  a  s i n g l e  r e s u l t  o r  b y  o n e  
w h i c h  m u s t  b e  s t a t i s t i c a l l y  a s s i s t e d  t h r o u g h  
r e p l i c a t i o n .  I f  a m e t h o d  is  to  b e  u s e d  o n  a o n e ­
t i m e  b a s i s ,  o r  f o r  a  l o w - v o l u m e  a p p l i c a t i o n ,  a 
r e l a t i v e l y  i m p r e c i s e  m e t h o d  t h a t  w o u l d  r e q u i r e  
m o r e  r e p l i c a t e s  c o u l d  b e  a n  e c o n o m i c  t r a d e - o f f  
f o r  t h e  l o n g e r  m e t h o d  d e v e l o p m e n t  t i m e  t h a t  
w o u l d  b e  r e q u i r e d  f o r  a m o r e  p r e c i s e  m e t h o d .  
C o n v e r s e l y ,  a  m e t h o d  p r e c i s e  e n o u g h  to  p e r m i t  
u s e  o f  s i n g l e  r e s u l t  a s s a y s  w o u l d  b e  w o r t h  t h e  
m e t h o d  d e v e l o p m e n t  t i m e  f o r  a  v a l u a b l e  h i g h  
v o l u m e  o r  h i g h  c o s t  p r o d u c t .

T h e s e  c o n s i d e r a t i o n s  b r i n g  i n t o  p l a y  3  s t a t i s ­
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t i c a l  t e r m s ,  a l l  o f  w h i c h  u t i l i z e  t h e  x ,  n ,  a n d  s 
v a l u e s  a s  r e p o r t e d  i n  t h e  f i n a l  p r e c i s i o n  s t a t e ­
m e n t  f o r  t h e  m e t h o d ,  n a m e l y ,  t h e  c o n f i d e n c e  
i n t e r v a l  ( C l ) ,  t h e  p r e d i c t i o n  i n t e r v a l  (P I ) ,  a n d  t h e  
t o l e r a n c e  i n t e r v a l  (T I):

C l  =  X ±  f 1—a /2 ,/r  —1 s l x / n  

P t  =  x  ±  ! ; s ( l  +  l / v ' « ' )

T I =  x  ±  k s

w h e r e  k  is  a  t a b u l a r  v a l u e  u s i n g  P ,  t h e  f r a c t i o n  o f  
t h e  m e a s u r e m e n t s  to  b e  i n c l u d e d  i n  t h e  i n t e r v a l  
a n d  t h e  c o n f i d e n c e  c o e f f i c i e n t  7 ( 1  — a ) .

( c ) A c c u r a c y  o f  M e t h o d s  f o r  B u lk  D ru g s . — A s  
V a n d e r w e i l e n  a n d  H a r d w i d g e  ( 2 5 )  h a v e  i n d i ­
c a t e d ,  a  b u l k  d r u g  a s s a y  is  u s u a l l y  a n  a s s e s s m e n t  
o f  p u r i t y .  M o s t  a s s a y s  a r e  c o m p a r a t i v e  a n d  a r e  
s i m p l y  a  r a t i o  o f  t h e  r e s p o n s e  o f  t h e  b u l k  d r u g  lo t  
to  t h a t  o f  t h e  a n a l y t i c a l  r e f e r e n c e  s t a n d a r d .  I n  
t h i s  t y p e  o f  a n a l y s i s ,  a n y  b i a s  e r r o r s  a r e  n o r m a l ­
i z e d  a n d  s o , b y  d e f i n i t i o n ,  t h e  a c c u r a c y  s t a t e m e n t  
is  s i m p l y  t h e  p r e c i s i o n  s t a t e m e n t .

I f  a  r e f e r e n c e  s t a n d a r d  is  n o t  y e t  a v a i la b le ,  t h e  
m e t h o d  c a n  b e  c o m p a r e d  w i t h  a n  i n d e p e n d e n t  
m e t h o d .  ( S p i k i n g  t e c h n i q u e s  a r e  i n a p p l i c a b l e . )  
S u c h  a n  i n d e p e n d e n t  m e t h o d  s h o u l d  b e  c h o s e n  
to  u s e  q u i t e  d i f f e r e n t  f i r s t  p r i n c i p l e s ,  o r  i t  c a n  b e  
a  r e c o g n i z e d ,  v a l i d a t e d  m e t h o d ,  o r  a  c o m p e n d i a l  
m e t h o d .  H o w e v e r ,  t h e  b e s t  o p t i o n ,  i f  a v a i la b le ,  
is  t h e  u s e  o f  a n  a b s o l u t e  m e t h o d  ( s u c h  a s  t i t r i -  
m e t r y ,  g r a v i m e t r y ,  o r  q u a n t i t a t i v e  n u c l e a r  
m a g n e t i c  r e s o n a n c e  a n a l y s i s ) .  S u c h  a n  a b s o l u t e  
m e t h o d  m a y  a l r e a d y  b e  i n  h a n d  f r o m  t h e  a n a ­
l y t i c a l  r e f e r e n c e  s t a n d a r d  p r o g r a m .

S in c e  m o s t  c o m p a r a t i v e  b u l k  d r u g  l o t  a s s a y s  
h a v e  i n a c c u r a c i e s  i n  t h e  r a n g e  o f  g r e a t e r  t h a n  
0 .5 %  a n d  s o m e  a s  h i g h  a s  2 % , t h e i r  s c i e n t i f i c  v a l u e  
is  q u e s t i o n a b l e  i n  a  m o d e r n  p r o g r a m  o f  G M P s , 
p r o c e s s  v a l i d a t i o n ,  s p e c i f i c  i d e n t i t y  ( c h a r a c t e r ­
i z a t i o n )  te s ts ,  a n d  a  p r o t o c o l  o f  o t h e r  p u r i t y  i n d e x  
t e s t s .  A n  a n a l y t i c a l  c h e m i s t  c a n  a p p r e c i a t e  t h e  
v a l u e  o f  d e t e r m i n i n g  t h e  i r o n  c o n t e n t  o f  a n  a l lo y  
s t e e l  w h e r e  t h e  i r o n  c o n t e n t  m a y  b e  a  m i n o r  
c o m p o n e n t ,  b u t  d o e s  o n e  d e t e r m i n e  t h e  i r o n  
c o n t e n t  o f  a  m i l d  c a r b o n  s t e e l  w h e r e  t h e  i r o n  
c o n t e n t  is  9 9 + % !  I t  is  a n d  h a s  b e e n  a x i o m a t i c  
t h a t  i m p u r i t i e s  a r e  m o r e  a c c u r a t e l y  d e t e r m i n e d  
d i r e c t l y  i f  a n d  iv h e r e  i n d i c a t e d .  T h e  b e s t  i n d i ­
c a t o r s  f o r  t h e s e  c o m e  f r o m  q u a n t i t a t i v e  t e c h ­
n i q u e s  s u c h  a s  t h e r m a l  a n a l y s i s  a n d  p h a s e  s o l u ­
b i l i t y  a n a l y s i s  w h i c h  y i e l d  t h e  a v e r a g e d  i m ­
p u r i t i e s  c o n t e n t  w i t h o u t  p o s s e s s i n g  p r i o r  
k n o w l e d g e  o f  t h e i r  i n d i v i d u a l  n a t u r e  o r  n u m b e r  
( 7 6 ) .

(d )  S y stem  S u itability . — S in c e  t h e  c o n c e p t  o f  t h e  
t e s t  o f  a  c h r o m a t o g r a p h i c  s y s t e m  f o r  s u i t a b i l i t y

w a s  f i r s t  d e s c r i b e d  ( 7 7 ) ,  a m p l i f i e d  ( 7 8 ) ,  a n d  
a d o p t e d  b y  t h e  U .S . P h a r m a c o p e i a l  C o n v e n t i o n  
( U S P )  ( 7 9 ) ,  t h e  s y s t e m  s u i t a b i l i t y  t e s t  h a s  b e c o m e  
a  s t a n d a r d  p a r t  o f  t h e  m e t h o d  v a l i d a t i o n  p r o ­
g r a m .  D e b e s i s  e t  a l .  ( 2 7 )  h a v e  m o s t  r e c e n t l y  
d e s c r i b e d  t h e  t e s t  i n  d e t a i l  i n  c o m p l e t e  a g r e e ­
m e n t  w i t h  U S P  X X . T h e y  p o i n t  o u t  t h e  d i f f e r ­
e n c e  b e t w e e n  t h e  o n e - t i m e  d e t e r m i n a t i o n  o f  t h e  
n e c e s s a r y  c h r o m a t o g r a p h i c  p a r a m e t e r s  d u r in g  
m e t h o d  d e v e l o p m e n t  a n d  t h e  d a i l y  c h e c k  a g a i n s t  
t h o s e  t e s t  p a r a m e t e r  s p e c i f i c a t i o n s  t o  e n s u r e  t h e  
v i a b i l i t y  o f  t h e  c h r o m a t o g r a p h i c  s y s t e m .

T h e r e  is  n o  d i s a g r e e m e n t  o n  t h e  c h r o m a t o ­
g r a p h i c  p a r a m e t e r s  t e s t e d ,  r e l a t i v e  r e t e n t i o n ,  a ;  
c a p a c i t y  f a c t o r ,  k ' ;  c o l u m n  e f f i c i e n c y ,  n ; r e s o l u ­
t i o n ,  R ;  a n d  t a i l i n g  f a c t o r ,  T , a s  d e s c r i b e d  b y  t h e  
U S P  ( 7 9 )  w i t h  R  a n d  T  g e n e r a l l y  r e c o g n i z e d  a s  
t h e  m o s t  i m p o r t a n t .  H o w e v e r ,  t h e  a u t h o r  a g r e e s  
w i t h  R o m a n  ( 8 0 )  t h a t  t h e  p r e c i s i o n  m e a s u r e  ( r e ­
p e a t a b i l i t y )  p o r t i o n  o f  t h e  U S P  t e s t  ( 2 7 ,  7 9 )  
s h o u l d  b e  i n c l u d e d  a s  p a r t  o f  t h e  m e t h o d  r e f e r ­
e n c e  s t a n d a r d  p r o c e d u r e  r a t h e r  t h a n  a s  a  s e p a r a t e  
t e s t ,  a n d  R o m a n 's  d i s c u s s i o n  d e s e r v e s  s t u d y .

P a l e r m o  ( 4 0 )  h a s  p o i n t e d  o u t  t h a t  s y s t e m s  
o t h e r  t h a n  c h r o m a t o g r a p h i c  m u s t  a l s o  d e m o n ­
s t r a t e  o n  a  v i a b i l i t y  b a s i s  t h a t  t h e  s p e c i f i c i t y  r e ­
q u i r e m e n t s  f o r  t h e  e n d  p u r p o s e  o f  t h e  m e t h o d  
a r e  m e t .

T h e  s y s t e m  s u i t a b i l i t y  t e s t  i s  o n e  o f  t h e  p r i n ­
c i p a l  t e c h n i q u e s  a v a i l a b l e  to  a n y  l a b o r a t o r y ,  
e s p e c i a l l y  q u a l i t y  a s s u r a n c e ,  f o r  t h e  p u r p o s e  o f  
m e e t i n g  t h e  r e q u i r e m e n t  o f  m a i n t a i n i n g  m e t h ­
o d o l o g y  i n  a  s t a t e  o f  s t a t i s t i c a l  c o n t r o l .

3.3 M eth o d  E valu ation

T h e  a n s w e r  to  t h e  q u e s t i o n  o f  h o w  g o o d ,  t h a t  
is , h o w  p r e c i s e ,  is  t h e  m e t h o d  h a s  b e e n  a n s w e r e d  
b y  t h e  d e v e l o p i n g  l a b o r a t o r y .  A n  a n a l y t i c a l  
c h e m i s t  c o u l d  n o t  c o m p e t e n t l y  i s s u e  a  m e t h o d  
w i t h o u t  h a v i n g  s a t i s f i e d  h i s  o w n  s t a n d a r d s  t h a t  
t h e  o b j e c t i v e s  h a d  b e e n  m e t .  N o n e t h e l e s s ,  a 
f o r m a l  m e t h o d  e v a l u a t i o n  p r o c e d u r e  is  n e c e s ­
s a r y ,  w h i c h  s u b j e c t s  t h e  m e t h o d  to  u s e  a c c e p t ­
a b i l i t y  a n d  d e m o n s t r a t e s  t h e  r e q u i r e d  p r e c i s i o n  
i n  t h e  e n d - u s e r 's  h a n d s .  T h e  m e t h o d  is  o f  v a l u e  
o n l y  i f  i t  i s  f o u n d  t o  b e  u s a b l e  a n d  t o  m e e t  t h e  
p r e c i s i o n  r e q u i r e m e n t .  F o r  m a x i m u m  e f f i c i e n c y  
a n d  e f f e c t i v e n e s s  i n  t h e  m e t h o d  v e r i f i c a t i o n  
p r o g r a m ,  t h e  " d i r e c t  t e s t i n g "  p r o c e d u r e  s h o u l d  
b e  r e s t r i c t e d  to  r e a l  s a m p l e  a n a l y s e s  o n l y .  D i r e c t  
b i a s  e r r o r  s t u d i e s  a r e  a c c e p t e d  a s  c l a i m e d  i n  t h e  
m e t h o d  d e s c r i p t i o n .  P a r t  o f  t h e  m e t h o d  e v a l u ­
a t i o n  p r o g r a m  i n v o l v e s  t h e  a p p l i c a t i o n  o f  r e c ­
o g n i z e d  d i a g n o s t i c  te s t s  w h i c h  s e r v e  a s  b i a s  e r r o r  
d e t e c t o r s ,  a n d  t h e  r e s u l t s  o f  t h e s e  t e s t s  a r e  h a n ­
d l e d  v i a  t h e  f e e d b a c k  m e c h a n i s m  r e f e r r e d  t o
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p r e v i o u s l y  i n  F i g u r e  1. A ls o ,  a n y  m e t h o d  i n  u s e  
p r o v i d e s  i t s  o w n  r e a d - o u t  i n d i c a t o r s  w h i c h  c a n  
s i g n a l  a n y  a n o m a l o u s  r e s p o n s e  f r o m  p r i o r  s a m ­
p l e s ,  a n d  t h e s e  a l s o  t r i g g e r  t h e  f e e d b a c k  m e c h a ­
n i s m .  T h u s ,  t h e  u s e r  i s  a  v i t a l  p a r t  o f  t h e  o v e r a l l  
b ia s  d e t e c t i o n  c a p a b i l i t y  p r o v i d e d  b y  t h e  m e t h o d  
v e r i f i c a t i o n  p r o g r a m .

3.3.1 D eterm in a t io n  o f  A c c ep ta b i li ty  o f  
F in a l M eth o d

( a )  M e t h o d  T r a n s fe r  P r o c e d u r e .  — T h e  a n a l y s t  i n  
t h e  e v a l u a t i n g  l a b o r a t o r y  m a k e s  a n  i n i t i a l  r u n -  
t h r o u g h  o f  t h e  m e t h o d ,  p r e f e r a b l y  o n  t h e  s a m e  
s a m p l e  u s e d  i n  t h e  d e v e l o p i n g  l a b o r a t o r y  f o r  t h e  
f i n a l  p r e c i s i o n  s t u d y .  I n  t h i s  r u n - t h r o u g h ,  a n y  
d i f f i c u l t i e s  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  m e t h o d  
d e s c r i p t i o n  a r e  n o t e d  a s  a r e  p r o b l e m s  d u e  to  
d i f f e r e n c e s  i n  i n s t r u m e n t a t i o n  a n d  o t h e r  l a b o ­
r a t o r y  p r a c t i c e s  r e q u i r i n g  a d j u s t m e n t s  n o t  i n ­
t e n d e d  a s  c h a n g e s  i n  t h e  m e t h o d .  T h e s e  p o i n t s  
m a y  b e  d i s c u s s e d  w i t h  t h e  m e t h o d  d e v e l o p e r ,  o r  
p e r h a p s  p e r s o n a l l y  o b s e r v e d  i n  t h e  e v a l u a t i n g  
l a b o r a t o r y  b y  t h e  m e t h o d  d e v e l o p e r .  A n y  
p r a c t i c a l  s u g g e s t i o n s  f o r  r e s o l v i n g  t h e  p r o b l e m s  
i m p o s e d  b y  t h e  l a b o r a t o r y  d i f f e r e n c e s  s h o u l d  b e  
m a d e  a n d  a c c e p t e d  b y  t h e  m e t h o d  d e v e l o p e r .  
Y o u d e n  ( 1 5 ,  9 0 )  h a s  d i s c u s s e d  t h e s e  i n i t i a l  
p r o b l e m s  i n  c o n n e c t i o n  w i t h  i n t e r l a b o r a t o r y  
t e s t i n g .  T h e  o b j e c t i v e  is  t o  a r r i v e  a t  a  c l e a r l y  
w r i t t e n  m e t h o d  w h i c h  b o t h  o r  a l l  l a b o r a t o r i e s  
c a n  u n d e r s t a n d  a n d  e x e c u t e  i n  a  c o m p a r a b l e  
m a n n e r .

T h e  f o r m a l  i n t e r l a b o r a t o r y  t e s t  d a t a  c a n  t h e n  
b e  o b t a i n e d .  T h e  s a m p l e  m u s t  n o w  b e  t h e  s a m e  
a s  u s e d  i n  t h e  d e v e l o p i n g  l a b o r a t o r y .  I f  t h i s  is  
n o t  p o s s i b l e ,  o r  i f  t h e  m e t h o d  h a s  u n d e r g o n e  
r e v i s i o n ,  t h e  d e v e l o p i n g  l a b o r a t o r y  w o u l d  b e  
r e q u i r e d  t o  g e n e r a t e  d a t a  o n  t h e  s a m e  s a m p l e  to  
b e  u s e d  i n  t h e  e v a l u a t i o n  s t u d y  s i n c e  t h e  p u r p o s e  
i s  t o  d e m o n s t r a t e  t h a t  e q u i v a l e n t  r e s u l t s  c a n  b e  
o b t a i n e d  i n  t h e  a c c e p t i n g  l a b o r a t o r y .  T h e  
n u m b e r  o f  r e s u l t s  to  b e  o b t a i n e d  a n d  t h e  n u m b e r  
o f  r a n g e  s u b s e t s  is  a  m a t t e r  o f  j u d g m e n t  f o r  e a c h  
m e t h o d .  U s u a l l y  o n  f i r s t - o f - t h e - l i n e  m e t h o d s ,  
5  r e s u l t s  a t  e a c h  o f  t h e  u s u a l  7 5 - 1 0 0 - 1 2 5 %  o f  
n o m i n a l  s u b s e t s  is  a d e q u a t e  f o r  b o t h  c o n t r o l  a n d  
s t a b i l i t y - i n d i c a t i n g  m e t h o d s .  L a t e r ,  d o s a g e s  o f  
d i f f e r e n t  s t r e n g t h s ,  d i f f e r e n t  d o s a g e  f o r m s ,  o r  
r e f o r m u l a t e d  d o s a g e s  c a n  a l l  b e  s t u d i e d  b y  a n  
a p p r o p r i a t e  a b r i d g e d  p r o g r a m ,  a s  f o r  e x a m p l e ,  
5  r e s u l t s  a t  t h e  n o m i n a l  l e v e l  o n l y .  I n - d a y  
v a r i a b i l i t y  c o m p a r i s o n  is  d e s i r a b l e  b e c a u s e  t h e  
o b j e c t i v e  i s  t o  d e t e r m i n e  a g r e e m e n t  b e t w e e n  
l a b o r a t o r i e s ,  a n d  n o t  t h e  v a r i a b i l i t y  o f  t h e  
m e t h o d  w i t h i n  t h e  l a b o r a t o r y .  ( T h i s  is  a  m a t t e r  
o f  c o n c e r n  a t  a n o t h e r  t i m e .  S e e  n e x t  s e c t i o n . )

Table 1. Precision by lot pairs: across lots

Lot
Assay
Day m g/g d

1 1 ,6 3 1 2 .0 0 31 5 .2 2 3 .2 2 1 0 .3 7

2 2 ,6 3 1 2 .2 0 31 5 .6 6 3 .4 6 1 1 .9 7

3 6 ,7 3 2 8 .5 9 3 3 0 .3 9 1 .8 0 3 .2 4
4 6 ,1 2 3 2 8 .0 5 33 3 .9 9 5 .9 4 3 5 .2 8

5 1 ,1 3 31 8 .7 8
\ ,

32 8 .68
/

9 .9 0 98.01

2 I 3 ,1 5 327.31 32 8 .6 4 1 .3 3 1 .7 7

30 3 ,9 32 9 .2 0 33 0 .2 4 1 .0 4 1 .0 8

n =
30 pairs 2d2 = 835.44

Lot 29 

n = 30 4.48

F = (4.48)2/(3.73)2 = 1.44 F0 95 (29,29) =  1.85

T h e  d a t a  f o r  e a c h  r a n g e  s e t  o r  s u b s e t  a r e  c o m ­
p a r e d  v i a  t h e  f - t e s t  f o r  m e a n s  a n d  t h e  F - t e s t  f o r  
v a r i a n c e s .  T h e  c o m p a r i s o n  c a n  b e  m a d e  w i t h i n  
t h e  s u b s e t s  to  d i s c e r n  w h e t h e r  a  t r e n d  is  p r e s e n t  
a n d  b e t w e e n  t h e  s e t s  o r  s u b s e t s  o f  t h e  2  l a b o r a ­
t o r i e s  to  t e s t  f o r  a g r e e m e n t .

I f  t h e  d a t a  f a i l  to  p a s s  t h e  s t a t i s t i c a l  t e s t s ,  a n d  
f u r t h e r  m i n o r  m o d i f i c a t i o n s  i n  t h e  m e t h o d  
a g r e e a b l e  to  b o t h  p a r t i c i p a n t s  c a n n o t  r e s o l v e  t h e  
p r o b l e m ,  t h e  m e t h o d  is  r e t u r n e d  f o r  f u r t h e r  
m e t h o d  d e v e l o p m e n t .

I f  t h e  d a t a  p a s s  t h e  a c c e p t a n c e  c r i t e r i a ,  t h e  
m e t h o d  b e c o m e s  o f f ic ia l  a s  w r i t t e n  a n d  t h e  t o t a l  
d a t a  g e n e r a t e d  in  t h e  i n t e r l a b o r a t o r y  s t u d y  
s h o u l d  b e  u s e d  a s  t h e  m e t h o d  p e r f o r m a n c e  p r e ­
c i s i o n  s t a t e m e n t .  T h i s  is  n o t  s o  f o r  a n  a b r i d g e d  
s t u d y ,  h o w e v e r ,  w h e r e  t h e  d a t a  m a y  n o t  b e  a s  
e x t e n s i v e  a s  t h e  m e t h o d  v a l i d a t i o n  p r e c i s i o n  
s t u d y .

( b )  O t h e r  T e c h n iq u e s  f o r  D e t e r m in a t io n  o f  P r e c i­
s io n . —  ( 1 )  D u p lica te  P airs . D u p l i c a te  p a i r s  o f  d a ta  
m a y  b e  e a s i l y  a c c u m u l a t e d  i n  a  q u a l i t y  c o n t r o l  
l a b o r a t o r y  b y  t h e  s i m p l e  e x p e d i e n t  o f  r e r u n n i n g  
o n e  o f  t h e  s a m p l e s  o f  a s e t  w i t h  a l a t e r  s e t .  T h e  
p e r i o d s  m a y  b e  r e g u l a r  o r  i r r e g u l a r .  T a b l e  1 
s h o w s  p a r t i a l  d a t a  f o r  3 0  l o t s  o f  s a m p l e s .  L o t  1 
w a s  r u n  o n  t h e  f i r s t  d a y  a n d  t h e n  t h a t  s a m e  
s a m p l e  w a s  r e r u n  o n  t h e  s i x th  d a y ;  l o t  5  w a s  a ls o
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Table 2. Pooling of variances: single dose level, 
stability program data — initial station assays

Lot
No. n

X
(%) s

1 12 2 .2 9 4 0 .0 4 5 0

2 4 2 .3 2 3 0 .0 2 3 2

3 7 2 .2 5 5 0 .0 0 2 9

4 8 2 .220 0 .0 2 0 6

5 2 2.271 0 .0 2 9 7

6 4 2 .3 10 0 .0 1 6 3

7 4 2 .2 8 4 0 .0 173

8 4 2 .2 3 8 0 .0 1 4 2

k =  8 N = 45 Xw = 2.272 S0 = 0.0314

s, from individual observations (n = 45)

s = 0.0447

r u n  o n  d a y  1 a n d  t h e n  r e r u n  1 3  d a y s  l a t e r .  A s  
m a n y  d a ta  p a i r s  p e r  s e t  m a y  b e  r u n  a s  d e s i r e d  b u t  
t h e  m i n i m u m  w o u l d  b e  o n e  p a i r  g e n e r a t e d  p e r  
s e t .  E a c h  p a i r  m u s t  b e  r u n s  f r o m  d i f f e r e n t  d a y s .  
T h e  s t a n d a r d  d e v i a t i o n  f o r  t h e  d a t a  p a i r s  i s  c a l ­
c u l a te d  f r o m  t h e  e x p r e s s i o n ,  s =  ( 2 d 2 / 2 « ) 1/2, a n d  
is  s h o w n  i n  T a b l e  1. A s  a n  i l l u s t r a t i o n  o f  t h e  
v a l i d i t y  o f  t h e  p r o c e d u r e ,  o n e  o f  t h e  l o t s  ( l o t  2 9 )  
w a s  r u n  o n  1 5  d i f f e r e n t  d a y s  i n  d u p l i c a t e  e a c h  
d a y  a n d  t h e  u s u a l  u n g r o u p e d  s t a n d a r d  d e v i a t i o n  
w a s  c a l c u l a t e d .  B e t w e e n - d a y s  d a t a  i s  r e q u i r e d  
f o r  t h i s  c o m p a r i s o n  b e c a u s e  t h e  p a i r s  t e c h n i q u e  
is  a  b e t w e e n - d a y  p r e c i s i o n  m o d e .  T h e  r e s u l t s  ^  
i n d i c a t e  t h a t  t h e  s t a n d a r d  d e v i a t i o n s  b y  t h e  2  
a p p r o a c h e s  a r e  n o t  s t a t i s t i c a l l y  d i f f e r e n t .

S e v e r a l  a d v a n t a g e s  ( 1 5 ,  2 1 ,  8 2 )  f o r  t h e  Q A  
l a b o r a t o r y  a c c r u e  w i t h  t h i s  p r o c e d u r e :  1 )  T h e  lo t  
s a m p l e s  n e e d  o n l y  b e  s t a b l e  e n o u g h  f o r  t h e  p e ­
r i o d  s e l e c t e d  f o r  t h e  p a i r s  d e t e r m i n a t i o n ;  2 )  t h e  
p r o c e d u r e  is  v a l i d  a c r o s s  l o t s  a n d  t h e  p r e c i s i o n  
m e a s u r e d  is  i n d e p e n d e n t  o f  l o t - t o - l o t  v a r i a t i o n ;
3 )  t h e  s t a n d a r d  d e v i a t i o n  m e a s u r e d  is  o n e  o f  t h e  
b e s t  l o n g - t e r m  in u sa g e  m e a s u r e s  o f  t h e  p r e c i s i o n  
o f  t h e  m e t h o d ,  a n d  is  t h e  v a l u e  t h a t  i s  i n t e n d e d  
t o  a p p e a r  a s  t h e  u s a g e  p r e c i s i o n  s t a t e m e n t  i n  t h e  
m e t h o d  d e s c r i p t io n ;  a n d  f i n a l l y ,  ( 4 )  t h e  s t a n d a r d  
d e v i a t i o n  m a y  b e  u s e d  f o r  Q A  c o n t r o l  c h a r t i n g  
p u r p o s e s .

( 2 )  P o o lin g  o f  V a r ia n c e s .  W h e n e v e r  a r c h i v a l  
d a t a  a r e  b e i n g  a c c u m u l a t e d  a s  i n  s t a b i l i t y  p r o ­
g r a m s ,  t h e  i n i t i a l  a s s a y  d a t a  f o r  e a c h  l o t  r e p r e s e n t  
a n  o p p o r t u n i t y  to  a p p l y  t h e  s t a t i s t i c a l  t e c h n i q u e  
f o r  p o o l i n g  v a r i a n c e s .  T h e s e  d a t a  o c c u r  i n  2

Table 3. Pooling of variances: multiple dosage
levels, stability program data —initial station assays

Lot
No. n

X
(mg/Q) S RSD

1 5 9 1 5 .0 1 8 .1 2 5 1.981

2 8 915.1 12 .1 1 2 1 .3 2 4

3 9 7 7 8 .9 7 .3 9 0 0 .9 4 9

4 8 77 7 .8 4 .0 9 7 0 .5 2 7

5 5 52 0 .2 3 .9 62 0 .7 6 2

6 5 9 1 9 .4 11 .5 4 6 1 .2 5 6

k =  6 N = 40 RSDP = 1 .1 3 %

N -  k = 34

t y p e s ,  t h e  f i r s t ,  w h i c h  w e  n o w  c o n s i d e r ,  w h e r e  
t h e  s t a b i l i t y  l o t s  a r e  a t  t h e  n o m i n a l l y  s a m e  a n a ­
l y t e  l e v e l .  I n  t h i s  c a s e ,  t h e  v a l u e  o f  t h e  s t a n d a r d  
d e v i a t i o n  f o r  e a c h  l o t  is  c a l c u l a t e d  a s  s h o w n  i n  
T a b l e  2  a n d  t h e n  p o o l e d .  T h e  e x p r e s s i o n s  f o r  
p o o l i n g  are:

« 1*1  +  « 2*2 +  . . . . n kx k 
X tv ~  .

« 1  +  « 2 -----n k

«1 +  «2___nk = N
__________ ~____________

[(« ! -  1) ( S i)2 +  («2  -  1) (S2)2

______ +  • • ■ -(»k ~  1) (Sk)2]

(« 1  -  1 ) +  («2  '

-  1  +  « 2  -  1  +  •

- l ) . . . . ( « k - l )

. .  n k  — 1 =  N  — k ]
<lc' TM .

w h e r e  x w is  t h e  w e i g h t e d  g r a n d  a v e r a g e  a n d  S p 
is  t h e  p o o l e d  s t a n d a r d  d e v i a t i o n  ( 9 ) ,  N  is  t h e  
n u m b e r  o f  t o t a l  a s s a y s ,  «; ( i  =  l,Ar) i s  t h e  n u m b e r  
o f  a s s a y s  i n  t h e  i t h  lo t ,  a n d  k  is  t h e  n u m b e r  o f  lo ts .  
A g a i n ,  S p is  i n d e p e n d e n t  o f  t h e  l o t - t o - l o t  v a r i a ­
t i o n ,  s o  t h i s  m e a s u r e  o f  p r e c i s i o n  is  a g a i n  a  m e a n s  
o f  a s c e r t a i n i n g  w h e t h e r  t h e  m e t h o d  is  i n  a  s t a t e  
o f  s t a t i s t i c a l  c o n t r o l .  I f  t h e  d a t a  i n  T a b l e  2  w e r e  
i n c o r r e c t l y  c a l c u l a t e d  i n  t h e  u s u a l  w a y  f r o m  t h e  
4 5  v a l u e s  a c c u m u l a t e d  i n  t h e  8  l o t s ,  a  v a l u e  o f  
0 . 0 4 4 7  w o u l d  b e  o b t a i n e d  f o r  t h e  s t a n d a r d  d e ­
v i a t i o n .  T h i s  i s  a  s i g n i f i c a n t  4 2 %  d i f f e r e n c e  d u e  
t o  t h e  l o t - t o - l o t  v a r i a t i o n  i n  t h e  u n g r o u p e d  
s t a n d a r d  d e v i a t i o n  f i g u r e .  A g a i n ,  e a c h  S p v a l u e  
s h o u l d  b e  r e p o r t e d  a n d  i n c o r p o r a t e d  i n t o  t h e  
m e t h o d  d e s c r i p t i o n  a s  t h e  u s a g e  p r e c i s i o n  s t a t e ­
m e n t .

T h e  s e c o n d  t y p e  o c c u r s  w h e n  t h e  l o t s  o n  s t a ­
b i l i t y  t a k e n  a r e  f r o m  m u l t i p l e  d o s a g e  ( a n a l y t e )  
l e v e l  f o r m s  (T a b l e  3 ) .  I n  t h i s  c a s e ,  t h e  p r e c i s i o n

A ssoc* Q-ff> f t r J .  C W -  ¿ 7 f t )  I l i  if; P2. f r .
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measure is the relative standard deviation, RSD, 
rather than the standard deviation, to normalize 
the analyte level. The rest of the calculation is 
the same; the RSD values are used in place of the 
s value in the equation for Sp.

The RSDp value is a measure of the overall 
method precision with little or no contribution 
from product variation (i.e., lot to lot and dosage 
level). If confidence intervals are desired, the 
values for the corresponding level must be cal­
culated using the actual standard deviation de­
termined for that level.

(3) Youden Plot. Because the Youden plot is 
primarily a diagnostic test for detecting bias 
error, the discussion of the measurement of 
precision from the Youden plot data is reserved 
for Section 3.4.3 (b), Diagnostic Tests.

(4) Greenbriar Procedure. Part of the output of 
the Greenbriar procedure is the precision mea­
sure of the method. See Section 3.5.2.

3.4 D iag n ostic  Tests

The diagnostic tests to be discussed in this 
section are those that use real sample data using 
the final written method. (We have already re­
ferred to several diagnostic test inferences that 
occur during the method development pro­
cess.)

These free-standing planned diagnostic tests 
may be used by any of the participants in the 
method verification program, and are of special 
value in difficult method transfer situations. 
However, their continuing value is as part of a 
QA protocol to ensure that methodology is in a 
state of statistical control (2,3,83). Note that this 
QA function is parallel to, but distinctly different 
from, the more familiar product specification/ 
process control QA function.

Because a method is composed of many oper­
ations in a myriad of possible environmental 
conditions, the situation posits a total variance 
from these factors which may be individually 
understood in general but which cannot be 
specifically identified and controlled. Hence, 
this total variance must be accepted as the 
method performance after the optimization 
process has been completed. The purpose of the 
ruggedness test (Section 3.2.1) is to eliminate 
most of the individual laboratory variations of ill 
defined factors in a method executed as written. 
Even so, the data from a diagnostic test are in­
tended to help elucidate any such factors that still 
may be present.

These components of variability represent 2 
distinct types of randomness, repeatability and 
reproducibility (84). The repeatability/repro­

ducibility ratio of a data set [or batch (8 )] may in 
one case be a within-laboratory/between-labo- 
ratory variability as in a collaborative test, or in 
another case, a within-day/between-day sin­
gle-laboratory variability (85). Repeatability, an 
approximation of the true randomness compo­
nent of variance where the factors at play cannot 
(in a practical method) be further controlled, 
arises from sources of error in the operation of 
the method and is common to all laboratories. 
Reproducibility, a systematic component due to 
factors which could practically be still further 
controlled if pinpointed, arises from determinate 
sources of error such as the following: a newly 
introduced but somewhat more impure reagent; 
the introduction or use of a different instrument 
in the laboratory, or the difference in instru­
mentation between laboratories; differences in 
calibration arising from the reference standard, 
handling, and storage or somewhat different 
measurement techniques in the calibration pro­
cedure; and sufctle-to-substantial methodology 
variations in the laboratory practice.

It must be kept in mind that whenever any 
statistical test is employed to detect a true dif­
ference, that the discriminatory power of the test 
depends in a crucial way on the number of ob­
servations or samples taken. With too few 
samples, “equivalent" results may only reflect 
the inability to effectively discriminate due to the 
large variance of the test and not to the absence 
of a significant difference.

3.4.1 R e p e a ta b i l i ty /R e p r o d u c ib i l i ty  R atio

The absolute value of the repeatability/re- 
producibility ratio is not a constant of the method 
procedural system (82, 86,87) but is variable even 
in a single laboratory and in fact can vary from 
one set of measurements to another. This is 
nothing more than the old familiar problem of 
establishing the characteristics of the periodicity 
of the set stability and therefore the establish­
ment of the frequency for running standards 
interspersed with samples (recalibration). In 
essence then, we have a randomness component 
which can vary from set to set and a systematic 
component which can also vary from set to set 
due to the particular and changing combinations 
of the factors of which each is composed. This 
is the reason a method must be monitored con­
stantly during its usage in a QA program, and 
why it must be assured to be in a state of statisti­
cal control.

The significance of the repeatability/repro­
ducibility ratio has been discussed by Youden
(15) as mentioned in Section 3.4.3 (b) but more
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fully by Horwitz (18, 8 8 ). The values reported 
by Horwitz (8 8 ) are the coefficient of variation 
(%) for repeatability and reproducibility (CV =  
RSD) to normalize the varying concentration of 
analytes across the different methods. The 
normal ratio is given as V2 to %, that is, the re­
peatability RSD is 0.50 to 0.67 of the reproduc­
ibility RSD. When the repeatability RSD is very 
close to the reproducibility RSD, that is, the ratio 
is greater than 0.7, the laboratory is performing 
consistently (within-day, single-laboratory 
study), or all laboratories are performing con­
sistently (within-laboratory, collaborative study). 
The random component is the major source of 
variance, and if the absolute total variance is ac­
ceptable, the method is satisfactory. A repeat­
ability RSD much less than the reproducibility 
RSD, that is, a ratio less than 0.3, means that the 
variability is high on different days (or between 
laboratories) due to the many possible laboratory 
operational factors already mentioned. The 
source of the reproducibility variance should be 
sought.

3.4.2 R a n k in g  Test

A diagnostic test devised by Youden for com­
paring measurement data by collaborating lab­
oratories (89) has been applied to analysis of data 
from collaborative tests (15, 90). The test data are 
examined to see if any laboratory consistently 
obtains high or low values. For m laboratories, 
a rank score of 1 is given to the laboratory with 
the highest result, 2  to the next, and so on until 
the mth laboratory is reached. If more than one 
level (sample) is being tested, each laboratory 
rank score across all the samples is totaled. 
These rank totals are compared with the range of 
values in a distribution table for m labs and k 
samples (Table B, p. 85, ref. 15), which should 
include the observed rank score. If a rank sum 
score falls outside the tabular limits, there is only 
a 1 in 2 0  probability that it is due to chance alone 
and the greater probability is indicative of a 
laboratory-biased result. If the errant score is 
consistently high (or low) for all samples, the 
evidence becomes unmistakable. This test is 
useful for eliminating such laboratories from a 
study. A fuller discussion of this diagnostic test 
is available (91).

3.4.3 In te r la b o ra to ry  (C o lla b o ra t iv e )  Tests

The purpose of a collaborative test is to deter­
mine if the method description is clear and 
complete and as a part of the method transfer 
process, that it does yield equivalent results in 
user laboratories. In effect such a study is a di­

agnostic procedure because it is intended to 
pinpoint the presence of possible bias errors.

In a study such as those conducted by AO AC 
(8 8 ), the larger the number of collaborative lab­
oratories the better, because a wide range of en­
vironments and conditions is desirable. Dif­
ferences in interpretation and execution of the 
procedure, particularly any large method de­
partures, whether deliberate or unwitting be­
come obvious sources of systematic error. A 
simple 2 -laboratory study plan using only one 
sample has already been described as the routine 
transfer process in Section 3.3.1(a).

Collaborative studies are of 2 principal types 
and both are described in detail in the AOAC 
statistical manual (15). Part II of the manual, by 
Steiner, presents the conventional, and perhaps 
to collaborators outside AOAC, the more familiar 
type based on a statistical analysis of variance 
(ANOVA) diagnosis of the data (82, 84, 8 6 , 92- 
95). The other approach, Part I, by Youden, 
which was the original manual, is perhaps the 
most familiar to AOAC collaborators. It is a 
unique 2 -sample procedure and has most re­
cently been described by Filliben (96). Both 
types require the same number of assays.

(a) Analysis of Variance Procedure.—In the 
ANOVA procedure, the choice of the number of 
samples k depends on the range of interest, in­
variably the nominal level, and usually the 75 
and 125% levels, k =  3. The number of labora­
tories is designated as m and the number of rep­
licates r, usually r =  2. Each laboratory receives 
the 3 samples, which are analyzed in duplicate 
by the same average well trained analyst, pref­
erably following a blind sample coding so that 
duplicates are not run sequentially. The data are 
collected by the study coordinator and analyzed 
statistically. Steiner (15) gives a detailed exam­
ple for the model where k =  3,m  =  10, and r =  2. 
For this model, the ANOVA provides estimates 
for the various components of the total variance: 
between laboratories (reproducibility), between 
replicates (within laboratories or repeatability), 
and laboratory-sample interaction. The labo­
ratory-sample interaction component measures 
the extent to which the laboratories do not obtain 
consistent differences among the sample levels. 
If a significant laboratory-sample interaction is 
seen, a search for the cause should be made to 
determine why the laboratories handle the dif­
ferent level samples in nonparallel ways. If such 
a search is not deemed necessary, the data should 
be recalculated for each level separately as indi­
cated below for the single sample abridged 
model. Moreover, it should be kept in mind that
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a nonsignificant laboratory-sample interaction 
term does not mean that an effect was not 
present, but rather that none was detected by the 
test.

If only one sample is available, then only the 
between-laboratories and between-replicates 
(within-laboratories) variance component 
sources can be estimated. If duplicates are not 
determined, the between-replicates variance 
component cannot be estimated. Steiner also 
gives the mathematical treatment for these model 
abridgements.

The principal advantage of the ANOVA pro­
cedure is that all the determinations from the 
range levels, k, are calculated interdependently 
providing the laboratory-sample interaction 
estimate. As we shall see later, the Youden 2- 
sample approach can only study one range level 
at a time. The ANOVA procedure makes 3 as­
sumptions: 1 ) that the overall errors are nor­
mally distributed, 2 ) that the errors are statisti­
cally independent, and 3) that the errors have the 
same variance. Connor (93) has discussed the 
validity of these underlying ANOVA assump­
tions.

(b) Youden Two-Sample Technique.—In You- 
den's technique (17, 81, 90,97), 2 similar samples 
are selected, varying somewhat in analyte con­
centration but of the same general matrix char­
acteristics. The 2-sample data pairs are gener­
ated by having each laboratory analyze each 
sample once after practicing if necessary on a 
different sample, and the data are collected 
centrally and tabulated as shown in Table 4, each 
laboratory with its pair of values, X and Y. The 
difference and total columns are as shown. In 
the difference value, any systematic bias error 
drops out because it is in each measurement, but 
in the total it is doubled. A standard deviation 
calculation of the 2  respective columns would 
yield the same result if no systematic bias errors 
were involved, but would be statistically differ­
ent otherwise. Therefore the standard deviation 
is calculated for the differences and the sums but 
these standard deviations need to be corrected by 
dividing the corresponding s values by \ /l  be­
cause 2  measurements are involved for each 
datum point. The corrected difference standard 
deviation s r is the value for the between-labora­
tories random error component while the cor­
rected sums standard deviation st is the total bias 
error. By using the additive property of vari­
ances, V =  s 2, it is a simple matter to calculate the 
systematic between-laboratories bias error Sb for 
the Table 4 data, and to show that the random 
bias error is 35% of the total bias error, a value

Table 4. Youden plot data: single determination 
on 2 materials by 25 laboratories

Lab
Sam ple

X
Sam ple

Y
X - Y

ID
X + Y 

(t)

1 0.31 0.22 0 .0 9 0 .5 3

2 0 .0 8 0.12 - 0 . 0 4 0.20
3 0 .2 4 0 .1 4 0.10 0 .3 8

25 0 .1 4 0.10 0 .0 4 0 .2 4

X = 0.229 Y = 0.134 d = 0.095 t =  0.363 
(algebraic)

d = X -  Y 
t = X + Y sd = 0.0695 s, =  0.114

sr = sd/V lT =  0.048 sT = V V T " =  0.081

sB = V (ST)2 -  (Sr)2 =  0.065

Reference: W. J. Youden, in H. H. Ku, NBS Spec. 
Pub. 300, Vol. 1, p. 136, Table 1

consistent with a general observation from col­
laborative studies that systematic errors are most 
always the predominant factor (15). This cal­
culation is more relevant than an F-test calcula­
tion on the 2  variances, s T and s r, which can be 
done but which would indicate only the statis­
tical significance of the difference in values and 
not a percentage as above.

(1) Youden Plot. The ingenuity of the Youden
2 -sample diagnostic test is seen in the graphical 
presentation of the data in Table 4 because each 
datum point in the plot from the pair of data from 
each participant is evaluated on an individual 
identity basis. In contrast with the ANOVA 
technique, as is typical of statistical calculations, 
the members of a population lose their identity. 
Both techniques will, as stated by Horwitz in the 
preface to the AOAC manual (15), yield the same 
quantitative estimates of the between-laboratory 
and within-laboratory bias errors, but only the 
Youden plot can yield the detail for the indi­
vidual participant.

The Youden plot (Figure 5) is prepared by 
plotting the data pair from each laboratory in the 
conventional fashion as an X,Y coordinate point.
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Figure 5. Youden plot: collaborative 2-sample 
chart.

The scale of the abscissa and ordinate axes must 
be the same and chosen to include the ranges of 
all results reported. There will be a point for 
each laboratory and this point can be plotted 
using an identifying code, e.g., a symbol, color, 
or number. Lines parallel to the X-axis and Y- 
axis, through the X,Y coordinate point are then 
drawn, which divides the plot into 4 quadrants. 
A line 45° to the X-axis through the X,Y coordi­
nate point is drawn next, and last, a circle of ra­
dius srb is drawn with the X,Y coordinate point 
as the center. The radius of the circle to contain 
the percentage of the points desired if the indi­
vidual systematic errors could be eliminated is 
calculated by multiplying the random standard 
deviation sr by a factor b. This factor, in turn, 
relates to the percentage of points to be contained 
in the circle by the expression b =  
y /—2 ln(l — % /1 0 0 ) as derived from the equation 
given by Youden (81). This formula comes from 
a circular bivariate normal distribution where the 
X,Y data pairs are taken to be statistically inde­
pendent and have the same variance. The value 
of b for 95% of the points to be included is 2.45, 
and a table of b values is given (81) or may be 
calculated by using the formula given above.

The diagnosis and interpretation of the You­
den plot is fairly straightforward but a careful 
reading of Youden's own original explanations 
(17, 81, 90, 97), which are all collected in Ku's 
compilation (28), is strongly recommended. A 
brief description follows. If only random effects 
were at play, the data for both materials would 
be scattered in all possible combinations of high 
and low values for materials X and Y, respec­
tively; thus, both could be high, both low, and 
one high-one low, and vice versa. In such a 
situation, the points would be clustered around

the central point of the circle and 95% of the 
points (2 <t) would be included within the circle, 
randomly distributed in the 4 quadrants. In this 
ideal situation, there would be no evidence of a 
between-laboratory bias, only a within-labora- 
tory random bias. The more likely event is that 
a laboratory which gets a high result on one 
material would be likely to get a high result on 
the other material also; similarly, a low result on 
one material is most likely to be matched closely 
with a low result for the other. The effect is that 
for whatever causes are responsible for the sys­
tematic bias above the random level expected 
(i.e., points outside the circle), the points elon­
gate into the upper right and lower left quad­
rants, in other words, along the 45° line. It is 
also evident that if the results on both materials 
were both high or both low by the same relative 
amounts, they would fall exactly on the 45° line, 
meaning only systematic error is present. It 
follows then that the distance a point is off the 
45° line, measured by a perpendicular from the 
point to the line, is a measure of the imprecision 
(Figure 5, single arrow). Also, the systematic 
error is measured by the distance along the 45° 
line from the foot of the perpendicular to the 
central point (Figure 5, double arrows).

Thus, at a glance, the point for any one labo­
ratory discloses whether it has an imprecision 
problem, i.e., the inability to repeat itself, as 
shown in Figure 5 for both laboratories 3 and 6 . 
The former obtains a high result on material Y 
whereas the latter obtains a high result on ma­
terial X. On the other hand, laboratories 2 and 
4 are able to reproduce the results on the 2 ma­
terials closely, but laboratory 2  is consistently low 
whereas laboratory 4 is consistently high. The 
other laboratories that fall outside the circle have 
a problem with both precision and systematic 
errors. (Figure 5 is the Youden plot from ref. 81 
altered to amplify the above remarks.)

By an examination of the plot, the direction for 
improvement can become clearly evident. Thus, 
a long narrow ellipse of points along the 45° line 
indicates that each laboratory is very precise but 
that they are using their own versions of the 
method so that a more careful rewrite is required. 
On the other hand, points considerably out on 
the 45° line (2 and 4) could mean that the labo­
ratory has made a substantial change in the 
method. The imprecision noted for laboratories 
3 and 6  could simply be due to a change in ana­
lysts on the pair of samples, a simple error in 
execution, an error in calculation, a mistake in 
typing, or other similar explanations.

The disadvantage of the Youden plot com­
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pared with the ANOVA procedure is that only 
one sample pair/level can be studied at a time. 
Youden (15) recommends 3 pairs (or unit blocks) 
representing the high, middle, and low range of 
amount present, and this entails the same num­
ber of samples as an ANOVA for the 3 range 
samples; however, the Youden plot technique 
does not provide for a laboratory-sample inter­
action estimate. Horwitz (15) states in the 
preface to the AOAC manual that although the 
2  techniques are different, and an acceptable 
choice for either may be made depending on the 
views of the users, the results by both approaches 
agree. The Youden plot will appeal to the ana­
lytical chemist for its simplicity and visual im­
pact, and the ANOVA approach to a statisti­
cian-oriented laboratory.

(2) Youden Plot Heterogeneity Test. In a modi­
fied form of the 2-sample plot, Youden (81) has 
described a means for checking lack of hetero­
geneity in the 2 similar samples. In the diagram, 
if the distribution of points is roughly circular 
but the diameter of the circle of points is too 
high, the cause may be high imprecision or het­
erogeneous samples, and no discrimination can 
be made from the plot. By carefully preparing 
double-size samples and splitting these between 
coded pairs of laboratories, the usual plot then 
allows this discrimination to be made, because 
if heterogeneity is the problem, the results from 
the coded laboratories will be seen as doublets, 
whereas if imprecision only is the factor, the 
usual random spread in the data points will be 
seen. In addition, if doublets are seen, the spa­
tial distribution can also indicate whether only 
one of the samples was heterogenous.

(3) Youden Plot with Additional Paired Samples. 
In most cases where the Youden plot technique 
could be used, the number of participating lab­
oratories will be rather small, possibly only 5 or 
less. To accumulate more points, each laboratory 
should analyze additional related pairs of sam­
ples. A Youden plot is prepared for each pair as 
previously described with the X and Y lines. 
The plots are now superimposed, matching the 
central points of each chart and the lines. All of 
the points are now transferred to one chart with 
one pair of lines, and the 45° line is drawn in on 
the composite chart. Each pair of samples 
should be coded to be able to identify the labo­
ratory for the respective paired-data point. If a 
laboratory is able to repeat itself accurately, the 
additional data-pair points will overlap. The 
degree with which they do not overlap provides 
further insight into the within-laboratory re­
producibility.

3.4.4 In tra la b o ra to ry  P roced u res
(a) ANOVA Procedure.—In the collaborative 

tests (Section 3.4.3), the repeatability/repro­
ducibility ratio was determined in both the rep- 
lication/multiple sample ANOVA procedure, 
and in the Youden 2-sample procedure. The 
reproducibility determination in the form of the 
between-laboratories estimate of variance is no 
doubt the maximum stress situation for the 
variable systematic error component, but if a 
method is to be used across a broad spectrum of 
users, as is the case with compendial methods, 
this is probably what is desired. However, a 
more general situation is a method with fewer 
users. In this case, an ANOVA model would 
provide for the determination of the ratio in a 
single laboratory by the method developer be­
fore release, or by a user upon receipt.

Wilson (8 ) has discussed such a model where, 
using the same notation as in Section 3.4.3(b), k 
samples representing the range levels as before 
are analyzed in duplicate (r =  2 ) on p days. 
Wilson uses the term batch for a set of runs but 
the concept is the same, namely, that a set or 
batch is that period of time during which the 
calibration curve remains constant. To ensure 
that the data are statistically independent, the 
samples should be coded and randomized before 
analysis. The ANOVA data collection and cal­
culations are the same with the following vari­
ance component estimates: between days (re­
producibility), between replicates (repeatability), 
and sample-day interaction. The ANOVA plan 
can be found in any statistics text (45,98), but for 
convenience, by substituting day for laboratory, 
the model detailed by Steiner (15) can be fol­
lowed.

(b) Youden-King Two-Sample Procedure.—The 
modification of the Youden procedure from an 
interlaboratory to an intralaboratory procedure 
was made by King (85) in an analogous manner 
as described for the ANOVA procedure above. 
The pair of similar samples are analyzed once per 
day over a period of 15 days. King found the 
technique useful with as few as 1 0  sets of analy­
ses but generally planned on 20 to 30 sets over a 
period of 1 to 2 months. The technique can be 
used to detect the systematic error between days 
as before for between laboratories. The be- 
tween-day (reproducibility) and within-day 
(repeatability) standard deviations can be cal­
culated as before, the Youden plot prepared, and 
the Horwitz ratios and interpretations can be 
determined and interpreted analogously.

(c) Youden Regression Test.—In 1947, Youden 
(9 9 , 1 0 0 ) first reported a diagnostic technique
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W. J. Youden, Anal. Chem.. 19, 946 (1947); figure taken from Linnig, 
Mandel and Peterson, Anal. Chem., 26, 1102 (1954).

Figure 6. Youden regression line.

which can be used not only to unambiguously 
detect the presence of a systematic bias in a 
measurement system, procedure, or method but 
also to delineate its nature and, most important, 
to determine it quantitatively. It is most unfor­
tunate that Youden did not emphasize the 
quantitative nature of the measurement of the 
constant error which his technique provides. 
Linnig et al. (101) were the first to amplify You- 
den's method for the study of accuracy. These 
workers correctly diagnosed the presence of a 
constant systematic error from the observation 
that high “found" values decreased slowly and 
asymptotically as the amount of sample in­
creased. They also related the slope of the 
sample size response curve, which this writer 
calls the Youden regression, as a reciprocal 
function of the proportionality constant 
(equivalent weight) of the analyte in the sample 
titrated. (In gravimetry, the slope is a reciprocal 
function of the gravimetric factor; in absorption 
spectrophotometry, it is a reciprocal function of 
the absorptivity, and so on for each type of re- 
sponsivity.) The intercept of the Youden re­
gression function was interpreted as a measure 
of a constant error but regrettably they concluded 
it to be a correction to the blank. The reverse is 
true; the blank is part of the intercept as deter­
mined from the Youden regression line [see 
Figure 6, taken from Linnig et al. (101)]. The 
chemical blank, or system blank as it is now more 
commonly called, comes from the intercept of the 
standard response curve. The intercept from the 
Youden regression line contains this same system 
blank plus any other analyte-matrix interaction 
bias contributions so that the total Youden blank 
(TYB) is equal to the Youden blank from the

Mandel and Linnig, Anal. Chem., 2 9 , 743 (1957).

Figure 7. Effect of experimental errors on fitted 
straight line.

matrix plus the system blank or: TYB =  YBM +  
SB.

In 1961, Youden (41) reiterated the value of his 
sample size response curve as a diagnostic for 
constant systematic error and further showed 
that proportional systematic error is not disclosed 
by the technique, regardless of whether the 
(Youden regression) line went through the ori­
gin. Most recently, the Youden regression has 
been recommended by Dols (1) as the best tech­
nique for determining the intercept value to 
make the joint confidence ellipse diagnostic 
test.

(d) Joint Confidence Ellipse Test.—Lark (102), 
referring to Youden's papers (99,100) on his in­
terpretations of the intercept and slope in terms 
of the statistical significance to zero and unity, 
respectively, pointed out the strong interrela­
tionship between the two and the erroneous 
conclusions which can result from treating these 
independently of each other. Mandel and Lin­
nig (37) expanded on this interdependency and 
presented a concept due originally to Working 
and Hotelling in 1929 (103) called the joint con­
fidence ellipse. Mandel and Linnig demon­
strated the negative correlation of the intercept 
and slope as shown in Figure 7, which according 
to the theory of least squares is the usual situation 
for linear data. Due to the experimental vari­
ability of the slope and intercept values, a range 
of possible values exists for an experimental 
measurement system, and Working and Hotell­
ing (103) showed that this confidence interval is
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A. Perfect case: from regression data, slope m= 1.0 and B. Example from Mandel and Linnlg, Anal. Chem., 29, 743 
intercept, b = 0. Experimental blank, nil. (1957). Regression data: m = 1.0077, b = 6.99. Experi­

mental blank =  7.40.

Figure 8. Joint confidence ellipse for slope and intercept.

an ellipse, as show n in  F igure 8. T h e  t i lt  o f the  
ellipse is due to the neg ative  corre la tion  effect.

To app ly  the d iagnostic test, one s im p ly  de­
term ines the values o f the slope m  and intercept 
b  as obta in ed  fro m  the lin e a r regression lin e  for 
the found  vs added data. The system b lank m ay  
be exp e rim e n ta lly  d ete rm ined  on a b la n k  in  the  
con ven tion a l m an n er or as the response curve  
in te rcep t to c o m p a r e  against the regression lin e  
in te rcep t, b  value.

T he  details o f the d ra w in g  o f the  e llipse (F ig ­
ure 8) o r a g raph ical app ro x im ation  (F ig u re  9) 
fro m  the statistical equations d erived  are fou nd  
in  M an d e l and L inn ig 's  paper (37); how ever, the  
calculations req u ire  o n ly  the X , Y  analysis in p u t  
data. A  com puter p rogram  is ava ilab le  (R. C. 
K ohberger, Lederle  Laboratories, Pearl R iver, 
N Y , private  com m unication). I f  the values o f the 
in te rcep t and slope as a coord inate p o in t fa ll 
w ith in  the ellipse, then no statistically significant 
bias is ev id en t. Thus, in  the exam ple, the p o in t  
b ,m  falls w ith in  the e llipse for e ith er the Youden  
regression in tercep t or the e xp erim en ta lly  m ea­
sured value, ind ica tin g  fo r th is case that e ith e r  
is a v a lid  m easure o f the b lan k . In  a d d itio n , 
since a value o f the slope above u n ity  is required  
to keep the  coord inate p o in t w ith in  the e llipse,

Mandel and Linnig, Anal. Chem., 29, 743 (1957).

Also, reprinted in Dols and Armbrecht, JAOAC, 60, 940 (1977).

Figure 9. Graphical construction of joint confidence 
region.
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the data suggest that in  a d d itio n  to the constant 
erro r ind icated , a re la tive  (p ro p o rtio n a l) e rror 
also exists.

3 .5  V a lid a tio n  o f  A lt e r n a t iv e  A s s a y  M e t h o d s

T h e  need fo r va lid a tin g  a lte rn a tive  m ethods  
arises in  several ways; the most com m on case is 
w h e n  a n ew  o r revised m ethod  is req u ired  by a 
n e w  fo rm u la tio n  or a re fo rm u la tio n . The va ­
lid ity  o f the n ew  revised m ethod m ay have been  
p ro ve n  as described in  Section 3.2.2 fo r the n ew  
o r re form u lated  product, but is the m ethod  va lid  
fo r  a ll the p revious form u lation s  w h ic h  coexist, 
e.g., samples in  the fie ld  or in  on-go ing  stab ility  
program s? I f  possible the rep lacem ent m ethod  
m ust be applicable to a ll the re lated  products as 
discussed u n d er Section 3.2, Range and  Scope. 
T h e  option  to continue w ith  the fo rm er m ethod  
on previous form ulations is alw ays open but the  
cross-over to the rep lacem ent m etho d  requires  
a fo rm al a lte rn a tive  m ethod  va lid a tio n  study.

Besides a change in  the fo rm  o f a p roduct, the  
need fo r an a lternative  m ethod can arise because 
of n ew  technology p erm ittin g  m ore ruggedness, 
or speed, or b etter accuracy fo r m arg in a l m eth ­
ods, or a m ore sensitive m etho d  w ith  a lo w e r  
d ete rm in a tio n  leve l. For a ll these reasons, a l­
te rn a tive  m ethods must be p roven  to be com pa­
rable to the methods they replace, in  terms of the 
use in ten d ed . U sua lly , faster and m ore rugged  
m ethods w ith o u t loss o f accuracy is the p re ­
d o m in an t reason but in  some critical cases, a 
m ethod w h ich  is more accurate, albeit slow er and  
perhaps less con ven ient, could be the desired  
m ethodology.

For the com parison study, m ethods m ust be 
com parable in  perform ance capability. Thus, if  
a va lida ted  s tab ility -in d ica tin g  assay m ethod  is 
to replace a nonspecific assay in  a s tab ility  p ro ­
gram , a cross-over study is not required , and the  
nonspecific  m etho d  is s im p ly  dropped . C o n ­
versely, fo r obvious reasons, a slow , in co nve­
n ie n t s ta b ility -in d ica tin g  m ethod  cannot be re ­
placed w ith  a fast, s im ple nonspecific  m ethod.

There  are m an y possible ways o f conducting  
an a lte rn a tive  m ethod  v a lid a tio n  study (82), a ll 
of w h ic h  represent selections o f the factors con­
sidered im p ortan t fo r the particu lar case. In  the  
fo llo w in g  section are approaches based on the  
assum ption that an a lternative  m ethod has been  
validated , but in  the G reenbriar procedure (104, 
105) the validation  of the alternative m ethod and  
the comparison betw een methods are perform ed  
sim ultaneously. Y o ud en  (15) has also app lied  
his 2-sam ple procedure in  an in terlab ora to ry  
study in v o lv in g  2 or m ore m ethods.

W ith in  the m ethod  verifica tio n  program , 2 
situations n o rm a lly  occur. O ne  is a non critica l 
case w h ere  the a lte rna tive  m ethodo logy is 
closely re lated  to the m ethod  in  curren t use, 
w h ic h  uses w e ll established techniques. In  the  
other, the a lte rn a tive  m ethodo logy m ay be a 
re la tive ly  n ew  technique fo r the laboratory, 
hence m ore data are req u ired  and the reproduc­
ib il ity  c rite rio n  is m andated.

3 .5 .1  E x te n s io n  o f  th e  N o rm a l  M e t h o d  
D e v e lo p m e n t  P ro g ra m

(a )  N o n c r it ic a l  A p p lic a tio n s . —  (1) C o m p a ris o n  o f  

M e a n s  (t - T e s t ) .  A  typical sample representative  
o f the n o m in a l concentration  o f the  product is 
selected fo r analysis by both  m ethods. T w o  
variations can be distinguished. In  the first, the  
study w i l l  be com plete ly  done by a sing le labo­
ratory, and hence the num ber of determ inations  
on the sam ple by each m ethod  can be m ade  
equal, n i  =  n 2. In  a second variation , the  sample  
has already been ru n  in  one laboratory and  is to 
be ru n  in  another, on the same sample, and  n j  ^  
« 2- W e do not kn o w  the va riab ility  (<r) of e ith er  
m ethod  b ut w e  can assume that they  are sub­
stantia lly  the same. (Later, this assum ption can 
be checked by the F-test as w il l  be show n.) Also, 
since our p rim a ry  concern is the equ iva lency of 
the methods, w e  on ly  w ish  to test the w ith in -d a y  
(repeatability) precision, so a ll values w i l l  be run  
as a set and w e  presum e that the set o f data  
availab le  fro m  the  second laboratory has also 
been s im ila rly  obtained. The data and calcula­
tions are as show n in  Tab le 5 (pp. 3 -2 3 , ref. 45). 
Since |X j  — X 2 I >  p (0.04 >  0.025), a s ign ificant 
d iffe rence  is im p lie d  betw een  the means o f the  
2 m ethods. T he  95% confidence in te rv a l esti­
m ate o f the  true d iffe rence  b etw een  the means, 
m A  — mB is equal to (X j  — X 2) ±  p or 0.015 to 
0.065. Because this in te rv a l does not inc lude  
zero, w e  conclude tha t the observed d iffe rence  
b etw een  the means is significant. H o w ever, the  
w id th  o f the in te rv a l, 2p =  2(0.025) as a fraction  
o f the average X  of the 2 m ethods m ay be ac­
ceptable on an absolute basis for the purpose and  
both  m ethods m ay then  be accepted. A lso, the  
ratio  o f the variances, the F-test, s |/s f  =  1.71 
against the tabu lar va lue  of F 0 . 9 5  (7, 12) =  2.91 
strengthens the v a lid ity  o f our assum ption that 
these m ethods had  equ iva len t variances. I f  
these data had fa iled  the F-test, an a lte rnative  
calculation by N atre lla  for unequal variances (pp.
3 -2 6 , ref. 45) is availab le . Last, i f  n i  =  « 2/ the  
equation fo r the confidence in te rva l p  s im plifies  
to;

p =  t \ /s ? /« i  +  s l l n 2
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Table 5. Comparison of means of 2 methods: 
variability unknown but assumed equal (2-tailed 

f-test)

M e th o d  1 M e th o d  2

7 9 .9 8 8 0 .0 2

8 0 .0 4 7 9 .9 4

j
a  =  0 .0 5

df =  n , +  n 2- 2  =  19

8 0 .0 0

t ,  ,,/2 (1 9 d f)  =  2 .0 9 3

8 0 .0 2 7 9 .9 7

X, =  80.02 X 2 =  79.98 X - X 2  =  0.04

n, =  13

CDIIC

s, =  0.0240 s 2 =  0.0314

li =  0.025 M =  t S,“] /
n, +  n2

n i n2

(n. 1 ) s ? +  (n2 1 )s i
S p -  j /

n, +  n2 -  2

(2) P a ir e d  M e a s u r e m e n t s  ( t - T e s t ) .  In  some 
special situations, a sufficient am ount of a pooled  
sam ple m ay not be read ily  availab le , or o n ly  at 
some inco nven ien ce, e.g., b lood and serum  
samples requiring  large w ithdraw als, or freezing, 
storing and thaw ing . Some samples m ay not be 
stable, or can vary considerably in  concentration, 
as fo r exam ple some process in term ediates. In  
such cases, d eterm ination s on a sam ple m ay be 
taken in  pairs by the 2 m ethods and the acquisi­
tion  of data pairs continued over a period of tim e  
on s im ila r re lated  samples. Thus, the com pari­
son o f the  2 m ethods is m ade w ith in  pairs, e lim i­
nating  any effect o f the concentration d ifference  
betw een  the  samples; ye t the  data are acquired  
u n d er rep ro d u c ib ility  conditions, w h ic h  rep re ­
sents the m ax im um  stress com parison cond i­
tion .

Barnett and Youden (34) have reported on such 
a procedure; the data and calculations are show n  
in  Tab le 6. The n u m b er o f pairs is o ption al; at 
least 5 are recom m ended. The average d if fe r ­
ence b etw een  the pairs, d ,  is an estim ate o f the  
d iffe rence  betw een-m ethods systematic bias 
error, and the question becomes, is it greater than  
the n orm al random  erro r at the degree o f confi-

Table 6. Comparison of 2 methods: randomized 
complete-block ANOVA plan

M e th o d  1 M e th o d  2

D ay  1 x„. ■ X 15 Y „  . . . Y 15

D ay 2 X 21 . . ,x25 y 2, . .  . y 25

D ay 3 X 3, . • X 35 Y 3i  . . .  Y 35

dence chosen. Since \d\ >  p  (7 >  6.77), there is 
a s ign ificant d iffe rence  betw een  the average  
paired  differences, s ign ify ing  a d ifference in  the  
m ethod  means. The 95% confidence in te rv a l 
estim ate o f the true  d iffe rence  b etw een  the  
paired  d ifferences is equal to d  ±  p  or —13.77 to 
—0.23. Because th is in te rv a l does not inc lude  
zero, w e  conclude that the observed m ean d if ­
ference, d ,  is s ign ificant. T he  w id th  of the in ­
terva l, 2p =  13.54 as a fraction  o f the average X 
of the m ethods is also unacceptable, so that the  
a lte rn a tive  m ethod  is unacceptable by e ith er  
criterion .

(b ) N o r m a l  A p p l ic a t io n s .— In  this interm ediate  
p lan , w e  s im p ly  repeat the  first day results over 
several d iffe ren t days; three is a conservative yet 
m ean ing fu l choice. The p lan  is show n in  Table  
6. The results are a ll taken  on one selected  
sample by the 2 m ethods in th e  s a m e  la b o ra to ry  on 
the d iffe re n t days, a variab le  n um ber o f results 
per m ethod  per day, usually  at least 5. A g ain ,

Table 7. Alternative method comparison: paired 
measurements, 2-tailed f-test

□ a te M e th o d  1 M e th o d  2 d

3 /2 8 86 8 9 - 3

3 / 2 9 92 9 6 —4  a  =  0 .0 5

4 / 1 9 92 7 9 + 1 3

% ^  t i (9 d f) =  2 .2 6 2

4 /2 1 86 1 10 - 2 4

X, = 90.2 x2 = 97.2 d =  - 7

n, = 1 0 n 2 = 10 sd =  9.46

pc =  t  sd/V rT /x =  (2.262) (9.46) / V 1 0  =  6.77
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the effect desired em phasizes the m ethod  p er­
form ances, and an in terlab orato ry  effect w o u ld  
be a needless com plication. Such a p lan  w o u ld  
require  30 analyses, 15 by each m ethod . I f  nec­
essary, it  could be reduced to 3 analyses per day 
per m ethod  for a total o f 18. The A N O V A  is 
used to p rovide  an estim ate o f the b etw een- 
m ethods variance com ponent, betw een-days  
variance com ponent, a m e th o d -d a y  in teraction  
variance com ponent, and the total variance. The  
betw een-days estim ate is not of interest in  this  
case, but if  the m etho d -d ay in teraction  term  is 
s ign ificant, the m ethods are not p erfo rm in g  the  
same from  day to day, and this could be a sig­
n ific a n t factor for investigation .

3 .5 .2  G r e e n b r ia r  P ro c e d u re

The G reen briar procedure (104, 105) is a spe­
c ia lly  designed A N O V A  p lan  that a llow s the  
com parison o f the a lte rn ative  m ethod, 2 a lte r­
n ative  m ethods i f  desired, w ith  the o ffic ia l re f­
erence m ethod , incorporating  the error sources 
of duplicate  sam ple assays at 3 concentration  
levels on 3 d iffe re n t days using at least 2 d if fe r ­
ent analysts on at least 2 o f the days, on 6 lots of 
the norm al p roduction  m ateria l.

The data outpu t is in ten d ed  to p ro v id e  not 
o n ly  the betw een-m ethods variance estim ate, 
w h ic h  is the p rim a ry  purpose, as fo r the proce­
dures in  Section 3.5.1, but also the m ethod  p re ­
cision data for each procedure and the bias esti­
mate for each procedure, constitu ting  thereby a 
com plete m ethod  accuracy statem ent. In  the  
procedure, the provisos fo r duplicate  assays (re ­
p eatab ility ) and fo r 3 d iffe re n t days (reproduc­
ib ility )  p ro v id e  the desired precision estimates 
of each m ethod. T h e  req u irem ent to test 6 lots 
of m aterial to check the va riab ility  of production  
m aterial is irre levant to the 2 expressed purposes 
of the study, n am ely, a com parison o f the 2 
m ethods and the d ete rm in a tio n  o f the  accuracy 
m ethod  p erfo rm ance characteristic o f each 
m ethod. Production  m ateria l v a ria b ility  is a 
d iffe ren t problem  and its incorporation  in to  the 
p lan  constitutes a needless and very  large com ­
p lica ting  factor in  term s o f the n um ber o f anal­
yses and com plex ity  o f the study.

The bias estimates for each m ethod are derived  
in  e ith e r o f 2 ways: 1) by the d iffe rence  in  the  
determ ined  values against the kn o w n  values, or 
2) by using the average of the values determ ined  
by the reference m ethod  as the  true unbiased  
value. The latter m ay be o n ly  a legal stipulation  
and thus sc ien tifica lly  questionable, and the  
fo rm er m ay be quite  v a lid  but depends on the  
specific nature  o f the sam ple. In  the study de­

sign, consideration of sample v a lid ity  is stressed 
by the  s tipu la tion  that the m ateria l tested be as 
authentic  as possible and not just adm ixtures; for 
exam ple, tablets w h ere  the production  m ateria l 
is a tablet, etc. This stipulation  is, in  most cases, 
a lim it in g  factor in  terms o f economic feasib ility . 
H o w ev e r, it  should be noted that i f  a recovery  
study (see Section 3.2.2) w ere to em ploy a spiking  
technique to prepare k n o w n  samples, that same 
experim enta l approxim ation  w o u ld  also be ac­
ceptable w h e n  used as part o f the G reen briar  
procedure.

In  essence, then, the G reenbriar procedure has 
considerable m erit as an a ll-inclusive procedure  
fo r both va lid a tin g  a m ethod  and at the same 
tim e com paring  it  w ith  a reference m ethod. 
There  are m any occasions w h ere  m ethodology  
is not developed but is available from  secondary 
sources, and the m ethod  perform ance charac­
teristics are unavailable or unknow n. H ow ever, 
i f  a m ethod  is being  developed, the progressive  
v a lid a tio n /e v a lu a tio n /m e th o d  transfer process 
and fin a lly  as the  last step, the v a lid a tio n  o f the  
a lte rn a tive  m ethod  as described is p robab ly  the  
preferab le  pathw ay.

3 .5 .3  Y o u d e n  T w o -S a m p le  P r o c e d u r e  f o r  
T w o  M e t h o d s

Y ouden  (15) has also app lied  his 2 s im ila r  
sam ple procedure fo r the com parison o f 2 
m ethods, but in  this app lication  the g raph ica l 
technique is not as dynam ic in  terms of the effo rt 
expended vs the o th er options presented in  
Section 3.5.1. The approach consists o f p rep ar­
ing  a Y ouden  p lo t fo r each m ethod  and v isua lly  
com paring them . The algebraic calculations are 
the same as those in  Table 4 fo r each in d iv id u a l 
m ethod , but the F-test is app lied  to the ratio  of 
the  standard deviations o f the d ifferences and  
sums, respectively, o f the 2 m ethods. Thus  
Sd2/Sdi and St 2/ sti are calculated and  com pared  
w ith  the tabu lar va lue  fo r F 0 05 d f(„_ i)(„_ i)  for 
significance. A lso, the f-test on the d iffe rence  
o f the m ethod  totals, (X  +  Y )2 — (X  +  =  d y  is
app lied . A ll  o f this is m ore com plicated  and no  
m ore in fo rm ativ e  than  the tests in  Section
3.5.1.
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A new perspective in the functional operation of 
corrigible errors is presented. If the incorrigible 
errors, calibration, and direct interference are absent, 
the new proposed calculation procedure will provide 
a correct analytical result; results obtained by the 
method of standard additions will agree with results 
from the conventional standard curve technique on 
the same sample; and different methods will produce 
the same analytical result on the same sample within 
the variance of the random error of the method(s). 
The technique is also a diagnostic tool for the detec­
tion and determination of the corrigible constant and 
proportional errors.

Part I I

1.0 In tro d u c tio n
2.0 T he  N a tu re  o f System atic A n a ly tic a l Errors

2.1 In c o rrig ib le  Errors
2.2 C o rrig ib le  Errors

2.2.1 Constant Errors
(a) D e te rm in a tio n  of 

constant errors
(b) Effect o f constant errors

(1) In  ca lib ration - 
curve-based analyses
(2) In  m ethod  of 
standard add itions

2.2.2 P rop o rtio n a l Errors 
D eterm in a tio n  of

p ro p o rtio n a l errors  
M eth o d  o f standard add itions

3.0 F un ctionality  o f the Youden Regression and
the M e th o d  o f Standard A d d itio n s

4.0 E xp erim enta l
4.1 Discussion o f E xp erim en ta l Results
4.2 Illu s tra tive  Calculations

5.0 S um m ary and Conclusions

1.0 Introduction
T h e  sources o f systematic errors (1 ,2 )  p resent in  
ana ly tica l m etho d o log y m ay be classified in to  4
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categories (3); 1) ca lib ration /system , 2) d irect 
in te rfe ren ce , 3) constant, 4) p ro po rtion al. A  
fu rth e r subclassification w h ich  can be m ade and  
one w h ic h  is im p o rtan t to the  objectives o f this  
p ap er is tha t e rro r sources 1 and  2 are separate 
and  d is tinguishab le  fro m  error sources 3 and 4 
in  tha t there are no statistical d iagnostic tools 
possible fo r the detection  o f the fo rm er, and  
hence no calculational corrective techniques are 
possible. T h e ir  presence can o n ly  be discerned  
by direct experim ental exam ination or from  p rior  
kn o w le d g e  o f the sam ple h istory. C onversely , 
error sources 3 and 4 can be detected by statistical 
diagnostic  techniques (4), th e ir  m ag nitud e  can 
be q u a n tita tiv e ly  d eterm ined , and  th e ir  values  
can be used fo r correcting analy tica l results.

C orrective  calculations have alw ays been  
possible in  con vention a l ana ly tica l practice but 
these are constants that are separately d eter­
m in e d  and  most o ften  not on the  actual sam ple  
fo r analysis, b u t on e ith e r a d iffe re n t sam ple, or 
a s im u lated  sam ple. Exam ples are the  chem ical 
b lan k  as an approxim ation  o f constant error, and  
the recovery factor as the approxim ation  o f p ro ­
p o rtio n a l e rro r w h e n  both  use a placebo (4).

T h e  purpose o f this paper is to dem onstrate  
th a t the  d e te rm in a tio n  o f the constant and p ro ­
p ortio na l errors present in  an analytical m ethod  
m ay be m ade as part of an actual sample analysis, 
tha t correction o f the ana ly tica l results leads to 
the correct analy tica l va lue  w ith in  the  variance  
o f the  m ethod  i f  e rro r sources 1 and 2 are not 
present, and that results from  d iffe re n t m ethods  
w i l l  agree i f  th is con d ition  is satisfied fo r each 
m ethod .

2.0 The Nature of Systematic Errors

2.1 Incorrigible Errors

A n y  erro r in  the  ca lib ration  process, e ith e r in  
the reference standard or in  the m easurem ent 
system , w i l l  cause a systematic e rro r in  the sam­
p le  analysis results. For exam ple, i f  the  re fe r­
ence standard th rou gh  careless or im p ro p er  
h an d lin g  w ere  a llow ed  to sorb m oisture, results 
calculated against such a standard w o u ld  be b i­
ased h ig h  in  p ro p o rtio n  to the  sorbed w ater
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Figure 1. Characterization of corrigible errors (Figure 1, modified, from Youden, W. ]. (1962) J. Assoc. O ff.
Anal. Chem . 45,169-173).

conten t as com pared w ith  results calculated  
against the anhydrous standard. Such errors  
m ay be term ed in co rrig ib le  a fter C ru m p le r and  
Yoe (ref. 1, p. 8; 5) because o n ly  the analyst can 
k n o w  o f th e ir  presence and e ith e r p re v e n t or 
e lim inate  them  before the analysis o f the sample. 
S im ila r ly , errors in  the ca libration  system such 
as an incorrect assum ption o f lin e a r ity  over the  
concentration  range of interest, or an im p ro per  
calcu la tion  procedure (6) can lead to in c o rr ig i­
b il ity  o f the results.

A n o th e r in co rrig ib le  e rror w h ic h  must be ab­
sent in  an analy tica l d ete rm ina tion  is the pres­
ence o f a d irect in te rfè re n t fro m  the sam ple m a­
trix . A lth o u g h  W ilson  (3) has discussed in te r-  
ferents and  presented a d e fin it io n , the  author 
prefers the fo llo w in g  d e fin it io n  o f systematic 
bias fro m  an in terfè ren t: A n y  substance in  the  
sam ple m atrix  w h ic h  causes a response re la tive  
to the sam ple size w h ic h  is e ith e r la rg er or 
sm alle r than  that due o n ly  to the analyte  re­
su ltin g  in  an o vera ll system atic e rror o f an u n ­
acceptable m agnitude. C om m on exam ples of 
in te rfe ren ce  bias are 1) the n on reso lu tio n  o f the  
ana ly te  peak fro m  the in te rfè re n t in  a chrom a­
tographic  m ethod , and 2) the same fu n ctio na l 
group reaction exhib ited  by the in terfè ren t as by 
the analyte.

2.2 Corrigible Errors

Constant and proportional errors are corrigible

errors because the data taken d u rin g  the analysis 
of an actual sample can be used to calculate th e ir  
m ag nitud e  and appropria te  corrections can be 
made. To deal w ith  these corrig ib le  errors, it  is 
necessary to d e fin e  them . A  constant e rro r is 
due to a sign ificant re la tive  response, positive or 
negative, not a ttrib u tab le  to the ana ly te , w h ic h  
can e ith e r be m easured d irec tly  or is m athem at­
ica lly  re lated  to a zero sam ple size aris ing  fro m  
in te rfe ren ts  in  the m atrix , or to a physico­
chem ical p roperty  of the m easurem ent system , 
and w h ic h  is in d ep en d en t o f the size o f the  
sam ple. A  p ro po rtion al e rro r results fro m  a 
sign ificant re la tive  change in  the ana ly te  re ­
sponse per u n it  o f analy te  concentration  (A R / 

A C ), positive or negative , a ttrib u tab le  to a pa­
ram eter o f the m easurem ent system , procedure, 
or m ethod , the m ag nitud e  o f w h ic h  is constant 
at a ll levels o f the analyte  concentration  o f in ­
terest. A  significant relative response or relative  
response change fo r the case o f constant e rro r  
and  p ro po rtion al error, respectively, is one  
w hose m ag nitud e  as a fraction  o f the  n o m in a l 
value w o u ld  be unacceptable. Exam ples of 
constant e rro r are the negative  bias due to solu­
b ility  product loss in  gravim etry and the positive  
bias due to extraneous absorption  in  spectro­
photom etry. A n  example o f a proportional error 
is recovery loss due to an in e ffic ie n t extraction  
procedure. These corrig ib le  errors are show n  
g raph ica lly  in  F igure  1.
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2.2.1 Constant Errors

(a )  D e te rm in a tio n  o f  C o n sta n t  E rro rs .— The usual 
direct m easurem ent o f the constant errors in  the  
m easurem ent sam ple is fa m ilia r  to analy tica l 
chemists as the b lan k . T w o  types o f b lanks are 
a necessary part o f a response m easurem ent sys­
tem , n am ely , the in s tru m en t b lan k  exem p lifie d  
by the optical reference in  spectrophotom etry  
and the signal b lank exem plified  by the noise in  
a response tracing fro m  a chrom atogram  or 
spectrogram . A  chem ical b lan k  is the response 
obtained on a sam ple-free so lu tion  processed 
th rough  the m ethod , and  the m ethod  b lan k  or 
placebo b lank is the response on an analyte-free  
sam ple processed th ro u gh  the m etho d . The  
chem ical b lan k is valuable as a trouble-shooting  
diagnostic device fo r track ing  im p u rities  from  
reagents, etc., w h ic h  m ay be causing unaccept­
able levels o f the m ethod  b lank. T he  m ethod  
blank is recognizable then as the quantity desired  
re la tin g  to the  constant e rro r correction term  in  
analytica l calculations.

A  d irec tly  d ete rm ined  b lan k  usually  has sev­
eral critically  lim itin g  deficiencies: E ither there  
is no m atrix  present, as in  the chem ical b lan k, or 
there is no analy te  present, as in  the m ethod  
b lank. From  the d e fin it io n  o f constant error 
g iven  above, it  is ev id e n t that the b lan k  as a 
m easure o f the constant e rro r must be d eter­
m ined  w h en  both analyte and m atrix are present. 
This seem ing d ilem m a was u n iq u e ly  resolved  
in d e p e n d e n tly  and co in c id en ta lly  in  the  same 
year, 1947, by K im b a ll and Tufts (7) and Youden  
(8).

In  titra tin g  flu o rid e  w ith  th o riu m  n itrate , 
K im b all and Tufts observed vary in g  tite r values

Table 1. Kimball and Tufts procedure for blank 
determination

Reciprocal titer value

mg F, 
X

mL titrant, 
Y mL/mg

mL/mg,a
corr.

0.5 1.87 3.74 3.46
1.0 3.60 ( B ) b 3.60 3.46
3.0 10.52 3.51 3.46
5.0 17.44 (A) 3.49 3.46
7.0 24.36 3.48 3.46

a mL/mg, corr. = (ml_ -  0.14)/mg F. 
b See text for explanation.

(m g F /m L  titran t) w h ic h  w ere  dependent on the  
am ount o f f lu o rid e  taken fo r t itra tio n . T h e ir  
data have been reconstructed by the w r ite r  and  
are show n in  Table 1. The tite r has been calcu­
lated as the reciprocal o f that used in  titr im e tr ic  
practice, m L t i tra n t /m L  F fo r representation  ac­
cording  to the present conventions fo r standard  
response curves, as shown in  Figure 2b. K im ball 
and Tufts recognized that the vary ing  titer values 
w ere  due to the presence of a constant e rro r and  
tha t the zero b lan k  va lue  actually  m easured in  
the absence of fluo ride  was not the true value so 
th ey  devised an ingenious algebraic procedure  
fo r calcu lation  o f the true b lan k . T h ey  titrated  
2 levels o f fluoride, 5 m g and 1 m g, and reasoned 
th a t each titra tio n  va lue  contained  the b lank  
value. Subtraction o f the lesser from  the greater 
cancelled the b lank value and d iv is ion  by 4 gave 
a titra tio n  value, b lan k -free  equ iva len t to 1 mg  
flu o rid e  w h ich  w h en  subtracted from  the actual 
m easured va lue  for 1 m g F y ie ld e d  the desired  
b lan k; or, using the values in  Tab le  1, B — (A  —

Figure 2. a, Kimball and Tufts data; b, standard response curve version.
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Table 2. Effect of constant error: model data— full range

Range
%

mg sample 
(X)

R
(Y) % S (Y')a % S (Y") % S (Yw)

_ 6.803 0.252 24.90 13.13 1.37
— 13.34 0.316 19.10 13.10 7.10
— 40.00 0.579 15.13 13.13 11.13
— 66.64 0.841 14.33 13.13 11.93
— 93.33 1.104 13.99 13.13 12.27
75 119.2 1,358 13.79 13.12 12.45

100 158.9 1.749 13.63 13.12 12.62
125 198.6 2.140 13.53 13.13 

X= 13.12 
RSD = 0.081%

12.72

a  Y', no blank corr.; Y", YB corr.; Y", high blank. 0.120. 
Youden regression

m = 0.009842 YB = TYB -  SB 
b = 0.185 = 0 .18 5 -0 .1 2 5

% var. = 0.03 = 0.060
Std curve: y  = 0.075x + 0.125

B )/4  =  0.14 m L. The true titer, then for the 5 mg  
F titra tio n  is 5 / (A  — 0.14) =  0.2890 m g F /m L  ti- 
tran t. T h e  re la tive  e rror resu ltin g  from  a con­
stant e rro r is show n in  F igure 2a w h ere  the cor­
rect reciprocal va lue  o f 3.46 m L /m g  is ap­
proached asym ptotically  at the h ig h  end of the  
concentration  range.

A lth o u g h  it  is not the conventional treatm ent 
of t itr im e try  data, i f  the K im b a ll and Tufts  data  
(Tab le  1) are p lo tted  as show n in  F igure  2b, a 
norm al standard response curve is generated and  
by a lin e a r regression, an in tercep t is obtained  
w h ich  is the same as the K im ball and Tufts blank  
and  a slope w h ic h  is th e ir corrected reciprocal 
t ite r  value. G en era lly , then , the in tercep t o f a 
standard response curve over the linear dynam ic  
range o f interest is the system b lan k , the true  
va lu e  o f the b lan k  at zero analyte  concentra­
tion .

As discussed by the au th or (4), the technique  
reported  by Y o uden  (8) in  1947 u n iq u e ly  d eter­
m in e d  constant e rro r in  the presence of the  
sample m atrix at zero sample concentration. The  
in tercep t o f the Youden regression lin e  from  the  
variab le  sam ple w e ig h t/resp o n se  curve (ref. 4, 
F ig ure  6) is the total Youden  b lan k  (TYB): TYB  
=  YB +  SB w h ere  YB is the Y o ud en  b lan k , the  
bias con tribu tio n  fro m  any a n a ly te -m atr ix  in ­
teraction , and  SB is the system b lan k described  
above. T h e  TYB  va lue  m ay be statistically com ­
pared  to a d irec tly  d eterm in ed  b lan k  (9) fo r rea­
sons o f ana ly tica l in q u iry , but the o n ly  va lue  to 
be used fo r corrective calculations is the  TYB  
va lu e  because the Y ouden  regression lin e  is the  
standard  curve o f the analyte  in  the presence of 
the  m atrix  and TYB is a m athem atical param eter 
o f th a t lin e  fu n c tio n a lity .

(ib ) E f f e c t  o f  C o n s ta n t  E r r o r s .— (3) I n  C a lib ra ­

t io n - C u r v e - B a s e d  A n a ly s e s . The  effect o f a con­
stant e rro r in  the d ete rm ina tion  o f a tite r  value  
has been show n in  F igure  2a, and  in  app aren tly  
the  firs t recogn ition  of the Youden  regression  
techn ique by L in n ig  et al. (9), the same type re l­
a tive  bias e rro r was noted. In  a t itr im e tric  
m etho d  fo r the d ete rm ina tion  of fa tty  acid in  
solutions o f synthetic  rubber, values fou nd  de­
creased asym ptotically as the am ount o f m aterial 
to be titra ted  increased. This  h yp erb o lic  fun c­
tio n , Y  =  k /X ,  is easily recognized w h e n  the  
sam ple size is varied  over a broad portio n  o f the  
d yn am ic  range, but over a short range, p articu ­
la rly  at the h igh  end of the range, the observation  
can be m is in terpreted .

To dem onstrate the effect, the  m odel data  
representing  calibration curve-based analyses in  
Tab le 2 w ere  prepared in  w h ic h  the sam ple size 
was varied over the nom inal concentration range 
o f 0 to 125% for the situations of the correct blank  
correction, undercorrection, and overcorrection. 
T he  standard response curve over the  same an ­
a ly te  concentration  range was lin e a r and  the  
s lo p e /in terc e p t stra ight lin e  fu n c tio n  was as 
shown in  Table 2. The data are plotted in  Figure
3. Both L in n ig  et al. (9) and K im b a ll and  Tufts
(7) in  s im ila r situations recogn ized  the asym p­
totic characteristic o f the p lo t as due to the  pres­
ence of a constant e rro r b u t i f  o n ly  the  h ig h  
concentration range of 75 to 125% w ere  availab le  
fo r exam ination  as is n o rm a lly  the s ituation  in  
most analytical practice (4), the trend  in  the  data, 
from  h igh  to low  or low  to h igh , e ither one being  
separately considered, w ou ld  appear to be w ith in  
the variance o f the usual and acceptable 1 to 2% 
RSD m ethod  perform ance. N o t  in fre q u e n tly ,
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Figure 3. Effect of constant error: model data — full range.

the apparent trend, although possibly acceptable, 
w o u ld  appear to be due to the  presence o f a p ro ­
portional error, and a renew ed  investigation  for 
a better extraction efficiency w o u ld  be instigated  
as one possible m etho d  d eve lo pm en t o ption .

(2) I n  M e t h o d  o f  S t a n d a r d  A d d it io n s . T he  
presence o f constant errors in  the response values 
m easured in  the m etho d  o f standard add itions  
m ay be dem onstrated  as in  Section 2 .2.1(b). A  
general discussion o f the m ethod  o f standard  
add itions has been presented in  Part I (4). For 
this purpose, the responses measured on samples 
to obtain  the Y oud en  regression lin e  and  the  
m ethod  o f standard add itions lin e  as th e y  relate  
to each o th er are depicted in  F ig ure  4a and b. 
The observation is clearly made that the response 
o f the unspiked  sam ple, A , is o bta in ed  u n d er  
exactly the  same analysis conditions according  
to the m ethod description as w ere the data points  
obtained  fo r the Y ouden  regression curve. ( In  
fact, sam ple A  can be and usually  is one o f the  
Y o ud en  regression data points at the  40 to 50% 
le v e l o f the n o m in a l concentration .) T h e  p o in t 
has a lready  been m ade that these responses 
contain  the bias con tribu tio ns o f the Y ouden  
b lan k  (YB) and the system b lan k  (SB). T h e ir  
m easure is the total Y o ud en  b lan k , TYB , and  its 
co n tribu tio n  to the tota l unsp iked  sam ple re ­
sponse, A , is show n in  F igure 4b. In  the  d is­
cussions in  Part I  it  is b ro u g ht out that this tota l 
Y oud en  b lan k  correction is not called  fo r in  the  
pub lished  lite ra tu re , insofar as this w r ite r  is 
aw are, and that o n ly  a fe w  w orkers  have called  
for a system b lan k  correction. A fte r  algebraic

subtraction of the TYB, the  corrected ana ly te  re ­
sponse, a, is used in  the m ethod  o f standard  ad­
ditions calculation as in  the conventional practice 
(F igure  4c). [C om pare w ith  F igure  3 in  Part I
(4).]

(a) (b)
Vouden Y Method of

Y (c)

Figure 4. Total Youden blank (TYB) contribution to 
analyte respone in method of standard additions. See 

text for detailed description.
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Figure 5. Relative error effect due to constant error in method of standard additions: model data.

Analogous to the preceding dem onstration  on 
calibration  curve-based analyses, fo r the effect 
of noncorrection of the constant e rror in  m ethod  
of standard add itions data, m odel data obtained  
by sp ik ing  samples of variab le  size resu ltin g  in  
a series of parallel m ethod o f standard additions  
curves are show n in  F igure 5a, and the corrected  
and uncorrected calculated analysis data are 
plotted in  Figure 5b. As before, the relative error 
effect is ev id en t w ith  the  erro r largest at the  
low est sam ple response leve l according to an  
apparent Y =  k /X  fun ction .

2.2.2 Proportional Errors

D e te rm in a tio n  o f  P ro p o rtio n a l E r r o r s .— M e t h o d  o f  

S t a n d a r d  A d d it io n s . T he  m ethod  o f standard ad­
d itions (M O S A ) possesses an in trin s ic  p ro p erty  
w hich  is not readily discerned from  a study of the 
lite ra tu re , n am ely  that the standard add itions  
calibration  lin e  is an in  situ n o rm a liza tio n  p ro ­
cedure fo r the p ro p o rtio n al e rro r o f the  m ethod  
fro m  the p o in t o f the procedure w h ere  the ana­
ly te  spike is in troduced. N o rm a liza tio n  o f the  
proportional error results in  a change o f the slope 
of the standard add itions response curve from  
tha t o f the standard response curve. Both the  
standard curve and the standard additions curve  
are responses o f the  reference standard, the fo r­
m er in  a solvent system and the latter in  the same 
solvent system but w ith  the sam ple m atrix  
present. N orm alization  occurs because the same 
procedura l operation  is p erfo rm ed  on the  u n ­
spiked and the spiked samples, so that a constant 
(th a t is, rep rodu cib le ) percentage bias is in tro ­
duced on the sam ple across the  dynam ic  range.

H e n n in g  and Jackson (10), in  com paring  the

slopes of the standard response curve and the  
M O S A  curve, noted  that they  w ere  p ara lle l and  
that no interferences w ere therefore indicated in  
the m ethod  o f add itions system. M assart et al.
(11) m ake a d irect reference to the M O S A  slope 
l in e  w h ic h  they  term  the recovery slope. The  
m ethod of standard additions itself they term  the 
recovery experim ent w h ic h  can “ serve to eva l­
uate the occurrence o f p ro po rtion al systematic 
errors ." U n fo rtu n a te ly , Massart et al. o n ly  call 
fo r a statistical sign ificance com parison of the  
slope of the recovery experim ent w ith  that of the 
calibration  lin e  obtained w ith  pure standards, or 
a lte rn a tive ly , to m ake a statistical significance  
com parison o f the results from  standard add i­
tions w ith  those obtained by using the d irect 
d ete rm in a tio n . T he  use o f the ratio  o f the  stan­
dard additions curve slope to that o f the standard 
response curve slope as the calculation o f the  
recovery from  the m ethod of standard additions  
data was reported  by the author in  1978 (12) and  
has since been used for that purpose but that this 
recovery factor was in  fact the proportional error 
o f the system was also not then  realized. In  the  
techn ique n ow  proposed, the standard curve  
results fro m  the analysis a fter correction fo r the  
constant error, the Y "  values of the m odel data in  
Tab le 2 are d iv id e d  by the p ro po rtion al e rror 
factor (PEF), 1.05 (Figure 6), and the correct result 
o f 12.5% S (analy te ) in  the sam ple is then ob­
tained.

3.0 Functionality of the Youden Regression 
and the Method of Standard Additions

A ccord ing  to the lite ra tu re  (4), the m ethod  of 
standard add itions has alw ays been treated and
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Figure 6. Linear functionality of Youden regression 
and method of standard additions. Standard curve 

in the matrix: model data.

Std curve y  =  0.0750* +  0.125

Sample 12.5% S

line A: YB 0.060R units; zero PE 

line B: YB 0.060R units; 5% PE

used as a free-stand ing  technique w ith  its m ain  
p o w e r in  the characteristic that analyses can be 
p erfo rm ed  w ith o u t using a standard curve. It  is 
g en e ra lly  understood that the m ethod  o f stan­
dard  add itions technique generates its o w n  cal­
ib ra tio n  curve and  that this ca libration  curve is 
in  the presence of the m atrix, in  contrast w ith  the 
standard curve. The functionality  of the m ethod  
o f standard  add itions curve is expressed as Y  =  
m X  +  a, w h e re  a is the in tercep t param eter and  
is expressly the response of the unspiked sample. 
These considerations are discussed in  Part I  (4). 
A ltho ug h  o f great practical im portance to applied  
analysis, this in d e p e n d e n t fu n c tio n a lity  is in c i­
d en tal to the true fu n ctio na lity  o f the m ethod of 
standard  add itions lin e  as show n in  F igure  6.

The overall p lo t in  Figure 6 is that of a standard 
curve, response R of analyte vs the concentration, 
m g S  (analyte). This total analyte concentration  
range h o w e v e r is composed o f 2 parts, the  le ft  
side the by n o w  fam ilia r Youden  regression p lot 
and the rig h t side, the conventional construction 
of the  m ethod  of standard additions p lot. In  the  
Y ouden  regression p lo t, the m g sam ple abscissa 
scale is actually an analyte scale since m g sample 
X % S /100  is equal to m g S so that the  Y ouden  
regression is actua lly  on the same o vera ll m g S

scale. In  the m ethod  o f standard add itions, the  
selection of a sample size m erely  picks a po in t on 
the abscissa scale as show n b y  the s lider C w ith  
its resu ltan t value o f the M O S A  in tercep t. The  
analyte  spike add itions m ere ly  extend  the  stan­
dard curve range.

Thus, it  is obvious fro m  F igure  6 tha t the true  
fu n ctio na lity  is Y  =  m X  +  TYB. This is w h y  the  
TYB value must be algebraically subtracted from  
the unspiked  sam ple response w h e n  re n d e rin g  
the M O S A  technique (F igure  4). T he  o vera ll 
curve is a standard curve in  the m atrix  w ith  a 
constant slope equal to the M O S A  p ortion  of the  
curve since this portion  is d irec tly  in  the  analyte  
concentration unit. Since the Youden regression 
slope va lue  contains the concentration  term  of 
the sam ple, the  ratio  o f the Y o ud en  regression  
p lo t to that o f the M O S A  is d ire c tly  the  p ercent­
age assay o f the sam ple i f  both  plots have the  
same abscissa scale units. I f  not, a scale factor 
(SF) adjustment is required. G enerally, (Youden  
regression slope) (scale fa c to r ) /M O S A  slope =  
dec. % assay. In  F igure 6, th is ra tio  is 0.125 or 
12.5%.

In  F igure 6, lin e  B was b u ilt - in  w ith  a 5% p ro ­
p ortio n a l e rro r (PE), w hereas lin e  A  had  no  PE, 
and  it  can be noted tha t the  slope o f lin e  A  is the  
same as that of the  standard curve. In  the  p re ­
ceding section, the  change in  slope ra tio  o f the  
M O S A  curve to that o f the standard curve is a 
direct measure o f the p ro p o rtio n a l erro r, and  in  
Figure 6 this ratio  is 1.05. A lso, fro m  F igure  6, 
it is evident that in  the presence of a proportional 
erro r source, the change in  the  slope o f the  
M O S A  curve (lin e  B) is also accom panied by a 
correlatable fun c tio na l change in  the  M O S A  in ­
tercept (com pare w ith  the lin e  A  M O S A  in te r­
cept), an observation or a conclusion that has not 
been h ith erto  possible fro m  a study o f the l ite r ­
ature, or in tu it iv e ly  from  experience. This  
change of the in tercep t w ith  the change in  the  
slope of the M O S A  curve is not attributable to the 
negative correlation effect discussed by M an d e l
(13) but is a change concom itant w ith  the effect. 
(See Part I  and Figure 7, Part I  fo r a discussion of 
the negative corre la tion  effect.)

4.0 E x p e rim e n ta l

F o llo w in g  the pattern  o f the m o d el data, the  
3 com ponents com prising the experim enta l data 
are: 1) the standard response curve, 2) the
Y ouden  regression curve, and 3) the m etho d  of 
standard add itions curve. For the  firs t app lica­
tion , the analysis of bethanechol in  bethanechol 
tablets was selected because an autom ated  a ir- 
segmented continuous flo w  colorim etric m ethod
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Table 3. Analysis of bethanechol tablets (%) by 3 different methods: corrected and uncorrected calculations

Day 1

Parameter

Conventional Proposed

CFA Grav. Kjel. CFA Grav. Kjel.

Std curve assay3 97.6 110.2 108.2 101.0 102.3 101.0
RSD, % 8.6 2.58 5.31 2.0 3.6 2.5
% Var. — — — 2.2 2.5 3.0
% Var., std curv 0.7 3.5 1.3 0.7 3.5 1.3
% CE6 — — — -5 .9 1.1 4.7
PEC — — — 105.0 106.4 101.5

MOSA assay d 89.6 106.7 102.9 102.2 101.5 101.3
Slope ratio assay — — — 100.8 102.3 100.0

3 Average of 6 determinations from Youden regression samples. 
6 % CE = (YB/Y)(100). 
c % PE = (slope MOSA/slope std curve)(100). 
d Average of 2 MOSA spiked sample levels.

had been developed from  a m anual m ethod  and  
in  ad d itio n , there w ere  2 o th er ex isting  USP  
m ethods, a te tra p h e n y lb o ro n  g ra v im e tr ic  
m ethod  and a d ig e s tio n -titr im e tr ic  (K je ld ah l)  
m ethod . Each m ethod  was carried  out on sepa­
rate days using the same c are fu lly  p repared  
com posite pool o f p roduction  tablets. In  each 
case, the  standard response curve was ru n  over 
the en tire  lin e a r d yn am ic  range o f the  m ethod  
using 6 data points. T he  Y o u d en  regression  
curve was generated  by v a ry in g  the sam ple  
w e ig h t so tha t responses over th e  same lin e a r  
dynam ic  range w ere  o btained, again 6 data 
points. For the M O S A  curve, sam ple w e ig h t  
sizes at 50 and 75% o f the n om in a l concentration  
range w ere  selected fo r the  spike add itions  o f 3 
increm ents in  each case so that the h ighest level 
of response was 150% o f n o m in a l and  rem ained  
w ith in  the lin e a r dynam ic  range o f both  the  
standard response curve and Youden  regression  
curve. T w o  spike levels w ere  chosen to a rrive  
at a better average va lue  fo r the  slope o f the  
M O S A  curve and  in  the in it ia l w o rk  to d em o n ­

strate that the slope o f the M O S A  curves at the 2 
levels w ere  statistically the same. A ll data points  
fo r any one m ethod rendition  w ere taken as a set, 
tha t is, in  the same day w ith  no procedural v a r i­
ations, changes, or conscious adjustments o f any  
k in d  durin g  the set. The data are shown in  Table
3.

To dem onstrate the re p ro d u c ib ility  o f the  
proposed calculation technique, the C FA  set was 
repeated  on the  same sam ple 2 weeks la ter w ith  
the  results show n in  Table 4.

A n o th e r app lication  to one o f our cough and  
cold  tablets w h ic h  contains 3 active drugs is 
sh o w n  in  Tab le 5. T he  m ethod  uses the n ew er  
H P L C  m u ltip le  analyte  technique and was one  
o f several then  u n d er study. The data w ere  
taken  as part o f the a lte rn a tive  m ethod  d eve l­
o p m en t program  fo r this product.

4.1 Discussion o f Experimental Results

T he  o vera ll effectiveness o f the calculated  
correction is ev iden t from  the data in  Tables 3 ,4 , 
and  5. In  a ll the  tables, the 3 assay values, stan-

Table 4. Reproducibility of CFA analysis of bethanechol tablets (%) after 2 weeks

Conventional Proposed

Parameter Day 1 Day 2 Day 1 Day 2

Std curve assay3 97.6 109.7 101.0 103.2
RSD, % 8.6 6.7 2.0 2.4
% Var. — — 2.2 2.6
% Var., std curve 0.7 4.4 0.7 4.4
% CE — — -5 .9 10.9
% PE — — 105.0 95.5

MOSA assay 89.6 128.3 102.2 102.3
Slope ratio assay — — 100.8 102.0

3 See footnotes a -d . Table 3.
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Table 5. Simultaneous multiple analyte determination of 3 active Ingredients in cough and cold tablets: corrected
and uncorrected calculations

Conventional Proposed

Parameter CPM PEH PTC CPM PEH PTC

Std curve assay3 9.44 50.36 128.2 9.39 49.88 133.6
RSD. % 4.1 2.7 1.9 1.7 1.2 2.3
% Var. — — — 2.5 1.2 1.8
% Var., std curve 2.0 0.6 1.5 2.0 0.6 1 5
% CE — — — -3 .9 -1 .6 — 0.6
% PE — — — 106.0 103.6 96.9

MOSA assay 7.92 51.34 128.8 9.22 49.90 132.6
Slope ratio assay — — — 9.38 49.95 133.0

3 See footnotes a -d , Table 3.

dard  curve, M O S A , and slope ratio, w h ic h  the  
experim enta l data set provides, are in  agreem ent 
w ith  one ano th er w ith in  the variance o f the  
m ethods. I t  should be recognized that i f  the  
slope ra tio  assay results disagreed unacceptably  
w ith  the o th er 2 calcu lation  results, this f in d in g  
w o u ld  be an im portan t diagnostic ind icator that 
the  e n tire  set is suspect, and the  experim enta l 
design should  be re -exam ined , and possibly the 
m eth o d  itself.

In  Tab le 3 the expected f in d in g  that the con­
stant and p roportional errors in  each m ethod are 
d iffe re n t is show n, but not so expected w ere  the  
results in  T ab le  4 w h ic h  revealed  th e ir s trik in g  
d iffe rence  fro m  set to set. System stab ility  must 
be good eno ug h  so that the  same experim enta l 
condition s ap p ly  to a ll samples w ith in  the  set. 
H o w  d iffe re n t they  are fro m  set to set u n d er ex­
p e rim e n ta l conditions m ore a k in  to a repeat­
a b ility  s itu atio n  is yet to be d e te rm in ed  i f  the  
tech n iq u e  is to have possible app lication  to rou­
tin e  analysis.

C erta in  o f the assay results in  Table 5 deserve  
com m ent; fo r exam ple, the uncorrected PTC  
values fro m  the standard curve and M O S A  
techniques agree ve ry  w e ll, yet they are s ig n ifi­
cantly  d iffe re n t from  the corrected assay results. 
A lso, the  C P M  standard curve uncorrected and  
corrected assay results agree very  w e ll but the  
C P M  standard curve uncorrected assay result 
d iffers s ign ificantly from  the uncorrected M O S A  
result.

T h e  s ituations noted  are the effects o f the  
positive and negative constant and proportional 
bias errors, resu lting  in  fo rtu itous cancellation  
and apparent agreement. Thus, the uncorrected  
values o f 128.2 and 128.8 fo r PTC  w o u ld  be 
com ple te ly  acceptable i f  no o th er data existed, 
b ut are in  fact a s ign ifican t 3.5% lo w e r than  the  
correct va lue  o f 133.0, the o vera ll X  va lue  fro m

the corrected assay results. A g a in , the uncor­
rected va lue  o f 9.44 and the corrected va lue  of 
9.39 fo r C P M  is due to a cancellation  o f error, in  
th is  case resu lting  in  an even m ore fortu itous  
correct result. H o w e v e r, the b eh av io r o f the  
errors is h ig h lig h te d  by the uncorrected M O S A  
resu lt w h ere  o n ly  the  CE is operative. This  
y ie ld s  an unacceptably lo w  7.92 assay result, an  
exam ple o f the com m only  observed non-agree­
m e n t o f standard curve and M O S A  results. 
C ance lla tio n  o f errors is bad analy tica l practice  
because o f th e ir im p os ition  o f an a rb itra ry  and  
restricted  lin e a r dynam ic  range, and these cor­
rectional data ex e m p lify  th e ir  effects.

Estimates of the precision o f the m ethod  from  
the data set can be obtained in  several ways. The  
firs t is obtained by exam in ing  the  % varia tion  of 
the  standard response curve as obtained  from  
regression analysis o f the standard curve and  
d efin e d  as the (std e rro r e s t . / Y )  (100). In  Table  
5 the value for C P M  is 2.0%. The second estimate 
is the % variation of the Youden regression curve, 
fro m  Tab le 5 fo r C P M , 2.5%. M ost o ften , the % 
v a ria tio n  from  the Y ouden  regression data is 
h ig her than that from  the standard curve because 
the form er entails the entire procedural variation  
on the sample whereas the latter is o n ly  the fina l 
m easurem ent portio n  o f the procedure. In  
s im p le  cases, h ow ever, such as in  a d ilu te -a n d -  
in ject m ethod  w h ere  sam ple p reparation  steps 
are sim ple, both values m ay be equally  w e igh ted  
estim ates o f the sam ple m ethod  procedure v a r i­
a tion . The th ird  estim ate is the  RSD o f the  
sam ple data set fro m  the Y ouden  regression de­
term in atio ns  w h ic h  have been calculated, cor­
rected or not for the Youden  b lank constant bias 
erro r by in te rp o la tio n  using the standard re­
sponse curve. Th is  estim ate o f the precision of 
the m ethod, the RSD o f the sample data set (from  
Tab le  5, fo r C P M , 1.7%) em bodies the en tire
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Table 6. Youden regression sample analysis data and standard curve calculations for CPM in Table 5

Level

Sample,
g

(X)
PH
OO

PH
(corr.)

Y mg C P M /g3
m g C P M /ga

corr.

m gC P M /g 
corr. 

for PE

25 0.0968 1814 2145 8.76 9.98 9.42
50 0.1891 4412 4743 9.42 10.05 9.49
75 0.2859 7026 7357 9.52 9.93 9.38

100 0.3813 9368 9699 9.35 9.66 9.12
125 0.4775 12608 12939 9.90 10.15 9.58
150 0.5734 14914 15245 9.69 9.90 9.35

X 9.44 9.95 9.39
PH (corr.) = P H -Y B RSD, % 4.1 1.7 1.7

% Var. 2.5

3 mg C PM /g = [mg C PM /m L (std curve)](200)/g  sample, from Y or Y' value, respectively.

procedura l operation , the sam ple va ria tio n , and  
the standard curve varia tion . T h ere fo re , this  
value should reported in  the m ethod description  
statement, whereas the first and second estimates 
are useful diagnostics.

4.2 Illustrative Calculations

As an example of the stepwise calculations, the 
data reported  in  Table 5 fo r C P M  show n in  the  
block are used:

1) . F o llow in g  the m ethod description, obtain  
the standard response, Youden  regression, and  
M O S A  curve data. The Y o ud en  regression  
sam ple data are shown in  Table 6 and the M O S A  
curve data are show n in  Table 7.

2 )  . U s ing  a lin e a r regression analysis tech­
n iq ue , obtain  the respective s lo p e /in tercep t 
stra ight lin e  m athem atical functions. Exam ine  
the plots (m anu al or p lo tte r) v isu a lly  fo r lin e a r­
ity . (See step 8 fo r another test o f lin earity .) In  
the case o f the standard response curve and  
Youden regression curve, drop any datum  points

Table 7. Method of standard additions: analysis data 
for CPM

m gC P M /m L 
(added)

X

Sample/spike level

0.190 g /50%  

PH 

Y

0.285 g/75%  

PH 

Y

0 4412 7026
(4210)3 (6981 ) 3

0.005 6976 9822
0.010 10107 12796
0.015 13161 15730
0.020 16243 —

3 Intercept values from linear regression analysis.

at e ith e r the lo w  a n d /o r  h ig h  end of the con­
centration  range that do not fa ll on the lin ear  
p o rtio n  of the function . A ll use of the lin e a r  
d yn am ic  range must thereafter adhere to the  
d efined  linear dynam ic range. I f  the M O S A  p lot 
is not lin ear, the M O S A  technique is no t a p p li­
cable and any calculations using M O S A  data 
c a n n o t  be made. (N on -lin ear M O S A  applications 
[see Part I  (4)] have not been studied.)

3 )  . R eport the respective regression data:
a ) . S tandard  response curve
Y (P H ) =  556 232X  (m g C P M /m L )  -  543 
Rel. Y -in te rc e p t =  —5.8%
% var. =  2.0
b ) . Y ouden  regression curve
Y (P H ) =  5528X  (m g s a m p le /m L ) -  874 
Rel. Y -in te rcep t =  —10.5%
% var. =  2.5
Y =  8357
c) . M e th o d  o f standard additions curve  
50% level: Y  (P H ) =  596 940X (m g C P M /m L )

+  4210
Rel. Y -in te rc e p t =  41.4%
% var. =  1.8
75% level: Y  (P H ) =  581 720X (m g C P M /m L )  

+  6981
Rel. Y -in te rcep t =  61.5%
% var. =  0.5
A verage M O S A  slope =  589 330 P H  m L  

m g “ 1
N ote: R ela tive  Y -in te rcep t values fo r the

M O S A  curve should be no less than about 40% of 
the  n o m in a l concentration  response so that a 
s ig n ifican t p o rtio n  of the unspiked sam ple re­
sponse is due to the analyte, but at the same tim e  
a total response fo r the last increm ent should be 
no less than  2 times, the unspiked sam ple re­
sponse.

4 ) . a). Calculate the  Youden  b lan k  and % 
constant e rro r
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Figure 7. Assay values as function of sample size— effect of constant error. Data from Table 6.

YB =  TYB  -  SB 
=  - 8 7 4  -  ( -5 4 3 )
=  — 331_

% CE =  (Y B /Y )(1 0 0 )
=  ( -3 3 1 /8 3 5 7 X 1 0 0 )
= -3.9

b). Calculate % p ro p o rtio n a l error 
% PE =  (slope M O S A  cu rve /s lo p e  std curve) 
( 100)

=  (589 3 3 0 /5 5 6  232)(100)
=  106.0

5 ) . Calculate  the slope ratio  assay
m g /g  C P M  =  [(slope Y ouden  regression
curve)(S F )/s lo pe  M O S A  curve]

1000 ^
5528 m L  (m g 1 sample)(Jr0ff)

589 330 mL (mg“ 1 CPM)
=  9.38 m g C P M /g  sam ple
Scale factor o f 1000 to convert m g C P M /m g
sam ple to m g /g .

6 )  . Calculate corrected assay values by in te r­
p o la tio n  o f the Y ouden  regression sam ple data 
using the standard response curve (see Table
6):

a ) . A lg eb ra ica lly  subtract the YB va lue  fro m  
the observed P H  (Y ) values to obtain  the P H  (Y ')  
corrected values, 1814 — ( —331) =  2145.

b ) . From  the standard curve equation, trans­
fo rm ed , calculate

m g C P M /m L , corr.: X  =  (P H corr +  543)/
556 232

X  =  (2145 +  5 4 3 )/5 5 6  232  
=  0.004 833

c). Calculate mg C P M /g , corr., from  the expres­
sion:

m g C P M /g , corr. =  [(mg C P M /m L )(d iln  
fac to r)]/g  sam ple  

w h ere  d iln  fact =  200
m g C P M /g , corr. =  (0.004 833)(200)/0.0968 

=  9.98
7 ) . a). D iv id e  the m g C P M /g , corr., va lue  by  

the  PE factor to obtain  the f in a l corrected assay 
value:

m g C P M /g , corr., total =  (m g C P M /g ,
c o rr.)/P E  factor 

=  9 .98 /1 .0 6  
=  9.42

(b) Calculate X  and RSD o f the corrected  
group:

X  =  9.39 m g C P M /g
RSD =  1.7%
8 ) . P lo t the m g C P M /g  values, corrected and  

uncorrected  vs g sam ple and obta in  the lin ear  
analysis regression data. See F igure  7. The  
slope of the corrected data should be zero. From  
the regression data, exam ine the 95% confidence  
intervals and ascertain w hether the value of zero  
is inc lu ded  in  the respective in tervals . For the  
exam ple, C l fo r the  corrected data does contain  
zero  and fo r the uncorrected data, does not.

9 )  . Calculate the M O S A  assay va lue  by cor­
recting  the M O S A  regression in tercep t value, A  

(F ig ure  4b). Subtract the TYB  va lue , —874, to 
obta in  the corrected M O S A  regression intercept 
value, a (Figure 4c). Substitute the va lue  of a for 
Y  in  the transposed form  o f the expression o f the
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M O S A  standard curve, X  =  Y /  m.
50% Level
X  =  [4210 -  ( -8 7 4 ) ] /5 8 9  330  

=  0.008 627 m g C P M /m L  
m g C P M /g  =  (0.008 6 2 7 )(200)/0 .190  

=  9.08
75% Level

X =  [6981 -  ( -8 7 4 )1 /5 8 9  330 
=  0.01 333 m g C P M /m L  

m g C P M /g  =  (0.001 333 )(2 0 0)/0 .2 85  g 
=  9.35

A v . C P M /g  =  9.22

5.0 S u m m ary  and  C onclusions

The calcu lation  technique presented serves 
both  as a d iagnostic fo r the q u an tita tio n  o f con­
stant and p roportional errors and as a procedure  
fo r using the  in fo rm atio n  to calculate a correct 
analytical result on the sample d urin g  the course 
of the analysis regardless o f the presence of e r­
rors. W ith  the n ew  technique, results obtained  
from  the standard response curve agree w ith  the  
results obtained from  the m ethod  o f standard  
additions w ith in  the  variance o f the  random  
error o f the m ethod . A  n e w  in s ig h t o f th e  fu n ­
dam ental re la tio n sh ip  b etw een  the Y ouden  re ­
gression and  the m etho d  o f standard add itions  
perm its  an assay o f the sam ple to be obtained  
fro m  the  s im p le  ra tio  o f th e ir  respective  
slopes.

O bviously , the m agnitude of the re la tive  error 
in  analysis results due to an incorrect constant 
erro r correction, or a n oncorrection , is m uch  
h ig h e r fo r samples w ith  lo w  levels o f analy te , 
and particu larly so in  trace analysis. Perhaps the 
observation by H o rw itz  (14) o f the 2 -fo ld  de­
crease in  precision fo r each 100-fo ld  decrease in  
analyte  concentration  m ig h t be due to this re la ­
tive  error effect at these lo w  analy te  concentra­
tions as suggested by exam in in g  F igure  3.

As lon g  as in co rrig ib le  bias errors are absent, 
the correction for the corrig ib le  bias errors leads 
to a correct analy tica l resu lt by a m etho d , and  
hence, d iffe re n t m ethods w i l l  also produce the  
same analytical result on the same sample. I f  the 
results by d iffe re n t m ethods do n ot agree, an  
ind ication  as to the presence o f in co rrig ib le  bias 
errors is m ade pro vided  o n ly  that the system has 
been show n to be stable enough to ensure con­
stancy o f the corrig ib le  errors d u rin g  the tim e  
req u ired  fo r the  d e te rm in a tio n  o f the  data set.

T he  data obtained  by the n ew  techn ique p ro ­
v id e  a ll that is necessary to m eet the G M P /G L P  
requirem ents for m ethod va lidation  perform ance

characteristics o f lin e a r ity  (i.e ., sens itiv ity ) and  
accuracy (i.e., bias and precision) in  a fraction  o f 
the tim e req u ired  by the con vention a l ap­
proaches (4) because a m in im u m  o f o n ly  13 data  
points are needed. Problem  out-of-specification  
samples in  q u a lity  assurance w h ic h  raise the  
question o f w h ic h  is out o f con tro l, the  process 
or the m ethod , can n ow  be addressed by the  
sim ple exped ien t o f p roducing  a correct result. 
Sam ple analysis by the m ethod  o f standard ad­
d itions  requires o n ly  the TYB  va lue  and no  
standard curve data at a ll so that app lication  of 
the technique to Q A  rou tine  samples is possible. 
F u rth er studies concern ing  these and  o th er ap ­
p lications are in  process.
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The difficulty with current food safety laws arises 
from the apparent inability of the toxicologist to 
determine the biological significance of the extremely 
low concentrations that the chemist can currently 
measure. In discussions of this technical ability, 
however, the practical limitations of chemical mea­
surement science are rarely mentioned. Some of 
these lim itations are: (1) The reliability of identifi­
cation and quantitation decreases exponentially as 
concentration decreases; (2) at very low concentra­
tions baseline effects become the limiting factor; and
(3) the cost of the analysis becomes exorbitant. The 
practical reality of trace chemical analysis in the in­
terlaboratory environment must answer the question: 
When does the cost of the analysis exceed the value 
of the information gained as to the identity and 
amount of the material present, considering also the 
uncertainties associated with the analysis itself and 
with the biological effect of that concentration? The 
current practical lim it of measurement is in the low 
parts per billion, e.g., aflatoxin contamination. 
2,3,7,8-Tetrachlorodibenzodioxin can be determined 
in fish at the moderate parts per trillion level, but at 
an estimated cost in salaries and expenses of roughly 
$1000 per individual value reported, without capi­
talizing our $2,000,000 mass spectrometry labora­
tory.

A b o u t 50 years ago, G. E. F. L u n d e ll o f the N a ­
tion al Bureau o f Standards pub lished  his classic 
paper (1), "T h e  C h em ical Analysis  of T h ings  as 
T h e y  A re " , in  w h ic h  he discussed 4 m ajor ana­
lytical factors: the analytical sample, the m ethod  
of analysis, the accuracy of the result, and the cost 
of the analysis. L unde ll chose his topic "because 
so m an y  talks and articles on analy tica l subjects 
deal w ith  T h e  C hem ical Analysis  o f T h ings as 
T h e y  A re  N o t'."  H e  p o in ted  out that a system  
co n ta in in g  10 to 20 d iverse com ponents cannot 
be h and led  on a strictly scientific basis. Today's 
chem ical realities requ ire  that w e  deal w ith  sys­
tems such as form ulated  foods, waste waters, and  
body flu ids, w h ich  contain thousands of distinct 
chem ical entities, but w e are still concerned w ith  
those same 4 factors.

U n til  the passage o f the Pesticide Chem icals  
A m e n d m e n t to the  Federal Food, D ru g , and
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Cosmetic Act, the Food and D rug  A dm in istration  
was concerned w ith  substantial residues o f p o i­
sonous and deleterious substances that could be 
m easured w ith  a fa ir degree o f confidence. 
Som e o f the in fo rm al tolerances that w ere  en ­
forced inc luded  arsenic at 3.5 ppm  and lead and  
D D T  at 7 ppm . The m ethods o f analysis used to 
enforce these in fo rm a l tolerances are n o w  con­
sidered obsolete: the reading of a stained paper 
strip  in  the G u tze it m ethod  fo r arsenic; the col­
orim etric  and later spectrophotom etric m ethods  
fo r  lead  by d ith iz o n e  and  D D T  b y  the  
Schechter-H aller reaction. Use of these methods 
took a good deal o f skill, and the re liab ility  of the 
ana ly tica l data they produced varied  considera­
b ly . T he  arsenic m ethod  inc lu ded  a re la tive ly  
specific separation step w h ic h  m ade the m ethod  
ra ther rugged. In  contrast, the m ethods for lead  
and  D D T  could be subject to considerable in te r­
ference from  o ther m etals and from  o th er n ew  
organoch lorine pesticides, respectively. A t that 
tim e , trace quantities o f pesticides (about 0.1 
p p m ) could  not be m easured w ith  any degree of 
con fid ence  and th ere fo re  w ere  considered  
w ith o u t chem ical or b io log ical significance.

In  1954, Congress passed the  P esticide  
Chem icals  A m en d m e n t to the Federal Food, 
D ru g , and Cosmetic Act. This am endm ent made 
the p e titio n e r prove, before m arke tin g  a toxic 
m aterial, that it could be used safely. Previously  
it  was up  to the Food and D ru g  A d m in is tra tio n  
a fte r the m ateria l was in  use to prove that it  le ft  
h a rm fu l residues. T he  am en dm ent also au tho ­
rize d  the estab lishm ent o f fo rm a l tolerances to 
protect p ub lic  h ea lth  and it  em pow ered  the  
Secretary (n o w  the A d m in is tra to r o f the E n v i­
ro n m en ta l Protection  A gency) to establish the  
residue tolerance "at zero le v e l i f  the scientific  
data before the Secretary do not justify  the es­
tablishm ent o f a greater level." The in terpretive  
re g u la tio n s  (o r ig in a lly  21C FR 120 , n o w  
40CFR180) defined the zero tolerance as m eaning  
tha t "n o  am ount o f the pesticide chem ical m ay  
rem ain  on the raw  agricultural com m odity w hen  
it  is o ffe red  fo r sh ip m en t."  Th is  d e fin it io n  was 
obviously d irected tow ard  d e fin in g  the p o in t of 
exam ination , ra ther than as a d e fin it io n  o f 
"ze ro ."  T he  zero  tolerance le v e l was in ten d ed  
to be a catchall to avo id  residues from  incom ­
p le te ly  tested chem icals, extrem ely  toxic chem ­
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icals, and rap id ly  and spontaneously degradable  
or rem ovab le  pesticides, as show n by the exam ­
ples o f reasons g iven  in  the regulations for fo r­
m a lly  estab lish ing a zero  tolerance.

In  1958, the  Food A d d itives  A m en d m e n t was 
added to the Federal Food, D ru g , and Cosm etic  
Act. I t  contained the D e lan ey  clause, w h ich  
p ro h ib ite d  the ad d itio n  o f any carcinogenic  
chem ical to food. H o w ev e r, the im p o rtan t an­
a ly tica l section fo r chemists was contained in  a 
la te r m o d ifica tio n  of the D e la n e y  clause, the so- 
called  DES proviso, w h ic h  exem pted feed ad d i­
tives fro m  the app lication  of the p ro h ib itio n  if  
"n o  residue of the ad d itive  w i l l  be fo u nd  (by  
m ethods of exam ination  prescribed or approved  
by the Secretary.. . )  in  any edible portion of such 
a n im a l a fter s la u g h te r.. ."

Both the zero tolerance and the no residue  
provisions w ere  enacted before the fu ll effect of 
the  ins tru m en ta l revo lu tion  in itia te d  by gas 
chrom atograph y had been fe lt. A fte r  the in ­
trodu ction  o f the e lectron capture detector, 
w h ic h  reduced the l im it  o f d e te rm in a tio n  for  
ch lo rin a ted  com pounds by 2 orders o f m ag n i­
tude, i t  becam e apparent that the la w  had u n ­
w itt in g ly  set up  an in to le rab le  contradiction . 
C hem ica l m easurem ents are based on the  pres­
ence o f som eth ing , not on its absence. T he  
"so m eth in g" m ay be a charged partic le , an ag­
gregate o f particles, or e lectrom agnetic waves  
whose effects can be m agnified  in  the measuring  
system. M ost m easuring systems req u ire  m il­
lions or billions of particles for activation. Below  
this activation  level w e  have the  equ iva len t o f 
discontinuous chaos w h ere  p ro b ab ility  consid­
erations d eterm ine  w h e th e r s u ffic ien t particles  
or waves occasionally agglom erate to trig ger the  
m easurem ent system. Even those detection  
systems w h ic h  are said to respond to a sing le  
partic le  cannot escape this paradox. A fte r  the  
firs t partic le  has been m easured, there  is p re ­
sum ably n o th in g  (in  an absolute sense) le ft  to 
v e rify  that this partic le  was re a lly  the partic le  
sought. Therefore , a second, a th ird , a fo u rth  
particle, and so on is needed u n til the analyst has 
achieved confidence in  the rep ea tab ility  o f the  
m easurem ent. In  e ith e r case, w h e th e r w e are 
d ea lin g  w ith  a sing le p artic le  or the m illio n s  
necessary fo r a m easurem ent, w e  have no w ay of 
k n o w in g  that the zero o f the m easuring  in s tru ­
m en t is a "less th an " or an "absolute zero ."

In  addition  to this theoretical lim ita tio n  on the 
ab ility  to determ ine a real absolute zero, there are 
3 additional lim itations in  chem ical analysis: (1) 
the experim enta l lim ita tio n  fro m  baseline e f­
fects— in h e re n t physical, chem ical, and elec­

tron ic  noise; (2) the em p irica l lim ita tio n  aris ing  
fro m  the decreasing precision o f m easurem ent 
systems as they  approach zero; and  (3) the prac­
tical lim ita tio ns  im posed by budgetary  re ­
straints.

Baseline L im ita tio n s

Let us assume an absolutely specific detection  
system — one that responds exclusively  to the  
substance w e  desire to measure. Even such a 
selective detection  system is not so specific that 
it  is unresponsive to continuous extraneous  
sources o f signals w h ic h  m ay bracket the d is­
continuous signal source. In  d ea lin g  w ith  e le ­
m ents, a ll of o ur construction m aterials and  
sam ple and laboratory containers are con tam i­
nated  w ith  m in u te  am ounts o f num erous com ­
m on elem ents as im p urities . These im p u rities  
in  the aggregate contribu te  to a general back­
g ro und  signal w h ic h  contains energy iden tica l 
to the au then tic  signal and thus is a lim it in g  
factor to our a tta in in g  a zero m easurem ent.

In  the case o f organic m olecules, electron ic  
noise in  the m easuring  system provides a l im it ­
ing  factor. A ll of the techniques for m in im iz in g  
this in h eren t noise consume some of the w anted  
signal in  the process, thus d isq u a lify in g  such 
systems fro m  a tta in in g  the zero area. S ignal 
averaging, fo r exam ple, th rou gh  m u ltip le  scans 
of the energy area o f interest, achieves a level o f 
random  noise ever closer to zero as it  integrates  
a lo w -le v e l real signal at a specific energy leve l 
location. But here the  need  fo r m u lt ip le  scans 
requires a f in ite  am ount o f the w an ted  m ateria l 
and the greater the confidence desired in  the  
m easurem ent, the larger the am ount o f m aterial 
that must be ava ilab le  fo r the in tegration .

In  add itio n  to ins tru m en ta l and  laboratory  
baseline lim ita tio ns , lo w  background levels o f 
num erous organic chemicals already exist in  our 
en v iro n m e n t o f a ir, w ater, and soil fro m  the  
m anufacture, app lication , and  disposal o f th o u ­
sands o f consum er, ag ricu ltu ra l, and ind ustria l 
chemicals. A lm ost all anim al tissues still contain  
at least parts per b illio n  of D D T , a lthough its use 
was discontinued a decade ago. M a n y  com m on  
pesticides have been dispersed in to  the e n v i­
ro n m ent despite th e ir ve ry  s ligh t so lu b ility  in  
w a ter and lo w  vapor pressure (2). Settle and  
Patterson (3) have shown that hum an activity has 
resulted in  an e levated  lead concentration  in  
m any b io log ical species. D onaldson  (4) points  
out that alm ost 1300 vo la tile  synthetic  organic  
com pounds have a lready been " fo u n d "  in  e n v i­
ronm ental waters at concentrations of about 10-8  
(10 ppb) and above, and that as our a b ility  to
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m easure lo w e r concentrations increases, the  
n u m b e r o f com pounds fo u nd  increases accord­
in g ly . H e  states, "Based upon the n u m b er of 
com pounds detected by curren t m ethods, one  
w o u ld  expect to f in d  every kn o w n  com pound at 
a concentration  o f 10-12 g /L  [10—15 expressed as 
a fraction ] or h ig h e r in  a sam ple of treated  
d rin k in g  w a te r."

T he  technical a b ility  to m easure ve ry  low  
levels o f chem icals cannot be equated to b io log ­
ical sign ificance. T he  toxicologist is unable  to 
d eterm ine  the significance o f the extrem ely low  
levels  o f chem icals w h ic h  the chem ist is able to 
measure. The sheer practicalities o f the logistics 
and  expense o f an im al experim ents (5), and the  
large n um b er o f organism s requ ired  to prove  
statistical sign ificance o f b io log ical phenom ena  
in  the face o f biological baselines and variability , 
preclude ever being  able to use d irect exp eri­
m en ta l evidence to in te rp re t the existence of 
tox ico logica l effects at lo w  concentrations. 
E ven tu a lly , h o w ever, it  m ay be possible to in ­
te rp re t b io log ical effects in  in v itro  systems, 
w h e re  large num bers of cells can be used. Such 
systems m ay provide stable statistical parameters 
fo r b io log ical effects that m ig h t be extrapolated  
th ro u g h  com parative b iochem istry  to effects on  
hum ans. H o w ever, these biological systems w ill  
be subject to the same theoretical lim ita tio n  of 
d e te rm in in g  "ze ro " as chem ical systems.

R e lia b il ity  L im ita tio n s

T h e  re lia b ility  o f chem ical analysis is judged  
on the  basis o f h o w  close actual assays are to the  
true value. U n fo rtu n a te ly , w e  rare ly  k n o w  the  
true value of any of the materials w e analyze. In  
m acroanalysis w e  som etim es are able to use 
fu n d am en ta l physical and chem ical p rinc ip les  
to validate our measurements. But at trace (10-6 ) 
and subtrace (10-9 ) concentrations, the true value  
becomes increasingly d ifficu lt to determ ine. W e  
can measure at low  levels o n ly  w ith  instruments. 
U n fo rtun ate ly  instrum ents, because of th e ir very  
stab ility , can reproduce an erroneous value w ith  
h ig h  precision. I f  the p rio r chem istry is defec­
tive , the ins tru m en t is unaw are of this fu n d a ­
m en ta l defect.

M ost instrum ents are devices in  w h ic h  a re­
sponse due to a sam ple is com pared w ith  the  
eq u iva len t response fro m  a standard, usually the 
pure  m ateria l seria lly  d ilu te d  to the w o rk in g  
concentration. There are a num ber o f problem s  
w ith  this approach as w e ll as w ith  the alternative  
approach o f standard additions. First, pure, 
stable reference com pounds are o ften  ve ry  d if ­
fic u lt to obtain  or m ain ta in . Second, standards

prepared  from  the pure  reference m ateria l in  
solvent provide no in fo rm ation  about the errors 
in h e re n t in  the various steps from  w e ig h in g  the  
an a ly tica l sam ple to presenting  the fin a l p re ­
pared, cleaned-up  solution  to the instrum ent. 
T h ird , standards added to the b u lk  o f a m ateria l 
often do not behave in  the same w ay as naturally  
and  b io log ica lly  deposited m ateria l, due to 
m etabo lic  or e n v iro n m en ta l changes or equ i­
lib r iu m  factors.

The realities o f standards are illustrated  in  the 
results o f the A m erican  O il Chem ists' Society 
S m alley  Check Sam ple Program  as reported  by  
M c K in n e y  (6). In  this p rogram , samples of 
various seed meals are analyzed fo r aflatoxins by  
subscribers in  order to judge for themselves the ir 
ana ly tica l p ro fic iency. The average coeffic ien t 
o f variation (C V ) of the results from  13 series over 
a 5-year period is approxim ately 55% at about the 
40 ppb level. H o w ever, 6 independent solutions 
o f pure  aflatoxins at a concentration  o f about 1 
ppm , w h ic h  m ere ly  req u ired  spo tting , d eve l­
o p ing , and com parison w ith  the analyst's o w n  
standards, w ith o u t extraction or cleanup, showed  
a b etw een-laboratory  C V  o f about 70%. This  
suggests tha t there  are serious labo ra to ry  
housekeeping problem s w ith  the preparation  or 
m aintenance of the  partic ipants ' standards.

N o t on ly  do w e  have problem s w ith  the extent 
o f our systematic errors, w e  also have problem s  
w ith  the re p ro d u c ib ility  o f o ur results as w e  go 
dow n the concentration scale. Recently w e  have  
been able to quantitate  this effect by an exam i­
n ation  of the cum ula tive  results o f A O A C  col­
laborative studies (7). A  sum m ary o f the in te r­
laboratory variab ility  expressed as the coefficient 
o f va ria tio n  (C V ) as a fun ctio n  o f concentration  
expressed in  pow ers of 10 is g iven  in  F igure  1. 
This  re la tion  is n ow  a sum m ary o f over 200 in ­
d iv id u a l collaborative studies, each in v o lv in g  at 
least 6 laboratories, on analytes ran g in g  fro m  
pure drugs and pesticides, th ro u g h  food n u tr i­
ents, trace nutrients, drugs in  feeds, pesticide and  
dru g  residues in  b io log ical tissues, trace e le ­
ments, and aflatoxins. The rem arkable aspect of 
this curve is that it  appears to be ind epen den t of 
analyte , m atrix , m ethod  o f analysis, and m ea­
surem ent technique.

It  is im p o rtan t to recognize tha t this curve  
represents in terlab ora to ry  precision, not in tra ­
laboratory precision. A ll analysts in d iv id u a lly  
claim  m uch better precision. In  the trace ana l­
ysis f ie ld , h ow ever, th e ir  perfo rm ance m ust be 
judged re la tive  to o ther laboratories, not re lative  
to them selves. T he  Food, D ru g , and Cosm etic  
Act, by re q u ir in g  tha t a p o rtio n  o f the  o ffic ia l



1298 H ORW ITZ: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 5, 1983)

Figure 1. General curve relating interlaboratory 
precision to concentration. Coefficient of variation 
is plotted as % on left and as powers of 2 on right 
vertical axis; concentration is plotted as powers of 10 

on horizontal center axis (7).

sample be made available to the o w n er or shipper 
of the m aterial sampled, makes it m andatory that 
the  Food and D ru g  A d m in is tra tio n  (F D A ) oper­
ate in  an in terlab ora to ry  en v iro n m en t.

Th is  curve indicates typ ica l v a ria b ility  be­
tw een  laboratories, w h ic h  in  tu rn  restricts the  
estim ation o f system atic e rro r and the l im it  o f 
re liab le  m easurem ent. It  restricts estim ation  of 
the systematic error because the constant bias can 
o n ly  be m easured by means o f m ethods w h ic h  
operate w ith  the in h e re n t rando m  erro r exh ib ­
ited  by the curve. For exam ple, F D A  has p ro ­
posed (8) that it  w il l  not accept m ethods w h ic h  
g ive  average recoveries (system atic errors) o u t­
side the range o f 60-110%  at concentrations  
below  0.1 ppm  (10~7 w h e n  expressed in  pow ers  
of 10) w h e n  dea lin g  w ith  residues o f drugs sus­
pected to be carcinogenic. For s im p lic ity , le t us 
assume an acceptable 85% recovery (m id w a y  
betw een the extrem es) at 0.1 ppm , w h ic h , from  
the general C V /co ncen tratio n  curve o f F igure 1, 
corresponds to a C V  of 23%. N o w  let us calculate 
the confidence lim its  (C L ) a round  the assumed  
m ean o f 0.085 m g /k g  (p p m ) fro m  the statistical 
fo rm u la  CL =  x  ±  (is/A t) as a fun c tio n  o f the  
n u m b er o f laboratories ( N )  co n trib u tin g  to our 
data point. The result o f this calculation, show n  
in  F igure 2, is in terp reted  as follow s: Assum ing  
a norm al d is trib u tion , and fo r s im p lic ity  assum­
in g  also that the  in tra lab ora to ry  v a ria b ility  is 
n eg lig ib le  (no  v a ria b ility ), the true recovery of 
the N  laboratories w i l l  fa ll w ith in  the 2 co n fi­
dence lim its  95% o f the tim e. Such confidence

95% CONFIDENCE INTERVALS

Figure 2. The 95% confidence intervals about a mean 
of 0.085 m g/kg (ppm) with a CV of 23% as function 
of the number of laboratories contributing to the 

mean.

in te rva l bounds cannot predict w here  any actual 
average fro m , say, 5 laboratories w i l l  fa ll; it  can 
o n ly  predic t that the confidence in te rv a l w i l l  
encompass the true answ er 95% o f the  tim e.

N o te  that w e  assumed average recoveries from  
any g iven  laboratory o f 60-110%  and took the  
m id p o in t o f that range as our reference p o in t for 
the  recoveries from  a ll laboratories. Th is  is the  
actual m ean recovery antic ipated  fo r the m u lt i­
residue pesticide m ethod  used by F D A  as a p p li­
cable to almost 200 pesticide residues and related  
m aterials in  foods. The curve shows that a 
m in im u m  o f 5 laboratories (as suggested by  
Y o u d en ) is req u ired  fo r the C L curves to ap­
proxim ate the practical lim its  suggested by F D A  
fo r the results from  a sing le laboratory. M o re  
laboratories w i l l  p ro v id e  us w ith  a m ore repre­
sentative sam ple of laboratories and therefore a 
less variab le  standard dev ia tion  betw een  labo­
ratories. Few er laboratories, how ever, w il l  g ive  
us an alm ost u n in te rp re tab le  w id e  confidence  
in te rv a l to w o rk  w ith . N o te  also that w ith  o n ly  
2 laboratories, our lo w e r confidence bound is 
n egative , i.e ., less than  zero.

The curve of Figure 1 represents the smoothed 
average rep ro du c ib ility  o f methods approved by 
the A O A C , w h ic h  have been tested by laborato­
ries u n d er conditions that e lic it th e ir best per­
form ance. Such tests show the best operation of 
m ethods. Routine perform ance can be expected
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Figure 3. Normal distribution curve of a frequency 
distribution whose standard deviation is equal to its 
mean (CV =  100%). Note that one-sixth of the values 

will be below zero.

to be considerably  poorer. For exam ple, the  
A O A C  aflatoxin  methods in  collaborative studies 
show an average C V  of about 30% at levels above 
about 10 jug/ kg  (ppb). The results on the Sm al­
ley  Series, w h ere  any m ethod  o f analysis is per­
m itted , show  a v a ria b ility  o f alm ost tw ice  that 
value . F u rth erm o re , w e  cannot fix  our con fi­
dence in te rva l fo r systematic error fro m  a single  
labo ratory  or fro m  a fe w  laboratories w ith  any  
degree o f re lia b ility  because o f the lim ita tio n s  
im posed by the h ig h  C V . These statistical con­
siderations are the basis fo r the statem ent by  
C u rr ie  and  D eV o e  (9) tha t to d eterm in e  a sys­
tem atic e rro r o f the same m ag nitud e  as the ra n ­
dom  erro r requires at least 15 observations.

The random  error, as measured by the C V , also 
has a critical bearing on our ab ility  to fix  the lim it  
o f re liab le  m easurem ent. C onsider w h a t h ap ­
pens to the frequ ency d is trib u tio n  o f analy tica l 
results in  a n o rm al d is trib u tio n  w h e n  the  stan­
dard  d ev ia tio n  equals the m ean, or C V  =  100%. 
F ig ure  3 shows this s ituation, w h ic h  w o u ld  be 
expected to occur in  try in g  to measure dioxins at 
the  parts p er tr i l l io n  (10-12) leve l; 17% o f the  
values w i l l  be b e lo w  zero  and they  w o u ld  be re­
p orted  as false negatives. As p o in ted  out by  
Thom pson and H o w arth  (10), they are legitim ate  
values. T h e  b lan k  happens to be greater than  
the  m easurem ent. These estimates o f false 
negatives are conservative because the b lan k has 
a frequ ency  d is trib u tio n  w hose values need not 
be d is trib u ted  n o rm a lly . I f  the d is trib u tio n  of 
values w hose C V  =  100% is skewed, and i f  the  
b lan k  also has a frequency d is trib u tion , i.e., it  is 
n o t alw ays zero , there w i l l  a lw ays be negative  
values, although the level w here this occurs may  
vary.

T he  presence o f negative m easurem ents in  
trace analysis is not o rd in a rily  apparent fo r a 
n um ber o f reasons. The most im p ortan t reason 
is tha t w h e n  a negative  value appears in  the  
course o f o rd in ary  w o rk , it  is usually  equated to 
zero. Second, even in  operating  w ith  a m ethod  
in  the range w h ere  the C V  =  100%, a zero  or 
negative  va lue  occurs on the average o f o n ly  
once every 6 m easurem ents. T h ird , most 
m ethods are not used w h ere  they  are so im p re ­
cise; at a C V  of 50%, the use of a m ethod w ou ld  be 
expected to result in  o n ly  a 2% rate o f false neg­
atives. U n d e r such circumstances, a false nega­
tive w ou ld  rarely be seen in  a series of duplicates 
or trip licates. W h e n  it  appears occasionally, it 
w o u ld  o rd in a rily  be discarded and replaced by  
a replicate before it  is reported. False negatives  
usually  appear w h e n  the range o f b io log ical in ­
terest strains the capabilities o f the ava ilab le  
analytica l m ethods.

F in a lly  there is a ve ry  large d iffe rence  in  the  
com parab ility  o f analy tica l results in  the in tra ­
laboratory en v iro n m e n t com pared to the in te r­
laboratory environm ent. A n  excellent exam ple  
is the  data reported  by Freisen (11) on the in te r­
nationa l p ro fic iency study o f the d e te rm in a tio n  
of a fla tox in  at fa ir ly  lo w  levels w h e n  the fre ­
quency d istributions o f the  reported  values fo r  
each o f the samples are com pared. T he  appear­
ance of the d is tributions changes fro m  app ro x i­
m ately norm al at the h ighest m ean sam ple value  
to a b im odal d is trib u tion  w ith  the in te rm ed ia te  
m ean sam ple values w h ere  one peak is at a pos­
it iv e  value and the o th er peak is at zero , and f i­
n a lly , w ith  the very  lo w  le v e l values, to a sing le  
peak at zero fa llin g  o ff sharply to positive values. 
N o  negative values w e re  reported  because a fla ­
toxin  analysis does not requ ire  a b lan k . A  p or­
tion  of the clear th in  layer p late  is au to m atica lly  
set at zero in  the d e te rm ina tion . T here  is 'no 
p roblem  in  in te rp re tin g  the results fro m  the  
sam ple w ith  the sing le h ighest va lue , about 14 
ppb. In  the case o f the b im odal d is trib u tio n , a 
m ean in g fu l va lue  can be assigned fo r a fla tox in  
o n ly  i f  the zero values are discarded as rep re ­
senting  d e te rm in a b ility  failures. But fro m  the  
v ie w p o in t o f each laboratory, there  is no p ro b ­
lem ; each laboratory has g iven  an u nequ ivocal 
result. O n ly  from  the p o in t o f v ie w  of the entire  
study is it  seen that the  resu lt consists o f 2 an ­
swers: zero  and a p ositive  value. W h e n  the  
percentages o f zero  values are p lo tted  as a fun c­
tion  o f the m ean concentration , the  resu lting  
curve takes on the appearance o f the general 
C V /c o n c e n tra tio n  curve. O bv io us ly  w h e n  the  
distribution function is b im odal, w e  have pushed
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the  m etho d  beyond its capabilities. U n fo rtu ­
n ate ly , a single laboratory cannot judge capa­
bilities w ith o u t assistance from  other laboratories 
to obtain  a consensus decision. N o te  tha t the  
same p ro blem  exists w h e n  b lan k  samples are 
analyzed , since positive values are som etim es  
reported . H e re  too, the result from  an in d iv id ­
ual laboratory is unequivocal u n til it is exam ined  
as part o f the tota l in te rlab o ra to ry  e n v iro n ­
m ent.

C ost L im itation s

The th ird  factor in  assessing chem ical realities  
is the  m atter o f cost. L u n d e ll was very  m uch  
aw are o f the im portance o f th is factor. H e  
poin ted  out that there is litt le  p ro fit in  custom - 
made analyses and also that the purchaser cannot 
check the correctness of the analyses except by  
b u y in g  o ther analyses. Th is  is even m ore true  
of trace analyses. The chem ist cannot be sure of 
the correctness o f his values except by preparing  
or purchasing and analyzing  certified  reference  
materials or by obtain ing additional independent 
analyses in  order to arrive at the consensus value  
or to adjust his perform ance to m atch the certi­
fied  value. Since there are fe w  c ertified  m ate­
rials and m any m aterials to be ana lyzed , the  
consensus values usually  must be taken as the  
best values availab le . This  is true, as w e  have  
seen, because of the large systematic and random  
errors associated w ith  trace analysis.

As w e go lo w er in  the concentration scale, our 
re la tive  errors become larger. By necessity, the  
m ethods become lon ger and m ore com plex in  
order to obtain  the cleanup req u ired  fo r m ea­
surem ent and  con firm atio n  of id e n tity . These  
m ethods req u ire  a leve l of sk ill and experience  
w hich  now  takes months and in  some cases years 
to a tta in . Since 1974, w h en  prices o f solvents  
d oubled  and tr ip le d  and some even became u n ­
availab le , w e  have become sensitive to the cost 
and volum e of the reagents used in  trace analysis. 
W e have always been sensitive to the price of the 
instru m ents  used.

In  boasting of n ew  and  im p ro ved  techniques  
fo r d e te rm in in g  lo w er and lo w e r levels of 
chem icals in  our food and en v iro n m en t, the  
chem ist has ra re ly  m en tio ned  the cost fo r this  
ach ievem en t in  term s o f reduced re lia b ility  and  
in  term s o f actual dollars. W e have a lready in ­
d icated  the extent o f reduced re lia b ility ; F D A  
operates a reg u la tory  p rogram  to control afla- 
toxins w ith  m ethods w ith  an interlaboratory C V  
of about 30% not because w e  w a n t to, but be­
cause, in  v ie w  of perceived risk to public  health, 
w e m ust. In  term s o f cost, our laboratory re­

cen tly  partic ipated  in  an in terlab ora to ry  study  
o f the m ethod  fo r the d ete rm ina tion  o f d ioxins  
in  fish at about 50 n g /k g  (ppt). W e estimate that 
o u r d irect costs fo r salaries and supplies to per­
fo rm  these analyses was about $1000 per d eter­
m in a tio n . The fin a l m easurem ent is m ade by  
mass spectrom etry. The d irect costs o f this lab ­
oratory  are inc lu ded  in  the $1000 per d e te rm i­
n ation  figu re , but the capital cost o f the  
$2,000,000 in  instrum ents, not a ll o f w h ic h  are 
req u ired  in  th is d e te rm ina tion , is not inc luded . 
In  com m on w ith  most governm ent programs, the 
necessary overhead and tra in in g  costs are not 
k n o w n  and there fore  are not inc luded  in  this  
estim ate. I f  a ro u tin e  program  fo r analysis o f 
d io x ins  in  fish  is ever ins titu ted , perhaps there  
w il l  be some cost reduction  through  vo lum e  
operation , b u t costs w i l l  have to be added for 
q u a lity  assurance and fo r sam ple collection. 
T h ere fo re , the $1000 per analysis fig u re  m ay be 
a su ffic ien tly  re liab le  estimate of the cost for this 
program .

N o w  the question becomes an econom ic one: 
Is the value o f the in fo rm atio n  as to the d iox in  
content of fish  w h ic h  m ay be contam inated  
w o rth  the cost o f o b ta in ing  it? In  this connec­
tion  it is not remiss to p o in t out that toxicologists 
have been unable  to p ro v id e  the analytical 
chem ist w ith  a figu re  below  w h ich  the presence 
of d io x in  is of “ no b io log ical s ign ificance." In  
add itio n , there is the uncerta in ty  of in te rp re ting  
a n im a l experim ents in  re la tion  to hum ans, par­
ticu larly  in  the ligh t of epidem iological evidence. 
T he  toxicologist has shifted the responsibility  to 
the chem ist by te llin g  h im  that the m olecule is 
so toxic to test anim als that he must determ ine  
levels as lo w  as possible. In  o ther w ords, the  
tech no logy o f analysis, not b io log ical s ig n ifi­
cance, becomes the lim it in g  factor. In  the  fin a l 
analysis, n e ith e r analy tica l chem istry n or regu­
latory toxicology w ill  make the decision. It  w ill  
be pure economics: Can w e afford the price that 
trace analysis is dem and ing  fo r g iv in g  us in fo r ­
m ation  as to the con tam inan t content of our 
foods and o f our e n v iro n m en t in  the absence of 
an a b ility  to in te rp re t that in fo rm atio n  in  term s  
o f b io log ical sign ificance to humans? A t the  
present state of the art, all toxicologists can do is 
assess the possible added health effects due to the 
various levels o f exposure to these h ig h ly  toxic 
contam inants.

C onclusion

In  the fina l analysis, w e fin d  that our chemical 
rea lities  are not rea lly  lim ite d  by scientific  con­
siderations at a ll, as L u n d e ll predicted. W e are
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able to m ake m easurem ents at lo w e r and lo w e r  
levels, but at the expense of greater u nreliab ility . 
This  greater u n re lia b ility  in  tu rn  is accom panied  
by increased costs, costs w h ic h  a cost-conscious 
program  is u n lik e ly  to ju s tify  in  the absence o f 
a dem onstrated  or even  im p lie d  b io log ical sig­
n ificance to hum ans.
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TEC H N IC AL C O M M U N IC ATIO N S

Survey of Infant Foods for Clostridium botulinum  Spores

DENNIS E. GUILFOYLE and JAMES F. YAGER
F o o d  a n d  D ru g  A d m in is tr a t io n , 8 5 0  T h ird  A v e ,  B r o o k ly n , N Y  1 1232

A total of 236 samples of infant foods, including 
honey, dry cereal, nonfat dry milk, evaporated milk, 
canned formula, and canned baby food, were col­
lected in the New York City area and tested for the 
presence of Clostridium  botulinum  spores. Methods 
for recovery of spores were validated using foods 
spiked with 4 spores/mL or g. None of the products 
contained C. botulinum  spores, indicating that their 
incidence in these commercial foods is not wide­
spread. This limited study did not identify any food 
types that could be suspected of being involved in the 
transmission of infant botulism.

In fa n t  botu lism  has been active ly  investigated  
since 1976 w h e n  P ickett et al. (1) rep orted  that 
the  disease had occurred in  2 infants. In  both  
patients, the course and sym ptom s w ere  consis­
ten t w ith  ad u lt b otu lism , and tox in  was id e n ti­
f ie d  in  stool specimens. As a result o f the in ­
tensive interest since 1976, over 180 cases have  
been diagnosed (2). T h e  disease is fo u nd  in  
child ren  3 -2 6  weeks old (3), and un like  botulism  
in  adults, there is no dependence on consum p­
tion  of foods containing preform ed toxin. In fan t 
botulism  results from  the ingestion of Clostridium 
botulinum spores w h ic h  colonize in  the gut and  
subsequently produce b o tu lin a l toxin  in  v ivo  (1, 
4). A n  early  study (5) im p licated  h oney as a 
source o f spores in  some cases.

To id e n tify  o th er possible sources o f spores 
responsible fo r the disease, C h in  et al. (6) ana­
ly ze d  555 food and e n v iro n m en ta l samples col­
lected  d u rin g  studies o f in fa n t b otu lism  in  C a li­
forn ia . Samples included  com m ercial form ulas, 
h oney, corn syrup, sugar, cereals, baby foods, 
canned foods, garden soil, and household dust. 
Except fo r honey and, as expected, soil and dust, 
none o f the  samples contained  v iab le  spores. 
N in e  samples (5 honey and 4 soil or dust) con­
ta in ed  C. botulinum. The type o f toxin  (A  or B) 
produced  by isolates fro m  the sam ple m atched  
the type produced by isolates from  the patient. 
A lth o u g h  the  m icrob iological m ethods used for 
exam ination  of honey w ere  c learly  stated, these
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authors d id  not specify sample size, sample  
source, or m ethods used to test the o ther food  
products.

In  the present w o rk  a n um ber of foods that 
could  be fed  to in fants  less than  1 year o ld  w ere  
surveyed fo r v iab le  C. botulinum spores. The  
foods w ere  purchased from  local re ta il sources. 
T h e  purpose o f the survey was to d eterm ine  if  
in fa n t foods in  the N e w  Y ork  C ity  m arket area 
represented a potential threat to infants because 
o f con tam ination  w ith  C. botulinum. The m eth ­
ods used fo r exam ination  of each product type  
w ere  va lida ted  by analysis o f samples spiked  
w ith  lo w  levels o f C. botulinum spores.

M E T H O D

S p o r e s

The strain o f C. botulinum used to spike samples 
was a food isolate shown to produce type A  toxin  
by the mouse bioassay. The cu lture  was m a in ­
tained  in  cooked m eat broth  (D ifco  Laboratories, 
D e tro it, M I) .  Spores fo r inocu la ting  products  
w ere  produced in  tubes con tain ing  100 m L  
cooked m eat b ro th  incubated at 3 5 °C  fo r 9 days. 
Spores w ere  harvested by centrifugation  (10 000 
X g fo r 20 m in  at 4 °C ), resuspended in  absolute 
alcohol to k i l l  vegetative cells, w ashed tw ice in  
gel-phosphate b u ffe r, and fin a lly  resuspended  
in  60 m L  gel-phosphate buffer. A  1 m L sample 
of the spore suspension was heat-shocked at 80 °C  
fo r 10 m in , seria lly  d ilu ted  in  gel-phosphate  
b u ffe r, and p lated  on live r-vea l egg yo lk  agar 
(D ifco ) to determ ine the concentration of viable  
spores. The suspension was stored at — 10°C  
u n til needed.

F o o d  P ro d u cts

Food samples w ere  purchased from  8 super­
m arkets in  the N e w  Y o rk  C ity  area. T he  inves­
tig a tio n  was lim ite d  to 6 product types: honey, 
d ry  cereal, n o n fa t d ry  m ilk , evaporated m ilk , 
canned in fa n t fo rm u la , and canned (glass jars) 
baby food. The n um ber of units and type of 
pro duct tested are listed  in  Table 1.
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Table 1. Product types tested

Product
No.

varieties
No.

manufacturers
No. units 
tested

Honey 10 7 48
Dry cereal 12 6 87
Nonfat dry milk 1 5 26
Evaporated milk 1 3 15
Canned formula 5 4 40
Canned (glass jars) 

baby food 4 1 20
Total 33 26 236

P re p a ra t io n  a n d  A n a ly s is  o f  S a m p le s

Except fo r honey, products w ere  prepared and  
ana lyzed  b y  the m ethods o u tlin ed  in  the B a c te ­

rio lo g ica l A n a ly t ic a l  M a n u a l  (7). Containers w ere  
d is in fected  w ith  70% e thano l (m em brane f i l ­
tered), th o ro u g h ly  shaken, and opened for 
sam pling  u n d er an H E P A -filte re d  la m in a r f lo w  
hood. Sam ple size for most products was 10 m L  
( liq u id ) or 10 g (solid) transferred  d irec tly  in to  
100 m L  cooked m eat m ed ium . P rio r to ino cu ­
lation, tubes of m ed ium  w ere steamed for 30 m in  
in  an A rn o ld  steam cham ber and cooled u n til 
they  w e re  s till hot to the touch (7 0 -8 5 °C ). Ten  
g samples o f n on fa t d ry  m ilk  w ere  d ilu te d  w ith  
10 m L  sterile saline and then added w ith  a p ipet 
to the bottom  of tubes of presteamed cooked meat 
broth . Ten g d ry  cereal was suspended in  100 
m L  sterile  saline and then  10 m L o f the s lurry  
was added to presteam ed cooked m eat broth . 
T he  tubes w ere  incubated fo r 7 days at 35 °C  and  
exam ined  d a ily  fo r g ro w th . A fte r incubation , 
samples o f cu lture  b ro th  w ere  m ixed  w ith  an 
equal vo lu m e  o f absolute alcohol (m em brane  
f ilte re d ) and, a fte r 1 h at room  tem perature, 
streaked onto liv e r-ve a l egg yo lk  agar. D u p li­
cate plates w ere  incubated aerobically  and an­
aerob ica lly  at 35 °C  fo r 48 h and exam ined fo r  
g ro w th . Colonies typ ica l fo r C. b o t u lin u m  (i.e., 
pearly  layer and y e llo w  precipitate) w ere  picked  
and  ino cu lated  in to  tubes o f cooked m eat broth. 
T h e  tubes w ere  incubated at 35 °C  fo r 72 h, after 
w h ic h  0.5 m L  culture  b ro th  was inoculated  in to  
2 m ice as a p resum ptive  test fo r b o tu lin a l 
toxin .

T w e n ty -f iv e  g honey was analyzed  by the d i­
a lys is -enrich m en t cu ltu re  m etho d  o f Sugiyam a  
et al. (8). In  b rie f, the h on ey was w arm ed, 
m ixed , and d ilu te d  w ith  sterile  w a te r to p erm it  
easier h an d lin g . T h e  d ilu te d  h oney was d i­
a lyzed  against d is tilled  w ater and th en  inocu ­
lated in to  a m ed iu m  co n ta in ing  cooked m eat 
particles and trypticase-peptone-glucose-yeast

extract broth . T he  inoculated  m ed iu m  was 
heated at 8 0 °C  fo r 25 m in  and incubated  for 7 
days at 35°C .

R esults and D iscussion

V a lid a tio n  o f  M e t h o d s

O ne product u n it  representative o f each 
product type listed  in  Table 1 was inoculated  
w ith  spores o f C. b o tu lin u m  type A . Except for 
h oney, the spore concentration  in  each product 
was app ro x im ate ly  4 spores /m L. H o n e y  was 
inoculated  w ith  about 40 spores /m L. Each in ­
oculated product was exam ined for the presence 
of C. b o tu lin u m  by the m ethods described earlier. 
In  every  case, typ ical C. b o t u lin u m  colonies w ere  
detected on liv e r-ve a l egg yo lk  agar, and  toxi- 
g en ic ity  was con firm ed  by the m ouse bioassay. 
Cereal products and n on fa t d ry  m ilk  contained  
large num bers o f g ram -positive  spo re -fo rm ing  
rods id e n tifie d  as B a cillu s  sp.; h ow ever, the lo w  
level C. b o tu lin u m  spike was recovered in  each of 
the product types by this procedure.

S a m p le  A n a ly s is

N o  C. b o tu lin u m  spores w ere  detected in  any of 
the 236 product units  tested. D ry  foods and  
h oney products contained  g ram -positive  facu l­
tative  b ac illi but no organism s w ere  detected in  
any o f the canned samples. Since a lim ite d  
n u m ber o f sample units w ere  tested in  re la tion  
to the  num bers produced, these results do not 
prove that C. b o t u lin u m  is absent in  the product 
types exam ined. H o w ev e r, the results ind icate  
that the incidence is p robab ly  lo w  and  that a 
widespread problem  does not exist. O n  the basis 
of this study, w e conclude that in fan t foods in  the  
N e w  Y o rk  C ity  area are u n lik e ly  to be a m ajor 
source of spores fo r in fa n t botulism .

A c k n o w le d g m e n t

W e thank James D . M acm illan , D epartm ent of 
B iochem istry and M icro b io lo g y , Rutgers U n i­
vers ity , N e w  B runsw ick, NJ, fo r his va luab le  as­
sistance in  the  preparation  o f the  m anuscript.

Refer en c es

(1) Pickett, J., Berg, B„ Chaplain, E., & Brunstetter- 
Shafer, M. (1976) N. Engl. /. Med. 295, 770-772

(2) Centers for Disease Control (1981) Morbid. Mortal. 
Weekly Rep. 30, 121-123

(3) Centers for Disease Control (1978) Morbid. Mortal. 
Weekly Rep. 27,17-23

(4) Arnon, S. S., Midura, T. F„ Clay, A. A., Wood, R. M., 
& Chin, J. (1977) J. Am. Med. Assoc. 237, 1946-



13 0 4 LAW : J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 5, 1983)

1951
(5) Midura, T. F., & Arnon, S. S. (1976) Lancet 2, 934- 

936
(6) Chin, J., Arnon, S. S„ & Midura, T. F. (1979) Rev. 

Infect. Dis. 1, 693-696

(7) Food and Drug Administration (1978) Bacteriological 
Analytical Manual, 5th ed„ AOAC, Arlington, VA, 
Chapter XIV

(8) Sugiyama, H„ Mills, D. C„ & Kuo, L-J. C. (1978) /. 
Food Prot. 41, 848-850

High Pressure Liquid Chromatographic Determination of Capsaicin in 
Oleoresin and Personal Protection Aerosols

MARK W. LAW
U .S. E n v iro n m en ta l P ro te c t io n  A g e n c y , C h em ic a l a n d  B io lo g ic a l In v e s t ig a t io n s  B ra n c h , 
B e lt s v il le ,  M D  2 0 7 0 5

A  simple and accurate high pressure liquid chroma­
tographic method has been developed for determi­
nation of capsaicin in oleoresin capsicum and mineral
oil-based aerosol formulations intended for personal 
protection. Capsaicin, the main ingredient respon­
sible for the spicy pungency of various hot peppers 
and paprika, is extracted with acetonitrile and ali­
quots are analyzed on a 10 pm Cis column at 280 nm 
with acetonitrile-w ater (45 +  55) mobile phase. 
Dihydrocapsaicin is also extracted and is simulta­
neously quantitated with propiophenone as an in­
ternal standard.

Capsaicin is the m ain  in g red ien t responsible for 
the  spicy pungency o f various hot peppers and  
paprikas (1). D ihydrocapsaic in  is present w ith  
a ll capsaicin obtained from  n atu ra l sources, at 
ap p ro x im ate ly  20-25%  o f the capsaicin concen­
tra tio n  (S. B row ne, E. M . Chem icals (1981), p ri­
vate com m unication). A  varie ty  of m ethods for 
d ete rm in a tio n  o f capsaicin in  food products in ­
clude an organoleptic test (1), colorim etry (2 -6 ), 
U V  spectrophotom etry (7, 8), th in  layer chro­
m atog raphy (9), gas chrom atography (10 -1 2 ), 
and  h ig h  pressure liq u id  chrom ato graphy  
(H P L C ) (13). H o w ever, no m ethod exists for the 
determ ination  of capsaicin in  materials intended  
fo r personal protection.

T he  H P L C  m ethod  (13) specifies a m obile  
phase g rad ien t and fluorescent detection to de­
te rm in e  the capsaicinoids. W e obtained a sam­
ple o f standard grade capsaicin and the H P L C  
m ethod  fo r assay o f concentrated standard m a­
teria l. The m ethod  p ro vid ed  is s im ila r to one 
w h ic h  w e  developed, except fo r a d iffe re n t ab­
sorbance m axim um . U sing  the absorbance at

Received March 2,1982. Accepted February 8,1983.

229 nm  as suggested in  the priva te  com m unica­
tio n  enhances sensitiv ity , b u t the analyst must 
be cautious w h e n  w o rk in g  w ith  m aterials capa­
b le  o f absorbing in  that reg ion. W e chose a 280 
n m  detection  w ave len g th  because it  provides  
am p le  sens itiv ity  w ith  no detectable in te rfe r­
ences.

M E T H O D

A p p a ra tu s  a n d  R e a g e n ts

(a) L iq u id  c h r o m a t o g r a p h .— Spectra-Physics  
8000-A , equ ipped  w ith  Spectra-Physics 8400 
variab le  w a v e le n g th  detector, recorder or in te ­
g rator, and 10 juL in jection  loop, or equ iva len t. 
In tegra tio ns  and calculations w ere  h and led  by  
the data system but m anual peak h e ig h t m ea­
surem ents gave iden tica l results.

(b) C h r o m a to g ra p h ic  c o lu m n .— /xBondapak Cis,
3.9 m m  id  X  30 cm (W aters Associates, Inc.). 
M e th o d  perform s satisfactorily w ith  s im ila r re ­
verse phase colum ns (W hatm an O D S-1, D upont 
5 p m  O D S , and Spectra-Physics Lichrosorb  
8R PA ).

O p era tin g  conditions:— E lu tio n  solvent, ace­
to n itr ile -w a te r (45 +  55) (Fisher Scientific H P L C  
grade); f lo w  rate, 2 m L /m in ; tem perature, 40°C ; 
in jec tion  vo lu m e, 10 p L .  E lu tio n  o rder is p ro ­
p io p h en o n e  (4 m in ), capsaicin (6 m in ), and  
d ihydrocapsaic in  (8 m in ) w ith  baseline separa­
tion  fo r each com ponent (F igure  1).

(c) I n t e r n a l  s ta n d a r d  s o lu tio n .— W eig h  p ro p io ­
phenone (Eastman Kodak) in to  vo lum etric  flask 
and  d ilu te  w ith  aceton itrile  to g ive fin a l con­
centra tion  o f 0.3 m g /m L .

(d) S ta n d a rd  so lu tio n .— W eigh  100 mg capsaicin 
in to  200 m L  vo lu m etric  flask and d ilu te  to vo l-
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Figure 1. Elution order of a, propiophenone; b, 
capsaicin; and c, dihydrocapsaicin at 0.26, 0.517, and 

0.147 m g /m l, respectively.

um e w ith  the in te rn a l standard solution  to g ive  
f in a l concentration  o f 0.5 m g /m L .

P re p a ra t io n  o f  S a m p le s

(a) O leo res in s .— W eigh  sample w h ich  contains 
ca 25 m g capsaicin in to  100 m L  screw-cap or 
glass-stopper E rlenm eyer flask. A d d  50 m L in ­
tern a l standard  so lu tion  and agitate on a m e­
chanical shaker 1 h.

(b ) A e r o s o l  fo rm u la t io n s . — Shake aerosol w e ll, 
and  w e ig h . D ispense in to  100 m L screw-cap or 
glass-stopper E rlenm eyer flask to obtain sample 
e q u iva len t to ca 25 m g capsaicin. A d d  50 m L  
in te rn a l standard  so lu tion  and shake 1 h on m e­
chanical shaker. Let sam ple settle > 3 0  m in  for 
com plete separation of acetonitrile solution from  
o il layer.

D e t e r m in a t io n

In jec t 2 o r m ore 10 p L  a liquots o f standard so­
lu tio n  to obta in  in teg ra tio n  param eters and sta­
b ilize  instrum ent. M o n ito r response factor u n til 
results agree w ith in  2%. In ject 4 a liquots of 
standard  so lu tio n  and  2 aliquots o f sam ple solu­
tion  in  succession. Calculate response factor, R ,  

fo r each:
R  =  area capsaicin peak / area in tern a l standard  

peak

% Capsaicin =  (R / R ' )  X  ( W ' / W )  X  P,

w h e re  R  and R '  =  average response factors for 
sam ple and  standard solutions, respectively; W  
and V I ' =  m g sample and standard, respectively; 
P  =  p u r ity  (%) o f standard.

R esults and D iscussion

P re lim in a ry  investigations established the  
H P L C  conditions, and p rop iop hen on e  was se­
lected as the in te rn a l standard.

For contro l and recovery studies, a sam ple o f  
oleoresin capsicum was analyzed, and then  used 
to m ake a series o f spiked solutions con tain ing  
0 .1 -1 0 .0  g oleoresin  in  a total o f 10 g m in e ra l o il 
(i.e., 1 to 100% oleoresin capsicum in  m ineral oil). 
These samples w ere  extracted w ith  the appro­
p ria te  vo lu m e o f in te rn a l standard so lu tion  to 
y ie ld  0.5 m g capsaic in /m L. Sam ples w ere  as­
sayed in  trip licate  and a ll recoveries w ere  9 6 -  
100%, provided at least 3 m L solvent was used per 
gram  o f sam ple. Extraction e ffic iency  was less 
than  50% w h e n  10 g sam ple was extracted w ith  
20 m L  extractant.

In  add ition , aerosol products w h ich  contained  
oleoresin  capsicum in  a m in e ra l o il base and  
w h ic h  claim ed capsaicin content o f about 0.3% 
w ere  tested. Thus, fo r the standard so lu tion , a 
sam ple o f oleoresin capsicum was d ilu te d  in  
m in era l o il to y ie ld  a calculated content of 0.23%. 
T he  prepared d ilu tio n s  w ere  extracted in  d u p li­
cate for 1 h in  decreasing volum es of acetonitrile  
(p rop iop heno n e  added as an in te rn a l standard) 
to test the extraction effic iency in  the range used 
fo r aerosol sam ple analysis. The dup lica te  v a l­
ues w ere  averaged and the results are show n  in  
Table 1.

A n  8 g sample in  50 m L  extractant, as specified  
in  the m ethod , is w ith in  the range o f m ax im um  
extraction effic iency. M in im u m  shaking  tim e  
has not been d eterm ined , b u t recovery studies 
con firm  com plete extraction in  1 h. D etection  
response at 280 nm  was linear for 10 p L  injections 
o f capsaicin solutions ran g in g  fro m  0.05 to 1.0 
m g /m L . W h en  the in te rn a l standard  was 
present at app ro x im ate ly  o n e -h a lf the concen-

Table 1. Efficiency of extraction of capsaicin from mineral oil

Sample,
g

Extractant,
mL

Capsaicin 
added, mg

Capsaicin 
found, mga

Recovery,
%

8.66 80 19.92 19.66 98
8.05 60 18.52 18.43 99
7.41 40 17.04 16.89 99
7.35 20 16.90 16.32 96

Average of duplicate analyses.
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tra tio n  of the standard, peak area ratios w ere  
constant o ver the 0 .05 -1 .0  m g /m L  range.

A ll standards of capsaicin derived  from  natural 
sources appear to contain  d ihydrocapsaic in  at 
15-20% . S im ila r p roportions o f d ihydrocapsai­
cin  are fou nd  in  our samples. T h e  synthetic  
capsaicin (99% p u rity ) contained none o f the  d i­
hydro  m aterial, and the d ihydro  m aterial was not 
availab le  in  pure form ; there fore , o n ly  ap p ro x i­
m ate percentages of d ihydrocapsaic in  in  the  
samples w ere  obtained. H o w e v e r, if  the d ih y ­
drocapsaicin content of n atu ra l samples is ap­
proxim ated  by assum ing an u ltra v io le t absor­
bancy equal to capsaicin, th en  the n a tu ra l sam­
ples m ay be used as the d ihydrocapsaic in  stan­
dard.
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Effects of Grinding and Storage for One M onth on Retention of 
Vitam in A in Premixes and M ineral Supplements

DONALD B. PARRISH and KAREN PATTERSON
K a n sa s  S ta te  U n iv ers ity , D e p a r tm en t  o f  B io c h e m is try , M a n h a t t a n , K S  6 6 5 0 6

Tested standardized procedures for handling pre­
mixes and mineral supplements from time of sam­
pling to time of analysis for vitamin A have not been 
developed, which could account for some unex­
plained inconsistent and low analytical results. 
Grinding premix samples and storing them in a 
freezer for one month had little effect on amount of 
vitamin A found, but there was a significant loss 
(about 10%) after storage for one month at room 
temperature. Results on replicated determinations 
of vitamin A in unground and ground mineral sup­
plements and on effect of storage were somewhat 
more variable than for premixes, but only the loss 
(about 12%) during storage for one month at room 
temperature was significant.

In  recent years, m any prem ixes and m in era l 
supplem ents used to prepare m ixed  feeds or fo r  
free-choice feed ing  contain  added stab ilized  v i­
tam in  A. Those products also com m only contain  
15 or m ore other ingredients, including  vitam ins  
an d  n o n m in e ra l com ponents. R egulatory lab ­

Received December 10,1982. Accepted February 8,1983.

oratories have fou nd  that those prem ixes and  
supplem ents o ften  contain  less v ita m in  A  than  
c la im ed, w ith  inconsistent d ifferences am ong  
laboratories or am ong analyses p erfo rm ed  at 
d iffe re n t tim es. W h e n  those problem s became 
even  m ore frequ en t d u rin g  the  sum m er a few  
years ago in  the  m idw est U n ite d  States, proce­
dures fo r h an d lin g  samples before the analyses 
w ere  suspect.

F ie ld -co llected  samples m ig h t have been le ft  
in  a veh ic le  exposed to h ig h  tem peratures fo r  
several days before being  b rought to the labo­
ratory. Sam ples m ig h t have been placed on a 
sh e lf at the rece iv ing  area o f the laboratory, 
g ro u n d  w h e n  conven ient, and again set on a 
sh e lf u n t il ana lyzed  some tim e later. Such 
practices m ig h t have been acceptable in  the days 
w h e n  o n ly  proxim ate  princ ip les  w ere  d eter­
m in e d , b u t are perhaps inap prop ria te  fo r m o n i­
to rin g  v ita m in  A  contents o f registered feed  
products.

Present A O A C  procedures fo r pre-assay h an ­
d lin g  o f sam ples c o n ta in in g  v ita m in  A
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Table 1. Percentage of sample passing screen

Product
No. of 

samples Condition

Screen size

35 60 80

Premixes 14 unground 57-76a 16-36 10-23
ground6 84-97 40-74 22-54

Mineral supplements 9 unground 15-63 3-35 1-22
groundc 63-97 28-93 15-52

a Range of percentages in 14 and 9 samples, respectively.
6 Ground in SHG-75g coffee grinder. A supplier is Markson Scientific, Box 767, Del Mar, CA 92014. 
6 Ground in Wiley mill, intermediate model, coarse screen.

(43.008-43.017) are based on tests in  m ixed feeds, 
in fo rm atio n  in  trade publications, and on our 
experience. Few  data have been reported  on  
pre-assay h an d lin g  o f prem ixes or m in e ra l sup­
p lem ents  con ta in ing  v ita m in  A . The m in era l 
content in  those products is h igher than in  m ixed  
feeds and foods and m ig h t be m ore destructive  
o f v ita m in  A .

To gain  fu r th e r  in fo rm atio n  on causes and  
solutions o f the v ita m in  A  analytical problem s, 
w e  stud ied  effects of g rin d in g  the prem ixes and  
supplem ents and storing  them  fo r one m onth .

Procedures

M in e ra l-v ita m in  prem ixes w ere  u n p elle ted  
com m ercial form ulations designed to supply the  
m ic ro n u trie n t requirem ents w h e n  added to 
m ixed  feeds at 5 or 10 lb /to n . M in e ra l supple­
m ents w ere  fo rm u lated  fo r free-choice feed ing  
o r fo r add ing  to m ixed  feeds at 20 to 50 lb /to n .  
S tab ilized  v ita m in  A  preparations used in  the  
prem ixes w e re  com m ercial products fro m  3 
m anufacturers, but sources of those used in  
m in e ra l supplem ents could not be d eterm ined , 
n o r was in fo rm atio n  availab le  on age and p rio r  
h an d lin g  o f supplements. Premixes w ere either 
fresh or not m ore than  2 m onths old , except one 
p rem ix  was 6 m onths o ld . T w o  o f the prem ixes  
w e re  listed as contain ing  antioxidant. Contents  
of v itam in  A  in  IU /g  ranged from  1200 to 2000 in  
8 samples, 2000 to 3000 in  4 samples, about 5000 
in  one, and 15 000 in  another.

A p p ro x im a te ly  40 g portions of the prem ixes  
w e re  g ro un d  30 s in  a coffee g rin d e r or p u lv e r­
ize r, and portions w ere  com bined and m ixed. 
A ll  m ix in g  was done by ro llin g  on paper. M in ­
era l sup p lem en t samples (approx. 250 g) w ere  
g ro u n d  in  a W ile y  m ill ,  an in term ed ia te  m odel 
co n ta in in g  a coarse screen. T he  coffee g rin d er  
had several advantages over other grinders: fast 
reduction  o f particle size, practically no dusting, 
l it t le  h eating  o f sam ple, ease o f c lean ing , and

re la tiv e ly  inexpensive. H o w e v e r, blades break  
easily on attem pts to g rin d  pellets or large p ar­
ticles. T he  A O A C  m ethod  43 .008-43 .017  was 
used to d e te rm ine  v ita m in  A  in  10 or 15 g sam­
ples. Chrom atography was not required because 
samples contained litt le  or no carotenoid  p ig ­
m ents. N o rm a l laboratory practices w ere  fo l­
low ed  for premixes, but w ork  was d iv ided  so that 
each of 2 analysts alw ays d id  certain parts o f the  
procedure. O ne analyst d id  practically all of the  
w o rk  on the m in era l supplem ents.

R esults and D iscussion

Table 1 shows the particle size d istributions in  
samples. Particle sizes of m in e ra l supplem ents  
varied  m ore than those o f prem ixes; some w ere  
m u ch  coarser. G enera lly , even a fter g rin d in g , 
coarser samples s till contained h ig h e r percent­
ages o f larger particles.

Results on v ita m in  A  contents are show n in  
Tab le  2. O v e ra ll agreem ent on trip lica te  d eter­
m inations on prem ixes was en tire ly  satisfactory. 
G rin d in g  of premixes had little  effect on v itam in  
A  contents at 0 tim e or after freezer storage fo r 1 
m onth , but storage of either unground or ground  
samples at room  tem perature fo r 1 m o n th  re ­
su lted  in  a s ign ificant loss of v ita m in  A . H o w ­
ever, g rin d in g  o f samples d id  increase (nonsig- 
n ific a n tly ) u n ifo rm ity  o f results on rep licated  
determ inations. Satisfactory u n ifo rm ity  in  v i ­
tam in  A  determ inations was obtained on these 
samples in  w h ic h  approx im ately  50% passed a 
N o . 35 screen and 15% or m ore passed a N o . 60 
screen.

Storage o f m in e ra l supplem ents at room  tem ­
perature for 1 m onth  also resulted in  a significant 
loss o f v ita m in  A  (Table 2). T he  la rg er o vera ll 
d iffe rence  (3.6% ) and less u n ifo rm ity  in  g round  
and  u ng ro un d  m in e ra l supplem ents than  w ith  
prem ixes could have been caused by one or more  
o f the fo llow in g  factors: less un iform  m ixing  by 
sup plier, lo w e r concentrations o f v ita m in  A ,
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Table 2. Vitamin A content, lU/g

Product
No. of 

samples
Storage

time Temp. Unground Loss, % Ground Loss, %

Premixes 14 0 3044 (2.8)3 3052(2.1)
8 0 3969 (3.3) 3979(1.7)
8 1 mo. freezer 3886 (3.4) 2.1 4000(2.9) (0.5)6
8 1 mo. room3 3648 (3.3) 8.1* 3567 (1.8) 10.4*

Mineral supplements 12 0 roomd 223 (4.2) 211 (3.9) 3.6
13 0 roomd 316(5.4)
13 1 mo. 279(3.2) 11.7*

3 Mean of all samples and % maximum deviation from the mean of triplicate determinations on individual samples (premixes) 
and of duplicates (mineral supplements). No outlier data discarded. 

b Increase. 
c 29-30°C.
d  Summer uncontrolled laboratory temperature.
* Effect of storage is significant (P = 0.05).

dusting  d u rin g  g rin d in g , g reater d iff ic u lty  in  
cleaning the m ill after g rin d in g  certain samples. 
H o w ev e r, some m in era l supplem ents w ere  so 
coarse that g rin d in g  was necessary fo r satisfac­
tory  sam pling. These supplem ents w ere  not 
studied u nd er lo w  tem perature conditions, b ut, 
s im ila r to results on prem ixes, lit t le  loss of v ita ­
m in  A  resulted in  o th er m in e ra l supplem ents  
stored in  a freezer.

T he  effect of h u m id ity  on loss o f v ita m in  A  is 
another factor that is n o w  u n d er study and  
probably w ill  need to be taken into  account along  
w ith  tem perature and tim e  o f storage.

These studies indicate that, i f  the analysis is to 
reflect the v ita m in  A  content at the tim e  the  
samples are taken, prem ixes and m in e ra l sup­
p lem ents should be kep t in  a freezer u n t il  ana­
lyzed  fo r v ita m in  A.
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FOR YO UR INFORM ATION

A O A C  to  H o l d  9 7 th  A n n u a l  In te rn a t io n a l  
M e e t i n g  O c t o b e r  2 - 6

The Association of Official Analytical 
Chemists (AOAC) will hold its 97th Annual 
International Meeting October 2-6,1983 at the 
Shoreham Hotel, Washington, DC. Current 
developments in analytical methodology 
pertaining to agricultural, environmental, and 
public health areas will be presented and 
discussed.

Seven symposia planned for this meeting 
are: Instrumental Methods for the Analysis of 
Vitamins (Monday, October 3rd); Hospital 
Disinfectants Testing (Tuesday, October 4th); 
Food Microbiology: Update on Foodborne 
Pathogens of Recent Significance (Tuesday, 
October 4th); Detection/Quantitation of 
Protein Adulteration in Food (Tuesday, 
October 4th); Mutagenicity Screening— 
Microbiological Systems (Wednesday, October 
5th); Instrumental Methods and Data 
Handling (Thursday, October 6th); and Sulfite 
Analysis Methods for Food Products 
(Thursday, October 6th).

Approximately 1,200 scientists and 
researchers from government, industry, and 
academia are expected to attend. Two 
hundred papers on new techniques, methods 
and instrumentation for analysis of foods, 
drugs, pesticides, cosmetics, feeds, fertilizers, 
mycotoxins, beverages, colors, forensic science 
materials, hazardous substances, vitamins, 
water and air pollutants, and microbiological 
and extraneous material contamination of 
foods, and related subjects are to be presented.

Immediately preceding the AOAC meeting 
on September 30th-October 1st, 1983, the 
American Chemical Society (ACS) will offer a 
short course entitled, "Maintaining and 
Troubleshooting Chromatographic Systems," 
conducted by M. T. T. Bradley. The fee for the 
course will be $425.00 for ACS members and 
$495.00 for non-members. To register for this 
course, contact the Department of Continuing 
Education, American Chemical Society, 1155 
Sixteenth Street, NW, Washington, DC 20036.

AOAC will also sponsor an exhibition of the 
latest scientific equipment and supplies. 
Seventy-five firms from all over the United 
States will be exhibiting their equipment from 
10:00 a.m. Monday, October 3rd through 12:00 
noon on Wednesday, October 5th.

Registration for the meeting will take place 
from 1:00 p.m. Sunday, October 2 through 
12:00 noon on Thursday, October 6th. The fee 
for advance registration will be $25.00 
(Member)/$30.30 (Nonmember) for one day 
and $50.00 (Member)/$55.00 (Nonmember) for 
two or more days. On-site registration will be 
$60.00 for full meeting and $35.00 for one day.

For hotel reservations, please contact the 
Shoreham Hotel, Calvert Street and 
Connecticut Ave. NW, Washington, DC 20008, 
(202) 234-0700.

For further details, contact Kathleen M. 
Fominaya, AOAC, 1111 N 19th St., Suite 210, 
Arlington, VA 22209, (703) 522-3032.

I n t e r im  M e t h o d s  A d o p t e d

The following methods have been adopted 
interim official first action by approval of the 
appropriate General Referee, Committee on 
Official Methods, and Chairman of the Official 
Methods Board: Mass Spectrometric 
Determination of Cane Sugar and Corn Syrup 
in Maple Syrup by Use of 13C /12C Ratio, by 
Mariafranca Morselli and Kelly Baggett, 
Vermont Agricultural Experiment Station; 
Determination of Hydrocortisone in Drug 
Substance and Tablets, by Milda J. Walters, 
Food and Drug Administration; High Pressure 
Liquid Chromatographic Determination of 
Methocarbamol in Pharmaceutical Dosage 
Forms, by Richard L. Everett, Food and Drug 
Administration; Determination of Water in 
Oils and Fats by the Karl Fischer Method, by 
Raffaele Bernetti, Stephanie J. Kochan, and 
James J. Pienkowski, CPC International; and 
Multiresidue Method for Determining 
Organochlorine Pesticides in Poultry Fat, by 
James A. Ault and Tim E. Spurgeon, Analytical 
Bio-Chemistry Laboratories, Inc.

M e e t in g s

October 2-6, 1983: 97th AOAC Annual 
International Meeting, Shoreham Hotel, 
Washington, DC. For information, see article 
above.

April 29-May 2, 1984: 9th AOAC Annual 
Spring Training Workshop, Philadelphia 
Marriott Hotel, Philadelphia, PA. Contact 
Aaron E. Wasserman, PO Box 6197, 
Philadelphia, PA 19115 (215/676-8568); James 
J. Karr, Penwalt Technological Center, 900
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First Ave, Box C, King of Prussia, PA 19406 
(215/265-3200); or Harvey Miller, FDA, US 
Customhouse, 2nd & Chestnut St., 
Philadelphia, PA 19106 (215/597-4375).

May 15-18,1984: 5th International 
Symposium on Mass Spectrometry in Life 
Sciences, Gent, Belgium. Contact A. De 
Leenheer, Symposium Chairman, Laboratoria 
Voor Medische Biochemie en voor Klinische 
Analyse, Harelbekestraat 72, B-9000, Ghent, 
Belgium.

October 28-November 1,1984: 98th AOAC 
Annual International Meeting, Shoreham 
Hotel, Washington, DC. Contact Kathleen 
Fominaya, AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209 (703/522-3032).

A O A C  G a in s  N e w  S u s t a in in g  M e m b e r s

AOAC welcomes six new additions to the 
growing list of companies aware of the need to 
support an independent methods validation 
association. New Private Sustaining Members 
are Borden, Inc., Columbus, OH; Campbell 
Taggart, Dallas, TX; Carnation, Van Nuys, CA; 
Comibassal International, Alexandria, Arab 
Republic of Egypt; Philip Morris USA, 
Richmond, VA; and Union Carbide 
Agricultural Products Co., Research Triangle 
Park, NC.

AOAC also welcomes the Association of 
Public Analysts, Matlock, Derbyshire,
England, as a new Sustaining Member.

IS O  S ta n d a rd s  P u b l is h e d

The following standards have been 
published by the International Organization 
for Standardization (ISO), Technical 
Committee 34—Agricultural Food Products. 
The standards are available at prices indicated 
from the Food and Drug Administration, 
Bureau of Foods, HFF-7, 200 C Street, SW, 
Washington, DC 20204.
ISO 5223-1983 Test sieves for cereals $11.00 

Dehydrated onion— $12.00
Specification
Dehydrated garlic— $12.00
Specification

ISO 5562-1983 Turmeric, whole or $11.00 
ground (powdered)— 
Specification

ISO 6662-1983 Plums—Guide to cold $11.00 
storage

ISO 6663-1983 Garlic—Guide to cold $11.00 
storage
Bilberries and $11.00
blueberries—Guide

ISO 5559-1983

ISO 5560-1983

ISO 6664-1983

to cold storage
ISO 6665-1983 Strawberries—Guide $11.00 

to cold storage
ISO 6799-1983 Animal and vegetable $12.00 

fats and oils—
Determination of 
composition of the 
sterol fraction—
Method by gas-liquid 
chromatography

1 9 8 3  A O A C  S c h o la r s h ip  A w a r d e d  to B ra d le y  
B ro c k  o f  M a lv e r n , P A

Bradley M. Brock, an outstanding student at 
the Delaware County Campus of the 
Pennsylvania State University, Media, PA, is 
the winner of a two-year, $1,000 scholarship 
sponsored by AOAC.

A Dean's List student with a 3.94 grade 
point average, Mr. Brock has shown unusual 
ability in laboratory work and has carried out a 
Chemistry Honors project. In addition tos 
maintaining a superior academic record and 
working to finance his education, Mr. Brock 
has assumed a leadership position in a number 
of campus organizations.

Mr. Brock will continue his studies at the 
main campus of the Pennsylvania State 
University as a biochemistry major with 
emphasis on human and animal health. He 
plans to attend graduate school and then teach 
or carry out research in this field.

Each year AOAC awards a two-year 
scholarship to a college sophomore who is 
studying a subject important to public health 
and agriculture. To qualify, the student must 
be in need of financial aid, maintain at least a 
B average during the first two years of 
undergraduate study, and plan to do research, 
regulatory work, quality control, or teach in an 
area of interest to the AOAC.

Nominations for the 1984 award must be 
received before 1 May 1984. Send six copies 
of a nomination letter and two supporting 
reference letters to AOAC, 1111 N 19th St, 
Arlington, VA 22209.

1 9 8 3  F e llo w s  o f  th e  A O A C

Eight scientists have been chosen to receive 
the 1983 Fellow of the AOAC awards. Warren 
Bontoyan, AOAC President, will make the 
presentations at the opening session of the 
97th Annual International Meeting of the 
AOAC, on Monday, October 3,1983.

The award recipients are Ted M. Hopes,
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Food and Drug Administration, Brooklyn, NY; 
Edmond J. Baratta, Food and Drug 
Administration, Winchester, MA; Randolph H. 
Dyer, Bureau of Alcohol, Tobacco and 
Firearms, Rockville, MD; Peter M. Scott,
Health and Welfare Canada, Ottawa, Ontario, 
Canada; Alan R. Hanks, Purdue University, 
West Lafayette, IN; Edwin R. Jackson, State 
Chemical Laboratory, Mississippi State, MS; 
Frank J. Johnson, Tennessee Valley Authority, 
Muscle Shoals, AL; and Stanley M. Cichowicz, 
Food and Drug Administration, Washington, 
DC.

The Fellow of the AOAC award was 
established in 1961 to recognize those persons 
giving meritorious service to the Association. 
Winners of the award have performed notably 
for 10  years or more, usually as officers, 
referees, or committee members.
Nominations are made by AOAC members, 
reviewed by the Committee on the Fellows, 
and finally approved by the Board of 
Directors.

Ted M. Hopes served as Associate Referee 
on Polarographic Methods for 
Organomercurial Drugs in the past, member of 
the Committee on Classification of Methods, 
and has been the General Referee on 
Miscellaneous Drugs since 1967.

Edmond J. Baratta previously served as 
Associate Referee on 3 topics and is presently 
the Associate Referee on Cesium and the 
General Referee on Radioactivity.

Randolph Dyer served as Associate Referee 
on Methyl Alcohol, and is presently the 
Associate Referee on ¡3-Asarone, Coumarin in

Wine, and the General Referee on Alcoholic 
Beverages.

Peter M. Scott served as AOAC 
Representative on the Joint Mycotoxin 
Committee, as Associate Referee on 2 topics, 
and is presently the General Referee on 
Mycotoxins.

Alan R. Hanks held 2 Associate 
Refereeships, 2 General Refereeships, and 
served on 4 committees. He presently holds 
an Associate Refereeship on 
Pentachloronitrobenzene (Pesticide 
Formulations: Fungicides and Disinfectants) 
and continues to serve as a member of 
Committee A and the Editorial Board.

Edwin R. Jackson served as Associate 
Referee on 5 topics, a General Referee on one 
topic, and a member on one committee. He 
currently serves as the Associate Referee on 
Parathion and Methyl Parathion and is the 
General Referee on Pesticides Formulations: 
Organophosphorus Pesticides.

Frank J. Johnson served as the Associate 
Referee on Mechanical Analysis for 
Agricultural Liming Materials, a member of 
Committee A, and the AOAC Representative 
to 1SO/TC 134. He is presently serving on the 
Board of Directors and is the Associate Referee 
on Phosphorus in Fertilizers.

Stanley Cichowicz served as a member of 
the Committee on Meeting Arrangements, was 
Associate Referee on 4 topics, of which he is 
presently the Associate Referee on 2, and is the 
General Referee on Analytical Mycology of 
Food and Drugs.

CORRECTION

J. Assoc. Off. Anal. Chem. (1983) 66, 606-609, 
“High Performance Liquid Chromatographic 
Determination of Caffeine in Decaffeinated 
Coffee, Tea, and Beverage Products," by Sarny
H. Ashoor, George J. Seperich, Woodrow C.

Monte, and Jim Welty. In Table 1, the 
caffeine content of beverages is reported as 
m g /100 mL, rather than mg/g as in coffee and
tea.

e 1
r t ^
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NEW PUBLICATIONS

Focusing on Chemistry. Edited by Sybil P. 
Parker. Published by McGraw-Hill Book 
Company, 1221 Avenue of the Americas, 
New York, NY 10020, 1982. 1,195 pp.
Price: $49.50. ISBN 0-07-045484-1.

Presenting a technical overview of the main 
branches of modern theoretical chemistry, the 
encyclopedia covers all aspects of analytical, 
inorganic, organic, and physical chemistry.
The 790 individual articles explore the nature 
of matter from the perspective of atomic 
physics, quantum theory, statistical mechanics, 
and thermodynamics. The subject matter of 
the encyclopedia's entries ranges from 
nomenclature and the elements to 
sophisticated theoretical concepts such as 
molecular orbital theory, with detailed 
discussions on flame photometry, electron 
spectroscopy, aromatic hydrocarbon, 
homogeneous catalysis, high pressure 
chemistry, coordination chemistry, optical 
activity, halogenation, solid state chemistry, 
and chemical bond theory. The encyclopedia 
is illustrated with 800 photographs and line 
drawings. It also provides cross-references, 
bibliographies, and a detailed index.

Chromatography in Biochemistry, Medicine 
and Environmental Research. Proceedings 
of the 1st International Symposium on 
Chromatography in Biochemistry, Medicine 
and Environmental Research, Venice, June 
16-17,1981. Edited by A. Frigerio. 
Published by Elsevier Scientific Publishing 
Co., PO Box 211, 1000 AE Amsterdam, The 
Netherlands, 1983. Also available from 
Elsevier Science Publishing Co., Inc., 52 
Vanderbilt Ave, New York, NY 10017. 278 
pp. Price: U.S. $72.25/Dfl. $170.00. ISBN
0-444-42016-9.

The symposium on which this book is based 
was devoted to the use of chromatography in 
the biochemical, medical, and environmental 
sciences. The papers give a variety of 
examples to illustrate the potential 
applications of chromatography. Included are 
studies concerning the identification of drugs, 
drug metabolism, and pollutants. Research 
workers in clinical chemistry, biochemistry, 
medicine, toxicology, and the forensic sciences 
should find this book of interest.

Clinical Research Practices and Drug
Regulatory Affairs. Volume 1. Editor-in- 

Chief, Gary M. Matoren. Published by Marcel 
Dekker, Inc., 270 Madison Ave, New York, 
NY 10016. Published quarterly beginning
1983. Subscription price per volume (4 
issues): $75, institutional rate; $37.50, 
individual rate.

The clinical research phase of a new drug is 
vital to that drug's marketing success. This 
new journal covers the latest advances, 
findings, and innovations of clinical research 
practices in the pharmaceutical industry. 
Topics include experimental design, 
monitoring practices, computer applications, 
administration of clinical research programs, 
quality assurance of clinical research, and the 
economics of drug development. The journal 
is aimed toward clinical monitors, clinical 
information scientists, biometricians, drug 
regulatory personnel, research administrators, 
market research staff, and clinical pharmacists, 
among others.

Comprehensive Analytical Chemistry.
Volume XVII: Gas and Liquid Analyzers.
By J. Vana. Published by Elsevier Scientific 
Publishing Co., PO Box 211, 1000 AE 
Amsterdam, The Netherlands, 1983. Also 
available from Elsevier Science Publishing 
Co., Inc., 52 Vanderbilt Ave, New York, NY 
10017. 774 pp. Price: U.S. $170.25/Dfl. 
$400.00. ISBN 0-444-99691-5.

The book reviews the problems involved in 
automatic analysis of the chemical 
composition of substances. Beginning with 
theoretical background, the author covers the 
function, technical parameters, and possible 
application of individual types of analyzer. 
Examples are given of the use of analyzers in 
automated production control of the 
composition of raw materials, in analyses of 
water and the atmosphere, and as alarms in 
dangerous environments. The book is a 
useful aid for workers in measuring and 
automation departments or control 
laboratories, as well as for researchers who 
need information on new branches in analysis.

Methods in Food and Dairy Microbiology.
By Leo R. Diliello. Published by AVI 
Publishing Co., PO Box 831, Westport, CT
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06881,1982. 164 pp. Price: $16.50, outside 
U.S. $18.00. ISBN 0-87055-411-5.

This new manual discusses standardized 
laboratory methods designed to establish the 
sanitary quality of milk, food, and dairy 
products in accordance with accepted

standards of bacteriology. The manual is 
designed to enhance the learning and 
application of analytical method's necessary to 
the operation of food and dairy testing 
laboratories. With the aid of schematic 
diagrams and illustrations, the author explains 
laboratory methods and skills.
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Custom packing HPLC 
columns has become our 
specialty. Any length, 
several ID's (including 
3.2mm) and almost any 
commercially available 
packing material maybe 
specified. We'll supply the 
column others won't.
With each column, you 

will receive the original 
test chromatogram plus 
a vial of the test mixture. 
Our advanced technology 
and computer testing 
is your assurance of a 
quality product.
When custom packing 

and testing isyourspecial 
concern, we make the 
difference.

For fu rther information contact:

ALLTECH ASSOCIATES, INC.
2051 Waukegan Road 
Deerfield, Illinois 60015 
312 /948-8600

Each
one
is
our
special
concern
lusiom
PACKED
HPICcolumns

ALLTECH ASSOCIATES
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