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Superior Purity Water 
Can Help Improve HPLC Results

B&J Brand High Purity Water undergoes rigorous purifica
tion and quality contro l to  guarantee lot-to-lo t un iform ity. 
That’s your assurance of its superio rity for:

4  Reverse phase gradient separations.
^A p p lic a tio n s  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 w ith the consisten t 
qua lity o f B&J Brand High Purity Water. Call us today for 
a free copy of our high purity water data sheet or fo r the 
loca tion of the nearest B&J D istributor. 616-726-3171.

iLs BURDICK&
Dj JACKSON

LABORATORIES, INC.
1953 South Harvey Street, Muskegon, Michigan U.'S.A. 49442 (616) 726-3171
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IS YOUR 
AO AC LIBRARY 
COMPLETE?

Optimizing Laboratory Performance 
Through the Application of Quality As
surance Principles—Proceedings of a 
Symposium. 1981.160 pp. Softbound. $25 
+  $3 book post and handling inU .S., $25 + 
$6 outside U.S. ISBN 0-935584-19-6. 

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

FDA Training Manual for Analytical Ento
mology in the Food Industry. 1978.184 pp. 
Looseleaf. $12.50 +  $2 book post and han
dling in U .S., $12.50 +  $3 outside U.S. 
ISBN 0-935584-11-0.

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

Infrared and Ultraviolet Spectra of Some 
Compounds of Pharmaceutical Interest.
1972. 278 pp. Softbound. $12 +  $2 book 
post and handling inU .S., $12 +  $3 outside 
U.S. ISBN 0-935584-04-8.

An expansion of an earlier compilation, with 
supplements. More than 800 spectra.

Mycotoxins Methodology. 1980. 22 pp. Soft- 
bound. $11 +  $1 book post and handling in 
U .S., $11 +  $2 outside U.S. ISBN 
0-935584-16-1.

Chapter 26 reprinted from Official Methods 
of Analysis, 13th Edition. Approved meth
ods for natural toxins in many commodities.

Micro-Analytical Entomology for Food 
Sanitation Control. 1962. 576 pp. Hard
bound $30 +  $3 book post and handling in 
U .S., $30 +  $6 outside U.S. ISBN 
0-935584-00-5.

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 
Proceedings. 1981. 336 pp. Softbound. $27 
+  $3 book post and handling in U. S ., $27 +  
$6 outside U.S. ISBN 0-935584-20-X. 

Chemical and biological tests plus methods 
for interpreting or predicting results through 
mathematical models.

FDA Bacteriological Analytical Manual 
(BAM) 5th Ed. 1978.448 pp. Looseleaf. $25 
+  $2 book post and handling inU .S., $25 + 
$5 outside U.S. ISBN 0-935584-12-9. 

Provides regulatory and industry laborato
ries with methods for detection of microor
ganisms. Updated by supplements.

Mycotoxins Mass Spectral Data Bank. 1978. 
60 pp. Softbound. $12 + $2 book post and 
handling in U.S. and outside U.S. ISBN 
0-935584-13-7.

A computer-based compilation of 104 mass 
spectra with alphabetic and molecular weight 
listings.

NewburgePs Manual of Cosmetic Analysis
2nd Ed. 1977. 150 pp. Softbound. $13 +  $2 
book post and handling in U .S., $13 +  $3 
outside U.S. ISBN 0-935584-09-9. 

Chromatographic techniques and spectros
copy with analyses for various specific cos
metics.

Statistical Manual of the AOAC. 1975. 96 pp. 
Softbound. $12.50 +  $1 book post and 
handling in U .S ., $12.50 + $2 outside U.S. 
ISBN 0-935584-15-3.

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

Send check to AOAC, Suite 210-J, 1111 N 19th St., Arlington, VA 22209, 703/522-3032.



5 th Edition FDA Bacteriological Analytical Manual

Completely revised and expanded in 1978, 
includes 1979 and 1980 supplements and an 
attractive plastic binder

Qualitative and quantitative detection of 
microorganisms in foods and cosmetics

Yersinia enterocolitica, parasites in foods, 
antibiotics in milk, viruses, and cosmetics 
microbiology

Sampling, metal container integrity, methods for 
isolating and counting microorganisms, 
preparation of media and reagents

New chapter on Vibrio cholerae and an 
expansion of cosmetics microbiology chapter

Up-dated material on aerobic plate count and on 
Bacillus cereus

1978, 448 pp., ISBN 0-935584-12-9 
$25 +  $2 book post & handling in 
U.S.A., $25 +  $5 outside U.S.A. 
Please enclose remittance with order.

Association of Official Analytical Chemists
1111 N 19th St, Suite 210-J
Arlington, VA 22209. Telephone 703/522-3032.
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Aquatic ToxicologyStability and steady growth mark a company 
as a leader. As we begin our 15th year of 
continued growth in products, services and 
staff, we invite your inquiries and visits. G o o d  
L a b o ra to ry  P ra c tic e  is the rule not the exception 
at ABC Labs . . .  our record speaks for itself.

•  EPA Accepted Protocols
• Static Acute Tests
•  Flow-Through Acute Bloassays
•  Embryo-Larval Tests
• Chronic Investigations
•  Bioconcentration Studies
•  Effluent Bioassays
•  In-House Analytical Support

Analytical Services
•  Pesticide Residues
•  Trace Metals (AA-ICAP)
•  Soil Metabolism
•  PCB's in Transformer Oil
•  Pharmaceuticals [Bioavailability,

Pharmacokinetics]
•  Trace Organic Pollutants
•  Water and Waste Water
•  Methods Development
•  Large Animal Studies [Meat, Milk and Eggs

Residue and Metabolism]

Instruments
•  1002A Automatic Gel Permeation

Chromatograph
• 450 Precision Laboratory

Calibrator
•  150 Filtration System (Asbestos

free) for Crude Fiber Analysis
•  500 Lighting Controller

Write or Call for More Information
P.O. Box 1097 •  314/474-8579 
COLUMBIA, MISSOURI 65205

ANALYTICAL 
BIO CHEMISTRY 
LABORATORIES, INC



Official Methods 
of Analysis 
of the
Association of Official 
Analytical Chemists
13th Edition

Edited by
William Horwitz
Bureau of Foods
Food and Drug Administration
Washington, DC

Official Methods of Analysis, often referred 
to as “the bible" by its users, provides re
search and regulatory chemists and other 
scientists with reliable methods of analysis 
for determining the composition of com
modities subject to legal control. The reli
ability of each method adopted by AOAC 
has been demonstrated by an interlabora
tory collaborative study, showing its repro
ducibility in the hands of professional an
alysts.

As analytical needs change and as 
knowledge and techniques advance, 
new and revised methods are val
idated by AOAC. These are incorpo
rated into annual updates which are 
included in the purchase price.

1980, 1038 pp., 55 illus., index, hardbound, 
Price: $75 + $3 for book post and handling 
within U.S., $75 +  $6 outside U.S., includes 
4 yearly updates. ISBN 0-935584-14-5

To obtain this book, please send order and check to
AOAC, 1111 N. 19th St., Suite 210-J, Arlington, VA 22209.
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We W rote “THE BOOK” on Silylation . . .

Silylation of Organic Compounds 
by Alan E. Pierce

An Authoritative Reference For
•  Gas Chromatography
•  Mass Spectrometry
•  Silylation Chemistry
•  Chemical Derivatization

Over 300 pages of constants, conditions and data for 
over 2500 compounds. More than 1,000 references. 
Applications include alcohols and phenols, carboxylic 
acids, amines and hydroxyamines, amino acids and deriv
atives, amides and ureas, carbohydrates, steroids and 
miscellaneous compounds.

15000 Silylation of Organic 
Compounds
487 pages (published in 
1968, reprinted in 
1975 and 1979).

$34

. . . and we continue to offer the finest line of Derivatizing 
Reagents available anywhere!

Actually we started developing derivatizing reagents long before Dr. Pierce's fine book on silylation 
chemistry was written. Our products now include reagents and formulations for silylation, acylation and alky
lation. To help you select and use these products, we have devoted more than twenty pages in our Handbook 
and General Catalog to reagents, procedures and literature references. And, if you have any questions or 
special problems our staff of experts is always ready to help. Look at some of our fine offerings:

SILYLATION REAGENTS
BSA, N,0-b/s(Trimethylsilyl)acetamide
BSTFA, N,0-6/s(Trimethylsilyl)trifluoroacetamide
DMCS, Dimethylchlorosilane
DMDCS, Dimethyldichlorosilane
HMDS, Hexamethyldisilazane
MSTFA,
N-Methyl-N-(trimethylsilyl)trif I uoroacetamide 
TMCS, Trimethylchlorosilane 
TMSDEA, Trimethylsilyldiethylamine 
TMSI, Trimethylsilylimidazole 
Tri-Sil® Family of Silane Formulations

ACYLATION REAGENTS
HFAA, Heptafluorobutyric acid anhydride 
HFBI, Heptafluorobutyrylimidazole 
MBTFA, N-Met hyl-i/s(trif I uoroacetamide)
PFAA, Pentafluoropropionic acid anhydride 
PFPI, Pentafluoropropionylimidazole 
TFAA, Trifluoroacetic acid anhydride 
TFAI, Trifluoroacetylimidazole

ALKYLATION REAGENTS
Alkyl-8™ Reagents (Dimethylformamide 

dialkylacetals)
BFi Methanol
Florox™ Reagent O-(Pentafluorobenzyl) 

hydroxylamine HCI)
MethElute™ Reagent (0.2M Trimethylanilinium 

hydroxide in methanol)
PFBB, Pentafluorobenzyl Bromide 
Tri-Deuter-8™ Reagent

SPECIAL FORMULATIONS
Silyl-8® Column Conditioner 
Azomethine H Reagent for boron analysis 
AquaSil™ Siliconizing fluid 
SurfaSil™ Siliconizing fluid

For your free copy of the new  
Pierce Handbook and General Catalog, 
contact our Literature Department.

CgpIMM^ PIERCE CHEMICAL COMPANY
Box 117, Rockford, IL 61105 U.S.A.
Tele. 815-968-0747 or 800-435-2960
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INSTRUCTIONS TO AUTHORS
Scope of Articles

The Journal of the AOAC will publish articles that 
present, within the fields of interest of the Association 
(a) unpublished original research; (b) new methods; (c) 
further studies of previously published methods; (d) 
background work leading to development of methods; 
(c) compilations of authentic data; (/) technical com
munications, cautionary notes, and comments on 
techniques, apparatus, and reagents; (y) invited reviews 
of methodology in special fields. All articles are re
viewed for scientific content and appropriateness to the 
journal.

Prépara tion of Man uscript
Authors are required to submit three copies of the 

complete manuscript, including all tables and all il
lustrations. The manuscript is to be typewritten on 
one side only of white bond paper, 8 V2 X 11 inches, 
with minimum page margins of 1 inch, and must be 
double-spaced throughout (including title, authors' 
names and addresses, footnotes, tables, references, and 
captions for illustrations, as well as the text itself). 
Tables are to be typed on separate sheets, not inter
spersed through the manuscript. Drawings and pho
tographs should be mounted apart from the text or 
submitted as separate items, not interspersed through 
the text.

Style and Format
The text should be written in clear, concise, gram

matical English. Unusual abbreviations should be 
employed as little as possible and must always be de
fined the first time they appear. Titles of articles 
should be specific and descriptive. Full first names, 
middle initial (if any), and last names of authors should 
be given. The address of the institution (including zip 
code) from which the paper is submitted should be 
given and should be in a form to which inquiries, 
proofs, and requests for reprints can be sent. Infor
mation supplementing the title and authors' names and 
addresses should be given in footnote form.

Methods, Results and/or Discussion, Acknowledg
ments, and Recommendations (applicable to reports of 
General and Associate Referees) should be placed in 
separate sections under appropriate headings typed in 
capitals and lower case letters, centered on the page, 
not underscored.

Abstracts: Each manuscript should be accompanied 
by a concise abstract (not more than 200 words). The 
abstract should provide specific information rather 
than generalized statements.

Introduction: Each article should include a statement 
on why the work was done, the previous work done, 
and the use of the compound being studied.

Methods: Methods should be written in imperative 
style, i.e., "Add 10 mL . . . Heat to boiling . . . Read in 
spectrophotometer." Special reagents and apparatus 
should be separated from the details of the procedure 
and placed in sections with appropriate headings;

however, common reagents and apparatus (e.g.. con
centrated HC1, chloroform, ordinary glassware, evens, 
etc.), or those which require no special preparation or 
assembly, need not be listed separately. Hazardous 
and/or carcinogenic chemicals should be noted. The 
steps of the procedure should not be numbered, but 
should be grouped together to form a logical sequence 
of two, three, or four operations. Any very long, de
tailed operation can be given in a separate section with 
an appropriate heading (e.g., Preparation of Sample; 
Extraction and Cleanup; Preparation of Standard 
Curve). Any necessary calculations should be in
cluded. Care should be taken that the number of sig
nificant figures truly reflects the accuracy cf the 
method. Equations should be typed in one-line form. 
Wherever possible, metric units should be used for 
measurements or quantities.

Tables: All tables must be cited in the text consecu
tively. Tables are numbered by arabic numbers, and 
every table must have a descriptive title, sufficient so 
that the table can stand by itself without reference to 
the text. This title should be typed in lower case let
ters, not capitals, with the exception of the word 
"Table" and the first word of the descriptive portion 
of the title, of which the first letter is capitalized. 
Every vertical column in the table should have a 
heading; abbreviations may be used freely in the 
headings to save space, but should be self-evident or 
must be explained in footnotes. Footnotes to both the 
headings and the body of the table are indicated by 
lower case letters in alphabetical order; these letters 
should be underscored and raised above the line of 
type. Horizontal rules should be used sparingly; 
however, they are used to bound the table at top and 
bottom and to divide the heads from the columns. 
Authors should refer to recent issues of the Journal for 
acceptable format of tables; tables should not exceed 
the normal page width of the Journal, and authors 
should attempt to revise or rearrange data to fit this 
pattern.

Illustrations: Illustrations, or figures, may be .sub
mitted as original drawings or photographs; photo
copies are acceptable for the two review copies but not 
for the printer's copy. All figures must be cited in the 
text consecutively. Figures are numbered by arabic 
numbers, and all figures must be accompanied by de
scriptive captions, typed on one (or more) separate 
sheets, not on the figure itself. The figure should be 
identified by number on the back by a soft pencil or 
(preferably) a gummed label.

Drawings should be submitted either as the original 
drawing or a good glossy photograph; photocopies, 
multiliths, Verifax copies, Xerox copies, etc. are not 
acceptable. Drawings should be done in black India 
ink (ordinary blue or blue-black ink is not acceptable) 
or with drafting tape on white tracing paper or tracing 
cloth or on "fade-out" graph paper (ordinary graph 
paper ruled with green or dark blue ink is not accept
able). Lettering should be done with a Leroy lettering 
set, press-on lettering, or a similar device; freehand or



typewritten lettering is not acceptable. Values for 
ordinate and abscissa should be given, with proper 
identification conforming to journal style (example: 
wavelength, nm), at the sides and bottom of the figure. 
Lettering or numbering on the face of the figure itself 
should be kept at a minimum; supplementary infor
mation should be given in the caption. Several curves 
on the same figure should be identified by simple 
symbols, such as letters or numbers, and the proper 
identification or explanation given in the caption. 
Letters and numbers should be large enough to allow 
reduction to journal page or column size. ¡AOAC does 
not publish straight line calibration curves; this in
formation can be stated in the text. The same data 
should not be presented in both tables and figures.

Footnotes: Footnotes are a distraction to the reader 
and should be kept to a minimum. Footnotes to the 
text are identified by arabic numbers set above the line 
of type (not asterisks or similar symbols). Each foot
note must be indicated by its number within the 
text.

Acknowledgments: Essential credits may be included 
at the end of the text but should be kept to a minimum, 
omitting social and academic titles. Information on 
meeting presentation, financial assistance, and dis
claimers should be unnumbered footnotes and appear 
after the References section.

References: References to previously published work 
should be collected at the end of the article under the 
heading "References." Each item in the list is preceded 
by an arabic number in parentheses. Every reference 
must be cited somewhere in the text in numerical order 
(rather than alphabetical or chronological). {Note: If 
an article contains only one reference, this reference 
may be inserted directly in the text, rather than placed 
at the end.) It is the author's responsibility to verify 
all information given in the references.

References to journal articles must include the fol
lowing information: last names and at least one initial 
of all authors (not just the senior author); year of pub
lication, enclosed in parentheses; title of journal, ab
breviated according to accepted Chemical Abstracts style; 
volume number; numbers of first and last pages. 
References to books, bulletins, pamphlets, etc. must 
include the following information: last names and 
initials of authors or editors; year of publication, en
closed in parentheses; full title of book; volume num
ber or edition (unless it is the first edition); publisher; 
city of publication; numbers of pertinent pages, chap
ter, or section. Citation to private communications or 
unpublished data should be included in the text, not in 
the list of references, in the following form: author's 
name and affiliation, and year.

The abbreviation for the journal title should be re
peated for each reference; do not use ibid. This Journal 
will be referred to as /. Assoc. Off. Anal. Chem.

The compendium of methods of the Association 
should be listed as follows: Official Methods of Analysis
(1980) 13th Ed., AOAC, Arlington, VA, with appro
priate section numbers; the edition and year are, of 
course, subject to change.
Symbols and Abbreviations 
kg kilogram(s)
g gram(s)
mg milligram(s)
pg microgram(s)
ng nanogram(s)
L liter(s)
mL milliliter(s)
fi L microliter(s)
m meter(s)
cm centimeter(s)
mm millimeter(s)
fim  micrometer(s) (not micron)
nm nanometer(s) (not millimicron)
A ampere js)
V volt(s)
dc direct current
ft foot (feet)
in. inch(es)
cu. in. cubic inch(es)
gal. gallon(s)
lb pound(s)
oz ounce(s)
ppm parts per million
ppb parts per billion
psi pounds per square inch
sp gr specific gravity
bp boiling point
mp melting point
id inside diameter
od outside diameter
h hour(s)
min minute(s)
s second(s)
% percent
T standard taper
N normal
M molar
mM millimclar

(Note: Spectrophotometric nomenclature should
follow the rules contained in Official Methods o f Anal
ysis, "Definitions of Terms and Explanatory Notes.")
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PR ESIDENT’S ADDRESS

From Introspection to New Horizons

JAMES P. MINYARD, Jr
M iss is s ip p i S ta te  C h em ic a l L a b o ra to ry , M iss is s ip p i S ta te , M S  3 9 7 6 2

Much of Nature, and most of our science as 
analytical chemists, is rhythmic or cyclic in its 
manifestations. Diurnal cycles, growth and 
death, and a great deal of analytical chemistry 
is associated with oscillations— 
electromagnetic radiation and various spectra 
of molecules, atoms and ions, chromatographic 
peaks and valleys, and the growth and death 
of test organisms in toxicological testing. 
Previous Presidents have addressed AOAC's 
"Growing Pains," as examined by Helen 
Reynolds last year, and the "Breaking Away 
Process" described by Elwyn Schall 
concerning AOAC's emergence as a scientific 
society independent of its surrogate mother, 
FDA. These are manifestations of the rhythm 
of growth, change, and mutation of a dynamic 
organism.

I wish to consider AOAC's present status for 
a few minutes. We are confronted with 
unparalleled opportunities for new growth 
today, as a consequence of some self- 
examination we have had underway for 
several years. Many initiatives and 
opportunities lie on our horizon for expanded 
services to our members and to the 
international body of analytical scientists.

I am happy to announce that AO AC is now 
in a reasonably stable position regarding 
finances to maintain present programs.
Seizing new opportunities for service will 
require increased fund support, of course. We 
have a very capable staff under Executive 
Director MacLean's direction, good fiscal 
management practices, good office equipment, 
and a solid base from which we can undertake 
new programs in an "expanding mode" for 
AOAC.

Such expansion is exemplified by the recent 
establishment of three Regional Sections of 
AOAC, the Pacific Northwest, the Midwest, 
and the Northeastern Section within the last 2

Presented at the 96th Annual International Meeting of
AOAC, Oct. 25-28,1982, Washington, D.C.

years. AOAC has conducted, for the past 
several years, consistently excellent spring and 
fall meetings. New opportunities for service 
in the international sphere are beginning to 
emerge, particu.arly in the fields of laboratory 
certification, development and training of 
laboratory personnel, QA/QC programs for 
national and international laboratories, and 
contracting with Federal, Provincial, and State 
Agencies for methods development and 
collaborative validation studies. New thrusts 
have continued to emerge under the 
leadership of our Board of Directors and 
capable staff to develop stable funding for 
AOAC from private and government 
sustaining members, as well as from 
membership fees and sales of publications, 
including the Official Methods of Analysis. Our 
many committees, boards, and ad hoc groups 
have continued their vigorous activities while 
making new plans for the future. The future 
for AOAC appears to be bright.

No President is able to achieve much in his 
or her year of tenure in that office. That 
certainly has been true in my own term,
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during which I have been privileged to serve 
you and our Association. Nevertheless, I 
would like to recount a few of the thrusts of 
your Board of Directors this year, and my focus 
for that group on behalf of you, our member 
scientists.

Many new industry members have been 
appointed to committees, boards, and other 
working groups serving the interests of our 
Association. The infusion of their viewpoints 
and talents into our working groups will 
probably become one of the most far reaching 
initiatives that I undertook on AO AC's behalf. 
This was done as a consequence of our 
modification of AO AC's By-Laws two years 
ago, when we realized our Association needed 
to utilize fully the talents of our industrial 
scientific colleagues. We have for too many 
years relegated our industrial members to the 
status of "second class citizens" in our 
Association. My appointments to each of the 
7 Methods Committees A-G included one or 
two industry scientists. We added our 
industrial colleagues to almost every other 
committee as well. It is my dream that we can 
soon vote to modify our Association's 
Constitution and By-Laws to remove all 
vestiges of discrimination among our 
members, so that there will be only one class 
of AO AC membership, namely, "Member." I 
would hope that all privileges and rights for 
voting and holding office, including 
President, would then be available to all 
qualified member scientists, regardless of 
affiliation. We can, and must in my opinion, 
broaden our base of membership and make all 
AO AC scientists peers in name and in fact, 
affording all members opportunity for 
participation in the governance of our 
Association.

Our Long-Range Planning Committee laid 
before the Board of Directors several years ago 
many recommendations for improvements in 
our Association. Most of these have been 
achieved. Pervasive LRPC themes were (1) 
that AO AC should undertake a variety of new 
thrusts connected with areas of membership,
(2 ) that management of collaborative studies 
should be active rather than passive, and (3) 
that recommendations to improve our 
Association's internal management structure 
should be studied. The LRPC suggested that 
we could benefit from a professional review of 
internal staff structure and management. The 
Board deferred this recommendation for a few 
years, while we sought to help upgrade our

office staffing and management capabilities 
internally by working closely with Executive 
Director MacLean and his staff.

Last year your Board felt that an external 
study of AOAC's niche in the scientific 
community, and particularly among our 
biologically oriented colleagues, was 
appropriate. President Helen Reynolds and 
the Board implemented this study when we 
requested that the Federation of American 
Societies for Experimental Biology, FASEB, 
explore with their membership and a variety 
of other biologically oriented organizations 
what their perceptions of AOAC are.

FASEB scientists have worked for nearly a 
year, asking representatives of these groups 
where they felt our particular strengths and 
weaknesses lie, what they knew of our goals, 
and how we might better relate to the 
international biological community, both in 
our traditional and new non-traditional ways. 
The FASEB report was received in July 1932.
It has been read and reviewed by your Board 
of Directors. FASEB findings indicate that 
some members of the biological and other 
non-chemical scientific community 
understood AOAC and our modes of operation 
well, but others are not familiar with AOAC, 
or have misunderstandings of our function 
and goals. Most were interested in exploring 
mutual areas of interest with us. This report 
reveals that AOAC has a "gold mine" of 
opportunities for future growth and service in 
disciplines of toxicology, veterinary analytical 
methodology, and related sciences. It 
suggests several new opportunities for service 
to certain segments of our traditional federal 
and state agencies who have always been our 
major constituency.

The FASEB report to the AOAC will be 
available, at least in its Summary of 
Recommendations, to all of our membership 
through publication in the Journal (see 
Executive Director's report, this issue). FASEB 
staff scientists explored AOAC's opportunities 
for new relationships and initiatives in 
toxicology, biological testing, mutagenicity 
test methods, validations of multiresidue 
methodology, and many other areas. Many 
fields of analytical science activities are open 
for fruitful collaboration and involvement by 
AOAC, if we can recruit key scientists from the 
biological community.

The need for a name change of AOAC was 
even more sharply focused by these FASEB 
discussions with the biological community.



M IN YA RD : J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 2, 1983) 2 2 1

The participants of our "AOAC Name Change 
Contest," which was announced by President 
Reynolds in her address to you last year, 
submitted many suggestions. The AOAC Staff 
members selected their favorite of those 
submitted, and recommended their preference 
to the Board, according to the judging 
procedure established by President Reynolds. 
The Board accepted the Staff choice for 
information purposes, and have declared Mr. 
Michael D. Uptmor, Assistant Research 
Scientist, International Minerals & Chemicals 
Corporation, Terre Haute, Indiana as the 
Contest winner for his suggestion of "The 
Association of the Official Analytical 
Community." We hope Mike will enjoy his 
prize, a free trip to the Philadelphia 
Centennial Spring Meeting in 1984, as 
promised by President Reynolds last year.

You, as members of AOAC, should discuss 
this name or others which you may feel are 
better. The previous Association name 
change took about 10 years of discussion 
before consummation, so we have some time 
to think. Please discuss it with friends, and 
send your comments to the AOAC office. 
Maybe we can arrive at a consensus by 1984, 
our Centennial Year!

More important than a change of name, 
however, is a needed change in our 
membership attitudes to persons who are not 
involved in chemistry as "chemists." We 
must welcome all scientists active in 
disciplines requiring analysis, whether they be 
in the microbiological, macrobiological, or 
other related sciences. New testing concepts, 
including RIA assays, monoclonal antibody 
assays, enzymatic assays, and similar analytical 
techniques, now appear regularly as Associate 
Referee topics under our General Referees in 
Methods Committees E, F, and G. This is a 
field "white unto the harvest," if we relate 
with a professional attitude towards scientists 
and engineers employing analytical 
techniques different from our traditional 
concepts of analysis by chemical methodology.

A major thrust in my year as President has 
been to establish a Subcommittee within the 
Long-Range Planning Committee to consider 
the issue of membership in our Association. 
LRPC had initially recommended that the 
Board of Directors establish a Membership 
Committee. I felt that the LRPC members 
who initiated the whole issue must first 
wrestle with this matter themselves for a year 
or so before we organize a new committee.

LRPC Chairman Mike Wehr appointed this 
Subcommittee on Membership and Helen 
Reynolds, FDA, agreed to serve as Chairman, 
with Carolyn Andres, FDA, Denver; Fred Baur, 
industry (retired) and AOAC Consultant; 
William Cobb, FDA, Rockville; and A1 
Hoffman, National Research Council of 
Canada, Ottawa. My charge to this 
Subcommittee stated that AOAC must examine 
first who we are, by examining present 
member structure and goals; then determine 
what we wish to become as an Association; and 
finally determine how we may best grow to 
that goal by modifying our attitudes, 
establishing internal and external structures, 
and building relationships with sister 
associations and societies having goals similar 
to ours. We need to find who are our 
members and interested constituency, and 
what scientific and institutional resources are 
available from our members.

I have made a concerted effort this year to 
assemble a complete list of the people who 
consider themselves members or friends of 
AOAC. We need to determine names, 
addresses, phone numbers, and the scientific 
talents and interests of all members and all 
affiliated and interested scientists who are not 
presently members, but who can and will 
become members if our Association grows in 
directions of their interests. We solicited this 
spring, through a Survey Form sent to every 
reader of The Referee, information about each 
of our members and interested constituents. 
About 1100 persons have responded from all 
over the world. I urge each of you to fill out 
one of these forms, if you have not done so, so 
we can add your name to our AOAC Scientific 
Talent and Resources file. Don't duplicate if 
you have already submitted one, unless data 
have changed. The information that we have 
already received will soon be loaded into the 
AOAC Office's word processors and computer. 
This information will be available upon 
request.

A Directory listing members' names and 
addresses has been assembled for all members 
about whom we have gathered information. 
AOAC will publish this Directory in early 1983, 
including all of you who have provided 
information by the end of 1982. It will be 
provided to every AOAC member as a benefit 
of membership.

This year, the Committee on Constitution 
and By-Laws was requested to bring several 
recommendations to the Board and our
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members. These address 3 vital issues 
connected with AO AC membership and 
governance.

The first deals with necessary changes in 
our Constitution and By-Laws to provide for 
the establishment of Regional Sections of the 
AOAC.

The Committee on the Constitution was also 
asked to recommend changes in our By-Laws 
in Article IV: Directors; Section 1. Board of 
Directors to clarify the matter of election of the 
Secretary/Treasurer to the Board of Directors 
each year by the Membership. They have 
recommended a change which includes the 
statement "No member of the Board of 
Directors may be elected for more than six (6) 
consecutive years." For that office alone on 
the Board, no maximum term of office is 
established in present By-Laws. All other 
Directors (of which the Secretary /Treasurer is 
one) have a 6-year maximum continuous term 
of office, e.g., as a member elected through the 
normal succession of 3 years as Director, one 
year as President-Elect, one as President, and 
one as Immediate Past-President. Under this 
By-Law change, all members serving on the 
Board of Directors would have a maximum 
term of 6 consecutive years. The Secretary/ 
Treasurer could be reelected by our members 
for a second term of office, if desired, provided 
a minimum of one year interruption of service 
on the Board had occurred. The Board of 
Directors has approved both of these 
recommendations of the Committee on the 
Constitution.

Finally, the Board approved the 
recommendation from the Membership 
Subcommittee of LRPC that member dues be 
increased from $10.00 per year to a level of 
$25.00 per year, beginning 1983, with annual 
reviews as appropriate. This is a large 
percentage increase, but the recommended 
dues are comparable to other major scientific 
societies. The Board feels they are appropriate 
for a prestigious Association like AOAC.

Membership dues at present do not cover 
even the cost of publishing and mailing The 
Referee to members. Benefits to members will, 
if this dues increase is ratified, include 
discounts for preregistration at the Annual 
Meeting, a free copy of the AOAC Directory, 
receipt of The Referee and other AOAC 
mailings, methodology information, referral 
and free job advertisements for members in 
The Referee, and "Tips of the Trade" published 
in The Referee as space permits. Information

on this dues increase has been published in 
The Referee, September 1982, along with 
information on the By-Laws Amendments just 
discussed.

A second major thrust of my term has been 
to attempt to incorporate good management 
practices into our Board activities, and into the 
governance and structure of every Committee. 
We have tried to assemble Terms of References 
from every Committee, encouraging the 
Committees to examine their internal 
structures, basic functions, membership type 
and compositions, and to set for themselves 
long-range and short-term goals. Each 
Committee is urged to conduct periodic 
internal reviews of its functions, structures, 
and goal achievements. The Board of 
Directors will continue to review those for 
each Committee, and make or suggest needed 
changes externally if the Committee is not 
fruitful or lacks proper internal organization.

It is imperative that every Committee and 
Board of our Association continue this self- 
examination and goal-setting to maintain 
orderly growth and produce results. The 
effectiveness of each Committee and Board of 
AOAC must be judged by its reports, 
recommendations, publications, short courses, 
or other activities which contribute positively 
to AOAC goals. We cannot afford 
unproductive groups in AOAC. Many of our 
major committees have been at work all year 
long. Some have not. The time is long past 
that we can manage our varied activities and 
interests with one 3-hour Committee meeting 
per year at our Annual Fall Meeting.

In addition to the Long-Range Planning 
Committee's Membership Subcommittee 
activities, LRPC has held several 4-6 hour 
dialogues with the program planning staff and 
senior scientists in the Food and Drug 
Administration, USDA-Agricultural Research 
Service and USDA-Food Safety and Inspection 
Service, and EPA Office of Toxic Substances 
and Office of Pesticide Programs. These 
discussions have explored opportunities for 
AOAC to be of service to these Agencies.
Such discussions will be regular features of the 
LRPC activities as long as they are productive. 
They have already given us many leads on 
new directions for our Association. LRPC 
hopes to get AOAC methods development and 
collaborative studies integrated into the 
planning cycles for allocation of personnel 
time in each of the Federal Agencies 
supporting AOAC as government sustaining
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members. This same type of interaction and 
dialogue will be undertaken with Canadian 
Provincial Agencies, National Canadian 
Agencies, and State Agencies as time and 
resources permit.

William Horwitz, Chairman, Committee on 
Collaborative Studies, and his Committee have 
established a strong working set of 
Subcommittees. They have worked all year to 
develop a comprehensive document on the 
AOAC collaborative study process. This will 
be a major landmark when published, and will 
serve as a centerpiece in our Centennial Year 
Celebration in 1984. This Committee has 
been working with the International 
Committee on Harmonization of Collaborative 
Studies, sponsored by IUPAC. Dr. Horwitz 
and his group, and Harold Egan, recently 
retired as Her Majesty's Chemist, UK, and now 
a consultant for AOAC, have put in hundreds 
of hours to produce a major policy document 
which will describe how AOAC and other 
international collaborative studies should be 
designed, and how statistical analyses of such 
studies should be conducted.

The International Cooperation Committee is 
examining our expanding opportunities for 
service internationally. This committee needs 
to define more explicitly the role that AOAC 
might strive to establish in the next decade as 
an international authority on analytical 
methodology, how active we should become 
in each organizational sphere, and through 
what agencies or intersociety relationships 
AOAC should continue to provide input into 
the international scientific and regulatory 
milieu.

Many of our members are traveling overseas 
to represent their own Agencies in meetings of 
WHO, FAO, ISO, CIPAC, Codex Alimentarius, 
and the like. Many of these scientists and 
administrators can and have told the AOAC 
story abroad by simply extending their trip a 
few days and making key contacts with major 
officials in overseas governmental agencies 
equivalent to EPA, FDA, USDA, and DOI, and 
international scientific groups.

For example, this year, Mike Wehr from 
Oregon visited officials in Japan and the 
Philippine Islands on behalf of his State 
Department of Agriculture and AOAC, 
making many key contacts for our Association. 
Our AOAC Representative, Margreet Tuinstra, 
William Horwitz, and Harold Egan have 
represented us at ISO meetings, Codex, and at 
other major European functions dealing with

food, agricultural products, and other areas of 
interest to AOAC. Charles Gehrke on our 
Board visited the Peoples' Republic of China 
recently as an invited U.S. scientist. He 
spread the AOAC story to top administrators 
in the Department of Agriculture of the 
Peoples' Republic, inviting them to attend our 
1984 Centennial Meeting. Other members 
who may be visiting overseas on behalf of 
their employers, and who wish to offer their 
services in this manner, should contact 
Executive Director MacLean. A small amount 
of money invested in such contacts can reap 
great rewards in expanded influence of AOAC 
in the internaticnal arena, and in recruitment 
of leading world scientists to participate as 
members our Association and in its activities.

Many new and exciting thrusts are 
occurring in other Committees such as the 
Instrument Specification, Automated Analysis, 
and Data Handling Committee chaired by Jack 
Plimmer, and the Committee on Laboratory 
Quality Assurance, chaired by Keith McCully.

Fred Garfield is presently writing a book for 
AOAC on quality assurance and quality 
control for analytical laboratories, as a part of 
his activities as Chairman of the Laboratory 
Accreditation Committee. This issue of 
laboratory certification is still very much alive. 
AOAC receives repeated requests to provide a 
mechanism for laboratory certification. We 
are being asked if we can provide primary and 
secondary reference standards, quality control 
check sample programs, and similar services 
for laboratories engaged in areas related to 
AOAC's traditional interests, as well as in 
some newer and non-traditional interests.

Opportunities for AOAC growth are present 
everywhere. Our growth as an Association 
will be directly related to our willingness to 
entertain new concepts, provide new 
techniques for scientific measurements, and 
involve our most capable colleagues in the 
business of helping provide accurate, 
reproducible, ar.d well validated methods in 
fields of chemistry, biochemistry, biophysics, 
biological sciences, and toxicology.

It has been a delight to serve as your 
President this year, despite the work load 
involved. Thar.k you for the privilege you 
have afforded rr e to grow as a scientist and 
administrator. I assure you that I shall 
continue to work for our Association for many 
years. Thank you for your kind support and 
your many hours of dedicated service to our 
splendid organization—AOAC!
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W ILEY A W A R D  ADDRESS

Successful Interagency Cooperation —The Diehlstadt Story

ODETTE L. SHOTWELL
U .S . D e p a r tm en t  o f  A g r ic u ltu re , A g r ic u ltu ra l R es e a r c h  S e rv ic e , N o r th e r n  R eg io n a l R esea rc h  
C e n te r , P e o r ia ,  IL  6 1 6 0 4

In 1972,1 was one of more than 100 people 
involved in a very complex effort that 
included at least 10 federal and state agencies. 
The project was successful beyond every 
expectation. We have wanted to write and 
report this success story for years; the Wiley 
Award and required address provides the 
opportunity.

Aflatoxin, a carcinogenic compound made 
by molds on agricultural commodities, was 
detected by the Food and Drug Administration 
(FDA) in cornmeal prepared from 1971 white 
corn grown in the Boothill region of 
Southeastern Missouri (1). All corn grown in 
the region was immediately suspected of being 
contaminated. Very little of the corn was 
sold; no one wanted it. In the spring of 1972, 
the Agricultural Stabilization and 
Conservation Service (ASCS) still had 1.8 
million bushels of white and yellow corn 
under loan. Usually by late spring, most of 
the com from the previous year's harvest has 
been sold by the farmers to repay loans. The 
ASCS was faced with the unpleasant choice of 
recalling loans—causing great financial loss to 
the farmers and perhaps destroying the loan 
program—or accepting delivery of the corn, 
paying for it, and owning all of the aflatoxin- 
contaminated corn in the region. A meeting 
was called by Robert Hanson of the ASCS,
May 24, 1972, at Columbia, MO, to discuss 
possible solutions to the problem. Robert 
Hanson will be the only person I mention by 
name because he was the one who made the 
most important decisions and took the 
necessary steps to see the project to its 
conclusion. The rest of us cooperated. The 
agencies involved are listed in Table 1.

By June 15, 1972, the ASCS decided, on 
Hanson's recommendation, to accept delivery 
of approximately 400,000 bushels of white 
corn at an elevator in Diehlstadt, MO. The 
farmers would be paid $1.20 per bushel or

Presented at the 96th Annual International Meeting of 
AOAC, Oct. 25-28, 1982, Washington, DC.

their loans would be credited with that 
amount. Since it could cost the agency well 
over $400,000, it was decided to learn as much 
as possible about sampling and monitoring 
corn for aflatoxin at the elevator and in 
laboratories. The Northern Regional Research 
Center (NRRC) was asked to prepare a plan for 
sampling and testing for aflatoxin at the 
Diehlstadt elevator and for research in the 
laboratory. ASCS personnel were responsible 
for taking delivery and testing the corn at the 
elevator. The Missouri State Inspection 
Service graded truckloads of corn as delivered 
and separated the bright greenish-yellow 
fluorescent (BGYF) particles associated with 
the mold that produces aflatoxin and possibly 
aflatoxin (2, 3). NRRC trained ASCS 
personnel in the rapid screening tests to be 
done at the elevator and conducted research at 
the laboratory. Agricultural Marketing 
Service (AMS) personnel installed the primary 
and secondary sampler, sampled, and studied 
sampling techniques. The FDA was informed 
of all plans. Cooperation of the farmers and 
of the Extension Service was, of course, 
essential to the project.
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Table 1. Agencies involved in the Diehlstadt project

Agricultural Stabilization and Conservation Service (ASCS) 
USDA

Missouri State ASCS
Missouri State ASCS Committee
Northern Regional Research Center, ARS, USDA
Grain Division, Agricultural Marketing Service (AMS) USDA
Statistical Staff, AMS
Missouri State Grain Inspection Department 
Food and Drug Administration 
Farmers and Extension Service

The final planning session was held in 
Kansas City, MO, July 24, 1972, even as ASCS 
technicians and AMS personnel were being 
trained at NRRC. The time schedule (Table 2) 
for the project is of interest when one 
considers how much was accomplished. In 
less than 2  weeks, continuous primary and 
secondary samplers were installed at the 
Diehlstadt elevator—a job that was considered 
impossible by more than one expert. An 
efficient young AMS employee and Mr. 
Hanson were responsible for this feat. A 
weighing building on the premises was 
converted to a laboratory—rather primitive, to 
be sure, but usable. The building had to be 
wired for electricity, water was brought in 
with a garden hose, an oven hood was 
installed, and laboratory stools and benches 
were made from scraps of wood used in the 
remodeling.

On August 7, 1972, the first deliveries were 
accepted. All deliveries were controlled by 
telephone calls. The first farmers to be called 
were obviously the most patient and the best- 
natured. The elevator had 5 vertical bins and 
2  horizontal storage bins that could 
accommodate almost any combination of 
aflatoxin-contaminated corn, aflatoxin-free 
corn, and U.S. Sample Grade corn. As

Table 2. Time table for Diehlstadt project, 1972

May 25, ASCS meeting to discuss aflatoxin in southeastern 
Missouri corn

June 15, ASCS decides to take delivery of white corn at 
Diehlstadt elevator

June 19, NRRC asked to develop research plans on 
aflatoxin in white corn

July 24, Final meeting of involved agencies
July 24-26, ASCS technicians trained at NRRC for tests at 

Diehlstadt
August 3-5 , Sampler installed and laboratory prepared at 

Diehlstadt
August 7-Septem oer 21, White corn delivered at Diehlstadt 

elevator

truckloads of corn were delivered at the 
"office-laboratory" (former weighing house), 
they were probed 15 times to obtain a 10 lb 
sample. The probe samples were used for 
grading and rapid screening tests at the 
elevator to segregate aflatoxin-contaminated 
corn from good corn and corn of the poorest 
grade—U.S. Sample Grade. One of the first 
steps at the elevator was to inspect corn lots 
for BGYF particles under longwave ultraviolet 
(365 nm) black lights (2, 3). If BGYF was 
present, corn then was tested for aflatoxin by 
the rapid minicolumn method in the 
laboratory set up in the weighing house (4). 
The 50 g, whole-kernel sample for assay was 
selected to contain fluorescing particles, so our 
results indicated more aflatoxin than actually 
was present. The flow sheet (Figure 1) shows 
the distribution of the corn at the elevator 
based on results of black light or BGYF and 
minicolumn tests on the probe samples of the 
truckloads of corn. These tests were used at 
the elevator tc separate the 250 to 400 bushel 
truckloads of corn into aflatoxin-contaminated 
corn, "clear" or toxin-free corn, and U.S. 
Sample Grade corn. Probe sampling, grading, 
and screening tests took about 30-40 min.

BGY Fluorescent test

Figure 1. Tests done at elevator in Southeastern Missouri.
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Figure 2. Analyses and testing at NRRC.

Because of the unloading facilities at the 
elevator, trucks were backed up waiting to be 
unloaded rather than to have the corn tested 
for aflatoxin.

Ten pound samples were shipped to NRRC 
in Peoria, IL, to check the results of the BGYF 
test and to determine quantitatively the 
aflatoxin levels by the CB method, which since 
has been approved by the Association of 
Official Analytical Chemists (5) and American 
Association of Cereal Chemists (6 ) for corn 
(Figure 2). Small portions of whole kernels 
were taken from samples for mold profile 
studies. The whole-kernel samples were 
examined for BGYF under ultraviolet light 
(365 nm) and then cracked for a second 
examination. The cracked corn was ground to 
pass a No. 20 sieve and then blended in a twin- 
shell blender to obtain representative 50 g 
subsamples for analysis.

Quantitative determinations were made at 
NRRC to determine the actual incidences and 
levels of aflatoxin in the 1971 white com 
under loan in Southeastern Missouri (Table 3). 
There was only a 13% incidence of aflatoxin in

levels of 20 or more ppb (FDA guideline), 
which was not nearly as high as was expected 
when the project was started. Determinations 
also were made on the reliability of rapid 
screening tests done at the elevator (Table 4). 
We wanted to know the exact aflatoxin levels 
in the aflatoxin-free or clear corn, in the 
Sample Grade corn, and in the contaminated 
corn; the levels were 1 ppb, 17 ppb, and 28 
ppb, respectively. About one-third of the 
corn placed in the bin for contaminated corn 
had toxin levels below the FDA guidelines.
The quantity of good corn classified as 
contaminated can be explained by the method 
of obtaining the analytical sample at the 
elevator. The rapid screening tests at the 
elevator were definitely effective in 
segregating aflatoxin-contaminated corn from 
good corn. The aflatoxin-free corn was sold 
immediately after quantitative determinations 
were completed. U.S. Sample Grade corn and 
corn placed in the bin for contaminated corn 
were sampled continuously as 2 0 0 0  bushels 
were unloaded. Ten pound samples were 
ground, blended, and analyzed by an 
improved minicolumn procedure (7). These 
results were confirmed later at NRRC (8 ). All 
lots that tested below 2 0  ppb were sold, with 
FDA approval, for animal feed.

The 6  scientific studies completed at NRRC 
on the 1971 white corn under loan are listed in 
Table 5. There is no doubt that the Diehlstadt 
project provided a unique opportunity to 
study the application of rapid screening tests 
to detect aflatoxin in corn at an elevator. 
Indeed, the results of the project proved that 
corn could be monitored for mycotoxins at the 
earliest buying point in the market system.
Of practical importance, many farmers whc 
faced financial disaster were saved, although 
they did not make money on the situation. 
Much to their surprise, the ASCS did not lcse 
money at Diehlstadt (Table 6 ). In fact, they

Table 3. A fla to x in  inc idence  in w h ite  corn  samples under loan at D ieh lstadt, 1971

Grade 
U.S. No.

Number
assayed

Negative
samples

None i
i 371 280
2 477 354
3 107 73
4 72 32
5 80 38

SG 175 112
Total 1283 889

Aflatoxin, ppb

Below 20 20-100 >100

1
61 27 3
82 39 2
22 9 3
16 ' 15 9
20 19 3
28 26 9

229 136 29
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Table 4. Aflatoxin levels in truckloads of 1971 white corn stored in Southeastern Missouri— by storage bin 3

Aflatoxin, ppb U.S. Sample Grade6 Aflatoxin-freec Aflatoxin-contamlnated c

None 112 686 91
<20 28 79 122
20-29 7 10 28
30-100 19 7 65
>100 9 0 20
Total 175 782 326
Average aflatoxin level, ppb 17 1 28

3 As determined by AOAC-AACC method at NRRC.
6 All Sample Grade corn was stored in one bin because of poor quality, regardless of aflatoxin content. 
c As determined by rapid screening tests with BGYF fluorescence and minicolumn.

Table 5. Studies on aflatoxin in white corn under loan, 
1971

I. Incidence and level (9)
II. Effectiveness of rapid tests in segregating

contaminated corn (10)
III. Association with bright greenish-yellow fluorescence

( 11)
IV. Mold flora (12)
V. Aflatoxin prediction from weight percent BGYF (13)

VI. Confirmation of rapid screening tests for aflatoxin
done at corn elevator (8)

may have made a little. When it was decided 
to accept delivery of the white corn on a one
time basis, the agency was prepared to spend 
about $400,000 to solve the acute problem in 
the Boothill region in return for the research 
that could be done. Table 6 summarizes the 
ASCS sales of white corn after delivery. This 
is not an accountant's report that can be 
audited, because the exact number of bushels 
is not available. After all expenses were paid 
for the sampling and tests at Diehlstadt, a half 
million dollars had been taken in for the corn 
sold.

Persons in industry commented that the 
project was one of the most successful 
examples of cooperative effort they had seen. 
Why the success? At least 10 state and federal 
agencies were involved. More than 100 
persons of different backgrounds and 
expertise worked on the project. Opinions 
have come from a number of people that I 
shall quote without giving credit to the 
individuals voicing them. “There was very 
little administrative meddling." “The project 
was completed before the administrators knew 
it was being done." However, everyone was 
kept fully informed. "Once decisions were 
made, persons implementing them in the field 
were given latitude to do so." "Some persons 
in higher positions were so sure such a 
complicated scheme would not work that they

Table 6. Fate of about 400,000 bushels of white corn 
delivered at Diehlstadt elevator* 11 1 2 3

1. Clean corn (1 ppb aflatoxin), 20 0 ,00 0+ bushels sold at
$2.70 per bushel

2. U.S. Sample Grade (17 ppb aflatoxin, ~70,000 bushels
sold at discount)

3. Contaminated corn (28 ppb aflatoxin) ~ 1 10,000
bushels
a. 11,000 bushels (>20 ppb) to NRRC for research
b. 14,000 bushels (<20 ppb) sold at $2.58-$3.25

per bushel
c. >80,000 bushels (34 ppb) destroyed

3 Delivery brought $1.20 per bushel.

kept their distance until the project was 
successful, "  No matter why the effort was 
successful, it was fun and exciting to be a part 
of it.
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PESTICIDE RESIDUES

Gas Chromatographic Determination of Fumigant Residues in Stored 
Grains, Using Isooctane Partitioning and Dual Column Packings

JAMES L. DAFT
F o o d  a n d  D ru g  A d m in is tr a t io n , 1009  C h erry  S t, K a n sa s  C ity , M O  6 4 1 0 6

A gas chromatographic (GC) procedure for deter
mining fumigants in grains was developed. Fumi
gants were leached from grain samples with the of
ficial AOAC method using acetone-water (5 +  1 ). 
They were then partitioned from the leachate with 
isooctane, yielding a dry, stable extract that was an
alyzed by GC. Fortified sample recoveries ranged 
from 90 to 100%. Two GC columns were used, 20% 
OV-101 and 20% OV-225/20% OV-17 (2 +  1). These 
columns gave dissimilar retention profiles and 
baseline resolution for the 7 fumigants investigated: 
chloroform, ethylene dichloride, carbon tetrachlo
ride, trichloroethylene, chloropicrin, ethylene di
bromide, and tetrachloroethylene. Further tests 
showed that grain samples could be screened for 
fumigant residues by direct injection of the ace
tone-water leachates obtained using the AOAC 
method.

The official AOAC method (1) for the determi
nation of fumigants in grain is based on the work 
of Heuser and Scudamore (2). Fumigants are 
extracted/leached from grain by soaking for 48 
h in acetone-water (5 +  1), a portion of which is 
then dried by salting out with NaCl and CaCl2 
before gas chromatographic (GC) assay.

The accuracy of the AOAC method was later 
evaluated by Clower (3), using a 3.6 m OV-17 
column in a gas chromatograph equipped with 
a linearized 63Ni electron capture (EC) detector. 
The OV-17 column resolved multiresidue fumi
gants better than previously used columns, and 
the 63Ni EC detector lowered the detection limits. 
Clower observed high (105-115%) recoveries, 
however, and concluded that they were caused 
by the water removal (salting out) step.

The current AOAC method has proven useful 
for fumigant determination because the initial 
leaching step works well for whole-kernel 
grains. However, recoveries are consistently 
high. Recoveries obtained in this laboratory 
using the AOAC method ranged from 125 to 
150%. Fumigants also deteriorate in acetone 
solution. Furthermore, GC columns that could 
simultaneously resolve commonly used fumi
gants have not been available. Compounds such

Received March 18, 1982. Accepted July 18,1982.

as carbon tetrachloride (CCI4 ), chloroform 
(CHCI3), ethylene dichloride (EDC), and tri
chloroethylene (TCE) chromatographed unre
solved or in tightly grouped patterns on recom
mended column packings. Even the OV-17 
column could not separate chloropicrin (CF) and 
tetrachloroethylene (PCE). To correct these 
problems, a procedure was devised to obtain 
fumigant recoveries of about 100% and to inhibit 
fumigant deterioration in solution. Column 
packings were found that can satisfactorily 
chromatograph fumigants that are generally 
used on stored grains.

Experimental

Sampling

Nine kg (20 lb) grain samples were collected 
from grain cars and storage bins in the mid- 
western United States as part of the Food and 
Drug Administration surveillance program for 
pesticides and industrial chemicals (4). Samples 
were kept frozen (—14°C) from the time of col
lection until analysis.

Reagents

(a) S o lv en ts .—Acetone (Fisher), hexane, iso
octane, and deionized water, all pesticide quality. 
Check each solvent separately with GC.

(b) S atu rated  N aC l so lu tion .—  Certified ACS, in 
deionized water.

(c) A n h y d ro u s N a 2S O i .'—Certified ACS, con
dition 12 h at 750°C in muffle furnace.

(d) F u m igan t s ta n d a rd s .—CCI4 , CHCI3 , EDC, 
TCE, CP, PCE, and ethylene dibromide (EDB), all 
pesticide quality when available; otherwise, ACS 
or reagent grade.

Standard Solutions

Fumigants are irritants and are toxic. Prepare 
all standards in hood.

S to ck  so lu tion s .—Prepare stock solutions by 
adding specified amount of fumigant to 90 mL 
isooctane in 100 mL volumetric flask, using well 
rinsed microliter syringe (3, 5) or pipet (see Table
1). Swirl flask during addition to aid dispersion
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Table 1. Dilutions for preparing stock standard solutions

Fumigant
bp,
"C d2°

Amt, mU dild 
to  100 mL

Stock concn, 
m g /m L

Quantn
limit,
nga

C H C I3 62 1.483 25 0.371 0.9
E D C 83 1.257 2» 25.1 50.0
C C I4 77 1.594 200 c 0.064 0.2
TCE 87 1.465 25 0.381 0.8
CP 112 1.657 35 0.580 1.8
EDB 132 2.179 45 0.981 2.1
PCE 121 1.623 13 0.211 0.6

a Based on 10% FSD. 
b mL.
c Then 2 mL, each diluted to 100 mL.

of fumigant. Dilute to volume with isooctane 
and mix. Stock solutions stored at <14°C can be 
used for 1 year.

F o r t i fy in g  s o lu t io n .—For recovery determina
tions, prepare mixed spiking solution by diluting 
stock solutions 1:10 with hexane. Add 15 pL  of 
this solution to 50 g grain samples after they have 
been immersed in 150 mL acetone-water (5 +  
1 ) .

W o r k in g  s o lu t io n s .—Prepare one of the fol
lowing mixed working standards by bringing 
stock solutions to room temperature and diluting 
1000-fold in one of the working solvents. Six pL  
of either working solution will give 30-50% 
full-scale deflection (FSD) for each fumigant at 
stated instrumental conditions. R a p id  s c r e e n 
in g .—Using well rinsed 100 pL  syringe, add 50 
pL  of each stock solution to 40 mL acetone-water 
(5 +  1) in 50 mL volumetric flask. Dilute to 
volume with same solvent and mix. Working 
standards prepared in acetone will deteriorate. 
Prepare these working solutions weekly and 
complete all GC as soon as possible when 
screening method is used. I s o o c t a n e  p a r t i t io n 
in g .—Prepare working solution as described 
above, using acetone-isooctane (3 +  97) in place 
of acetone-water (5 +  1). Working standards 
prepared in acetone-isooctane solution can be 
used for 1 month.

Apparatus

(a) G la s s w a r e .—250 mL screw-cap Erlenmeyer 
flasks, 50 and 100 mL glass-stoppered volumetric 
flasks, 10 mL repeater pipet, and 5 mL septum- 
cap vials.

(b) G as c h r o m a to g r a p h .—Tracor 560, equipped 
with constant current 63Ni EC detector and 1.8 X 
4 mm id glass columns and operated at following 
conditions: injection port 150°C; column 75- 
85°C; detector 350°C; carrier gas (CH4/Ar) flow

rate 30 mL/min for OV-101 packing, 45 mL/min 
for OV-225/OV-17 packing; CHCI3 retention 
time (RT) 3.5-4 min on both columns from point 
of injection.

(c) R e c o r d e r .— Leeds & Northrup 610; 1 mV 
full scale, chart speed 12.7 mm/min.

(d) C o lu m n  p a c k i t ig s .—(1) 20% OV-101 on 
80-100 mesh Chromosorb W(HP); (2) 20% OV- 
225/20% OV-17 (2 +  1) on 80-100 mesh Chro
mosorb W(HP). Prepare separate batches of 20% 
OV-101, 20% OV-225, and 20% OV-17 (6). Con
dition each at 240°C for 48 h. Fumigant elution 
sequence for 20% OV-101 packing is shown in 
Figure 1. Sequence for 2 +  1 mixed packing is 
shown in Figure 2. If similar pattern is not 
found for mixed packing, then mixture should 
be adjusted as follows:

Adding small amounts of 20% OV-225 to mix
ture changes elution pattern by moving C C 14 

peak towards solvent front and away from C H C I3  

peak. Adding 20% OV-17 to mixture reverses 
2-peak pattern by moving C C I 4  towards C H C I 3  

peak. Adjustment of mixture, which assures

Figure 1. Fumigant GC elution pattern on 20% 
OV-101 packing. 1, acetone front followed by small 
unknown peak; 2,2.2 ng CHCI3; 3,151 ng EDC; 4,0.38 
ng CC14; 5, 2.3 ng TCE; 6, isooctane; 7,3.5 ng CP; 8, 5.9 

ng EDB; 9,1.3 ng PCE.
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Figure 2. Fumigant GC elution pattern on 20% 
OV-225/20% OV-17 (2 +  1) mixed packing. I ,  ace
tone-isooctane (3 +  97) front; 2,0.38 ng CCU; 3,2.2 ng 
CHCI3; 4, 2.3 ng TCE; 5,151 ng EDC; 6,1 .3  ng TCE; 7, 

3.5 ng CP; 8, 5.9 ng EDB.

precise duplication between preparations, is 
optimal when CC14 and CHCI3 peaks are cleanly 
resolved as in Figure 2. Add phase increments 
of 0.5-1 g 17 g total mixture if additional adjust
ment should be necessary. This column will 
yield marked RT changes from 20% OV-101 col
umn (Table 2).

Determination

Possible loss of fumigant residues should be 
minimized during sample preparation and 
weighing. Rapidly weigh 50 g frozen whole 
grain into 150 mL acetone-water (5 +  1) in 250 
mL screw-cap Erlenmeyer flask; secure cap. Let 
sample extract/leach 48-72 h in dark at room 
temperature with occasional swirling. Towards 
end of extraction period, let solids settle until 
supernate becomes clear. Filtering is rarely 
needed.

For rapid screening analysis, remove small 
portion of acetone-water leachate from Erlen
meyer flask, place in vial, and directly chroma
tograph 6 pL  (2 mg) sample. Compare to reagent 
blank and working standard prepared with 5 +  
1 solution.

To carry out isooctane partitioning step, 
transfer 25 mL aliquot of leachate to 125 mL 
separatory funnel. Add ca 25 mL saturated NaCl 
solution and ca 60 mL deionized water. Add 10 
mL isooctane; add another 10 mL isooctane to 
second separatory funnel. Shake first funnel 
vigorously 1 min, let layers separate, and drain 
aqueous portion into second separatory funnel. 
Shake second funnel 1 min, let layers separate, 
and discard aqueous portion. Combine isooc
tane portions (20 mL), add ca 1 g anhydrous 
Na2SC>4, and mix. Chromatograph 6 p L sample,

Table 2. Fumigant retention time relative to CHCI3 at 
75°C on OV-101 and mixed packing

Fumigant OV-101 Mixed

CHCI3 1.00 1.00
EDC 1.17 1.44
CCI4 1.39 0.84
TCE 1.66 1.24
CP 2.63 2.39
EDB 2.96 4.25
PCE 3.38 2.05

equivalent to 2 mg, and compare to reagent blank 
and working standard.

Results and Discussion
Salting Out Method.—When acetone is salted 

out from the 5 +  1 extracting solution of the 
AOAC method, the fumigants remain with the 
acetone portion, which is 83.3% (v/v) of the total 
solution. The reduction of solution volume 
caused by the water loss is compensated for in 
this procedure by substituting in the calculations 
a 125 mL factor for the 150 mL 5 +  1 solution ac
tually used. In practice, however, the volume 
percentage of acetone recovered from the AOAC 
procedure is closer to 75%, which indicates that 
some of it is lost with the water. Fumigant re
coveries also are increased following the salting 
out steps (3). Since the 5 +  1 solution is prepared 
by adding water to a specific volume of acetone, 
these recovery trends suggest that acetone is se
lectively lost while the fumigants are concen
trated to a point beyond the proportional loss of 
water. These trends also occurred in fortified 
reagent blanks which were free of any sample 
effects. It was concluded that the salting out 
procedure, especially the final CaCl2 drying step, 
was substantially affecting the accuracy of the 
AOAC method.

Rapid Screening.— Heuser and Scudamore (7) 
verified that 15-20% water in acetone was 
needed to efficiently leach fumigants from 
whole-kernel grain. The wet leachate generally 
required dehydration before GC injection be
cause moisture will sometimes overload EC de
tectors. CaCl2 was employed because it was one 
of 79 possible salting out agents found by Mat- 
kovitch and Christian (8) that satisfactorily sep
arated acetone and water. However, the CaCl2 
salting out step adversely affected fumigant re
coveries, so the possibility of direct injections of 
the wet leachates was investigated.

Fumigant standards were prepared in both 5 
+  1 and straight acetone (dry) solutions. Six pL
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MINUTES

Figure 3. Screening chromatogram of oat sample (2 
mg) on OV-101 column. 1, acetone-water (5 +  1 ) 

front; 2, acetone impurity; 3 ,1 .7  ppm CC14.

injections were made, and their respective 
chromatograms were compared. Two differ
ences were noted. First, the solvent fronts of the 
wet solutions were 4-6 mm broader than their 
dry counterparts. Also, all fumigant retentions 
were 4-6  mm longer in wet solution. Second, 
the fumigant peaks nearest the solvent front re
sponded the most (30%) in wet solution. This 
difference of peak height magnitude between 
wet and dry solutions decreased as the RTs in
creased, so that the later-eluting fumigants re
sponded about the same in both solutions. It 
appeared that the wet acetone formed an azeo
trope upon vaporization and eluted at the solvent 
front. No deleterious effects were observed, i.e., 
replicate injections demonstrated good response 
and repeatability, with coefficients of variation 
of <5%. A typical screening chromatogram is 
shown in Figure 3. In this instance, the oat 
sample was leached with an acetone solution that 
contained an interference peak.

Partitioning Step.—Isooctane is highly immis
cible with water and is almost completely re
covered from the partitioning step. When for-

Table 3. Fumigants (ppm) detected in grains by 
screening and partitioning techniques

Grain Fumigant Screened Partitioned

Wheat CCI4 0.6 0.6
Wheat CCI4 7.1 6.9

EDB 20.8 20.7
Wheat CCI4 3.5 3.7

EDB 4.5 4.7
Milo C C I4 8.7 8.6

EDO 39.0 33.0
EDB 12.0 11.0

Oats CCI4 1.7 1.8
Corn C C I4 3.0 3.1

tified samples were partitioned with one 10 mL 
portion of isooctane, CCI4 and EDB were recov
ered in the 80-90% range, while the other fumi
gants were recovered in the 90-100% range. 
Using two 10 mL portions of isooctane brought 
all recoveries into the 90-100% range.

Two factors become apparent in this step. 
First, the test fumigants are not lost into the 
headspace gas during vigorous agitation at room 
temperature. Second, these fumigants will 
partition into another solvent, in this case into 
a nonchlorinated, fairly stable solvent such as 
isooctane. Other solvents such as hexane or 
petroleum ether can also partition fumigants. 
Rains and Holder (9) used multiple portions of 
hexane to directly extract EDB from biscuits and 
flour. Hexane, however, will chromatograph in 
the elution regions of other known fumigants. 
In addition, several brands of pesticide grade 
hexane and petroleum ether contain interfer
ences. The boiling points of hexane (69°C) and 
petroleum ether (35-75°C) also indicate that 
isooctane (99°C) is the least volatile of the 3 sol
vents at ambient temperatures. Furthermore, 
hexane and petroleum ether are not recovered 
from aqueous media as well as isooctane,

MINUTES

Figure 4. Typical chromatogram of partitioned grain sample (2 mg milo) on mixed column. 1, acetone- 
isooctane (3 +  97) front; 2, 9 ppm CCI4 (off scale); 3, 33 ppm EDO; 4,11 ppm EDB (off scale).
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Table 4. Recoveries (%) of fumigants from 2 wheat samples, using screening and partitioning techniques

Fumigant
Fort, level, 

ppm

Sample 1 Sample 2

Screened Proc.a Partitioned Proc.3

CHCI3 1.11 105 95 96 105
EDC 75.3 — — 99 95
TCE 1.14 99 96 98 99
EDB 2.94 102 99 99 100
PCE 0.633 108 101 97 94

a Procedural standard.

undergoing 10-20% volume losses. Thus, iso
octane is best suited for this step.

Table 3 shows the fumigant residues detected 
in several 50 g grain samples, using both the 
screening and partitioning techniques. The 
chromatogram of the milo sample seen in Figure 
4 demonstrates that EDC is not as responsive to 
EC detection as CCU or EDB.

Recovery Studies.—Recovery studies were 
conducted on both techniques. Relatively clean 
grain samples were fortified with fumigants. CP 
was omitted because it deteriorates rapidly in 
acetone solutions. Procedural standards were 
included to check the fortification technique for 
each fumigant used. Table 4 shows the recov
eries obtained when the screening method was 
applied to one wheat sample and the partitioning 
method to another. Table 5 is a comparison of 
the recoveries obtained when both techniques 
were applied to the same oat and corn samples. 
Recoveries from the screened samples were 
slightly higher than those from the partitioned 
samples, but overall recoveries were about 1 0 0 %. 
These satisfactory recoveries, together with the 
acceptable duplications from both techniques 
and the agreement of results for incurred fumi
gant residues, signify that both techniques are 
accurate.

Fumigant Persistence in Grains.—Accumulating 
evidence has shown that fumigants in solution, 
or permeated through whole-kernel grain, do 
not readily escape into the environment. Heu-

ser and Scudamore (7) found that none of the 
fumigants in their study penetrated the head- 
space above the 5 + 1  extracting solution after 4 
h. They also found EDB residues in empty grain 
bins 3 months after its application. In McMa
hon's studies (10), the persistence of EDB in 
grains led to disproportionately high EDB re
coveries.

This persistence can be illustrated further by 
a wheat sample that had sat loosely sealed in a 
fruit jar in this laboratory for 2 \  years and still 
contained most of the CCI4 originally deter
mined, 0.6 ppm. Subsequent to that observation, 
4 grain samples were tested for their ability to 
retain fumigants. Each sample was divided into 
2  portions, the first of which was analyzed di
rectly by the partitioning method. The second 
portion was heated in a 125°C oven for 4 h before 
analysis by the same method. The results in 
Table 6  suggest a delayed evaporation or break
ing down of incurred fumigants. EDB appears 
to be more heat labile in the grain matrix than 
CC14  or EDC.

Attempts also were made to hasten the initial 
extraction step by using a blender, but these 
failed. For example, a 50 g milo sample was 
blended to a pulp in (and under the surface of) 
acetone-water (5 +  1), using a blender equipped 
with a Polytron head. Blending time was 3 min. 
The resultant amounts of fumigants were less 
than those from the same milo sample soaked for 
72 h (Table 7). The accompanying spiked sam-

Table 5. Recoveries (%) of fumigants from oat and corn samples, using screening and partitioning techniques

Fumigant
Fort, level, 

ppm

Oats Corn

Screened Partitioned Screened Partitioned

CHCI3 1.11 103 95 102 93
EDC 75.3 105 94 105 92
CCI4 0.192 — — 104 100
TCE 1.14 100 95 99 93
EDB 2.94 105 102 104 96
PCE 0.633 100 96 99 93



DAFT: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, N O . 2, 1983) 2 3 3

Table 6. Fumigants detected (ppm) in 50 g grain 
samples before and after heating at 125°C

Grain Fumigant
Before
heating

After
heating % Remaining

Wheat C C I4 3.6 1.0 28
EDB 4.6 0.2 4

Milo CCI4 8.7 3.4 39
EDC 36.0 25.0 69
EDB 12.0 1.5 12

Oats C C I4 1.8 0.9 50
Corn C C I4 3.1 1.0 32

pies, also blended 3 min, showed no losses, in
dicating that the fumigants added were neither 
absorbed by the milo nor evaporated during 
blending. Similar results have been found with 
other grain samples. These results confirm that 
the efficient extraction of fumigants from 
whole-kernel grains is a leaching process.

Summary
Data have been presented showing that the 

salting out procedure for separating water from 
the initial leaching solution of the AOAC 
method yields high recoveries and can be omit
ted. The wet leachates from that method can be 
directly screened with GC if the assay is com
pleted as soon as possible. Moreover, test fum
igants in solution do not escape into the head- 
space gas at ambient temperatures. Therefore, 
the partitioning of fumigants with another sol
vent such as isooctane is a practical means of 
obtaining dry, stable conditions for the GC de
termination of fumigants. The 2 column pack
ings provide suitable resolution and replication 
for the quantitation of fumigants in grains and 
grain products.

Table 7. Fumigants (ppm) found in blended or soaked 
milo sample

Fumigant Blended Soaked % Diff.

Blended rec., % 

Milo Proc.a

C H C I3 ___ ___ _ 96 99
EDC 19 116 84 ------ 91
C C I4 10 19 47 — 94
TCE — — — 100 97
EDB 20 39 49 — 96
PCE — — — 99 97

a Procedural standard.

Acknowledgments
The author thanks D. Manske and J. Blaha for 

their advice in preparing the manuscript.

Referen ces

(1) O ffic ia l M eth o d s  o f  A n aly sis  (1980) 13th Ed., AOAC, 
Arlington, VA, secs. 29.056-29.057

(2) Heuser, S„ & Scudamore, K. (1969) J. Sci. F o o d  
A g ric .  20, 566-572

(3) Clower, M., Jr (1980) J. A ssoc . O ff .  A n a l. C h em .  63, 
539-545

(4) P ro g ra m  G u id a n ce  M a n u a l  (1982) Pesticides and 
Industrial Chemicals in Domestic Foods Program 
No. 7304.004, Food and Drug Administration, 
Washington, DC

(5) Sawyer, L. D. (1980) Laboratory Information 
Bulletin 2435, Food and Drug Administration, 
Washington, DC

(6) P e s tic id e  A n a ly t ic a l  M a n u a l  (rev. 1980) Vol. I, Sec
tion 301, Food and Drug Administration, Wash
ington, DC

(7) Heuser, S., & Scudamore, K. (1968) A n a ly s t  92, 
252-258

(8) Matkovitch, C., & Christian, G. (1973) A n a l. C hem . 
45, 1915-1921

(9) Rains, D„ & Holder, J. (1981) /. Assoc. O ff.  A n a l.  
C h em .  64, 1252-1254

(10) McMahon, B. M. (1971) J. A sso c . O ff .  A n a l. C hem . 
5 4 ,964-965



2 3 4 KRAUSE & A UGU ST: J. ASSOC. OFF. ANAL, CHEM . (VOL. 66, NO. 2, 1983)

Applicability of a Carbamate Insecticide Multiresidue Method for 
Determining Additional Types of Pesticides in Fruits and Vegetables

RICH A RD  T. KRAUSE and E. M ICHAEL A U G U ST1
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em ic a l T e c h n o lo g y , W a sh in g to n , D C  2 0 2 0 4

Several fruits and vegetables were fortified at a low 
(0.02-0.5 ppm) and at a high (0.1-5 ppm) level with 
pesticides and with a synergist, and recoveries were 
determined. Analyses were performed by using 3 
steps of a multiresidue method for determining N- 
methylcarbamates in crops: methanol extraction
followed by removal of plant co-extractives by sol
vent partitioning and chromatography with a char- 
coal-silanized Celite column. Eleven compounds 
were determined by using a high performance liquid 
chromatograph equipped with a reverse phase col
umn and a fluorescence detector. Twelve additional 
compounds were determined by using a gas-liquid 
chromatograph equipped with a nonpolar packed 
column and an electron capture or flame photometric 
detector. Recoveries of 10 pesticides (azinphos ethyl, 
azinphos methyl, azinphos methyl oxygen analog, 
carbaryl, carbofuran, naphthalene acetamide, naph
thalene acetic acid methyl ester, napropamide, pho- 
salone, and phosalone oxygen analog) and the syn
ergist piperonyl butoxide, which were determined 
by high performance liquid chromatography, aver
aged 100% (range 86-117) at the low fortification level 
and 102% (range 93-115) at the high fortification level. 
Quantitative recovery of naphthalene acetamide 
through the method required that an additional 
portion of eluting solution be passed through the 
charcoal column. Recoveries of 7 additional pesti
cides (dimethoate, malathion, methyl parathion, 
mevinphos, parathion, phorate oxygen analog, and 
pronamide), which were determined by gas-liquid 
chromatography (GLC), averaged 108% (range 100- 
120) at the low fortification level and 107% (range 
99-122) at the high fortification level. DDT, diaz- 
inon, dieldrin, phorate, and pirimiphos ethyl, which 
were determined by GLC, were not quantitatively 
recovered.

Pesticide residues in crops can be determined by 
single or multiresidue analytical methods. 
When the pesticide application history is not 
known, or when a crop has been treated with 
more than one pesticide, the use of a multiresi
due method, which selectively determines each 
residue, is generally preferred because of re
duced analysis time and costs. Such multiresi
due analytical approaches have been successfully

1 Graduate student working under Summer Graduate Pro
gram.

Received April 28, 1982. Accepted July 21,1982.

applied to the determination of volatile crga- 
nohalogen, organophosphorus, and organoni- 
trogen pesticides in foods (1, 2) by using gas- 
liquid chromatography (GLC) to separate the 
individual residues for detection by selective and 
sensitive detectors. This multiresidue concept 
was also used in a method for determining N - 
methylcarbamate insecticides (3). That method 
used high performance liquid chromatography 
(HPLC) to separate the individual residues for 
detection by a selective and sensitive post-col
umn fluorometric labeling technique.

The purpose of the work reported here was to 
investigate the applicability of the N-methyl- 
carbamate method (3) to additional chemical 
types of pesticides with the use of HPLC or GLC 
determinative techniques. A number of pesti
cides which are not readily determined by GLC 
exhibit natural fluorescence (4-7). Recently, 
single residue methods were developed for the 
determination of the fluorescent pesticides car
baryl (8), naphthalene acetic acid (9), thia
bendazole (10), and warfarin (11), using a high 
performance liquid chromatograph with a fluo
rescence detector. Of interest was whether 
fluorescent pesticides could be determined by a 
multiresidue method—in this case, by the car
bamate method. Thus, 7 naturally fluorescent 
pesticides (carbaryl, carbofuran, naphthalene 
acetamide, naphthalene acetic acid methyl ester, 
napropamide, phosalone, and phosalone oxygen 
analog) and the fluorescent synergist piperonyl 
butoxide were selected for study. Although 
azinphos ethyl, azinphos methyl, and azinphos 
methyl oxygen analog do not fluoresce, tneir 
hydrolysis product, anthranilic acid, does; 
therefore, the 3 azinphos compounds were also 
included in the study.

Twelve additional (or nonfluorescent) repre
sentative pesticides which can be determined by 
multiresidue methods using GLC (1, 2) were se
lected for study on the basis of their range of 
polarity: DDT, diazinon, dieldrin, dimethoate, 
malathion, methyl parathion, mevinphos, para
thion, phorate, phorate oxygen analog, pirimi
phos ethyl, and pronamide. Study of these 
compounds was undertaken to provide infor
mation on the capability and limitations of the
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carbamate method (3) to recover polar and non
polar pesticides determined by GLC.

The crops used in the study were broccoli, 
green beans, lettuce, pears, peaches, and straw
berries.

METHOD
In the carbamate insecticide method (3), 

methanol and a mechanical ultrasonic homoge- 
nizer are used to extract the field-incurred resi
dues. Water-soluble plant co-extractives' and 
nonpolar plant lipid materials are removed from 
pesticide residues by liquid-liquid partitioning. 
Additional crop co-extractives (e.g., carotenes, 
chlorophylls) are removed by using a charcoal- 
silanized Celite column.

The basic carbamate method (3) was used in 
the study with the following additions/ 
changes:

Reagents (Changes in Ref. 3)
(a) Solvents.—Acetone, acetonitrile, methanol, 

methylene chloride, petroleum ether, and tolu
ene. Distilled-in-glass grade (Burdick & Jackson 
Laboratories, Inc., Muskegon, MI 49442).

(d) Sodium hydroxide solution.—0.2N. Pipet27 
mL clear supernate NaOH in water (1 +  1) into 
100 mL volumetric flask. Dilute to volume with 
water and mix (5N NaOH). Pipet 40 mL 5N 
NaOH into 1 L volumetric flask. Dilute to 1 L 
with degassed ultrapure water, and mix well but 
gently to minimize re-incorporation of air into 
solution.

Reagents (f) and (g) are omitted.

HPLC Operating Parameters (Change in 
Ref. 3)

Adjust mobile phase flow rate to 1.50 ±  0.02 
mL/minat50% acetonitrile in water. Equilibrate 
system at 12% acetonitrile in water for 10 min, 
inject sample, and begin 30 min linear gradient 
to 70% acetonitrile in water, then 100% acetoni
trile for additional 5 min. For determination of 
azinphos pesticides, adjust post-column flow rate 
of 0.2N NaOH to 0.50 ±  0.02 mL/min. Operate 
column oven at 35°C. Operate hydrolysis 
chamber at 100°C only for the determination of 
azinphos pesticides; otherwise, maintain cham
ber at ambient temperature. Set fluorescence 
detector excitation and emission wavelengths at 
278 and 306 run, respectively. Set detector 
photomultiplier gain at low and time constant at 
1 s. Adjust sensitivity so that 50 ng carbofuran 
produces 50% full scale response on printer 
plotter (recorder) at attenuation of 5. For de
termination of fluorescent compounds, use ex
citation and emission wavelengths in Table 1.

GLC Apparatus and Parameters (Additions to 
Ref. 3)

The apparatus and parameters given in Refs. 
1 and 2 were used with the following changes in 
Ref. 1, sections 29.008 and 29.040.
29.008

(b) Column.—Glass, 1.85 m X 4 mm id packed 
with 5% (w/w) OV-101 on 80-100 mesh Chro- 
mosorb W HP. Use 60 mL argon-methane (95 +
5)/min as carrier gas for 63Ni electron capture

Table 1. HPLC and fluorescence characteristics of 11 pesticides/metabolites

C o m p o u n d

M axim um
W ave le ng tns 

u se d  w ith H P L C
R etentio n 

tim e  
rei. to 

c a rb o fu ra n

A m t
p ro d u cin g  
5 0 %  F S D fc 

re sp o n se , ngE„ 3 F aE-m Ex Ef l

A z in p h o s e t h y lc 3 2 0 4 0 0 3 2 0 4 0 0 1.4 6 5

A z in p h o s m e t h y l3 3 2 0 4 0 0 3 2 0 4 0 0 1 .2 9 5

A zin p h o s m e th y l o xyg en a n a lo g 3 3 2 0 4 0 0 3 2 0 4 0 0 0 .8 1 1 5

C a rb a ry l 2 8 6 3 3 8 2 8 8 3 3 0 1.0 6 3
C a rb o fu ra n 2 7 8 3 0 6 28 8 3 3 0 1.0 " 9 0

N a p h th a le n e  a c e t ic  a c id  m e th y l e ste r 28 6 3 3 8 28 8 3 3 0 1 .4 4 4

N a p h th a le n e  a c e ta m id e 28 6 3 3 7 28 8 3 3 0 0 .7 7 3

N a p ro p a m id e 29 6 3 4 2 28 8 3 3 0 1 .3 6 4

P h o sa lo n e 2 8 7 3 2 0 28 8 3 3 0 1 .7 0 90

P h o sa lo n e  oxygen analog 2 8 8 3 1 8 2 8 8 3 3 0 1 .3 0 90

P ip e ro n y l butoxide 2 9 5 3 3 0 2 8 8 3 3 0 1 .7 4 5

3  Ex =  nm  e x c ita tio n ; Em =  nm  e m issio n . 
b  F S D  =  full sc a le  re c o rd e r d efle ctio n.
c F lu o re s c e n c e  of a n th ra n ilic  a c id  m e a su re d  a fter p o st-co lu m n  d eg ra d a tio n  of p arent. 
d  C a rb o fu ra n  e lu te s in c a  2 0  m in.
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Table 2. GLC characteristics of pesticides/metabolites

C o m p o u n d

R etentio n 
tim e  

rel. to
c h lo rp y rifo s

A m t p ro d u cin g  
5 0 %  F S D 3 

re sp o n se , ng

E C D b F P D -P C

D D T 3 .0 9 4
D ia zin o n 0 .5 1 0 .7
D ie ld rin 1 .8 7 1 .5
D im e th o ate 0 .4 1 1

M alath ion 0.8 9 1 .5
M e th yl p a ra th io n 0.6 9 1

M e vin p h o s 0 .1 3 1

P a ra th io n 0 .9 8 5 1

P h o ra te 0 .3 6 0 .5
P h o ra te  o xyg en analog 0 . 6 6 0 .5
P ir im ip h o s  eth yl 1 . 1 4 1 .5
P ro n a m id e 0 .5 1 1 .5

3  F S D  =  full sc a le  re c o rd e r d efle ctio n. 
b E le ctro n  c a p tu re  d e te cto r.
c  F la m e  p h o to m e tric  d ete cto r o p erated  In the p h osp ho ru s 

m o d e.

detector and nitrogen as carrier gas for flame 
photometric detector.

(c) Electron capture detector  (ECD ).—Constant 
current variable frequency 63Ni electron capture 
detector.
29.040

(i) Flam e photom etric d etector operation in phos
phorus m ode (FP D -P ).—Adjust gas flows to 100 
mL hydrogen/min and 120 mL air/min. Oper
ate at sensitivity that produces 50% full scale 
deflection (FSD) for 1.5 ng chlorpyrifos.

Determination ( Changes in Ref. 3)
When gas-liquid chromatograph with ECD is 

used, dilute 1 mL methanol sample solution to 5 
mL with methanol and inject 5 /xL onto 
column.

When gas-liquid chromatograph with FPD-P 
detector is used, evaporate 1 mL methanol sam
ple solution just to dryness, using vacuum rotary 
evaporator. Immediately dissolve residue in 5 
mL acetone. Inject 5 /xL onto GLC column.

R esu lts  and D iscu ssio n

Recovery studies were conducted to determine 
the applicability of the N-methylcarbamate in
secticide multiresidue method to the determi
nation of the 22 pesticides and the synergist. 
Fruits and vegetables were fortified with the 
compounds at low (0.02-0.5 ppm) and high 
(0.1-5 ppm) levels by the addition of 15 mL of a 
methanol fortification solution to 150 g crop in 
a glass homogenizer jar. A 285 mL portion of 
methanol was added, and the sample was ho

mogenized immediately. A crop control and 
duplicate fortification analyses were performed. 
Each set of 5 samples (1 control, 2 low-level, and 
2 high-level fortifications) was subjected to the 
extraction and co-extractive removal steps within 
one 8 h working day. Subsequently, HPLC or 
GLC was used to determine the pesticides after 
elution from the charcoal-silanized Celite col
umn with 125 mL toluene-acetonitrile (1 +  3). 
Also, an additional 100 mL toluene-acetonitrile 
column eluate and the petroleum ether layer 
from the partitioning step were monitored for 
the pesticides.

Seven naturally fluorescent pesticides (car- 
baryl, carbofuran, naphthalene acetamide, 
naphthalene acetic acid methyl ester, napropa- 
mide, phosalone, and phosalone oxygen analog) 
and the synergist piperonyl butoxide were de
termined by HPLC with the fluorescence detec
tor. Azinphos ethyl, azinphos methyl, and az- 
inphos methyl oxygen analog were determined 
after post-column in-line hydrolysis to fluo
rescent anthranilic acid. Table 1 contains HPLC 
and fluorescence characteristics of these 11 
compounds.

DDT, dieldrin, and pronamide were deter
mined by using a gas-liquid chromatograph 
equipped with an ECD. Diazinon, dimethoate, 
malathion, methyl parathion, mevinphos, pho- 
rate, phorate oxygen analog, and pirimiphos 
ethyl were determined by using a gas-liquid 
chromatograph equipped with an FPD-P. 
Parathion was determined by GLC, using either 
the ECD or the FPD-P. GLC retention and re
sponse data are given in Table 2.

HPLC Recovery Data
Tables 3 and 4 show the recovery data for the 

compounds determined by HPLC. At the low 
fortification level (0.02-0.5 ppm), the overall 
average recovery of azinphos ethyl, azinphos 
methyl, azinphos methyl oxygen analog, car- 
baryl, carbofuran, naphthalene acetic acid 
methyl ester, naphthalene acetamide, napropa- 
mide, phosalone, phosalone oxygen analog, and 
piperonyl butoxide was 100%; individual re
coveries ranged from 86 to 117%. The overall 
average recovery of these pesticides at the high 
fortification level (0.1-5 ppm) was 102%; indi
vidual recoveries ranged from 93 to 115%. Ex
cept for naphthalene acetamide, 90+% cf the 
quantity of each pesticide added to the cron was 
recovered in the first toluene-acetonitrile frac
tion. Approximately 80% of the naphthalene 
acetamide eluted in the first fraction from the 
charcoal-silanized Celite column. The re-
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Table 3. Recovery (%) of pesticides and metabolites from crops at low fortification levels through method with
determination by HPLC

P e s t ic id e /m e t a b o lite A d ded, ppm C ro p  l 3 C ro p  2 3 Av.

P e a rs G re e n  b e a n s

C a rb a ry l 0 . 0 2 1 0 3 10 5 10 5 10 8 10 5
C a rb o fu ra n 0 . 2 1 0 2 1 0 3 1 0 2 1 0 2 1 0 2

N a p h th a le n e  a c e t ic  a c id  m e th y l e ste r 0 .0 5 97 96 9 7 1 0 1 98
N a p h th a le n e  a c e ta m id e 0 . 0 2 96 1 0 0 99 96 98
N a p ro p a m id e 0 . 0 2 9 2 89 9 8 98 9 4
P h o sa lo n e 0 .5 95 9 2 1 1 3 1 1 7 10 4
P h o sa lo n e  o xyg en a n alog 0 .5 __b __ b 10 8 1 1 6 1 1 2

P ip e ro n y l butoxide 0 .0 5 8 6 8 8 9 0 9 2 89

P e a c h e s B ro cco li

A z in p h o s eth yl 0 .0 5 1 0 1 10 3 10 5 1 0 3 1 0 3
A z in p h o s m e th y l 0 .0 5 1 0 2 10 3 10 5 1 0 2 1 0 3
A z in p h o s m e th y l o xyg en a n alog 0 .0 5 10 4 10 4 10 8 1 0 3 10 5
P h o sa lo n e 0 .5 9 4 9 3 89 9 3 9 2
P h o sa lo n e  oxygen analog 0 .5 9 5 9 5 __ b __ b 9 5

3  D u p lic a te  d e te rm in a tio n s.
6  In te rfe re n ce  p re c lu d ed  q u a n tita tin g  re co v e ry .

maining naphthalene acetamide was found in 
the subsequent toluene-acetonitrile fraction. 
Approximately 4% of the piperonyl butoxide and 
1% of the naphthalene acetic acid methyl ester 
were found in the petroleum ether layer after 
partitioning. The other fortified pesticides were 
not found in the petroleum ether layer with a 
detection limit of 0.4% (approximately 5% FSD 
response) for each respective pesticide.

Quantitative recovery is only one aspect to be 
considered in evaluating the applicability of the 
method to these pesticides. The other aspect is

selectivity. Selectivity is a function of the 
chromatographic system and associated detector 
to preferentially monitor the individual com
pounds of interest and exclude detection of other 
materials. Selectivity is also a function of the 
ability of the crop co-extractive removal proce
dures (i.e., cleanup) to eliminate components 
which would be detected with the determinative 
procedure. Numerous extraneous fluorescent 
peaks were observed at the 288 nm excitation and 
330 nm emission wavelengths used for the 
naphthalene pesticides carbofuran and phos-

Table 4. Recovery (%) of pesticides and metabolites from crops at high fortification levels through method with
determination by HPLC

P e s t ic id e /m e t a b o lite A d ded, ppm C ro p  1 3 C ro p  2 3 Av.

P e a rs G re e n  b e ans

C a rb a ry l 1 1 0 0 1 0 3 10 4 9 4 1 0 0

C a rb o fu ra n 1 10 6 1 0 2 10 4 99 1 0 3
N a p h th a le n e  a c e t ic  a c id  m e th y l e ste r 1 9 5 9 2 9 7 9 5 9 5
N a p h th a le n e  a c e ta m id e 0 . 1 98 1 0 1 1 0 0 9 3 98

N a p ro p a m id e 0 .5 99 98 99 9 7 98

P h o sa lo n e 5 10 4 10 5 99 1 1 1 1 0 5

P h o sa lo n e  oxygen a n a lo g 5 1 0 3 10 6 1 1 5 1 0 3 1 0 7

P ip e ro n y l butoxide 1 1 0 0 9 7 9 7 9 3 9 7

P e a c h e s B ro c co li

A z in p h o s eth yl 1 10 6 10 5 10 4 10 4 10 5

A zin p h o s m e th y l 1 10 6 10 6 10 5 10 4 10 5

A zin p h o s m e th y l o xyg en a n alog 1 10 8 10 9 10 8 10 5 10 8

P h o sa lo n e 5 10 6 10 5 10 7 10 5 10 6

P h o sa lo n e  o xyg en a n alog 5 10 6 10 4 __b __ b 10 5

3  D u p lic a te  d e te rm in a tio n s.
6  in te rfe re n c e  p re c lu d ed  q u a n tita tin g  re co v e ry .
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Figure 1. HPLC chromatogram of broccoli control 
showing effect of different fluorescence excitation 

and emission wavelengths.

alone. An example is shown in Figure 1. The 
extraneous responses, which are not present in 
the reagent blank, may be due to fluorescent 
plant co-extractives. Of the fluorescent pesti
cides studied, only phosalone oxygen analog 
could not be quantitated because of an interfer
ing peak. Although additional extraneous peaks 
were observed (Figure 1), none prevented the 
quantitation of the other fluorescent pesti
cides.

The selectivity for the detection of azinphos 
compounds is greatly increased over that of the 
naphthalene pesticides with the change in exci
tation wavelength to 320 nm and emission 
wavelength to 400 nm and the addition of base 
to the column eluent. An example of the in
creased selectivity is shown in Figure 1. Most of 
the extraneous peaks observed in the broccoli 
control sample at 288 nm excitation and 330 nm 
emission are absent at 320 nm excitation and 400 
nm emission. A chromatogram of the broccoli 
sample fortified with azinphos compounds 
(Figure 2) shows that the small extraneous peaks 
present in the broccoli control sample do not 
interfere in the quantitation of azinphos resi
dues.

GLC Recovery Data
Tables 5 and 6 show the recovery data for the 

compounds determined by GLC. The crops

! A Z I  N P H O S  ME T H Y L

Figure 2. HPLC chromatograms obtained by using 
fluorescence detector at 320 nm Ex and 400 nm Em and 

post-column hydrolysis.

were fortified with DDT, diazinon, dieldrin, di- 
methoate, malathion, methyl parathion, nev- 
inphos, parathion, phorate, phorate oxygen an
alog, pirimiphos ethyl, and pronamide at 0.05 
and 1 ppm. The overall average recovery of the 
organophosphorus insecticides dimethoate, 
malathion, methyl parathion, mevinphos, para
thion, and phorate oxygen analog at the 0.05 ppm 
fortification level was 108%; individual recov
eries of these compounds ranged from 100 to 
120%. The overall average recovery of these 
pesticides at the 1 ppm fortification level was 
107% and ranged from 99 to 122%. The high 
recovery bias was due in part to partial evapora
tion of the 5 mL acetone added to the 500 mL 
round-bottom flask to dissolve pesticide residues 
for the GLC analyses. Approximately 5% of the 
acetone evaporates while it is pipetted onto the 
surface of the round-bottom flask and swirled in 
the flask for 20 s to dissolve residues.

Pronamide, an organochlorine herbicide, was 
quantitatively recovered through the method. 
Recoveries averaged 106% at the 0.05 ppm forti
fication level and 105% at the 1 ppm level.

The nonpolar organohalogen insecticides DDT 
and dieldrin were not quantitatively recovered 
through the method (Tables 5 and 6). Less than 
70% of these fortified residues was found in the
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Table 5. Recovery (%) of pesticides and metabolites from crops at 0.05 ppm fortification level through method with
determination by GLC

P e s t ic id e /m e t a b o lite C ro p  1 3 C ro p  2 3 Av.

E le ctro n  ca p tu re P e a rs G re e n  b e ans

D D T 56 6 2 69 6 6 6 3
D ie ld rin 6 8 70 7 1 64 6 8

P a ra th io n __ b __b 1 0 0 1 0 0 1 0 0

P ro n a m id e 10 5 10 5 10 5 1 0 7 10 6

F la m e  p h o to m e tric S tra w b e rrie s L e ttu ce

D ia zin o n 7 4 83 8 1 83 8 0
D im e th o a te 1 1 8 1 1 5 1 1 8 1 1 4 1 1 6
M alath io n 1 1 2 10 9 1 1 2 10 9 1 1 0

M e th yl p a ra th io n 1 1 2 10 8 1 1 1 10 8 1 1 0

M e vin p h o s ___ C ___C 10 6 1 0 0 1 0 3
P a ra th io n 1 0 3 1 2 0 10 5 10 6 10 8
P h o ra te 46 38 46 46 44
P h o ra te  o xyg en a n a lo g 10 6 10 7 10 5 10 6 10 6
P ir im ip h o s  eth yl 69 8 4 6 8 7 7 74

3  D u p lica te  d e te rm in a tio n s. 
b P a ra th io n  in co n tro l sa m p le  (0 .0 2  ppm ). 
c M e vin p h o s in co n tro l sa m p le  (0 .2 8  ppm ).

toluene-acetonitrile eluate from the charcoal- 
silanized Celite column. The remainder of these 
residues was found in the petroleum ether layer 
after partitioning. Similarly, approximately 20% 
of diazinon and pirimiphos ethyl was found in 
the petroleum ether layer. Thus, it appears that 
the relatively nonpolar pesticides are not quan
titatively recovered through the method. Al
though phorate oxygen analog was quantita

tively recovered, phorate recovery values were 
approximately 50%. About 15% of the fortified 
phorate was found in the petroleum ether layer. 
No phorate was found in the second acetoni
trile-toluene eluate from the charcoal-silanized 
Celite column.

The lettuce and strawberry crop controls in
jected onto "he gas-liquid chromatograph 
equipped with a FPD-P were free of extraneous

Table 6. Recovery (%) of pesticides and metabolites from crops at 1 ppm fortification level through method with
determination by GLC

P e s t ic id e /m e t a b o lite C ro p  1 3 C ro p  2  3  * Av.

E le ctro n  ca p tu re P e a rs G re e n  b e ans

D D T 5 7 4 7 4 5 4 5 48
D ie ld rin 76 6 8 6 2 5 7 6 4
P a ra th io n 1 0 3  6 1 0 1 10 8 1 1 0 10 6
P ro n a m id e 10 5 1 0 2 1 1 1 10 3 10 5

Fla m e  p h o to m e tric S tra w b e rrie s L ettu ce

D ia zin on 85 8 8 85 85 8 6

D im e th o a te 1 0 7 1 1 7 99 10 6 1 0 7
M alath io n 10 6 1 2 2 10 3 1 1 4 1 1 1

M eth yl p a ra th io n 10 4 1 1 6 10 5 1 0 7 10 8
M e vin p ho s ___ C ___  C 10 5 10 3 10 4
P a ra th io n 1 0 2 1 1 5 10 6 1 0 7 10 8
P h o ra te 50 4 1 50 5 7 50
P h o ra te  o xyg en a n a lo g 1 0 0 1 1 0 1 0 2 10 4 10 4
P ir im ip h o s  e th yl 80 8 7 7 1 69 7 7

3  D u p lic a te  d e te rm in a tio n s.
6  R e c o v e rie s  u n c o rre c te d  fo r p a ra th io n  p re se n t in co n tro l sa m p le  (0 .0 2  ppm ).
c  M e vin p h o s in co n tro l sa m p le  (0 .2 8  ppm ).
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peaks except for 0.28 ppm mevinphos found in 
the strawberry control sample. The green bean 
and pear crop control samples injected onto the 
gas-liquid chromatograph equipped with an ECD 
were relatively free of extraneous peaks, the 
largest being 5% FSD.

Conclusion
The basic multiresidue method originally de

veloped for the determination of the N-methyl- 
carbamate insecticides in fruits and vegetables 
was found to be applicable to several fluorescent 
pesticides, organophosphorus insecticides, a 
synergist, and a herbicide. However, the 
method does not appear to quantitatively recover 
the relatively nonpolar pesticides. The HPLC 
chromatograms obtained for the determination 
of the azinphos compounds and the GLC chro
matograms obtained with FPD-P and ECD were 
relatively free of extraneous peaks, indicating 
adequate removal of any interfering crop co
extractives. However, in the HPLC determina
tion of those pesticides detected with the fluo
rescence detector set at 288 nm excitation and 330 
nm emission wavelengths, chromatograms of the 
crop controls were found to contain extraneous 
peaks. One of those peaks interfered with the 
quantitation of phosalone oxygen analog.
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Nitro Musk Fragrances as Potential Contaminants in Pesticide Residue 
Analysis

M A R T I N  P. Y U R A W E C Z  a n d  B A R T  J. P U M A
D iv is io n  o f  C h e m ic a l  T e c h n o lo g y ,  F o o d  a n d  D ru g  A d m in is t r a t io n ,  W a s h in g t o n ,  D C  2 0 2 0 4

Synthetic nitro musks, fragrance ingredients of soaps, 
lotions, and other products commonly used in the 
home and laboratory, are potential interferences in 
analyses of foods for pesticide residues. These fra
grances are recovered by extraction-cleanup proce
dures of the AOAC multiresidue method for fatty and 
nonfatty foods and have electron capture gas-liquid 
chromatographic properties similar to the organo- 
chlorine residues for which the method has official 
status. This report presents the analytical evidence 
that led to the identification of musk xylol (1-[1,1- 
dimethylethyl]-3,5-dimethyl -2,4,6-trinitrobenzene) 
as a contaminant in a sample of fish; mass spectra and 
data on the behavior in the AOAC multiresidue 
method of musk xylol, musk ambrette (1-[1,1- 
dim ethylethyl]-2-m ethoxy-4-m ethyl - 3,5 - dinitro
benzene), musk tibetene (l-[l,l-d im ethylethy l]-
3,4,5-trimethyl-2,6-dinitrobenzene), and musk ketone 
(l-[4-(l,l-dim ethylethyl)-2,6-dim ethyl - 3,5 - dinitro- 
phenyljethanone); and information on some sources 
of these chemicals in the laboratory environment.

Synthetic nitro musks are widely used as fra
grances in soaps, detergents, lotions, and other 
scented products (1, 2). The artificial musks 
whose chemical structures are shown in Figure 
1 are recovered by the AOAC multiresidue 
method for organochlorine and organophos- 
phorus pesticides (3) and give electron capture 
(EC) gas-liquid chromatographic (GLC) re
sponses in the retention range of the organo
chlorine pesticides and polychlorinated bi
phenyls (PCBs). Thus, these fragrances could 
interfere with the determination of the organo
chlorine residues for which the AOAC method 
has official status.

Our interest in nitro musks began with an in
vestigation to identify a contaminant in a ho
mogenized sample of catfish received from the 
Food and Drug Administration (FDA) District 
laboratory in Minneapolis, MN. The Minne
apolis District laboratory had used the AOAC 
multiresidue method to analyze 3 samples of fish 
from a lake in Illinois and had detected an elec
tron-capturing unknown in the ethyl ether- 
petroleum ether (6 +  94) Florisil column eluate 
of one sample. Under an ongoing FDA program 
for the identification of unrecognized industrial

Received April 26, 1982. Accepted July 14, 1982.

chemical contaminants in foods, the Minneapolis 
District laboratory sent a portion of the sample 
containing the unidentified contaminant and 
related analytical data to our laboratory for 
further study. Re-analysis of the sample and 
interpretation of GLC data obtained with 
EC, nitrogen/phosphorus (NP), mass spectro
métrie (MS), and other selective detectors led 
to the tentative identification of the unknown 
as l-(l,l-dim ethylethyl)-3,5-dim ethyl-2,4,6- 
trinitrobenzene (musk xylol, Figure IB). 
GLC/MS comparison of the contaminant with an 
authentic sample of musk xylol confirmed this 
identification.

Musk xylol has not previously been reported 
as a contaminant in foods or the environment. 
Because this chemical is a common ingredient of 
toiletries (1, 2) and was found in only one of 3 
fish samples caught in the same lake, we sus
pected that the sample could have become con
taminated outside the aquatic environment. Our 
investigation did not include analysis of personal 
care products used by those involved in the col
lection or original analysis of the sample. 
However, qualitative EC/GLC or GLC/MS 
analyses of a sample of soap and 3 samples of 
hand lotions used in our laboratory showed the 
presence of musk xylol in each product. Musk 
ambrette (l-[l,l-dimethylethyl]-2-methoxy-4- 
methyl-3,5-dinitrobenzene, Figure 1A) and musk 
ketone (l-[4-(l,l-dimethylethyl)-2,6-dimethyl-
3,5-dinitrophenyl]ethanone, Figure ID) were 
also found in 2 of the 3 hand lotions examined. 
In addition, EC and NP/GLC chromatograms 
derived from several previously analyzed fish 
samples indicated the presence of one or more of 
these substances. For these reasons, the fra
grances identified in the hand lotions and the 
structurally similar musk tibetene (l-[l,l-d i- 
methylethyl]-3,4,5-trimethyl-2,6-dinitrobenzene, 
Figure 1C) were studied to determine their be
havior in the AOAC pesticide multiresidue 
method; all 4 compounds were quantitatively 
recovered.

Contamination by products scented with nitro 
musks is only one route through which these 
compounds occur in foods. Musk ambrette has 
been used as an artificial flavor in the United
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Figure 1. Chemical structures of A, musk ambrette; 
B, musk xylol; C, musk tibetene; D, musk ketone.

C =  0

States (4). M usk xy lo l and m usk ketone, a l
tho ug h  not approved as food additives in  the  
U n ite d  States, are approved fo r use as a rtific ia l 
fla v o rin g  substances by the C ounc il of Europe
(5). By analogy w ith  o ther industria l chemicals 
tha t have s o lu b ility  properties and o ther chem - 
ic a l/p h y s ic a l characteristics w h ic h  a llo w  them  
to be recovered by the A O A C  m ultires idue  
m etho d , it  appears that n itro  musks have the  
p o ten tia l to reach the aquatic en v iro n m e n t and  
to u ltim a te ly  contam inate foods v ia  this route. 
T h e  purpose o f this rep ort is to h e lp  the residue  
analyst to recognize these com pounds in  foods 
and  to caution those in v o lv ed  w ith  sam ple h an 
d lin g  that n itro  musks are ing red ients  o f m any  
products com m o nly  used in  the laboratory.

E xp erim e n ta l

Reagents

(a) G e n e r a l  r e a g e n t s .— See sec. 29.002 (3).
(b) P es tic id e s .— A ld rin , azobenzene, heptachlor 

epoxide, m a la th io n , parath ion , and tr if lu ra lin  
w ere used as G LC reference standards. A ll w ere  
obtained from  the U.S. Environm ental Protection  
A gen cy , H e a lth  Effects Research Laboratory, 
Research T ria n g le  Park, N C  27711.

(c) N itro  m u s k s .— M usk ambrette, musk ketone, 
m usk tibetene, and musk xy lo l w ere supplied by 
the  F D A  D iv is io n  of Cosmetics Technology, 
W ash in g ton , D C  20204. These chem icals are 
com m erc ia lly  ava ilab le  fro m  IC N  L ife  Sciences 
G ro up  (K & K ), 121 Express St, P la in v ie w , N Y  
11803.

A p p a r a t u s

(a) G e n e r a l  a p p a ra tu s  a n d  g la s s w a r e .— See sec.
29.005.

(b ) G a s c h r o m a t o g r a p h  w ith  c o n s t a n t  c u r r e n t  E C

defector.— H ew le tt-P ackard  5730A  gas chrom a
tograph w ith  H ew le tt-P ackard  18713A  EC d e
tector and the fo llo w in g  glass columns: ( 1 ) 1.8 
m  X 4 m m  id , packed w ith  5% O V -101 on 80 -100  
mesh C hrom osorb W  (H P ); (2) 1.8 m  X 4 m m  id , 
packed w ith  1 +  1 m ixture  of 5% O V -101  on  
80 -1 0 0  mesh Chrom osorb W  (H P ) and 7.5%  
O V -210 on 80-100 mesh Chromosorb W  (H P ); (3)
1.4 m  X 2 m m  id , packed w ith  2% O V -101  on  
100-120 mesh C hrom osorb W  (H P ). O pera tin g  
conditions: tem peratures ( ° C )— colum n 200,
in le t 250, detector 300; 5% m ethan e /95%  argon  
carrier, 60 m L /m in  (colum ns 1 and  2); n itrog en  
carrier, 30 m L /m in  (co lum n 3); recorder span, 1 
m V . The a ttenuator was set to g ive  ca 50% fu ll  
scale deflection  (FSD ) fo r 1 ng hep tach lor epox
ide in  all w o rk  except determ inations o f ratios of 
EC to N P  response for reference com pounds and  
the u n id e n tif ie d  contam inant. For EC to N P  
response ratio  m easurem ents, the  EC attenuator 
was adjusted so that the same am ount o f the  
chemical used to determ ine N P  response gave an  
EC response o f 10-90%  FSD.

(c) G a s c h r o m a t o g r a p h  w ith  N P  d e t e c t o r .— H e w 
lett-Packard  5730A  gas chrom atograph  w ith  
H ew le tt-P ackard  18789A N P  detector and 1.4 m 
X 2 m m  id  glass colum n packed w ith  2% O V-101  
on 100-120  mesh C hrom osorb W  (H P ). O per
a ting  conditions: tem peratures ( ° C )— cclum n  
200, in le t 250, detector 250; n itrog en  carrier, 30 
m L /m in ;  a ir, 50 m L /m in ;  h yd ro gen , 1 m L /m in ;  
recorder span, 1 m V ; e lectrom eter sensitiv ity  
(m ax., range 1), 5 X  10-12  A  fu l l  scale at attenua
tion 1 ; detector voltage, adjusted to ca 15 V  to give  
30-50%  FSD for 1 ng m alathion at attenuation 32. 
A t these conditions, 0.5 ng  azobenzene gave 
>30%  FSD and 1 g g  octadecane gave <5%  FSD at 
attenuation  32. For sample and reference com 
pound analyses, attenuation  settings of 8 ,1 6 , 32, 
and 64 w ere used as required to g ive 10-90%  FSD  
for the com pounds o f interest.

(d ) C o m b in e d  g a s  c h r o m a t o g r a p h -m a s s  s p e c t r o m 

e t e r - d a t a  s y s t e m .—  V a rían  1700 gas chrom ato- 
g ra p h /F in n ig a n  1015 quadrupole mass spec- 
tro m e te r /F in n ig a n  6000 data system. T he  gas 
chrom atograph was d irectly  coupled to the mass 
spectrom eter th rough  a 15 m  X  0.2 m m  id  SE-52 
w all-coated  open tu b u la r (W C O T ) cap illa ry  col
um n. Splitless injections (6 ) w ere  m ade at the  
fo llo w in g  operating  conditions: tem peratures  
( °C )— injector 250, colum n 50 for injection , then  
raised d irectly  to 200; h e liu m  carrier, 1 m L /m in ;  
mass spectrom eter pressure, 2 X  10~ 5 torr; f i la 
m ent em ission, 500 g A ;  p re a m p lifie r, 10~ 7 A /V ;  
70 electron vo lt p rim a ry  io n iz in g  vo ltage in
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electron im pact (E l) m ode; scanned mass range, 
m /z  39 -450; data acquisition  u n d er com puter 
control.

Analysis of Fish
Fish w ere  p repared  fo r analysis by the A O A C  

general m ethod  fo r o rganoch lorine  and  orga- 
nophosphorus pesticides (3) as described in  ed
ib le  p ortio n  g uide, sec. 141.12c, o f the F D A  Pes
ticide A n a ly tica l M an u a l, V o lu m e  I  (P A M  I)  (7). 
G round fille ts  o f ocean perch w ere  used as the  
substrate fo r recovery studies. Sam ples of 
thoroughly ground and m ixed edible tissue w ere  
extracted by using the o ffic ia l fa tty  food extrac
tion  procedure fo r fish, sec. 29.012(e) a n d /o r  the 
n o n fa tty  food extraction procedure fo r h ig h  
moisture products containing less than 5% sugar, 
sec. 29.011(a)(1). T he  la tte r procedure, w h ic h  
uses acetonitrile as the extractant and is norm ally  
applied  to fruits and vegetables, was m odified  for 
app lication  to fish as described in  P A M  I  (7), sec. 
211 .13 (f)(2 ), i.e., by reducing  the  sam ple size so 
that the total am o unt o f fa t d id  not exceed 2  g. 
Residues in  extracts obtained by the m o d ified  
n o n fa tty  food extraction procedure w ere  p a rti
tio n ed  in to  p etro leum  ether, sec. 29.011(e), and  
cleaned up  by F lo ris il colum n chrom atography, 
sec. 29.015, before G LC  analysis. Extracts ob
ta ined  by the fa tty  food extraction procedure  
w ere  cleaned up  fo r G LC  analysis by acetonitrile  
p artit io n in g , sec. 29.014, and F lo ris il colum n  
ch ro m ato g rap h y , sec. 29.015. T he  F lo ris il 
cleanup  procedure was used w ith o u t m o d ifica
tio n  in  recovery studies; fo r o th er analyses of 
fish , the  procedure was m o d ifie d  to e lute  the  
F lo ris il co lum n w ith  250 m L p etro leum  ether 
before the usual e th y l e th er-p e tro leum  e th er (6 
+  94) and (15 +  85) eluates w ere collected. This  
m o d ifica tio n  was used to rem ove p o ten tia l con
tam inants, such as PCBs, w h ic h  could in te rfe re  
w ith  the G LC  d ete rm in a tio n  of n itro  musks.

Results and Discussion
F ig ure  2 shows EC chrom atogram s o f (A ) a 

m ix tu re  o f m usk am brette, m usk xy lo l, m usk ti- 
betene, and  m usk ketone, and (B) the e th y l 
e th e r-p e tro le u m  e ther (6  +  94) F loris il e luate of 
the catfish sam ple con ta in ing  the u n id e n tifie d  
contam inan t. G LC  analysis o f the u n k n o w n  
w ith  e lem ent-selective detectors ind icated  the  
presence of n itrogen and the absence of chlorine, 
brom ine, iod ine, phosphorus, and sulfur; i.e., the 
N P  detector gave a positive response at the re 
ten tio n  tim e  o f the  e lectron -captu ring  contam i
nan t, b u t n e ith e r the halogen-specific  m icro- 
cou lom etric  detector n o r the phosphorus /s u l-

2

0 4
MINUTES

Figure 2. EC/G LC chrom atogram s of nitro musks: 
A =  m ixture of 1, musk am brette (0.62 ng); 2, musk 
xylol (1.24 ng); 3, musk tibetene (0.93 ng); and 4, musk 
ketone (0.68 ng); B =  ethyl ether-petroleum  ether (6 
+  94) Florisil eluate of catfish sample (7.46 mg sample 
equivalent injected). 5% OV-101 colum n at GLC 

parameters in A p p a r a t u s  (b).

fur-se lective  flam e pho tom etric  detector gave 
any response.

The background-subtracted mass spectrum of 
the u n k n o w n , w h ic h  was essentially identical to 
that o f m usk xy lo l (F igure  3), d id  not p rovide  
s u ffic ien t in fo rm atio n  fo r us to deduce the  
structure from  first p rinc ip les . N o  s im ilar 
spectra w ere  fo u n d  in  availab le  com pilations of 
mass spectral data (8 , 9). W e w ere  in it ia lly  u n 
certain as to w h e th e r the apparent m olecular ion  
at m /z  297 was the m olecular ion  or even  
w h e th e r this relatively  low  intensity ion (relative  
in te n s ity  enhanced by a factor o f 50 in  mass 
spectrum  o f musk xy lo l, Figure 3) was produced  
b y  the con tam inan t o f interest, f îo w e v e r, the  
m /z  297 ion p ro file  peaked at the G LC  retention  
tim e  of the electron-capturing substance and no 
evidence was apparent fo r h ig h e r mass ions 
s im ila rly  associated w ith  this substance. In  ad
d itio n , the odd mass n um ber o f the apparent 
m o lecu lar ion  was consistent w ith  the  presence 
o f n itro g en , e ith e r s ing ly  or in  odd num ber. 
Chem ical io n iza tio n /M S  analysis confirm ed that 
the  ion  observed at m /z  297 in  the E l spectrum
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MUSK RMBRETTE
100

MUSK XYLOL

MUSK TIBETENE
100

100
MUSK KETONE

>250 X 10

Figure 3. Electron impact mass spectra of nitro musks. Peaks for ions of higher m /z  are enhanced as indicated
in spectra of musk xylol and musk ketone.
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was the m o lecu lar ion  and ind icated  that the 
u n k n o w n  contained one or m ore n itro  groups.

T h e  key to the id en tifica tio n  o f the con tam i
n a n t was its ve ry  strong EC response fo r a n on - 
h a lo g e n a te d  o rg an o n itro g e n  co m p o u n d  as 
show n by an exceptionally h igh  ratio o f EC to N P  
response fo r such a com pound. Th is  ratio  was 
d ete rm in e d  fo r the u n k n o w n  by d iv id in g  its EC 
response (% FSD X EC a ttenuation  factor) by its 
N P  response (% FSD X  N P  a ttenuation  factor) 
w h e n  equal am ounts o f the e th y l e th e r-p e tro 
leum  e th er (6  +  94) eluate o f the catfish sam ple  
w ere analyzed on 2% O V-101 G LC columns at the 
operating conditions described u nd er A p p a ra tu s  

(b,c). Ratios of EC to N P  response w ere s im ilarly  
d eterm in ed  fo r several e lectron -captu ring  re f
erence com pounds that contain n itrog en  a n d /o r  
phosphorus: azobenzene 3.3, m a la th io n  20,
parathion 38, triflu ra lin  150, u n kno w n  350. The  
EC to N P  response ratio  fo r the u n k n o w n  was 
m uch greater than  th a t fo r any o f the selected  
reference com pounds and was m ore than  tw ice  
that o f tr if lu ra lin , a h erb ic ide w ith  ve ry  h ig h  
electron a ff in ity  resu lting  fro m  the presence of 
a triflu o ro m eth y l group and 2  n itro  groups in  its 
m olecular structure.

C onsidering  a ll the ava ilab le  data, w e  sus
pected that the u n k n o w n  contained  3 n itro  
groups and had a m olecular fo rm u la  (e.g., 
C 12H 15N 3O 5) that could y ie ld  a parent ion at m /z  
297. A  search o f the chem ical lite ra tu re  in d i
cated that m usk xy lo l was a good possibility . 
G LC analyses o f a m usk xy lo l reference standard  
on O V-101 and m ixed O V-101 +  O V -210 columns 
produced peaks at the iden tica l re te n tio n  times  
of the contam inant in  the catfish. In  analyses by 
E C /G L C  and N P /G L C  w ith  O V-101 columns, the 
standard musk xy lo l gave the same ratio  o f EC to 
N P  response as the contam inant. T he  id e n tif i
cation o f the con tam inan t as musk xy lo l was 
v e rif ie d  by G L C /M S  com parison w ith  the re f
erence standard. As determ ined by E C /G L C , the 
concentration  was 0.32 ppm .

A fte r  w e  learned  that m usk xy lo l was one of 
several n itro  musks used as fragrances in  soaps, 
lotions, perfum es, creams, etc. ( 1, 2 ), q ua lita tive  
analyses revealed  that hand  lotions and soap in  
use in  our laboratory contained  several o f these 
com pounds. F ig ure  4 shows E C /G L C  chro
matogram s of petro leum  ether extracts o f 3 hand  
lo tions and a sam ple o f soap. The presence o f 
m usk xy lo l in  the soap and in  one o f the  lotions  
was confirm ed by G L C /M S . In  addition  to musk 
xy lo l, m usk am brette and m usk ketone w ere  
ten tative ly  id en tified  in  the o ther 2  hand lotions  
by re ten tio n  tim es on 2 G LC  colum ns. These

2

jJ iLl D|

J 2 4

U w

6 4 0 4
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Figure 4. EC/G LC chrom atogram s of extracts of A, 
hand lotion; B, hand soap; C and D, other hand lotions 
used in our laboratory. 5% OV-101 colum n at GLC 
param eters in A p p a r a t u s  (b). 1, musk am brette; 2, 

musk xylol; 4, musk ketone.

fragrances and musk tibetene w ere  also found  in  
analyses o f several o ther scented products used 
in  the authors' hom es, e.g., p erfu m e, rug  deo
dorant, and to ile t tissue.

Because n itro  musks w ere present in  products 
used in  our laboratory, the ir analytical properties 
w ere  studied. E C /G L C  re ten tio n  tim e  and  re 
sponse data for the fragrances (Tab le 1) w ere  
obtained by using O V -101 and  m ixed  O V -101  +  
O V -210 colum ns at conditions n o rm a lly  used fo r  
pesticide residue analysis to a llo w  d irect com 
parison w ith  the data reported for a large num ber 
o f pesticides and in d u s tria l chem icals in  P A M  I, 
Tables 331A  and 331B (7). The n itro  musks 
elu ted  from  each G LC  colum n in  the same re 
tention range as m any organochlorine pesticides 
and ind ustria l chem icals (e.g., ch lordane, PCBs, 
etc.), and th e ir EC responses approxim ated  that 
fo r an equal am ount o f hep tach lor epoxide. 
Recoveries of the n itro  musks by the A O A C  
pesticide m u ltires idu e  m ethod  (3) w ere  deter
m in ed  from  fo rtified  samples o f ground fille ts  of 
ocean perch. A.s show n in  Table 2, q uan tita tive  
recoveries were obtained w ith  both the fatty food  
and nonfatty  food extraction/cleanup procedures 
o f the m ethod. M usk xy lo l and m usk tibetene
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Table 1. GLC retention times and EC response data for nitro musks a

C o m p o u n d O V -1 0 1 O V -1 0 1  +  O V -2 1 0
A m o u nt 

5 0 %  F S D ,

M usk a m b rette 0 .5 8 1 . 0 2 1 .3

M usk xylol 0 .6 4 1 . 0 1 1 .3

M u sk t ib e ten e 0 .8 0 1 . 2 1 1 .4

M usk ketone 0 .9 1 1 . 7 2 1 .5

3  C o lu m n s: 5 %  O V -1 0 1 ;  1 +  1 m ixtu re  of 5 %  O V -1 0 1  and 7 . 5 %  O V -2 1 0 .  G L C  p a ra m e te rs  given In A p p a r a t u s  (b). 
b R ete ntio n  tim e  re lativ e  to a ldrin . p ,p '-D D T , a s e c o n d a ry  re te n tio n  tim e  sta n d a rd , had  Ra v a lu e s of 3 .0 4  ( O V -1 0 1 )  and 

3 .2 3  ( O V -1 0 1  +  0 V -2 1 0 )  at the  sta te d  G L C  p a ra m e te rs.
c N a n o g ra m s ne e de d  to g ive  sa m e  p eak he ig ht ( %  F S D ) a s 1 ng h e p ta c h lo r e p o xid e  w hen 1 ng h e p ta c h lo r epo xide g ives 

ca  5 0 %  F S D . D ata are  for O V -1 0 1  co lu m n .

were recovered in the ethyl ether-petroleum 
ether (6 +  94) Florisil column eluate; musk am- 
brette and musk ketone were split between the 
ethyl ether-petroleum ether (6 +  94) and (15 +  
85) eluates.

El mass spectra are presented in Figure 3. 
Musk ambrette gives a complex spectrum with 
a base peak at m/z 91 and many other peaks, in
cluding that for the molecular ion, M+, with in
tensities greater than 10% of the base peak. The 
spectra of musk xylol, musk tibetene, and musk 
ketone greatly resemble each other in general 
appearance; each exhibits a base peak at m/z 43, 
an M+ peak that is very low in intensity relative 
to the base peak (i.e., <1%), and a very similar 
pattern of peaks for ions below m/z 200 (the most 
abundant of which are also abundant in the 
spectrum of musk ambrette). For all 4 com
pounds, the [M — 15]+ ion produces the most 
prominent peak in the higher mass region of the 
spectrum. In general, the mass spectra of these 
fragrances provide little of the type of informa
tion needed for molecular structure determina
tions in the absence of reference spectra.

A review of EC and NP chromatograms of

samples previously analyzed in our laboratory 
revealed that a few fish samples caught in highly 
industrialized areas gave peaks at or near the 
retention times of nitro musks. In later analyses 
of reserved portions of these samples, several 
nitro musks were tentatively identified at low 
levels (<0.2  ppm) by retention times on 2 GLC 
columns using both EC and NP detectors. At
tempts to confirm or deny these findings by 
GLC/MS (El) were unsuccessful; the presence of 
interfering substances in these fish and the lack 
of abundant peaks above m/z 200 in the spectra 
of musk xylol, musk tibetene, and musk ketone 
made it difficult to obtain meaningful back
ground-subtracted spectra for the residues in
dicated by the EC and NP/GLC analyses.

In summary, musk fragrances, ingredients of 
products commonly used in the home and labo
ratory, have been detected in several fish sam
ples. The source of these contaminants has not 
been determined; it is possible that they were 
added during sample handling rather than 
through environmental contamination. Re
gardless of the mode of entry of nitro musks into 
foods, the data presented should prove useful to

Table 2. Recovery of nitro musks from fish by AOAC pesticide multiresidue extraction/cleanup procedures for fatty
and nonfatty foods

C o m p o u n d A d ded, ppm F F a

R ee., %

N F F b
Flo ris il e lu a te c 
co n tg  c o m p d

M usk a m b re tte 0 .2 4 9 3 , 9 3 10 3 , 10 8 1 , 2

M usk xylol 0 .4 8 89, 79 10 5 , 10 6 1

M usk tib e ten e 0 .3 6 9 8 ,8 3 10 6 , 98 1

M usk ketone 0 .2 6 98, 83 8 3 , 1 1 5 1 , 2

a  F a tty  food e x t ra c t io n /c le a n u p , s e c s  29.012(e), 29.014, 29.015.
b  N o n fatty food e x t r a c t io n /c le a n u p , s e c s  29.011(a)(1), 29.011(e), 29.015. E x tra ctio n  m o d ifie d  fo r fish  a s  in PAM I (7 ), 

se c . 2 1 1 . 1 3 ( f ) ( 2 ) .
c  1  =  e th yl e th e r -p e tro le u m  e th e r ( 6  +  9 4 ); 2  =  e th yl e th e r -p e tro le u m  e th e r ( 1 5  +  8 5 ).
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the analyst if these compounds are encountered 
in residue analyses.
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High Resolution Gas Chromatographic Analysis of Nonpolar 
Chlorinated Hydrocarbons in Human Milk

B R IA N  B U S H , J O H N  T . S N O W , a n d  S T E V E N  C O N N O R
N e w  Y o r k  S t a t e  D e p a r t m e n t  o f  H e a l t h ,  C e n t e r  f o r  L a b o r a t o r i e s  a n d  R e s e a r c h ,  A l b a n y ,  N Y  

12201

A gas chromatographic method is described for the 
analysis of human milk to determine polychlorinated 
biphenyls (PCBs) as 72 congeners plus p ,p '-D DE, 
mirex, hexachlorobenzene, and octachlorostyrene. 
The detection limit for individual compounds is 
about 0.05 ng/g when 30 g milk is analyzed. Total 
PCBs can be estimated with a detection limit of 1-5  
ng/m L milk. Analytical precision is better than 
±10% for all compounds at 20-50 ng/m L whole 
milk.

Two extensive studies on chlorinated hydrocar
bons in human milk have recently been pub
lished. The U.S. National Study (1) used meth
odology which closely followed the EPA Manual 
of Analytical Methods (2), involving glass wool- 
mediated extraction of fats from the milk, ace
tonitrile-hexane partitioning, Florisil column 
and silica gel column cleanup, and packed col
umn gas chromatography with electron capture 
detection (3, 4). The second major study was 
confined to residents of Michigan (5) and was 
carried out as an adjunct to a series of analyses for 
polybrominated biphenyls; hence, the method
ology was primarily designed for the brominated 
compounds. These surveys yielded an excellent 
picture of the extent of contamination by the 
insecticides. However, 2 questions remain 
which are of particular importance in New York 
State: Which polychlorinated biphenyl (PCB) 
congeners are present, and what quantity of 
mirex is present?

Milk samples contain many fewer PCB con
geners than did the commercial mixtures that 
originally contaminated the environment. 
Some congeners in milk have been identified in 
Japan (6) and Sweden (7), but the methods used 
are unsuitable for extensive surveys. Present 
EPA methodology is also inadequate for dis
criminating and quantitating PCB congeners 
accurately (8). In Holland, a method for ana
lyzing cow milk on a PCB-congener basis has 
recently been implemented (9), but only 29 
congeners are quantitated.

We have developed an analytical system based 
on Apiezon L-coated glass capillary gas chro
matography (GC) with electron capture detec-

Received May 13,1982. Accepted July 13, 1982.

tion, which separates 72 PCB congeners from a 
mixture of Aroclors 1221, 1016, 1254, and 1260. 
In addition, this system separates hexachloro
benzene, octachlorostyrene, p,p'~DDE, and mirex 
from all of the PCB congeners (10). The high 
resolution of the chromatography allows a much 
abbreviated cleanup, an advantage already ap
preciated by several authors (3, 9, 11). Because 
the limiting factor determining sensitivity in 
previous methods has been reagent blank signal
(4), reduction of the number of cleanup steps and 
the amount of solvent required for cleanup im
proves sensitivity, as does the sharp peak shape 
achieved by glass-capillary chromatography.

Mirex has not been unequivocally identified 
in human milk from the United States (1), but 
because it is an important pollutant of Lake On
tario (12) it is of special concern in this state. The 
detection limit in previous work was 30 ng/g 
whole milk (1, 3). Our goal was to produce a 
method that is routinely capable of detecting 0.1 
ng mirex/g (13), so that suspect samples could be 
subjected to further cleanup on activated Florisil 
(8, 10, 13-15) and examined by GC-mass spec
trometry.

Experimental

Apparatus
(a) Gas chromatograph.—Hewlett-Packard 

5840A with extended memory, ASCII interface 
board, and Hewlett-Packard 5880 capillary in
jector. (The original 5840 injector is not suitable 
because it is susceptible to irreversible con:ami- 
nation by fatty residues from samples.) A 30 m 
(0.3 mm id) borosilicate glass capillary column 
coated with Apiezon L, HC1 (gas) etched 3 h at 
375°C, silanized with hexamethyl-disilizane, 
and coated by passing a solution of Apiezon L 
(2%) in isooctane (one-half the column volume) 
through it at 2 cm/s under nitrogen pressure, 
using 2 half-turn plugs of mercury to form an 
even coating. A second buffer column is con
nected to the end of the capillary to ensure even 
coating speed (16; H. R. Buser, personal com
munication).

(b) Glassware.—Standard equipment: Soxhlet 
apparatus; 6-ball Snyder columns; Kuderna-
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D anish  evaporators w ith  12 m L  ground-glass  
graduated  centrifug e  cone receivers; 30 X 1 cm  
chrom atographic columns w ith  fritted  glass ends 
and 100 m L reservoirs. C a librate  K u derna- 
Danish receivers by p ipeting  2.00 m L w ater from  
a grade A  p ip e t and scratching a m ark w ith  a d i
am ond p o in t i f  existing m ark  is inaccprate.

(c) Tissumizer.— W ith  W -18 head (Tekm ar Co., 
C in c in n a ti, O H ).

(d) M ilk  c o llec tio n  j a r s .— Sputum  jars (125 m L) 
w ith  metal screw caps, and fitted w ith  Teflon  cap 
liners, cut fro m  T e flo n  sheets. Each jar and cap 
has a n u m b er engraved  on it.

Reagents and Media

(a) H e x a n e .— Pesticide pure grade (A O A C  
solvent p u rity  test, Ref. 15)

(b) S o d iu m  s u l f a t e .— A n h y d ro u s , g ran u la r, 
Soxhlet-extracted  o ve rn ig h t w ith  hexane.

(c) F lo ris il c o l u m n .—  Packed by p o u rin g  10 g 
Florisil (Fisher Scientific  Co., F airlaw n  NJ, F-100 
6 0 -100  mesh) in to  co lu m n , tapp in g  colum n  
vertically , and add ing  layer of sodium  sulfate (ca 
1 cm) to the top. A ctivate  F lo ris il 8 h at 450°C , 
cool in  desiccator, deactivate by ad d ing  w ater  
(2 %, v / w )  dropw ise w h ile  shaking, and  then  
shake 0.5 h.

(d ) G la ss  w o o l .— Soxhlet-extracted o ve rn ig h t  
w ith  hexane.

(e) PCB r e f e r e n c e  s t a n d a r d s .— See Ref. 10. 

Procedure

E x t r a c t io n .— W eig h  collection  (sputum ) jars 
and n u m b er them  in d e lib ly  before send ing  to 
the  collector. W e ig h  fu ll  jar on receipt fro m  
c o llec to r, and  d e te rm in e  w e ig h t  o f m ilk .  
F reeze-d ry  contents and w e ig h  p ow der. Place
2 .0  g (w h en  available) on a w e ig h ing  paper; pour 
p o w d er onto p lu g  o f glass w o o l in  Soxhlet ex
tractor, and place second p lu g  on top to re ta in  
p ow der. Extract 15 h at 6  cyc les /h . Evaporate  
extract to < 2  m L in  K u d ern a-D an ish  apparatus. 
W h e n  extract has cooled to room  tem perature, 
adjust vo lu m e to 2.0 m L  w ith  hexane.

F a t  d e t e r m in a t io n .— M easure tw o  50 p L  v o l
umes o f extract in to  tared a lu m in u m  cups. 
Evaporate hexane by p lac ing  cups (contained in  
sm all stainless steel rack that w i l l  accom modate  
24 cups) on hot plate at ca 100°C. R ew eigh  cups 
to nearest 10 pg  on balance such as C ahn  Elec
trobalance (V e n tro n  In s tru m e n t C orp ., Para
m o u nt, C A ). H ea t cups again, and w e ig h  to 
constant w eight. Take mean of pairs. I f  w eights  
d iffe r  > 10% of m ean w e ig h t, repeat d e te rm in a 
tion.

C l e a n u p .— Q u a n tita tiv e ly  transfer rem a in in g

1.9 mL extract to top of 10 g 2% deactivated Flo
risil column (1 cm id) overlaid with 1 cm hex
ane-washed granular anhydrous sodium sulfate. 
Elute column with hexane. All PCB, mirex, 
photomirex, p,p'~ and o,p'-DDE, hexachloro- 
benzene, and octachlorostyrene emerge in first 
40 mL eluate (14). These are the prevalent 
chlorinated hydrocarbon pollutants of the New 
York State region (1, 13, 14). Other common 
electron-capturing pesticides remain on the 
column, particularly dieldrin, endrin, p,p'- and 
o,p'-DDT and -DDD, hexachlorocyclohexane 
isomers, (lindane, etc.), and chlordane isomers. 
These more polar compounds can be collected for 
further analysis by eluting column with dichlo- 
romethane or ethyl ether-hexane (1 +  9) (40 
mL).

Analysis.—Evaporate cleaned up extract and 
adjust to 1.00 mL with hexane in graduated cen
trifuge cone, which serves as Kuderna-Danish 
receiver. Transfer solution to 1.5 mL Hewlett- 
Packard crimp-sealed vial. Make 2 pL automatic 
injections with following typical conditions: 
purge valve switch: 0.5 min
initial temperature: 70°C
hold time: 1 min
program rate: 10°/min for 6 min then

3 ° /min to 230°C
final time: 10 min, depending on column

characteristics 
injector temp: 225°C 
detector temp: 300°C 
flow rate: 20-30 cm/s

Adjust above conditions to achieve the more 
difficult separations of the following com
pounds, found in samples from this region, from 
PCB congeners: (;) hexachlorobenzene from
2,2,4/-trichlorobiphenyl and 2,2,,5'-trichlorobi- 
phenyl, (ii) octachlorostyrene from the first 
pentachlorobiphenyl of Aroclor 1254 (substitu
tion pattern unknown), (Hi) p,p'~DDE from 
2,5,2',3',4'-pentachlorobiphenyl, and (iv) mirex 
from 2,3,6,2,,3,,4',5'-heptachlorobiphenyl and 
S^^S '/lA S '-h exach lorob ip h en yl.

A typical chromatogram of the mixture of PCB, 
hexachlorobenzene (HCB), p,p'- DDE, octachlo
rostyrene, and mirex is shown in Figure 1. PCB 
structures and weights were determined as de
scribed previously (10). Calibrate the chroma
tograph microprocessor with appropriate 
weights, and transmit results via ASCII interface 
to cassette of Texas Instruments Silent 700 data 
terminal or other data storage device.

With PDP 11/45 or other computer, apply 
dilution factors and accession information to data 
accumulated during automated GC run, and
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Table 1.  Computer Generated Report .

h. X r  h W1 to h N '1 Al. SAM FIT HFXAht BLANK ¿AMPLt HAm 0 3 / 1 o / b l

D 1 LUT 1 UN f-ACTUPs 1 . 0 GLC VIAL » 11

FCB PC b
s u b s  m o n  UN ♦  Ü U B S i i l U . ’lUN

FAIThKN APUCIUH BIX NG/G ♦  PAT I LHN AKUCLGH MIX i*G/G

2 21 1 2 .
♦
♦  C L5b 5 4 , 6 0 O . 0 0

2 ,  2 ' 21 O . 00 ♦  2 3 b , 2 ' 3 ' 5 ' b ' 5 4 , bü 0 . 0 0
4 2 1 ,  l t 0 . 0 0 ♦  3 4 , 2 ' 4 ' 5 ' 5 4 , bO 0 . 1 8
2 , 5 2 1 , 1 b 0 . t f Ug - 0 2 ♦  2 3 b , 2 ' 3 ' 4 ' o ' 5 4 ,  bO 0 . 0  0
2 , 4 2 1 , 3 b 0 . 0 0 ♦  2 3 5 , 2 ' 4 ’ 5 * 5 4 , 6 0 0 . 0 0
2 ,  3 ' 2 1 , 1 6 0 . 0 0 * CL5C 5 4 , 6 0 o . o o
2 ,  i 2 1 , 1 b o . o o ♦  3 4 , 2 ' 3 ' 4 ' 5 4 , 6 0 0 . 0 0
2 , 4  • 21 , l b 0 . 5 b ♦  2 4 5 , 2 ' 4 ' 5 ' 5 4 ,  bO 0 . 1 0
2 , 2 ' 5 ' 3 b 0 . 0 0 ♦  C LbA 4 PhU LUto1PLX 5 4 , 0 0 o . o o
2 , 2 ' 4* 3 b 0 . 0 0 ♦  CLbb 5 4 , bü 0 .  b 3
2 , 2 '  i ' + 3 , 2 » b ' 1 1 0 . 1 6 ♦  2 3 4 , 2 ' 4 ' 5 ' 5 4 ,  bu 0 .  o 7
4 , 2 ' b ' Ut 0 . 4 0 E - 0 2 ♦  2 3 5 , 2 ' 3 ' 5 ' o ' 5 4 , bO 0 . 9 2
4 , 4 ' 2 l , l e O.OU * 2 4 5 , 2 ' 3 ' 5 ’ b ' bü b . y
2 , 2 ' 4 ' b ' l e 0 . 0 0 ♦  C L 7 A 5 4 , 0 0 0 . 2 2
3 , 2 ' 5 ' lb 0 . 0 0 ♦  2 3 4 , 2 ' 3 ' 4 ' 54 1 1 .
2 , 3 ' 6  ' l t 0 . 0 0 ♦  2 3 5 b , 2 ’ 3 ’ 5 ' b ' 6 4 , 6 0 U. bUL- Ul
CL. 3 A 1 e 0 . 0 0 ♦  2 3 4 , 2 ' 3 ' 4 ' b ' 5 4 , 0 0 o .  1 y
CLi b l b o . o o ♦  Z 4 5 , 3 ' 4 ' 5  ' 5 4 ,  bO O. oo
3 , /  ' 4 ' 1 b 0 . 5 3 L - 0 1 * Z 3 o , 2 ' 3 ' 4 ' 5 , b ' 54 , bO 0 . 0 0
3 , 2 ' 3 ' + 4 , z ' 4 ' 1 b 0 . 2 2 0 0 1 * Ml HLA NA O. oo
4 , 2  ' 3 ' 1 c 0 . ob * 3 4 , 2 ' 3 ' 4 ' 5  ' 54  , bO u .Ou
2 $ ,  2 ' 6 • 1 e , 5 4 0 . 0 0 ♦  2 3 5 , Z ' 3 ' 4 ' 5 ' 5 4 ,  o0 0 . 0 0
2 4 , 2 ' V l e  , 5 4 O . 0 0 ♦  2 4 5 , 2 ' 3 ' 4 ' 5 ' 5 4 ,  bO O.OO
2 3 , 2 ' 5 ' 16 „54 0 . 0 0 * 2 3 4 , 2 ' 3 ' 4 ' 5 ' 5 4 ,  bO 0 . 0 0
2 4 , Z ' 4 ' 1 b , 54 0 . 5 / * 2 3 4 5 , 2 ' 3 ' 5 ' b ' oü 0 .  uo
CL4A i e , 5 4 0 . 0 0 ♦  CL7b oO b . o
2 3 , 2 * 3 ' 1 e ,  54 0 . 0 0 ♦  2 3 4 5 , 2 ' 3  * 4 ' o 1 bO 0 . 0 0
CMC 1 c , 54 0 . Hbh-01 ♦  2 4 5 , 2 ' 3 ' 4 ' 5 ' o 1 bO 0 . 0 0
CL4D 3 e , 54 0 . 0 0 ♦  2 3 4 , 2 ' 3 ' 4 ' 5 ' b ' 00 1 . 5
CL5 A 5 4 , 6 0 0 . 0 0 ♦  3 4 5 , 2 ' 3 ' 4 ' 5  ' bO 0 . 1 b
z 3 , 2 ' 3 ' t ' 5 4 , 1 0 0 . 4 1 * « L aAChLORübbNZtNh N A u . y o t - 0 2
Z b , 3 ' 4 * 5 4 , bO 0 . 0 0 ♦  UC I AChLUhüö1 i  HLNt «A o . o o t - O 1
Z 4 , 3 ' 4  ' 5 4 , b 0 0.7S* ♦  1 4 , 3 ' 4  ' 48 0 . 2 2
4 , 2 ' 3 ' 4 ' 5 4 , 6 0 0 . 1 9 L- 01 ♦  CL4b 0 . 0 0
2 3b ,  2 '  3 ' 6  ' 5 4 , bO 0 . 4 1 ♦

2 5 , 2 ' 4 ' 5 ' 5 4 , 6 0 0 .  7 0 L - 0 2 ♦

z 4 , 2 ' 4 • 5 ' 5 4 ,  cf» 0 . 0 0 ♦

2 3 , Z ' 4 ' b ' 5 4 , 6 0 0 . 0 0 ♦

2 5 , 2 ' 3 ' 4 ' 5 4 , 6 0 8 . 0 *

DDL NA 0 . 0 0 ♦

2 3 , 2 ' 3 *  4 ' 5 4 , 6 0 0 . 1 3 ♦

z 5 , 2 ' 3 ' 5 ' b ' 5 4 , eC 0 . 2  7 ♦

2 3 , 2 ' 3 ' 5 ' b ' 5 4 , 6 0 O.bO *

2 3 4 , 2 ' 3 ' b ’ 54 , e 0 0 . 2 3 4

TUTAL P O 5 6 . EDIT 46 . 6
TUI Al hL.AACHI I'PUbhNZbNh <1 TRUE TOTAL 9.4ng/g
TU TAL. (iCTACHLUHOSl YRfcwfe <1
l U TAT tolkKX < 1
l u i  AL l-'i.'b <1

format results for report (e.g., Table 1). Report 
in Table 1 is designed to display data at 2 levels 
of understanding: as congener-by-congener
analysis, with indication of Aroclor mixtures 
which could have given rise to the residue, and 
as total PCBs, obtained by summing all congener 
concentrations. The report summarizes the 
non-PCB analyses after the PCB total to gain an 
overall impression of contamination in the 
sample.

Edit report, and check chromatograms of 
hexane blanks in particular (Figure 2 and Table
1). Thus far, peaks have been automatically 
identified as PCB congeners by the integrator, 
which operates by first attempting to identify a 
peak designated during calibration as reference 
peak. It chooses a large peak within a 5% re
tention-time window of the designated retention 
time. Retention times of all other calibrated 
peaks are then adjusted in proportion to differ-
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Figure 2. Chromatogram of hexane blank equivalent to processing 30 g milk.

ences in retention times observed between cali
brated reference peak retention time and its 
known retention time.

In baseline studies, no peak or the wrong peak 
may be identified as the reference, in which case 
all resultant expected retention times will be 
incorrect. Wrong identification is rarely a 
problem with samples, because a peak that occurs 
in all biological samples is chosen as a reference 
(2,3,4,2/,4',5/-hexachlorobiphenyl), but it may be 
a problem with blanks. In the example illus
trated in Figure 2, a peak with the retention time 
of the reference peak was identified, and the 
process of editing the report could begin.

If a peak occurs within a 2% retention-time 
window of a calibrated congener (e.g., the peak 
at 8.18 min corresponding to 2-chlorobiphenyl), 
it will be reported; many which do not fall inside 
the 2% windows are eliminated from the analysis 
automatically (e.g., the peaks at 9.71 and 26.06 
min). Edit out any remaining peak that is clearly 
not due to PCB congeners, e.g., a small signal 
resulting from solvent impurities or a baseline 
shift. (At 38.21 min, a peak corresponding to 
CI7B has been integrated. Reference to the 
chromatogram shows this to be spurious, being 
caused by an unexplained baseline shift.) Edit 
out highly improbable values, such as one for the 
presence of 2 -chlorobiphenyl when the other 
components of Aroclor 1221 are absent. Elimi
nate any integrated peak that is distorted or has 
a shape uncharacteristic of a PCB congener (in 
Figure 2 there are peaks at 34.11 min: 234,2'3'- 
4'-hexachlorobiphenyl, 33.69 min: 245,2'3'5'- 
6 '-heptachlorobiphenyl, and at 26.78 min: 
25,2/3,4'-pentachlorobiphenyl). No other major 
contributors to the total background PCB sum 
can be eliminated; a total of 46.6 ng/g of spurious 
signal is edited from the report.

Subtract the edited peaks to get total PCB sig
nal from hexane reagent blank. In Figure 2 this 
is 9.4 ng/m L, which corresponds to a concen
tration of 0.31 ng/g for 30 g milk and represents 
the detection limit for total PCBs for a 30 g sam
ple. Run a blank after every fifth milk sample; 
subsequent analyses are acceptable so long as 
hexane blank total after editing is <50  ng/mL 
(i.e. <  about 2 ppb total PCB in whole milk).

Milk chromatograms normally require only 
minor editing for extraordinary irregularities, 
such as negative peaks (see 32 min in Figure 3), 
and then only if area reported is obviously very 
different from reported areas of similar-sized 
peaks in chromatogram.

For proper statistical analysis of the large 
number of data points across a large number of 
samples, reformat data in report to be readable 
by a packaged statistical program, such as the 
BMP79 Statistical Package (17).

Quality control.—This type of complex analysis 
calls for an innovative quality control strategy. 
Before starting an automatic run, analyze 3 types 
of standards: (i) a hexane blank; (ii) a mixture of 
all the compounds to be determined, in this case, 
Aroclors 1221, 1016, 1254, and 1260, each at 200 
ng/mL, plus S^S'/P-tetrachlorobiphenyl (a 
congener unique to Aroclors 1242 and 1248), 
hexachlorobenzene, and octachlorostyrene, each 
at 5 ng/mL, plus p,p '~DDE and mirex at 10 ng/ 
mL; and (iii) a standard solution resembling 
samples being analyzed, in this case, a hexane 
solution of a few separate PCB congeners and 
insecticides (a quasi-milk mixture) as a final 
check of integrator operation on a chromatogram 
exhibiting isolated peaks with a hexane back
ground in between.

Compute data for the 3 chromatograms, and 
plot on the quality control chart the total PCBs
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Figure 3.
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MINUTES
Gas chromatogram of typical human milk on typical 30 m X 0.3 mm id Apiezon L-coated glass 

capillary column. (Not same column used in Figure 1 and 2. Dilution factor 0.03.)

in the hexane blank, total PCBs in the complex 
mixture, and individual insecticide and PCB 
congeners in the quasi-milk mixture. Analyze 
these control solutions after every sixth milk

COMPOUND QUALITY CONTROL CHART

20-2125 —  28 30 21 22 23-24 25 2 8-29
MARCH APRIL

Figure 4. Quality control chart for analysis of 
quasi-milk mixture.

sample, and plot results after run is complete 
(Figure 4). If quality control is lost as defined by 
the requirements of the particular analytical 
situation, repeat GC analysis. Spiked milk 
samples are not practical for quality control be
cause human milk is not readily available.

Spiking.—To determine efficiency of analytical 
recovery, use realistically fortified cow's milk. 
To spike 100 g cow's milk, add 100 pL  of a 100 
pg/mL solution of PCBs in acetone very slowly 
from a 100 pL  syringe, while homogenizing milk 
with Tissumizer. This method will produce a 
spike that is as intimately bound to milk con
stituents as possible.

Results and Discussion 

R ecov ery  E ffic ien cy

In 3 separate experiments, the recovery of 
major PCB congeners from cow's milk spiked 
with Aroclors 1221, 1016,1254, and 1260 (Table
2) showed that the extraction method gives re
peatable results for the same congeners in dif
ferent PCB mixtures. 2,5,2',5'-Tetrachlorobi- 
phenyl in Aroclor 1016 had a background peak 
interferent, which accounts for an apparent re
covery greater than 100%. There is an apparent 
loss of the more volatile mono- and dichlorobi- 
phenyls, probably during freeze-drying. In our 
opinion, this drawback is compensated by the 
method's simplicity and by the low detection
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Table 2. Recovery of major compounds of Aroclors in 3 
experiments

Aroclor Congener

% Recovery 

1 2 3

1221 2 33 33 26
4 29 29 29
2,2' 50 50 57
2.5 43 29 29
2,4 51 49 51

1016 2,4' 35 37 35
2,2'5' 52 52 50
4,2',6' 71 71 71
3,2',4' 83 88 85
2,5,2',5' 107 112 107

1254 2,5,2',5' 83 83 83
2,5,2',3',6' 73 74 74
2,3,2',3',6' 73 73 73
2,5,3',4' 96 93 96
2,5.2',4',5' 72 71 71
2,3,2',3',4' 70 68 70
2,5,2',3',5',6' 71 71 71
2,3,6,2',3',5',6' 73 68 73
2,3,6,2',3’,2',6’ 72 72 72
2,4,5,2',4',5' 65 66 66
2,3,4,2’,4',5' 68 68 65
2,3,4,2',3',4' 65 71 77

1260 2,5,2',3',6' 77 80 80
2,5,2',4’,5' 70 81 76
2.3,2',3',4' 81 89 89
2,5.2',3',5',6' 64 75 71
2,3,6,2',3',5',6' 72 80 76
2,4,5,2',4',5' 66 77 69
2,3,4,2',4',5' 66 73 69
2,3,4,2',3',4' 66 74 65
2,3,5,6,2',3',5',6' 64 71 67
2,4,5,2',3',4',5' 61 67 62
2,3.4,2',3',4',5' 68 74 68

limits attainable because of the small quantity of 
reagents and solvents required.

Precision

The overall precision of the method may be 
affected by variance introduced during sample 
workup and during GC analysis. The procedure 
with the least precision is the Soxhlet extraction, 
which must be optimized by assuring at least 6 
siphon cycles/h and by locating the milk powder 
not more than 1 cm from the bottom of the ex
traction chamber. The GC integrator precision 
may be affected both by large shifts in baseline 
(due to late-eluting materials from samples) and 
by poor identification of peaks (due to retention 
time shifts). Either problem can be minimized 
by observations made while editing the report.

Overall precision for each of 32 major conge
ners is better than 5% RSD (Table 2). Precision 
for total PCBs is somewhat worse; it was similar 
to that predicted by summing the variances of the 
individual measurements (10). Table 3 shows

Table 3. Mean and standard deviation (ng/mL) for 10 
replicate determinations of selected congeners of a 

standard mixture (see Figure 1)

Congener3 X ±3D

2,2',5'-TCB 20 0.5
2,5,2',5'-TCB 21 0.3
2,5,2',4',5'-PCB 17 0.5
3,4,2',4',5’-PCB 5 0.3
3,4,2',3',4'-PCB 7.9 0.7
2,4,5,2',4',5'-HCB 34 4.0
2,3.4,2',4',5'-HCB 24 1.0
Total PCBs 755 15

3 TCB, trlchlorobiphenyl and tetrachlorobiphenyl; PCB, 
pentachlorobiphenyl; HCB, hexachlorobiphenyl.

the statistics for 10 replicate analyses of a stan
dard mixture. Table 4 shows the statistics pro
duced for several samples of milk from 2 
mothers.

Detection Lim it
A chromatogram of a solvent and reagent 

blank equivalent to processing 30 g whole milk 
(Figure 2) and the report produced from this re
agent blank via the ASCII interface of the chro
matograph (Table 1) illustrate 2 problems asso
ciated with detection limit determination when 
a microprocessor integrator is used for area 
measurements.

The first and simpler problem is defining a 
detection limit for an individual compound 
which gives a Gaussian peak, well separated from 
other peaks in the chromatogram. If the rate of 
change of signal at the commencement c f  the 
peak becomes less than the chosen slope sensi
tivity or maximum slope sensitivity (0.01), the 
peak will suddenly become undetectable. This 
sensitivity will change for the same peak in dif
ferent chromatograms. In a crowded chro
matogram, the peak may be easier to define be
cause slope changes caused by neighboring peaks

Table 4. Mean and standard deviation (ng/g adjusted to 
3% fat) for determination of selected PCBs and total PCBs 

in human milk

Congener3

Mother A (n= 3) Mother B (n = 7)

X SD X SD

3,4,2',3',4'-PCB 1.2 0.23 0.45 0.22
2,4,5,2',4',5'-HCB 4.5 0.56 1.06 0.45
2,3,4,2',4',5'-HC8 2.8 0.29 0.70 0.21
Total PCBs 36 1.1 16 3.3
Fat (%) 2.0 0.6 4.4 2.9

3 PCB, pentachlorobiphenyl; HCB, hexachlorobiphenyl.
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may facilitate definition of the beginning and 
end of the zone. However, when the peak is 
poorly separated from one or two neighbors and 
the relative size of the neighbors changes, the 
peak may disappear into a neighbor or may in
corporate the neighbor. For example, in Figure 
1, octachlorostyrene could interact with the ad
jacent pentachlorobiphenyl with unknown 
structure (C15A).

Where a particular compound such as mirex is 
of great concern, conditions are adjusted and, if 
necessary, columns are recoated to achieve a 
separation at least as good as that shown in Fig
ure 1. Mirex detectability at 10 ng/mL would be 
impaired if the concentration of the 3,4,2',3',- 
4',5'-hexachlorobiphenyl were increased to 5 
times that illustrated. As it is, in the presence of 
200 ng Aroclor 1260/mL the detection limit is 
well below 1.0 ng/mL.

The second problem is to define the detection 
limits of total PCBs. In conventional analysis, 
where a simple analog signal is being measured 
with a device such as a chart recorder, the de
tection limit is defined as some multiple of the 
background noise (18). Here, where total PCBs 
is the sum of a large number of measurements, 
such a definition is not practicable. Following 
previous practice (4,19), we have defined it em
pirically as the apparent total PCB value pro
duced by a reagent blank brought through the 
analytical process. It depends, of course, on the 
weight of the milk processed, here assumed to be 
30 g wet weight. Results are rejected if a pre
ceding blank run, after editing, exceeds some 
pre-ordained maximum, in this work 50 ng/mL 
of hexane, corresponding to about 2 ng/g wet 
weight of a whole-milk sample weighing about 
30 g.

Conclusion

This method allows analysis in milk for 78 
chlorinated hydrocarbons at high sensitivity and 
accuracy in less than 1 h of GC time, excluding 
sample preparation. With a time-share com
puter, the large volume of data can be analyzed 
statistically, so that congener-by-congener 
analysis can be handled in a realistic time.

Acknowledgments
T he  authors than k  M a ry -E lle n  G ordon  and

M a ria  M ah a  fo r enthusiastic technical h e lp  and
forbearance.

R e f e r e n c e s

(1) "National Study to Determine Levels of Chlori
nated Hydrocarbon Insecticides in Human Milk 
1975-6." Colorado State University Contract No. 
68-01-3190. Human Effects Monitoring Branch, 
Technical Service Division, Environmental Pro
tection Agency, Washington, DC

(2) Manual o f Analytical Methods for the Analysis of 
Pesticide Residues in Human and Environmental 
Samples (1977) Environmental Protection Agency, 
Environmental Toxicology Division, Research 
Triangle Park, NC

(3) Giuffrida, L., Bostwick, D. C., & Ives, N. F. (1966) 
/. A sso c. Off. Anal. Chem. 49, 634-643

(4) Tessari, J. D., & Savage, E. P. (1980) J. Assoc. Off. 
Anal. Chem. 63, 736-741

(5) Wickizer, T. M., Brilliant, L. B., Copeland, R., & 
Tildon, R. (1981) Am. /. Public Health 71,132-137

(6) Yakushiji, T„ Watanabe, I., Kuwabara, K„ & Yo- 
shida, S. (1978) J. Chromatogr. 154,203-210

(7) Jensen, S., & Sundstrom, A. (1974) Ambio 3, 
70-75

(8) Manual of Analytical Methods for the Analysis of 
Pesticides in Human and Environmental Samples 
(1980) Environmental Protection Agency, Health 
Effects Research Laboratory, Research Triangle 
Park, NC, Section 9, B(2), p. 5

(9) Tunistra, L G. M., Traag, W. A., & Keukens, H. J. 
(1980) }. Assoc. Off. Anal. Chem. 63, 952-958

(10) Bush, B., Connor, S., & Snow, J. (1982) /. Assoc. Off. 
Anal. Chem. 65, 555-566

(11) Kapoor, S. K„ Chawla, R. P„ & Kalra, R. L. (1981) 
/. A sso c. Off. Anal. Chem. 64,14-15

(12) Pickett, R. L., & Dossett, D. A. (1979) /. Phys. 
Oceanogr. 9, 441-445

(13) Watts, R. R., Hodgson, D. W„ Crist, H. L., & 
Moseman, R. F. (1980) J. Assoc. Off. Anal. Chem. 
63, 1128-1134

(14) Pastel, M„ Bush, B., & Kim, J. S. (1980) Pestic. Monit. 
]. 14,11-22

(15) Official Methods of Analysis (1980) 13th Ed., AOAC, 
Arlington, VA, sec. 29.002

(16) Buser, H. R. (1976) Anal. Chem. 48,1553-1555
(17) Dixon, J. (Ed) (1979) BMDP Biomedical Computer 

Programs P-series, University of California Press, 
Los Angeles, CA

(18) Standard Methods for the Examination o f Water and 
Wastewater (1980) 15th Ed., American Public 
Health Association, Washington, DC, p. 149

(19) Mes, J. (1981) Int. ]. Environ. Anal. Chem. 9, 283- 
299



2 5 6 FRIESEN & GARREN: J. A SSO C. OFF. ANAL. CH EM . (VOL. 66, NO. 2, 1983)

M YC O TO XINS

International Mycotoxin Check Sample Survey Program. Part III. 
Report on Performance of Participating Laboratories for Determining 
Ochratoxin A in Animal Feed

M A R L I N  D . F R IE S E N  a n d  L IL I A N E  G A R R E N
I n t e r n a t i o n a l  A g e n c y  f o r  R e s e a r c h  o n  C a n c e r ,  P r o g r a m m e  o f  E n v i r o n m e n t a l  C a r c i n o g e n s  a n d  

H o s t  F a c t o r s ,  D i v i s i o n  o f  E n v i r o n m e n t a l  C a r c i n o g e n e s i s ,  1 5 0 ,  c o u r s  A l b e r t  T h o m a s ,  6 9 3 7 2  L y o n  

C e d e x  0 8 ,  F r a n c e

A sample of animal feed made from barley, naturally 
contaminated at about 1000 fig  ochratoxin A/kg, was 
analyzed by 44 laboratories in 24 countries. The 
AOAC method for determining ochratoxin A in 
barley was used by 27 (61%) of the participating lab
oratories. Results from laboratories using this 
method were grouped around 2 maxima: one below 
100 f ig /k g  and a second near 940 f ig /k g ,  the median 
concentration for results reported by all 44 partici
pating laboratories. Results from laboratories using 
methods other than the AOAC method were more 
widely distributed with no apparent maximum near 
1000 fig /kg .

As the number of mycotoxins found to contam
inate food increases, more laboratories around 
the world are undertaking or expanding existing 
programs for their analysis. These laboratories 
can be greatly assisted by periodic control or 
comparison of their results with those of other 
laboratories doing similar analyses. Such a 
program, organized on an on-going basis by the 
International Agency for Research on Cancer (1,
2), exists for those laboratories involved in the 
analysis for aflatoxins. More than 70 laborato
ries participating in that program requested that 
a similar program to assure analytical quality be 
organized for laboratories which analyze food
stuffs for ochratoxin A. Consumption of this 
mycotoxin, which has been reported to contam
inate a number of cereal grains (barley, wheat, 
maize) (3), has been associated with cancer in 
several species of animals (4-6). In view of this 
interest, the International Mycotoxin Check 
Sample program has been expanded to include 
the analysis of foodstuffs contaminated with this 
mycotoxin.

Methods
In the current study, 120 g portions of a bulk 

sample of commercially prepared, naturally

Received March 18, 1982. Accepted July 12, 1982.

contaminated animal feed made from barley 
were distributed to 69 laboratories. Before dis
patch by airmail to these laboratories, samples 
were ground, thoroughly mixed, and checked for 
homogeneity. Four samples chosen at random 
showed ochratoxin A concentrations of 1140, 
1110, 1090, and 1130 jig/kg;'mean 1120; SD 20; 
CV 2%. Participants were requested to analyze 
each sample twice, either in duplicate using the 
same method or by using 2 different methods.

A standard sample of ochratoxin A was pro
vided to participants if requested, but they v/ere 
instructed to use it only after having verified its 
concentration after dilution. Standards fur
nished by IARC were used in about 85% of the 
analyses.

Exclusion of Outlying Results

Outlying results were excluded, according to 
the Dixon test (7), before statistical analysis using 
techniques developed by the Association of Of
ficial Analytical Chemists (AOAC). Results from 
2 laboratories, 7080 and 12 300 /rg/kg, were ex
cluded in this way.

To avoid giving undue weight in the statistical 
analysis to results from laboratories reporting 
duplicate results for a given method as opposed 
to those from laboratories reporting a single re
sult per method, the second reported result of 
duplicates from a single method has been ex
cluded from distribution curves and the statisti
cal analyses which follow. The option of using 
the mean of duplicate results rather than only the 
first reported value was discarded because it is 
not statistically sound to directly compare single 
values with mean values. Both results had to be 
retained, however, for laboratories that submit
ted duplicate results from 2 different methods.

Results
Results were received from 44 laboratories in 

24 countries. The official AOAC method for
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Figure 1. Frequency distribution by method of 
analysis for results of determination of ochratoxin A 
in animal feed made from barley. Single bars at right 
of each graph represent out-lying values not con

sidered in statistical analysis (Tables 1 and 2).

determining ochratoxin A in barley (8-10), used 
by 27 laboratories, was the only method used by 
enough participants to justify separate statistical 
analysis. Results from other methods, which 
include thin layer chromatography (11-15) and 
high performance liquid chromatography (16, 
17), were grouped for statistical analysis. Results 
from unpublished methods were also included 
in this group.

Figure 1 shows frequency distributions of 
these results. Results were rounded to the 
nearest 200 /xg/kg and thus each bar corresponds 
to a group of results falling within a small range 
of concentrations. For example, in the graph for 
all methods, the bar of height 8 corresponding 
to a concentration of 1000 /xg/kg indicates that 
8 results lie within the range 900-1100 /xg/kg. 
In addition, the first bar on the left of each dis
tribution represents those laboratories reporting 
less than 100 yug/kg, and the bar on the far right 
represents results which were excluded as out
liers (>  3300 /xg/kg).

Two-thirds of the participating laboratories

Table 1. Within-laboratory (repeatability) and within- 
plus between-lafcoratories (reproducibility) precision, as 
coefficient of variation (CV), for subgroup of laboratories 

reporting duplicate results from a single method

A O A C O th e r All
S ta t ist ic m e tho d m e th o d s m e th o d s

W ith in -la b o ra to ry  C V , % 8.9 8 . 0 8 .7
T o ta l C V , % 6 5 .5 8 2 .1 8 4 .2

analyzed the sample in duplicate using a single 
method. For this subgroup of laboratories, Table 
1 gives the repeatability (within-laboratory 
precision) and reproducibility (total or within 
plus between-laboratory precision), expressed as 
percent coefficient of variation.

The overall statistical analysis of the results is 
given in Table 2. The median, mean, standard 
deviation, percent coefficient of variation, and 
number of results involved have been calculated 
for each of the 2 method subgroups, as well as for 
the group including all methods.

Discussion

It should be noted and emphasized that this 
report does not refer to a collaborative study and 
that participants in the program were allowed to 
and often did make modifications to published 
methods. In addition, the quality of results 
grouped in a given category of methods can and 
does vary widely, because the laboratories in
volved range from those just beginning aflatoxin 
analysis to those who have carried out such 
analyses routinely for many years. Statistical 
analyses reported in this paper should therefore 
always be interpreted as comparisons between 
laboratories using different methods and not as 
comparisons between the methods themselves.

Two maxima are observed in the distribution 
of reported results: one at less than 100 /xg/kg 
and a second near 1000 /xg/kg. For such a dis-

Table 2. Statistical analysis of results for determination 
of ochratoxin A in animal feed made from barley, by 

method of chemical analysis

C o n c n  of
o ch ra to x in  A, yxg/kg

M ethod M edian M ean SD C V , % N

A O A C 890 7 7 0 5 3 0 69 26
m e tho d

O th e r 13 0 0 14 0 0 1 1 0 0 79 2 5
m e th o d s

All 94 0 1 1 0 0 9 1 0 8 4 5 1
methods
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tribution, the actual ochratoxin concentration is 
probably better represented by the median value 
rather than by the mean. In fact, the median of 
the results from laboratories using the AOAC 
method falls near the maximum in the distribu
tion at 1000 /ag/kg. Significantly, no maximum 
is observed near 1000 fx g /kg in the distribution 
of results from laboratories not using the AOAC 
method.

Laboratories involved in mycotoxin analysis 
are encouraged to participate in future check 
sample surveys. Interested laboratories should 
contact the authors.
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EG G S A N D  EGG P R O D U C T S

Gas-Liquid Chromatographic Determination of Trace Amounts of 
Nitrite in Egg, Egg White, and Egg Yolk

A K IO  T A N A K A ,  N O R I H I D E  N O S E , H I R O Y U K I  M A S A K I ,
Y O S H IN O R I  K I K U C H I ,  a n d  H IS A O  IW A S A K I
S a i t a m a  I n s t i t u t e  o f  P u b l i c  H e a l t h ,  K a m i o k u b o - H i g a s h i ,  6 3 9 - 1 ,  U r a w a  S a i t a m a ,  J a p a n

A simple, sensitive, and practical method is described 
for determination of nitrite in egg, egg white, and egg 
yolk. Egg is deproteinized by adding a mixture of 
ammonium thiocyanate, mercuric chloride, and zinc 
acetate, and centrifuged. Nitrite in the supernate is 
converted to tetrazolophthalazine by reaction with 
hydralazine in acidic solution and then determined 
by gas-liquid chromatography with an electron- 
capture detector (GLC-ECD) and a column of OV-225 
on Chromosorb W(HP). Nitrite concentrations from 
5 to 50 ng/mL are calculated from peak height; the 
detection limit is 3 ng/mL extract. Recoveries from 
eggs, egg whites, and egg yolks ranged from 91.7 to 
98.0%. The mean nitrite concentration in 50 egg 
samples was 0.04 ppm (0.01-0.11 ppm) with a detec
tion limit of 4 ng nitrite/g.

The toxicity of nitrite toward humans is due 
primarily to the possibility that it can cause 
methaemoglobinanemia in infants and can form 
carcinogenic nitrosamines under certain condi
tions; therefore, its determination at trace levels 
is of great interest. Nitrite in food is commonly 
determined by a colorimetric method based on 
the formation of an azo dye produced by cou
pling with Griess reagent (1-3) or diazotization 
of sulfanilic acid and subsequent coupling with 
N-(l-naphthyl)ethylenediamine (4, 5). How
ever, all of these colorimetric methods are limited 
by the fact that occasionally turbid samples, such 
as biological, and slightly colored samples can 
affect the color of the azo dye and, consequently, 
the accuracy of the nitrite determination. Re
cently, gas-liquid chromatography (GLC) has 
been used for this purpose (6-17). Several 
groups have studied oxidation of nitrite to nitrate 
and nitration of benzene (or a benzene deriva
tive) in the presence of sulfuric acid as catalyst 
(7-9, 11, 12). However, this technique is non
specific for nitrite and requires vigorous deri- 
vatization conditions. The method that in
volved formation of triazole derivatives by re
action with o-phenylenediamine was specific for 
nitrite, but was not suitable for trace nitrite

Received April 2, 1982. Accepted July 9,1982.

analysis (6, 10, 13). A GLC method for nitrite 
reported recently by Funazo et al. (17) was not 
suitable for routine food analysis because of in
terference by nitrate.

We found that tetrazolophthalazine (18) can 
be prepared quantitatively by a reaction with 
nitrite and hydralazine and extracted with sev
eral organic solvents over a wide pH range 
(14-16). This specific reaction for nitrite anc the

favorable GLC properties permits quantitation 
by GLC with electron capture detection (19).

Because the spectrophotometric methods were 
not suitable for determination of nitrite in egg 
samples, which give turbid extract solutions, we 
studied the combination of hydralazine reaction 
and GLC. Nitrite was extracted from depro
teinized egg with aqueous solution, reacted, and 
analyzed by GLC-ECD without further 
cleanup.

METHOD

Apparatus

(a) G as ch ro m a to g ra p h .— Shimadzu GC-4BM
equipped with 63Ni electron capture detector. 
Operating conditions: temperatures (°C)—
column 210, detector 300, injector 300; nitrogen 
flow rate ca 50 mL/min.

(b) G LC  co lu m n .—Glass, 100 cm X 2 mrr. id, 
packed with 3% OV-225 on 80-100 mesh Chro
mosorb W(HP).

(c) G as c h r o m a to g r a p h -m a s s  s p e c t r o m e te r  
(G L C -M S ).—  Shimadzu LKB-9000.

(d) H ig h -sp eed  b len d er .—Nihon Seiki model 
equipped with stainless cup (Nihon Seiki Co., 
Ltd, Tokyo, Japan).

Reagents

(Double-distilled water, the last distillation 
carried out in glass, was used throughout.)
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Figure 1. Gas chromatograms of A, xylene extracts 
of standard reaction mixture, to which nitrite was 
added at 0.05 ppm to various egg samples; and B, re

agent blanks. Sample size 1 pL.

(a) H y d r a la z in e  s o lu t io n .—Dissolve 1.0 g hy
dralazine (Tokyo Kasei Kogyo Co., Ltd) in 100 mL 
water.

(b) D e p r o t e in iz in g  so lu tio n  A.—Dissolve 90 g 
ammonium thiocyanate and 80 g mercuric 
chloride in 1 L water.

(c) D e p r o t e in iz in g  so lu tio n  B.—Dissolve 125 g 
zinc acetate in 500 mL water.

(d ) S t a n d a r d  s o d iu m  n itr ite  s o lu tio n .—- (1 )  S to c k  

s o lu t io n .—0.1 mg NOj/mL. Dissolve 0.15 g so
dium nitrite, previously dried 1 h at 110°C, in 
enough water to make 1 L solution. (2) W o rk in g  

so lu tio n .—0.1 pg NC>2/mL. Transfer 1.0 mL stock 
solution to 1 L volumetric flask, dilute to volume 
with water, and mix.

(e) S o lv e n t s .—Distilled-in-glass xylene and 
other solvents.

Sample Extraction

Place egg sample in stainless cup and homog
enize in blender to form slurry. Weigh 5 g ho
mogenate into 10 mL glass-stopper test tube (11.5 
X 1.5 cm id). Add 1 mL each of deproteinizing 
solutions A and B, followed by 3 mL water; shake 
vigorously 2-3 min. Let stand 30 min at room 
temperature, and then centrifuge 10 min at 1400 
Xg-

Derivative Formation

Transfer 2 mL extract to test tube. Add 0.5 mL 
hydralazine solution and 1 mL 2M HC1 (if nec
essary, add 1 mL 5% mercuric chloride solution 
to counteract sulfide interference). React in

70°C water bath with occasional shaking for 20 
min and then cool to room temperature. Add 2 
g sodium chloride and 2 mL xylene, and shake 
vigorously 1 min. Centrifuge contents 10 min 
at 1400 X g. Pipet xylene phase into pyrex test 
tube (10 X 0.9 cm id) and dry with small amount 
of anhydrous sodium sulfate.

Gas-Liquid Chromatography

Inject 1 pL derivative solution into gas chro
matograph with electron capture detector. De
termine nitrite by comparing with standard 
curve prepared as follows: Prepare 2 mL solu
tions of 5 ,15,25,35, and 50 ng nitrite/mL by pi
petting working standard solution into test tube, 
adding 0.5 mL hydralazine solution, and pro
ceeding as described above. Plot peak height 
(cm) against pg NO2.

Results and Discussion
The tetrazolophthalazine product of the re

action of nitrite with hydralazine was extracted 
with organic solvent and analyzed by GLC-ECD 
(14-16,19). Typical chromatograms are shown 
in Figure 1. Sharp symmetrical peaks allow peak 
heights (cm) to be used for calculations. Re
sponse was linear between 5 and 50 ng nitrite 
and the detection limit was 3 ng nitrite/mL ex
tract. The relative standard deviation for 5 de
terminations was 3.4% for 5 or 10 ng nitrite and 
4.6% for 50 ng, and the reproducibility was con
sidered satisfactory.

To obtain good accuracy and sensitivity for 
determination of nitrite, various deproteinizing 
reagents reported by other investigators (11,12,

Table 1. Effect of various deproteinizing reagents on 
recover) of added nitrite in whole egg 8

Rec.,
Deproteinizing reagent Condition of egg ext %

1. K4Fe(CN)6(12% ) 
Zn(CH3COO)2(22% ) turbid, colorless 58.1

2. K4Fe(CN)6(6% ) 
Zn(CH3COO)2(12% ) turbid, yellow 54.8

3. ZnS04(12% ) 
IN  NaOH turbid, yellow 3.2

4. NH4SCN(9% ) plus 
HgCI2(8%) 
Zn(CH3COO)2(25% ) transparent, colorless 97.2

5. HgCI2(5% ) 
Na2C 0 3(0.5M ) turbid, yellow 29.0

6. Ba(OH)2(16% ) transparent, light
ZnS04(t2 % ) yellow 90.3

7. K2AI2(S 0 4)4(Sat.) turbid, yellow 6.4

a 25 ng nitrite and 1 mL deproteinizing reagent were added 
to 5 g whole egg sample, which was processed by described 
procedure.
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Table 2. Recovery of added nitrite from whole egg, egg 
white, and egg yolk

Sample Added, ng/g No. of anal. Ree., %a

Whites 0.01 5 91.7 ±  4.2
0.02 5 95.1 ±2 .9
0.05 5 96.9 ± 3 .4
0.10 4 97.8 ± 2 .5

Yolks 0.01 6 92.8 ±  5.0
0.02 6 94.7 ± 4 .9
0.05 5 97.1 ±  3.2
0.10 4 96.4 ±  2.9

Whole 0.01 6 92.3 ±  3.7
0.02 6 95.7 ± 2 .4
0.05 5 98.0 ± 2 .0
0.10 4 96.3 ±  2.8

a ±  Standard deviation.

20, 21) were tried with 25 ng nitrite in 5 g whole 
egg. All combinations gave turbid and/or col
ored extracts, except ammonium thiocyanate and 
mercuric chloride with zinc acetate, as shown in 
Table 1. Furthermore, the influence of various 
deproteinizing reagents on the formation of 
tetrazolophthalazine was studied, and the re
covery yield of nitrite in whole egg was higher 
with the above-mentioned combination than 
with other deproteinizing reagents (Table 1). 
An adequate volume of deproteinizing reagent 
was 1 mL each of ammonium thiocyanate +  
mercuric chloride and zinc acetate. Because 20 
min is the minimum time for obtaining a trans
parent extract from egg, 30 min was used in this 
method.

Benzene, toluene, xylene, ethyl acetate, butyl 
acetate, and methyl isobutyl ketone were tried 
as extraction solvents for tetrazolophthalazine. 
Extraction yields for ethyl acetate and butyl ac
etate were lower than those for benzene, toluene, 
and xylene, and extraction with methyl isobutyl 
ketone prevented the determination of the 
tetrazolophthalazine peak because of overlap
ping interfering peaks. Xylene was preferred 
because it did not co-extract interferences from 
egg and did not form an emulsion with water.

To investigate the effect of various possible 
interfering ions in egg, fluoride (0.1 mg), chlo
ride (1.0 mg), bromide (0.1 mg), iodide (0.1 mg), 
carbonate (1.0 mg), nitrate (1.0 mg), sulfate (0.1 
mg), sulfide (0.1 mg), sodium (1.0 mg), zinc (1.0 
mg) and ammonium (1.0 mg) were mixed with 
25 ng nitrite under the same reaction conditions 
described. These ions, except for sulfide, did not 
interfere with the formation of tetrazolo
phthalazine (nitrite recoveries ranged from 94.8 
to 103.7% with an average recovery of 100.2%). 
On the other hand, addition of 0.1 mg sulfide

Table 3. Nitrite levels in whole egg

Concn range, 
ppm

No.
of eggs

<0.01 ~  <0.02 3
< 0 .0 2 -< 0 .0 3 13
< 0 .0 3 -< 0 .0 4 10
< 0 .0 4 -< 0 .0 5 7
< 0 .0 5 -< 0 .0 6 9.
<0.06 -  <0.07 3
<0.07 -  <0.08 1
< 0 .0 8 -< 0 .0 9 2
< 0 .0 9 -< 0 .1 0 1
< 0 .1 0 -

x = 0.04 ppm (n = 50)
1

gave recoveries of nitrite ranging from 24.8 to 
33.4%. However, this interference can be pre
vented by addition of mercuric chloride; then 
recoveries averaged 92.5%.

The method described has been tested for 
analysis of whole egg, egg white, and egg yolk. 
No samples showed any interference with the 
determination of nitrite (Figure 1). To check 
validity of the proposed method, recoveries of 
nitrite added to 5 g samples were determined, as 
shown in Table 2. The detection limit was 4 ng 
nitrite/g egg sample. Fifty egg samples were 
collected from the market and analyzed by the 
proposed method. Results given in Table 3 
show a mean concentration of 0.04 ppm (ranging 
from 0.01 to 0.11 ppm). Furthermore, GLC-mass 
spectrometry showed the tetrazolophthalazine 
peak to be free from interfering substances.

The proposed method facilitates the determi
nation of nitrite in egg, without interferences. 
The GLC method is simple and sensitive, and the 
entire procedure can be completed within 80 
min.
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D R U G S

High Pressure Liquid Chromatographic Assay for Prednisone in Bulk 
Drug Substances and Tablets

ROBERT E. GRAHAM, EDWARD R. BIEHL,1 and MARGARITO J. URIBE
F o o d  a n d  D r u g  A d m in is t r a t io n ,  3 0 3 2  B r y a n  S t ,  D a l l a s ,  T X  7 5 2 0 4

A high pressure liquid chromatographic (HPLC) 
method was developed for the assay of prednisone in 
bulk drug substances and tablets. The sample was 
dissolved in water-methanol and an aliquot was an
alyzed by using HPLC. The average recovery of 
prednisone added to a prednisone tablet composite 
was 99.5% with a coefficient of variation of 1.07%. 
Prednisone was determined in 46 tablets (1-50 mg 
prednisone/tablet) formulated by 22 manufacturers, 
using the HPLC method and the USP blue tétrazoli
um assay. The results show that the HPLC method 
is more specific and faster than the USP method.

A review of information furnished by formula- 
tors of prednisone tablets showed that predni
sone drug substance used in the United States in 
1979 was manufactured by 4 suppliers, 1 do
mestic and 3 foreign. Approximately 22 manu
facturers of prednisone tablets and a larger 
number of distributors were in operation that 
year.

The blue tétrazolium reaction is widely used 
for the determination of corticosteroids, and it is 
the official USP XX method (1) of analysis for 
prednisone drug substance and tablets. The 
official compendium employs the slightly 
modified procedure of Mader and Buck (2) for 
the quantitation of prednisone. Blue tétrazoli
um oxidizes the a-ketol moiety of the Q 7 side 
chain of corticosteroids in strongly alkaline so
lution and is quantitatively reduced to a highly 
colored formazan whose concentration is mea
sured spectrophotometrically. The reaction is 
subject to interference from reducing materials
(3) as well as substances that change the pH of the 
reaction solution (4).

Several investigators have used high pressure 
liquid chromatography (HPLC) to determine 
prednisone in corticosteroid mixtures (5-9) and 
degradation products from certain steroids 
(10-12). This paper reports the development of 
an HPLC method for determining prednisone in 
bulk drug substances and tablets. The multi- 
component mobile solvent system was optimized

1 Southern Methodist University, Department of Chemistry, 
Dallas, TX 75275.

Received March 29,1982. Accepted August 10, 1982.

by using a procedure s im ila r to that reported  by  
previous w orkers (13, 14). Forty-six brands of 
prednisone w ere analyzed by this H P L C  m ethod  
and by the USP blue tétrazolium  m ethod, and the 
results w ere  com pared.

Experimental

Apparatus

(a) H ig h  p r e s s u r e  liqu id  c h r o m a t o g r a p h .— M od el 
204 (W aters Associates, M ilfo rd , M A  01757), 
eq u ip p ed  w ith  M o d e l M -6 0 0 0 A  6000 psi pum p, 
M o d e l U 6 K  loop injector, M o d e l W IS P  710A and  
B autom atic injector, M o d e l 440 u ltrav io le t (U V )  
l ig h t  detector w ith  sensitiv ity  range from  0.005  
to 2.0 absorbance units fu ll scale (A U FS ) at 254 
n m , and M o d e l 730 record ing  in tegrator.

(b ) R e v e r s e  p h a s e  H P L C  c o lu m n s .— 4.6 m m  X  25 
cm 5 ¿urn C i8 octadecylsilane (Zorbax O D S . E.I. 
d u P o nt de N em ours  &  Co., W ilm in g to n , DE  
19898; Ultrasphere, A ltex  Scientific, Berkeley, C A  
94710), 8 m m  X 10 cm 10 pm  C J8 octadecylsilane 
(R C M -1 0 0 , W aters Associates), 4.6 m m  X  25 cm  
5 pm  trim e th y ls ila n e  (Zorbax T M S , E.I. duP ont 
de N em o urs), 4.6 m m  X 25 cm 5 (tm  C8 octyls il- 
ane (Zorbax C -8, E.I. duP ont de N em ours).

(c) R e c o r d i n g  s p e c t r o p h o t o m e t e r .— C a ry  15 
(V a ria n  Instrum ents , Palo A lto , C A  94303).

(d ) F i l t e r s .— Type LS, 5 jam pore size (M i l l i -  
pore C orp ., Bedford, M A  01730).

Reagents

(a) A c e t o n i t r i l e ,  m e t h a n o l ,  a n d  t e t r a h y d r o fu r a n  

( T H F ) . — H P L C  or d is tille d -in -g la s s  grade. 
Peroxides w ere  rem oved from  T H F  by passing it 
th ro u g h  a lu m in u m  oxide co lum n con ta in ing  10 
g a lu m in u m  o x id e /10 0  m L  T H F  (15).

(b ) M o b ile  so lv en t. — M ix  250 m L peroxide free  
T H F  w ith  62 m L m ethanol and d ilu te  to 1 L w ith  
w ater. Pass th ro u g h  5 ¿urn f ilte r  before use.

(c) S t a n d a rd s . —  1,4-Pregnadiene - 3,11 - d ione-
17-carboxylic acid (synthesized by M . M aientha l, 
Food and D ru g  A d m in is tra tio n  (F D A ), W ash
ing to n , D C ); tetram ethyl am m onium  hydroxide  
an d  acetan ilide  (Eastm an O rganic  Chem icals, 
R ochester, N Y  14650); 1 ,4 -an dros tad iene -
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3,11,17-trione (Research Plus Steroids, Denville, 
NJ 07834); blue tétrazolium (Dajac Laboratories, 
Philadelphia, PA 19124); prednisone, predniso
lone, hydrocortisone, cortisone acetate, hydro
cortisone acetate, prednisolone acetate, and 
prednisone acetate (USP Reference Standards).

(d ) I n te r n a l  s ta n d a r d  s o lu tio n .—Dissolve 22 mg 
acetanilide in 100 mL methanol and dilute to 200 
mL with water.

(e) P r e d n is o n e  s t a n d a r d .—Dissolve dried, ac
curately weighed amount of USP Reference 
Standard prednisone in methanol-water (1 +  1) 
to yield ca 0.2 mg/mL solution. Sonicate 1 min 
to dissolve prednisone, if necessary. Transfer 5 
mL to 50 mL volmetric flask, add 5 mL internal 
standard, and dilute to volume with methanol- 
water (1 +  1). Prepare dilute solution fresh 
daily.

Sample Preparation

Weigh and finely powder >20  prednisone 
tablets. Transfer accurately weighed portion of 
powder, equivalent to ca 20 mg prednisone, to 
100 mL volumetric flask. Add 5 mL water, swirl, 
and sonicate 1 min to dissolve powder; then add 
50 mL methanol and repeat sonication 1 min. 
Dilute to volume with water and mix. Transfer
5.0 mL to 50 mL volumetric flask, add 5.0 mL 
internal standard solution, and dilute to volume 
with methanol-water (1 +  1). Filter through 5 
pm  filter in syringe filter holder attached to glass 
syringe before HPLC.

Content Uniformity

Place 1 tablet in volumetric flask of size that 
yields ca 0.2 mg/mL prednisone concentration. 
Proceed as directed under S a m p le  P re p a r a t io n ,  

starting with “Add 5 mL water . . .," except for 1 
mg tablets, dilute directly to 50 mL after adding 
5 mL internal standard solution.

System Suitability Test

Let chromatographic system equilibrate with 
mobile solvent ca 30 min; then inject 10 pL  ali
quots of dilute standard. Retention time (RT) for 
prednisone should be ca 8 min. Coefficient of 
variation (CV) of 5 replicate injections of stan
dards should be <2%. Resolution factor should 
be > 3  for prednisone and internal standard.

HPLC Determination

Let chromatographic system equilibrate by 
passing mobile solvent through column ca 30 
min. Chromatograph equal volumes (typically 
10 pL) of samples and standards, using mobile 
solvent flow rate of 1 mL/min and detection at

254 nm. Use average of duplicate injections of 
each determination for calculation.

Blue Tetrazolium Determination

The USP XX (1) Assay for Steroids (spectro- 
photometric) and Single-Steroid Assay (thin 
layer chromatographic (TLC)) procedures were 
used.

Method Development

L in e a r ity .— P r e d n is o n e .—The peak areas per pg  
prednisone determined by HPLC were linear 
over a concentration range of 10 ng-4 jug/injec
tion. The average peak area per pg  prednisone 
injected was 5935 with a CV of 1.5% for 8 differ
ent concentrations, each injected in duplicate. 
The proposed HPLC procedure specifies a con
centration of 20 pg  prednisone/mL or 0.2 pg  
prednisone/10 juL injected.

A c e t a n ilid e .—The peak areas per pg  acetanilide 
determined by HPLC were linear over a con
centration range of 5 ng-4.2 jug/injection. The 
average area per pg  injection was 16 807 with a 
CV of 1.2% for 13 different concentrations, each 
injected in duplicate. The proposed HPLC 
procedure specifies a concentration of 11 jug/mL 
or 0.11 pg  acetanilide/10 juL injected as the in
ternal reference standard.

C o m p a riso n  o f  in te rn a l v s  e x te r n a l  s t a n d a r d .—Six 
portions of prednisone composite, equivalent to 
one average tablet weight, were quantitated by 
use of the external standard. For 15 analyses, an 
average CV of 0.47%, with a range from 0.21 to
1.40%, was obtained. Different aliquots of the 
same samples, analyzed similarly and calculated 
by use of the internal standard, gave an average 
CV of 0.81% with a range of 0.18-1.73%. Thus, 
quantitation of prednisone by the proposed 
method using either internal or external stan
dard methods gave satisfactory results.

R e c o v e r y  o f  U S P  p r e d n is o n e  f r o m  s a m p le  c o m p o s 

i t e .—Six portions of sample composite, equiva
lent to one average tablet weight, were accurately 
weighed into a volumetric flask and diluted with 
methanol-water (1 +  1) to yield a concentration 
of 0.2 mg/mL. Five mL aliquots of this solution 
were added to a 50 mL volumetric flask and to a 
100 mL volumetric flask (which contained 5 mL 
standard solution containing ca 1 mg accurately 
weighed USP prednisone). These samples were 
diluted to volume, mixed, filtered, and then an
alyzed by HPLC. The average recovery of USP 
prednisone added to prednisone tablet compos
ites in 33 studies was 99.5% with a range from
97.2 to 103.5% and a CV of 1.07%.

D e g ra d a t io n  o f  p r e d n is o n e  in s o lu tio n .—Replicate
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HPLC analyses of mixed USP prednisone and 
acetanilide standard in methanol-water (1 +  1) 
carried out periodically during a 2.5 month pe
riod showed that the ratio of prednisone to ac
etanilide decreased with time. The initial ratio 
of 1.023 gradually declined to 0.883 (13.7%) over 
67 days, an average decrease of 0.2% per day. 
Similar studies conducted over 12 and 13 day 
periods gave the same daily rate of change. 
Comparison of this mixture after 67 days with 
new standards showed that 87.3% prednisone 
and 100.0% acetanilide remained. No new peaks 
were observed on the HPLC chromatogram.

Effect of variation in flow rate on mobile sol
vent. —A study of the effect of varying flow rates 
of mobile solvent on prednisone and internal 
standard using radial compression systems with 
an 8 mm X 10 cm 10 pm  particle size Cis reverse 
phase column was carried out. Variation of flow 
rate from 0.4 to 3.0 mL/min resulted in a corre
sponding change from 550 to 2200 psi in the 
pumping pressure.

A van Deemter plot of height equivalent per 
theoretical plate vs flow rate indicates that the 
greatest efficiency of this system for prednisone 
analysis occurs at a flow rate of 0.6-0.8 mL/min; 
very little loss in efficiency occurs by operating 
at 1 mL/min, the flow rate specified in the pro
posed procedure. Likewise, the efficiency of the 
system for acetanilide is also satisfactory at 1 
mL/min.

Effect of variation of mobile solvent compo
nents.—When 25% THF was used in combination 
with a wide variation of concentration (3.25-25%) 
of either acetonitrile or methanol in water, ade
quate separation of internal standard, acetanilide, 
and prednisone was achieved.

The effect of THF concentration (15-45%) in 
water on the retention of acetanilide and pred
nisone was studied. No separation was observed 
in 45% THF in water (RT 3.5 min for both com
pounds); 15% THF in water gave an RT of 14 min 
for acetanilide and 38 min for prednisone with 
a resolution of 24 and a selectivity factor of 3.3. 
Decreases in THF concentration from 45 to 15% 
increase retention of acetanilide by a factor of 4, 
while that of prednisone is increased by a factor 
of 11, i.e., the retention of prednisone is about
2.75 times that of acetanilide. This large differ
ence in sensitivity of the 2 compounds to THF 
concentration results in great versatility in mo
bile solvent.

The data listed in Table 1 were obtained from 
the study of the effect of varying the methanol 
concentration from 0 to 25% on the RTs and res
olution of prednisone relative to acetanilide and

acid and ketone degradation products of ored- 
nisone. The data show a wide range of resolu
tion and RTs for the 4 components, all of which 
provide adequate separation and quantitation 
conditions for prednisone.

Varying the THF concentration as little as 1% 
caused significant changes in RTs of the internal 
standard, prednisone, and the ketone degrada
tion product of prednisone as well as the reso
lution between all 4 components. The changes 
in RTs shown in Table 1 are not the same for each 
component. For example, as the THF increases 
from 20 to 25%, the RT for acetanilide decreases 
by 31%, for prednisone by 54%, and for the ke
tone derivative by 61%. Table 1 also shows that 
with a 5% increase in THF concentration, the RT 
for acetanilide decreases by 32%, that for pred
nisone by 54%, and that for the ketone by 77%. 
Separations are adequate for quantitation in most 
cases shown in Table 1.

RT changes for selected compounds with various 
mobile solvents.—Table 2 reports the variation of 
RTs and relative RTs of common related steroids 
and degradation products of prednisone for 4 
mobile solvents. This study shows that common 
related steroids and degradation products of 
prednisone at expected levels of <1.0% are sep
arated from the internal standard and prednisone 
by the proposed procedure (see Figure 1). At 
this level, they are identifiable and quantitatable 
if desired.

Limit of sensitivity for prednisone by HPLC.—The 
lower limit of sensitivity of the proposed system 
for prednisone was determined using 0.005 
AUFS and 10 pL  injections of prednisone. The 
signal-to-noise ratio produced by 1 ng predni
sone is 3:1 while that for 0.4 ng sample is 1:1. 
The lowest practical limit of detectability of 
prednisone using the conditions described in the 
proposed procedure is ca 1 ng.

USP prednisone recovery through USP Single- 
Steroid Assay.—Ten determinations (using An- 
altech Uniplate, silica gel GF) of USP prednisone 
using the USP XX Single-Steroid Assay (1) av
eraged 98.1% recovery with a CV of 2.4% and a 
range of 93.3-100.9%. A second series of 8 de
terminations (using Merck silica gel 60, F-254) 
was made with an average recovery of 97.8%, a 
CV of 1.4%, and a range of 95.6-99.6%.

Results and Discussion
The purity of bulk drug prednisone samples 

from 4 manufacturers was checked by the pro
posed HPLC method (Table 3). USP prednisone 
was used as the reference standard. The average 
bulk drug prednisone purity was 99.5%, with a
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Table 2. Comparison of retention times (RT) of selected solutes using various mobile solvents

Aa Bö Cc Dd

Rel. Rel. Rel. Rel.
Solute RT RT RT RT RT RT RT RT

Ci7 acid 3.28 0.42 3.00 0.47 3.65 0.36 3.15 0.43
Acetanilide 5,98 0.76 5.26 0.82 6.71 0 .6 6 5.62 0.76
Prednisone 7.86 1 .0 0 6.40 1 .0 0 10.15 1 .0 0 7.40 1 .0 0
Cortisone 8 .6 6 1 .1 0 6.93 1.08 1 1 .2 2 1 .1 1 N.D.e N.D.
Ci7 ketone 9.14 1.16 7.46 1.17 11.65 1.15 8.50 1,15
Prednisolone 9.17 1.17 7.46 1.17 13.01 1.28 9.30 1 26
Hydrocortisone 9.97 1.27 8.03 1.25 13.95 1.37 9.96 1 35
Prednisone acetate 25.06 3.12 16.20 2.53 35.53 3.54 23.54 2 99
Prednisolone acetate 26,41 3.28 16.96 2.65 41.20 3.95 24.60 3.12
Cortisone acetate 27.42 3.41 17.50 2.73 43.80 4.20 24.94 3 16
Hydrocortisone

acetate
29.24 3.64 18.90 2.95 41.20 3.95 26.60 3.38

a 25% THF; 6 V4% methanol in water. 
b 25% THF; 1 2 7 2 % methanol In water. 
c 20% THF; 10% methanol in water. 
d 20% THF; 25% methanol in water. 
e Not determined.

range of 98.6-101.2% , and the average d ifference  
betw een  duplicate  injections was 0.13%, w ith  a 
range from  0.00 to 0.30%.

O f the 11 im purities  detected by H P L C  (Table
4), 4 w ere  com m on to a ll d rug  substances. T he

Figure 1. Representative HPLC chromatogram: 1, 
l,4-pregnadiene-3,ll-d ione-17-carboxylic acid; 2, 
acetanilide; 3, prednisone; 4, cortisone; 5, hydrocor
tisone; 6, l,4-androstadiene-3,ll,17-trione; 7, pred
nisolone; 8, prednisone acetate; 9, prednisolone 
acetate; 10, cortisone acetate; 11, hydrocortisone 

acetate.

H P L C  im p u rity  p ro file  o f b u lk  d ru g  substance 
predn isone is essentially the same as that ob
tained by TLC . The am ount o f U V -abso rb ing  
im p urities  present, approxim ated  on the as
sum ption that they  have the  same absorp tiv ity  
value  as prednisone, ranged from  0.09 to 0.64%  
in  USP prednisone. A nalysis  o f b u lk  d ru g  sub
stance and U SP predn isone d u rin g  th is study  
revealed  o n ly  p redn iso lone and predn isone ac
etate as possible re lated  steroids.

Ten  portions o f com posite (fro m  samples 
supplied  by 30 d iffe re n t firm s), each portio n  
eq u iva len t to one average tab let w e ig h t, w ere  
extracted and analyzed  by the USP X X  Total 
Steroid Assay (1) and the H P L C  procedure. O ne  
extraction m ore than is requ ired  b y  the USF X X  
was made; this extract was carried  separately  
through the procedure to check for completeness 
o f extraction. Tab le  5 reports the results o f 46 
analyses o f these samples. The d iffe rence  be
tw een  mean values for the b lue tétrazo lium  and  
H P L C  analyses of about 10 portions fo r each of

Table 3. Purity (%) of bulk substance prednisone 
determined by using HPLC 3

Vol.
Injected,

ml Concn

Manufacturer

1 2 3 4

1 0 4 mg/2 mL 1 0 1 .2 1 0 0 .6 1 0 0 .6 98.9
2 0 1 mg/50 mL 99.4 99.6 99.4 98.9
2 0 10 mg/50 mL 99.1 98.9 99.0 98.6

Av. 99.9 99.7 99.7 98.8

a USP prednisone used as external reference standard and 
calculated as if 1 0 0 % pure.
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Table 4. Retention times * relative to prednisone of impurities in bulk drug prednisone determined by using HPLC

Impurity USPb

Manufacturer

1 2 3 4

1 0.36(0.02) 0.37 (0.02) 0.38 (0.03) 0.37(0.03) 0.39 (0.03)
2 0.52 (T)c 0.54 (0.01) 0.53 (0.01) 0.53(0.01)
3 0.59 (T) 0.60 (0.01) 0.59 (0.04) 0.58 (0.04) 0.59 (0.04)
4 0.65 (T) 0.64 (T) 0.65 (T)
5 0.72(0.03) 0.74 (0.02) 0.75(0.3) 0.74(0.3) 0.73(0.3)
6 0.84(0.04) 0.86 (0.02) 0.85 (T) 0.85 (T)
7 0.93 (0.08) 0.92 (T) 0.93(T)
8 1.16 d (T) 1.22^ (0.2) 1.27 (T)
9 1.38 (T) 1.38 (T) 1.38 (0.05) 1.38 (T)

10 1.77(T) 1.77 (T) 1.77(0.05) 1.77(0.03) 1.78 (0.05)
11 CO a O b co 3.18e (0.08) 3.18e (0.06) 3.21 e (0.1)

(0.99) (0.48) (0.64) (0.47) (0.53)

a % in parentheses.
b Percent calculated using prednisone as reference standard. 
c T = trace, <0.01%. 
d May be prednisolone. 
e May be prednisolone acetate

these same samples for content u n ifo rm ity  shows 
an average C V  value w h ic h  was 0.5% h ig h e r fo r  
blue te trazo liu m  than fo r H P L C . Th is  positive  
bias is reasonable since the b lu e  te trazo liu m  re
action has been show n to be nonspecific , and  
m any o f the excipients used by U n ite d  States 
m anufacturers o f corticosteroid fo rm u lation s  
react w ith  b lu e  te trazo liu m  to g ive  falsely  h ig h  
results (3, 16). In  this study, the average v a ria 
tion  is small because most in te rfe rin g  substances 
had been rem oved  by ch lo ro fo rm  extraction  be
fore analysis.

Four samples o f 5, 10, 20, and 50 m g tablets  
w e re  extracted inco m p le te ly  by the U SP X X  
procedure. Three tablet sizes w ere made by the  
same fo rm u lato r. T h e  am oun t o f prednisone  
unextracted  ranged fro m  0.1% in  5 m g tablets to 
3% in  50 m g tablets. T h e  average C V  fo r a ll de
term inations, sum m arized in  Table 5, was 0.90% 
for the b lue tetrazo lium  Total Steroid Assay and
1.40% fo r the  proposed H P L C  procedure.

Tab le 6  reports the results o f U SP S ingle-S te
ro id  Assay in  dup licate  fo r 46 d iffe re n t fo rm u 
la tio n  dosage forms. A ll  samples w ere  w ith in  
U S P  lim its ; the d iffe ren ce  b etw een  duplicates  
after e lim in ation  o f 4 outliers showed an average 
va lue  o f 1.4%, w ith  a range fro m  0 to 4.45%.

T he  results rep orted  fo r p redn isone recovery  
and  those in  Table 6  w ere  obtained by a person  
w h o  had no p rio r experience w ith  the  USP S in 
g le-S tero id  Assay. A  total o f 39 USP prednisone  
recoveries by the  USP X X  S ingle-S tero id  Assay 
w ere  ru n  by this analyst before p erfo rm in g  the  
test determ inations.

T h in  layer chrom atogram s used in  the S in 

g le-Stero id  Assay showed 2 -5  extraneous bands. 
T h e  predn isone band was rem oved  fro m  one 
d eve loped  chrom atogram , extracted, and re 
streaked, and  the th in  layer chrom atogram  was 
developed  tw o  m ore tim es. In  each case, the  
same bands appeared w h e n  the chrom atogram  
was v ie w ed  u nd er shortw ave U V  lig h t, ind ica t
ing  that prednisone degradation occurred on the 
plate d u rin g  developm ent. N o  e ffo rt was made 
to id e n tify  the com ponents o f the extraneous  
bands. Prewashing the TLC  plates w ith  absolute 
m eth an o l or 1% citric acid in  m ethan o l reduced  
b ut d id  n o t e lim in ate  those extraneous bands.

Tab le 7 compares the H P L C  analysis o f p red 
n isone in  w h o le  tab let and com posite samples. 
T h e  average C V  for analysis of w h o le  tablets was 
2.10% , w ith  a range from  0.14 to 7.56%. C om 
parable  values fo r composites m ade fro m  the  
same samples had an average C V  o f 0.81% and a 
range from  0.19 to 4.16%. Table 7 also shows that 
the  average C V  fo r w h o le  tab let analysis is 
greater than that fo r the composite, w h ich  is due  
to tab let w e ig h t varia tio n  (C V  1.68%). The  
am o u n t o f declared d rug  was 1% h ig h e r for 
w h o le  tab let than fo r com posite analysis. This  
positive  bias, 53 o f 75 values greater fo r w h o le  
tab let analysis than  fo r com posite analysis, m ay  
be due to selective losses of prednisone on m ortar 
and pestle surfaces during  composite preparation  
(E la ine  Bunch, F D A , Seattle, W A , personal 
com m unication , 1981). Analyses o f w h o le  tab
lets or sam ple w e igh ts  equ iva len t to an average 
tab let w e ig h t of composite by the H P L C  m ethod  
gave com parable results.

O f  the  corticosteroid alcohols studied , p red-
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Table 5. Comparison of prednisone content of tablet 
composites determined by using blue tétrazolium (BT) 

assay and HPLC*

BT HPLC

% Declared CV % Declared CV

100.4* 0.74 99.16 0.59
100.7 0.73 100.9 3.2
97.6 1,95 97.8 0.61
94.9 0.95 94.1 0.88
96.6 0.63 96.3 1.97
97.6 0.83 99.1 2.49
98.5 1.07 104.1 1.74
95.8 0.75 94.8 0.84

100.9 0.77 100.7 2.12
92.3 1.21 90.8 0.52
94.6 1.43 97.2 3.39

101.9 0.55 101.6 1.39
98.7 1.61 98.3 1.52
98.2 0.61 95.6 0.61
95.6 0.90 98.5 2.62
93.9 0.67 91.7 0.66
96.9 0.93 95.5 1.2
90.6 0.72 89.8 2.39
98.4 0.91 97.4 0.80
97.9 0.84 95.8 0.37
98.0 0.58 96.3 0.73
98.0C 0.94 97.9 C 2.05
98.6 0.86 102.3 1.09

100.2 0.94 101.2 1.04
97.5 0.71 95.6 1.1
97.5* 0.71 95.6C 1.1
93.4 1.60 91.8 2.61

101.5 1.18 99.2 0.69
97.4 1.41 95.5 0.75

100.3 0.56 99.7 0.75
95.9 0.91 95.5 4.19
96.9* 0.69 95.5* 0.29

102.2 0.84 99.9 4.64
95.5 0.62 94.1 0.94
92.1 2.24 95.5 1.95

101.8 0.27 101.9 0.76
98.3 0.95 96.1 1.15
96.5 0.63 93.4 1.87
93.4 0.57 92.6 1.26

101.2 0.42 96.6 1.04
98.6 0.77 98.6 0.81
98.9 0.73 99.0 0.48
99.9 1.17 96.6 0.69

100.6 0.44 101.4 1.2
97.0 0.97 95.2 1.16
98.1 0.52 100.6 0.73
Av. 0.90 1.40

a Ten replicates unless otherwise noted. 
* Nine replicates. 
c Eight replicates.

Table 6 . Assay of prednisone samples by USP XX 
procedure (duplicate analyses)

Manuf.

Tablet
size,
mg % of Declared Av., %

i 20 100.2 102.3 101.2
2 5 102.0 102.6 102.3
3 5 99.3 101.6 100.4
4 5 95.4 95.6 95.5
5 20 95.4 94.5 95.0
6 5 97.3 99.4 98.4
6 20 100.0 99.7 99.8
6 10 95.7 95.7 95.7
6 5 94.3 97.9 95.1
7 5 95.6 98.9 97.2
8 5 96.9 97.0 97,0
9 5 97.1 95.7 95.4

10 5 105.9 99.2 102.6*
104.5 100.7 102.6

11 20 103.6 103.7 103.6
12 5 97.5 97.7 97.6
13 5* 97.6 99.6 93.6
14 5 102.5 100.0 101.3
14 2.5 96.1 95.4 95.7
15 2.5 90.7 100.7 95.7a
16 5 87.6 92.9 90.3 a
17 5 99.9 99.9 99.9
18 50 103.5 105.1 104.2
18 20 103.3 103.4 103.4
18 10 100.2 99.2 99.7
19 5 101.6 102.2 101.9
20 5* 99.5 96.7 93.1
21 20 104.4 101.6 103.0
21 1 96.3 97.8 92.0
22 5 96.8 95.5 96.1
23 5 103.8 104.9 104.4
23 1 96.6 101.0 93.8
24 5 102.5 106.3 104.4
25 2.5 98.0 100.3 99.2
25 1 99.1 98.8 99.0
26 20 103.7 102.9 103.3
26 5 96.3 94.8 95.6
27 20* 100.3 100.3 100.3
27 2.5 98.0 91.5 94.8*
28 50 101.1 103.7 102.4
28 20 101.2 100.7 101.0
28 10 99.3 98.8 99.1
28 5 99.8 100.3 100.0
28 2.5 203.0 99.7 100.8
29 5 95.7 94.6 95.1
30 20 101.7 102.2 102.0
30 5 98.7 95.4 97.0

* Emulsion problems during extraction.
* Outlier (greater than 4X average deviation from the 

mean) not included in results.

nisone elu ted  firs t fro m  reverse phase H P L C  A c e ta n ilid e  is stable in  the solu tion  used in  the  
colum ns. A n  in te rn a l standard should e lute  proposed m ethod  fo r at least 2 m onths. Fur- 
before prednisone to avoid potential interference therm ore , it  does not in te rfe re  w ith  kn o w n  de- 
fro m  o th er corticosteroids. O f  76 d iffe re n t com position  derivatives  of predn isone, re lated  
com pounds evaluated, o n ly  acetan ilide had an steroids, or excip ients contained in  predn isone  
R i  value sufficiently  less than prednisone to give tablet form ulations and obeys Beer's law  over the 
good resolution plus the other qualities necessary range suggested by the proposed procedure  
to be a suitable in te rn a l reference standard. (F ig ure  1). N o  degradation  products o f p red n i-
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Table 7. Comparison of prednisone content of whole tablet with composite determined by using HPLC

Tablet

Manuf.
Size,
mg

Wt variation 
CV

% of
Declared3

Analysis
CV

% of
Declared6 CV

1 20 1.37 102.8 2.49 102.9 0.68
1 20 6 1.76 98.2 1.27 98.0 0.50
2 5 1.81 101.8 0.79 99.8 0.87
2 5e 1.63 99.6 2.17 97.6 0.69
3 5 2.57 94.2 0.27 95.4 0.27
3 5e 2.49 98.1 2.61 96.0 0.41
4 5 0.36 95.9 2.04 93.2 1.68
4 5 = 1.82 97.0 0.99 95.1 1.17
5 5 1.71 98.1 1.59 97.6 0.65
5 20 1.43 96.2 1.41 93.6 0.66
5 20 c 1.29 102.6 3.45 95.0 0.60
6 5 2.10 93.9 1.22 94.3 1.22
6 10 1.34 96.3 1.05 94.6 0.41
6 10e 0.52 96.7 0.59 95.9 0.56
6 20 0.95 101.6 1.25 99.1 0.74
6 20e 1.10 99.0 1.23 95.3 1.09
7 5 0.82 94.8 1.05 93.7 1.02
7 5e 1.12 97.0 1.55 94.5 0.54
9 5 0.69 94.9 1.62 94.3 0.70

10 5 2.58 97.0 2,69 97.8 0.51
10 5e 3.32 97.7 4.03 97.5 0.67
11 20 2.44 107.7 1.45 106.2 1.12
12 5 2.00 98.8 2.07 98.0 0.88
12 5e 3.50 98.0 4.00 99.0 0.70
13 5 1.34 96.1 1.47 95.7 0.45
14 2.5 3.84 95.4 4.39 90.9 0.55
14 2.5e 3.86 95.8 3.52 94.0 0.42
14 5 2.09 97.6 2.58 98.0 1.32
14 5e 1.80 96.6 .355 97.9 0.31
15 2.5 3.59 96.2 5.97 90.8 0.72
16 5 0.94 97.9 1.33 97.2 1.60
16 5e 0.43 99.6 1.00 97.9 0.69
17 5 1.06 95.6 1.56 93.9 0.61
18 10 1.02 95.6 1.29 95.5 0.28
18 10 e 1.33 96.3 1.73 96.6 0.29
18 20 1.19 109.8 0.99 108.1 1.04
18 50 1.26 107.3 1.47 104.8 0.40
18 50 e 1.15 104.1 1.45 104.7 0.50
18 50e 1.08 105.2 0.65 103.7 0.82
19 5 1.58 97.3 2.01 97.1 0.31
20 5 2.28 96.9 2.65 96.8 0.59
20 5e 2.67 98.2 3.26 97.0 0.86
21 1 0.93 91.6 2.64 94.7 0.66
21 20 0.55 101.0 0.92 100.3 1.35
22 5 2.25 95.6 6.48 96.4 0.65
22 5e 2.18 95.2 7.56 94.3 2.81
22 5 e 2.18 98.4 6.77 94.3 0.84
23 1 3.44 97.9 2.53 96.7 1.21
23 I e 3.14 98.0 2.08 96.5 1.50
23 I e 1.97 97.4 2.94 97.4 0.25
23 5 2.29 100.3 1.19 100.5 0.80
24 5 1.60 101.9 1.54 98.8 1.13
25 1 1.88 94.1 2.C4 93.7 0.84
25 I e 0.51 96.7 2.64 94.8 0.19
25 2.5 0.73 96.5 1.63 97.0 0.82
25 2.5e 0.94 98.1 0.48 95.6 0.56
26 5 2.00 93.9 2.36 92.9 0.58
26 20 2.11 100.0 3.31 99.0 1.72
26 20 e 0.80 103.8 2.44 102.0 0.82
27 2.5 2.10 97.0 2.28 96.1 0.84
27 20 0.51 101.4 0.46 100.2 1.72
27 20 e 0.28 98.2 0.83 99.7 0.23
28 2.5 0.59 96.8 0.45 96.2 0.68
28 5 1.54 96.8 1.S7 96.7 0.35
28 10 0.42 96.6 0.88 97.8 0.35
28 10e 0.62 96.7 0.63 97.4 0.65
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Table 7. (cont’d)

Manuf.

Tablet

% of
Declared b CV

Size,
mg

Wt variation 
CV

% of
Declared3

Analysis
CV

28 20 0.52 91.8 0.75 92.0 0.56
28 2 0 0  e 0.72 102.4 0.54 100.4 0.62
28 50 0.78 99.8 0.14 99.0 0.34
29 5 4.80 96.4 3.71 96.0 4.16
29 5e 3.72 99.6 5.28 96.0 1.05
30 5 0.84 96.4 1.63 94.6 1.14
30 5e 1.68 97.0 2.10 01.9 0.23
30 5e 1.52 94.9 1.00 93.8 0.46
30 20 2.97 101.8 3.06 100.3 0.52

Av. 1.68 2.10 0.81

3 Average of 6.
b Sample size equivalent to average tablet weight.
c Duplicate or triplicate; see next higher results.

sone w ere  detected in  com m ercial tablets ana
ly ze d  by the H P L C  procedure.

The USP b lue tétrazo lium  assay o f prednisone  
gives acceptable results, but it  is tim e consum ing  
and requires a T LC  specialist to obta in  rep ro 
ducible results. T h e  lack o f specific ity  o f the  
blue  té trazo liu m  reaction u sually  results in  a 
positive bias. Degradation of prednisone on the  
T LC  plates d u rin g  chrom atogram  d eve lo p m en t 
leads to lo w  recoveries. D ecom position o f both  
standard and sam ple p redn isone on the  T LC  
plate must be u niform  to y ie ld  good results in  the 
U SP S ingle-S tero id  Assay. T he  am o u n t o f deg
radation o f prednisone can vary  from  one side of 
the p late to the o ther, w h ic h  m ay result in  v a ry 
ing positive or negative recoveries depending on 
w hether the standard or sample was decomposed 
more.

Mass spectrom etry of b u lk  d ru g  substance 
predn isone and T L C  on 20% su lfuric  acid in  
ethano l sprayed plates show ed no gross con
tam ination  o f b u lk  d rug  substance p redn isone  
by n o n -U V  absorbing isom eric substances, p re 
cursors, or interm ediates.

T he  proposed H P L C  assay is specific and  de
term ines o n ly  predn isone content. R elated  
steroids, precursors, in term ediates , and  degra
dation  products o f p rednisone are separated  
d u rin g  the  chrom atography.
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S pectro fluo rom etric  D e te rm in a tion  o f P in d o lo l and Its  Dosage Form

MOHAMED E. MOHAMED, MOSTAFA S. TAWAKKOL, and 
HASSAN Y. ABOUL-ENEIN* 1
K in g  S au d  U n iv ers ity , C o lleg e  o f  P h a r m a c y , D e p a r tm en t  o f  P h a rm a c eu t ic a l C h em is tr y , R iy a d h ,  
S a u d i A ra b ia

A new direct, simple, and sensitive spectrofluo
rometric method is described for the assay of pindolol 
and its tablets at room temperature, using ethanol 
(96% v/v) as solvent. The drug exhibits intrinsic 
fluorescence. Working wavelengths are 263 nm for 
excitation and 305 nm for emission. The calibration 
curve is linear in the range 1.0 X 10~7 to 1.5 X 10_6M 
pindolol.

P in d o lo l, l-(in d o l-4 -y lo xy)-3 -(isop ro p y lam in o )-
2 -p ro p an o l (CAS 13523-86-9), is a re la tive ly  po
ten t beta-b locker adrenergic  agent that is p re 
scribed for treatm ent of angina pectoris, arterial 
h yp erten s io n , and  cardiac a rrhythm ias. The  
in d o le  r in g  structure o f p in d o lo l suggests the  
possibility of intrinsic fluorescence activity. Few  
ana ly tica l procedures have been reported  for 
quantitative assay of p in do lo l in  biological fluids  
and pharm aceutical form ulations. Published  
procedures inc lu de  a nonaqueous titr im e tric  
m etho d  ( 1 ) using standard acetous p erchloric  
acid, gas chrom atographic techniques (2, 3), and  
an ind irec t fluo rom etric  assay (4) fo r p indo lo l in  
plasm a and u rine . T he la tte r au th o r d id  record  
the  p in d o lo l fluorescence d irec tly , but fou nd  
greater sens itiv ity  by using the d erivative . In  
the d irect fluo rom etric  procedure, a fluorophore  
is fo rm ed  as a result o f a condensation reaction  
b etw een  p in d o lo l and o rth o ph th a la ld eh yd e. 
T h e  flu o ro p h o re  is in tense ly  fluorescent, but it 
m ust be stab ilized  by the add itio n  o f ascorbic 
acid. T he  present paper describes a d irect and  
sim p le  flu o ro m etric  m etho d  fo r d ete rm in in g  
p in d o lo l.

Experimental

Apparatus and Reagents
(a) F l u o r e s c e n c e  s p e c t r o p h o t o m e t e r .—  P e rk in  

E lm er M o d e l M P F -44  B, equ ipped  w ith  an X -Y  
recorder M o d e l 056, was used fo r m easuring  
fluorescence in tensity  and fluorescence spectra. 
A  10 X  10 m m  q uartz  cell was used throu gh ou t 
the experim ents. T he  excitation  source was a 
xenon arc lam p.

(b) E t h a n o l .— 96% v /v  (R iedel-D e H aen, Seezle,

Received April 7,1982. Accepted June 14, 1982.
1 Address correspondence to this author.

H a n n o ve r, GFR). Use w ith o u t p retreatm ent. 

Preparation of Standard Curve
P in d o lo l s ta n d a rd  solutions. — A uthentic  p indo lo l 

p o w d e r was donated by Sandoz L td , Basle, 
S w itze rlan d . A ccurately  w e ig h  ca 20 m g au
th en tic  p in d o lo l and q u an tita tive ly  transfer to 
100 m L vo lu m etric  flask. Dissolve in  ethano l 
and d ilu te  to vo lum e.

To establish :he ca libration  curve, p repare by 
serial d ilu tio n  a series o f 6 standard solutions  
w hose concentrations range fro m  1.0 X 10- 7  to
1.5 X  10_ 6M .

Preparation of Samples
Accurately w eigh  20 p indo lo l tablets (Visken®, 

purchased from  local m arket) and  com pute av
erage w e ig h t p er tablet. P u lve rize  tablets, ac
curate ly  w e ig h  am ount o f pow dered  tablets 
eq u iva len t to 20  m g p in do lo l, and q uantitative ly  
transfer to 100 m L vo lu m etric  flask. A d d  ca 80 
m L  ethano l and shake the flask ca 15 m in . D i 
lu te  to vo lu m e w ith  e thano l, and  le t contents 
settle. W ith  rubber teat, p ip e t a liqu o t fro m  su
p ernatan t layer and, by serial d ilu tio n , prepare  
so lu tion  w ith  p in d o lo l concentration  ca 1.0 X
10- 6M .

Procedure
Set recorder to zero, excitation m onochrom ator 

to 263 n m , and  em ission m onochrom ator to 305 
nm . Using ethanol as b lank, record fluorescence 
in tensity  of each standard solution, starting w ith  
most d ilu te  solution. P lot peak heights (m ea
sured in  m illim ete rs ) against concentration .

U n d e r the same conditions, measure fluores
cence in tensity  o f p in d o lo l in  u n k n o w n  sample, 
and determ ine concentration from  linear part of 
calib ration  curve.

Results and Discussion 

Fluorescence Spectra
The excitation and emission spectra are shown  

in  F igure  1. The in trin s ic  fluorescence o f p in 
d o lo l exhib its its excitation  m axim um  at 263 nm  
and  em ission m ax im um  at 305 nm . A ll  values 
fo r fluorescence spectra are uncorrected for
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W a  v e ie n y tn

Figure 1. Fluorescence spectra of pindolol in ethanol: I, excitation spectrum; II, emission spectrum; III,
emission spectrum for ethanol.

em ission characteristics o f the response of the  
spectrofluorom eter.

P re lim in a ry  studies o f alcohol solutions of 
p in d o lo l show ed that the in n e r f ilte r  effect was 
practica lly  zero  u n d er the w o rk in g  conditions. 
A lth o u g h  the ethano l used as solvent was not 
spectral grade, there was n eg lig ib le  interference  
as show n in  F igure 1. H o w ever, interference of 
eth ano l was serious w h e n  the concentration  of 
p in d o lo l was less than 1.0 X  10~7M . To study  
the in terfe ren ce  o f excip ients in  tablets, the u l
trav io le t absorption spectrum and the excitation  
and  em ission spectra fo r the alcohol extract of 
p ow dered  tablets w ere  ru n . A ll  spectra w ere  
id en tica l to those o f au th en tic  p in d o lo l.

Calibration Curve and Precision

T h e  ca lib ration  curve shows a lin ear re la tio n 
sh ip  betw een  the fluorescence in tens ity  and  
p in d o lo l concentration  in  the range 1.0 X 
10- 7M .

To test the  precision of the  procedure 6 re p li
cate determ inations w ere made on a sample of 1.0 
X  10~6M  p indo lo l concentration over a period of 
1 w eek. T he  m ean fluorescence in ten s ity  peak  
was 104 m m  and the standard dev ia tion  was
1. 8 .

Recoveries and Spiking Experiment

T he  percent recoveries fo r the assay of au 
th en tic  p in d o lo l and its tablets are show n in

Table 1. Spectrofluorometric determination of pindolol

Amt taken, Amt authentic
Sample mg added, mg Ree., % 3

Authentic pindolol 
Pindolol tablets

20 b — 99.1 ±  1.2

(Visken) TO O o — 98.7 ± 0 .8
5 98.9  ±  1.0

3 Mean of 6 runs and standard deviation.
b 20  mg pindolol was accurately weighed and used to prepare standard solutions of 1.0 x  10-7  to 1.5 x  10_6M concentra

tion.
c An amount of powdered tablets containing 20 mg pindolol was accurately weighed and treated as described In text.
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Tab le 1. These results, in  add itio n  to those of 
sp ik ing  experim ents, dem onstrate good p rec i
sion and accuracy.

The spectrofluorom etric m ethod  presented in  
this w o rk  is d irect, s im ple, sensitive, and  rap id  
fo r the assay of p in d o lo l and its pharm aceutical 
form ulations.
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V E T E R I N A R Y  T O X IC O L O G Y

Diagnosis of Ethylene Glycol (Antifreeze) Intoxication in Dogs by 
Determination of Glycolic Acid in Serum and Urine with High 
Pressure Liquid Chromatography and Gas Chromatography-Mass 
Spectrometry

TRACY P. HEWLETT, ALLEN C. RAY,1 and JOHN C. REAGOR
T e x a s  V e t e r i n a r y  M e d i c a l  D i a g n o s t i c  L a b o r a t o r y , T e x a s  A & M  U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  

T X  7 7 8 4 3

A relatively fast and sensitive high pressure liquid 
chromatographic (HPLC) and gas chromatographic- 
mass spectrométrie (GC/MS) method was developed 
for determination of glycolic acid, one of the major 
metabolites of ethylene glycol, in extracts of canine 
urine and serum. The procedure involves extraction 
of glycolic acid with methyl ethyl ketone and deri- 
vatization with 0-p-nitrobenzyl-Af,Af'-diisopro- 
pylisourea (PNBDI) in ethyl acetate solution. Re
covery was greater than 94% from spiked samples. 
Ethylene glycol and commercial antifreeze were ad
ministered to experimental dogs at different dosage 
levels to reproduce the naturally occurring toxicosis 
associated with the consumption of commercial an
tifreeze. Glycolic acid was determined in either the 
urine or serum or both from these dogs by HPLC and 
GC/M S. 1,3-Butanediol, a competitive inhibitor of 
ethylene glycol biotransformation, was administered 
to one dog concurrently with antifreeze. In that ex
periment, it was effective in decreasing glycolic acid 
formation and prevented acute metabolic acidosis, 
kidney damage, and death.

E th y len e  g lycol (EG) in toxication  is a com m on  
p ro b lem  in  dogs because o f its p a la tab ility  and  
w id e  use in  com m ercial antifreeze preparations. 
Ing estio n  o f as litt le  as 4 -5  m L /k g  body w e ig h t  
can be fata l (1). C lin ic a l diagnosis is d ifficu lt;  
nonspecific  signs m ay inc lu d e  central nervous  
system depression, acidosis, v o m itin g , p o lyuria , 
ataxia, and renal failu re  (2 ,3 ). C urrent analytical 
m ethods using co lo rim etry  (4, 5), th in  layer 
chrom ato graphy (6 ), and  gas chrom atography  
(7 -9 )  to detect EG or its m etabolites in  u rin e  or 
serum  are fre q u e n tly  u n re liab le  because o f lo w  
recovery, lo w  sensitiv ity , ta ilin g  peaks, or in 
consistent results.

EG p er se is re la tive ly  innocuous; it  is the  
m etabo lic  in term ediates , p articu la rly  g lycolic  
acid, that cause the severe metabolic acidosis and  
other com plications associated w ith  EG toxicosis

1 Address correspondence to this author. 
Received May 27, 1982. Accepted July 21, 1982.

(10 ,1 1 ). Diagnosis o f antifreeze intoxication  by 
d etection  o f EG is u nre liab le  due to the rap id  
clearance of this com pound by u rinary  excretion  
and m etabolic degradation (1 0 ,1 2 ,1 3 ). G lycolic  
acid is the sole m etabo lite  that accum ulates in  
s u ffic ien t concentration  w ith  an adequate h a lf-  
l ife  fo r re liab le  chem ical detection  throu gh ou t 
the course of the intoxication  (11). The p rim ary  
purpose o f this investigation  was to develop  
specific, h ig h ly  sensitive, rep roducib le  H P L C  
and  G C /M S  m ethods fo r diagnosis o f EG in to x 
ication  by detecting  g lycolic acid in  u rin e  and  
serum  samples. C hem ical d e riva tiza tio n  of 
g lyco lic  acid was necessary to facilitate  these 
objectives.

A  p re lim in a ry  investigation  was designed to 
evaluate the effectiveness o f 1 ,3 -butanecio l, a 
com petitive in h ib ito r o f alcohol dehydrogenase
(14), in  the trea tm ent o f an tifreeze  in toxication  
by com paring serum glycolic acid concentrations 
in  a treated  vs a nontreated  intoxicated  dog.

M E T H O D

Reagents and Apparatus

(a) S o lv e n t s .— Reagent grade e th y l acetate, 
m e th y l acetate, and m e th y l e th y l ketone (M C B , 
N o rw o o d , O H ); H P L C  grade isooctane (Burdick  
& Jackson Laboratories, Inc., M uskegon, M I) .

(b) C h e m i c a l s .— O -p -N itr o b e n z y l-N J N '-d i-  
isopropylisourea (P N B D I) (Regis C hem ical Co., 
M o rto n  G rove, IL ); e th y lene  g lycol (F isher Sci
entific  Co., Fair Law n, NJ); commercial antifreeze  
(95% ethylene glycol, Prestone I I ,  U n io n  Carbide  
C orp ., D an b u ry , C T); g lyco lic  acid (Sigm a  
C h em ica l Co., St. Louis, M O ); 1 ,3-butaned iol 
(A ld rich  Chem ical Co., Inc., M ilw au kee , W I); and  
c h lo rp ro m a z in e  h y d ro c h lo rid e  (T h o ra z in e , 
S m ith  K lin e  Corp ., P h ilad e lp h ia , PA).

(c) H ig h  p r e s s u r e  liqu id  c h r o m a t o g r a p h .— M o d e l 
A L C /G P C  204 (W aters Associates, M ilfo rd , M A )  
eq u ipp ed  w ith  dual w ave len g th  absorbance d e
tector and dual pen recorder.
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(d ) G a s  c h r o m a t o g r a p h - m a s s  s p e c t r o m e t e r .—  
M o d e l 5992 B (H e w le tt-P a c k a rd , Palo  A lto , C A )  
e q u ip p ed  w ith  8  in . f lex ib le  d isk data system  
(m aster and  slave d riv e ). E lectron im pact io n 
iza tio n  w ith  e lectron  energy  o f 70 eV.

(e) C o l u m n s .— 4.6 m m  id  X  250 m m  Supelcosil 
L C -S i (5 p m  silica, Supelco, Inc ., B e lle fo n te , P A ) 
fo r  a ll H P L C  separations. Six ft  X  6  m m  od, 2 
m m  id  glass co lu m n  packed w ith  3% O V -1  on  
100 -120  m esh C hrom osorb W -H P  fo r a ll G C /M S  
separations.

( f )  D e riv a t iz a t io n  t u b e s .— 5 m L  acy la tion  tubes 
(Regis C h em ica l Co.).

(g ) S e r u m  a n d  u r in e  c h e m ic a l  a n a ly s is .— A u to 
m ated  serum  a n a ly ze r (S M A  1 2 /6 0 , Techn icon  
In s tru m e n t C orp ., T a rry to w n , N Y );  u rina lys is  
reagent strips (M u ltis tix , Am es Co., E lkh art, IN ) ;  
an d  re frac tom ete r (A m erican  O p tica l, B u ffa lo , 
N Y ).

Sample Acquisition

U rin e  and serum  samples for b lan k and spiked  
d ete rm in a tio n s  w ere  collected  fro m  n o rm a l, 
h e a lth y  dogs. Specim ens w e re  sp iked  w ith  
aqueous solu tions o f g lyco lic  acid.

Extraction

U r i n e .— D ilu te  20 m L  sam ple to 100 m L  w ith  
w a te r  and  f i lte r  th ro u g h  W h a tm an  N o . 4 paper 
in  Buchner fu n n e l. A d d  2 5 -3 0  g N aC l and adjust 
to p H  2 w ith  8 -1 0  drops o f concentrated  H C I.  
Extract acid solution  3 tim es w ith  equal volum es  
o f m e th y l e th y l ke to ne , poo l o rgan ic  fractions, 
and  evaporate just to dryness w ith  g en tle  a ir  
stream  an d  lit t le  o r no  heat in  fu m e  hood. D is 
solve residue in  3 m L  e th y l acetate and  transfer 
to 5 m L  v o lu m e  acy la tion  v ia l fo r d e r iv a tiz a 
tio n .

S e r u m .— P ip e t 2 m L  serum  in to  50 m L  c e n tri
fuge tube. D ilu te  each sam ple to 2 tim es its 
v o lu m e  w ith  w a te r and  add 1 g N a C l. A c id ify  
to p H  2 w ith  2 -3  drops o f 4 N  H C I an d  extract 
w ith  15 m L  m e th y l e th y l ketone. C e n tr ifu g e  
sample (2000 X  g for 10 m in ) and transfer organic  
phase to 15 X  150 m m  test tube. Evaporate  to 
dryness in  w a rm  w a te r bath , using  g en tle  a ir  
stream , and  dissolve residue in  3 m L  e th y l ace
tate. T ran s fe r so lu tio n  to 5 m L  v o lu m e  d e riv a 
tiza tio n  v ia l.

Deri va tiza tion

A d d  20 m g P N B D I to e th y l acetate so lu tion  
and seal acy la tion  v ia l w ith  T e f lo n - lin e d  cap. 
Incubate  v ia l 2 h in  8 0 °C  o ven . C o o l sam ple  
before chrom ato graph ic  analysis.

P repare standard  curve fro m  solu tio ns o f g ly 

colic acid in  e th y l acetate (5 and  0.5 m g /m L ).  
D ilu te  aliquots o f these standard  so lu tions to 3 
m L  w ith  e th y l acetate, and  d e riv a tize  as above.

Chromatography

Assay the sam ples b y  H P L C  u sin g  so lven t 
system o f 16% m e th y l acetate in  isooctane. O p 
e ra tin g  conditions: tem pera tu re  am b ien t; f lo w  
rate 3 m L /m in ;  chart speed 0.5 in . /m in ;  sensi
t iv ity  0 .01-0 .5  absorbance u n it  fu l l  scale (A U FS ); 
w avelength  m o n ito ring  254 and 280 nm ; solution  
vo lu m e  3.0 m L; in jection  vo lu m e  3 pL. M easure  
peak h eights  fo r q u a n tita tio n .

C o n firm  results w ith  G C /M S  i f  sam ple is 
pos itive  fo r g lyco lic  acid d e r iv a tiv e  a fte r H P L C  
analysis. Reduce v o lu m e  to 0 .5 -1 .0  m L  and  in 
ject 3 pL . Use selected ion  m o n ito rin g  program  
(S IM ) to scan fo r io n  masses o f 1 2 0 ,1 3 6 , and  211 
m /z  (m o lecu lar ion ). G C o p e ra tin g  conditions: 
in jec tion  port 250°C ; f lo w  rate 20 m L /m in  w ith  
zero  grade h e liu m  carrier gas; in it ia l o ven  te m 
p era tu re  180°C , p ro gram m ab le  at 1 0 ° /m in  to 
2 60°C ; and  so lvent d e lay  1.0 m in . D w e ll  tim es  
fo r  S IM  p ro gram  are 1000, 200, an d  1000 ms fo r  
ions 120 ,136 , and  211, respectively. Scan speed  
fo r scanning m ode is 380 a m u /s . Peak area m ay  
be measured by using a reconstruct and  integrate  
program .

A n im a l M o d e l

Six dogs o f bo th  sexes and  v a ry in g  w e ig h ts  
(5 -2 0  kg ) and  ages (V2- IO  years) w e re  used in  
these experim ents. T he  dogs w ere  adm inistered  
by stomach tube 6  o r 12 m L /k g  o f e ith e r reagent 
grade EG or com m ercial antifreeze. These doses 
w e re  m ixed  w ith  equal vo lum es o f w a te r  b efo re  
ad m in is tra tio n . Dogs w e re  res tra in ed  in  m e 
tabolism  cages w ith  feed and  w a te r  ad lib itu m .

P eriod ic  u rin e  and  b lo od  sam ples w e re  co l
lected. O ne-o f the  dogs (B) was trea ted  in tra v e 
n ously  w ith  6  m L /k g  o f 20% 1 ,3 -b u tan ed io l in
0.85% N a C l solution at tim e zero. This treatm ent 
was repeated every  4 -8  h fo r 48 h. T w o  dogs (A  
and  B) w e re  treated  w ith  c h lo rp ro m a z in e  (1 
m g /k g  iv ) just b efo re  e th y le n e  g ly c o l a d m in is 
tra tio n  to p re v e n t emesis. T h e  dogs w e re  ob 
served fo r c lin ic a l signs and  w e re  necropsied  
a fte r death  fo r observation  o f gross and  h isto- 
p atho log ica l lesions.

R esults

D e riv a tiza tio n  conditions fo r  the  fo rm atio n  o f 
p -n itro b e n zy lg ly c o la te  (P N B G , C9H 9O5 N, M W  
2 1 1 ) w ere  d e fin ed  th ro u g h  k in e tic  experim ents. 
Assays o f standard  g lyco lic  acid  so lu tions at 
various tim e  in te rv a ls  d u r in g  in c u b a tio n  estab-
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Table 1. Recovery of glycolic acid, as determined by 
HPLC

Sample
Amt glycolic 

acid, mg Replicates Recovery, %

W ater 0.5 5 9 8  ±  1.0
Urine 1.0 6 96  ± 2 .0
Serum 1.0 5 94  ± 2 .7

lished that 2 h at 80 °C  was suffic ien t fo r com plete  
reaction  w ith  P N B D I. T w e n ty  m g  P N B D I was  
necessary fo r  com ple te  reaction  w ith  up  to 6  m g  
g ly c o lic  acid.

T h e  H P L C  stan dard  curve  o f peak h e ig h ts  o f  
P N B G  vs m g g lyco lic  acid was lin e a r (r =  0.9975) 
th ro u g h  the o p era tio n a l range o f 0 .0 1 - 6 .0  m g. 
R e te n tio n  tim e  in  th e  H P L C  so lven t system  was 
14 m in  and the ratio  o f peak heights (254 n m /2 8 0  
n m ) was 2.4. A p p rox im ate ly  1 -2  ng  glycolic acid 
cou ld  be detected  as P N B G  at m a x im u m  sensi
tiv ity . R etention  tim e in  the G C /M S  system was
3.5 m in  w ith  som ew hat less sensitivity (i.e., 10 -12
ng).

I t  was necessary to extract g lyco lic  acid fro m

aqueous so lu tio n  (w a te r, u rin e , serum ) in to  o r
g an ic  so lv e n t fo r  the  d er iv a tiza tio n  reaction . 
G lycolic  acid partition ed  com pletely  in to  m ethy l 
e th y l k e to n e  b e lo w  p H  2, i f  the  d ilu te d  aqueous  
s o lu tio n  was saturated  w ith  N a C l. P a rtit io n  
coefficients w ere  unfavorab le  using e th y l acetate, 
e th e r, and  ch lo ro fo rm .

S p ik in g  and  recovery experim ents w ith  w ater, 
u rin e , and  serum  w e re  used to o p tim iz e  the  ex
trac tio n  techn iques (Tab le  1). D ilu t io n  and  f i l 
tra t io n  o f u r in e  sam ples and  d ilu tio n  o f serum  
sam ples w e re  necessary to o b ta in  m a x im u m  re 
covery  o f g lyco lic  acid.

O f  the  6  dogs (A -F )  dosed w ith  reag en t grade  
EG o r com m erc ia l a n tifre e ze  (Tab le  2), th ree  
(A ,C ,E ) d ie d  acute ly  w ith in  48 h , b ecom ing  de
pressed and  ataxic w ith in  a fe w  hours o f dosing. 
T hese an im als  e x h ib ite d  p o ly u r ia , v o m itin g , 
d e h y d ra tio n , dyspnea, com a, and  death . D o g  F 
d is p la ye d  e a rly  cen tra l nervous system  and  
p u lm o n a ry  signs b u t im p ro v e d  considerab ly  
u n t il  the  th ird  day  w h e n  death  ensued fro m  
te rm in a l u rem ia . T h e  k id n e y  tubules fro m  this  
dog c o n ta in ed  the  typ ica l b iré fr in g e n t calcium

Table 2. Dosage levels, survival time, and serum analyses from experimentally poisoned dogs

Dog
Dose
(oral)

Survival 
tim e, h

Time (h) 
afer

EG dosage

Inorganic 
phosphorus, 
m g /1 0 0  mL

BUN,
m g /1 0 0  mL

Creatinine, 
m g /1 0 0  mL

Normal
range — — — 3 .5 -5 .5 5 -2 5 0 ,8 -1 .5
A 12 m L /k g  of 16 1 5.0 14 1.1

antifreeze 16 11.3 46 2.7
B 12 m L /k g  of > 1 6 8 1 6.4 4 0.9

antifreeze + 24 4.1 6 0.9
1,3-butanediol 48 4.0 15 1.1

96 4.5 17 1.1
C 6 m L /k g  of 48 6 5.7 12 0.9

antifreeze 12 6.0 14 1.0
18 6.2 42 1.8
24 7.2 55 2.4
30 7.3 58 2.8
36 8.1 83 4.2
42 9.2 107 4.9
48 10.5 136 6.1

D 12 m L /k g  of > 1 6 8 6 5.5 21 1.1
antifreeze 12 5.9 32 1.4

18 6.0 23 1.4
24 7.3 42 2.5
30 7.1 61 2.6
36 7.0 80 3.2
42 8.0 88 3.6
48 8.2 95 4.5
54 8.2 103 4.8
60 8.2 112 5.5
72 10.0 124 6.8
96 9.5 139 8.0

E 6 m L /k g  of EG 30 14 5.2 25 1.5
30 8.7 60 3.2

F 12 m L /k g  of EG 72 14 3.8 11 1.0
30 9.1 48 4 .4
72 12.5 160 13.0
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Figure 2. Typical GC/M S total ion program chromatograms for analysis of glycolic acid as PNBG:
(A) 1 mg standard glycolic acid, 3 mL volume, 3 fih  injection; (B) extract of serum, case 1, 0.8 m l volume, 1 pL 

injection.

oxalate crystals associated w ith  EG in toxication
(1). D og  D  d isp layed early  signs o f poisoning  
b ut surv ived , possibly as a result of vo m itio n  
soon a fte r dosage. D og B (1 ,3 -bu taned io l treat
m en t) b r ie fly  d isp layed  m ild  signs of ataxia and  
was subsequently norm al.

Serum  analyses of dogs A , C, D , E, and F in d i
cated ren al dysfunction  as evidenced by in 
creasing concentrations of inorganic phosphorus, 
B U N , and  crea tin ine  th rou g h ou t the course of 
the  po ison ing  syndrom e w h ile  values fo r dog B 
w e re  norm al (Table  2). Renal dam age was p ro 
nounced by 18-24 h in  the affected dogs. Results 
o f urinalyses w ere characterized by low  specific 
g ra v ity  (1 .003 -1 .010) and occasional hem aturia , 
p ro te in u ria , and glycosuria.

T yp ica l H P L C  chrom atogram s o f standard  
g lyco lic  acid assayed as P N B G  and extracts o f 
b lan k  serum and serum from  a poisoned dog are 
show n  in  F igure 1. C hro m atog raph ic  in te rfe r
ences in  the reg ion  o f interest in  no instance  
prevented  detection and m easurem ent o f PNBG. 
Blanks w e re  ru n  fo r u rin e  and serum  samples at 
h ig h e r sens itiv ity  and no peaks w ere  observed  
w ith  the same retention tim e or peak height ratio 
as the d erivative .

G C /M S  total ion chrom atograms o f a standard  
solution of PNB G  and of an extract of serum from  
an affected an im al are show n in  F igure 2. The  
u pp er chrom atogram  represents ion m on ito ring  
o f the m o lecu lar ion  o f PN B G , 211 m /z .  The  
mass spectrum  values o f PN B G  are show n in  
Tab le  3. T o ta l ion  chrom atogram s o f these 
serum  and  u rin e  extracts have num erous peaks,

some o f w h ic h  co-chrom atograph w ith  PNBG.
T he  S IM  program  was m ore sensitive in  ro u 

t in e ly  an a lyz in g  samples (ions m o n ito red  w ere  
2 1 1 ,1 3 6 ,1 2 0  m /z ) . Th is  program  p ro vid ed  u n 
am biguous con firm ation  as the chrom atogram s  
dem onstrate  in  F igure  3. The separate m o n i
toring of the 211  ion indicated its presence in  the  
PN B G  standard solution and in  extracts o f serum  
and urine  from  poisoned dogs but not in  control 
serum  and urine .

Results in  u rine  assays fo r g lyco lic  acid are 
show n in  F igure 4. Dog D  received the larger 
dose, but some e th y len e  g lycol was lost due to

Table 3. Mass spectrum of PNBG

Mass, m /z Abundance,%

42 7
50 7
51 12
52 5
62 5
63 12
64 5
76 5
77 9
78 30
79 5
89 35
90 19

106 26
107 7
120 5
136 100
137 15
152 5
153 14
211 7
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Figure 3. Typical GC/M S selected ion program chromatograms for analysis of glycolic acid as PNBG:
(A) control serum, 1.0 mL volume, 3 ¿tL injection; (B) 1 mg standard glycolic acid, 3 mL volume, 3 /iL injection; 

(C) dog B serum extract 3 h after EG administration, 1.0 mL volume, 3 pL injection; (D) extract of serum, case 1, 
0.8 mL volume, 1 pL injection.

v o m itio n . U r in e  excretion o f g lyco lic  acid was 
copious u n t il 3 0 -4 0  h a fte r ingestion  o f a n ti
freeze. T h e  increased excretion  rate a fte r 18 h 
m ay be re lated  to ren al dysfunction.

F igure  5 shows serum  g lyco lic  acid concen
trations in  treated  dogs vs tim e  a fter antifreeze  
ingestion. Serum  concentrations w ere low er for 
dog D  (vo m itio n  loss) than fo r  dogs A  and C, as 
expected. D og B received the 1 ,3 -butaned io l 
treatm ent, and serum  g lyco lic  acid concentra
tions rem ained  m uch lo w e r than  in  the o th er  
dogs. G lycolic  acid can be detected as early  as 3 
h or as late as 60 h after ethylene glycol ingestion. 
N o  analytica l data are in c lu d ed  fo r dogs E and  F 
because these anim als w ere part of an in itia l p ilo t 
study.

Several te rm in a l cases of suspected antifreeze  
poison ing  w ere  subm itted  to this laboratory. 
These dogs w ere  show ing  the in it ia l sym ptom s  
o f EG in to x ica tion , and the  results o f serum  and  
u rin e  analyses are show n in  Tab le 4. C orrobo
ra tio n  by h is top ath o logy show ing  calcium  oxa
late crystals in  k id n e y  tubules was m ade in  4 of 
the  5 incidents. O ne case was app aren tly  too 
acute fo r crystal deposition  to occur.

D iscussion

This m ethod  is specific fo r g lyco lic  acid and  
has good sensitiv ity  and recovery. In  ad d itio n  
to h av in g  enhanced U V  absorbance fo r H P L C  
detection, the g lyco lic  acid d eriva tive , P N B G , is 
m ore chem ica lly  suitable (i.e ., g reater co lum n  
a ff in ity , stable m o lecu lar io n ) fo r G C /M S  an a l
ysis than  the p arent com pound.

These data suggest that m ax im um  serum  g ly 
colic acid concentrations o f app ro x im ate ly  30 
m g / 100 m L and greater m ay be fatal, w h ile  dogs 
w ith  lo w e r m ax im um  serum  concentration  
m ig h t survive.

G lycolic  acid was detectable in  sera (th e  p re 
ferred  sam ple) o f poisoned dogs w ith in  hours  
and these concentrations rem ained  e levated  fo r  
days, thus establishing this protocol as a v iab le  
means for diagnosing antifreeze poisoning in  the 
early  stages and im p ro v in g  the  p o ten tia l fo r  
therapy.

G C /M S  was used o n ly  fo r rap id  co n firm atio n  
fo r the presence o f P N B G  and  q u an tita tio n  was 
not done ro u tin e ly . S IM  can be used fo r q uan 
tita tin g  g lyco lic  acid in  lieu  o f H P L C  i f  de
sired.

T he  advantage o f the S IM  m ode fo r m o n ito r
in g  ion  211  m /z  over sing le ion  detection  in  the  
scanning m ode is increased sensitiv ity . T he  
peaks at and around the re ten tion  tim e o f P N B G  
are apparently decomposition products o f P N B D I 
or side reaction products o f this com pound w ith  
n orm al constituents fro m  serum  or u rin e , and

Table 4. Glycolic acid concentrations (mg/100 mL body 
fluid) in antifreeze toxicity cases, quantitated by HPLC

Case Sample Glycolic acid

1 urine 16
serum 46

2 serum 20
3 urine 15
4 urine 8
5 urine 1.4
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Figure 5. Glycolic acid concentrations in serum as determined by HPLC analysis for dogs dosed with ethylene
glycol:

dog A dosed with 12 mL/kg of antifreeze; dog B dosed with 12 mL/kg of antifreeze +  1,3-butanediol treatment; 
dog C dosed with 6 mL/kg of antifreeze; dog D dosed with 12 mL/kg of antifreeze.

have mass spectra similar to PNBG (except for ion 
211 m/z). Hence ion 211 m/z is the most useful 
for confirming the presence of PNBG; the other 
ions, 120 and 136 m/z, are rather arbitrary 
choices and their presence does not provide 
confirmatory evidence for the presence of PNBG. 
As a result, the ratio of peak abundances 120/ 
136/211 varies w ith the composition of the ex
tract; however, no questionable 2 1 1  m /z peak 
was ever observed in blanks, and detection of 
this molecular ion peak at the proper retention 
times provides unambiguous confirmation for 
the presence of PNBG.

1,3-Butanediol was effective in reducing eth
ylene glycol biotransformation to glycolic acid 
in the preliminary trial involving one dog. This 
animal showed no signs of renal damage as evi
denced by serum analysis throughout the course 
of the experiment. These promising results in 
dicate that the fu ll therapeutic potential of this 
compound should be investigated.
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DRUGS IN FEEDS

High Pressure Liquid Chromatographic Determination of Monensin 
in Feed Premixes

T H O M A S  D . M A C Y  a n d  A N D R E W  L O H
L i l l i /  R e s e a r c h  L a b o r a t o r i e s ,  D i v i s i o n  o f  E l i  L i l l y  a n d  C o . ,  A g r i c u l t u r a l  A n a l y t i c a l  C h e m i s t r y ,  

G r e e n f i e l d ,  I N  4 6 1 4 0

A high pressure liquid chromatographic (HPLC) 
method has been developed to determine monensin 
in feed premixes. The method is simple and rapid. 
Monensin is extracted with methanol-water and 
determined in the extracting solution by HPLC. 
Average recovery for monensin from a 13.2% premix 
sample was 103% (coefficient of variation (CV), 2.6%) 
by HPLC and compares with the value of 100% (CV, 
3.4%) obtained by the turbidim etric bioassay 
method.

M o n en s in , w h ic h  is produced by the organism  
S t r e p t o m y c e s  c in n a m o n e n s is , is used to control 
coccidiosis in  p ou ltry  ( 1 ) and to prom ote g row th  
in  cattle (2). M on en s in  (C36H62 0 n - H 20 )  has a 
m olecu lar w e ig h t o f 6 8 8  and exhib its no U V -v is  
absorption. T he  com pound can be d eterm ined  
in  feed prem ixes by using a cy lin d er p late  
m ethod  (3), a tu rb id im e tric  m ethod  (4), or a col
o rim etric  m ethod  (5). N o n e  o f these m ethods  
separates m onensin  fro m  other m in o r factors. 
This  could lead to inaccurate assay values, de
p en d ing  on the com position o f the sample. The  
b io -autograph ic m ethod  (6 , 7) does separate 
m onensin  from  o th er m in o r factors but that 
procedure is tim e consum ing and is not q u an ti
tative.

The object o f this study was to develop a faster, 
m ore specific assay that is both accurate and  
precise. Because m onensin  is n o n vo la tile  and  
does not exh ib it U V -v is  absorption, a h igh  
pressure liq u id  chrom atographic (H P L C ) system 
was used as a basis o f the assay. The re fractive  
ind ex  detector responds to m any organic com 
pounds but lacks specificity and sensitiv ity . 
H o w ev e r, w h e n  this detector is coupled w ith  
H P L C  separation, m onensin can be successfully 
d eterm ined  in  prem ixes.

E xp erim en ta l

Reagents and Apparatus
(a) S o l v e n t s .— R eagent grade m eth an o l;  

glass-distilled  w ater.
(b) M o n e n s in  r e f e r e n c e  s t a n d a r d .— O bta ined

Received March 25, 1982. Accepted June 2,1982.

from  L illy  Research Laboratories, Ind ianap o lis ,
IN .

(c) H ig h  p r e s s u r e  liquid  c h r o m a t o g r a p h .— Waters  
M o d e l 6000A  pum p; W aters M o d e l R401 or D u 
Pont re fractive  index detector; reverse phase 
D u P o n t Zorbax C -8  co lum n, 4 m m  id  X  30 cm; 
M icrom eretics M o d e l 725 autoin jector; F isher 
Recordall Series 5000.

(d ) S t a n d a r d  s o lu t io n s .— W eigh  200 m g m o n 
ensin reference standard in to  20 m L vo lu m etric  
flask. D issolve m onensin  in  m ethano l, and  d i
lute to volum e w ith  m ethanol. Use this solution  
to prepare 2.0 m g /m L  standard so lu tion  in  
m e th a n o l-w a te r (90 +  10, v /v ) .

Sample Preparation
W e ig h  5 g prem ix  sam ple in to  100 m L v o lu 

m etric  flask. A d d  75 m L m e th a n o l-w a te r (90 +
IO, v /v )  and extract m onensin by le tting  m ixture  
stand 16 h (overn igh t). P eriod ica lly  s w irl flask  
to ensure complete extraction. D ilu te  to volum e  
w ith  m e th a n o l-w a te r. D ilu te  an a liquot o f this  
solu tion  w ith  m e th a n o l-w a te r to concentration  
of about 2.0 m g /m L  before in jection  in tc  H P L C  
system.

Chromatography
Q uantita te  p rem ix  sam ple solutions by com 

p aring  detector responses vs 2.0 m g /m L  m o n 
ensin reference standard solution. O pera tin g  
conditions: tem p e ra tu re , am b ien t; m o b ile
phase, m e th a n o l-w a te r (90 +  10, v /v ) ;  in jection  
vo lu m e, 40 p L ;  re ten tion  vo lu m e o f m onensin , 
12-14  m L. Com pare peak heights or areas of 
samples and standards fo r q uantitation .

R esults and D iscussion

P rem ix  samples can be read ily  assayed fo r  
m o nensin  s im p ly  by extracting  the sam ple w ith  
m e th a n o l-w a te r (90 +  10, v /v ) ,  m ak in g  appro
priate d ilutions, and injecting the sample into  the 
H P L C  system. S im ila r extractions w e re  p er
form ed on the in e rt p rem ix  com ponent; no po
te n tia lly  in te rfe r in g  peaks w ere  observed. 
Typ ica l chrom atogram s fo r standards and sam
ples are show n in  F igure  1. T he  H P L C  system
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(a) (b) (c)

Figure 1. Typical chromatograms for monensin 
standards and samples: (a) peak response equivalent 
to 80 jig monensin standard injected onto the column;
(b) control premix sample; (c) premix sample con

taining 13.2% monensin.

Table 1. Assay reproducibility for 13.2% monensin 
premix sample

Sample

Monensin, %

Day 1 Day 2 Day 3 Day 4

1 13.4 13.7 13.0 13.9
2 13.7 13.9 13.2 13.4
3 13.7 13.9 13.0 13.9
Av. 13.6 13.8 13.1 13.7
SD 0.17 0.12 0.13 0.29
CV, % 1.3 0.8 0.9 2.1

Overall av. 13.6 ±  0.35% (CV = 2.6%)

was linear over the range of 40-160 fx g  m onensin  
in jected onto the co lum n. N o rm a lly , 40 /x L  o f 
sample and stancard solutions at a concentration  
o f 2 m g /m L  are injected. In te rfe ren ce  studies 
w ere conducted by d ete rm in in g  the response of 
o th er coccidiostats u n d er the H P L C  conditions  
set fo r m onensin . The com pounds narasin , 
lasalocid, sa linom ycin , and  a rp rin oc id  had d if 
fe ren t re ten tion  tim es u n d er the H P L C  cond i
tions used fo r m onensin.

A  representative 13.2% prem ix  sam ple was 
assayed in  trip licate  fo r m onensin on 4 d iffe re n t  
days over a p eriod  o f 2 w eeks. T he  data show n  
in  Table 1 ind icate good day-to -day reproduc
ib il ity  w ith  an overa ll average fo r 12  samples o f
13.6 ±  0.35% (coefficient o f variation  (C V ), 2.6%). 
T h e  same sam ple was assayed in  quadrup licate  
by tu rb id im e try  and gave an average o f 13.2 ±  
0.44% (C V , 3.4%).

Several p rem ix  samples con ta in ing  d iffe re n t  
concentrations c f  m onensin  w ere  assayed by  
H P L C  and by the ro u tin e ly  used tu rb id im e tric  
m ethod  (4) using an Autoturb® system (Table 2). 
T he A u to tu rb  system (8 ) autom ates p ip e ttin g  of 
samples, d ilu tio n  w ith  inoculated  b ro th , and  
m easurem ent o f tu rb id ity . These samples w ere  
assayed by one laboratory using tu rb id im e try , 
and by ano ther laboratory using H P L C  w ith  no  
special precautions taken. Some d ifferences  
betw een  2  m ethcds w ere  observed as sho w n  in  
Table 2. T he  H P L C  m ethod  assays o n ly  the  
m o nensin  w hereas the m icrob io logica l (tu rb i
d im etric ) m ethod  assays fo r the total b io log ical 
ac tiv ity , in c lu d in g  m in o r factors w h ic h  have  
a c tiv ity  against the test organism . Sm all v a ria 
tions in  the m in o r factor content m ay cause the

Table 2. Comparative results for HPLC and turbidimetric assay (%) of monensin premix samples

Sample

HPLC Turbid.

na

Replicates
or

range Mean n

Replicates
or

range Mean

1 2 14.3, 14.5 14.4 2 12.6, 13.7 13.2
2 2 12.3, 13.0 12.7 2 12.6, 13.2 12.9
3 2 13.0, 13.4 13.2 4 12.8-15.2 14.2
4 2 14.5, 14.5 14.5 3 11.2-12.4 11.9
5 2 13.6, 14.4 14.0 3 11.5-12.9 12.0
6 2 8.8, 8.8 8.8 4 8.6- 9.3 9.1
7 2 9.5, 9.7 9.6 3 8.8-10.1 9.2
8 2 9.7, 10.1 9.9 3 9.0-10.6 9.7
9 2 10.1, 10.4 10.3 3 8.6- 9.9 9.4

10 2 12.8, 13.4 13.1 4 12.6-13.9 13.6
11 2 10.4, 10.4 10.4 5 9.9-11.2 10.5
12 2 10.6, 10.8 10.7 3 9.9-10.6 10.4
13 4 16.9-17.8 17.5 2 18.3, 18.6 18.5
14 2 20.0, 20.3 20.2 2 19.9,20.1 20.0

n =  number of assays conducted on sample.
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2 methods to y ie ld  s ligh tly  d iffe rent results. The  
prem ix  samples show n in  Tab le 2 are experi
m ental samples made at d iffe rent concentrations 
w ith  d iffe re n t m atrices. C om parative  data in 
dicate good agreem ent betw een  the 2 m ethods  
w ith  a correlation coefficient o f 0.95, using linear 
regression analysis.

The H P L C  m ethod is sim ple, does not require  
a g row th  period com m on to b io logical m ethods, 
and results in  greater specificity by separating  
m onensin  from  its m in o r factors.
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Rapid Gas-Liquid Chromatographic Method for Determination of 
Sulfathiazole in Swine Feed

R O B E R T  K . M U N N S * 1 a n d  JO S E  E. R O Y B A L
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  5 0 0  U .S .  C u s t o m h o u s e ,  D e n v e r ,  C O  8 0 2 0 2

A gas-liquid chrom atographic (GLC) method for 
determining residues of sulfathiazole (STZ) in swine 
feed has been developed. Feed is extracted first with 
acetone and then w ith am m onia-acetone. STZ is 
isolated from other feed extractives on a Sephadex 
LH -20 column with m ethanol-toluene. The sulfa 
residues are methylated with diazomethane, and the 
eluate is evaporated to dryness. A solution con
taining an internal standard of methyl sulfasymazine 
is used to dilute the sample before injection onto an 
O V -25 GLC colum n. The precision of the method  
was determined by assaying 10 sets of feed spiked at
0.5, 1, 2, and 5 ppm STZ. The mean recoveries and 
coefficients of variation were 90.2 (5.90), 89.5 (4.67),
87.4 (5.62), and 87.7% (4.29), respectively. The critical 
steps of the m ethod, including the stability of STZ, 
were also determined.

Various co lo rim etric  (1, 2), h ig h  pressure liq u id  
chrom atographic (3, 4), and gas-liqu id  chrom a
tographic (G L C ) (5, 6 ) m ethods to detect and  
quantitate sulfonam ide residues in  anim al tissues 
lacked specificity and sensitivity, and w ere  tim e  
consum ing. W e reported  earlie r (7) a G LC  
m ethod  tha t uses a rap id  Sephadex L H -2 0  col
u m n  cleanup step fo r d e te rm in in g  su lfam etha
z ine  (S M Z ), w h ich  is the most w id e ly  used sulfa 
drug, in  sw ine feed. T he next most w id e ly  used 
sulfa d rug  is su lfa th iazo le  (STZ). T h is  paper 
reports the adaptation  o f the  S M Z  procedure to 
d eterm in e  STZ.

M E T H O D

Reagents

See ref. 7, Reagents a -c , e -h  plus
S t a n d a r d s .— S TZ reference standards (USP). 

S t o c k  so lu tio n . — 100 p g /m L  m ethanol. W o r k in g  

s o lu t io n .— 1.0 ju g /m L  m ethanol.

Apparatus

See ref. 7.

Preparation and Evaluation of Sephadex 
Column

See ref. 7, paragraphs 1 and 2 u n d er this  
heading.

Received March 11, 1982. Accepted June 22, 1982.
1 Associate Referee on Sulfa Drug Residues.

Plot vo lum e of eluate vs concentration of each 
fraction. I f  STZ first appears in  fifth  fraction, use 
40 m L fo rerun  vo lum e. I f  S TZ  is in  sixth  frac
tio n , but is less rhan 5% o f total, use 50 m L fore
ru n . M o re  than  95% o f S TZ  should be collected  
before fou rteen th  fraction . I f  am ount o f S T Z  is 
found  in  fractions outside these lim its , adjust 
ra tio  o f m ethano l in  e lu tin g  solvent to achieve  
p roper e lu tio n  p ro file . A d d itio n a l m ethano l 
w i l l  decrease re te n tio n  vo lu m e  o f s u lfo n 
amides.

Regenerate colum n o n ly  i f  background of 
chrom atogram  appears to increase. To regen
erate Sephadex colum n, pass four 15 m L portions 
of m ethano l th rough  co lum n fo llo w e d  by fou r  
15 m L portions of m ethanol-to luene (3 +  7). Let 
each portio n  en ter bed before add ing  next. Let 
equ ilib rate  at least 1 h before use.

Extraction

W eig h  50.0 g w e ll m ixed feed p rev iously  
gro und  to pass 2 m m  screen in to  250 m L c en tri
fuge bottle. A d d  100 m L acetone and vigorously  
shake 10 m in  on m echanical shaker. C entrifuge  
at 20 0 0  rpm  for 10 m in  or u n til supernate is clear. 
D ecant in to  250 m L graduated c y lin d er w ith  
stopper. A d d  100 m L 2% N H 4O H -ac e to n e  and  
vigorously  shake 1 m in . C en trifu g e  as before  
and com bine extracts. D ilu te  to 200 m L  w ith  
acetone and m ix. Ignore  any cloudiness o f ex
tract solution. S topper and  store in  re fr ig e r
ator.

Cleanup

P ipet 8.0 m L  clear supernate in to  15 m L  cen
trifug e  tube. Evaporate ju st  to ca 0.5 m L  at 40 °C  
w ith  n itrogen . A d d  2 m L  m e th a n o l-to lu e n e  (3 
+  7) e lu tin g  solvent. C aution: D iscon tinue
evaporation before first indication of dryness; do 
not a llo w  sam ple to stand in  e lu tin g  solvent. 
Proceed to Sephadex co lum n as soon as pos
sible.

D ra in  solvent in  co lum n to leve l o f Sephadex 
bed and place 50 m L  graduated c y lin d er u nder  
colum n. Transfer residue to colum n w ith  five  
2 m L portions of m ethan o l-to luen e  (3 +  7). Let 
each add itio n  en ter bed before add ing  next 
p o rtio n , using care not to d isturb  co lum n bed.
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Figure 1. Elution profile of SMZ (O) and STZ (V ) 
from Sephadex column with 25% m ethanol-toluene.

A d d  solvent to m ain ta in  1 -2 0  cm liq u id  above  
bed. Collect first 40 m L forerun eluate or m odify  
as necessary (see P re p a ra t io n  a n d  E v a lu a tio n  o f  

S e p h a d e x  C o lu m n ) .  W ash tip  of colum n w ith  
solvent and discard wash. C o llect next 90 m L  
eluate in  100 m L pear-shaped flask. W ash tip  
w ith  solvent.

Dériva tiza tion

A d d  0.5 m L d iazom ethane to eluate, m ix , and  
stopper. Let stand 10 m in  and ca re fu lly  ro tary - 
evaporate at 6 0 -7 0 °C  to dryness. Cool flask and  
add 5.0 m L d ilu tin g  solvent w ith  in te rn a l stan
dard  (Istd). S topper and m ix.

P ipet 2.0 m L w o rk in g  S TZ  standard in to  100 
m L pear-shaped flask. A d d  70 m L  m e th a n o l-  
to luene (3 +  7), d eriva tize  as above, evaporate, 
and d ilu te  to 10 m L w ith  d ilu tin g  solvent w ith  
Istd. In ject 3 p L  in to  gas chrom atograph and  
m easure peak heights (P H ).

Bracket samples w ith  standard S TZ  injec
tions.

ppm  S TZ =  [P H  S TZ  (s a m p le )/P H  S TZ  (std)] 
X  [P H  Istd (s td )/P H  Istd  (sam ple)] X  concn STZ  
std (p g /m L , f in a l co lu m n) X  (5.0 m L /8 .0  m L) X 
(200 m L /5 0 .0  g)

Thin Layer Chromatographic ( TLC) 
Identification of STZ

See ref. 7, b u t use 8.0 m L  sam ple extract.

R e su lts  an d  D iscu ssio n

The fortification of feed samples w ith  STZ was 
carried  out in  the same m an ner as described in  
the m ethod  fo r S M Z  (7). A  stock standard feed  
m ixture  contain ing  1000 ppm  STZ was prepared  
and then assayed by using a colorim etric m ethod
(2). T he  results o f 10 assays (970 .1 ,9 7 1 .9 ,9 6 5 .4 , 
960.6, 955.9, 972.5, 965 .4 ,967 .7 ,969 .6 , 970.1 ppm , 
m ean 966.92, standard deviation  5.27, coefficient 
of va ria tio n  (C V ) 0.545% ) show  that the m ix tu re  
was u n ifo rm . As was described for S M Z  (7), the  
stock standard was d ilu ted  w ith  ground feed and  
50 g portions w ere  spiked w ith  S TZ  at the 0 .5 ,1 , 
2, and 5 ppm  levels. A ll  subsequent v a lid a tio n  
tests w ere  p erfo rm ed  w ith  these 4 spike levels.

S TZ  has an e lu tion  p ro file  from  a Sephadex  
L H -2 0  colum n that is quite d iffe re n t from  that of 
S M Z . In  fact, the 2 sulfa drugs can be alm ost 
com ple te ly  separated w ith  an e lu tin g  solvent of 
m e th a n o l-to lu e n e  (1 +  3) (see F igure  1).

T he  p rob lem  of lo w  recoveries of S M Z  re 
ported  earlie r (7), w h ic h  occurred w h e n  the  
evaporation of the extract was continued after the 
acetone was rem oved, also applies to STZ. STZ  
is lost to an even greater extent. It  was necessary 
to evaporate sam ple extracts to about 0.5 m L  
ra ther than risk losing STZ by evaporating a ll of 
the acetone. STZ is less stable than  S M Z  ;n  the  
extract, even w h e n  re frigerated . Except fo r the  
sam ple extract, S TZ  appears stable in  the o th er  
solutions used in  the m ethod. T here  was no 
detectable loss o f S TZ  w h e n  it  was m ixed w ith  
feed and  stored fo r up  to 6 m onths in  a d ry  state 
(Table  1).

T he  S TZ  e lu tio n  vo lu m e fro m  the Sephadex  
colum n is m uch larger than for S M Z . Therefore, 
an a ttem pt was m ade to decrease the re ten tion  
vo lu m e  by increasing the percent m ethan o l in  
the e lu tin g  solvent. F igure 2 shows tha t S TZ  
em erges e a rlie r w ith  m ore m ethano l; how ever,

Table 1. Stability of STZ under various conditions

Matrix Period tested Comment

STZ standard in methanol 6 months actinic glass at room temperature
STZ mixed with feed 5 months glass jars at room temperature
STZ in ammoniated acetone 2 days refrigerated at 4 °C
STZ in 30%  m ethanol-toluene eluting solvent3 3 days after Sephadex cleanup; room temperature
Methylated STZ +  sulfasymazine (Istd) 1 week room temperature
Methylated STZ during rotary evaporation of eluting solvent3 1 h tested up to 70°C

In the presence of feed material.
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Figure 2. Elution profile of STZ from Sephadex 
colum n w ith 50% (V ), 40% (O ), and 30% (□ )  m etha
nol-toluene in sample m atrix. Shaded area repre

sents significant interferences from feed extract.

in  a feed m atrix  a substantial am ount o f in te r
ference occurs at the h ig h e r p ro p o rtio n  of 
m ethan o l. T h ir ty  percent m e th a n o l-to lu e n e  
produced the cleanest solution w ith  a reasonable 
re ten tio n  vo lum e.

T h e  recovery of S TZ  was lo w e r w h e n  the  
com pound was extracted w ith  2% N H 4O H -a c e -  
tone, as req u ired  in  the  S M Z  m ethod , than  w ith  
acetone alone. O n  the o ther hand, the recovery  
of the sulfa drugs from  the Sephadex colum n was 
im p ro ved  w h e n  the sam ple extract was treated

w ith  am m on ium  h ydrox ide . For these reasons 
the samples w ere first extracted w ith  acetone and  
then  extracted again w ith  an N H 4O H -ac e to n e  
solution. Recoveries d id  not im p ro ve  w h e n  
m u ltip le  acetone extractions w ere  used ra ther 
than a second extraction w ith  am m oniated  ace
tone.

The precision o f the proposed S TZ  m ethod  is 
show n in  Table 2. T he  m ean recoveries ranged  
fro m  87.4 to 90.2%, w ith  a C V  range fro m  4.29 to 
5.90%. These results w ere  s lig h tly  lo w e r than  
those obtained w ith  the  S M Z  m ethod , in  w h ic h  
the mean recovery ranged from  93.4 to 96.0% and  
the C V  was 1.43-4.38% . The lo w e r recoveries  
and the h ig h e r CVs are a ttrib u tab le  to STZ ad
sorption onto feed solids w h ich  are not extracted 
w ith  acetone. A d d itio n a l loss o f S T Z  is due to 
adsorption chat occurs in  the evaporation  step 
described earlier.

The recoveries fro m  spiked com m ercial feeds 
agree w ith  the recoveries fro m  the precision test 
w ith  the exception o f the last feed in  Table 3. 
These recoveries m ay be lo w e r than the o ther 
values because of the re la tive ly  large am ounts of 
a lfa lfa  in  the sam ple. Losses o f S TZ  seem to 
occur in  the extraction as w e ll as in  the  evapo
ration  step described earlier. Recoveries of STZ  
w ere in  the same range as those of the other feeds 
w h e n  the sample was spiked a fte r extraction.

G LC  of m e th y l S TZ  in  this m ethod  uses the  
same conditions as those described in  the S M Z  
m ethod . The treatm ent o f the su lfasym azine  
Istd is also the same; how ever, the retention  tim e  
o f S TZ  is less than that o f the Istd. F igure 3 
shows a typ ical chrom atogram  o f a 0.5 ppm  
spiked feed.

O nce the G LC conditions are established and

Table 2. Precision of proposed GLC method for determining STZ

Assay No.

Spike level, ppm

0.484 0.968 1.936 4 .840

Rec. % Rec. % Rec. % Rec. %

1 0.465 96.1 0 .938 96.9 1.893 97.8 4 .145 85.6
2 0.388 80.2 0 .812 83.9 1.587 82.0 3.957 81.8
3 0.431 89.0 0 .810 83.7 1.608 83.1 4.213 87.0
4 0.475 98.1 0 .869 89.8 1.700 87.8 4 .280 88.4
5 0.419 86.6 0.901 93.1 1.761 91.0 4.526 93.5
6 0.415 85.7 0 .860 88.8 1.691 87.3 4.380 90.5
7 0.451 93.2 0 .846 87.4 1.692 87.4 4.303 88.9
8 0.427 88.2 0 .876 90.5 1.614 83.4 3.967 82.0
9 0 .488 92.6 0 .849 87.7 1.761 91.0 4 .310 89.0

10 0.446 92.1 0 .904 93.4 1.607 83.0 4.392 90.7
Mean 0.437 90.2 0 .867 89.5 1.691 87.4 4.247 87.7
SD 0.0258 0 .0405 0.0951 0 .1822
CV, % 5.90 4.67 5.62 4.29
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Table 3. Assay results for STZ in 4 different types of spiked commercial swine feeds by proposed GLC method

Spike level, ppm

0.484 0 .968 1.936 4 .840

Feed Rec. % Rec. % Rec. % Rec. %

Co-op Hog 
Finisher-14 
Complete (A)

0 .570 117.8 0 .854 88.2 1.600 82.6 3 .910 80.8

Co-op Sow 
Lactation

0.442 91.3 0.947 97.8 1.700 87.8 4 .294 88.7

Purina
Complete Sow 
Chow w /o

0 .530 109.5 0.867 89.6 1.685 87.0 3.950 81.6

Co-op Swine3 
Builder (A)

0 .359 74.2 0.698 72.1 1.358 70.1 3.414 70.5

3 Sample contained large amounts of alfalfa.

Figure 3. Typical chrom atogram  of A, STZ, and B, 
Istd, from feed sample spiked at 0.5 ppm.

the eva luation  o f the Sephadex co lum n is com 
p leted , the assay o f feed samples is qu ite  rap id . 
O ne analyst can assay 12 samples a day. Samples 
can con tinue to be analyzed  from  day to day  
w ith o u t h av in g  to regenerate the Sephadex co_- 
um n. The Sephadex colum n gave reproducible  
e lu tio n  pro files  a fter 50 samples had passed 
th ro u gh  it  (7).

This m ethod, as developed fo r STZ residues in  
sw ine feed by using G LC , is sensitive, rap id, and  
accurate.
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VITA M IN S AND OTHER NUTRIENTS

Evaluation of Urea-Acid System as Medium of Extraction for the 
B-Group Vitamins. Part II. Simplified Semi-Automated Chemical 
Analysis for Niacin and Niacinamide in Cereal Products

R A M  B. R O Y  a n d  J O H N  J. M E R T E N 1 
T ech n ico n  In d u s tr ia l S y s te m s , T a r ry to w n , N Y  10591

Efficiency of a urea-acid system was evaluated as a 
medium of extraction for niacin and niacinamide 
from cereals and other selected food products. 
Samples were treated with IN HC1 in the presence of 
urea and autoclaved 30 min at 15 psi. Extracts were 
diluted to a known volume, filtered, and analyzed. 
The analytical results obtained for niacin were com
pared with values obtained by AOAC method 43.044. 
In general, the urea-acid extraction system was sim
ple and straightforward with an efficiency compa
rable to the AOAC method. The analytical manifold 
designed uses fewer modules, gives net absorbance 
readings from sample and blank, and is capable of 
analyzing 50 samples per hour.

N ia c in  (p y rid in e -3 -c a rb o x y lic  ac id) occurs 
m a in ly  in  the fo rm  o f its am ide (n iac inam id e), 
and in  tissues is d irec tly  lin k e d  th ro u g h  the  
p y rid in e  n itro g en  to a ribose residue to fo rm  a 
part o f both co-enzym e I  and co-enzym e II .  The  
isolation of d in ico tin y lo rn ith in e  from  the excreta 
of chicks ( 1 ) and the presence o f n iac in -con 
ta in ing  microm olecules in  w heat (2 ) suggest that 
n iac in  m ay also be com bined th rou g h  an am ide  
linkag e to o ther structures. Some m aterials, for 
exam ple, the  seed coat o f corn and o ther cereal 
grains, contain  a bound form  o f n iac in  (3, 4) 
w h ic h  is not b io log ica lly  ava ilab le  to the  organ
ism. (The bound form  of niacin in  corn has been 
im p licated  in  the p ellagragen ic effect o f this ce
real g ra in .)

A l l  chem ical and m icrob iological procedures  
fo r the determ ination  of n iacin  and niacinam ide  
in  a w id e  va rie ty  o f food products req u ire  the  
liberatio n  o f these com pounds from  th e ir bound  
forms. For this reason, samples u nd er study are 
h yd ro ly ze d  w ith  e ith e r an acid or an  a lka lin e  
reagent. The present A O A C  m ethod (5) suggests 
hydro lys is  o f non-cereal foods and feeds w ith  
d ilu te  su lfu ric  acid and cereal samples w ith  cal
c ium  h yd ro x id e  to liberate  n iacin  and  n iac i

1 Ward Laboratories, East Orange, NJ 07017.
Presented at the 90th Annual Meeting of the AOAC, Oct. 

18-21, 1976, at Washington, DC.
Received December 29,1981. Accepted April 29, 1982.

n am ide, respectively. D u rin g  acid o r base h y 
drolysis, the liberated niacinam ide is hydro lyzed  
to niacin. V aughn and Robbins (6 ) reported that 
the  usual h yd ro ly tic  conversion o f heterocyclic  
carboxamides to the corresponding acids is p ar
ticu la rly  d iff ic u lt  because the acids are p rone to 
decarboxylation. Leete (7) observed that n iacin  
w h e n  heated w ith  calcium  oxide gives p yrid in e . 
Base hydro lysis  of am ides is fre q u e n tly  an in e f
fic ien t process (8 ). L ike  arom atic acids, n iacin , 
in  the presence o f e ith e r base or acid increases 
the fo rm ation  o f a positive charge on the rin g  
n itro g en  w h ic h  then  exerts attraction  on the  
electrons o f the carboxyl group, d ra w in g  them  
tow ard  the r in g  and favo rin g  the release o f car
bon d ioxide. W ith  the  loss o f C O 2, a carbanion  
is generated w h ic h  then  is stab ilized  by the  
positive center on the p y r id in e  r in g  to y ie ld  
p yrid in e .

C onsidering  the com petition  betw een  the  
acidic h ydrogen  o f the p y r id in e  carboxyl group  
and the h yd ro gen  o f the acidic so lvent (HC1 or 
H 2SO4) for the n itrogen  o f the p yrid in e  rin g , the  
rate o f decarboxylation  o f n iac in  in  acidic m e d i
u m  u n d e r certa in  expe rim e n ta l cond itions  
should decrease com pared w ith  basic m ed ium . 
B arton-W right (9) reported d ifficu lty  in  the assay 
of n iac in  in  cereal and cereal products by the  
chem ical m ethod , because o f the presence o f in 
te rfe rin g  substances.

In  previous studies (10), w e  reported  that urea 
in  the presence o f d ilu te  HC1 m ig h t be used as a 
com m on extraction  m ed ium  fo r B -group v ita 
m ins. In  this paper, w e  describe the  eva luation  
of the u rea -ac id  system as a m ed iu m  o f extrac
tion , and a s im p lifie d  sem i-autom ated chem ical 
procedure based on K onig 's  reaction (11) fo r  
d ete rm ina tion  o f n iac in  and n iac in am ide  in  ce
reals and o th er selected groups o f food p ro d 
ucts.

M E T H O D

Apparatus
A u to m a te d  eq u ip m e n t: A u to A n a ly z e r® II

(Techn icon  Instrum ents C orp ., T a rry to w n , N Y
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10591) systems in c lu d in g  sam pler IV  w ith  cam  
5 0 /h  (6:1), p ro p o rtio n in g  p u m p  I I I ,  co lo rim eter 
w ith  50 m m  flo w ce ll and 470 n m  filters , voltage  
stab ilizer, strip  chart recorder, and a ll A u to A n -  
a lyzer I I  glassware.

Reagents

Use analytical grade reagents and solvents and  
d is tilled  w ater th rou gh ou t analy tica l proce
dure.

(a) P h o s p h a te  b u f f e r  ( p H  7 .0 )  s to ck  s o lu t io n .—  
Dissolve 162.0 g d isodium  h yd ro gen  phosphate  
and  50.0 g potassium  d ih yd ro g en  phosphate in  
800 m L hot w ater, and cool. D ilu te  to 1 L w ith  
w ater and m ix.

(b) P h o s p h a te  b u f f e r  w o rk in g  s o lu t io n .— D ilu te  
100 m L phosphate b u ffe r (p H  7.0) stock solution  
to 1 L w ith  w ater. A d d  1.0 m L  Brij-35 (A tlas  
C hem ical Co.) and m ix.

(c) C y a n o g e n  b ro m id e  (C N B r ) s o lu tio n , 1 0 %.—  
W e ig h  100.0 g C N B r and dissolve in  ca 700 m L  
w arm  w ater (ca 40 °C ). Shake u n t il contents  
dissolve, and  d ilu te  to 1 L w ith  w ater. C a u tio n : 

Perform  w eigh in g  and reagent preparation steps 
u nd er hood. D o  not le t cyanogen b rom ide  or 
solution come in  contact w ith  skin. C N B r is very  
toxic. Store reagent in  b ro w n  b ottle  in  re fr ig 
erator.

(d) S u lfa n ilic  a d d  s o lu tio n , 1 0 % .— A d d  100.0 g 
su lfan ilic  acid in  beaker con ta in ing  500 m L  
w ater. A d d  ca 50 m L concentrated N H 4O H  so
lu tio n  d ropw ise w ith  shaking  to dissolve sulfa
n ilic  acid. A djust p H  to 7 w ith  5 N  HC1. D ilu te  
to 1 L w ith  w ater.

(e) H y d r o c h lo r ic  a cid  s o lu tio n , I N . — Dissolve
82.5 m L  concentrated HC1 in  ca 800 m L  w ater. 
D ilu te  to 1 L  w ith  w ater.

(f) E th a n o l so lu tio n , 2 5 %  (v /v ) .— D ilu te  250 m L  
ethano l to 1 L w ith  w ater.

(g) N ia c in  sto ck  s t a n d a r d  s o lu t io n .— (A ) 1000 
p g / m L :  W e ig h  100.0 m g n iac in  reference stan
dard  (prev iously  d ried  and  stored in  dark  in  
desiccator over P20 5), and transfer to 100 m L  
volum etric  flask. A d d  ca 80 m L aqueous ethanol 
(25% v /v )  solution and shake to dissolve. D ilu te  
to 100 m L w ith  aqueous e thano l (25% v /v )  solu
tion . Store reagent in  b ro w n  b ottle  in  re frig e r
ator. Standard is stable 2 w eeks w h e n  kept in  
re frigerator.

(h) I n t e r m e d ia t e  n ia c in  s to c k  s t a n d a r d  s o lu 

t io n .— (B) 100 p g / m L :  P ipet 10 m L  n iac in  stock 
standard solu tion  (A ) in to  100 m L  vo lu m etric  
flask and  d ilu te  to vo lu m e w ith  w ater. Store 
standard in  b ro w n  b ottle  in  re frigera tor. P re
pare fresh w eek ly .

( i)  W o r k in g  n ia c in  s t a n d a r d s .— 0 .5 ,1 .0 , 2.0, 3.0,

4.0, 5.0 p g /m L : P ipet 0.5, 2, 3, 4, and 5 m L a li
quots o f in te rm ed ia te  n iacin  stock standard (B) 
solution, respectively, to six 250 m L E rlenm eyer 
flasks contain ing 2.0 g urea. A d d  25 m L  I N  HC1  
and d ilu te  w ith  w ater to ca 75 m L. D igest these 
standards along w ith  samples. Transfer contents 
and w ashings in to  100 m L vo lu m etric  flask and  
d ilu te  to vo lu m e w ith  w ater.

( j) U r e a .— ACS certified  (F isher Scientific  
Co.).

Sample Preparation

Accurately w e ig h  2.50 g sample (or equ iva len t 
am ount to contain  n iac in  in  w o rk in g  standards  
range) and transfer to 250 m L  E rlen m eyer flask. 
A d d  2.0 g urea and 75 m L I N  HC1. S w ir l flask  
to dissolve urea and to w e t sam ple particles. 
A utoclave  m ix tu re  30 m in  at 15 psi. Cool to 
room  tem perature and  adjust p H  o f extracts to 
6 .30-6 .50  w ith  15% N a O H  solution  (in  cases of 
overshoot, use 1 .0N  HC1 to effect desired p H  
range). T ransfer contents and w ashings to 100 
m L vo lu m etric  flask and d ilu te  to vo lu m e  w ith  
w ater. Take a liqu o t o f d ilu te d  sam ple and  cen
trifu g e  10 m in . T ransfer clear sam ple onto  
sam pler IV  fo r analysis.

Analytical Procedure

F low  d iagram  for A u to A n a lyzer I I  continuous  
flo w  analytical system and appropriate f lo w  rates 
o f various pum p  tubings are g iven  in  F igure 1.

Sam ple segm ented w ith  a ir is passed through  
m em brane o f 24 in . d ia lyzer. Phosphate b u ffe r  
(p H  7.0) segm ented w ith  a ir is in troduced  in to  
lo w er part o f d ia lyzer. D ialysates are p um ped  
th rou gh  A O  glass f itt in g , and portio n  o f stream  
leav in g  A O  glass fitt in g  is d iv id e d  in to  2 sub
streams. O ne substream is m ixed w ith  C N B r and  
su lfan ilic  acid, respectively, and then  a llow ed  to 
en ter sam ple in le t o f colorim eter. Second sub
stream  is treated w ith  su lfan ilic  acid in  absence 
o f C N B r and then  a llow ed  to en ter reference  
in le t  o f colorim eter. N e t percentage transm is
sion at 470 nm  is recorded.

To ensure p roper synchron iza tion  o f system  
(sam ple and reference reach th e ir  respective  
flow cell sim ultaneously), d ilu te  colored solution  
(e.g., red  in k ) is aspirated th rou gh  m an ifo ld . 
Stream w h ic h  reaches flow cell early  is corrected  
by add ing  reagent tub ing . F ive  sets o f n iacin  
standard (0 .5 -5  p g / m L )  solution  should  be ru n  
th ro u gh  system to d eterm ine  standard curve. 
L in ear response is observed over this range of 
n iac in  concentrations. M a n ifo ld  design is ca
pable o f p erfo rm in g  analysis at 50 samples per  
hour.
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Figure 1. Schematic flow  diagram for semi-automated analysis of niacin in food products (figures in  pa
rentheses signify flow  rates in m L/m in).

To start system, w a te r con ta in ing  a fe w  drops  
of Brij-35 is pum ped throu gh  a ll reagent lines ca
10 m in . Reagent lines are p laced in  th e ir  re 
spective reagent solutions w ith  sam ple lin e  in  
w ater, and system is eq u ilib rated  15 m in . Stan
dards are ru n  fo r ca libration  procedure. R e li
a b ility  o f the  system is checked by in tro d u c in g  
a k n o w n  standard b etw een  every 2 0  samples on  
the sam pler tray.

Operating Notes

Since a ll m ethods used fo r sam ple hydro lysis  
are lik e ly  to cause decom position o f substances 
other than  n iac in  and n iac in am ide, it  is im p o r
tant to ru n  a b lank for every sample assayed. To 
obta in  o n -lin e  b lan k  correction, a b la n k in g  
channel has been added to the present m an i
fo ld .

Fat and o il as w e ll as sam ple extracts fro m  
fru its  and vegetables are lik e ly  to contain  in te r
fering  substances and, therefore, they should be 
rem oved  fro m  the sam ple extracts. Fat can be 
p a rtia lly  rem oved  by filte r in g  a cooled (be low  
5 °C ) extract th ro u g h  f ilte r  paper (S&S N o . 588).
011 and o th er in te rfe rin g  substances can be re
m oved by extracting  the sam ple extracts w ith  
e ith e r ch lo ro fo rm  or isobutanol.

M u lt ip le  w o rk in g  standards are used o n ly  to 
establish lin e a rity  o f the system. For day-to -day  
operation, the 5 p g /m L  standard n iacin  solution  
w ith  standard ca lib ration  set to read 60 chart 
units  is recom m ended fo r the ro u tin e  check on  
the perform ance o f the system.

T he  stream leav in g  the co lo rim eter as waste 
should  be a llo w e d  to d rip  in to  an E rlen m eyer  
flask con ta in ing  a m ixture  o f 2 N  NaOFF and  5% 
sodium  h yp och lo rite  solutions.

It  is advisable to set up the entire system under 
a hood.

A lte rn a tiv e  ranges m ay be obtained  by using  
the standard ca libration  contro l on the  co lo rim 
eter.

T he Technicon block digestor can also be used 
fo r sam ple d igestion  in  lie u  o f autoclaving .

A t the end o f the day, the system should  be 
shut d ow n  by p um ping  w ater contain ing  Brij-35  
th ro u gh  a ll reagent lines ca 2 0 -2 5  m in .

R esults and  D iscussion

Several d iffe re n t food samples w ere  extracted  
w ith  I N  HC1 in  the presence of 2.0 g urea and  
analyzed for niacin by using the m an ifo ld  shown  
in  F igure  1. M easurem ent o f n iac in  by the  
present autom ated system incorporated  the
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Table 1. Comparison of niacin results obtained by AOAC and automated procedures from cereal and related food
products

Sample
AOAC,

m g /100 ga
Auto., 

mg/100 ga
Diff.

AOAC -  Auto.
% Bias 
Auto. t

Wheat germ 5.1 5.3 -0 .2 -3 .9 -0 .5
Oat Flakes 15.3 14.0 1.3 9.3 3.4**
All Bran 21.3 21.8 0.0 0.0 0.0
Instant Corn Gritt 9.6 9.5 0.1 1.1 0.3
Gold Medal enriched

flour 6.1 5.8 0.3 5.2 0.8
Enriched bread 4.1 4.0 0.1 2.5 0.3
Enriched rice 6.8 6.4 0.4 6.3 1.1
Rice Chex 24 23.5 0.5 2.1 1.3
Egg ring 8.3 9.5 -1 .2 -12.6 —3.6s4
Enriched flour 4.5 4.3 0.2 4.7 0.2
Proprietary cereal 

products
(a) 16.5 17.5 -0 .9 -5.1 2 4»*
(b) 15.9 18.5 -2 .6 -14.1 —6.844
(c) 16.5 17.0 -0 .5 02.9 -1 .3
(d) 15.3 16.5 -1 .2 -7 .3 —3 2**

a Av. of duplicate analyses.
**  Statistically significant at a  = 0.05 level.

chem ical p rinc ip les  o f K onig 's  reaction (11). 
Gross (12) and  Egberg et al. (13) have also re 
p orted  sem i-autom ated procedures based on  
Konig's reactions for determ ination  of n iacin  and  
n iac inam ide in  food products.

The form er author described a single channel 
m a n ifo ld  designed to obtain  the sam ple and the  
b lan k  readings separately. The la tte r authors  
split the sample o n-line and then determ ined the 
sam ple and b lan k  readings by using 2  separate 
b ut iden tica l m a n ifo ld  designs. W h ile  the  p ro 
cedure described by Gross (12) reqires re-analysis 
to obta in  sam ple and b lan k  readings, those de
scribed by Egberg et al. (13) need extra automated  
m odules.

In  the present m ethod , the sam ple extracts 
w ere partia lly  p urified  w ith  the d ia lyzer, and the 
dialysate was d iv id e d  and resam pled. O n e  re
sam ple stream was treated  w ith  C N B r and sul- 
fan ilic  acid, respectively, and the m ix tu re  was 
then  a llo w e d  to en ter the  sam ple in le t  o f the  
co lorim eter. T he  o ther resam ple stream  was 
m ixed w ith  su lfan ilic  acid and w ater and passed 
th ro u g h  the reference in le t  o f the  colorim eter. 
A  single-pen recorder traced the output signal on 
a continuous strip chart to produce a single peak 
fo r each sample.

T he  precision of the m ethod  was established  
as the  v a ria b ility  fo r repeated analysis o f n iacin  
standard d u rin g  the day o f analysis and from  
d ay-to -day operation . T he  re la tive  standard  
d ev ia tion  fo r d up licate  analysis of a 3 q g /m L  
n iac in  standard was less than  1%.

A n alyzin g  the various concentrations of niacin  
standards, even though  not at steady-state and  
the baseline not re tu rn in g  com plete ly  to its 
o rig in a l starting position, showed no carryover. 
The accuracy o f the m ethod  was d ete rm ined  by  
com paring  the autom ated results w ith  the m a n 
ual A O A C  values. Both analyses w ere  p er
form ed on the same samples. The results, w h ich  
are in  agreem ent w ith in  the experim ental lim its  
(Table 1), indicated that the urea-acid  system was 
an acceptable extraction  m ed ium  fo r n iac in  and  
n iac inam ide from  several groups of food and  
food products.

L iterature references (14, 15) indicate tnat the  
reaction of n iac in  and n iac inam ide w ith  cyano
gen b rom ide  and su lfan ilic  acid (K on ig 's  reac
tion ) to produce color depends on the p H , re 
agent concentrations, and tim e. The color in 
tensity  is o p tim u m  w ith in  2  m in  and  then  starts 
fad in g  rap id ly . I t  is therefore necessary to read  
color intensities at the tim e  of m ax im um  color 
d eve lo pm en t from  both  sam ple and  standard to 
get reproducib le  results. In  the autom ated  
procedure, sam ple and standard are treated  
u n d er iden tica l conditions, so the need fo r p H  
correction and color m easurem ent at o p tim u m  
in ten s ity  is e lim in ated . In  a d d itio n , the  auto
m ated procedure protects analysts from  the toxic 
fum es o f cyanogen b rom ide.

In  Scheme 1, w e  propose m echanism s by  
w h ic h  the color products are form ed and fade in  
the Konig  reactions. N iacinam ide reacts to y ie ld  
the same color as n iac in  but o f lesser in tens ity
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Scheme 1. Possible reaction mechanism for color 
form ation in Konig's reaction (R =  CONH2 group; R' 

= -SO3H group).

(16,17); therefore, an effic ient extraction m edium  
is necessary to liberate and quantitatively  convert 
niacinam ide to n iacin  to obtain correct analytical 
results. W e observed that the  u rea -ac id  system  
hydro lyzes  n iac in am ide  to n iac in  com plete ly  
d u rin g  sam ple p reparation .

F in h o lt and H ig u c h i (18) reported  that, in  
strong ly acidic so lu tion , the firs t step in  the h y 
drolysis o f n iac in am ide  is the reaction b etw een  
h yd rogen  ions and the pro tonated  form  o f the  
am ide. The reported  studies (18, 19) on the  
acid-catalyzed hydro lys is  o f am ides, in  w h ic h  
w ater attacks the N -p ro to n a ted  conjugate acid in  
the ra te -d e te rm in in g  step, suggest that the  h y 
drolysis o f n iacinam ide to n iacin  occurs through  
a reactive in term ediate .

Because the above h ydro ly tic  reactions invo lve  
2  charged species, a positive p rim a ry  salt effect 
is expected to increase the rate o f hydro lysis  of 
niacinam ide in  acidic environm ent. (In  alkaline  
m edium , n iac in am ide  w i l l  exist in  the n o n 
charge form  and therefore no p rim ary  salt effect 
w il l  occur.) M o n o - and d i-H P C >4 ions w e re  re 

ported  (18) to exert the  strongest effect on the  
rate o f hydro lysis  o f n iac in am ide  in  acidic solu
tion  (such phosphate ions are lik e ly  to be gen 
erated by the degradation of co-enzymes I  and II, 
respectively, d u rin g  the  sam ple p reparation).

Johnson (20) c la im ed that standard n iac i
n am ide  solution  was com plete ly  h yd ro ly ze d  
(100% ) to n iacin  w h e n  heated w ith  0 .6 N  H 2S 0 4 
in  an autoclave at 15 psi fo r 1 h. U rea  activates  
d ilu te  HC1 or d ilu te  H 2SO 4 to effect a rap id  l ib 
eration  and hydro lysis  o f n iac in am ide  to n iac in  
fro m  a w id e  varie ty  o f foods and  food p ro d 
ucts.

Because of the strong h yd ro ly tic  action  o f the  
urea-acid  system, the samples con ta in ing  h ig h  
levels of carbohydrate and starch produce col
ored extracts due to rap id  degradation  o f these 
m olecules in to  sm aller units  w ith  reactive car
b o n yl groups. Such samples m ay requ ire  a 
sm aller am ount o f urea (e.g., 1 g ), w eak  HC1 
(0 .0 5 N ), and  shorter p eriod  (1 5 -2 0  m in ) fo r  
sam ple d igestion. Some fru its  and  vegetables  
m ay contain  free n iac in  (o ld  m eat samples m ay  
also contain  free n iac in  due to enzym atic  h y 
drolysis o f n iac inam ide) and, there fore , these 
samples should be extracted w ith  0.5 g urea in  I N  
HC1. U rea has been reported  to p re v e n t in te r
action o f p ro te in  and carbohydrates (2 1 ) and  
therefore  m ig h t m in im ize  the fo rm atio n  o f in 
te rfe rin g  substances.

Samples (a total of 45) selected from  sandw ich  
breads, hot dog rolls, and ham burger rolls w h ich  
w ere  expected to contain  a m in im u m  o f 3.5 
q g /m L  o f n iac in , w h en  ana lyzed  by the present 
m ethod, gave an average value of 4.08 q g /m L  of 
niac in . Several samples fro m  both  m eat and  
f ru it  products w ere  analyzed  and com pared  
(Tab le  2) w ith  the m anual A O A C  values. The  
autom ated procedure gave an average o f 1.6 
m g /3 7 3 .2 4  g h ig h e r values (<12 .5%  at 13 m g / 
373.24 g) com pared w ith  the  A O A C  m ethod  fo r  
m eat samples. For fru it  samples (apples), no 
d iffe rence  betw een  the A O A C  and autom ated  
m ethods was detected. Recovery studies on

Table 2. Comparison of niacin results (mg/373.24 g) obtained by AOAC and automated methods from meat and fruit
products

Sample
AOAC
Av.a

Auto. 
A v.a

Diff.
AOAC -  Auto.

% Bias 
Auto. SD6 f

Bologna 12.12 13.72 -1.60 —11.7 0.34 — 10.6**
Frankfurter 12.36 13.98 -1.62 - 11.6 0.41 —8.9**
Apples 0.94 1.08 -0.15 -13.9 0.16 - 2.0

a 5 different samples analyzed in duplicate.
b Obtained by pooling paired duplicates from AOAC and AAII assays. 
* * Statistically significant at a  =  0.05 level.
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Table 3. Recovery of niacin added (pg/mL) to extracts from bread and flour samples 3

Sample
Amt

added
Amt

expected
Amt

found Ree. %
Loss/amt

added

Bread 0 0 5.17
0.5 5.67 5.66 99.8 0.01 (2%)
1.0 6.17 6.15 99.7 0.02 (2%)

Flour 0 0 5.94
0.5 6.44 6.42 99.7 0.02 (4%)
1.0 6.94 6.90 99.4 0.04 (4%)

3 Analytical results represent average of duplicate analyses.

bread and flo u r samples spiked at 2 levels of 
niacin  (0.5 and 1.0 p g /m L ) are show n in  Table 3. 
T he  analy tica l data obtained fro m  b oth  the  
m anual A O  A C  and autom ated procedures w ere  
statistically analyzed. T h e  erro r estim ate (0.38) 
o bta in ed  fro m  p o o lin g  the bologna and fra n k 
fu r te r  e rro r estimates in  Tab le 2 was conserva
t iv e ly  ap p lied  to the  data in  Table 1, in  calculat
in g  the  (-statistics w ith  respect to 10  degrees of 
freedom .

T he  results o f statistical analysis m ay be sum 
m arized  as fo llow s: (a) Seven o f 15 d iffe re n t  
foods showed statistically detectable d ifferences  
b etw een  the autom ated and  A O A C  m ethods  
(Tables 1 and  2), w h ic h  is m ore than  chance 
w o u ld  predict, (b) In  6 o f the detectable d iffe r
ences, the A O A C  m ethod  show ed an average  
negative  ( —1 2 %) bias, re la tive  to the autom ated  
m etho d , w h ic h  is m ore than  chance w o u ld  p re 
d ict (Tables 1 and 2). (c) O at flakes (Table 1) 
show ed a positive (9.3% ) bias re la tive  to the au
tom ated m ethod.

Results obtained  fo r n iacin  and  n iac inam ide  
fro m  o ther groups of food products not reported  
here , as w e ll as o th er B -group v itam ins  using a 
u rea -ac id  extraction system, w i l l  be reported  in  
th e  fu ture .

Referen c es

(1) Dann, W. J„ & Huff, J. W. (1947) ]. Biol Chem. 168, 
121-127

(2) Nutr. Rev. (1974) 32(4), 124-125
(3) Mason, J. B., & Kodicek, E. (1973) Cereal Chem. 

50(6), 637-646
(4) Kodicek, E., Braude, R., Kon, S. K., & Mitchell, K. 

G. (1956) Brit. ]. Nutr. 10, 51-52
(5) Official Methods of Analysis (1980) 13th Ed., AOAC, 

Arlington, VA, Sec. 43.044
(6) Vaughn, H. L„ & Robbins, M. D. (1975) J. Org. 

Chem. 40, 1187-1189
(7) Leete, E. (1976) J. Org. Chem. 41, 3438-3441
(8) Gassman, P. G., Hodgson, P. K. G., & Balchunis, 

R. J. (1976) /. Am. Chem. Soc. 98,1275-1275
(9) Barton-Wright, E. D. (1944) Biochem. J. 38, 314- 

319
(10) Roy, R. B., Dunmire, D. L„ & Salpeter, J. (1976) }. 

Food Sci. 41, 996-1000
(11) Konig, W. (1904) /. Prakt. Chem. 69,105; Konig, W. 

(1905) J. Prakt. Chem. 69,115
(12) Gross, A. F. (1975) /. Assoc. Off. Anal. Chem. 58, 

799-803
(13) Egberg, D. C„ Potter, R. H„ & Honold, G. R. (1974) 

/. Agric. Food Chem. 22, 323-326
(14) Utsumi, I., Samejima, M., & Kurita, H. (1961) /. 

Vitaminol. 7, 209-214
(15) Feinstein, L., & Scott, W. E. (1947) /. Am. Pharm. 

Assoc. 36, 342-344
(16) Melnick, D„ & Oser, B. L (1943) Ind. Eng. Chem. 

Anal. Ed. 15, 355-356
(17) Sweeney, J. P„ & Hall, W. L. (1951) Anal Chem. 

23(7), 983-986
(18) Finholt, P„ & Higuchi, T. (1962) J. Pharm. Sci. 51, 

655-661
(19) Giffney, C. J., & O'Connor, C. J. (1976) Aust. J. 

Chem. 29, 307-314
(20) Johnson, B. C. (1945) /. Biol Chem. 159, 227-230
(21) Moore, W. E„ & Carter, J. L. (1974) J. Texture Stud. 

5 ,77-88



SULLIVAN & IWAOKA: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 2, 1983) 2 9 7

SEA FO O D  TO XINS

High Pressure Liquid Chromatographic Determination of Toxins 
Associated with Paralytic Shellfish Poisoning
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A high pressure liquid chrom atographic procedure 
is described for assay of toxins associated with para
lytic shellfish poisoning (PSP). The method is ap
plicable to saxitoxin, neosaxitoxin, gonyautoxins I 
through IV , and their sulfocarbam oyl derivatives. 
Toxins are separated on a bonded phase cyano column 
and detected by fluorescence follow ing alkaline ox
idation (N H j and periodic acid). The utility  of the 
HPLC procedure for research and m onitoring is dis
cussed.

Toxic she llfish  causing the d isorder com m only  
re ferred  to as paralytic shellfish  poisoning (PSP) 
occur a long  both  the  east and  west coasts of 
N o rth  A m erica  in  the sum m er m onths. S h e ll
fish  becom e toxic a fte r feed ing  on m arin e  d in o -  
flage llates  o f the genus G o n y a u la x  (iden tica l to 
P ro to g o n y a u la x , found in  some of the m ore recent 
l ite ra tu re ) . D in o fla g e lla te s  co n ta in  p o te n t  
neuro tox ins  (see F igure 1) w h ic h  accum ulate in  
tissues o f shellfish . T h e  unp red ictab le  p attern  
of th is  tox ic ity  necessitates constant m o n ito rin g  
of shellfish  fro m  beaches in  affected areas. The  
p rim ary  analytical m ethod now  used fo r shellfish  
m o n ito rin g  is the mouse bioassay as described in  
O ffic ia l  M e t h o d s  o f  A n a ly s is  (A O  A C ) (1). Several 
draw backs to this bioassay in c lu de  precision of 
o n ly  ± 2 0 %, in terfe ren ce  fro m  sodium  ch lo rid e , 
and  the need to m ain ta in  a supply o f m ice o f the 
p ro p er size (2). In  a d d itio n , w ith  the recent re
port o f sulfocarbam oyl tox in  derivatives  (3, 4) 
present in  cultures o f G o n y a u la x , it  becomes in 
creasing ly  im p o rtan t to d evelop  m ethods that 
can d is ting u ish  the  various toxins.

Several o th er assay techniques have been de
veloped. These include an im m unological assay
(5), co lo rim etric  assays (6 ,7 ) ,  and  a flu o ro m etric  
assay (8 , 9). O f  these, the  flu o ro m etric  assay 
holds th e  greatest prom ise fo r ro u tin e  m easure
m ent o f shellfish toxicity. This assay is based on 
a lk a lin e  oxid ation  o f the  shellfish  toxins to f lu 
orescent d erivatives  and  has p ro ven  to be ex
tre m e ly  sensitive and specific. A  m ajor d raw -
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back o f the flu o ro m etric  p rocedure is the very  
lo w  response to several o f the  toxins, n am ely  
neosaxitoxin and gonyautoxins I  and IV . These 
nonfluorescing  toxins can constitute a m ajor 
p ortio n  o f the tox in  con ten t o f shellfish  ( 10 ), 
thereb y  creating  an u nderestim ation  o f total 
tox ic ity  by this m ethod . Buckley et al. (11) in 
corporated this m ethod  in to  a continuous f lo w  
liq u id  chrom atography system but the procedure  
does n o t separate the various toxins to a llo w  fo r  
in d iv id u a l quantita tion . -

In  this paper w e  report the  d eve lo pm en t o f a 
h ig h  pressure liq u id  chrom atograph ic (H P L C )  
procedure fo r q u an tita tion  o f PSP toxins. This  
m etho d  is s im ila r to the tox in  an a lyze r reported  
by Buckley e: al. (11) w ith  several m odifications  
w h ic h  a llo w  separation and  detection  o f the  
sh e llfish  toxins illus tra ted  in  F igure  1.

E xp erim e n ta l

HPLC System

F igure  2 illustrates the  f lo w  d iagram  fo r the  
H P L C  system. E qu ipm ent includes a h ig h  
pressure pum p (LD C  M in ip u m p  M od el 2396-89), 
an in jection  va lve  (R heodyne Inc . M o d e l 7120), 
and  a reagent p u m p  (Techn icon  A u to  A n a ly ze r  
p u m p  I) . The reagent p u m p  is equ ipped  w ith  
standard Technicon  pum p  tu b in g  p ro v id in g  
flow s of 0.32, 0.42, and 0.23 m L /m in  for the base,

R l R 2 R 3 R 4

H H H H S T X

H H H S 0 3 B l

H H O S O ; H G T X - I I

H H O S O ; so3 C l

H O S O ; H H G T X - I I I

H 0 S 0 3 H so3 C 2

O H H H H N E O

O H H H so3 B 2

O K H oso; H C T X - I

O H 0 S 0 3 H H G T X - I V

Figure 1. Toxins associated with paralytic shellfish  
poisoning: STX =  saxitoxin, GTX =  gonyautoxin, 
NEO =  neosaxitoxin, and B l, B2, C l, C 2-A -su lfocar- 

bamoyl derivatives.
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R e c o r d e r
Figure 2. Flow diagram for F1PLC system.

oxidant, and acid, respectively. T he  P erk in  
E lm er M P F -2 A  fluorescence spectrophotom eter 
is equ ipped  w ith  a f lo w  cell fabricated fro m  3 
m m  id  glass tub ing  (40 p L  illu m in a te d  vo lum e). 
Excitation and emission w avelengths of 340 and  
388 n m , respectively, are used. S lit w id th s  and  
detector sensitiv ity  are adjusted to achieve m ax
im u m  response fo r shellfish  toxins. T h e  H P L C  
co lu m n  is a bonded  phase cyano co lum n based 
on 7.5 g m  N u cleos il (M ach erey -N ag e l and Co., 
D u re n , GFR). T he  packing is prepared by re 
acting  5 g w ith  13 g cyan o p ro p y ld im eth y lch lo - 
rosilane (Petrarch Systems, Inc., L ev itto w n , PA ) 
and 6.3 g p yrid in e  in  40 m L to luene u nd er reflux  
fo r 16 h. T h e  reaction m ix tu re  is filte re d  and  
w ashed w ith  m ethan o l, m e th a n o l-w a te r (50 +  
50), m ethan o l, ether, and to luene in  that order. 
T h e  packing  m ateria l is th en  re tu rn ed  to the re 
action flask and the reaction and  w ash in g  p ro 
cedures are repeated by substituting  hexam eth- 
y ld is ilazan e  (H M D S ) fo r the cyanopropyld i- 
m e th y lc h lo ro s ila n e  reagent. T h e  prepared  
packing m ateria l is then slurry-packed in to  a 4.0 
m m  id  X 250 m m  stainless steel co lum n, using  
e th y l ether.

T he  reaction m a n ifo ld  system is com prised of 
a T e flo n  cap illa ry  tube (0.56 m m  id  X 4.9 m ) as a 
reaction coil and lo w  volum e tees fabricated from  
plexiglass and '/i6 in . stainless steel tub ing. The  
reaction coil has an in tern a l vo lum e of ca 1.2 m L  
and  a 40 s reaction tim e.

Mobile Phase

T he  1 M  am m onium  phosphate b u ffe r (p H  7.0) 
is p repared  fro m  am m o n ium  hyd ro x ide  and  
phosphoric  acid, and ion ic  strength  is standard

ized  by m easuring  am m on ium  concentration  
(d is tilla tio n  and t itr im e try ). M o b ile  phases for 
H P L C  are prepared  by m ix in g  m ethano l (M a l
lin c k ro d t Inc ., N anograde), w ater, and 1 M  am 
m o n iu m  phosphate buffer to achieve the desired 
io n ic  streng th  (as N H | )  and  ru n  at a f lo w  rate of 
0.9 m L /m in .

Toxin Standards

Toxins are p u rif ie d  from  G o n y a u la x  spp. by  
co lu m n chrom atographic procedures (3, 4). 
P u rity  is checked by T LC  on silica gel using  
p y r id in e -e th y l acetate-acetic a c id -w a te r (15 +
5 +  3 +  4) (3). Pure toxins are d ilu te d  in  0 .03M  
acetic acid fo r use in  s tandard iz ing  the H P L C  
assay.

Oxidation Reagents

Aqueous solutions o f period ic  acid (J.T. Baker
6  Co.), am m onium  hydroxide, and acetic acid are 
prepared and pum ped through  the lines m arked  
oxidant, base, and acid, respectively  (see F igure  
2). The concentration  o f these reagents is de
term in ed  by the total f lo w  rate th rou gh  the  re 
action m a n ifo ld  and the d ilu tio n  each reagent 
undergoes as it  enters the m a n ifo ld  (see discus
sion). Response is o p tim u m  w h e n  using re 
agents o f the fo llo w in g  concentrations: 0 .065M  
periodic acid, 2 M  am m onium  hydroxide , and 6.0 
M  acetic acid.

Sample Preparation

S h ellfish  samples, obtained fro m  con tam i
nated beaches in  Puget Sound, are extracted ac
cording  to A O A C  procedures (1). Before in jec
tion  in to  the  H P L C  system, p ro te in  is p rec ip i-
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T E M P E R A T U R E  ( ° C )  >- - - - - - - - - - - >
O'1---------------- 1---------------- 1---------------“I---------------- 1---------------- 1---------------- 1-------------- —

9 2 9.4 9.6 9-8 10 0 10.2
R E A C T I O N  pH i- - - - - - - - - - - - ^

Figure 3. Effect of periodate concentration in reaction coil and reaction coil temperature on response to 
saxitoxin (STX) and gonyautoxin I (GTX I), and effect of reaction medium pH on response to saxitoxin.

fated by adjusting  the  p H  to 4 .0 -4 .5  w ith  
N H 4O H . T h e  sam ple is th en  cen trifu g ed  and  
filte re d  th ro u g h  a 0.45 /um f ilte r  to rem ove p ar
ticulates.

D in o flag e lla te  ( G o n y a u la x  c a t e n e l la ) cells are 
extracted in  a m anner sim ilar to that above except 
0.05M  acetic acid is substituted for 0 .1N  HC1, and  
extracts are not heated. This produces an extract 
con ta in ing  p re d o m in a n tly  sulfocarbam oyl tox
ins. To produce an extract in  w h ic h  the su lfo 
carbam oyl toxins have been h yd ro ly ze d , 0 .15 N  
HC1 is used and the extract is heated 5 m in  at 
100°C. Both d inoflagellate and shellfish extracts 
are d ilu ted  w ith  w ater or m ethanol to reduce the  
ionic strength to less than 0 .03N  (as HC1) before  
in jection  in to  the H P L C  system.

Results and Discussion

Bates and R apoport have described the oxida
tion  o f she llfish  toxins by using h yd ro g en  p er
oxide (8 ). The pressures req u ired  to re tard  O 2 
bubble fo rm atio n  w h e n  using H 2O 2 are incom 
patib le  w ith  the T echnicon  p u m p  and  reaction  
m a n ifo ld  described here. W e fo u n d  that f lu o 
rescent derivatives  can also be fo rm ed  using  
periodate as the  oxidant. The fluorescence in 
tensity  o f neosaxitoxin  and gonyautoxins I  and  
IV  is less than  that fo r the o th er toxins, necessi
ta tin g  a separation step such as H P L C . W e in -

This work was supported in part by a fellowship from the 
Hgtvedt Food Research Fund.

vestigated the parameters w h ich  lead to effic ient 
separation and detection  o f saxitoxin , neosaxi
tox in , gonyautoxins I - IV ,  and the N -su lfocar- 
bam oyl derivatives  (3, 4 ,1 2 ).

P o s t-C o lu m n  R e a c tio n

To achieve o p tim u m  sens itiv ity , the  post-col
um n reaction system must operate effic ien tly  and  
re liab ly . In  o ur in it ia l investigations w e  fo u n d  
that hyd ro gen  peroxide, b en zoy l peroxide, or 
periodate could be used to fo rm  fluorescent de
rivatives. T he  fluorescence produced  fo r n e 
osaxitoxin and gonyautoxins I  and IV  was  
s lig h tly  h ig h e r w ith  periodate so this reagent 
was chosen fo r use in  the H P L C  system. The  
param eters w h ic h  affect fluorescence in ten s ity  
w ere  investigated . These in c lu d e  periodate  
concentration , tem peratu re , p H  o f the  reaction  
m edium , and fin a l p H . F igure  3 illustrates the  
effect o f reaction coil periodate concentration on  
saxitoxin and  gonyau toxin  I  response. T he  
periodate concentration  is d ete rm in e d  by the  
concentration  o f the reagent p um ped  in to  the  
m anifo ld  and its subsequent d ilu tio n . As can be 
seen, litt le  change in  fluorescence in te n s ity  is 
observed betw een  10 and 25 m M  periodate. 
U sin g  f lo w  rates of 0.75, 0.32, and  0.42 m L /m in  
fo r the  m ob ile  phase, base, and periodate, re
spectively , this corresponds to a period ic  acid  
r e a g e n t  concentration  betw een  35 and 90 m M . 
Sm all changes in  periodic acid or f lo w  rates w i l l  
n ot g rea tly  affect fluorescence.
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To keep post-co lum n vo lu m e to a m in im u m , 
a re la tive ly  short reaction coil is used. This  coil 
provides a reaction tim e o f o n ly  40 s, so heating  
was necessary. Fluorescence in ten s ity  was 
g rea tly  dep end ent on reaction tem peratu re  (see 
Figure 3); 4 0 -5 0 °C  was o ptim u m  fo r both toxins 
investigated. Toxins w ere not converted to their 
fluorescent derivatives  at lo w e r tem peratures  
and  fluorescence decreased at h ig h e r tem pera
tures, ind ica tin g  possible over-oxidation .

Fluorescence is also affected by p H  o f the re
action  m ed iu m  (F igure  3). In te n s ity  increases 
app ro x im ate ly  50% b etw een  p H  9.2 and 10.2. 
Reaction m ed iu m  p H  is con tro lled  by the  
s treng th  o f the base pum ped  in to  the  reaction  
m a n ifo ld , d ilu tio n  that occurs, and b u ffe rin g  
capacity o f the m obile phase. W h ile  the greatest 
in tens ity  occurs at h ig her p H , it  is im practical to 
increase the p H  above 10.0 (approxim ately  2 .5N  
reagent) because subsequent neutralization  w ith  
acetic acid can lead to the fo rm atio n  o f a p rec ip 
itate . Values above 9.8 w ere  adequate; o n ly  a 
sm all increase in  sensitiv ity  is achieved above  
th is  leve l.

A d d it io n  o f acetic acid to the e fflu e n t im m e 
d ia te ly  a fte r the reaction coil decreases p H  and  
shifts the  m ax im um  em ission to 390 nm . This  
increases fluorescence in ten s ity  about 10 -fo ld  
over that at a lka lin e  p H . Fluorescence in tensity  
d iffe rs  lit t le  betw een  p H  5.0 (50% acetic acid re 
agent) and  p H  5.9 (20% acetic acid reagent).

T o x in  S e p a ra tio n

A ccurate d e te rm in a tio n  o f tota l tox in  content 
b y  using this m ethod  depends on e ffic ie n t sep
aration. I t  is especially im portant that the poorly  
fluorescing  toxins, neosaxitoxin  and gonyau- 
toxins I  and IV , are w e ll resolved fro m  o ther 
toxins. In  our in it ia l H P L C  studies, several col
um ns w ere  tested. In  the reverse phase m ode  
(C is ) using an io n -p a irin g  reagent (hexane sul
fon ic  acid), a ll 4 gonyautoxins co-eluted, as d id  
neosaxitoxin and saxitoxin at a som ew hat longer  
re te n tio n  tim e. A n  am ino  phase co lum n was 
also tested extensively . A lth o u g h  this colum n  
separated a ll 6  toxins e ffic ie n tly , e lu tio n  tim es  
and  orders changed after a short period , in d i
cating  degradation  o f packing  m ateria l. This  
was especially p reva len t fo llo w in g  analysis o f a 
n um ber o f shellfish extracts. I t  is presumed that 
materials in  the extracts adsorbed or reacted w ith  
the  packing  m ateria l, a lte rin g  its chrom ato
g rap h ic  properties.

T h e  bonded  phase cyano co lum n has p roven  
to be the most useful fo r tox in  separations. 
F igure  4 illustrates the  separation o f saxitoxin ,

5

Figure 4. A, Separation of PSP toxins. 1, GTXI and 
IV (115 ng); 2, GTX III (11 ng); 3, GTX II (16 ng); 4, 
NEO (132 ng); and 5, STX (15 ng). Mobile phase 20% 
MeOH with 0.002M Amm. PO4 , switch to 0.008M at 
10 min. B, Separation of sulfocarbamoyl derivatives. 
1, Cl and C2 (10 ng); 2, B2 (50 ng); 3, B1 (10 ng). Mo
bile phase 20% MeOH with 0.001M Amm. PO4 , switch 
to 0.008M at 10 min. C, Separation of PSP toxins and 
their sulfocarbamoyl derivatives. 1, Cl and C2; 2, 
GTX I, IV, and B2; 3, GTX III and Bl; 4, GTX II; 5, 

NEO; and 6, STX. Conditions as in B.
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Figure 5. A, Extract of nontoxic mussels. B, extract 
of toxic mussels (M ytilis ed u lis ) showing presence 
of GTX II, III, and STX. Conditions as in Figure 3A.

neosaxitoxin , gonyautoxins I - IV ,  and 4 o f th e ir  
sulfocarbam oyl d erivatives. A lth o u g h  g on y
autoxins I  and IV  co-elute, as do C - l and C-2, the  
o th er toxins are su ffic ien tly  w e ll separated to 
a llo w  in d iv id u a l d eterm inatio n . F igure 4C  
shows that several o f the sulfocarbam oyl d e r iv 
atives are not w e ll resolved fro m  o th er toxins. 
This  is n o t a problem  because the derivatives can 
be easily h y d ro ly ze d  (3) to th e ir p arent toxins  
before  analysis. U n d e r the m ob ile  phase con
d ition s  used fo r separation of the toxins, the  
sulfocarbam oyl derivatives elute much faster. A

Figure 6. Effect of methanol concentration on re
tention of PSP toxins. Ammonium phosphate con
centration: 0.002M, switch to 0.008M at 10 min. 
GTX I GTX II A - A ;  GTX III X - X ;  NEO

O -O ; STX

Ammonium Phosphate (M )

Figure 7. Effect of ammonium phosphate concen
tration on retention of PSP toxins. Mobile phase is 
20% MeOH, 80% water. GTX I • -  GTX II A -  A;

GTX III X -  X ;  NEO O -O ; STX ■  -  ■

w e a ke r solvent is necessary to separate these 
com pounds. C hrom atogram s o f toxic and n o n 
toxic shellfish  extracts p repared  according to 
A O A C  procedures are show n in  F igure 5. N o te  
the  absence o f in te rfe rin g  fluorescent m ateria l 
in  the area w h ere  the  toxins e lu te . T he  peak  
elu ting  near the solvent fro n t genera lly  does not 
in te rfe re  w ith  q u an tita tion  o f the  toxins, a l
though it  w o u ld  in te rfe re  w ith  detection  o f su l
focarbam oyl derivatives.

The most im portan t param eter affecting  toxin  
retention on polar bonded phase colum ns is ionic  
strength o f the m obile  phase. A t v e ry  lo w  ionic  
strength , toxins do not e lute , w h ile  at ve ry  h ig h  
ion ic  strength , toxins are n o t re ta ined . The  
m e th a n o l-w a te r ratio  is less im p o rtan t in  these 
separations (see F igure  6 ). F igure  7 illustrates  
the effect o f am m on ium  phosphate concentra
tio n  on re ten tio n  of shellfish  toxins. C om plete  
separation o f a ll toxins in  a reasonable am ount 
of tim e  is d iff ic u lt  u nd er isocratic conditions; 
therefore, a step g rad ien t is used. A  m ob ile  
phase contain ing 0 .002M  am m on ium  phosphate  
elutes the gonyautoxins and then  is sw itched  at 
10  m in  to 0 .008M  to e lu te  neosaxitoxin  and sax- 
itox in .

Since sodium  or potassium  phosphate has 
lim ite d  s o lu b ility  in  m o b ile  phases con ta in ing  
m ethan o l, it  is necessary to use am m o n iu m  
phosphate to contro l ion ic  streng th  and  p H . 
A n o th e r consideration  is the lim ite d  so lu b ility  
of sodium  or potassium periodate. A m m o n iu m  
periodate is m uch m ore soluble and  e lim in ation  
o f any sodium  or potassium  com pounds is nec
essary to p reven t p rec ip ita tio n  o f periodates in  
the reaction m an ifo ld .

M o b ile  phase p H  has a dram atic effect on toxin  
re ten tion . L o w e rin g  the p H  by  even  0.5 u n it



3 0 2 SU LLIVA N  & IW AOKA: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 2, 1983)

greatly  reduces the re ten tio n  o f a ll toxins. In  
add ition , the life tim e  of cyano colum ns fo r toxin  
separations is greatly reduced at lo w er p H  values. 
I t  is im p o rtan t to m a in ta in  the  m o b ile  phase at 
p H  7.0 to preserve colum n usefulness.

A fte r  several weeks o f use, re te n tio n  charac
teristics o f cyano colum ns tend  to deteriorate . 
This m ay be due e ith e r to adsorption  o f con
tam inants onto the packing  or to hydro lys is  o f 
the bonded phase, thus exposing silica. D e te 
rio ration  is especially p reva len t a fter analysis of 
crude shellfish  extracts and  is ev id e n t b y  m is
shaped or ta ilin g  peaks. In  situ d eactivation  
w ith  H M D S  can return  the colum n to its o rig inal 
characteristics. A  solu tion  o f H M D S -p y r i -  
d in e -to lu e n e  (2 +  1 +  4) is p u m p ed  in to  the col
u m n  and  reacted o vern ig h t. Before and a fter 
this treatm ent, the colum n is rinsed th o ro u g h ly  
w ith  d ry  to luene to com plete ly  rem ove any  
m ethano l w h ic h  could react p re fe re n tia lly  w ith  
H M D S .

The H P L C  m ethod described here is useful for 
d ete rm in in g  re la tive  levels o f various toxins in  
both shellfish extracts and cultures o f G o n y a u la x . 

O ve ra ll, this procedure is superior to o th er 
chem ical assay techniques ava ilab le  fo r PSP 
toxins. T h e  reaction m an ifo ld  and  detection  
system are very reliable; few  problem s have been  
experienced after one year o f use. T he  greatest 
problems have been colum n stability and sample 
com patib ility . The am in o  colum ns that w ere  
tested showed erratic b eh av io r and had  a useful 
life  o f less than  one m o n th  u n d er continuous  
operation . H ig h  ion ic  strengths (0 .0 3 -0 .1M ) 
w ere  necessary to e lute  the toxins fro m  am in o  
columns; this m ay have contributed to th e ir rapid  
deterioration. The cyano colum ns p roved  to be 
useful alternatives although they too suffer from  
in s tab ility  problem s. A bsolute re te n tio n  tim es  
for the toxins tend to leng then  w ith  colum n use, 
but this does not present a great problem  because 
re la tive  re ten tio n  tim es b etw een  various toxins  
rem ain  unchanged. H M D S  trea tm en t g reatly  
im proves the perform ance characteristics o f the  
colum n w h en  retention  times lengthen and peak 
shape deteriorates.

Ion ic  strength plays an im portant part in  toxin  
re ten tion ; therefore , in jection  o f samples w ith  
h ig h  dissolved solids content can affect retention  
tim es o f the toxins. I t  is necessary to m in im ize  
the ion ic  strength  o f shellfish  or d in o flag e lla te  
extracts to achieve accurate re ten tion  times.

T he  H P L C  technique m ay have its greatest 
u til ity  in  PSP research. W ith  recent reports of 
tox in  derivatives  o f re la tive ly  lo w  tox ic ity  (3, 4, 
1 2 ), i t  becomes im p o rtan t to understand  the re

la tio nsh ip  betw een  toxins present in  d in o -  
flagellates and  those in  shellfish . H P L C  is id e 
a lly  suited to this type o f research because it  
provides a rap id , accurate toxin  p ro file  w ith  
m in im u m  sample preparation. Procedures used 
previously for this type of determ ination invo lve  
colum n chrom atography in  conjunction  w ith  
TLC  and mouse bioassays (3 ,11 ). These leng th y  
procedures present a greater risk o f toxin  loss and  
in terconvers ion  (i.e ., e q u ilib r iu m  o f ep im eric  
pairs or hydro lysis  o f sulfocarbam oyl d eriva 
tives).

A n o th e r area in  w h ic h  this procedure m ay  
p rove useful is m o n ito rin g  shellfish  fo r total 
toxicity. As noted, the mouse bioassay n ow  used 
fo r shellfish  m o n ito rin g  has several m ajor 
drawbacks and the ava ila b ility  o f an a lte rn a tive  
analytica l technique w o u ld  be most useful. The  
H P L C  technique is generally m ore sensitive than  
the  mouse bioassay. T he  lim its  o f detection  of 
saxitoxin and gonyautoxins I I  and I I I  are ap
p ro x im ate ly  0.5 ng; the lim its  fo r neosaxitoxin  
and gonyautoxins I  and IV  are approxim ately  25 
and 8 ng, respectively. The low er sensitivity to 
N - l  h ydroxy  toxins (N eo , G TX  I  and IV )  m ay  
l im it  the u tility  of this technique fo r m o n ito ring  
shellfish  toxicity. O ften  though, i f  these poorly  
fluorescing toxins are present, they  are accom
panied by even larger concentrations o f saxitoxin 
or gonyautoxins I I  and I I I .  W e are cu rren tly  
assessing the usefulness of the H P L C  procedure  
fo r m o n ito rin g  shellfish  toxicity.

N ote added in  proof: Com m ercially available 
cyano colum ns also produce adequate toxin  
separations, a lth ou gh  s ligh t adjustm ents in  m o
b ile  phase ion ic  strength  m ay be necessary to 
obtain  p roper re ten tion  o f the toxins.
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OILS AND FATS

High Performance Liquid Chromatographic Determination of 
Malondialdehyde in Vegetable Oils

TERUHISA HIRAYAMA, NAOHIDE YAMADA, MOTOSHI NOHARA, and 
SHOZO FUKUI
K y o to  C o lle g e  o f  P h a r m a c y , 5 -N a k a u c h i- c h o ,  M is a sa g i, Y a m a sh in a -k u  K y o to  6 0 7 , Ja p a n

A simple high performance liquid chromatographic 
(HPLC) method has been developed for determining 
malondialdehyde (MDA) in vegetable oils. MDA 
was reacted with dansyl hydrazine in an acidic me
dium, and the product, 1-dansyl-pyrazole, was de
termined by HPLC, using a Zorbax sil column with 
mixed mobile phase of n-hexane-methylene chlo
ride. MDA can be determined as 1-dansyl-pyrazole 
by fluorometric detection at a level of 0.01 ppm in 
vegetable oils.

It is well known that autocatalytic auto-oxidation 
of edible oils proceeds by the mechanism of free 
radical chain reaction resulting in the accumu
lation of hydroperoxides and a variety of secon
dary oxidation products.

In Japan, peroxidative lipids in vegetable oils 
have been quantitatively analyzed by peroxide 
value (POV) (1, 2), and by the thiobarbituric acid 
(TBA) test (3). The modified TBA test has also 
been applied to the determination of peroxida
tive lipids in blood and tissues (4,5). The chro- 
mophore was reported (6) to be derived from the 
reaction of malondialdehyde (MDA), a perox
idative product of polyunsaturated lipids, with 
TBA. But because the TBA test is based on the 
colorimetric determination of pigment at 530 nm, 
the method is unable to avoid the interference of 
other compounds which also react with TBA.

Although there are reports of measurement of 
so-called MDA by the TBA test (4, 5, 7, 8), no in
formation is available on the specific measure
ment of MDA in oils, blood, and tissues.

Recently, the fluorescent reagent dansyl hy
drazine (9) has been used for quantitative anal
ysis of carbonyl compounds, e.g., keto steroids 
(10-12) and reducing sugars (13).

This paper describes a new HPLC method for 
measuring free MDA in vegetable oils, after 
conversion to dansyl-pyrazole.

METHOD

Materials and Reagents

(a) Malondialdehyde - bis(dimethylacetal).— 
Nakarai Chemicals Ltd, Kyoto, Japan.

(b) D a n s y l  h y d r a z in e  ( 1 - d im e t h y la m in o n a -  
p h th a le n e - 5 - s u l fo n y l  h y d r a z in e ) .— Tokyo Kasei Co. 
L td , T okyo , Japan.

(c) S o lv e n t s .— n-H exane , e thano l, and m eth 
y len e  ch lo ride . Spectroscopic grade (N akara i 
C hem icals L td ).

(d) O th e r  r e a g e n t s .— Guaranteed reagent grade 
(N akara i C hem icals L td ).

(e) D a n sy l h y d r a z in e  so lu t io n .— Dissolve 100 mg  
dansyl h yd raz in e  in  100 m L ethanol.

(f) P y ru v ic  a c id  s o lu t io n .— Dissolve 1 g pyruvic  
acid in  100 m L  ethanol.

(g) S a m p le s .— Fresh vegetable oils (corn, olive, 
peanut, rapeseed, sesame, soybean), m e th y l 
oleate, m e th y l lino leate , and m eth y l lin o len a te  
(N akara i Chem icals L td ). V egetab le  oils w ere  
used fresh, and portions w ere also placed in  glass 
flasks fitte d  w ith  glass tube condenser and  
heated 20, 50, and  100 h in  a 100°C  o il bath. 
A u to -o x id ized  fa tty  acid m eth y l esters w ere  
prepared  by transferring  5 m L  samples in to  20 
m L glass-stopper tubes and incubating  the tubes 
20 h in  the dark , at 37°C .

(h) M D A  s t a n d a r d  s o lu t io n .— A d d  228 m g  
m alond ia ld ehyd e-b is (d im eth y laceta l) to 50 m L  
0 .1N  HC1 and  le t stand at 4 0 °C  w ith  occasional 
shaking  u n t il m iscible. C ool to room  tem pera
ture, and d ilu te  solution to 100 m L  w ith  0 .1 N  
HC1 (1000 p pm  M D A ). Th is  stock so lu tion  is 
reasonably stable fo r one w eek  in  re frigerator. 
Prepare w o rk in g  solutions of 0 .1 -1 .0  ppm  M D A  
b y  d ilu tin g  stock so lu tion  w ith  0 .1 N  HC1. Pre
pare fresh.

(i) S y n th e s is  o f  1 -d a n s y l - p y r a z o le  s t a n d a r d .— To 
164 m g (1 m M ) m a lo nd ia ld ehyd e -b is (d im eth y - 
lacetal), add so lu tion  o f 265 m g (1 m M ) dansyl 
h yd ra z in e  in  20 m L  5% H C l-5 0 %  e thano l and  
heat the m ix tu re  10 m in  in  an 8 0 °C  w a te r bath.

To the residue obtained by concentrating  the  
reaction m ixture, add 50 m L 5% N a O H , and then  
extract w ith  tw o  20 m L  portions o f m ethy len e  
ch lo ride . E lu te  m ethy len e  ch lo ride  extracts on  
silica gel (M e rck , Kiesel gel 60 PF254) co lum n
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with n-hexane-ethyl acetate (9 +  1). Recrystal
lize the second-eluting yellow compound from 
aqueous methanol to give 1 -dansyl-pyrazole, 
Ci5H 15N3 0 2S (mass spectrum m/z 301 (M+, 
100%), 237 (M+ -  64, 68.8%), 208 (M+ -  93, 
79.9%), 170 (M+ -  131, 81.6%); mp 113-113.5°C; 
infrared (IR) spectrum, y  max. (CHCI3) cm-1 : 
1618, 1591, 1579, and 1523 (arom C = C  and 
C =N ); NMR spectrum (CDC13, ppm): 8 2.83 
(6H, s, —N(CH3)2); 6.36 (1H, d.d„ J =  1.6, 2.2, 
pyrazole = C H —C H =CH —); ca 7.0-7.7 (4H, nm, 
arom—H and pyrazole N =C H —C H =); ca 
8 .1-8.7 (4H, m, arom— H and pyrazole
—N—C H =C H — )).

A p p a ra tu s

(a) Shaker.—TS-type (Irie Shokai Co. Ltd, 
Tokyo, Japan).

(b) Liquid chromatograph.—LC-2, with fluo
rescence monitor RF-530 and Zorbax sil (5 pm) 
column, 2.1 mm id X 25 cm (Shimadzu Seisa- 
kusho Ltd, Kyoto, Japan).

P r o c e d u r e

(2) Preparation of sample solution.—Weigh 1 g 
sample into 10 mL volumetric flask. Dilute to 
volume with ethanol, and shake mixture 5 min. 
Let stand 10 min to obtain clear supernate.

(2) Reaction and extraction of 1-dansyl-pyra
zole.— Transfer 1 mL sample solution into 20 mL 
glass-stopper test tube, add 1 mL 0.1N HC1 and 
0.1 mL dansyl hydrazine solution, and heat 
mixture 10 min in 80°C water bath. Let reaction 
mixture cool to room temperature, and add 0.1 
mL pyruvic acid solution. Let mixture stand 15 
min at room temperature for reaction of excess 
dansyl hydrazine. Then add 2 mL 0.IN NaOH, 
5 mL water, and 1 mL methylene chloride. 
Shake solution 2 min, then let stand several 
minutes.

(3) Chromatography of 1-dansyl-pyrazole.— 
Remove upper layer by pipetting, and inject 1 pL 
lower methylene chloride layer into HPLC sys
tem by using microsyringe.

One pL  reference solution (1 ppm as MDA) 
injected into HPLC system has retention time of 
311 ±  1 s. HPLC conditions: solvent system, 
«-hexane-methylene chloride (4 +  1); flow rate
1.0 mL/min; column at room temperature. 
Fluorescence detector parameters: excitation
wavelength, 365 nm; emission wavelength, 500 
nm; sensitivity, high; range, X2; recorder chart 
speed, 2.5 mm/min.

If sample peak measurement is not within 
points on standard curve, dilute sample quanti
tatively with methylene chloride or concentrate

HC-CHo
6 1 HC=0

I II III
Figure 1. Reaction of malondialdehyde(I) with 
dansyl hydrazine(II) to give reaction product(III).

to dryness at room temperature under stream of 
nitrogen and redissolve in small volume of 
methylene chloride as required for re-injec
tion.

(4) Preparation of standard curve.—Transfer 1 
mL of each working solution (0.2,0.4,0.6,0.8, and
1.0 ppm MDA) into separate 20 mL glass-stopper 
test tubes, and treat as described above (proce
dure (2) and (3)). Set HPLC conditions and de
tector parameters as described in procedure (3). 
If working solutions of 0.01-0.1 ppm MDA were 
used, set detector parameters as follows: sensi
tivity, high; range XL Prepare MDA calibration 
curve daily for plotting different amounts of 
MDA (pg) against observed peak area.

(5) Measurement of peroxide value (2, 2).—Use 
1 g sample for the confirmatory official method. 
Calculate peroxide value in sample, expressed as 
meq/kg.

(6) Measurement of thiobarbituric acid value (TBA 
value) (3).—Weigh 0.3-0.5 g sample into 20 mL 
glass-stopper test tube, add 10 mL TBA solution 
(dissolve 0.7 g TBA in 60 mL water in 200 mL 
volumetric flask by swirling flask under hot 
water, and dilute to volume with acetic acid), and 
mix thoroughly. Then heat mixture 30 min in 
boiling water bath. Cool to room temperature 
and measure absorbance of solution at 530 nm. 
Calculate TBA value of sample, expressed as ppm 
MDA, with aid of calibration curve for MDA.

Results and Discussion

Structure Elucidation of Reaction Product
The structure of the reaction product of MDA 

with dansyl hydrazine was confirmed as 1 -dan- 
syl-pyrazole by IR, mass, and NMR spectra, and 
from the report of Knorr (14), which described 
the formation of pyrazoles from reaction of
1,3-diketones with phenyl hydrazine. The 
suggested reaction mechanism is shown in Fig
ure 1 .

Optimal Assay Conditions for Fluorometric 
Detector

From the fluorescence spectrum of 1-dansyl- 
pyrazole in methylene chloride, excitation and
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Figure 2. Chromatograms of reaction products of (A) standard MDA (0.4 ppm), and (B) MDA from soybean 
oil (heated 50 h) with dansyl hydrazine; and reaction products of (C) acetylacetone, (D) glutaraldehyde, (E) 
acrolein, and (F) n-propionaldehyde with dansyl hydrazine. FIPLC conditions as described in text for 1 ppm

MDA.
a, 1-dansyl-pyrazole; b, unknown compounds; b1, l-dansyl-3,5-dimethyl-pyrazole; b2, dansyl hydrazone of 

glutaraldehyde; b3, dansyl hydrazone of acrolein; b4, dansyl hydrazone of n-propionaldehyde; c, unknown 
compounds.

emission wavelengths were selected as 365 and 
500 nm, respectively, for HPLC determination 
of MDA as 1-dansyl-pyrazole.

Effects of Other Aldehydes and Ketones on 
HPLC

Dansyl-pyrazole was completely separated 
from other dansyl hydrazones of n-propional- 
dehyde, acrolein, and glutaraldehyde, and 1 - 
dansyl-3,5-dimethylpyrazole, which was pre
pared from reaction of acetylacetone with dansyl 
hydrazine by HPLC (Figure 2). Therefore, this 
procedure is useful as a confirmatory, quantita
tive method.

Table 1. Extraction of 1-dansyl-pyrazole from reaction 
mixture with various organic solvents 3

Solvent 
(1 mL)*

Peak height, 
mmc

Rec.,
%

Standard (1-dansyl- 
pyrazole solnd) 180.8 ±0 .3

n -Hexane 79.8 ± 1.6 44.1
Benzene 152.0 ± 1.0 84.1
Methylene chloride 181.2 ±0.1 100.2
Chloroform 156.3 ±5.1 86.4

3 HPLC conditions as described in text for 1 ppm MDA.
6 4.18 ppm 1-dansyl-pyrazole ethanol solution was used 

as sample solution in the reaction procedure. 
c Average ±  standard deviation, n  =  3. 
d  4.18 ppm 1-dansyl-pyrazole CH2CI2 solution.

Calibration Curve of MDA as 1-Dansyl- 
Pyrazole

MDA gave a linear response from 100 to 1000 
pg (detector parameters: sensitivity, high; range, 
X 2 ) and from 10  to 100 pg (detector parameters: 
sensitivity, high; range, XI). The limit of de
tection of MDA as 1-dansyl-pyrazole for quan
titative HPLC is 10 pg (signal/noise =  4).

Recovery Test
For recovery by solvent extraction, 1 mL of 4.18 

ppm 1 -dansyl-pyrazole ethanol solution (1 ppm 
as MDA) is used as a sample solution. Results are 
shown in Table 1. A single extraction with 1 mL

Table 2. Effect of reaction température on formation of 
1 -dansyl-pyrazole in the reaction procedure 3

Reaction 
temp., °C*

Peak
height,
mmc

1-Dansyl- 
pyrgzole 
yield, %

Standard (1-dansyl- 
pyrazole solnd) 180.8 ±0.3

40 30.0 ±2.7 16.6
60 159.5 ±0.5 88.2
80 166.4 ±0.3 92.0

100 145.4 ±3.6 8C.4

3 HPLC conditions as described in text for 1 ppm MDA. 
b 1 ppm MDA standard solution was used as sample solu

tion in the reaction procedure.
c Average ±  standard deviation, (n = 3). 
d 4 .18  ppm 1-dansyl-pyrazole in CH2CI2 solution.
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Table 3. Effect of HCI concentration on reaction of MDA 
(0.5 ppm) with dansyl hydrazine *

HCI concn (N)

Peak
height,
mm6

1-Dansyl- 
pyrazole 
yield, %

none 0 0
0.1 83.4 ± 0.6 91.9
0.2 58.1 ± 1.1 64.0
0.5 25.5 ± 1.6 28.1
1.0 8.5 ± 4.5 9.4
Standard (1-dansyl- 

pyrazole solnc) 90.7 ± 0.3 —

a HPLC conditions as described in text for 1 ppm MDA. 
b Average ± standard deviation (n = 3). 
c 2.09 ppm 1-dansyl-pyrazole CH2CI2 solution.

methylene chloride is sufficient to extract almost 
all of the 1 -dansyl-pyrazole (recovery ratio 
100.2%) from the reaction mixture. The other 
solvents are not suitable for extraction of 1 - 
dansyl-pyrazole.

Multiple extraction with these solvents was 
also examined. Recoveries for three 1 mL ex
tractions were 98.9% (methylene chloride), 95.8% 
(chloroform) 92.4% (benzene), and 54.7% (n- 
hexane). Both single and multiple extractions 
with methylene chloride have been adapted. In 
the present study, a single extraction with 
methylene chloride was selected because this 
extraction does not require use of a separatory 
funnel and evaporator.

The formation of 1 -dansyl-pyrazole was 
studied at several reaction temperatures. The 
best yield was 92% after 10 min at 80°C (Table
2).

Table 3 shows that the optimal concentration

of HCI is 0.1N for the formation of 1-dansyl- 
pyrazole. Recoveries of MDA from rapeseed, 
soybean, corn, and peanut oils at 2  fortification 
levels are shown in Table 4. Recoveries from 
rapeseed oil and soybean oil were satisfactory, 
but recoveries from corn oil and peanut oil were 
as low as 71.0-79.5%.

M e a s u r e m e n t  o f  P O V a n d  D e t e r m in a t io n  o f  
M D A  in  V e g e t a b le  O ils

POV (1, 2) was measured and levels of MDA 
were determined by the TBA test (3) and by the 
present method in fresh and heated vegetable 
oils and auto-oxidized fatty acid methyl esters 
(Table 5).

For fresh corn oil and sesame oil heated 20 h, 
MDA found by the present method was greater 
than for the TBA test. In all other cases, MDA 
found by the TBA test was 2-20 times MDA 
amounts found by the present method. Fur
thermore, in the case of auto-oxidized methyl 
linolenate, the TBA value was 147.03 ppm as 
MDA, but only 2.63 ppm MDA was found by the 
dansyl hydrazine-HPLC method. These results 
do not show a correlation between the TBA value 
and MDA found by the present method.

The merits of the dansyl hydrazine-HPLC 
method can be summarized as follows: The
method is not affected by carbonyl compounds 
such as n-propionaldehyde, acrolein, glutaral- 
dehyde, and acetylacetone. A reproducible and 
rapid determination of MDA with dansyl hy
drazine is obtained by the HPLC-fluorometric 
detector system. The 1-dansyl-pyrazole formed 
from MDA can be detected at a level of 0.01 ppm 
in vegetable oils.

Table 4. Recoveries of MDA from heated oils of rapeseed, soybean, corn, and peanut9

Oil
(heated 20 h)

MDA added, 
Mg

Peak height,6 
mm

Found,
Mg

Rec.,
%

Rapeseed 0 11.7 ± 0.09 0.82 —

2.0 39.5 ±0 .5 2.78 98.0
4.0 67.0 ±  0.5 4.71 97.3

Soybean 0 4.0 ±  0.03 0.28 —
2.0 31.5 ±0 .25 2.21 96.5
4.0 59.9 ± 0.4 4.21 98.3

Corn 0 3.2 ± 0.04 0.23 —

2.0 25.2 ± 0.1 1.77 77.0
4.0 45.7 ± 2.9 3.21 74.5

Peanut 0 5.2 ± 0.09 0.33 —

2.0 23.5 ± 0.5 1.92 79.5
4.0 38.9 ± 0.2 3.17 71.0

HPLC conditions as described in text for 1 ppm MDA. 
Average ± standard deviation ( n  =  3).
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Table 5. POV measurement and determination of MDA levels in vegetable oils and fatty acid methyl esters by the TBA
test and by the dansyl hydrazine-HPLC method

Sample
Time 

heated, h
POV,

meq/kg

MDA, ppm

TBA test HPLC

Oils

Soybean 0 2.43 0 N0a
20 11.17 0.86 0.28
50 31.40 4.31 0.79

100 37.92 5.05 0.57
Corn 0 4.12 0.11 0.23

20 48.00 0.70 0.23
50 92.19 6.09 0.35

100 52.16 6.75 0.28
Rapeseed 0 3.60 1.36 0.24

20 17.09 5.00 0.32
50 28.84 6.39 1.93

100 89.79 51.43 2.35
Olive 0 5.35 0.03 ND

20 8.83 0.70 0.27
50 21.61 1.05 0.33

100 8.56 1.26 0.28
Peanut 0 3.11 0.03 ND

20 20.43 0.80 0.33
50 37.90 1.10 0.35

100 27.50 1.95 0.38
Sesame 0 2.98 0.03 ND

20 20.02 0.16 0.27
50 35.75 1.15 0.29

100 14.92 1.43 0A7

Auto-oxidized Fatty Acid Methyl Esters

Me oleate 20 18.50 2.58 0.44
Me linoleate 20 62.50 5.36 0.75
Me linolenate 20 799.30 147.03 2.63

a ND = <0.01 ppm.

However, the present method only measures 
free MDA in vegetable oils. The MDA-induced 
method for hydroperoxidized fatty acids and 
glycerides is under investigation.
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Sim ple C o lo rim e tric  M e thod  fo r  D e te rm ina tion  o f Ep isu lfides, Using, 
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R IC H A R D  J. P E T R O S K I
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 ,  N o r t h 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 e o r i a ,  I L  6 1 6 0 4

Episulfides were determined by a simple colorimetric 
assay using 4-(p-nitrobenzyl)-pyridine, which has 
been used previously for the detection and analysis 
of epoxides, organophosphates, and other alkylating 
agents. With episulfides, absorbance was directly 
proportional to concentration up to an absorbance of 
at least 1.0. No interference was observed with a 
variety of non-episulfide sulfur-containing sub
stances. The colorimetric method is useful in mon
itoring 1-cyanoepithioalkane formation from the 
degradation of glucosinolates containing terminal 
double bonds.

The degradation of glucosinolates containing 
terminal double bonds to form episulfide-con- 
taining compounds, known as 1 -cyanoepi- 
thioalkanes, has been studied in our laboratory 
(1, 2). These compounds have been determined 
routinely by gas chromatography; however, a 
simple and rapid colorimetric assay for episul- 
fide-containing compounds, in the presence of 
sulfur or other sulfur-containing compounds, 
would facilitate current work on the purification 
of protein factors implicated in 1 -cyanoepi- 
thioalkane formation from glucosinolates. Such 
an assay should also prove valuable whenever 
other episulfide-containing compounds are en
countered. In this paper, we report the detection 
and analysis of episulfides by using 4-(p-nitro- 
benzyl)-pyridine (NBP). This reagent has been 
used previously for the analysis of epoxides
(3).

Experimental

A p p a ra tu s  a n d  R e a g e n ts

(a) Spectrophotometers.—Beckman DK-2A ratio 
recording spectrophotometer for determination 
of Amax and Gilford 240 for routine analysis at 
fixed wavelength.

(b) NBP reagent.—5% (w/v) 4-(p-nitroben- 
zyl)-pyridine in acetone.

(c) Other reagents.—0.1N potassium hydrogen

The mention of firm names or trade products does not imply 
that they are endorsed or recommended by the U.S. Depart
ment of Agriculture over other firms or similar products not 
mentioned.
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phthalate; 1.0M K2CO3; 50% (v/v) aqueous ace
tone.

S a m p le  P re p a ra tio n

Racemic l-cyano-2,3-epithiopropane and di- 
asteriomeric (2S)-l-cyano-2-hydroxy-3,4-epith- 
iobutanes were prepared enzymatically from 
sinigrin and epiprogoitrin, respectively, by the 
procedure of Petroski and Tookey (2). Styrene 
episulfide, N-(2,3-epithiopropyl)-phthalimide,
2,3-epithiopropyl-p-methoxyphenyl ether, 
1 ,2 -epithiocyclo-hexane, and 1 ,2 -epithiodode- 
cane were synthesized from the corresponding 
epoxides by the procedure of Liithy and Benn (4), 
and their structures were confirmed by spectro
scopic methods. All other sample compounds 
were obtained commercially.

P ro c e d u re

Add potassium hydrogen phthalate (1.0 mL, 
0.1N) and NBP reagent (1.0 mL), with mixing, to 
sample consisting of a solution of the episulfide 
(1-100 ¿¿moles depending on e) in 2 mL acetone. 
Heat sample in a 50-60°C water bath until 
evaporation of the acetone is nearly complete (ca 
10 min); then increase temperature of water bath 
to 100°C and heat sample an additional 45 min. 
Remove sample from water bath, let cool to 
below 50°C, dilute to 9 mL with 50% aqueous 
acetone, and place in ice bath. After cooling, add 
aqueous K2CO3 (1.0 mL, 1.0M), with mixing, 
immediately before reading (blue color unstable) 
with a suitable spectrophotometer or colorimeter. 
Calculate concentration of episulfide from cali
bration graph similarly prepared, using known 
amounts of episulfide being tested.

Results and Discussion
In apparent contradiction to work published 

by Hammock et al. (3), the NBP reagent does re
spond to episulfides (syn. thiaranes) and may be 
used for their detection and analysis even in the 
presence of sulfur or other sulfur-containing 
substances sucn as glucosinolates, sulfonic acids, 
mercaptans, thiophenols, sulfides, disulfides,
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Table 1. Wavelength of maximal absorption (Xmax) and apparent molar absorptivity ( i )3 for various episulfides end 
epoxides analyzed with 4-(p-nitrobenzyl)-pyridine

Compound ^max (nm ) €
Episulfides

2,3- Epithiopropyl methyl ether 565 206
l-Cyano-2,3-eplthlopropane 560 3480
(2S)-l-Cyano-(2)-hydroxy~3,4-epithiobutane 570 1640
2,3-Epithiopropyl-p-methoxy phenyl ether 585 14 700
A/-(2,3-Epithiopropyl)-phthalimide 585 9110
Styrene episulfide 562 5030
1,2-Epithiododecane 580 3020
1,2-Eplthlocyclohexane 575 182

Epoxides

2,3-Epoxypropyl-p-methoxy phenyl ether 585 22 300
n-(2,3-Epoxypropyl)-phthalimide 593 12 200
Styrene oxide 583 5620
1,2-Epoxydodecane 580 14 200
1,2-Epoxycyclohexane 585 720

a Apparent molar absorptivity values were obtained by reacting known amounts of each episulfide or epoxide with NBP 
reagent; however, NBP-episulfide and NBP-epoxide adducts have not actually been isolated, because of their reported instability
(3).

sulfates, sulfoxides, sulfones, isothiocyanates, 
thioacids, and thioureas, w h ic h  do not respond  
to the N B P reagent. Com pounds tested w ere  
a lly lg lu co s in o la te , 2 -h y d ro x y -3 -b u te n y l g lu -  
cosinolate, p -to lu ene su lfon ic  acid, /3 -naphth
alene sulfon ic acid, e th y l m ercaptan, 2 -m ercap- 
toethanol, d ith io th re ito l, th io p h en o l, th io d i-  
p h en y lam in e , m eth io n in e , cysteine, cystine, 
sodium sulfate, ferrous sulfate, benzid ine sulfate, 
d im eth y l sulfoxide, d ie thy l sulfone, ethyl phenyl 
sulfone, a lly l isothiocyanate, th io g lyco lic  acid, 
th io u rea , p h e n y l th io u rea , and  e le m e n ta l 
sulfur.

Absorbance is p ro p o rtion a l to concentration , 
at least up to an absorbance (O D ) o f 1,0, fo r a ll 
episu lfides or epoxides tested. Sam ples should  
be read im m ed ia te ly  a fte r K 2C O 3 ad d itio n  be
cause, after color developm ent, a steady decrease 
in  absorbance was observed. T h e  rate varies  
w ith  the ep isu lfide  bein g  tested; h ow ever, loss 
of absorbance ranged fro m  less than  1% up to 
3% /m in . Table 1 shows the w ave len g th  of 
m axim al absorption (Amax) and  apparent m olar 
absorptiv ity  (e) fo r various episu lfides and ep
oxides. The results show that the e va lue  is 
consistently lo w e r for episu lfides than fo r the  
corresponding epoxides (e.g., 3020 fo r 1,2-epi- 
thiododecane vs 14 200 for 1,2-epoxydodecane). 
The reason fo r such a d iffe rence  in  app aren t e 
value  fo r 2  a lkane com pounds (e.g., 182 fo r 1 ,2 - 
epith iocyclohexane vs 3020 fo r 1 ,2 -ep ith iodo- 
decane) is not clear. These values are satisfactory 
fo r analy tica l purposes; th ey  are rep roducib le

and fo llo w  Beer's law . A lso, some episu lfides  
react w ith  N B P  reagent to fo rm  products that 
absorb at shorter w avelengths (Amax) than  those 
of the corresponding epoxides (e.g., 562 n m  for 
styrene ep isu lfid e  vs 583 n m  for styrene oxide); 
this m ay provide a means of d istinction  betw een  
the tw o , at least in  some cases.

Episulfides that w ere prepared enzym atica lly  
by the  procedure o f Petroski and Tookey (2), 
nam ely, l-cyan o-2 ,3 -ep itho prop ane  and  (2S)- 
l-cyano-(2)-hydroxy-3,4-epithiobutane, could be 
detected at concentrations as lo w  as 30 p pm  in  
incubation  m ixtures. Detection lim its  fo r o ther 
episulfides and epoxides are, of course, inversely  
p ro p o rtion al to th e ir respective e values.

Recovery experim ents w ere  conducted to es
tab lish  the precision of the q uan tita tive  ep isu l
fide  m ethod (Table 2). For these studies, kn o w n  
am ounts of N -(2 ,3 -e p ith io p ro p y l)-p h th a lim id e  
(52.8 ppm  or 105.6 ppm  in  5 m L) or 2 ,3 -ep i- 
th io propyl-p -m ethoxy p heny l ether (30.0 or 60.0 
p pm  in  5.0 m L) w ere  added to enzym e incuba
tio n  m ixtures used to prepare 1-cyanoep ith ioa l- 
kanes, b u t lacking  glucosinolate substrate, and  
extracted into  m ethylene chloride before analysis 
(2). Recoveries o f close to 100% w ere  observed  
fo r a ll samples except the h ig h e r concentration  
o f N -(2 ,3 -e p ith io p ro p y l)-p h th a lim id e  w h e re  a 
recovery o f about 91% was observed. C o e ffi
cients o f variation  w ere  3.4% fo r sample analysis 
and 3.1% fo r sam ple recovery.

H am m ock et al. (3) fou nd  that N B P reagent 
does not respond to oxetanes, furans, te trah y-
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Table 2. Recovery of episulfides * added to enzyme incubation mixtures

Compound Added, ppm Found, ppm Rec„ %

N-(2,3-Epithiopropyl)-phthalimide 52.8 52.9 100.1
105.6 95.6 90.5

2,3-Epithiopropyl-p-methoxy phenyl ether 30 0 31.1 103.8
60 0 59.5 99.1

CV. b % 3.4 3.1

a See text for details of analysis.
b Coefficients of variation (CV) based on a total of 24 determinations: 6 determinations per concentration of each episul- 

fide.

d ro furans, acyclic arom atic or a liph atic  ethers, 
o lefins , conjugated dienes, aldehydes, ketals, 
ketones, carboxylic acids, esters, alcohols, or 
phenols. This  f in d in g  was supported in  this  
laboratory by a check o f at least one substance in  
each chem ical class. N B P  reagent also does not 
respond to n itriles . C om pounds tested in  this 
laboratory  w ere  trim e th y le n e  oxide, fu ran , tet- 
rahydrofuran, dioxane, p-m ethoxybenzene, ethyl 
eth er, p -ethoxy benzene, 1-hexene, 1,3 cyclo- 
hexadiene, sorbic acid (2,4 hexadienoic acid), 
benza ldeh yd e , solketal (2 ,2 -d im e th y l-l,3 -d io x -  
o la n e -4 -m e th a n o l), acetone, ace to ph eno ne , 
benzoic acid, acetic acid, « -p ro p an o l, e th ano l, 
m ethanol, phenol, p-cresol, acetonitrile, and a lly l 
cyanide.

I t  is w e ll k n o w n  that N B P reagent reacts w ith  
ethylenim ines, organophosphorous compounds, 
and other a lkylating  agents (5 -9 ), so care must be 
taken  to avoid  th e ir presence in  samples ana
lyzed  fo r episu lfides or epoxides.

In  sum m ary, 4-(p -n itrobenzyl)-pyrid in e  (N B P)

is a useful reagent for the detection and colori
metric quantitation of episulfides as well as ep
oxides.
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PESTICIDE FORMULATIONS

High Performance Liquid Chromatographic Analysis of 
Diflubenzuron and Its Formulations: Collaborative Study

B R A M  V A N  R O S S U M , A L B E R T U S  M A R T IJ N , * 1 A L B E R T  A . D E  R E IJ K E , a n d  
J A K O B  Z E E M A N
Duphar B.V., PO Box 2, 1380 AA W eesp, The N etherlands

C o lla b o ra to rs : M .  A k e r b lo m ;  E. A m a d o r i;  H .  P . B o ssh ard t; R . J. B u s h w a y ;
J. C . v a n  D a m m e ; R. D a rs k u s ; J. K o lle m a n ;  K . P a v e l;  M .  P i la r -H ito s ;  A . P o u w e ls e ;
F. S ä n c h e z -R a s e ro ; T . S te w a rt;  R . S u te r; H .  T e n g le r ;  K . W in s a u e r ;  M .  W is s o n

Diflubenzuron 90% pre-concentrate and its 25% 
water-dispersible powder were analyzed by a high 
performance liquid chromatographic method. Six 
samples were extracted with 1,4-dioxane, linuron was 
added as internal standard, and diflubenzuron was 
separated on a 25 cm X 4.6 mm column packed with 
Zorbax BP-Cs with acetonitrile-water-1,4-dioxane 
(450 +  450 +  100) at 1.3 mL/min and monitored at 254 
nm. Results were obtained from 17 laboratories. 
Within-laboratory repeatability was 0.6% for both the 
pre-concentrate and the water-dispersible powder 
samples and the reproducibility was 1.2%. The 
method has been adopted as a full CIPAC method and 
was adopted official first action by AOAC.

D iflu b e n z u ro n , l- (4 -c h lo r o p h e n y l) -3 - (2 ,6 -d i-  
flu o ro benzo y l)u rea  (P H  60-40) is an insecticide  
b elo ng in g  to a group of com pounds that acts by  
in terfering  w ith  the deposition of ch itin  (1 ,2 ). It  
is e ffective  against a n um ber of lea f-feed in g  
larvae in  forestry, top fru it, and fie ld  crops and  
against larvae o f mosquitoes and flies. I t  is 
m a in ly  fo rm u lated  as 25% w ater-d ispersib le  
pow der w h ich  is m arketed  u nd er the tradem ark  
D im ilin ®  (D u p h a r B.V., T h e  N etherlan ds).

The selection o f h ig h  perform ance liq u id  
chrom atography (H P L C ) as the technique to be 
used fo r the analysis o f d iflu b e n zu ro n  was 
stra igh tfo rw ard  (3).

In fra red  spectroscopy was unsuitable because 
of lo w  s o lu b ility  o f d iflu b e n zu ro n  in  com m on  
solvents and the expected in terfe ren ce  fro m  
fo rm u la tin g  aids. Possible interferences w ere  
also the reason to reject d irect u ltrav io le t spec
troscopy and titr im e try . Because o f lo w  vo la 
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sum, was approved by the General Referee and Committee A 
and was adopted by the Association. See the General Referee 
and Committee reports, /. Assoc. Off. Anal. Chem. (1983) 66, 
March issue.

1 Present address: Plantenziektenkundige Dienst, PO Box 
9102, 6700 HC Wageningen, The Netherlands.

Received August 28, 1981. Resubmitted May 25, 1982. 
Accepted October 28, 1982.

t ility  o f d iflu b e n zu ro n , gas chrom atography of 
derivatives  was the o n ly  lik e ly  possibility . 
H o w e v e r most derivatizations p roved  n ot to be 
s u ffic ien tly  q uantitative . O rig in a lly , stra ight 
phase liq u id  chrom atography was tried  but this  
system was sensitive to traces of w a te r in  the  
m obile  phase. The lo w  so lu b ility  o f d if lu b e n 
zu ro n  in  most organic solvents was ano ther dis
advantage. Consequently, reverse phase H P LC , 
most lik e ly  to com ply  w ith  requirem ents of 
specificity, accuracy, shortness of analysis tim e, 
and a v a ila b ility  of apparatus, was chosen as the  
best approach for deve lo p ing  a m ethod.

Collaborative Study
Six d if lu b e n z u ro n -c o n ta in in g  sam ples, 3 

pre-concentrates, 90% (Samples I, Ha, and  lib ) ,  
and 3 w ater-d ispers ib le  pow ders, 25% (Samples  
I I I ,  IV a  and IV b ) w ere  sent to 17 laboratories. 
Sam ples Ila  and lib  w ere  iden tica l, as w ere  
Sam ples IV a  and IV b . Collaborators w ere  sup
p lie d  w ith  an analy tica l standard o f the active  
in g re d ie n t, the in te rn a l standard (lin u ro n ), and  
an im p u r ity  ( l,3 -d i(4 -c h lo ro p h e n y l)u re a ). Be
cause the use of 3 alternative colum n fillings was 
a llow ed, e.g., pBondapak C js, 10 pm , Spherisorb  
O D S , 5 p m , and Zorbax BP-ODS, 7 pm , the  col
laborators w ere  instructed  to check the colum n  
perform ance by determ in ing  resolution between  
d iflu b e n zu ro n  and l,3 -d i(4 -c h lo ro p h en y l)u re a  
(F igure  1). Collaborators w ere  also advised to 
m ake p re lim in a ry  runs to become fa m ilia r w ith  
the procedure. The samples had to be analyzed  
once.

For each collaborator, the sequence o f sample  
analyses was ran d o m ly  assigned in  advance. 
Each sequence o f 3 sam ple analyses had to be 
preceded by 2 standard solutions. The average  
calibration  factor, d eterm ined  from  the 2  stan
dard solutions, had to be used for the calculadon  
o f the content o f the 3 fo llo w in g  sam ple solu-
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Figure 1. Typical chromatogram of diflubenzuron 
(D) with linuron (L) internal standard and impurity 

l,3-di(4-chlorophenyl)urea (B).

tions. The calibration factor had to be recorded 
with 3 decimals, the contents with 2 decimals. 
The identity had to be checked simultaneously 
with the determination of diflubenzuron. The 
identity was taken to be confirmed if the differ
ence between the relative retention time of di
flubenzuron with respect to the internal standard 
for the sample solution deviated not more than 
1.5% from that for the calibration solution.

D iflu b en zu ron  ( N -(((4-C h loro p h en yl)am in o)-  
carb on yl)-2 ,6 -d iflu orob en zam id e) in  

F orm ulations
Liquid  C h rom atograp h ic M ethod  

O fficial First A ction  
C IPA C -A O A C  M ethod

Principle

Diflubenzuron is dissolved in 1,4-dioxane, 
sepd by HPLC, and detd from peak areas vs lin-

uron internal std. Identity is confirmed by re
tention time.

A p p a ra tu s

(a) L iquid  c h r o m a t o g r a p h .—Provided with const 
flow pump and 20 pL  sample loop. Operating 
conditions: mobile phase flow rate, 1.3 mL/min; 
detector sensitivity, 128 X 10-3 AUFS; temp., 
ambient, should not fluctuate >2°; retention time 
of diflubenzuron relative to internal std, ca
1.36.

(b) D e t e c t o r .—UV spectrophtr or fixed wave
length UV detector at 254 nm.

(c) R e c o r d e r .—Range to match output of HPLC 
detector.

(d) L iq u id  c h r o m a t o g r a p h y  c o l u m n .—Stainless 
steel, 250 X 4.6 mm, packed with Zorbax BP-C8 
(E.I. DuPont de Nemours & Co.), or equiv. (e.g., 
pBondapak Ci8, 10 pm , Waters Associates, Inc.; 
Spherisorb ODS, 5 jum, Phase Separations Ltd, 
Deeside Industrial Estate, Queensferry Clwyd, 
UK; Zorbax BP-ODS, 7 pm , E.I. DuPont de Ne
mours).

(e) Filter.—Acrodisc disposable filter assem
bly, 1.2 pm  (Gelman Sciences, Inc., 600 S Wagner 
Rd, Ann Arbor, MI 48106), or equiv.

R e a g e n ts

(a) M o b i le  p h a s e .—A cetonitrile-H 20-l,4- 
dioxane (45 +  45 +  10). Mix 450 mL acetonitrile, 
450 mL H2O, and 100 mL 1,4-dioxane and 
degas.

(b) S o lv e n t  m i x t u r e .—Acetonitrile-H20  (45 +  
55).

(c) In te r n a l std  s o ln .—Accurately weigh 25 mg 
linuron (National Physical Laboratory, Div. of 
Chemical Standards, Teddington, Middlesex, 
TW11 OLW, UK) into 100 mL vol. flask, dil. to 
vol. with acetonitrile, and mix.

(d) D if lu b e n z u r o n  s td  so ln . — Accurately weigh 
ca 50 mg pure diflubenzuron (Duphar B.V., PO 
Box 2,1380 AA Weesp, The Netherlands) into 100 
mL vol. flask. Add 50 mL dioxane and dissolve 
by heating 30 min in 80° H20  bath. Swirl oc
casionally. Add 40 mL dioxane, cool, and dil. to 
vol. with dioxane. Pipet 5 mL into 50 mL vol. 
flask, add 5.00 mL internal std soln, (c), dil. to vol. 
with solv. mixt., (b), and mix.

(e) 1,3-Di(4-chIorophenyl)urea.—Duphar B.V.

S y s te m  P e r fo r m a n c e  C h e c k

Dissolve, in 100 mL vol. flask, 4.2 mg diflu
benzuron and 1.8 mg l,3-di(4-chlorophenyl)urea 
in 20 mL dioxane, dil. to vol. with solv. mixt., (b), 
and mix. Filter thru 1.2 pm  filter before injec
tion.
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Table 1. Individual results, means, and ranges for pre
concentrate

Sample

Lab. 1 Ila lib X R
1 90.85 91.04 90.93 90.98 0.11
2 3 86.12 87.50 87.56 87.53 0.06
3 89.45 89.71 89.82 89.76 0.11
4 89.70 90.34 90.09 90.22 0.25
5 89.63 90.12 89.65 89.88 0.47
6 93.33 91.55 92.74 92.14 1.19
7 91.28 92.36 92.45 92.40 0.09
8 90.29 90.90 90.65 90.78 0.25
9 91.12 91.83 90.57 91.20 1.26

10 90.42 90.94 89.72 90.33 1.22
11 90.51 90.76 90.92 90.84 0.16
12 92.63 92.19 92.14 92,16 0.05
13 92.18 91.38 91.12 91.25 0.26
14 90.42 90.84 90.99 90.92 0.15
15 92.01 93.13 91.30 92,22 1.83
16 89.95 90.28 90.63 90.46 0.35
17 88.83 90,95 89.61 90.28 1.34
Mean 90.79 90.99

Table 2. Individual results, means, and ranges for water- 
dispersible power

Sample

Lab. III IVa IVb X R
1 24.50 25.50 25.78 25.64 0.28
2 a 23.64 24.60 24.47 24.54 0.13
3 24.53 25.28 25.39 25.34 0.11
4 24.48 25,24 25.15 25.20 0.09
5 24.37 25.47 25.45 25.46 0.02
6 25.04 25.95 25.82 25.88 0.13
7 25.02 25.99 25.92 25.96 0.07
8 24.48 25.46 25.42 25.44 0.04
9 24.00 24.090 2 5 .3 2* 24.700 1.230

10 2 3 .3 2 c 25.52 26.03 25.78 0.51
11 24.72 25.43 25.51 25.47 0.08
12 24.92 26.06 26.05 26.06 0.01
13 24.73 25.04 25.58 25.31 0.54
14 24.45 25.42 25.25 25.34 0.17
15 25.16 26.11 25.82 25.96 0.29
16 24.64 25.12 25.22 25.17 0.10
17 24.35 25.46 25.24 25.35 0.22
Mean 24.63 25.56

a Excluded from statistical analysis, ranking test significant 
(P < 0 .0 5 ) .

Inject 20 pL onto column and det. resolution 
(R) by following formula:

a Rejected by ranking test for outlying laboratories (P  <  
0.05).

o Rejected by test for homogeneity of within-laboratory 
variation ( P <  0.05).

c Rejected by Dixon test ( P <  0.05).

R =  2 d/(W, +  W2)

where R =  resolution; d =  distance between peak 
maxima; Wj and 1V2 =  peak width at baseline of 
diflubenzuron and l,3-di(4-chlorophenyl)urea, 
resp. Resolution should be >1 . If necessary, 
resolution can be improved by slightly increas
ing H20  content of mobile phase.

P re p a ra tio n  o f  S a m p le

(a) Diflubenzuron pre-concentrate.—Accurately 
weigh sample contg 1.0 g diflubenzuron into 200 
mL vol. flask. Add 150 mL dioxane and heat 30 
min in 80° HzO bath. Swirl occasionally. Add
40 mL dioxane, cool, and dil. to vol. with dioxane. 
Pipet 10 mL into 100 mL vol. flask and dil. to vol. 
with dioxane. Pipet 5 mL dild soln into 50 mL 
vol. flask, add 5.00 mL internal std soln, (c), dil. 
to vol. with solv. mixt. (b), and mix. Filter thru
1.2 pm filter.

(b) Water dispersible powder.—Accurately 
weigh sample contg 0.5 g diflubenzuron into 200 
mL vol. flask. Add 150 mL dioxane and heat 30 
min in 80° H20  bath. Swirl occasionally. Add 
40 mL dioxane, cool, and dil. to vol. with dioxane. 
Immediately pipet 20 mL homogeneous sus
pension into 100 mL vol. flask and dil. to vol. 
with dioxane. Pipet 5 mL dild soln into 50 mL 
vol. flask, add 5.00 mL internal std soln, (c), dil. 
to vol. with solv. mixt. (b), and mix. Filter thru
1.2 pm filter.

D e te r m in a t io n

Inject 20 pL diflubenzuron std soln, (d). Det. 
peak areas (or peak hts X retention times) of di
flubenzuron and internal std. Repeat injections 
until response ratio (area diflubenzuron peak/ 
area internal std peak) (F) varies <1% for suc
cessive injections. Inject 20 pL sample soln.

C a lc u la tio n

% Diflubenzuron =  RR X W' X V
X 100/(RR' X W)

where RR and RR' =  ratio of area of difluben
zuron peak to area of internal std peak for sample 
and std, resp.; IV and W' =  g sample and std, 
resp.; V =  diln factor (=  20 and 10 for pre-con
centrate and H20-dispersible powd., resp.).

Results and Discussion
Samples were sent to 18 laboratories; 17 collab
orators returned their findings (single analyses 
on each sample). One collaborator had no ca
pacity available to perform the study.

By scrutinizing the results, a number of cal
culation and integration errors were detected. 
In these cases the results were recalculated. 
These recalculated results are presented in Tables 
1 and 2.

The means of the duplicate analyses on Sam-
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Table 3. Analysis of variance for pre-concentrate dlflubenzuron samples (I and II)

Source of 
variation

Degrees 
of freedom

Mean
square

Expectation of 
mean square

Between samples 1 0 .4334

Between laboratories 15 2.7083 °o +  %  <rLS +  3 (71
Lab. X sample interaction 15 0 .2912 ff0 +  %  0LS

Between replicates 16 0 .3205 <T0

Estimate of 
repeatability 
standard deviation

So = 0.55%  w /w  
CV = 0.61%  
d.f. = 31

Estimate of 
reproducibility 
standard deviation

sx =  1.05% w /w  
CV = 1.16%  

d.f.a =  22

a Approximated by Satterthw aite’s formula (5).

pies II and IV and the ranges (absolute differ
ences) are shown in Tables 1 and 2, together with 
the single values on Samples I and III.

To detect laboratories which show consistently 
high or low values, the ranking test described by 
Youden and Steiner (4) was applied. This was 
done by assigning ranks to the single determi
nations for Samples I and III, and to means of 
duplicates for Samples II and IV. The test shows, 
at the 5% level of significance, that Laboratory 2 
produced consistently low values. The rank sum 
score for this laboratory is far beyond the 5% 
critical score, and therefore the results of this 
laboratory were excluded from further statistical 
analysis.

The results of the remaining 16 laboratories 
were examined, by means of Dixon's test, for 
incidental outlying individual results per sam
ple. The test attained significance, at the 5% 
level, on the low value (23.32% w/w) for Labo
ratory 10 on Sample III. This value was omitted 
from further statistical analysis.

One of the requirements underlying the sta
tistical analysis (analysis of variance) is homo
geneity of within-laboratory variation (variation 
between replicates). The test described by 
Steiner (4) was applied to the ranges of the du
plicates of Samples II and IV, separately. Sig
nificance (at the 5% level) was reached on the 
large difference (R =  1.23% w/w) between the 
duplicates on Sample IV reported by Laboratory 
9. Both results for that sample were excluded 
from the subsequent statistical analysis.

Because precision of the analytical method 
(HPLC) may depend on the kind of sample, 
analyses of variance were performed for the 
pre-concentrate and the water-dispersible pow
der separately.

Table 3 displays the analysis of variance for the 
pre-concentrate samples. The laboratory X 
sample interaction mean square is slightly 
smaller than the between-replicates mean square 
(within-laboratory variation). Therefore, the 
interaction component <rLS is assumed to be zero 
and the 2 mean squares are pooled to obtain the 
estimate of the repeatability standard deviation 
(see Steiner (4)).

so =  0.55% w/w, CV =  0.61%

The mean square for laboratories in Table 3 has 
been compared with the pooled interaction and 
between replicates mean squares by means of the 
F-test. Significance is attained at the 1% level, 
indicating that the bias of the method is not the 
same for all laboratories.

The estimate of the reproducibility standard 
deviation (see Steiner (4)) is

sx =  1.05% w/w, CV =  1.16%

The analysis of variance for the water-dispersible 
powder data is shown in Table 4. Because for 
Laboratories 9 and 10 the results on Samples IV 
and III, respectively, were to be excluded, we 
dropped the remaining data from these labora
tories as well, to keep the analysis simple.

The same picture is seen as for the pre-con
centrate samples. The laboratories X sample 
interaction mean square is slightly greater than 
the between-replicates mean square. Again, 
these 2 mean squares were pooled to obtain the 
estimate of the repeatability standard devia
tion

So =  0.15% w/w, CV =  0.59%

Also for these samples, the between-laboratories
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Table 4. Analysis of variance for water-dispersible powder diflubenzuron samples (III and IV)

Source of 
variation

Degrees 
of freedom

Mean
square

Expectation of 
mean square

Between samples 1 7.0586

Between laboratories 13 0.2318 a o + % <tls + 3 CTl

Lab. X sample interaction 13 0.0240 00 + %  °LS

Between replicates 14 0.0211

Estimate of 
repeatability 
standard deviation

So = 0.15% w/w  
CV = 0.59% 
d.f. = 27

Estimate of 
reproducibility 
standard deviation

sx = 0.30% w/w  
CV = 1.20% 

d.f.a = 18

3  Approximated by Satterthwaite's formula (5).

mean square significance (at the 1 % level) is 
greater than the pooled error mean square. The 
estimate of the reproducibility standard devia
tion is

sx =  0.30% w/w, CV =  1.20%

The full analysis for the water-dispersible pow
der samples (including the incomplete data for 
Laboratories 9 and 10) yields as precision esti
mates s0 = 0.64% (CV) and sx =  1.36% (CV).

Apparently, the pre-concentrate samples and 
the water-dispersible powder samples are de
termined with equal relative precision. It is 
recommended that the method be adopted offi
cial first action.
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TECHNICAL COM MUNICATION

Modification of Klein's Wet Ashing Procedure for Determination of 
Mercury

S. V IB H A K A R ,  K R IS H N A R A J P E T  V .  N A G A R A J A ,  a n d  O M P R A K A S H  K A P U R
C e n t r a l  F o o d  T e c h n o l o g i c a l  R e s e a r c h  I n s t i t u t e ,  M y s o r e - 5 7 0 0 1 3 ,  I n d i a

An investigation of the use of HC1 in Klein's method 
(25.108-25.115) to prevent loss of mercury during wet 
digestion resulted in consistently good recoveries 
from jowar and fish samples. Recoveries for the 
modified method ranged from 90.9 to 97.0% compared 
with 14.4 to 35.5% for the original method.

Klein's method (1) for determination of mercury, 
as reported in Official Methods of Analysis of the 
AOAC (2), was investigated for its adaptability 
for mercury analyses in jowar (Sorghum vulgare) 
and fish. Initially, recovery of mercury added 
to jowar and fish was uniformly poor. However, 
complete recovery of mercury could be obtained 
if mercury was added to the acid jowar or fish 
digest subsequent to the wet ashing procedure, 
indicating that low recoveries may be due to ei
ther complex formation or volatilization during 
the wet oxidation procedure.

Mercuric chloride is not decomposed at ele
vated temperatures in water, compared with 
mercuric nitrate or mercuric sulfate which de
compose even in cold water (3). Hydrochloric 
acid when added to mercuric chloride in dilute 
standard solutions stabilizes it. These 2 obser
vations prompted an investigation of the use of 
HC1 in Klein's method to prevent loss of mercury 
during wet digestion. Addition of HC1 (ap
proximately 0.1N concentration as HC1 in the 
final volume of digest) during wet digestion re
sulted in consistently good recoveries of mercury 
from jowar and fish samples.

Experimental
Use weight of sample containing not less than 

3 /ug mercury. In the apparatus mentioned in 
the official AOAC method, up to 60 g fish sample 
and up to 10 g jowar sample, on a fresh weight 
basis, can be digested.

The modified wet ashing method is detailed 
below:

(1) In 25.112(a), add 20 mL HNO3 to weighed 
sample in digestion flask, and then add 2.2 mL

Received August 21, 1981. Resubmitted July 16, 1982. 
Accepted August 11, 1982.

HCl (sp. gr. 1.13) for a final volume of 250 mL 
digest.

(2) Carry out wet digestion to complete oxi
dation. Do not filter off undigested fats and 
waxes but proceed to reflux with urea. Finally, 
filter off undigested fats and waxes and dilute to 
known volume.

Proceed with isolation and determination of 
mercury as reported in 25.108-25.115 (2).

Results and Discussion
Keeping in mind the presence of chloride ions 

in fish (especially sea fish), the quantity of HCI 
to be added is calculated such that the final digest 
contains approximately a 0 .1 N concentration as 
HCl. The concentration should not exceed 0.1N 
because, even though mercury can be completely 
extracted by dithizone in IN acid solutions 
which are 0.2N in chloride ions, it is reported 
that high concentrations of chloride ions may 
hinder quantitative extraction of mercury (4).

Complete oxidation can be effected by single 
stage digestion and filtering undigested fats and 
waxes after final urea treatment. Compared 
with Klein's method, this modification reduces 
digestion time without affecting recovery.

Hydrochloric acid, H2S 0 4, and glacial acetic 
acid may contain mercury (5) and contribute to 
the analytical blank unless they are very pure. 
Therefore, mercury is determined in the reagent 
blank and subtracted during calculations.

Table 1 shows the recoveries for the Klein wet 
digestion method and also for the modified 
method. Recoveries of mercury by the original 
method were good for distilled water and fresh 
tomato juice, but the same method yielded poor 
recoveries for jowar and fish samples. More 
NO2 was produced during wet digestion of jowar 
and fish samples compared with fresh tomato 
juice samples. N 0 2 production was nil from 
distilled water.

The official AOAC method (2) cautions that 
during wet digestion the original reaction must 
not proceed violently or evolved N 0 2 will carry 
vapors of digest mechanically through the con
denser and cause loss of mercury. We followed
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Table 1. Recovery of mercury (added as HgCh) by wet 
ash and modified wet ash techniques 3

Wet ash method Modified wet ash method

Added Rec., Rec., Added Rec., Rec.,
ppm ppm % ppm ppm %

Distilled Water (50 ml_)

0.40 0.41 102.5 0.40 0.39 97.5
0.20 0.195 97.5 0.20 0.20 100.0

Fresh Tomato Juice

0.00 0.00 b _ 0.00 0.00 b _
0.96 0.85 88.5 0.96 0.90 93.8
0.48 0.45 93.8 0.48 0.46 95.8

Jowar

0.00 0 . 0 0 b _ 0.00 0 . 0 0 b _
2.02 0.29 14.4 2.01 1.95 97.0
0.46 0.15 32.6 0.41 0.39 95.1
1.83 0.51 27.9 1.76 1.60 90.9
1.69 0.60 35.5 1.72 1.65 95.9

Canned Sardines

0.00 0.00 o _ 0.00 0.00 b
1.08 0.28 25.9 1.10 1.00 90.9
0.95 0.30 31.6 0.98 0.95 96.9
0.25 0.07 28.0 0.28 0.26 92.9
0.20 0.06 30.0 0.21 0.20 95.2

a Values reported are calculated after deducting reagent 
blank.

b It was assumed that the sample contained no mercury; 
results obtained at concentrations less than 0.05 ppm are not 
reliable.

all necessary precautions during the wet diges
tion, but good recovery could not be achieved for 
jowar and fish samples, possibly due to the large 
volumes of NO2 evolved.

In the modified method, addition of HC_ may 
have a stabilizing effect, preventing loss of 
mercury possibly by decomposition, complex 
formation, or volatilization. The dithizone 
method as modified offers a sensitive (0.05 ppm) 
and convenient method for the determination of 
mercury in foods.
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FOR YOUR INFORMATION

W arren  R. B ontoyan and Jam es P. M in yard , Jr

A O A C  A n n u a l  I n te rn a t io n a l  M e e t i n g  — Its  
9 6 t h —A  S u c c e s s

After 18 years, with the 96th Annual 
International Meeting, AOAC returned to its 
former meeting place, the elegant and spacious 
Shoreham Hotel in Washington, DC. About 
1100 analytical scientists attended the highly 
successful meeting held October 25-28, 1982.

Many attendees enjoyed the festive wine 
and cheese party on Sunday evening, but the 
meeting officially opened with the General 
Session on Monday morning. James P. 
Minyard, the outgoing president, gave his 
presidential address, "From Introspection to 
New Horizons." He described AOAC 
expansion, past and future, as well as the 
Association's progress during his tenure.

Proposed bylaw amendments and 
provisional charters for regional sections were 
read and voted on. Incoming President

Warren R. Bontoyan presented the 
Presidential plaque to Dr. Minyard, who, in 
turn, presented Peter F. Kane, Purdue 
University, West Lafayette, IN, with the 1982 
award for the best Associate Referee Report of 
the Year. Dr. Minyard presented certificates 
to the 1982 Fellows of the AOAC: Wallace S. 
Brammell, Thomas Fazio, and Edward Smith, 
FDA, Washington, DC; D. Earle Coffin, Health 
and Welfare Canada, Ottawa, Ontario, Canada; 
Elmer George, Jr, NY Department of 
Agriculture and Markets, Albany, NY; Stanley
E. Katz, Rutgers University-Cook College,
New Brunswick, NJ; John W. Sherbon, Cornell 
University, Ithaca, NY; and Arthur H.
Hofberg, Ciba-Geigy Corp., Greensboro, NC. 
The AOAC Wiley Scholarship winner, Carol 
Lynn Lasko of the College of the Siskiyous, 
was announced.

For organizing the regional sections, H. 
Michael Wehr, Oregon Department of 
Agriculture, Salem, OR; H. Michael Stahr,
Iowa State Veterinary Diagnostic Laboratory, 
Ames, IA; and Audrey Gardner, NY State 
Agricultural Experiment Laboratory, Geneva, 
NY, received special awards, as did Nicole 
Hardin, FDA, New Orleans, LA, and Hershel
F. Morris, Louisiana Department of 
Agriculture, Baton Rouge, LA, for planning 
and conducting the 1982 Spring Training 
Workshop and Exhibition.

In recognition and appreciation of their 
years of service, awards were presented to 
Marjorie D. Fuller, for 15 years as AOAC 
Assistant Business Manager and to Bernhard 
Larsen for 8 years as Treasurer of the AOAC. 

The last item on the General Session agenda,

H . M ich ael S tah r, 

A u d rey G ard n er, 

and

H. M ichael W ehr
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M a rjo rie  D . F u lle r  B e rn h a rd  L arsen P e te r  F. K an e
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was an address, "Successful Interagency 
Cooperation: The Diehlstadt Story," by 1982 
Harvey W. Wiley Award winner, Odette 
Shotwell, U.S. Department of Agriculture, 
Peoria, IL. She recounted a surprisingly 
successful emergency interagency effort to test
400,000 bushels of white corn suspected of 
aflatoxin contamination.

The Harvey W. Wiley Award banquet, 
featuring a 16-piece dance band, closed the 
first meeting day. For the balance of Monday 
and the next 3 days and evenings, attendees 
had their choice of over 200 papers, 48 poster 
presentations, 5 symposia, 58 equipment and 
supply exhibits, 2 seminars on automated 
analysis and 1 on microprocessor application 
for Kjeldahl and flow injection analysis, plus 
numerous reports, special discussion sessions, 
and special meetings.

The 5 timely symposia were titled:
Detection of Deliberate Adulteration of Foods, 
Measurement of Water Activity in Foods, 
Advances in Nitrosamine Analysis, Analysis of 
Finished Drinking Water—Trace 
Contaminants, and Good Laboratory Practices.

A short course, Practice of Modem Liquid 
Chromatography, sponsored by the American 
Chemical Society, was held on the 2 days 
preceding the meeting.

1 9 8 2  A s s o c ia te  R e f e r e e  R e p o rt  o f  th e  Y ea r  
A w a r d

Peter F. Kane, Purdue University, West 
Lafayette, IN, Associate Referee for potash, 
won the 1982 award for the best Associate 
Referee Report of the Year. He was 
nominated by Committee A for his report, 
"Collaborative Study of the Flame Photometric 
Determination of K2O in Fertilizers."

Every year each Committee is asked to 
nominate one referee for this award. Other 
nominees this year were: Committee C—B. 
Denis Page, Health and Welfare Canada, 
Ottawa, Ontario, Canada; Committee D— 
Arthur Caputi, E. J. Gallo Winery, Modesto,
CA; Committee E—Susan C. Hight, Food and 
Drug Administration, Washington, DC; 
Committee G—Michael H. Thomas, U. S. 
Department of Agriculture, Beltsville, MD.

T h a n k s  to R e v ie w e r s

The work is difficult and time consuming, 
there is no pay, and little if any recognition— 
and yet few scientists refuse when asked to

review a manuscript. As you can see from the 
following list, hundreds of men and women 
contribute their time and expertise to help 
ensure that published papers reflect work of a 
consistently high scientific value and technical 
quality and offer reliable information on the 
latest advances in their fields.

Providing a thoughtful review of a 
manuscript is no easy job. We wish it were 
possible to reward our reviewers, or at least to 
inform them of the disposition of the 
manuscripts they review and of the authors' 
responses to their comments, but our limited 
resources prohibit this.

What we can do and are happy to do is to 
tell you who they are. The following is a list 
of people who have reviewed manuscripts for 
the 1982 Journal of the Association of Official 
Analytical Chemists. Please forgive us if we 
have overlooked anyone.

Thank you: R. G. Achari, R. F. Addison, N. 
Ahmad, J. J. Akielaszek, H. Albert, R. H.
Albert, L. V. Allen, Jr., D. Andrzejewski, C. Y.
W. Ang, T. E. Archer, P. D. W. Areson, R. J. 
Argauer, J. A. Ault, J. E. Bailey, S. Barkan, S. A. 
Barnett, F. R. Batzer, J. R. Baxley, R. A. Beck, T.
A. Bellar, G. A. Bennett, M. S. Bergdoll, S. W. 
Bingham, J. Bitman, H. R. Bolin, D. R. Boline,
C. E. Boufford, J. A. Bowers, M. C. Bowman, W.
G. Boyd, Jr., D. E. Bradway, J. A. Braswell, A. R. 
Brause, C. V. Breder, G. S. Brenner, C. D. 
Brokopp, S. M. Brown, J. V. Bruno, M. P.
Bueno, L. B. Bullerman, B. C. Burros, R. J. 
Bushway, J. J. Byrne.

D. Caine, R. J. Calvey, S. G. Capar, A. Caputi, 
Jr., E. M. Carr, J. H. Caruso, H. Casper, H. H. L. 
Chang, W. Chang, R. A. Chapman, G. 
Charalambous, A. S. Y. Chau, T.-M. Chen, J. P. 
Cherry, M. Chiba, J. R. Chipley, E. R. 
Christensen, C. Ciacco, C. C. Clark, J. P. Clark, 
W. H. Clark, M. G. Clower, Jr., H. Cohen, W. E. 
Coleman, D. M. Collins, J. E. Conaway, Jr., K.
A. Connors, C. E. Cook, D. Cooper, E. D. 
Coppola, B. L. Cox, E. A. Cox, J. A. Cox, R. C. 
Craddick, H. L. Crist, A. J. Cutaia, R. W.
Dabeka, B. L. D'Appolonia, N. D. Davis, R. A. 
Davis, D. C. DeBolt, A. B. DeMilo, E. DeRitter,
J. M. Devine, G. J. Diebold, R. Dixon, J. 
Dokladalova, L. W. Doner, Jr., J. F. Dowling, R.
A. Draper, R. H. Dyer.

T. Eadie, K. L. Eaves, T. E. Edgerton, D. C. 
Egberg, D. Ehntholt, S. J. Eisenrich, R. R. 
Eitenmiller, E. R. Elkins, Jr., W. Ellefson, J. 
Euber, D. L. Fabacher, L. Fathergill, T. Fazio, R.
S. Ferrera, D. H. Fine, D. W. Fink, J. R. Fleeker,
C. L. Foster, E. N. Frankel, T. P. Gaines, G. M.
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George, C. P. Gerba, J. R. Giacin, S. G. Gilbert,
E. M. Glocker, L. A. Gorman, J. Gould, R. G. 
Grant, M. Gray, J. F. Gregory, III, D. A. Griffin,
R. Grypa, R. C. Gueldner.

K. K. Haak, J. Hackett, R. Hackler, H. 
Hammond, A. R. Hanks, L. B Hansen, M. L. 
Happich, E. E. Hargesheimer, P. A. Hartman,
P. P. Hartman, M. L. Hasselberger, A. B. Heath,
R. O. Hebert, Jr., M. M. Heckman, D. R. 
Heidemann, J. Helmer, S. K. Henderson, B. D. 
Hill, B.-A. Hoener, R. A. Holley, T. R. Holm, J.
H. Holmes, Jr., R. L. Holmstead, D. O. Holst,
M. L. Hopper, W. Horwitz, J. A. Howell, M. V. 
Howell, G. Hradzina, B. B. Hubert, G. B. 
Hunter, W. J. Hurst, J. W. Hylin, J. C. 
Illuminati, P. Issenberg, Y. Ito, M. C. Ivey, E. R. 
Jackson, M. D. Jackson, W. G. Jennings, D. J. 
Jensen, H. J. Jeuring, M. G. Johnson, J. Jones, J. 
W. Jones, E. Josefsson, A. M. Joshi, W. E. Juhl.

P. E. Kauffman, C. Kies, J. H. King, R. Klein,
T. C. Knott, T. S. Koh, F. V. Kosikowski, K. G. 
Koubek, J. Kovar, R. T. Krause, R. W. Kwolek,
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Lawrence, C. S. Lee, R. B. Leidy, E. A. Lenton,
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Lloyd, G. Lookhart, D. M. Lowie, R. C. 
Lundstrom, I. Lurie.
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Pattendik, G. D. Paulson, P. Pellet, G. A. 
Perfetti, A. W. Perrault, T. L. Peters, D. R. 
Petrus, S. L. Pfeiffer, A. Pier, S. R. Piotrowicz,
J. Pirisino, A. M. Placencia, M. J. Prager, G. B. 
Quistad, D. M. Rains, A. Rash, L. J. Ravin, A. C. 
Ray, D. C. Reamer, S. K. Reeder, G. Reineccius,
K. S. Rhee, M. L. Richmond, J. A. G. Roach, E.
E. Roets, T. R. Römer, T. W. Rosanshe, I. E. 
Rosenberg, J. H. Routh, J. E. Roybal, J. J. Ryan.

S. H. Safe, E. C. Samarco, J. R. Sandifer, G.
M. Sapers, C. F. Savoy, T. A. Scahill, R. A. 
Scanlan, D. R. Schoneker, P. M. Scott, L. S.

Scroggins, J. N. Seiber, J. L. Sell, N. P. Sen, B. 
Shaikh, J. W. Sherbon, D. Shostak, O. L. 
Shotwell, J. B. Siddall, J. A. Siegal, R. A. 
Simonaitis, K. L. Simpson, G. M. Singer, J. A. 
Singleton, W. A. Sistrunk, B. J. Skura, A. E. 
Smith, A. L. Smith, P. V. Smith, S. P. Sobal, C.
J. Spillner, D. F. Splittstoesser, W. F. 
Staruszkiewicz, Jr., B. Stavric, V. B. Stein, W. A. 
Stellar, V. M. Stephens, G. L. Stewart, C. M. 
Stine, E. E. Stinson, L. Stoloff, L. V. Streips, D.
H. Strunk, R. D. Stubblefield, K. S. 
Subramanian, R. F. Suddendorf, D. L. Suett, F.
B. Suhre, D. J. Sullivan, M. L. Sunde, B. J. E. 
Swindell, D. Szeto, M. Szyper.

A. Y. Taira, D. M. Takahashi, D. E. Tallman,
H. S. I. Tan, V. E. Taylor, F. M. Teeny, J. D. 
Tessari, K. D. Thakker, N. Thiex, M. H. 
Thomas, J. N. Thompson, N. P. Thompson, C. 
W. Thorpe, J. D. Timpa, K.-C. Ting, D. Tobias,
J. W. Tolan, R. E. Tondreau, M. W. Trucksess. J.
E. Truelove, P. C. Tway, P. A. Twomey, W. J. A. 
VandenHeuvel, C. Vandercook, J. T. 
Vanderslice, R. A. Vesonder, G. A. Walker, L.
L. Wall, Sr., J. P. Walradt, S. M. Waraszkiewicz,
C. R. Warner, J. D. Warren, J. R. Watson, C. E. 
Weeks, L. G. West, S. D. West, L. L. Wheelock,
R. H. Whelan, J. R. Whitaker, T. B. Whitaker, L.
L. Whitlock, W. A. Widicus, D. N. Willett, D. T. 
Williams, C. W. Wilson, III, H. H. Wisneski, R. 
J. Witonsky, A. B. Wong, Z. A. Wong, M. 
Woodburn, R. E. Wrolstad, Y.-J. Wu, K. T. Zee,
E. Zink, L. C. Zygmunt.

D o n 't  M iss  th e  8 th  A n n u a l  A O  A C  S p r in g  
W o rk s h o p  a n d  E x p o s it io n  in  In d ia n a p o lis

A  wide range of subjects will be covered at 
the 8th Annual AO AC Spring Workshop and 
Exposition, to be held April 19-21, 1983, at the 
Sheraton West Hotel, Indianapolis, IN.

Topics and chairmen will be as follows: 
P e s t ic id e  F o rm u la t io n s , O. Dean Decker, Eli Lilly 
and Co., Greenfield, IN; N e w  I n s t r u m e n t a t io n ,  

Fred Regnier, Purdue Univ., West Lafayette, 
IN; P h a r m a c e u t ic a ls , Rafik Bishara, Eli Lilly and 
Co., Indianapolis, IN, and David Doedens, 
State Dept, of Toxicology, Indianapolis, IN; 
T o x ic o lo g y , Rosemary Alstott, Central Testing 
Facility, Indianapolis, IN; M ic ro b io lo g ic a l  

M e t h o d s ,  Dick Essex, Scott Laboratories, 
Zionsville, IN; C h r o m a to g ra p h ic  a n d  

S p e c t r o s c o p ic  T e c h n iq u e s , Ronald Hites, Indiana 
Univ., Bloomington, IN; A n tib io t ic  A n a ly s e s  in  

F e e d s  a n d  F o o d s , H. S. Ragheb, Purdue Univ., 
West Lafayette, IN; T o x ic o lo g y , Marina Stajic,
M. D., Fairfax Hospital, Falls Church, VA;
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M ic r o b io lo g y  o f  W a s te  W a t e rs , Robert H.
Bordner, Environmental Protection Agency, 
Cincinnati, OH; M y c o t o x in s ,  John Tuite, 
Purdue Univ., West Lafayette, IN; M o n it o r in g  

f o r  O r g a n ic  R e s id u e s , Jerry L. Hamelink, Eli 
Lilly and Co., Greenfield, IN; V ita m in  A n a ly s is ,  

Coleman R. Seward, Food and Drug Admin. 
(FDA), Atlanta, GA; H ig h  P r e s s u r e  L iq u id  

C h r o m a t o g r a p h y ,  Les J. Lorenz, Eli Lilly and 
Co., Indianapolis, IN; F o r e n s ic s ,  Mohamed M. 
Gohar, State of Ohio Arson Crime Laboratory, 
Reynoldsberg, OH, and Howard L. Dobres, 
Drug Enforcement Admin., Chicago, IL; F o o d  

M ic r o b io lo g y , Robert M. Twedt, FDA, 
Cincinnati, OH; T r a c e  M e t a l s  A n a ly s is , Fred 
Fricke, FDA, Cincinnati, OH; P ro b lem s  

A s s o c ia te d  w ith  I n s tr u m e n t a t io n  a n d  A u t o m a t io n ,  

Jack Zynger, Eli Lilly and Co., Indianapolis,
IN; V e t e r i n a r y  T o x ic o lo g y , Frank Ross, US Dept 
of Agriculture, Ames, IA; D r u g  R e s id u e s  in  F o o d s  

a n d  F e e d s ,  R. J. Noel, Purdue Univ., West 
Lafayette, IN; M e d ic a l  D e v ic e s ,  Michael T. 
Kenny, Dow Chemical, Indianapolis, IN; and 
S a m p lin g  F a c e t s  (Chairman to be announced).

Registration fees are as follows: pre
registration (deadline April 4,1983) $60, on
site registration $75, student registration $20, 
and registration by the day $35. Fees include 
2 lunches and a wine and cheese party.

For further information, contact Lawrence 
Sullivan, Indiana State Board of Health, 1330 
West Michigan St., Indianapolis, IN 46206 
(317/633-0224).

F r e e  T e c h n ic a l  A s s is ta n c e  A v a ila b le  f o r  
F i l l i n g  O u t  P re m a n u fa c t u re  N o tific a t io n s  
( P M N )

Chemical manufacturers in the northern 
midwest and east coast corridors receive, upon 
request, free technical assistance in filling out 
Premanufacture Notifications (PMNs), as 
required under Section 26(d) of the Toxic 
Substances Control Act (TSCA). Provided 
through the Field Technical Service and 
funded by the U.S. Environmental Protection 
Agency (EPA), this service is operated by a 
Washington-based management consulting 
firm, Triton Corp.

For further information in the east coast 
corridor, call Alan Schneider at (201) 277-0060 
and in the northern midwest, call Joshua 
Phillips at (312) 454-0536. Both men have 
been trained and cleared by EPA to provide 
technical assistance and handle confidential 
business material (CBI).

S R M s  f o r  2  A n t ic o n v u ls a n t  D ru g s  a n d  f o r  
M e ta l-o n -Q u a rtz  F ilt e rs  f o r  
S p e c t r o p h o t o m e t r y  N o w  A v a ila b le  f r o m  th e  
N a tio n a l B u rea u  o f  S ta n d a rd s  (N B S )

SRM 1 5 9 9  A n t ic o n v u ls a n t  D r u g  L e v e l  A s s a y  

S t a n d a r d —This new standard reference 
material (SRM) certified for concentrations of 
2 anticonvulsant drugs, valproic acid and 
carbamazepine, is available in a freeze-dried 
human serum base. Primary uses are for 
calibration and standardization of quantitative 
clinical analyses for these drugs in human 
serum, for critical evaluations of working or 
secondary standards prepared in-house, and 
for manufacturers of control materials, 
calibrators, and kits to assure the quality of 
such products

This SRM consists of 4 vials of freeze-dried 
serum: 3 contain the 2 drugs at near, above, 
and lower concentrations than usually used to 
control convulsions caused by epilepsy, the 
4th vial is a serum blank. The price is 
approximately $137 per 4-vial unit. Other 
clinical SRM's available from NBS include 
SRM 900 for the anticonvulsant drugs: 
phenytoin, ethosuximide, phénobarbital, and 
primidone, and SRM 909, a freeze-dried 
human serum certified for constituents found 
normally in blood.
S R M  2 0 3 1  M e t a l - o n - Q u a r t z  F i lte r s  f o r  

S p e c t r o p h o t o m e t r y —Intended to be used as a 
reference standard for verifying the 
transmittance and absorbance scales of 
conventional spectrophotometers in the 
ultraviolet and visible regions of the 
electromagnetic spectrum, SRM 2031 consists 
of 3 individual filters in their metal holders 
and one empty filter holder. The 
transmittance and transmittance density 
(absorbance) of each filter have been measured 
and certified with an uncertainty of 1.0% for 
each of the following 10 wavelengths: 250, 
280, 340, 360, 400, 465, 500, 546.1, 590, and 635 
nm. The certified values are valid for 1 year 
from date of certification when the set of 
filters should be returned to NBS for free 
verification. The certificate issued with the 
SRM provides instructions for the use of the 
filters. Details of preparation and certification 
are issued with each set of filters. The price is 
$1260 per unit.

SRMs may be purchased from the Office of 
Standard Reference Materials, National Bureau 
of Standards, Room B311, Chemistry Building, 
Washington, DC 20234. Telephone 301/921- 
2045.
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A O A C  G a in s  a N e w  C a n a d ia n  S u s t a in in g  
M e m b e r

The Ontario Ministry of Agriculture and 
Food, Toronto, Ontario, Canada, has become a 
Sustaining Member of AOAC. By doing so, 
they join several other Canadian agencies 
who, knowing the importance of independent 
methods validation, provide support for 
AOAC.

M e e t in g s

A p r i l  7 - 8 , 1 9 8 3 :  Committee E -ll on 
Statistical Methods, ASTM Headquarters, 
Philadelphia, PA. Contact: Bill Hulse, 215/ 
299-5507.

A p r i l  1 9 - 2 1 ,  1 9 8 3 :  AOAC 8th Annual Spring 
Workshop and Exposition, Sheraton West 
Hotel, Indianapolis, IN. Contact: Lawrence 
Sullivan, Indiana State Board of Health, 1330 
West Michigan St, Indianapolis, IN 46206;
317/633-0224. For more information, see 
article above.

M a y  1 7 - 1 9 ,  1 9 8 3 : 6th International 
Rapeseed Conference, Paris, France. Contact: 
Colza-Congres-Services, 1 rue Jules-Lefebvre,
F. 75009 Paris, France.

J u n e  1 - 4 ,  1 9 8 3 :  Symposium-Flavour of 
Distilled Beverages; Stirling University, 
Scotland. Contact: Dr. J. R. Piggott, Dept, of 
Bioscience and Biotechnology, University of 
Strathclyde, 131 Albion St, Glasgow G1 1SD, 
Scotland

J u n e  5 - 8 ,  1 9 8 3 :  66th Canadian Chemical 
Conference, Convention Centre, Calgary, 
Alberta, Canada. Contact: Dr. Arvi Rauk, 
MCIC, Department of Chemistry, Univ. of 
Calgary, Calgary, Alberta, T2N 1N4 Canada; 
403/284-6247, or The Chemical Institute of 
Canada, 151 Slater St, Suite 906, Ottawa, 
Ontario, KIP 5N3 Canada; 613/233-5623.

J u n e  7 - 1 0 ,  1 9 8 3 :  1st International 
Symposium on Drug Analysis, Free University 
of Brussels, Brussels, Belgium. Contact: C. 
Van Kerchove, Société Belge des Sciences 
Pharmaceutiques—Belgisch Genootschap voor 
Pharmaceutische Wetenschappen, rue 
Archimedesstraat 11, B-1040 Brussels, Belgium; 
telephone (02) 733 98 20 est. 33.

J u ly  2 4 - 2 9 , 1 9 8 3 :  35th Annual Meeting of 
the American Association for Clinical 
Chemistry, New York, NY. Contact:
Marjorie Hack, AACC, 1725 K St, NW, 
Washington, DC 20006; 202/857-0717.

J u ly  1 7 - 2 3 ,  1 9 8 3 :  SAC 83—International 
Conference and Exhibition on Analytical 
Chemistry, University of Edinburgh, 
Edinburgh, Scotland. Contact: P. E. 
Hutchinson, Secretary, Analytical Div., Royal 
Society of Chemistry, Burlington, House, 
London, W1V OBN, UK.

J u ly  1 8 - 2 1 ,  1 9 8 3 :  1983 National Conference 
of Standards Laboratories Workshop and 
Symposium: Metrology—Meeting the 
Challenge of Change, National Bureau of 
Standards, Boulder, CO. Contact: Gary 
Davidson, Co-chairman, 1983 NCSL Workshop 
and Symposium, TRW/DSSG, Bldg. S, Room 
2767, One Space Park, Redondo Beach, CA 
80278; 213/535-1684.

J u ly  2 7 - 3 0 ,  1 9 8 3 :  3rd International 
Conference on Instrumental Analysis of Foods 
and Beverages—Recent Developments in 
Chemistry and Technology, Corfu Hilton 
Hotel, Corfu, Greece. Contact: D. J. 
Mussinan, IFF R & D, 1515 Highway 36, Union 
Beach, NJ 07735; 201/264-4500.

C h r o m a t o g r a p h y  C o u rs e s  O f f e r e d

Varian Associates is offering 23 training 
courses in chromatography from October 1982 
through September 1983. Courses will be 
conducted at Walnut Creek, CA; Park Ridge, 
IL; Houston, TX; and Florham Park, NJ.
Topics range from basic courses in gas or 
liquid chromatography to advanced 
techniques, environmental applications, and 
special analyzer techniques.

Each course is a hands-on, laboratory 
oriented presentation, with personal 
instruction using the latest equipment and 
techniques. Course length ranges from 1 to 5 
days and fees are from $150 to $450.

For more information, contact Varian 
Instruments, PO Box D-070, 220 Humboldt 
Court, Sunnyvale, CA 94086; telephone 408/ 
734-5370, Ext. 415.
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NEW PUBLICATIONS

Chlorinated Dioxins and Related
Compounds —Impact on the Environment.
Proceedings of the W orkshop Ins titu to  
Superiore d i Sanita, Rom e, Ita ly . E d ited  by 
O. H u tz in g e r, R. W . F re i, E. M eria n , and F. 
Pocchiari. P ublished  by Pergam on Press, 
H ead in g to n  H i l l  H a ll, O xfo rd  0X3 O B W , 
Englan d , 1982. Also availab le  from  
Pergam on Press, F a irv iew  Park, E lm sford , 
N Y  10523, U S A . 624 pp. 165 illus. Price: 
US$75.00. IS B N  0-08-0262562.

The w orksho p  on w h ic h  this book is based was 
organ ized  to a llo w  a m u ltid is c ip lin a ry  
approach to problem s posed by ch lo rin ated  
dioxins. The most recent advances in  
analytica l m ethodo log y, e n v iro n m en ta l fate  
and levels, in c in era tio n  toxicology  
(m etabolism ), an im al toxicology, and  
observations in  m an are covered.

Collaborative Interlaboratory Studies in 
Chemical Analysis. In te rn a tio n a l 
Sym posium  on H a rm o n iza tio n  of 
C o llab orative  A n a ly tica l Studies, H e ls in k i, 
F in la n d , Septem ber 1981. Edited  by H .
Egan and T. S. West. Published  by 
Pergam on Press, H ead in g to n  H i l l  H a ll,  
O xfo rd  0X3 O B W , Eng land , 1982. Also  
availab le  fro m  Pergam on Press, F a irv iew  
Park, E lm sford , N Y  10523, U SA . 178 pp, 27 
illus . Price US$40.00. IS B N  0-08-026228-7.

There  is great interest th rou g h ou t the  
chem ical sciences in  the s tandard ization  and  
va lid a tio n  o f those analytical m ethods w h ic h  
are the basis fo r specification and the legal 
enfo rcem en t of standards covering  a ll aspects 
of h u m an  h ea lth  and endeavor. Such 
standards and analy tica l m ethods should be 
com patib le. Today, there  are n ation al and  
in te rn a tio n a l research in stitu tions whose  
p rim a ry  goal is to develop  such m ethods.
This book sum m arizes the  state o f progress in  
this area. I t  w i l l  be o f in terest to analy tica l 
chemists and  n ation a l and  in te rn a tio n a l 
organ izations in v o lv e d  in  the deve lo pm en t 
and  use of standard m ethods.

Mass Spectrometry in the Environmental 
Sciences. Theory and Applications.
E dited  by F. W . Karasek et al. Published  by  
Pergam on Press, H ead in g to n  H i l l  H a ll,

O xfo rd  0X3 O B W , Eng land , 1982. A lso  
availab le  from  Pergam on Press, F a irv iew  
Park, E lm sford , N Y  10523, U SA . 500 pp. 
Price: US$100.00. IS B N  0-08-026255-4.

A  com prehensive, m u lti-a u th o r w o rk , this  
book is in tend ed  to in fo rm  the chem ist 
w o rk in g  in  the p o llu tio n  or pesticide area of 
the capabilities o f mass spectrom etry  
techniques and to in fo rm  the specialist mass 
spectroscopist of the background to various  
problem s encountered in  p o llu ta n t analysis.

Analytical Techniques in Environmental 
Chemistry II. Proceedings of the 2nd  
In te rn a tio n a l Congress, 1981, Barcelona, 
Spain. Edited  by J. A lbaiges. P ublished  by  
Pergam on Press, H e a d in g to n  H i l l  H a ll,  
O xfo rd  0X3 O B W , Eng land , 1982. Also  
availab le  fro m  Pergam on Press, F a irv iew  
Park, E lm sford, N Y  10523, U SA . 482 pp.
185 illus . Price: approx. US$75.00. IS B N  
0-08-028740-9.

This book covers n ew  m ethodologies and  
recent advances in  analy tica l ins tru m en ta tion  
fo r the iden tific a tio n  o f n atu ra lly  occurring  
and m an-m ade en v iro n m e n ta l chem icals. 
Em phasis is g iven  to analy tica l strategies 
o rien ted  to a better kno w ledg e  o f ecosystem  
dynam ics and to the fo rm u la tio n  of 
e n v iro n m en ta l q u a lity  standards. This  book 
w il l  be o f interest to research w orkers  in  the  
e n v iro n m en ta l sciences and analy tica l 
chem istry.

Confidentiality of Data and Chemicals
Control. Published  by the O rganisation  of 
Econom ic C o-operation  and D ev e lo p m e n t  
(O E C D ), 2, rue Andre-Pascal, 75775 Paris 
Cedex 16, France, 1982. A lso ava ilab le  from  
O E C D  Publications In fo rm a tio n  C enter, 
Suite 1207, 1750 P ennsylvan ia  A ve , N W ,  
W ashington , D C  20006, U S A . 94 pp. Price: 
US$10.00, £5.00, F50.00. IS B N  92-64-12365-
2.

Prepared by an in te rn a tio n a l g roup  o f experts, 
th is report analyzes the problem s associated 
w ith  the c o n fid e n tia lity  o f data on chem icals  
subm itted  by ind ustry  to g overnm ent. Public  
disclosure of data, exchange of in fo rm atio n , 
and the pro tection  of p ro prie ta ry  rights to data
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are considered in  deta il as w e ll as proposals 
that w o u ld  p e rm it governm ents to deal w ith  
these problem s.

Good Laboratory Practice in the Testing of 
Chemicals. Published  by the O rganisation  
of Econom ic C o-operation  and D eve lo p m ent 
(O E C D ), 2, rue André-Pascal, 75775 Paris 
Cedex 16, France, 1982. Also ava ilab le  from  
O E C D  Publications In fo rm a tio n  C enter,

Suite 1207, 1750 P ennsylvania A v e , N W ,  
W ashington , D C  20006, U SA . 62 pp. Price  
U S$7.00, £7.80, F35.00. IS B N  92-64-12367-9.

Prepared by an in te rn a tio n a l group o f experts, 
this report addresses the issue of com pliance at 
the national and in te rn a tio n a l level w ith  the  
O E C D  Princip les o f Good Laboratory Practice. 
G uide lines  fo r nationa l G LP inspections and  
study audits are proposed.

A O A C  R egio nal Section M eetings

Midwest /  Regional Section Meeting
June 14-15, 1983 
Ames, IA
Contact: H. Michael Stahr

Iowa State University 
515/294-1950

Northwest/  Regional Section Meeting
June 15-16, 1983 
Olympia, WA 
Contact: H. Michael Wehr

Oregon Department of Agriculture 
503/378-3793

Northeast/  Regional Section Meeting
June 28-29, 1983 
Bennington, VT 
Contact: Audrey Gardner

NY State Agriculture Experiment Station 
315/787-2281
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BOOK REVIEW

Developments in Meat Science — 2. Edited by 
Ralston Lawrie. Published by Applied 
Science Publishers, Ltd, 22 Rippleside 
Commercial Estate, Ripple Rd, Barking,
Essex IG 11 OS A England, 1981. xxi +  299 
pp. Price: $64.00. ISBN 0-85334-986-X.

A broad range of topics under the general 
heading of meat science is covered in this 
book. Although few individuals are likely to 
be interested in the entire book, select 
chapters should appeal to a large audience 
with diverse backgrounds such as analytical 
chemistry, veterinary medicine, human 
nutrition, and food production—the raising, 
transportation, slaughter, and processing of 
animals intended for human consumption, or 
even on the consumer level.

It was as a consumer of meat products that I 
found chapters on water activity and nutrition 
of meat of particular interest. Chapter 6 
provides an in depth description of recent 
research in the production of intermediate 
moisture meat. The term water activity (aw) is 
introduced, defined, and then used as a means 
of measuring the effectiveness of various 
additives in the production of a safe, stable, 
and appetizing meat product. Chapter 8 
presents an unemotional discussion of the 
nutritional value and possible health related 
hazards associated with meat consumption and 
includes a table with an impressive summary

of the nutritional value meat contributes to a 
daily diet.

As an analytical chemist involved with 
monitoring meat tissue for trace drug residues, 
I found several chapters of particular interest. 
Chapter 4, although primarily concerned with 
the production of an emulsion type meat 
product, provides valuable information on the 
biochemical changes occurring in muscle 
tissue following slaughter and the onset of 
rigor mortis. Factors such as pH change, ATP 
depletion, and water holding capacity are 
discussed. Chapter 5 discusses effects of 
freezing, frozen storage, and subsequent 
thawing of meat tissue—far too many 
analytical chemists need to be reminded that 
prolonged storage and repeated thawing of 
meat tissue can drastically alter both the 
nature of the tissue matrix and the component 
residue for which an assay is intended.
Chapter 7 provides a good summary of 
analytical approaches currently being used for 
differentiating muscle tissue, connective 
tissue, and nonmeat protein.

This constitutes a valuable reference book 
for the analytical chemist, microbiologist, 
veterinarian, nutritionist, and others involved 
with the production and monitoring of meat 
products.

FRANCIS B. SUHRE
U .S . D e p a r t m e n t  o f  A g r i c u l t u r e  

C h e m is t r y  D iv isio n  L a b o ra to ry  B ra n c h  

B e lts v ille , M a r y la n d  2 0 7 0 5
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GENERAL REFEREE REPORTS: COMMITTEE A

Report on Feeds

CLYDE E. JONES
S ta te  D e p a r tm en t  o f  A g r ic u ltu re , 2331 W  3 1 st A v e ,  D e n v er , C O  80211

Several new Associate Referees were ap
pointed this year in areas where new methods or 
improved methods are needed by industry and 
regulatory agencies. Several collaborative 
studies were planned to start this year. An As
sociate Referee is still needed for Infrared Re
flectance Techniques in Mixed Feeds.

A m m o  A c id s  in M ix e d  F e e d s .—Wayne Stockland 
was appointed Associate Referee in August. He 
has a method ready for collaborative study that 
combines an amino acid analyzer with HPLC for 
complete amino acid profile. The Florida De
partment of Agriculture is interested in devel
oping a chemical or HPLC method for specific 
amino acids.

C r u d e  F a t  in P e t  F o o d s .—No Associate Referee. 
Some people are not aware of the editorial 
changes made last year in the fat method 
(7.055-7.060) instructions and are still having 
interpretation difficulties. The American As
sociation of Feed Control Officials was requested 
by a few members of industry to investigate the 
matter, and the AAFCO report which followed 
endorsed the action taken by AOAC last year. 
No AOAC activity is recommended this year 
unless problems continue.

C r u d e  F i b e r .—Associate Referee David Holst 
worked as coordinator for the ISO Group on fil
tration problems of crude fiber and cell water 
determinations. No collaborative AOAC work 
is planned this year.
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at Washington, DC.
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C r u d e  F ib e r  in M ilk  R e p la c e r s .—Associate Ref
eree Jim Pierce continues to experience problems 
with the method; a collaborative study is planned 
if problems can be solved.

I o d in e  in  F e e d . —  Stuart Meridian, West Agro- 
Chemical, Inc., is the new Associate Referee. 
There is concern with the amount of iodine en
tering milk via animal feeds, which in turn may 
cause excessive iodine in the human diet. A 
method using ion selective electrodes is ready for 
collaborative study.

N o n - N u t r i t i v e  R e s i d u e s .—Associate Referee 
Peter J. Van Soest participated in a collaborative 
study on an enzymatic method for dietary fiber, 
sponsored by Asp, University of Copenhagen; 
results are not yet available. He is considering 
an AOAC collaborative study on non-nu:ritive 
dietary fiber (NDF), and is developing a modified 
NDF procedure to measure soluble dietary 
fiber.

C r u d e  P r o t e in .—The new Associate Referee, 
Peter Kane, Office of the Indiana State Chemist, 
plans to conduct a collaborative study this year 
using copper catalyst for crude protein.

W a t e r  (K a r l  F i s c h e r  M e t h o d ) .—The new Asso
ciate Referee, David Wallace, Colorado Depart
ment of Agriculture, is conducting a collabora
tive study on automated KF for whole grains. If 
the study is successful, it may be expanded to 
mixed feeds.

Associate Referees on Minerals and Sampling 
reported no progress this year.

R e c o m m e n d a t io n s

Continue study on all topics. Appoint an 
Associate Referee for IR Reflectance Technique 
in Mixed Animal Feeds.
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Report on Fertilizers and Agricultural Liming Materials

ROBERT C. RUND
O ffic e  o f  th e  In d ia n a  S ta te  C h em is t , 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

C a lc iu m  a n d  M a g n e s iu m ; C o p p e r ;  a n d  E le m e n t a l  

A n a ly s is  o f  L im in g  M a t e r ia ls .—These subjects have 
been inactive for many years and no difficulty 
with existing methods has been brought to the 
attention of the Associate Referees or the General 
Referee. It is proposed that these topics be dis
continued.

I r o n .—A method for the determination of 
chelated iron in iron chelate concentrates has 
been collaboratively studied and evaluated by 
Associate Referee James Silkey. Following re
moval of oxidized non-chelated iron at pH 8.5, 
the chelated iron is determined by atomic ab
sorption spectrophotometry. The Associate 
Referee proposes this method for adoption as 
official first action for concentrates of iron che
lates. The General Referee concurs, providing 
an applicability statement limits the method to 
those chelating agents studied and notes non
applicability to mixed fertilizers.

N i t r o g e n .—Associate Referee Paul R. Rexroad 
presents a compelling argument to advance the 
modified comprehensive nitrogen method 
(2.061-2.062) to official final action status. This 
method specifies copper instead of mercury as 
the catalyst during the Kjeldahl digestion and 
reduction step with chromium salts. Other 
modifications to the official final action com
prehensive nitrogen method (2.059-2.060) in
clude significant changes in the salt-to-acid ratio 
and the length of digestion. Magruder Check 
Sample results for the 4 years the modified 
comprehensive method has been published 
confirm its acceptance and comparative accuracy. 
The General Referee concurs in the recommen
dation to adopt 2.061-2.062 official final ac
tion.

P h o s p h o r u s .—Associate Referee Frank J. 
Johnson is leading a comparative evaluation by 
an investigative team of the AOAC official
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methods for available phosphoric acid and a 
method proposed by the European Economic 
Community. These methods are now under 
consideration by a working group of Technical 
Committee 134 of the International Standardi
sation Organization; no report is available at this 
time.

P o t a s h .—Associate Referee Peter F. Kane has 
reported on a collaborative effort to express the 
manual flame method (2.091-2.096) and the au
tomated method (2.097-2.101) as a single meth
od, using performance parameters to judge in
strument acceptability. This obviates the re
quirement to limit the application of common 
principles to specified instruments. Results of 
the collaborative study in which the proposed 
method was compared with the official sodium 
tetraphenyl boron method (2.102) were reported 
and used to substantiate the applicability of the 
proposal. The Associate Referee recommends 
adoption as official first action of the proposed 
flame photometric method collaboratively 
studied, and the General Referee concurs.

S a m p lin g  a n d  P re p a ra t io n  o f  S a m p l e .—Associate 
Referee Douglas Caine has been actively engaged 
in a joint effort with industry and regulatory 
officials to design a study of sampling procedures 
for bagged, blended fertilizers.

S lo w - R e le a s e  M i x e d  F e r t il iz e rs . —Associate Ref
eree Stanley E. Katz proposes a new approach to 
evaluate the slow-release capabilities of water- 
insoluble nitrogen products. Samples of these 
products are currently being obtained for this 
work.

S o d iu m .—Associate Referee Luis F. Corominas 
presented a report at the previous AOAC meet
ing in which results of a collaborative study were 
given comparing the official first action flame 
emission spectrophotometric method with a 
method using atomic absorption. The 2 methods 
produced equivalent values and the Associate 
Referee recommended adoption of the proposed 
AAS method as official first action. Because 
timing of the report last year did not permit ac
tion, the General Referee now recommends 
adoption as official first action.

S o il a n d  P la n t  A m e n d m e n t  I n g r e d i e n t s .—Asso
ciate Referee Clyde E. Jones has joined in a report 
describing a mini-collaborative study to deter
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mine the applicability of the official atomic ab
sorption spectrophotometric method (8.023- 
8.026) for aluminum in baking powders and 
chemicals to aluminum contained in aluminum 
sulfate soil acidifiers. The results appear 
promising and the Associate Referee recom
mends adoption of the method as official first 
action. The General Referee concurs with this 
recommendation.

W a t e r - S o l u b le  M e t h y l e n e u r e a s .  —Associate 
Referee Allan D. Davidson reported the results 
of 9 collaborators using high pressure liquid 
chromatography for 5 sample pairs to establish 
the validity of this method. Coefficients of 
variation by HPLC for urea, methylenediurea, 
and dimethylenetriurea were acceptable. The 
Associate Referee recommends adoption of this 
HPLC method as official first action and the 
General Referee concurs.

Z in c .—A collaborative study specifying atomic 
absorption spectrophotometry is being planned. 
Preliminary work by Associate Referee Mary L. 
Hasselberger to determine criteria for the AAS 
method is under way.

O t h e r  T o p ic s .—No progress is reported by the 
Associate Referees for the topics Biuret in Urea 
and Mixed Fertilizers; Boron; Free and Total 
Water; Sulfur. There is no Associate Referee for 
Molybdenum.

R e c o m m e n d a t io n s

(1) Discontinue study on Calcium and Mag
nesium; Copper; and Elemental Analysis of 
Liming Materials.

(2) Adopt as official first action the proposed 
method for iron chelate concentrates with ap
plicability statement as follows: "Applicable 
only to concentrates of FeEDTA, FeHEDTA, 
FeDTPA, FeEDDHA, Fe citrate, and FeDPS. Not 
applicable to mixed fertilizers."

(3) Adopt as official final action the modified 
comprehensive nitrogen method, 2.061-2.062.

(4) Adopt as official first action the flame 
photometric method for potash proposed by the 
Associate Referee.

(5) Adopt as official first action the atomic 
absorption spectrophotometric method for so
dium proposed by the Associate Referee.

(6) Adopt as official first action the atomic 
absorption spectrophotometric method for alu
minum in aluminum sulfate soil acidifiers pro
posed by the Associate Referee.

(7) Adopt as official first action the HPLC 
method for water-soluble methyleneureas pro
posed by the Associate Referee.

(8) Appoint an Associate Referee for Molyb
denum.

(9) Continue study on all other topics.

Report on Pesticide Formulations: Carbamate and Substituted Urea 
Insecticides

PAUL D. JUNG
E n v iro n m en ta l P ro te c t io n  A g e n c y , O f f i c e  o f  P es t ic id e  P ro g ra m s , B e lt s v il le ,  M D  2 0 7 0 5

Once again, most of the Associate Referees in 
this area have been quite productive. All com
pleted collaborative studies have used HPLC 
methods with an internal standard. Proposed 
methods all appear to be leaning heavily on this 
technique. The following is the present status 
of selected topics assigned to the Associate Ref
erees:

A ld ica rb ; a n d  C a r b a r y l.—William H. McDermott 
is working on a series of methods, both normal
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and reverse phase HPLC, directed to the analysis 
of these materials.

B e n d io c a r b .—Peter L. Carter has refined the 
method to a binary reverse phase system 
employing an internal standard, and plans a 
collaborative study.

C a r b o fu r a n ;  a n d  C a r b o s u l fa n .—Edward J. Kikta 
has completed a collaborative study of an inter
nal standard, reverse phase HPLC method for the 
determination of carbofuran. An interim first 
action adoption is anticipated. He also plans a 
collaborative study of a method for carbo
sulfan.

M e t h i o c a r b .—Newly appointed Steven C. 
Slahck plans to complete collaborative study of 
an HPLC method this year.
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M e t h o m y l .  — James E. C onaw ay, Jr, has com
p le ted  a co llaborative study o f a reverse phase 
in te rn a l standard H P L C  m ethod . A n  in te rim  
firs t action  approval is antic ipated  shortly.

O x a m y l — G len n  A . Sherw ood, Jr, has com
p le ted  a collaborative study of a reverse phase 
in te rn a l standard H P L C  m ethod. A n  in te rim  
firs t action app ro val is antic ipated  shortly.

P ir im ic a r b .— Peter D . B land indicates that this  
com m odity  is being  phased out in  the U n ite d

States but w i l l  be m arketed strongly throughout 
the w o rld . A  n ew  Associate R eferee w i l l  be 
sought.

P ro p o x u r .— N e w ly  appointed Steven C. Slahck 
plans to com plete an H P L C  collaborative study  
th is  year.

R e c o m m e n d a t io n

C o n tin u e  study on a ll topics as o u tlin ed  
above.

Report on Pesticide Formulations: Fungicides and Disinfectants

THOMAS L. JENSEN
S ta te  D e p a r tm en t  o f  A g r ic u ltu r e , 3 7 0 3  S 14th  S t, L in c o ln , N E  6 8 5 0 2

A lth o u g h  no collaborative studies w ere  con
ducted in  th is area d u rin g  the year, several sec
tion  m em bers w ere  busy w ith  preparation  and  
fo llo w u p  w o rk  c o n cern in g  co lla b o ra tiv e  
studies.

M ilto n  Parkins o f U n iro y a l has been ap
p o in te d  Associate Referee fo r C arboxin  and O x- 
ycarboxin. M an y  topics are still vacant, and new  
Associate Referees are being  sought.

A la n  H an ks  reports fo llo w u p  w o rk  has been  
done in  checking the s tab ility  of the pentach lo- 
ronitrobenzene (6.C 08-6.C 11) in tern a l standard. 
In -house  w o rk  indicates the com pound, o-ter- 
p h e n y l, is ind eed  stable over a p eriod  o f tim e. 
H e  recom m ends con tin ued  use and adoption  of
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the  m ethod  as o ffic ia l f in a l action.
A  question has arisen on the status o f tr i-  

p h e n y lt in  m ethodology. A lth o u g h  both  po- 
ten tiom etric  titra tio n  and H P L C  m ethods w ere  
co llab orative ly  studied by C IP A C , o n ly  the po- 
tentiom etric titration  m ethod holds A O  A C  status 
(6 .436-6.439 , fin a l action). The G eneral Referee 
has contacted Com m ittee A  regarding w h at w ork  
is req u ired  fo r the G LC m ethod  fo r tr ip h e n y lt in  
to be acceptable fo r A O  A C  adoption .

Federal cutbacks have forced a change in  
priorities, and L ilia  Rivera suggests a n ew  referee 
be app o in ted  fo r Benom yl.

B rian  Korsch reports that a m ethod  fo r chlo- 
ro th a lo n il is ready fo r co llaborative study.

R e c o m m e n d a t io n s

(1) A dopt as official fina l action the official first 
action  G LC  m ethod  fo r pen tach lo ron itrob en - 
zene, 6 .C 08-6 .C 11 .

(2) C o n tin u e  study on the G LC  m ethod  fo r  
t r ip h e n y lt in .

(3) C o n tin u e  study in  a ll o ther areas.
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Report on Pesticide Formulations: Halogenated and Other 
Insecticides, Synergists, and Insect Repellants

JAMES E. LAUNER
S ta te  D e p a r tm en t o f  A g r ic u ltu re , L a b o ra to ry  S e rv ic e s , S a le m , O R  9 7 3 1 0

These topics w ere  very  active this year; 3 col
laborative  studies w ere  com pleted  and recom 
m ended  fo r o ffic ia l first action. T w o  Associate 
Referees w ere  app o in ted  d u rin g  the past year: 
D ean Yeam an, Fum igants; M ich a e l Sabbann, 
Perthane.

Because sabadilla alkalo ids are no lo n ger p ro 
duced in  this country, the G eneral Referee rec
om m ends designating as surplus the fin a l action  
m ethod  fo r dust form u lation s (6 .173-6.174).

The fo llo w in g  is the present status of selected 
topics assigned to Associate Referees:

C h lo r d a n e  a n d  H e p t a c h lo r .— J. Forrette  w i l l  
in itia te  a collaborative study of the com bination  
of total ch lo rid e  and in fra re d  spectroscopy to 
d ete rm in e  ch lordane and h ep tach lor in  m ix 
tures.

C h lo r  d im e  f o r m .— A . H o fb e rg  w i l l  in it ia te  a 
collaborative study o f a G LC  m ethod.

D ic o f o l .— A . R othm an has com pleted  a col
laborative study of an H P L C  m ethod  and rec
om m ends adoption  as o ffic ia l firs t action. The  
G eneral Referee concurs.

D if lu b e n z u r o n .— A. V an  Rossum has com pleted  
a collaborative study of an H P L C  m ethod  and  
recom m ends adoption  as o ffic ia l first action. 
The G eneral Referee concurs.

E n d o s u l fa n .  —  R. W atson  in v e s tig a ted  the  
C IP A C  G LC  m ethod  and recom m ends ado ption  
as o ffic ia l first action. T h e  G eneral Referee  
concurs.

F c n v a l e r a t e .— R. C o llin s  is cooperating w ith  
C IP A C  on a G LC  m ethod.

F u m ig a n ts .— D . Yeam an is com pleting  study of 
a G LC  m ethod  fo r su lfu ry l fluo ride .
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P e r m e t h r i n .— H . M o rris  is cooperating w ith  
C IP A C  on a cap illa ry  G LC  m ethod.

P ip e r o n y l  B u t o x id e  a n d  P y r e t h r in s .— D . Kassera 
recom m ends adoption  o f the  o ffic ia l first action  
g as-liqu id  chrom atograph ic m ethod  (6 .C 2 2 -
6.C25) as o ffic ia l f in a l action. The G eneral R ef
eree concurs.

R o t e n o n e .— R. Bushway has com pleted  a co l
laborative study o f an H P L C  m ethod  and rec
om m ends adoption  as o ffic ia l first action. The  
G eneral Referee concurs.

T e t r a d i fo n .— A  M a rtijn  recom m ends discon
tin u in g  this topic w ith  the satisfactory o ffic ia l 
f in a l action m ethod (6.B09-6.B14). The G eneral 
Referee concurs.

T r ic h l o r f o n .— M . Sabbann is investiga tin g  an  
H P L C  m ethod.

R e c o m m e n d a t io n s

(1) C o n tinu e  o ffic ia l firs t action status of the  
fo llo w in g  m ethods: (a) G LC  m ethod  fo r tech
nical a lle th rin  (6.149-6.154); (b) radioactive tracer 
m ethod  fo r benzene hexachloride (6 .2 0 2 ); (c) 
h y d ro ly z a b le  c h lo rid e  m e th o d  fo r d ic o fo l 
(6.283 -6.288); (d ) G LC  m ethod fo r fum igants  
(6.143 -6.148); (e) in fra re d  m ethod  fo r ro tenone  
(6.163 -6.164); (f) U V  m ethod  for sulfoxide  
(6.419).

(2) A d o p t as o ffic ia l firs t action the fo llo w in g  
methods described by the Associate Referees: (a) 
H P L C  m ethod  fo r d icofo l; (b) H P L C  m ethod  fo r  
d iflu b e n zu ro n ; (c) C IP A C  G LC  m ethod  fo r e n 
dosulfan; (d ) H P L C  m ethod  fo r rotenone.

(3) Adopt as official fina l action the offic ial first 
action G LC  m ethod  fo r p ip e ro n y l butoxide and  
p yre th rin s  (6 .C 22-6 .C 25).

(4) D eclare as surplus the f in a l action m ethod  
fo r sabadilla alkalo ids (6 .173-6.174).

(5) In it ia te  the  topic M e th y l Brom ide and ap
p o in t an Associate Referee.

(6 ) D iscon tinue the topic Tetrad ifo n .
(7) Continue the m ovem ent toward the goal of 

d e le tio n  o f total halide  m ethods as rap id ly  as 
possible.

(8 ) C o n tinu e  study on a ll o ther topics.
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Report on Pesticide Formulations: Herbicides I, Other 
Organophosphate Insecticides, Rodenticides, and Miscellaneous 
Pesticides

G. MARSHALL GENTRY
S ta te  D e p a r tm e n t  o f  A g r icu ltu re  an d  C o n su m er  S e rv ic e s , T a lla h a s s e e , F L  3 2 3 0 1

C onsiderable  ac tiv ity  by some Associate R ef
erees d u rin g  the  past year has resulted in  one  
m ethod recom m ended for o ffic ial first action and  
2  co llaborative  studies p lan n ed  fo r next year. 
Associate Referees are needed fo r C rufom ate, 
C h loro p h ac in o ne , and S trychnine . A n yo n e  
in terested  in  these areas should  contact the  
G eneral Referee.

The fo llo w in g  is a sum m ation of activities and  
recom m endations fro m  various Associate R ef
erees:

C r o t o x y p h o s .— W e n d y  K in g  is investiga tin g  a 
G LC  m ethod.

M o n o c r o t o p h o s .— George W instead  is in ves ti
g ating  n o rm a l phase H P L C  to e lim in ate  late, 
in te rfe r in g  peaks fo u nd  w ith  reverse phase 
H P L C  and G LC .

N a l e d .— A . A n e r C arlstrom  is w o rk in g  on  
controls fo r the G LC  m ethod.

Brodifaeoum .— Peter D . Bland is recom m ending
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a m ethod  for adoption  as o ffic ia l firs t action.
D ip h a c in o n e  — V io le t M . Stephens is in ves ti

g ating  H P L C  colum ns fo r this com pound.
W a r fa r in .— E lm er H . Hayes plans a collabora

tive  study fo r the com ing year.
C h lo r o p h e n o x y  H e r b ic id e s  a n d  D ic a m b a . — Asso

ciate Referees R obert G rorud  and John Forrette  
are w o rk in g  jo in tly  on m ethod  developm ent for 
com binations of 2 ,4 -D , dicam ba, and M C P P . A  
co llaborative study o f an H P L C  m ethod  is 
p lanned .

P e n t a c h lo r o p h e n o l .— E lm er H . Hayes collabo- 
ra tiv e ly  studied  a m ethod , but results have not 
been  presented.

P ic lo r a m .— T h e  p resent A O A C  m eth o d  
(6 .308 -6 .311 ) is re liab le  and Associate Referee  
T im o th y  S. Stevens recom m ends continued  use 
of this m ethod.

N o  w o rk  is reported  on D ich lorvos; M e v in -  
phos; Tetrach lorvinphos; and P lan t G ro w th  
Regulators.

R e c o m m e n d a t io n s

(1) A d o p t as o ffic ia l firs t action the H P L C  
m etho d  fo r brodifaeoum  as described by the  
Associate Referee.

(2) D iscon tinue the topic P icloram .
(3) C o n tin u e  study on a ll o th er topics.

Report on Pesticide Formulations: Herbicides II

LASZLO TORMA
M o n ta n a  D e p a r tm en t  o f  A g r ic u ltu r e , L a b o ra to ry  B u rea u , M o n ta n a  S ta te  U n iv ers ity , B o z em a n ,  
M T  5 9 7 1 7

Progress to in itiate  and conclude collaborative  
studies fo r these com pounds has been very  slow  
d u rin g  the  past year. M a n y  Associate Referees

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the General Referee was approved 
by Committee A and was accepted by the Association. See the 
report of the Committee, this issue.

indicate that it is d ifficu lt to fin d  tim e to carry out 
m etho d  d eve lo pm en t or co llaborative study. 
F urth erm o re , some Associate Referees had to 
resign because they  have accepted n ew  posi
tions.

N e w ly  appointed  Associate Referees and the ir 
topics are: P. Parkins, A lanap ; J. E. Forrette,
Barban; R. S tringham , F luch lo ra lin , P ro flu ra lin , 
B enefin , T r if lu ra lin , and Penoxalin .
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T he  G eneral Referee is s till seeking Associate R e c o m m e n d a t i o n  

Referees fo r B enzo y lp ro p eth y l, D inoseb, M o n -
u ro n , and  O ry za lin . C o n tin u e  study on a ll topics.

Report on Pesticide Formulations: Herbicides III

THOMAS L. JENSEN
S ta te  D e p a r tm en t  o f  A g r ic u ltu r e , 3 7 0 3  S 14th  S t, L in c o ln , N E  6 8 5 0 2

A g a in , th is year, m uch progress was made by 
Associate Referees in  the pursuit of collaborated  
m ethods. T im  Stevens o f D o w  and A rn o ld  
Burns o f M onsanto  both  com pleted  successful 
H P L C  studies. In  a d d itio n , Associate Referees 
are p la n n in g  at least 3 studies in  the fu ture , in 
c lu d in g  w o rk  w ith  p ro pan il, m e trib u z in , and  
m etolachlor. O ther studies m ay also be in itiated, 
d ep en d in g  on prio rities . The fo llo w in g  is a 
status rep o rt on selected topics in  this section:

A la c h l o r ,  P r o p a c h lo r ,  a n d  B u t a c h lo r .— L. A. 
F u rre r reports that a decision w i l l  be m ade soon 
about co llab orative  studies on these com 
pounds.

D a l a p o n .— T im o th y  S. Stevens reports that a 
successful collaborative study was com pleted and  
recom m ends adoption  as o ffic ia l firs t action.

D ich lo b en il. — Edw ard E. C hapm an reports that 
his com pany is no lon g er p roducing  this com 
p o u n d  and suggests that a n ew  referee be ap
p o in ted

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee A and were adopted by the Association, except 
for dalapon. See the report of the Committee and "Changes 
in Methods", this issue.

Section numbers refer to "Changes in Methods," ] .  A s s o c . O f f .  
A n a l .  C h e m . 64, 501-540 (1981).

G ly p h o s a t e .—  A rn o ld  J. Burns reports that a 
successful collaborative study was com pleted and  
recom m ends adoption  as o ffic ia l firs t action.

M e t o l a c h l o r .— A rth u r  H . H o fb e rg  reports that 
an in te rn a l study o f this com pound p roved  suc
cessful and a fu ll  scale collaborative study is 
p lan ned .

M e t r i b u z i n .— W illia m  Betker reports that a 
collaborative  study is p lanned .

P ro p a n il . — D elm as P en n in g ton  reports that a 
collaborative  study is p lanned .

T e r b u t h y la z in e .— A rth u r  H o fb e rg  reports that 
a ll com m unications received ind icate that the  
firs t action m ethod  (6.B20-6.B27) is suitable fo r  
ado ption  as o ffic ia l f in a l action.

T r ia z in e  H e r b i c i d e s .— A rth u r  H o fb erg  reports  
tha t a study on rep lacem ent o f the in te rn a l 
standards fo r these com pounds w i l l  be u n d er
taken in  1983.

R e c o m m e n d a t i o n s

(1) A d o p t as o ffic ia l firs t action the H P L C  
m ethods fo r dalapon and glyphosate.

(2) A d o p t as o ffic ia l f in a l action the o ffic ia l 
first action C IP A C -A O A C  m ethod fo r terbutny- 
laz ine . In c lu d e  te rb u th y laz in e  in  the T ria z in e  
topic and delete  as a separate topic.

(3) C o n tin u e  study in  a ll areas.



GENERAL REFEREE REPO RTS: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66. NO. 2, 1983) 3 3 5

Report on Pesticide Formulations: Organothiophosphate Pesticides

EDWIN R. JACKSON
M iss is s ip p i S ta te  C h em ic a l L a b o ra to ry , B ox  C R , M iss is s ip p i S ta te , M S  3 9 7 6 2

Four n ew  Associate Referees w ere  appoin ted  
d u rin g  the year to f i l l  vacancies. In  a d d itio n , a 
recent res ignation  has created a vacancy in  one 
of the m ore im p o rtan t topics.

T he  fo llo w in g  is a sum m ation of activities and  
recom m endations o f the  various Associate R ef
erees:

A c e p h a t e .— A . A n e r C arlstrom  has been ap
p o in ted  Associate Referee for this pesticide. H e  
hopes to conduct a collaborative study o f a G LC  
m etho d  w ith in  the next 18 m onths.

C o u m a p h o s .— L in d a  R u iz  as n ew  Associate 
Referee has not had an opportunity  to rev iew  the 
status o f m ethodo logy in  th is area.

D ia z in o n .— Associate Referee A . H . H o fb erg  is 
studying a m odification of the official first action 
G LC  m ethod  fo r d iaz in o n , 6 .C 12-6 .C 15 .

D im e t h o a t e .— Associate Referee R. S. W ayne  
p lan s  a co lla b o ra tiv e  study on an H P L C  
m ethod .

D io x a t h io n .— Associate Referee W . H . C lark  is 
studying  an H P L C  m ethod in  preparation  fo r an 
A O A C -C IP A C  study.

E PN .— Associate Referee J. E. Forrette plans  
both  a G LC  and an H P L C  study as soon as it  can 
be d ete rm in e d  that im p u rities  are not causing a 
bias in  the  G LC  m ethod.

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee A and were adopted by the Association. See the 
report of the Committee and "Changes in Methods", this 
issue.

Section numbers refer to O f f ic ia l  M e t h o d s  o f  A n a l y s is  (1980) 
13th Edition; and "Changes in Methods," f .  A s s o c .  O f f .  A n a l .  
C h e t n . 65,450—521 (1982).

E t h o p r o p .—W alla c e  E m bry as n ew  Associate 
R eferee is cu rren tly  studying  a G LC  m ethod.

F en su lfo th ion .— Associate R eferee  M a rg ie  
O w e n  has com pleted  an H P L C  study and rec
om m ends that the m ethod  be adopted o ffic ia l 
firs t action.

F e n t h io n .—  Associate Referee W . G. Boyd, Jr, is 
studying  a G LC m ethod  but has not been able to 
o bta in  a satisfactory standard.

F o n o p h o s .— H e rm a n  M o ya  fo u n d  it  necessary 
to resign as Associate Referee fo r th is pesti
cide.

M e t h i d a t h i c n .— Tom  G ale as n ew  Associate 
Referee w il l  investigate reverse phase H P L C  for 
this pesticide.

P a ra th io n  a n d  M e t h y l  P a r a t h io n .— Both the  
H P L C  and G LC  m ethods fo r these pesticides are 
o ffic ia l firs t action (6 .379 -6 .387 , 6 .400-6 .408). 
Associate Referee E. R. Jackson plans a collabo
ra tive  study o f the parath ion  G LC  m ethod  to in 
c lude p ara th ion  dusts and m e th y l p a ra th io n -  
p ara th ion  m ixtures.

P h o r a t e .— Associate Referee Rom an G rypa  
plans a collaborative study on a G LC  m ethod  
d u rin g  the  com ing year.

N o  fu rth e r w o rk  has been done on A z in -  
p ho sm ethyl; C h lorpyrip ho s; D em eton ; D em e- 
to n -S -M e th y l; D isu lfo to n; Encapsulated O rga- 
nophosphorus Pesticides; E th ion; M a la th io n ;  
O xydem eton , and  Sulprofos.

R e c o m m  e n d  at io  n s

(1) A d o p t as o ffic ia l first action the  H P L C  
m etho d  fo r fensu lfo th ion .

(2) C o n tin u e  study on ind icated  topics.

Report on Reference Materials and Standard Solutions

ROBERT ALVAREZ
N a t io n a l  B u reau  o f  S ta n d a rd s , O ff ic e  o f  S ta n d a rd  R e fe r e n c e  M a te r ia l s ,  W a sh in g to n , D C  2 0 2 3 4

A  D irec to ry  of C e rtifie d  Reference M ateria ls  
has been published recently by the International

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee A and were accepted by the Association. See 
the report of the Committee, this issue.

O rg an isa tio n  fo r S tandard isation  (IS O ). It  
id en tifies  hundreds o f producers o f certified  
reference m aterials (C R M s) th rou gh ou t the  
w o rld . C R M  categories of special interest to 
A O A C  inc lude  e n v iro n m en ta l; b io log ical, bo
tan ica l, foods; b iom edical and pharm aceuticals; 
c lin ic a l chem istry ; and  chem ica ls -organ ic.
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Copies of the d irectory are availab le  in  the  
U n ite d  States fro m  the A m erican  N a tio n a l 
Standards Institute (A N S I), 1430 Broadway, N e w  
Y o rk , N Y  10018, and in  Europe from  IS O , Case 
Postale 56, C H -1211 , G eneve 20, S w itzerland .

T w o  add itional im p ortan t publications of ISO  
d ea lin g  w ith  reference m aterials are also ava il
able. IS O  G uide 30-1981 (E) describes term s and  
d e fin itio n s  used in  connection w ith  reference  
m ateria ls , and IS O  G uid e 31-1981 (E) covers 
contents o f reference m ateria l (R M ) certificates. 
A n  R M  is d e fin ed  as a m ateria l or substance one  
or m ore properties of w h ich  are suffic ien tly  w e ll 
established to be used fo r the ca libration  of an 
apparatus, fo r the assessment o f a m easurem ent 
m ethod , or fo r assigning values to m aterials. A  
C R M  is an R M  one or m ore o f w hose pro perty  
values are certified  by a tech n ica lly  v a lid  proce
dure, accom panied by or traceable to a certificate  
or o th er docum entation  w h ic h  is issued by a 
c e rtify in g  body.

A O A C -re la ted  C R M  activities o f several o r
gan izations are noted below:

The M a r in e  A n a ly tica l C hem is try  Standards  
Program , N a tio n a l Research C oun cil, M o n tre a l 
Rd, O ttaw a, O n ta rio , Canada K 1 A  0R9, has an
nounced the ava ilab ility  o f a seawater reference 
m ateria l fo r trace elem ents. The e lem ental 
concentrations reported  are based on the  ana
lytical results by at least 2  independent methods. 
M a rin e  sedim ent reference m aterials are also 
availab le .

The N a tio n a l Physical Laboratory, T ed d in g - 
ton , M idd lesex , U K , TW 11 O L W , has issued a 
n e w  catalog (July 1982) o f C R M s. The catalog 
includes pesticides of certified p urity , and a C R M  
fo r a n im a l-feed s tu ff analysis.

The In tern atio na l A tom ic Energy Agency, PO  
Box 590, A  1011 V ien n a , A ustria , issues both  
C R M s and  RM s. M ateria ls  are issued as RMs, 
instead o f as C R M s, e ith e r because the m aterials  
have not been analyzed  by a su ffic ien tly  large  
n u m b e r o f d iffe re n t analy tica l techniques or 
because the in d iv id u a l intercom parison results 
are too d iverg en t. So il-5 (soil), SL-1 (lake sedi
m en t), and A i r - 3 /1 (a s im ulated  deposition  of 
trace elem ents on filte rs ) are ava ilab le  as C R M s  
fo r trace e lem ent determ inations.

C o m m u n ity  Bureau o f Reference-BCR, C om 
m ission o f the European C om m un ities , 200 rue  
de la Loi, B-1049 Brussels, Belgium , issues various 
C R M s inc lu d in g  h ig h  p u rity  polycyclic arom atic  
hydrocarbons (carcinogens), throm boplastins, 
phosphate rock, and superphosphate fe r t il
izers.

The N a tio n a l Ins titu te  o f E n v iro n m en ta l Sci

ences, D iv is io n  of C hem istry  and Physics, PO  
Yatabe, Tsukuba, Ibarak i 305, Japan, has charac
terized  a pepperbush and pond  sedim ent m ate
rials as C R M s fo r trace elem ents.

C R M s issued by the N a tio n a l Bureau o f Stan
dards (N B S ) are k n o w n  as Standard Reference  
M ateria ls  (SRM s). A  n ew  ed itio n  o f the SR M  
catalog (1981-83) is available on request from  the  
G eneral Referee.

Recent developm ents in  SRM s app licab le  to 
A O  A C  activities are listed  below .

B io lo g ica l, B o ta n ica l, F o o d s

(1) C itrus Leaves, S R M  1572, has been ana
lyzed  and issued. T he  C ertificate  o f Analysis  
provides c e rtified  concentrations and uncer
tain ties fo r 5 m ajor and m in o r elem ents and fo r  
16 trace elem ents. In c lu d ed  are the fo llo w in g  
trace elem ents o f toxicological and n u trit io n a l 
significance: arsenic, cadm ium , copper, lead, 
m ercury, m olybdenum , and zinc. The certificate 
is being  revised to inc lu de  a certified  concen
tra tio n  fo r iod in e , an essential trace e lem ent. 
The c ertified  va lue  is based on the  concordant 
results by a recently developed isotope d ilu tio n , 
mass spectrom etric m ethod  ( ID M S ) and by  a 
second, in d ep en d en t analy tica l m ethod . Be
cause iod ine  is a m ononuclid ic  e lem ent, rad io 
active iodine-129 was used to d ilu te  the naturally  
occurring  io d in e  in  the SR M . This  is the  first 
tim e that a certified  concentration value is being  
p ro vid ed  fo r io d in e  in  a b io log ical SR M .

(2) Bovine L iver, SR M  1577a, has been issued 
as a ren ew al fo r SR M  1577. The C ertificate  of 
Analysis  fo r the n ew  SR M  lists c e rtified  con
centrations fo r 22 elements. A  num ber of these, 
n am ely, ch lo rin e , phosphorus, su lfu r, cobalt, 
m o lybd enu m , s ilver, stron tium , and u ran iu m , 
w ere  not c e rtified  in  the o rig in a l b ovine  live r.

A  non fa t, d ry  m ilk  p ow der is being  analyzed  
fo r h om ogeneity  and possible issue as an SR M .

C lin ic a l

(1) H u m an  Serum , SRM  909, was analyzed for 
urea by a recen tly  developed  ID M S  m ethod  and  
for glucose by the ID M S  m ethod used previously  
fo r its certification . The s tab ility  o f the ly o p h i-  
lize d  m ateria l has been m on ito red  since it  was 
issued. In  particu lar, glucose has received spe
cial attention  because its concentration in  serum  
is kn o w n  to change w ith  tim e. The most recent 
d ete rm in a tio n  o f glucose at NBS show ed a 
change in  concentration . The change is w ith in  
the range antic ipated  and, a lthough  sm all, is 
s ign ifican t enough to w arra n t rev is ion  o f the  
certificate dated  January 13, 1981. T he  n ew  re 
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vised values fo r glucose are 7.73 ±  0.16 in  Table  
1 and 6.56 +  0 .5 1 /— 0.26 in  Table 2. The revised  
certificate w i l l  also inc lude  a certified  va lue  fo r  
urea.

(2) A n tico n vu lsan t D ru g  Level Assay Stan
dard, SR M  1599, has been analyzed and certified  
fo r concentrations o f the 2  anticonvulsant drugs, 
valpro ic  acid and carbam azepine, in  a freeze- 
d ried  h um an  serum  base. T he  certified  con
centrations of the drugs are at 3 d iffe re n t le v 
e ls— near, above, and b e lo w  the concentrations  
usually  used to contro l convulsions caused by 
epilepsy. A  serum b lan k is also supplied. SRM  
1599 was prepared by w e ig h in g  drugs of kn o w n  
p u rity  in to  a h um an  serum  base. The certified  
concentrations w ere  d eterm ined  fro m  in d e 
p en den t analyses o f the reconstitu ted  products  
by gas chrom atography and liq u id  chrom atog
raphy. S R M  1599 was developed  fo r use in  cal
ib ra tin g  and stan dard iz in g  q u an tita tive  c lin ica l 
analyses fo r these drugs in  h u m an  serum . I t  is 
also useful in  assuring the q u a lity  o f laboratory  
w o rk in g  standards and  m anufactured  contro l 
m aterials.

(3) Angiotensin  I, SR M  998, has been analyzed  
and is b e in g  issued as a c lin ica l m ateria l of 
know n, h ig h  purity . It  is in tended  p rim arily  for 
use in  the ca libration  and standardization  of 
ren in  assays and as a reference peptide for am ino  
acid d eterm inations.

The certified angiotensin I  p urity  was assessed 
by h ig h  perform ance liq u id  chrom atography, 
and  the p ep tid e  content was m easured by the 
m ethod  o f standard add itions using p h e n y la la 
n in e  as the added standard.

E n v ir o n m e n t a l
(1) P o lych lo rin a ted  B iphenyls in  O il, SR M  

1581, has been issued. I t  was developed  p r i
m arily  for use in  calibrating instrum entation and  
v a lid a tin g  m ethodolog y fo r the d ete rm ina tio n  
of PCBs in  o il. The C ertificate  o f Analysis  lists 
the certified  concentration  o f A ro c lo r 1242 and  
A roc lor 1260 present in d iv id u a lly  at 100 p g /g  in  
m o tor o il and transform er o il. S R M  1581 was 
prepared by accurately w e ig h in g  and m ix in g  
each A ro c lo r and o il. The calculated concen
trations of PCBs in  the 4 am puled  solutions w ere  
confirm ed by analysis. Preparative scale liq u id  
chrom atography was used to "fractionate" the o il 
solutions before gas chrom atograph ic analysis. 
In te rlab o ra to ry  testing o f S R M  1581, as an u n 
k n o w n , show ed w id e ly  d ive rg en t results. The  
use o f S R M  1581 should  assist analysts in  id e n 
t ify in g  inaccurate PCB results and in  developing  
m ore re liab le  m ethods.

(2) U rban  Dust /O rganics, SR M  1649, has been

characterized and  issued. The S R M  was p re 
pared fro m  atm ospheric particu la te  m atter col
lected in  the W ash ington , D C , area. T he  C er
tificate  o f A nalysis p rovides certified  concen
trations (at p g /g  levels) and estim ated u ncer
tain ties fo r 5 polycyclic arom atic hydrocarbons. 
T he  com pounds flu o ran th en e , ben z(a)anth ra -  
cene, benzo(a)pyrene, b en zo (g h i)p ery len e , and  
id e n o [l,2 ,3 -cd ]pyrene  are classified as U .S. En
v iro n m e n ta l Protection  A gency p r io r ity  p o llu 
tants. C ertifica tion  of the concentrations is 
based on agreem ent o f results b y  in d ep en d en t  
methods based on gas chrom atography and h igh  
p erfo rm a n c e  liq u id  chro m a to g ra p h y . T he  
m ethods used are o u tlin ed  and referenced in  the  
certificate. In  ad d itio n , the certificate lists, fo r  
in form ation  only , concentrations o f 26 elements, 
4 leachable anions, and 9 a d d itio n a l organic  
com pounds o f en v iro n m e n ta l interest.

(3 ) U rban  Particu late M atte r, S R M  1648, and  
R iver Sed im ent, S R M  1645, have been charac
terized  fu rth er. Both SRMs are c e rtified  for 
chem ical com position in c lu d in g  trace elem ents  
o f environm enta l im portance. Revisions o f the  
certificates in  M a y  1982 re flect the ad d itio n a l 
characterization.

T he  Associate Referee on S tab ility  o f O rga- 
nophosphorus Pesticide Standards, G. M . Doose, 
Food and D rug  Adm in istration , Los Angeles, CA , 
has studied  the s tab ility  o f acetone solutions of 
10 pesticides: D M O A  (O m ethoate), D im ethoate, 
N a le d , Agephate (O rth en e), A z e d rin  (M o n o -  
crotophos), ana  Dursban (C h lo rp yrifos ). The  
solutions, p repared  at m g /m L  and p g /m L  con
centrations, w ere stored at room  tem perature and  
also re frigerated . O n ly  the p g /m L  w o rk in g  
solutions o f D D V P  (V apone) and N a le d  show ed  
possible degradation after the 10 -m o n th  storage 
at room  tem perature.

R e c o m m e n d a t io n s
(1) Continue to investigate and report sources 

of availab le  reference m aterials, especially cer
t ifie d  reference m aterials, app licab le  fo r use in  
the  deve lo pm en t, testing, and va lid a tio n  of 
A O A C  m ethods.

(2) U rge Associate Referees of a ll Com m ittees  
to in fo rm  G eneral Referees of th e ir  plans to 
conduct collaborative studies. In  these studies, 
the use o f test samples representative o f larger 
lots o f hom ogeneous m ateria l m ay enable the  
m aterials to be issued as CRM s, depending on the 
stab ility  o f analytes and m atrix.

(3) Encourage the Associate Referee to com
p lete  his study by eva lua ting  the p u r ity  o f aged  
pesticide m aterials com pared w ith  recen tly  
produced m aterials from  the m anufacturers.
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G E N E R A L  R E FE R E E  R E P O R T S : C O M M IT T E E  B

Report on Drugs, Acidic and Neutral Nitrogenous Organics

JAMES W. FITZGERALD
F o o d  a n d  D ru g  A d m in is tr a t io n , 109  H o lto n  S t, W in c h es te r , M A  0 1 8 9 0

A c e t a m in o p h e n  in  D r u g  M i x t u r e s .— D av id  J. 
K rieger presented his w o rk  on the d evelopm ent 
of an H P L C  procedure for the iden tifica tio n  and  
d ete rm ina tio n  of acetam inophen  in  analgesic  
preparations at last year's A n n u a l M ee tin g . 
D u rin g  the past year, he subm itted  a paper for 
publication in  J. Assoc. O ff. A n a l . C h e m . describing  
his m etho d o logy, and  plans to conduct a collab
orative study on the m ethod  next year.

A m it r ip t y lin e  H C l  in D o s a g e  F o r m s  ( H P L C ) .—  
Sam uel W a lker was appointed  Associate Referee  
fo r the topic in  A ugust 1982. D u rin g  the past 
year, he conducted a co llaborative study on a 
sligh t m o d ifica tio n  of the procedure o rig in a lly  
described by B u tte rfie ld  and Sears (/. P h a r m . S ci.

(1977) 6 6 , 1117-1119). Results fro m  10 collabo
rators confirm  the suitability  o f the procedure for 
the determ ination  of a m itrip ty lin e  in  tablets and  
in jections. Results of the co llaborative study  
w ere  presented at the A n n u a l In te rn a tio n a l 
M ee tin g .

M e t h y l d o p a .— Susan T in g  has com pleted  de
ve lop m en t o f an H P L C  procedure fo r d eter
m in in g  m eth y ld op a  and m e th y ld o p a -th ia z id e  
com binations in  dosage form s. A  collaborative  
study on the m etho d o log y in  u n d er w ay . She 
gave a poster presentation  on the m etho d olog y  
at this year's A n n u a l In te rn atio na l M ee tin g , and  
expects to com plete h er eva luation  o f the col
laborative  study by the end o f 1982.

P r im id o n e .— Stanley E. Roberts subm itted  his 
m ethodology to A O A C  fo r p ub lication . The  
paper has been p ub lish ed  (/. Assoc. O ff .  A n a l .  

C h e m . (1982) 65, 1063-1065), and the analy tica l 
w o rk  has been com pleted on the collaborative  
study. A  statistical re v ie w  o f the data is u nd er  
w ay  and the Associate Referee expects to com-

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

Recommendation 3 of the General Referee was approved by 
Committee B and was accepted by the Association. Committee 
B did not approve recommendations 1 and 2. See the report 
of the Committee, this issue.

p lete  his eva luation  o f the co llaborative study  
late in  1982.

S u lfa m e t h o x a z o le  in T a b lets  ( H P L C ) .— John W . 
Robinson was appo in ted  Associate Referee fo r  
the  topic in  A ugust 1982. H e  presented his  
m ethodology and the results o f a collaborative  
study at the A n nu a l In ternational M eeting . The  
m ethod  is reported  to g ive  good recoveries and  
has a coeffic ien t o f varia tio n  of less than  2 %.

S u lfis o x a z o le  in D o s a g e  F o r m s  ( H P L C ) .— Robert 
W . Roos was appoin ted  Associate Referee fo r the  
topic in  A ugust 1982. D u rin g  the past year, he 
conducted a co llaborative study on a m in o r  
varia tio n  o f m ethodology p rev iously  described  
(/. A s so c . O f f .  A n a l .  C h e m . (1981) 64, 851 -854 ). In  
the  curren t m ethodology described at the A n 
nual In te rn a tio n a l M ee tin g , su lfad im ethox ine  
was substituted fo r su lfabenzam ide as the in 
tern a l standard, and m ob ile  phase ra ther than  
m ethan o l was used fo r f in a l d ilu tio n  o f the  
sample. Results from  7 collaborators on each of 
4 com m ercial and 2 synthetic form ulations w ere  
very  good. M ean  recoveries o f sulfisoxazole  
fro m  synthetic  tab let p o w d er and o ph tha lm ic  
solution w ere  99.9 and 100.0%, respectively, and  
the m ean coeffic ien t o f va ria tio n  fo r a ll samples 
analyzed  was less than 2%. A lth o u g h  nc syn
thetic  o in tm ents  w ere  inc luded  in  the current 
study, p revious w o rk  coupled w ith  the current 
study indicates that the revised m ethodology is 
suitable for the analysis o f sulfisoxazole in  tab
lets, solutions, and  o intm ents.

O th e r Associate Referees report litt le  or no  
progress because of o ther com m itm ents.

R e c o m m e n d a t io n s

(1) A d o p t as o ffic ia l first action the H P L C  
m ethod  described by the Associate R eferee fo r  
the  d ete rm ina tion  o f a m itr ip ty lin e  h yd ro ch lo 
rid e  in  dosage forms.

(2) A d o p t as o ffic ia l first action the H P L C  
m ethod  described b y  the  Associate R eferee fo r  
the  d ete rm ina tion  o f sulfisoxazole in  dosage 
forms.

(3) C o n tinu e  study on a ll o ther topics.
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Report on Drugs, Alkaloids

EDWARD SMITH
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is m i o f  D ru g  C h em is tr y , W a sh in g to n , D C  2 0 2 0 4

A t r o p in e  in  M o r p h in e  a n d  A t r o p in e  T a b le ts  a n d  

I n je c t io n s .— Associate Referee Ira  J. H o lco m b  re
ported that he is con tin u in g  his investigation  of 
chrom atograph ic procedures fo r the  separation  
and determ ination  of the atropine and m orph ine  
content o f these pharm aceuticals. The results of 
a proposed gas chrom atographic procedure show  
good resolution and adequate sensitivity for the  
sim ultaneous d ete rm in a tio n  o f the m o rp h in e  
and a trop ine  content in  its app lication  to com 
m ercial samples.

B ella d o n n a  A lk a lo id s .— A n  Associate Referee is 
being  sought. M eth o d o lo g y  is needed fo r de
te rm in in g  hyoscyam ine and  a trop ine  in d iv id u 
a lly  w h e n  th ey  are present together in  the  
pharm aceutical. The w o rk  w o u ld  also in v o lv e  
the d e te rm in a tio n  o f the o th er b ellad on na  a lka 
loids that m ig h t be present, as w e ll as ensuring  
the su itab ility  o f the m etho d  to detect decom 
position  products.

C o lc h ic in e  in  T a b le t s .— Associate Referee R ich 
ard D . Thom pson reported  the results o f the ap
plication o f his proposed liq u id  chrom atographic  
m ethod for the determ ination  of colchicine. The  
H P L C  system resolves colchicine fro m  13 asso
ciated com pounds, in c lu d in g  the re lated  a lka 
loids and  p ho to transform ation  products o f col
chicine. H is  study includes the com parison of 
an in te rn a l and  external standard procedure. It  
was ap p lied  to samples o f the b u lk  d rug  and  
dosage form s that contain  colchicine a lone and  
in  com bination  w ith  probenecid. A  collabora
tive  study o f the proposed m ethod is u n d er way. 
O ne decom position  product, colchiceine, does 
not chrom atograph  u n d er the proposed H P L C  
conditions. E ithe r a T L C  lim its  test or an a lte r
n ative  chrom atograph ic procedure w i l l  have to 
be developed  fo r that d eterm ination .

C u r a r e  A lk a lo id s .— Associate Referee John R. 
H o h m a n n  rep orted  that the  in tra lab o ra to ry  
v a lid a tio n  o f the revised H P L C  procedure has

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee B and were adopted by the Association, except 
for recommendation 2 which was adopted for the ointment 
form only. See the report of the Committee and "Changes in 
Methods," this issue.

Section numbers refer to O f f ic ia l  M e t h o d s  o f  A n a l y s i s  (1980) 
13th Edition, and "Changes in Methods," J .  A s s o c .  O f f .  A n a l .  
C h e m . 65, 450-521 (1982).

been com pleted. T he  m ethod  was also app lied  
to c u rren tly  m arketed  samples o f tubocurarine  
ch lo ride  in jection . Results w ere  in  agreem ent 
w ith  the current USP bioassay. H e  is seeking  
collaborators fo r s tudying  the proposed H P L C  
procedure.

E p h e d r in e .— Associate Referee Charles C. C lark  
reported  no fu rth e r w o rk  on this topic. The  
Associate Referee recom m ends that the topic be 
discontinued.

E r g o t  A lk a lo id s .— Associate Referee Thom as C. 
K n o tt reported  on the exam ination  o f the sam
ples used in  last year's collaborative study. In i 
tia l results ind icate that lo w  assays are obtained  
w ith  samples placed in  certain sample containers. 
T he  samples also show  the presence o f decom 
position products. A liquots of the same sample 
fro m  the o rig in a l sam ple con tainer show  good  
recovery and s-ab ility . O nce the source of the  
lo w  assays is con firm ed  and p reven ted  a collab
orative  study is p lanned .

N e o s t ig m in e . — Associate Referee R ita E. K lin g  
reported  that no fu rth e r w o rk  was done on this  
project.

P h y s o s t ig m in e  a n d  Its  S a lt s .— Associate Referee  
N o r lin  W . Tym es reported  the results o f the  
collaborative study o f his reverse phase H P L C  
procedure ( 1) fo r the analysis o f physostigm ine  
salicylate in jection  and so lu tion  and physostig
m in e sulfate o intm ent. In it ia lly , the m ethod was 
adopted o ffic ia l first action for the solution form  
only. Re-exam ination of the reports and data for 
the  in jection  and o in tm e n t dosage form s dis
closed the sources of errors that gave the d iv e r
gence from  the true values. A fte r  e lim in a tin g  
the erroneous results, the coefficient o f variation  
was su ffic ien tly  reduced to w a rra n t o ffic ia l firs t 
action status fo r these dosage form s also. The  
proposed H P L C  m ethod  is a w elcom e im p ro v e 
m en t over the curren t o ffic ia l m ethods. Good  
reso lution  is obtained betw een  physostigm ine  
and any breakdow n products, preservatives, and  
the in te rn a l standard fluazepam  h yd ro ch lo 
ride.

P ilo c a r p in e .— Associate Referee I. W . W a in e r  
rep orted  no fu rth e r progress on the proposed  
m ethod  fo r the s im ultaneous d e te rm in a tio n  of 
p ilo carp ine , isop ilocarp ine, p ilocarp ic  acid, and  
isopilocarpic acid, u t iliz in g  an a lk y lp h e n y l col
u m n  and  a U V  detector. F o llo w in g  com pletion
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of the in tra lab o ra to ry  study o f the procedure  
reported last year (2 ), in itia tion  of a collaborative  
study is recom m ended.

R a u w o lfia  A lk a lo id s  ( R e s e r p in e  a n d  R e s c in n a m -  

i n e ) .— Associate Referee Susan Barkan reported  
that no w o rk  was done on this topic.

R a u w o lfia  s e r p e n t in a .— Associate Referee Ugo  
C ie ri reported  the results o f his d eve lo pm en t of 
a sing le tab let assay fo r d e te rm in in g  the reser- 
p in e -re s c in n a m in e  content o f R a u w o lfia  s e r p e n 

tina  tablets. The large d ifferences b etw een  the  
results obtained w ith  the H P L C  w ith  flu o ro - 
m etric  detector procedure and those obtained  
w ith  the o ffic ia l fluorom etric  procedure w arrant 
a d d itio n a l investigation  on the source of the  
differences before any in te rlab ora to ry  study is 
in itia ted .

R e c o m m e n d a t io n s

(1) D eclare as surplus the  fo llo w in g  o ffic ia l

f in a l action m ethods: 38 .029-38 .030 , in fra re d  
m ethod  fo r a trop ine  in  tablets, and 38.038, 
M e th o d  I I  fo r eph edrine  in  inhalants.

(2) A d o p t the o ffic ia l first action H P L C  
m ethod  fo r d e te rm in in g  physostigm ine and  its 
salts in  solutions, 38 .C 01-38.C 06, as o ffic ia l first 
action fo r the o in tm e n t and  in jection  dosage 
forms.

(3) D iscon tinue the topic E phedrine .
(4) C o n tin u e  study on all topics as in d i

cated.

Referen c es

(1) Tymes, N. W. (1982) /. Assoc. Off. Anal. Chem. 65, 
132-137

(2) Smith, E. (1982) /. Assoc. Off. Anal. Chem. 65, 300- 
301

Report on Drugs, Illicit

CHARLES C. CLARK
D ru g  E n fo r c em e n t  A d m in is tr a t io n , S o u th ea s t  R eg io n a l L a b o r a to r y , M ia m i,  E L 3 3 1 6 6

The Associate Referee for benzodiazepines, 
Eileen Bargo, has com pleted a collaborative study 
on H P L C  d ete rm ina tio n  o f oxazepam  in  dosage 
form s. T h e  procedure and results appear satis
factory. T he  Associate Referee recom m ends  
adoption  o f the m ethod  as o ffic ia l firs t action.

The Associate Referee fo r cocaine, Charles C. 
C la rk , recom m ends that the  o ffic ia l firs t action  
m ethod, 40.002-40.005, for the determ ination  of 
cocaine be adopted o ffic ia l f in a l action. The  
m ethod has been in  o ffic ia l first action status for 
5 years. I t  has been used successfully on m any  
occasions and  no adverse reports have been re 
ceived concern ing the m ethod.

The Associate Referee for d im ethyltryptam ine, 
diethy ltryp tam ine, and d ipropyltryp tam ine, Jack 
Fasanello, plans no furth er m ethod developm ent

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee B and were adopted by the Association. See the 
report of the Committee and "Changes in Methods" this 
issue.

Section numbers refer to Official Methods o f Analysis (1980)
13th Edition.

in  this area. T he  topic should  be declared  
open.

T he  Associate Referee fo r h ero in , H a ro ld  F. 
H a n e l, states that a collaborative study w i l l  be 
in it ia te d  in  the near fu ture.

T he  Associate Referee fo r m arihuana and  
synthetic  tetrahydrocannab ino l, Ive tte  V a lle jo , 
and the Associate Referee for m ethadone, Eugene 
M cC o n ig le , express no interest in  d o ing  fu rth e r  
w o rk  in  th e ir areas. The topics should  be de
clared open.

The Associate Referee fo r m ethy lp hen ida te , 
Stanley Schrieber, has re tired  and the topic  
should  be declared open.

T he  Associate Referee fo r phencyc lid in e , 
Charles C. C lark, recommends that the gas-liquid  
ch ro m ato g rap h ic  m e th o d  fo r d e te rm in in g  
p h en cyc lid in e  in  pow ders, 40 .016-40 .018 , be 
adopted o ffic ia l f in a l action. The m ethod  has 
been in  o ffic ia l first action status for 4 years. It  
has been used successfully on num erous occa
sions and no adverse com m ents on the m ethod  
have been received.

N o  reports w ere  received on m ethaqualone



G EN ERA L REFEREE REPO RTS: J. A SSO C. O FF. ANAL. CH EM . (VO L. 66. NO. 2, 1983) 341

an d  o p tica l c ry s ta llo g ra p h ic  p ro p e rtie s  o f 
drugs.

Because h e ro in  tablets are no  lo n g e r seen and  
are not lik e ly  to be seen in  the  n ear fu tu re , the  
G eneral R eferee recom m ends th a t th e  present 
o ffic ia l f in a l action  m eth o d  fo r d e te rm in in g  d i-  
a c e ty lm o rp h in e  (h e ro in ) in  tablets, 40.006, be 
repealed  o ffic ia l firs t action.

R e c o m m e n d a t io n s

(1) A d o p t as o ffic ia l f in a l action, th e  o ffic ia l 
firs t action  m eth o d  fo r  th e  d e te rm in a tio n  o f co
caine, 40 .002 -40 .005 .

(2) A d o p t as o ffic ia l f in a l action, th e  o ffic ia l

firs t action m ethod  fo r  d e te rm in in g  p h e n c y c li
d in e  in  pow ders, 40 .016-40 .018 .

(3) Repeal o ffic ia l firs t action the o ffic ia l f in a l 
action  m ethod  fo r d e te rm in in g  d ia c e ty lm o r-  
p h in e  (h e ro in ) in  tablets, 40.006.

(4 ) A d o p t as o ffic ia l firs t action  the  H P L C  
procedure fo r the  d eterm ination  o f oxazepam  in  
dosage form s as described b y  the  Associate R ef
eree.

(5) D eclare as open topics the refereeships on  
d im e th y ltry p ta m in e , d ie th y ltry p ta m in e , and  
d ip ro p y ltry p ta m in e ; m arih u an a  and  synthetic  
te trah ydrocan nab in o l; m ethadone; and  m eth -  
y lp h e n id a te .

(6 ) C o n tin u e  study on a ll o th er topics.

Report on Drugs, Miscellaneous

TED M. HOPES
F o o d  a n d  D ru g  A d m in is t r a t io n , 8 5 0  T h ird  A v e ,  B r o o k ly n ,  N Y  1 1 2 3 2

B e n z o y l  P e r o x i d e .—  T h e  Associate R eferee is 
p la n n in g  no fu r th e r  w o rk  and  recom m ends that 
the top ic  be d isco n tin u ed .

D i s u l f i r a m .— A  c o lo r im e tr ic  m e th o d  was  
adopted  o ffic ia l firs t action  at th e  1980 m eeting . 
T h e  m e th o d  (36 .B 01 -36 .B 04 ) has been  used a 
n u m b e r o f tim es w ith o u t d if f ic u lty  and  the  A s
sociate R eferee recom m ends th a t it  be adopted  
o ffic ia l f in a l action.

E t h y le n e  O x i d e .— T h e  Associate R eferee  is 
conducting  a s tab ility  study on samples prepared  
fo r c o llab o rative  study. I f  s tab ility  is fo u n d  to 
be satisfactory, th e  m eth o d  w i l l  be co llabora- 
t iv e ly  s tu d ied  th is  year.

F lu o r id e . — A  collaborative study is p lan n ed  for  
la te r th is  ca len d ar year. Ins tru c tio ns  to co llab 
orators and  co llab o rative  sam ples are p re 
pared.

I d e n t i fic a t io n  o f  D r u g s  (M a s s  S p e c t r o s c o p y ) .— N o  
reports  have been rece ived  fo r  o ver 4 years.

M e d i c i n a l  G a s e s .— A  progress re p o rt at th is  
m eeting  describes a gas chrom atographic m ethod  
fo r  assaying m ix tu res  o f carbon d io x id e  and

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee B and were adopted by the Association. See the 
report of the Committee and "Changes in Methods," this 
issue.

Section numbers refer to "Changes in Methods," J . A s s o c . O f f .  
A n a l .  C h e m . 64, 501-540 (1981); 65, 450-521 (1982).

oxygen. A n  ir.-house co llab orative  study was 
successful. A  G C m ethod  fo r m ixtures of nitrous  
o xide  and  oxygen  has also been  d eve lo ped  and  
w i l l  be tested in -house  la te r th is  year. A  co l
lab o ra tive  study o f both  m ethods is p lan n e d .

M e n a d i o l  S o d iu m  D ip h o s p h a t e  I n je c t io n . — A  col
labo ra tive  study is p la n n e d  fo r  la te  1982.

M e r c u r ia l  D iu retics . — The p lanned  collaborative  
stu dy was n o t conducted because the  d ru g  stud 
ie d , m ercap to m erin  sod ium , is no lo n g e r b e in g  
m an ufactu red . T h e  Associate R eferee  w i l l  in 
vestigate o th er m e rc u ria l d iuretics.

M e r c u r y - C o n t a i n i n g  D r u g s . — T h e  Associate  
R eferee  has com pleted  a co llab orative  s tudy o f 
his a tom ic  absorp tion  m eth o d  fo r d e te rm in in g  
tota l m ercury  in  m ercury -co n ta in ing  drugs, and  
the  results o f th a t study are b e in g  presented  at 
this m eeting . T he  study was successful and  it  is 
reco m m end ed  th a t th is  g en era l m e th o d  fo r  the  
analysis o f m ercury-contain ing  drugs be adopted  
o ffic ia l firs t action.

M e t a l s  I n  B u lk  D r u g  P o w d e r s .— T h e  Associate 
R eferee has developed  rap id  tests fo r  8  m etals in  
d ru g  substances to replace the h yd ro g en  su lfide  
test th a t is c u rre n tly  m ost o ften  used. Separate  
lim its  tests have been developed fo r lead, arsenic, 
and  se len ium . T h e  m an uscrip t d escrib ing  the  
procedures is in  p repara tio n , and a co llaborative  
study w i l l  be conducted  in  1983.

M i c r o c r y s t a l l i n e  T e s t s .— T his  re fe reesh ip  has 
been  vacant fo r several years. A n  Associate
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Referee is needed to re v ie w  and im p ro ve  these 
m ethods.

P ro tein  N it r o g e n  U n its  in A lle r g e n ic  E x t r a c ts .— A n  
in te rim  first action m ethod  was adopted as o ff i
cial first action at last year's m eeting . T h e  As
sociate Referee states that the m ethod  is being  
used ro u tin e ly  by m anufacturers and she has 
received no comments. It  is recom m ended that 
the m ethod (39 .C 01 -39 .C 03 ) be re ta ined  in  o ff i
cial first action status fo r an ad d itio n a l year.

T h y ro id  b y  D if fe re n t ia l  P u ls e  P o la r o g r a p h y — This  
project has been com pleted and the m ethod  was 
adopted official first action at last year's m eeting. 
I t  is recom m ended that the m ethod  be re ta ined

in  official first action status at least one additional 
year.

R e c o m m e n d a t io n s

(1) A d op t as o ffic ia l f in a l action the  o ffic ia l 
first action colorim etric m ethod, 36.B01-36.B04, 
fo r d e te rm in in g  d isu lfiram  in  tablets.

(2) A d o p t as o ffic ia l first action the atom ic  
absorption m ethod for m ercury-contain ing drugs 
as described by the Associate Referee.

(3) D iscon tinue the topics Benzoyl Peroxide  
and Id e n tific a tio n  of Drugs (Mass Spectros
copy).

(4) C o n tin u e  study on a ll o ther topics.

Report on Drugs, Other Nitrogenous Bases

THOMAS G. ALEXANDER
F o o d  a n d  D ru g  A d m in is tr a t io n , N a t io n a l C en te r  f o r  D ru g s a n d  B io lo g ie s , W a sh in g to n , D C  
20204

A m in a c r i n e .— The Associate Referee has had 2 
papers p ub lish ed  on the analysis o f am inacrine  
preparations (/. Assoc. O ff .  A n a l .  C h e m . (1983) 6 6 , 
140-144  and 145-150). A  pro m is ing  m ethod  
in v o lv in g  assay by v is ib le  spectrophotom etry  
and identification  by th in  layer chrom atography  
is ready for collaborative study.

A n t ih i s t a m in e s ,  A d r e n e r g i c  C o m b in a t io n s  b y  

H P L C .— This m ethod , 38.B 01-38.B 06, has been  
in  o ffic ia l first action status fo r 2  years and ap
pears to be qu ite  satisfactory. A d o p tio n  as o ff i
cial f in a l action is recom m ended.

E p in e p h r m e - L id o c a in e  C o m b in a t io n s .— A  paper

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee B and were adopted by the Association. See the 
report of the Committee and "Changes in Methods," this 
issue.

Section numbers refer to "Changes in Methods," J . A s s o c . O f f .  
A n a l .  C h e m . 64, 501-540 (1981).

has been subm itted  fo r pub lication  on the ana l
ysis o f these form u lation s  by H P L C  using an  
electrochemical detector. The Associate Referee 
hopes to conduct a co llaborative study soon.

P h e n o t h ia z in e  D r u g s ,  I d e n ti fic a t io n  b y  T L C .— A  
collaborative study has been conducted and  is 
n ow  being evaluated. A  report w ill  be prepared  
in  the near fu ture.

P h e n o t h ia z in e s  in  D r u g s .— A  recent in tra lab o 
ratory study indicates that a revis ion  o f the p ro 
cedure presented at last year's m eeting  is ready  
fo r an in terlab ora to ry  collaborative study. The  
Associate Referee expects to send the samples out 
soon, using 4 or 5 of the m ore w id e ly  used p h e 
n oth iazines.

R e c o m m e n d a t io n s

(1) A n t ih is t a m in e s ,  A d r e n e r g i c  C o m b in a tio n s  b y  

H P L C : A d o p t as o ffic ia l f in a l action the o ffic ia l 
first action H P L C  m ethod, 38.B01-38.B06, fo r the  
d e te rm in a tio n  o f a n tih is ta m in e -a d re n e rg ic  
com binations in  syrups or tablets.

(2) C o n tin u e  study on a ll o ther topics.
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Report on Coffee and Tea

ROBERT H. DICK
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

T h e  Associate Referee on Ash in  Ins tant Tea,
F. J. F arre ll, has continued  his w o rk  on a com 
b in ed  study o f ash and m oisture in  instant tea. 
H e  has w o rked  out a p rocedure w h ic h  w i l l  
overcom e the d ifficu lties  p rev iously  encoun
tered, and is n o w  ready to start a collaborative  
study.

The Associate Referee on M o is tu re  in  Coffee  
and  Tea, W . P. C lin to n , reports that he has re 
ceived no com plaints or negative criticism on the 
m etho d  fo r mass loss d ete rm in a tio n  on d ry in g  
for instant coffee, w h ich  was adopted official first 
action (15 .012-15 .013). H e  recom m ends the  
m etho d  be adopted o ffic ia l f in a l action.

The Associate Referee on C hlorogenic A cid  in  
C offee, J. A . Yeransian, has been unable to f in d  
enough collaborators fo r his autom ated m ethod. 
In  v ie w  o f this d ifficu lty  and an apparent lack of

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and were adopted by the Association. See the 
report of the Committee and "Changes in Methods," this 
issue.

Section numbers refer to O f f ic ia l  M e t h o d s  o f  A n a l y s is  (1980) 
13th Edition.

interest in  chlorogenic acid, he recommends that 
the subject be dropped.

The Associate Referee on S o lvent Residues in  
Decaffeinated Coffee, B. D . Page, has developed  
a m ethod  w h ich  appears to be applicable to both  
decaffe inated  coffees and  teas. H e  hopes to 
subject it  to collaborative study d u rin g  the  com 
in g  year.

T he  Associate Referee on W ater Extract in  Tea, 
E. de la Teja, reported  the results o f his collabo
rative  study.

The Associate Referee on C affe ine  in  C offee  
and Tea, J. M . N e w to n , d id  not w o rk  on this  
subject th is year. H o w ev e r, he p lans to study a 
m ethod  fo r th e o p h y llin e  in  tea and should  be 
appoin ted  Associate Referee.

R e c o m m e n d a t io n s

(1) D iscontinue the topic C h lorogen ic A cid  in  
Coffee.

(2) A p p o in t an Associate Referee for C rude  
Fiber in  Tea.

(3) A dopt as official fina l action the official first 
action m ethod  fo r m oisture in  instant coffee  
(15 .012-15 .013).

Report on Dairy Products

ROBERT W. WEIK
F o o d  a n d  D ru g  A d m in is tr a t io n , B u reau  o f  F o o d s ,  W a sh in g to n , D C  2 0 2 0 4

The Referee has not received any reports from  
Associate Re'ferees recom m ending official action.

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and were adopted by the Association. See the 
report of the Committee and "Changes in Methods", this 
issue.

Section numbers refer to Official Methods o f Analysis (1980)
13th Edition.

Som e collaborative studies are in  progress and  
there  m ay be recom m endations fo r in te rim  ap
p ro va l, p articu la rly  fro m  the studies on casein 
and  w h e y  p ro te in  in  processed d a iry  products; 
lactose in  m ilk , and total phosphorus content of 
cheese.

Progress continues to be m ade in  Joint ID F /  
IS O  /A O A C  groups w o rk in g  on m ethods of 
analysis fo r m ilk  and m ilk  products. W o rk  has 
been com pleted  on the revis ion  o f the m ethod  
fo r d ete rm ina tion  o f ch lo ride  content o f cheese



3 4 4  GEN ERAL REFEREE REPO RTS: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 2, 1983)

(/. A s s o c . O f f .  A n a l .  C h e m . 6 5 ,13 5 0 -1 35 6  (1982)). 
I t  is recom m ended that this p otentiom etric  
m ethod  be adopted o ffic ia l firs t action as a re f
erence m ethod  to replace the present o ffic ia l 
f in a l action m ethod , 16 .242-16.243. I t  is also 
recom m ended  that the present o ffic ia l f in a l ac
tion  m ethod , 16 .242-16.243, be repealed o ffic ia l 
firs t action, and that m ethod 1 6 .22 4 ,12th edition
(1975), be reinstated o ffic ia l firs t action as an a l
te rn a tive  m ethod.

R e c o m m e n d a t io n s
(1) A d o p t the in te rim  firs t action m ethod  fo r  

d ete rm in a tio n  o f ch loride  content o f cheese as 
offic ia l first action to replace offic ia l fina l action 
m etho d  16.242-16.243.

(2) Repeal o ffic ia l first action the present o f
ficial fina l action m ethod 16.242-16.243; reinstate 
the o ffic ia l f in a l action m ethod  16.224, 12th  
ed itio n  (1975), as an a lte rnative  m ethod.

(3) C o n tin u e  study on a ll o ther topics.

Report on Decomposition and Filth in Foods (Chemical Methods)

WALTER F. STARUSZKIEWICZ, Jr
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv ision  o f  F o o d  T ec h n o lo g y , W a sh in g to n , D C  2 0 2 0 4

A m m o n ia  in D o g f is h . — Associate Referee Be
v e r ly  S m ith  reported  that preparations fo r a 
co llaborative study of an enzym atic  procedure  
fo r d e te rm in a tio n  o f am m onia in  dogfish  are 
underw ay. As reported last year, the procedure  
compared favorably w ith  the A O  A C  colorim etric 
m ethod , 18 .027-18 .030 , and is m ore con ven ient 
fo r app lication  in  the fie ld . A d d itio n a l collab
orators are needed. The Referee concurs that the 
enzym atic  procedure be subm itted  to collabora
tive  study.

C o p ro sta n o l.— Associate Referee James Stewart 
reported  that add itional w o rk  is required  on the  
G LC  procedure fo r coprostanol to ap p ly  it  in  
practical situations. The search fo r a chem ical 
ind ica to r o f fecal co liform  con tam ination  in  
oyster-producing  w aters and in  foods rem ains a 
d if f ic u lt  ana ly tica l area. The Referee concurs 
tha t the study be continued.

C r a b m e a t . — Associate R eferee K u rt S te in - 
brecher reported  that w o rk  on the co lorim etric  
d e te rm in a tio n  o f am m on ia  in  crabm eat, 
18.027-18.030, is complete w ith  regard to m ethod  
deve lo pm en t. T he m ethod, o rig in a lly  d eve l
oped fo r the analysis o f crabmeat, has also found  
app lications to the d ete rm ina tion  of decom po
sition  in  shrim p , dogfish, and h a lib u t. The

This report of the Genera] Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28, 1982, 
at Washington, DC.
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Referee concurs that the m ethod  be adopted o f
fic ia l f in a l action.

E th a n o l in S e a fo o d s .— Associate Referee H aro ld
R. T hrom  reported  that 4 species o f canned  
salm on— sockeye, p in k , coho, and chu m — w ere  
ana lyzed  fo r e thano l content. A  good correla
tion  was fo u n d  betw een  ethano l content and  
organoleptic classification of decom position for 
the 52 samples analyzed. The ranges fou nd  for 
each organoleptic class w ere— Class 1 (acceptable 
q u a lity ), 0 -2 4  ppm  ethanol; Class 2 (decom 
posed), 2 5 -7 4  ppm ; and Class 3 (advanced de
com posed), 75 p pm  and up. These values w ere  
obta ined  by chrom atograph ing  aliquots of the  
aqueous cann ing  liq u id  on Porapak QS.

A n  im p ro ved  analy tica l procedure fo r the de
term in a tio n  of ethano l by headspace analysis is 
u n d er d eve lo pm en t by T. H o llin g w o rth  o f F D A  
and w i l l  be subm itted  to collaborative study. 
C ollaborators are being  sought. The Referee  
concurs that the study be continued.

G a s a n d  L iq u id  C h r o m a t o g r a p h y .— A  collabora
tive  study on the gas chrom atographic m ethod  
(/. A s s o c . O f f .  A n a l .  C h e m . 64, 584-591  (1981)) for 
cadaverine  and putrescine in  fishery  products  
has been com pleted. In  the study, samples of 
canned albacore skipjack and ye llo w fin  tuna and  
fro zen  shrim p  and d o lp h in  (m ah im ah i) w ere  
an a lyzed  in  duplicate. For acceptable q ua lity  
canned tuna, the collaborators reported  an av
erage o f 1.4 pg cadaverin e /g  sam ple (range
0 .7 -2 .0 ) and an average of 0.5 pg putresc ine /g  
(range 0 .1 -0 .8 ). Increases in  am ines w ere  re
p orted  fo r all decomposed samples w ith  good 
precision. Recoveries of cadaverine added at a 
level of 10 p g /g  to extracts of tuna averaged 105%
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w ith  a range o f 101-108% , and at a leve l o f 20  
p g /g  averaged 102% w ith  a range of 96-109% . 
Recoveries o f putrescine added at a leve l o f 5 
p g /g  averaged 102% w ith  a range of 94-106% , 
and  at a le v e l o f 10  p g /g  averaged 1 0 1% w ith  a 
range o f 95-110% .

T he  G LC  m ethod  has been app lied  to ap
p roxim ate ly  300 cans of tuna w ith  the fo llow in g  
results: For acceptable q uality  tuna, cadaverine  
averaged 0.6 p g /g  (range 0.1-3 .4) and putrescine 
averaged 0.5 p g /g  (range 0 .1 -1 .1 ). For b o rder
lin e  decomposed tuna, cadaverine averaged 20.4 
p g /g  (range 1.7-145.7), and putrescine averaged
2.0 p g /g  (range 0 .6 -7 .2 ). For advanced decom 
posed tuna, cadaverine averaged 55.5 p g /g  
(range 1 .9 -279 .8 ) and putrescine averaged 3.6 
p g /g  (range 0 .4 -35 .0 ). C adaverine  was the best 
in d ica to r o f decom position w ith  s ign ificant in 
creases detected in  m ore than  80% o f the cans 
prepared  fro m  shipm ents o f decomposed tuna. 
T h e  R eferee recom m ends that the G LC  m ethod  
fo r  the  d e te rm in a tio n  o f cadaverine and putres
cine in  fishery products be prepared for adoption  
as in te rim  o ffic ia l firs t action and that study be 
continued .

S h e l l f i s h .—  Associate R eferee  T h eo d ore
C ham bers reported  that the H P L C  m ethod  fo r  
indole, 18.B01-18.B05, has been used successfully 
by  a n um ber o f laboratories durin g  the past year. 
T h e  app lications inc luded  the fo llo w in g  H P L C  
colum ns: Lichrosorb 10 RP8 , 25 cm X 4 m m  id; 
M ic ro  Bondapak C18, 30 cm X 4 m m  id; S pheri- 
sorb O D S  5 p m , 24 cm X  4 m m  id; Zorbax O D S, 
24 cm X  4.5 m m  id; and Partis il 10 O D S , 25 cm X  
4 m m  id.

A  study o f the effects of cooking and ch lo rin e  
trea tm en t on ind o le , am m onia, acetic acid, and  
putrescine in  sh rim p  was conducted. N o  in 
creases in  lo w  levels o f the compounds in  shrim p  
w ere  n oted  upo n  processing. In  decomposed  
sh rim p , cooking  reduced the  levels o f am m onia

and  acetic acid w h ile  ch lo rin a tio n  low ered  the  
am ounts o f ind o le , am m onia, and  acetic acid. 
Putrescine levels w ere  not low ered  by e ith e r  
cooking  or ch lo rin a tio n . The Referee concurs 
tha t the study be continued.

G L C  D eterm in a tio n  o f  V ola tile  A m in e s — D M A  a n d  

T M A .— Associate Referee Ronald C. Lundstrom  
reported on a m ethod for the G LC  determ ination  
of d im e th y la m in e  (D M A )  and trim e th y la m in e  
(T M A ) in  seafoods. These vo la tile  am ines are 
com m on degradation products of T M A -o x id e  in  
m arin e  fish  and have p o ten tia l as indicators of 
fish quality. It  is postulated that D M A  is form ed  
by the  action o f an endogenous enzym e in  ga
d o id  fish w ith  the  fo rm ation  o f an equ im o lar 
q uantity  of form aldehyde. T M A  is produced in  
raw , u n fro zen  seafoods by a bacteria l enzym e. 
In  the analy tica l procedure, a p erch lo ric  acid  
extract o f fish is n eu tra lized  w ith  potassium  h y 
d roxide  and extracted w ith  benzene. T he  
am ines are then separated by gas chrom atogra
p h y  on a porous p o lym er (C hrom osorb  103) 
colum n and detected by a n itrogen -sensitive  
flam e detector. The procedure has been applied  
to red hake, cod haddock, cush, w h itin g , pollock, 
w h ite  hake, Am erican plaice, blackback flounder, 
and squid. The Referee concurs that the  proce
dure  be subm itted  to co llaborative study.

A lth o u g h  there w ere  no progress reports on  
the topics D iacety l in  C itrus Products, T L C  of 
A m ines in  F ishery Products, and  Tom atoes, the  
Referee recom m ends that they  be continued .

R e c o m m e n d a t io n s

(1) A d op t as o ffic ia l f in a l action the  o ffic ia l 
firs t action m ethod fo r the d e te rm in a tio n  o f  
am m onia in  crabmeat, 18.027-18 .030 .

(2) S ubm it the G LC  m ethod  fo r the d e te rm i
n ation  o f cadaverine and putrescine in  fishery  
products fo r adoption .

(3) C o n tinu e  study on a ll o th er topics.



Report on Eggs and Egg Products

WALLACE S. BRAMMELL
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv ision  o f  C o lo r  T e c h n o lo g y , W a sh in g to n , D C  2 0 2 0 4

3 4 6  GENERAL REFEREE REPORTS: J. A SSO C. OFF. ANAL. CHEM. (VOL. 66, NO. 2, 1983)

F a t .— Associate Referee Law rence E. Taber 
reports that he is con tin u in g  w o rk  on the m o- 
n om olecu lar f ilm  m ethod  fo r yo lk  in  egg w h ite . 
A n  a dd itio na l factor (an egg fat standard) was 
in troduced  in  the m ethod to e lim in ate  problem s  
caused by variations in  reagents and o il w h ic h  
m ade it  d ifficu lt to get good correlations between  
laboratories. H e  hopes that this add itio n a l fea
ture  w i l l  m ake it  a standardized m ethod  instead  
of the em pirical m ethod used form erly  and plans 
a collaborative study of the revised m ethod. H e

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

Committee C recommended that this General Refereeship 
be discontinued and that the Associate Referee topics be reas
signed to ether refereeships where practicable. See the report 
of the Committee, this issue.

also expects to report on a surfactant m ethod  for  
d ete rm in in g  fat in  w h o le  egg and egg yo lk  
products w h ich  w i l l  at least p artia lly  replace the  
acid hydro lysis  m ethod.

N o  reports w ere  received from  Associate Ref
erees on any o ther topics.

A n  Associate Referee is needed fo r the topic  
Tota l Solids to replace fo rm er Associate Referee  
H e rb e rt C. Sorensen. Interested persons should  
contact A O A C .

I am  res igning  as G eneral Referee fo r this  
subject and  thank a ll those Associate Referees 
w h o  have w orked  w ith  m e over the past 15 
years.

R e c o m m e n d a t io n

A p p o in t an Associate Referee on Total Solids, 
and  con tinue study on a ll topics.

Report on Fish and Other Marine Products

LOUIS L. GERSHMAN
F o o d  a n d  D ru g  A d m in is tr a t io n , 5 8 5  C o m m erc ia l S t., B o s to n , M A  0 2 1 0 9

C r a b m e a t  I d e n t i f i c a t io n .— Associate Referee  
Judith  K rzyn o w ek  continued her studies on this 
topic. M o d ifica tio ns  w ere  m ade on the o ffic ia l 
firs t action m ethod , 18.B06-18.B11, fo r generic  
iden tifica tio n  o f cooked and frozen  crabmeat by 
substituting agarose for polyacrylam ide as the gel 
m edium . T he advantages of agarose gel include  
use o f nontoxic reagents, ease of gel preparation, 
and  m uch m ore rap id  focusing tim e. By ex
c lu d in g  urea fro m  agarose gel p reparatio n , fo 
cusing could  be com pleted  in  0.5 h , using 30 
w atts constant pow er. This is a sign ificant tim e  
saver com pared w ith  the  o vern ig h t focusing at

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and were adopted by the Association. See the 
report of the Committee and "Changes in Methods," this 
issue.

Section numbers refer to Official Methods o f Analysis (1980)
13th Edition.

one w a tt constant p ow er required  in  the p o ly 
acry lam ide gel m ethod. A lth o u g h  incorporat
in g  urea in to  the gel, as specified in  the polyac
ry la m id e  m ethod  keeps the denatured  proteins  
in  so lu tion  in  the gel, and some p rec ip ita tio n  of 
p ro te ins  near the  cathode end was observed in  
the agarose m ethod , species o f cooked crabmeat 
can be id e n tifie d .

D e t e r m in a t io n  o f  F ish  C o n te n t  in  C o a te d  P ro d u c ts  

{B r e a d e d  o r  in  B a t t e r ) .— H . H o u w in g  and Freder
ick K in g  w ere  app o in ted  Co-Associate Referees 
fo r th is n e w  topic, because o f a need to develop  
u n ifo rm  procedures to determ ine fish content of 
coated fish products that w ill be acceptable to the 
in te rn a tio n a l com m unity .

D r a in e d  W e ig h t  o f  B lo ck  F r o z e n  R a w , P e e le d  

S h r i m p .— For the past 2 years, Associate Referee
F. K in g  has not been able to conduct d ra ined  
w e ig h t m easurem ents because needed samples 
w e re  not received from  the A m erican  S hrim p  
Canners and Producers Association. T he  Asso
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cia tion  was unable  to obta in  funds to purchase 
and  transport samples needed fo r the study.

D r ip  F lu id  in  F ish  F ille ts  a n d  F ish  F ille t  B lo c k s , 

Q u a n t it a t io n .— Associate Referee F. K in g  is con
tin u in g  to develop a procedure to measure "cook 
d r ip "  (f lu id  obtained  from  cooked samples) by 
using a m o d ifie d  tuna press and  by using m ois
ture content (24.003(a)). H o w ever, his progress 
continues to be slow  because o f personnel and  
b udget lim ita tio ns .

F is h  S p e c ie s  I d e n t i f ic a t io n , T h in  L a y e r  Iso e le c tr ic  

F o c u s in g . — Associate Referee Ronald Lundstrom  
ap p lied  both lo w  and h ig h  resolution conditions  
using isoelectric focusing (IE F) to d eterm in e  
w h e th e r various species of Pacific rockfish could  
be d iffe re n tia te d . H e  fo u nd  that IEF was not 
able to d iffe re n tia te  several species, g iv in g  
iden tica l p ro te in  patterns. A lth o u g h  these ob
servations are based on a lim ite d  study, the  As
sociate Referee cautions users of IEF m ethods  
w h e n  id e n tify in g  the p articu lar species o f rock- 
fish.

T h e  Associate Referee has also m ade some 
progress in  eva lua tin g  m icro-IE F  gels. Some 
resolution is lost compared w ith  that obtained on  
fu ll-s ize  gels, but re p ro d u c ib ility  is im proved . 
Cost o f the sm aller gels is m uch less, and sepa
ra tion  tim e  is reported  to be 10 -15  m in . H e  has 
also m ade some p re lim in a ry  com parisons o f the  
re p ro d u c ib ility  o f d iffe re n t carrier am pho lyte  
preparations availab le  fro m  several sources.

N it r i t e s  in  S m o k e d  F i s h .— Associate Referee  
Charles C ard ile  d id  not conduct the collaborative 
study p la n n e d  fo r th is year. Results fro m  an  
in tralaboratory study using the proposed specific 
ion  electrode m ethod  com pared favo rab ly  w ith  
those obtained  using the o ffic ia l m ethod.

O r g a n o m e t a ll ic s  in  F i s h .— Associate Referee  
W a lte r H o la k  has developed  a m ethod  fo r the  
d ete rm in a tio n  of m e th y l m ercury (or o ther or-

g ano-m ercury  com pounds), using a s im p lified  
sam ple p reparation  procedure and atom ic ab
sorption  o r electrochem ical detection  o f the  
H P L C  eluates. A  representative sam ple is 
b len d ed  w ith  w a te r to fo rm  a fin e  suspension, 
and m eth y l m ercury is extracted by ch lo ro fo rm  
e lu tion  from  a diatomaceous earth-hydrochloric  
acid co lum n. T he  organo-m ercury  com pound  
is then  re-extracted in to  a sm all vo lum e of 0 .01N  
sod ium  th iosu lfa te  solution. A n  a liqu o t is in 
jected onto a reverse phase colum n (Zorbax O DS) 
and  e lu ted  w ith  60% m e th a n o l-a m m o n iu m  ac
etate buffer, p H  5.5, contain ing mercaptoethanol. 
T h e  o rgano-m ercury com pound in  the eluate is 
converted  to m ercury vapor by passing it  over a 
heated copper tube and then determ ined by AAS  
or by using an electrochemical detector equipped  
w ith  a d ro pp in g  m ercury electrode. A  collabo
ra tive  study is p lan n ed  fo r next year.

O t h e r  T o p ic s .— T he usefulness o f A O A C  p ro 
cedure 18.003 for cooking seafood products is 
lim ite d  because o n ly  4 techniques are described. 
I t  is proposed that this procedure be revised by  
o m ittin g  a ll deta iled  techniques o f heating  a 
product, and focusing on the req u irem ent that 
a p roduct be heated to an in te rn a l tem perature  
o f at least 160°F  (70°C ).

There is some confusion regarding the form ula  
to calculate m g sodium  or potassium / 100  g 
sam ple. T he  form u la  g iven  in  18.038 is correct. 
T he  fo rm u la  in  the 12th e d itio n , 18.038, as w e ll 
as in  the 1 1th edition, 18.021, was in  error and the 
correction was m ade in  the 13th ed ition .

R e c o m m e n d a t io n s

(1) A d o p t as o ffic ia l firs t action the in te rim  
firs t action revis ion  to 18.003, Procedure fo r  
C o o k in g  Seafocd Products, as recom m ended  by  
the Associate Referee.

(2) C o n tin u e  study on a ll topics.
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Report on Food Additives

THOMAS FAZIO
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em is try  a n d  P h y s ic s , W a sh in g to n , D C  2 0 2 0 4

A n t ic a k in g  A g e n t s .— T he G eneral Referee was 
u nab le  to obtain  an Associate Referee fo r this  
topic d u rin g  the past year.

A n t io x id a n ts .— O n  December 28, 1981, B. Denis  
Page was appointed Associate Referee to evaluate  
analytical methods for antioxidants in  foods. D r. 
Page's m ethod  fo r d eterm in in g  7 antioxidants in  
fats and oils has been collaboratively studied and  
adopted  in te rim  first action by C o m m ittee  C. 
T h e  G eneral Referee recom m ends that the p ro 
cedure n ow  be adopted o ffic ia l first action. The  
m ethod  has been accepted by the In te rn a tio n a l 
U n io n  o f Pure and  A p p lie d  C h em is try  and is 
b ein g  app lied  to a va rie ty  o f food matrices.

B ro m in a te d  O i ls .— T h e G eneral Referee ac
cepted the recom m endation o f H . B. S. Conacher 
and  on D ecem ber 2 8 ,1981 , app o in ted  J. F. L aw 
rence as the Associate Referee for this topic, 
rep lacing  D r. Conacher. The Associate Referee  
reports  that the acid m ethanolysis transesterifi
cation  procedure fo r d e te rm in in g  b ro m inated  
vegetable  oils (BVO s) was reassessed and  w ith  
certa in  precautions has been fo u n d  to p ro v id e  
re lia b le  results fo r d ib ro m o-, tetrabrom o-, and  
even  hexabrom ostearate m e th y l esters. T h is  is 
m uch m ore attractive than the official first action 
m ethod , w h ic h  uses sodium  m ethoxide  deriva- 
tiza tio n  before analysis. The disadvantages of 
the latter are that corrosive reagents are required, 
m u ltip le  peaks are obtained fo r tetrabrom o- 
stearate, and hexabrom ostearate cannot be de
te rm in ed . Because the acid-m ethanolysis tech
n iq ue is w o rk in g  w e ll, w e  n o w  use it  for a ll B VO  
analyses. A  paper is in  preparation  fo r p u b li
cation w h ic h  compares the  m ethod  w ith  the so
d iu m  m ethoxide  m ethod  fo r the d ete rm in a tion  
o f BVO s in  soft drinks.

In  an o ther project, h ig h  perform ance liq u id  
chrom atograph y (H P L C ) was used to try  to 
characterize BVOs fo r possible app lication  to 
beverages and o ther foods. A lth o u g h  this w ork  
has potential, some problem s w ere  encountered  
w h e n  the technique was ap p lied  to beverage  
samples. F u rth e r w o rk  is p lan n ed  this year.

This report of the Associate Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and adopted by the Association, except rec
ommendation (2). See the report of the committee and 
"Changes in Methods," this issue.

T w o  feeding studies have been completed, and  
tissue and  flu id  analyses are alm ost com plete. 
O n e  study invo lves  tissue d is trib u tion  o f 3 V O  
adm inistered orally to rats. The second is related  
to m am m ary  transfer o f BVOs to w e a n lin g  rats. 
Results ( in c lu d in g  some gas chrom atograph ic / 
mass spectrom etric (G C /M S ) confirm ations) 
should  be com pleted by late 1982, at w h ich  tim e  
a ll the data w i l l  be assessed and fu rth e r studies 
w il l  be p lanned  i f  necessary.

D ic h lo r o d if lu o ro m e th a n e  in  F r o z e n  F o o d s .— L ittle  
progress has been made by the Associate Referee  
d u rin g  the past year because o f h ig h e r p rio r ity  
com m itm ents.

D ila u ry lth io d ip ro p io n a te .— The G eneral Referee  
was unable to obtain an Associate Referee during  
the  past year.

D r e s s in g s .— Associate Referee C. R. W arn er  
reports  tha t because o f h ig h e r p rio r ity  com m it
m ents, he has not been able to continue his 
studies and  pursue a collaborative study c f  the  
m ethod .

ED T A  in  F o o d  P r o d u c t s .— Associate Referee G.
A . P erfe tti reports that w o rk  in  the G enera. R ef
eree's laboratory has been d irected  tow ards ex
tend ing  the previously developed H P L C  m ethod  
to a v a rie ty  o f food matrices. A  collaborative  
study in v o lv in g  m ayonnaise and carbonated  
beverages was in itia ted  but had to be term inated  
because o f product spoilage and the extrem e  
leng th  of tim e taken by collaborators to complete 
the analysis a fte r receipt o f the sample. The  
study has been reinstated w ith  a lim ite d  scope. 
T he  results have not a ll been received; they w i l l  
be reported  at the 1983 A O A C  m eeting .

E t h o x y  q u in  in  F o o d s .— A  m ethod  has been de
ve lo p ed  fo r  the  d ete rm ina tion  o f e thoxyqu in  in  
m ilk . M i lk  solids are p recip itated  by add ing  
acetonitrile, and the w ater-aceton itrile  supernate 
is washed w ith  hexane to rem ove fats. A dd ition  
o f sodium  chloride causes the w ater-aceton itrile  
so lu tion  to separate in to  an aqueous phase and  
an acetonitrile phase, thus separating ethoxyquin  
fro m  most w ater-so lub le  im purities . A  large  
vo lu m e o f w ater is then added to the acetonitrile  
layer and ethoxyquin  is partitioned  in to  hexane, 
w h ic h  is rem oved  at reduced pressure. The  
residue is dissolved in  the m obile  phase and an 
alyzed by reverse phase H P L C  w ith  fluorescence 
detection (excitation w avelength  230 nm ; 418 nm
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cu to ff f ilte r) . The m o b ile  phase is w ater-aceto 
n it r ile  w ith  a d ie th y lam in e -ace tic  acid b uffer. 
Recoveries fro m  samples fo rtif ie d  at 1, 5, and 10 
ppb averaged 78% w ith  a coefficient o f variation  
(C V ) o f 5.0%. W h en  the  m ethod  was ap p lied  to 
com m ercia l m ilk  samples, extrem ely  lo w  levels  
( < 1  p p b ) o f app aren t ethoxy q u in  w ere  found .

G u m s .— T h e G eneral Referee has been unsuc
cessful in  f in d in g  an Associate Referee fo r this  
topic d u rin g  the past year.

I n d ir e c t  A d d it iv e s  f r o m  F o o d  P a c k a g i n g .— Asso
ciate Referee C. V . Breder reports the fo llo w in g  
progress:

V in y l  C h lo r id e .— W o rk  has continued in  A S T M  
C om m ittee  D -20  on Plastics on the developm ent 
of a rap id  q u a lity  contro l m ethod  to d eterm ine  
residual v in y l ch lo rid e  in  p o ly v in y l ch lo rid e  at 
the ca 5 ppb leve l. A  second d ra ft o f such a 
m etho d  has been w ritte n  and a ro u n d -ro b in  
eva lu atio n  has been h eld . T he results showed  
the m etho d  to be satisfactory fo r its in ten d ed  
purposes. A fte r m in o r ed itoria l revisions of the 
m ethod , it  w i l l  be sent to the  A S T M  subcom
m ittee  fo r b a llo tin g . F o llo w in g  successful b al
lo t in g , i t  w i l l  be p u b lish ed  as an A S T M  
m ethod .

A c r y lo n i t r i le .— A  paper has been published by 
T im o th y  M cN ea l and Charles V . Breder (/. Assoc. 
O f f .  A n a l .  C h e m . (1982) 65, 184 -187) e n titled  
"M an u a l Headspace Gas-Solid Chrom atographic  
D e term in a tio n  o f Sub-Parts per B illion  Levels of 
A c ry lo n itr ile  in  3% Acetic A c id ."

T e rep h th a lic  A c id  ( T A ) . — W ork continues on the 
d ev e lo p m en t o f a m etho d  to d eterm ine  residual 
T A  in  p o lyethylene terephthalate (PET) beverage 
bottles. A  m ethod was developed in  w h ic h  PET 
was exhaustive ly  extracted (ca 5 -1 0  days) w ith  
re flu x in g  te trah yd ro fu ran . The extract was 
concentrated, the acid was d erivatized  w ith  n -  

p ro p a n o l/B F 3, and the  resu ltin g  ester was p ar
titio n ed  in to  isooctane and  analyzed  by gas-liq
u id  chrom atography (G LC ). Excellent conver
sions and recoveries resulted. H o w e v e r, some 
question rem ains as to w h e th e r T A  is being  
generated durin g  the pro longed  extraction. As 
a result, w o rk  is con tin u in g .

S t y r e n e . — A  m anuscript has been subm itted to 
/. Assoc. O ff .  A n a l .  C h e m . by Sandra L. V a rn e r, 
Charles V . Breder, and Thom as Fazio on " D e 
term in a tio n  o f Styrene M ig ra tio n  fro m  Food- 
Contact Polym ers in to  M arg a rin e , U s in g  A zeo 
tropic  D is tilla tio n  and  Headspace Gas C h ro m a
to g rap h y ." A  survey of 7 loca lly  purchased  
m argarines by the above m ethod  show ed no  
styrene at a d ete rm in a tio n  leve l o f 25 ppb.

T o lu e n e d ia m in es . — A  paper by Roger C. Snyder

and Charles V . Breder on " H ig h  Perform ance  
L iq u id  C hrom atograph ic  D e te rm in a tio n  o f 2,4- 
and 2 ,6 -T o lu ened iam ine  in  Aqueous Extracts" 
appeared in  /. C h ro m a to g r. (1982) 236 ,429-440 . A  
report by Roger C. S nyder, W illia m  C. B rum ley , 
Charles V . Breder, and Thom as Fazio on "Gas 
C hrom atograph ic  and Gas C h ro m a to g ra p h ic / 
Mass Spectrom etric C o n firm atio n  o f 2,4- and
2 ,6 -T o lu e n e d ia m in e  D e te rm in e d  by L iq u id  
C hrom atography in  Aqueous Extracts" has been  
published  in  /. Assoc. O ff .  A n a l .  C h e m . (1982) 65, 
1388-1394.

V o la tiles . — A S T M  C om m ittee  F-2 on  F lex ib le  
B arrie r M ate ria ls  conducted a ro u n d -ro b in  
evaluation  o f A S T M  M eth o d  F-151 fo r vo la tile  
solvents in  lam inated  film s. A  fin a l report o f the  
results has not yet issued.

A  paper by H e n ry  C. H o llif ie ld , Roger C. 
Snyder, and Charles V . Breder e n title d  " A  M u l
tiresidue Approach to the Id en tifica tio n  o f Food  
P ackag ing-D erived  V o la tiles  in  Foods and  C o n 
tainers" issued in  ] .  C h r o m a t o g r .  S c i. (1981) 19, 
514-517. A  second paper by R ichard C. Entz and  
H e n ry  C. H o llif ie ld  on "Headspace Gas C h ro 
m atographic A nalysis o f Foods fo r V o la tile  H a l-  
ocarbons" issued in  J. A g r ic . F o o d  C h e m . (1982) 30, 
84 -88 .

H e n ry  C. H o llif ie ld  gave tw o  lectures to F D A  
F ie ld  S upervisors c o n cern in g  "H ead space  
A n alys is— Concepts and Q u a lity  Assurance As
pects."

A lip h a t ic  D ia m in e s .— A  m ethod , subm itted  by  
Toyo Seikan, to determ ine a liphatic  d iam ines in  
aqueous retort pouch extracts has been va lidated  
in  Food and D ru g  A d m in is tra tio n  (F D A ) labo
ratories. The m ethod was applied  to the analysis 
of retort pouches from  2  d iffe ren t manufacturers. 
A p p ro x im ate ly  1 -4  ppb  of the d ia m in e  used to 
prepare the  pouch la m in a tin g  adhesive was 
fou nd  in  the extracts a fte r the  pouches w ere  re 
torted  fo r 2 h at 250°F.

B e n z e n e .— A  project is u n d er w ay  to va lida te  a 
published m ethod used to determ ine benzene in  
p olystyrene polym ers. A fte r  va lid a tio n , the  
m ethod  w i l l  be used to analyze  several styrene- 
con ta in ing  p o lym er food-contact surfaces.

O r g a n o p h o s p h o r u s - c o n t a in in g  A n t io x id a n t s  f o r  

P o ly o le f in s .— A  m ethod  to d e te rm in e  phospho
rus-conta in ing  antioxidants, subm itted  b y  a pe 
titioner, has been validated  in  F D A  laboratories. 
T he  procedure invo lves  an acid d igestion  o f the  
p o ly o le fin  extracts fo llo w e d  by a c o lo r-fo rm ing  
reaction w ith  the resu lting  ino rg an ic  phospho
rus. Recoveries and results o f actual extractions 
appear to be satisfactory.

N e w  M ig r a t io n  C e l l .— Extensive w o rk  is u n d er
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w ay to evaluate and app ly  a n e w  m ig ra tio n  cell 
used by both  the N a tio n a l Bureau o f Standards  
(N B S) and A . D . L ittle  in  th e ir  contracted w o rk  
fo r F D A . The cell is com prised o f a 24 m L  v ia l 
topped w ith  a M in in e rt cap. Polym er disks to be 
tested are threaded  onto a w ire  support in  the  
v ia l and solvent is added to the v ia l. The sealed 
v ia l is shaken in  a therm ostated w ater bath and  
aliquots of the solvent are period ically  rem oved  
w ith  a syringe through the M in in e rt  septum and  
ana lyzed  by appropria te  m ethodology. A n  
eva luation  o f the cell, using the  m ig ra tio n  of 
residual styrene from  polystyrene in to  a num ber 
of food sim ulants and corn o il, is com plete. The  
cell perfo rm ed  very  w e ll and w i l l  be app lied  to 
o th er p o lym er, m ig ran t, and solvent systems.

A S T M  C om m ittee  D -20  on Plastics sponsored  
a sem inar in  M arch  1982 on the “ M ig ra tio n  of 
A d d itive s  fro m  Food Contact P o lym ers." NBS  
and  A . D . L itt le  personnel presented results of 
th e ir contracted w o rk  for F D A . F D A  personnel 
presented papers on m igration  testing in  general 
an d  on the regu latory  aspects o f w o rk  by NBS  
and  A . D . L ittle . T he sem inar was ve ry  w e ll at
tended  and received.

N it r a te s  a n d  N it r it e s .— T h e  G eneral Referee has 
app oin ted  J. B. Fox as the Associate Referee for 
th is topic.

N it r a t e s  ( S e le c t iv e  Io n  E l e c t r o d e s ) .— Associate 
Referee S. L. P fe iffe r reports that the results re 
ceived to date on the repeat collaborative study  
are good and acceptable for the in tend ed  p u r
pose. The General Referee recommends that the 
m ethod  evaluated  in  the collaborative study be 
subm itted  fo r adoption  as in te rim  firs t action. 
H e  encourages use of the m ethod , w h ic h  is 
availab le  fro m  the  Associate Referee, Sandra  
P fe iffer, G erber Products Co., Frem ont, M I  49412 
(te leph on e  616-928-2000).

N it r o s a m in e s .— Associate Referee N . P. Sen 
reports excellen t progress in  this research area. 
A  collaborative study has been conducted and  
n ew  m ethods have been developed  d u rin g  the  
past year. T he  results o f these efforts are sum 
m arized  b elow .

1. "D e te rm in a tio n  of N -N itro s o d im e th y la -  
m in e  in  N o n fa t D ry  M ilk : C ollaborative Study"  
by N . P. Sen, S. Seam an, and R. Stapley. Ten  
laboratories participated in  a collaborative study 
of a m etho d  fo r the  d ete rm in a tio n  o f N -n itro so - 
d im e th y la m in e  (N D M A )  in  n o n fa t d ry  m ilk . 
T he  m ethod  consisted o f e lu tion  of N D M A  w ith  
dich lorom ethane from  a m ixture  of Celite , acidic 
sulfam ic acid, and nonfat d ry  m ilk  (all packed in  
a chrom atographic colum n), concentration of the 
d ich lo ro m eth ane  eluate in  a K u derna-D an ish

concentrator, and  fin a l analysis by a G L C /th e r 
m al energy ana lyzer (TE A ) technique. A lto 
g eth er 10  samples w ere  used— 6  w ere  n atu ra lly  
contam inated (N D M A  levels 0 .38-3.56 ppb) and  
4 w ere  spiked w ith  kn o w n  levels (0.96 and 3.2 
p p b ) o f N D M A . The com plete data ind icated  
o ve ra ll CVs o f 20.7 and 27.8% fo r rep eatab ility  
and  rep ro d u c ib ility , respectively. T he  pooled  
percent recovery o f the overa ll m ethod was 94.1 
±  2.0 (standard error). I t  is recom m ended that 
the m ethod  be adopted o ffic ia l firs t action.

2. "E stim ation  o f V o la tile  N -N itro sam in es  in  
R ubber N ip p le s  fo r Babies' Bottles" by D . C. 
H a v e ry  and  T. Fazio. A  m ethod  has been de
ve loped  fo r the estim ation of vo la tile  N -n itro -  
samines in  baby bottle  rubber n ipp les. In  a 
study o f rubber n ipples from  one m anufacturer, 
N D M A , n itrosod ie th y lam ine , and n itrosop i- 
p e rid in e  w ere  d eterm ined  by G LC  using a th e r
m al energy ana lyzer and con firm ed  by M S  at 
average levels rang ing  from  22 to 281 ppb. A ll  
3 nitrosam ines w ere  also found  to m ig rate  from  
the n ip p le  in to  m ilk  or in fa n t fo rm u la  w h e n  
s te rilized  together in  a conventional s terilizer. 
S toring  a bottle  o f m ilk  con tain ing  a rubber 
n ip p le  fo r 2  h  at room  tem perature or o vern ig h t  
in  a re frig e ra to r a fte r s te riliza tion  resulted  in  a 
10-13%  increase in  n itrosam ine levels m ig ra ting  
in to  m ilk . U p o n  rep e titive  s terilizations o f a 
single n ip p le , the quantities o f n itrosam ines  
m ig ra tin g  in to  m ilk  from  rubber n ipp les  w ere  
found  to decline steadily but, a fte r 7 s te riliza 
tions, n itrosam ines w ere  s till read ily  detectable  
in  the m ilk . N itro sam in e  levels w ere  fou nd  to 
be h ig h e r in  rubber n ipp les  a fte r s te riliza tio n , 
in d ica tin g  the presence of n itrosam ine p recur
sors. N o  nitrosam ines w ere  fou nd  in  raw , u n 
cured rubber. C hem ical accelerators and s:abi- 
lizers added during  the vulcanization process are 
the source o f the am ine precursors in  rubber 
nipples. This report has been published in  F o o d  

C h e m . T o x ico l.

P o ly cy c lic  A ro m a tic  H y d ro c a rb o n s  in  F o o d s .— A n  
H P L C  m ethod  has been developed  to isolate  
basic azaarenes from  smoked foods. The m ethod  
invo lves  alcoholic potassium h yd ro x ide  diges
tion of the sample, liqu id -liqu id  extraction of the 
digestate to isolate the nonsaponifiable materials  
(e.g., polycyclic arom atic hydrocarbons, azaar
enes, etc.), acid-base extraction to isolate the basic 
com pounds from  o ther m aterials, chrom atogra
phy through basic alum ina ( 10% deactivated w ith  
w ater), concentration , and H P L C  analysis on a 
reverse phase Q s  colum n. Sam ples analyzed  
inc luded  sm oked salm on and  sm oked sausage. 
O n e u n k n o w n  basic azaarene was ind ica ted  in
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the u ltrav io le t chrom atogram  of the sm oked  
salm on. Recovery o f three azaarenes (5 ,7 -d i- 
m eth y lb e n zo (fl)a c rid in e , d ib e n zo (a ,;)a c rid in e  
(DBajAc), and  d ibenzo (fl,/!)acrid ine  (D B ahA c)) 
from  samples spiked at 5 ppb ranged fro m  60% 
fo r DBajAc to 107% fo r D B ahA c, w ith  CVs rang
ing  fro m  4.1 to 8.9 fo r these studies. F u rth er  
studies are p lan n ed  in  w h ic h  m arine  samples 
contam inated  w ith  p etro leum  products w i l l  be 
analyzed.

S o d iu m  L a u r y l  S u l fa t e .— T he  Associate Referee  
reports no progress due to o th er h ig h e r p rio r ity  
com m itm ents.

N o  o th er reports w ere  received.

R e c o m m e n d a t io n s

(1) Adopt as offic ial first action the m ethod for 
antioxidants in  foods reported  by B. D . Page; 
con tinue study.

(2) A dopt as official first action the m ethod for 
N -n itro s o d im e th y la m in e  in  n o n fa t d ry  m ilk ,  
collaboratively studied by the Associate Referee  
as M eth o d  I; continue study.

(3) A p p o in t Associate Referees on A n ticak ing  
Agents; D ic h lo ro d iflu o ro m eth an e  in  Frozen  
Foods; D ila u ry lth io d ip ro p io n a te ; Gum s; and  
Sodium  L au ry l Sulfate.

(4) C o n tinu e  study on a ll o th er topics.

Report on M eat and M eat Products

R IC H A R D  L . E L L IS
U.S. D e p a r tm en t  o f  A g r ic u ltu re , F o o d  S a fe ty  a n d  In sp ec t io n  S e rv ic e , C h em is try  D iv is ion , 
W a sh in g to n , D C  2 0 2 5 0

T here  has been a substantial increase in  p ro 
d u c tiv ity  this past year on topics related to meat, 
p o u ltry , and  products d erived  fro m  m eat and  
p o u ltry . T he  conscientious perform ance and  
efforts of the Associate Referees have contributed  
substantia lly  to co llaborative study activ ities on 
n itros o p y rro lid in e  analysis in  frie d  bacon, pen - 
tach lorophen o l in  p o u ltry  and sw ine, c h lo ri
nated  hydrocarbons in  p o u ltry  fat by gel p e r
m eation chrom atography, calcium determ ination  
by E D T A  titra tio n , h isto logic procedure fo r de
tecting  cardiac m usculature, soy flo u r and  p ar
tia lly  defatted tissues in  ground beef, autom ated  
m ethod  fo r total p ro te in  in  m eat products, and  
rap id  m icrow ave analysis fo r m oisture. In  ad
d ition , 2  procedures developed w i l l  be subjected 
to at least a 3-lab orato ry  m ethod  va lid a tio n , and  
the procedure for determ ination  of crude protein  
in  m eat and m eat products, 24 .B 01-24.B 03, is 
recom m ended  fo r adoption  as o ffic ia l f in a l ac
tion .

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and were adopted by the Association, except 
under (2), only the method for calcium was adopted. See the 
report of the Committee and "Changes in Methods", this 
issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition; and "Changes in Methods," /. Assoc. Off. Anal. 
Chem. 64,501-504(1981).

The interest and range o f responsibility  noted  
above is representative o f the  d ive rs ity  o f the  
subject area covered  by  th is  R efereesh ip . 
T here fore , the title  should be m o d ified  to m ore  
accurately reflect the subject area, fo r exam ple, 
M eat, P o u ltry , and M ea t and P o u ltry  Products.

In terest continues in  areas o f n u tr it io n a l 
analysis and food safety, suggesting m ore ac
tiv ities  in  areas re lated  to sodium  content in  
processed food and m echanically  separated  
(species) products; recent com m ents by the  
Com m issioner o f the Food and D ru g  A d m in is 
tra tion  on fats and sugars m ay increase activ ity  
in  these areas. The Farm  B ill of 1981 m ay result 
in  m ore em phasis on an im al d rug  residue  
m ethods as w e ll as the U.S. D ep artm en t o f A g 
ricu ltu re  (U S D A ) Food Safety and Inspection  
Service (FSIS) recen tly  in itia te d  Tota l Residue  
A voidance Program  (TR A P ). This la tte r p ro 
gram  is supporting  an im al d rug residue projects 
in  31 states w ith  37 approved  projects to date. 
T he cost o f p erfo rm in g  residue analysis is re 
su lting  in  m ore em phasis on d eve lo p ing  m u lt i
d rug , m ulti-species, m ulti-tissue q ua lita tive  as
says. Approaches inc lu de  chem ical, m icrob io 
logical, h istological, serological, and bioassay 
procedures. O thers should not be discounted. 
T he  expand ing  deve lo pm en t o f n ew  analytica l 
instrum ents e ith e r alone or in  tandem  provides  
n ew  approaches and capacity to detect analytes.
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The diversity  of needs w il l  exert its in fluen ce on 
the Refereeship; and it  is expected that several 
new  topics w il l  develop and some existing topics 
w ill  be refined . In  add ition , some topics w il l  be 
dro pp ed  through  lack of need or interest.

Topics recom m ended to be dro pp ed  inc lu de  
A sh in g  M ethods; Id en tifica tio n  o f M ea t, Sero
logical Tests; M o isture, A u tom ated  K arl Fischer 
M ethod ; F luoride in  Deboned M eat and Poultry; 
and Proxim ate C om position  Relationships, the  
first four because of lack of interest and the latter 
because the relationships norm ally  w ou ld  not be 
studied co llaborative ly . The in cu m b en t Asso
ciate Referees concur w ith  this recom m endation. 
T he  topics Sodium  and Potassium in  M eat 
Products and Specific Ion  Electrode Applications  
should be com bined in to  Specific Io n  Electrode  
M ethod s u n d er the existing Associate Referee. 
P en d in g  the successful eva luation  o f the colla
b orative ly  studied m ethods, they w i l l  be rec
om m ended for A O  A C  offic ia l first action status. 
The topic Detection and Identification  of Cardiac 
M usculature, Soy F lour, and P artia lly  D efatted  
Tissue in  G roun d  Beef should be shortened to 
H isto log ic  Id e n tific a tio n  M ethods.

A s h in g  M e t h o d s . — A  vacancy still exists for this  
topic. The topic should be discontinued because 
of lo w  interest.

A utom ated M ethods.— Associate Referee Jon 
S cherm erhorn  conducted an 8 -laboratory  col
laborative study fo r total p ro te in  in  m eat p ro d 
ucts, using the Technicon A A -2  A u to  A n a lyzer. 
A d d itio n a l data w ere  collected on phosphorus  
from  4 laboratories. A  co llaborative study w ith  
the autom ated an a lyzer fo r phosphorus is 
p lan ned .

B o n e C o n t e n t .— Paul Corrao, Associate Referee, 
successfully com pleted a collaborative study for 
calcium  analysis using an E D T A  titr im e tric  p ro 
cedure. T h e  m ethod  has an analy tica l range  
fro m  0.03 to 0.85% calcium  w ith  a m in im u m  
pro fic iency of 0.07%. R epeatab ility  is ±0 .016% , 
rep ro d u c ib ility  is ± 0 .0 2 2 %, w ith  a recovery of
98-102% . The topic should continue because of 
in terest w ith  m echanically  separated (species) 
products.

C h lo r in a t e d  H y d r o c a r b o n  in P o u lt r y .— Associate 
Referee James A u lt has com pleted a collaborative 
study w ith  14 hydrocarbons in  p ou ltry  fat, using  
gel perm eation  chrom atography. P re lim in a ry  
evaluation  appears to be favorable. Coefficients  
of va ria tio n  (C V ) fo r rep ro d u c ib ility  fo r a ll 
com pounds is <20% . Levels evaluated  ranged  
from  app ro x im ately  0.1 to 1.0 ppm . T he  14 
com pounds in  the study w ere  H C B , B H C , l in 
dane, hep tach lor epoxide, d ie ld rin , e n d rin ,

m irex, m ethoxychlor, chlordane, oxychlordane, 
o ,p '-D D T , p , p ' - D D T , p ,p ' - D D E ,  and p , p ' - D D D . 
W o rk at U S D A , FSIS, is directed at expanding the 
m ethod  fo r red m eat fat samples.

D e te r m in a tio n  a n d  I d e n ti fic a t io n  o f  C a r d ia c  M u s 

c u la t u r e ,  S o y  F l o u r ,  a n d  P a rtia lly  D e fa t t e d  T iss u e  in  

G r o u n d  B e e f .— This topic should be re titled  H is 

to lo g ic  Id e n ti fic a t io n  M e t h o d s . Associate Referee  
A1 Carey conducted a collaborative study fo r the 
q u a lita tive  d ete rm ina tion  o f these substances.

F a t in M e a t  P r o d u c t s .— Associate Referee Jon 
M cN ea l reports that no collaborative studies or 
m ethods are c u rren tly  in  progress. H o w ev e r, 
FSIS has decided to use the A O A C -ap p ro ved  
Foss-Let m ethodo logy (24 .006-24 .008) in  our 
laboratories. It  is expected that most laboratories 
outside our program  w i l l  continue to use the  
Soxhlet e th er extraction procedure, 24.005. A  
restudy o f this m ethod  w o u ld  be useful, espe
cially since it has not been evaluated for products 
having  a fat content <7%  or on a p ro te in  fat-free  
basis. It  has not been studied for products w h ich  
have tra d itio n a lly  been regulated  by th e ir  tr im -  
m able fat content, but w h ic h  n ow  have to be 
tested fo r total fat for total q ua lity  contro l re
quirem ents. These products often contain  m ore  
than 50% fat. W ith  these considerations in  m ind, 
w e m ay w ish  to study the m ethod on these types 
of products in  the near fu ture . M cN ea l also re 
ports that Tecator Inc. is p lann ing  a collaborative 
study for the ir Soxtec System H T . T hey  have 10 
collaborators lined  up. T h e ir study, w i l l  include  
products w ith in  the p ro te in  fat-free  and total 
q u a lity  contro l categories as w e ll as those for 
w h ic h  w e  have tra d itio n a lly  p erfo rm ed  fat 
analysis.

Fa t a n d  M o is tu re  A n a ly s is , R a p id  M e t h o d s .— Julio 
P ettin a ti, Associate Referee, has com pleted  an 
extensive 2 2 -laborato ry  study on m icrow ave  
rap id  m oisture analysis. The study inc lu ded  
various types of m icrow ave ovens. E valuation  
by the  Associate Referee shows equivalence to 
the  A O A C  procedure. Results from  4 laborato
ries fo r fat and 3 fo r p ro te in  in  the above study  
m ay w arra n t consideration fo r a collaborative  
study.

F lu o rid e  in D e b o n e d  M e a t  a n d  P o u ltry .— Associate 
Referee Thom as D o lan  reports no progress and  
suggests the topic be abolished or com bined w ith  
o th er ion  electrode technologies; the Referee  
concurs.

Id e n ti fic a t io n  o f  M e a t s ,  S e ro lo g ic a l  T e s t s .— As
sociate Referee R ichard  M ageau reports that no  
studies have been conducted and that a new  
Associate Referee should be app o in ted  w h o  can 
assume the necessary responsibilities. The topic
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should be d iscontinued  unless a n ew  Associate 
Referee can be fou n d  and activ ities can be 
scheduled in  1983.

M o i s t u r e ,  A u t o m a t e d  K a r l  F i s c h e r  T i t r a t o r  

M e t h o d .— N o  ac tiv ity  or interest has been re 
ported on this topic by Associate Referee H o w ard  
Bredim us; the topic should  be d iscontinued.

N itra te s  a n d  N it r ite s .— Associate Referee F. Bart 
Suhre has developed  an ion  chrom atograph ic  
procedure fo r the sim ultaneous d ete rm ina tio n  
of nitrate and n itrite  and plans to conduct at least 
a 3 -laboratory va lid a tio n  w ith in  FSIS laborato
ries. T h e  procedure can re lia b ly  detect both  
anions as lo w  as 5 p p m  and has been used to ex
am ine p um p-, im m ersion-, and dry-cured bacon, 
breakfast sausage, ham , and em ulsified products. 
H e  fu rth e r reports a slackening interest in  n i
t ra te -n itr ite  m ethods because o f chang ing  
priorities  am ong scientists active in  the fie ld . 
N itr ite  is s till an issue and the topic should  con
tinue.

N it r o s a m in e s  in B a c o n .— E. L. G reen fie ld , As
sociate Referee, reports a successful collaborative 
study o f the d ry  co lu m n, therm al energy ana
ly ze r m ethod  fo r N -n itro s o p y rro lid in e  in  fried  
bacon, developed  by W . F id d ler. A  3-analyst 
study has been com pleted in  FSIS laboratories on 
a lo w  tem peratu re  d is tilla tio n  procedure (a 
m odification of the published Sen procedure) for 
quantitation and G C /M S  confirm ation of volatile  
nitrosam ines in  bacon. FSIS has also conducted  
studies fo r v o la tile  n itrosam ines in  d ry-cured  
products, com paring the m inera l o il d is tilla tion , 
therm al energy ana lyzer A O A C  m ethod , the  
m o d ifie d  Sen procedure, and the d ry  colum n, 
th e rm a l energy ana lyzer procedure. T h e  Asso
ciate R eferee also notes that the Food and D ru g  
A d m in is tra tion  (F D A ) and FSIS ten tative ly  p lan  
a jo in t study on possible in  v ivo  fo rm atio n  o f 
nitrosam ines in  sw ine.

N o n - M e a t  P ro te in s  in M e a t .— Julio P ettin a ti, 
C hairperson for the 3-m em ber Associate Referee  
com m ittee, reports that m ethod developm ent to 
date has been lim ite d  to q ua lita tive  techniques  
o n ly . H is  research p rio rities  have sh ifted , but 
the topic should continue because of econom ic  
considerations and the recently published U S D A  
reg u la tio n  app ro v in g  use o f w h e y  p ro te in  in  
certa in  m eat products. Several types of n on 
m eat p ro teins are o f keen interest to FSIS scien
tists. Em phasis w i l l  be placed on increasing  
m ethod  d eve lo pm en t in  this area.

P e n t a c h lo r o p h e n o l  in  A n im a l  a n d  P o u l t r y  

T is s u e s .— Associate Referee Douglas G illa rd  has 
successfully com pleted a co llaborative study on 
detection  o f PCP in  p o u ltry , beef, and  sw ine,

using a m ethod  w ith  an in te rn a l standard. The  
d etectab ility  range is 30 -1000  ppb; the study  
range was 50 -500  ppb. T he  m ethod  is quite  
rap id; a ll laboratories analyzed  48 samples over 
a 2-day period . Statistical eva luation  indicates  
that for the range of 50 -500  ppb, the m ethod  has 
a coefficient of variation (C V ) for reproducibility  
o f less than 20%, and fo r rep eatab ility , a C V  of 
less than 15%. The data do not indicate a species 
or day effect on the analy tica l results.

P ro te in  in M e a t .— F. Bart Suhre, Associate R ef
eree, reports that the collaborative study fo r the  
determ ination  of crude p ro te in  in  m eat products 
appears in  /. Assoc. O ff. A n a l . C h e m . 65, 1339-1345  
(1982). N o  collaborative studies are p lanned  for 
1983. H e  recom m ends that m ethod  24.B 01- 
24.B03, the block d igestion-steam  d is tilla tio n  
m ethod , be adopted o ffic ia l f in a l action. The  
Referee concurs.

P ro x im a te  C om p o sitio n  R ela tio n sh ip s .— There has 
been no ac tiv ity  on this topic and the re la tio n 
ships w o u ld  not n o rm a lly  be studied  collabora- 
tive ly . Associate Referee A . M alan osk i recom 
mends the topic be discontinued and the Referee 
concurs.

S o d iu m  a n d  P o ta ssiu m  in M e a t  P r o d u c t s .— Asso
ciate Referee R. Sim pson has developed  an au
tom ated spec:fic ion electrode m ethod  fo r sodi
um and potassium in  11 processed meat products. 
Sam ples are p repared  by a sim ple aqueous ex
traction  fo llo w e d  by f iltra tio n  and assay, using  
an autom ated N O V A  B iom edical ion  analyzer. 
The range o f analysis is 25 -1000 mg%. Products 
inc lu ded  bologna, ham , pork  sausage, p um p- 
cured bacon, pepperon i p izza , lun ch  m eat, beef 
noodle soup, beef stew, turkey  pot p ie, spaghetti 
w ith  m eat balls, and frankfurters . T here  are no  
current plans fo r a collaborative study; how ever, 
a 3 -laboratory v a lid a tio n  study is antic ipated. 
The Associate Referee recom m ends this topic be 
com bined  w ith  the topic Specific Io n  Electrode  
M ethods and the current m ethod be extended to 
inc lu de  ch lo ride  ion  d e te rm ina tion . T he  R ef
eree concurs.

S p e c if ic  Io n  E le c t r o d e  M e t h o d s .— Associate R ef
eree R. Sim pson reports no n ew  studies are cur
re n tly  u n d er w ay  w ith  this topic. It  should  be 
com bined  w ith  Sodium  and Potassium in  M eats  
in to  a sing le topic.

S u g a r  a n d  S u g a r  A lc o h o ls .— A  n ew  Associate 
Referee has been recom m ended, D ouglas B urr 
of the  N e w  Y ork  State Food Laboratory. H e  
plans a co llaborative study using H P L C  in  an 
autom ated procedure. Sugars and  antioxidants  
are to be inc luded ; com pounds, e.g., p ro p y l gal- 
late and  some sugar alcohols, m ay be added.
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T e m p e r a t u r e ,  M in i m u m  P r o c e s s in g .— T here  has 
been no activ ity  by Associate Referee Julio Pet- 
tin a ti and he does not w ish  to continue. The  
Referee thanks h im  for his efforts on th is topic. 
A  n ew  Associate Referee has been recom m ended  
James Eye, FSIS, Science, M icrobiology D ivision. 
C u rre n tly  studies are being  conducted by the  
A g ricu ltu re  Research C en ter in  A then s, G A , on  
im p ro v in g  the coagulation test, a size exclusion  
H P L C  m ethod , isoelectric focusing techniques, 
and a m ethod for correlation o f tem perature w ith  
the loss o f s o lu b ility  o f b iu re t-po sitive  w ater- 
extractable (species) muscle proteins. D r. Eye 
has developed  a test fo r cooked and roast beef, 
using the  b ov ine  catalase test.

R e c o m m e n d a t io n s

(1) A d op t as o ffic ia l f in a l action the o ffic ia l 
firs t action m ethod , 24.B 01-24.B 03, block diges
tion  steam d is tilla tio n  for p ro te in  in  meat.

(2) A dopt as o ffic ia l first action the autom ated  
m ethod  fo r total p ro te in ; calcium  analysis by  
E D T A  titra tio n ; ch lo rin a ted  hydrocarbons in  
p o u ltry  tissue by gel perm eation  chrom atogra
phy; d e te rm in a tio n  of cardiac m usculature, soy 
flo u r, and  p a rtia lly  defatted  tissue in  g round  
beef; m icrow ave rap id  m oisture analysis, d ry  
co lu m n -th erm a l energy an a lyzer m etho d  for 
N -n itro s y o p y rro lid in e  in  fried  bacon; and pen- 
tach lorop hen ol in  an im al and  p o u ltry  tissues.

(3) C onduct co llaborative studies fo r phos
phorus in  m eat products using the Technicon  
A A -2  A u to A n a ly ze r; H P L C  autom ated m ethod  
fo r sugars; antioxidants and sugar alcohols in  
m eat products. C onduct v a lid a tio n  or collabo
ra tive  studies on n itra te -n itr ite  analysis o f m eat 
products by ion  chrom atography; sodium  and  
potassium  in  meat and p o u ltry  products by spe
cific ion electrode methods; fats in  meat products 
using the Soxtec System.

(4) Extend the gel perm eation  chrom atogra
p h y  analy tica l m ethod  for ch lo rin a ted  h yd ro 
carbons in  p o u ltry  to red  m eat anim als.

(5) Re-evaluate the A O A C  Soxhlet procedure  
for fats, 24.005, to inc lude products w ith  lo w  fat, 
protein  fat-free determ inations, and total quality  
control products.

(6 ) In it ia te  the fo llo w in g  topics: H P L C
M ethods for M eat and Poultry Products, Bioassay 
M ethods for M ea t and P o u ltry  Products, C h em 
ical A ntib iotic  Methods, Steroid Analysis in  M eat 
and P o u ltry  Products.

(7) D iscon tinue the topics A sh in g  M ethods; 
F luoride  in  D eboned  M ea t and P ou ltry ; Id e n ti
fication  of M eats, Serological Tests; M o is ture, 
A u to m ated  K arl Fischer T itra to r M eth od ; and  
Proxim ate C om positional Relationships.

(8 ) C o n tinu e  study on a ll o th er topics.
(9) C hange title  o f the refereeship  to M eat, 

P o u ltry , and M ea t and P ou ltry  Products.

R eport on M icrochem ica l M ethods

A L  S T E Y E R M A R K
R u tg er s , T h e  S ta te  U n iv ers ity  o f  N e w  J e r s e y ,  N ezv ark  C o lleg e  o f  A rts  a n d  S c ie n c e s , D e p a r tm en t  
o f  C h em is tr y , N e w a r k ,  N J  0 7 1 0 2

N o  w o rk  was done this year on the H P L C  
stu d y  on vegetab le  m a te ria l (L a v e rn e  H .

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

Committee C recommended that this General Refereeship 
be discontinued and that the Associate Referee topic be reas
signed to another Referee if practicable.

Scroggins) because of d iff ic u lty  w ith  the appa
ratus and d iff ic u lty  f in d in g  collaborators.

R e c o m m e n d a t io n

C o n tin u e  study on the H P L C  of vegetable  
m aterials.
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R eport on M yco tox ins

L E O N A R D  S T O L O F F 1
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em is try  a n d  P h y s ic s , W a sh in g to n , D C  2 0 2 0 4

A  score o f years have passed since the A O  A C  
Referee on Nuts and N u t Products recom m ended  
that "chem ical m ethods fo r id e n tify in g  m yco
toxins in  m o ldy nuts be studied" ( 1) and 16 years 
since the topic "M yco to x in s" was established  
u n d er the refereeship  o f A lfre d  D. C am p bell, 
w h o  saw the  topic th ro u g h  its firs t 4 fo rm ative  
years and continued to participate as an Associate 
Referee ever since. W e m eet again to take ac
count of the progress that has been made, and to 
set the  course fo r the fu tu re , b u t this tim e  w ith 
out the  p artic ip ation  o f A1 C am p bell, w h o  on  
February 22 ,1982, w h ile  on assignm ent in  Saudi 
A rab ia , suffered  a fata l heart attack. In  recog
n itio n  o f ATs contribu tions to the refereeship  
and to the A O  A C , it  is f itt in g  that these sessions 
on m ycotoxins be devoted to his m em ory.

A  m em oria l event n o rm a lly  evokes retros
pection , and  this occasion provides even m ore  
reason fo r tha t d irec tio n  o f thought: Th is  w il l  
be m y last General Referee report. I  have retired  
fro m  the  Food and D ru g  A d m in is tra tio n  (F D A )  
and subsequently have resigned as G eneral 
Referee, e ffective  at the end o f this m eeting . 
T w e lv e  years ago A1 transferred  to m e an en 
thusiastic team  and an evo lv in g  topic. The ev
o lu tio n  o f the  team  and the topic over the years 
has created m any changes, but I  transm it to the  
next G eneral Referee on M ycotoxins that w h ic h  
I  received fro m  A l, an enthusiastic team  and an 
e v o lv in g  topic, p lus the fo llo w in g  advice d is
t ille d  fro m  the experiences they  engendered .

First, keep in  m in d  that the m ycotoxin topic is 
p ecu liar in  that the d eve lo pm en t o f analy tica l 
m ethods precedes the determ ination  o f the need  
to regulate. Each Associate Referee has accepted, 
in  ad d itio n  to the exp lic it task of m ethod  d eve l
o p m en t, th e  im p lie d  task o f d e te rm in in g  
w h e th e r regulation  is needed; note the coverage 
of occurrence and toxicology data in  th e ir re
ports. Thus each associate refereeship  has

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and were adopted by the Association. See the 
report of the committee and "Changes in Methods," this 
issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition; and "Changes in Methods," /. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980); 65, 450-521 (1982).

1 Retired.

w ith in  it  the basis fo r its o w n  e lim in a tio n , as 
witness the dropping of Cocoa (2), Coffee (2), and  
Tea (3) as active topics, the recom m endation  to 
that effect in  this report of the Associate Referee  
fo r P a tu lin , and the cautious p rob ing  in  that d i
rection  of the Associate Referee fo r Sterigm ato- 
cystin (4).

Second, keep in  m in d  that the m ore expensive  
or esoteric the equ ipm ent requ ired  fo r an ana l
ysis, the few er :he laboratories that w i l l  have the  
analytical capability, the few er the analyses that 
w ill  be perform ed, and the sm aller the data base 
fro m  w h ic h  to m ake decisions. T he  s im p lic ity  
and lo w  cost of th in  layer chrom atography (TLC ) 
should' not be g iven  up  lig h tly  fo r o th er m ore  
glam orous, and expensive, tools o f separation  
science. The prom ised im provem ents  in  p rec i
sion fro m  the use o f m ore ins tru m en ta tion  have  
not m ateria lized  fo r b etw een-laboratory  com 
parisons.

F in a lly , keep a live  the system fo r m ak in g  
m ycotoxin reference standards read ily  available. 
This is the heart o f analy tica l m ethod  transfer. 
W ith o u t re liab le  reference standards, the best o f 
m ethods is worthless.

A n d  now , w hat do the Associate Referees have 
to say?

A fla t o x in  M — R obert D . S tu bb le fie ld  (U.S. 
D ep artm en t o f A g ric u ltu re  (U S D A ), N o rth e rn  
Regional Research C en ter (N R R C ), Peoria, IL )  
reports that a packed colum n procedure (5) for 
the extraction o f a fla tox in  M ; fro m  m ilk , as an  
a lte rn a tive  to the b len d er procedure in  the cur
ren t methods (26 .A 10 -26 .A 14 , 26.090-26.094), is 
undergoing testing at several laboratories. A fte r  
evaluation  of reports from  the laboratories early  
in  1983, a decision w i l l  be m ade w h e th e r to rec
o m m end  adoption .

T he  Associa:e Referee has concluded tha t the  
m ethod proposed by Foos and W arren (6 ) should  
be the h igh  perform ance liqu id  chrom atographic  
(H P L C ) m ethod evaluated by collaborative study, 
l i e  plans to conduct the study this fa ll and  
w in te r.

The Associate Referee has extended his studies 
on afla tox in  residues in  b ovine  tissue. H e  has 
been w o rk in g  in  cooperation w ith  J. L. R ichard  
and  A . C. P ier o f the N a tio n a l A n im a l Disease 
C en ter in  Am es, IA . (D r. P ier is n o w  at the U n i
vers ity  of W y o m in g , Laram ie, W Y .) In  the first
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study, 2 cows w ere dosed orally  for 3 consecutive 
days at a level o f 0.35 m g Bi /k g  body w e igh t/d ay . 
O ne cow was slaughtered 24 h after the last dose; 
the second cow was fed norm al a fla tox in -free  
d a iry  ra tion  fo r 7 m ore days and then slaugh
tered. Except for the thym us, a ll samples o f tis
sue, m eat, m ilk , b lood, and stomach contents  
contained aflatoxins Bj and M t . K id n e y , live r, 
and m am m ary glands had the h ighest levels o f 
total aflatoxins (58 ,13 , and 25 n g /g )  w ith  the M i  
leve l 40 tim es the Bi leve l in  k idn ey . A fla to x in  
Bi and M i  residues w ere present (0 .0 2 - 0.11  n g /g )  
in  on ly  k idney, liver, and intestine samples from  
the second cow, w h ic h  had been w ith d ra w n  to 
an uncontam inated  feed fo r 7 days, and o n ly  M i  
(0.10 and 1.5 n g /m L ) was found  in  the fin a l m ilk  
and u rin e  samples from  the  same cow.

In  ano ther study, 3 groups of 5 steers each 
(average w e igh t 403 lb (183 kg)/steer) w ere used. 
The first group was g iven  o n ly  a fla tox in -free  
rations for 17.5 weeks; the second group was fed  
a d iet containing naturally contam inated corn for
17.5 weeks; and the th ird  group was fed the same 
d ie t as the second group  fo r 15 w eeks and then  
changed to the a fla to x in -free  d ie t fo r 2.5 weeks. 
T he  am oun t o f feed fo r a ll groups increased  
d u rin g  the study, resulting  in  a d ietary aflatoxin  
concentration that ranged from  352 to 455 n g /g . 
N o  differences in  w e ig h t gains betw een  groups  
w ere  fo u nd  d u rin g  the study, and no signs of 
illness attributab le to aflatoxin  w ere  seen in  any  
of the steers. A flatoxins Bi and M i  w ere  read ily  
detected in  u rin e  collected th ro u g h ou t the  
feed ing  tria l, w ith  M i  concentrations ran g in g  
fro m  4 to 41 tim es the Bi concentrations d u rin g  
the tim e the steers w ere  on afla tox in -conta in ing  
diets. N o  aflatoxin was found in  tissues or urine  
from  the th ird  group o f steers 2.5 weeks after 
w ith d ra w a l o f a fla to x in -co n ta in ing  feed.

N o  aflatoxin was present at necropsy in  tissues 
or flu ids  of steers fro m  the first group and  the  
o n ly  sam ple from  steers of the th ird  group  that 
had a fla tox in  present was the  ru m en  contents  
( lo w  levels o f Bi). A ll  tissues of steers fro m  the  
second group  had Bi and M x present (Bi at 
0 .002-0 .37  n g /g  and M i  at 0 .10-4 .82  n g /g ) , ex
cept that no Bi was fou nd  in  the round  skeletal 
muscle. In  most samples, M i  levels w ere h ig her  
than Bi levels.

The Associate Referee recom m ends that the  
o ffic ia l first action m ethods fo r a fla tox in  M i  in  
m ilk  and cheese (26 .A 1 0 -2 6 .A 1 4 ) and in  d airy  
products (26 .090-26 .094) and fo r aflatoxins Bi 
and M i in  liv e r  (26 .C 01 -26 .C 08 ) be re ta ined  in  
that status, that eva luation  continue o f the Fu- 
kayam a et al. colum n extraction m ethod  (5) for

afla tox in  M i  in  m ilk , and that the Foos and  
W arren  H P L C  m ethod  (6 ) fo r a fla tox in  M i  in  
m ilk  be va lida ted  by collaborative study. The  
Referee concurs.

A fla to x in  M e t h o d s .— Before his untim ely  death, 
A lfre d  D. C am pbell (F D A , W ashington, D C ) had  
in itia te d  a co llaborative study o f 2 H P L C  m eth 
ods fo r aflatoxins in  peanut b utter, one using a 
n orm al phase co lum n, the o ther a reverse phase 
colum n. In  this u n d ertak in g  he had the assis
tance of 2 people w h o  had been in v o lv e d  in  the  
deve lo pm en t o f the m ethods, O ctave J. Francis, 
Jr (FD A , N e w  Orleans, L A ) and Roberta M . Beebe 
(F D A , San Francisco, C A , re tired ). T he  data 
collected from  the collaborators by M r. Francis 
and M rs. Beebe w ere  transm itted  to the G eneral 
R eferee fo r collation  and statistical in te rp re ta 
tion . The fin a l report, as prepared fo r pub lica
tion, shows recoveries of aflatoxins Bj, B2, G i, and  
G 2 from  spiked samples by the n orm al phase 
H P L C  m ethod  o f 79, 92, 74, and 8 8 %, respec
tive ly ; by the reverse phase m ethod  the recov
eries w ere  103, 105, 89, and 163%. Pooled  
repeatabilities for B j, B2, G i, and G2 by the norm al 
phase H P L C  m ethod w ere  20, 25, 28, and 17%, 
respectively; by the reverse phase m ethod  
repeatabilities w ere 19, 22, 38, and 31%. Pooled  
reproduc ib ilities  fo r Bi, B2, G j, and G 2 by the  
norm al phase H P L C  m ethod w ere 34, 33, 39, and  
34%, respectively; by the reverse phase m ethod  
reproduc ib ilities  w ere  32, 46, 51, and 52%. A l
tho ugh  both m ethods show an im p ro ved  lim it  
o f detection  and better w ith in -la b o ra to ry  p rec i
sion over current A O A C  o ffic ia l m ethods, the  
between-laboratory precision is no better and the 
recovery o f G 2 by the  reverse phase m ethod  
shows evidence of interferences being measured. 
For these la tte r adverse reasons and because of 
no com pensating benefits o f present value, n e i
the r m ethod  was subm itted  fo r adoption .

Because o f reports, both  pub lished  and u n 
p ub lished , that, in  spite o f evidence to the con
trary  from  collaborative studies, the CB and BF 
m ethods d id  not produce the same quantitative  
answers, D r. Cam pbell, in  cooperation w ith  J. W . 
D ickens and T. W . W h ita k e r (U S D A , R ale igh , 
N C ), had in itia te d  a study (7) to resolve the d if 
ference in  observations and at the same tim e  
p ro vid e  a test of an im p ro ved  version o f the BF 
m ethod  that D ickens and W h ita k e r had d eve l
oped. D ickens and W h ita k e r have agreed to 
fo llo w  through  on the plans fo r the study.

In  the context of this associate refereeship, the  
G eneral Referee calls attention  to that part of the  
rep ort of the Associate Referee on Tree N u ts  re 
la tin g  to m ethod  im p ro vem ent and his recom 
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m en dation  fo r con tin ued  ac tiv ity  in  the ap
proaches taken.

The G eneral Referee also calls a tten tio n  to an 
in te r im  recom m endation  that z inc  aceta te -a lu 
m in u m  ch lo ride  so lu tion  be a llo w ed  as an a lte r
n ative  to lead acetate so lu tion  in  the m ethod  for 
afla tox in s  in  cottonseed products (2 6 .A 0 1 -
26.A 09). T h eo re tica lly , and on the basis o f p er
form ance data subm itted , the add itio n  o f the a l
ternative  creates no substantive change in  the  
m ethod and does a llo w  those concerned w ith  the 
disposal of lead-con ta in in g  wastes a choice o f a 
m ore b en ign  residue. T he  Referee, therefore , 
repeats the recom m endation that sections 26.A02  
and  26 .A 04 be revised as follow s:

26.A 02(e): L e a d  a c e ta te  so ln  . . . and d il. to 1 L, 
or o p tion al z in c  a c e t a t e - a lu m in u m  c h lo r id e  

s o ln .— D issolve 200 g Z n (O A c )2 and 5 g A IC I3 
in  H zO  and d il. to 1 L.
26.A 04: M easure 100 m L  filtra te  . . . and re 
filte r as above, or, optionally, replace Pb(O A c )2 
soln w ith  Z n (O A c )2-A lC l3 soln.
The G eneral Referee has also considered the  

use o f the w a te r s lu rry  procedure fo r o b ta in in g  
the analy tica l sam ple fro m  the lo t sam ple as 
constituting no substantive change in  m ethod I I  
(26.032-26.036) for aflatoxins in  peanut products, 
and therefore  recom m ends that secs. 26.034 and
26.035 be revised as follow s:

26.034: See 26.028, or prep, peanut samples by 
H 20  s lurry  procedure [/. A m . O il C h e m . S o c. 57, 
269 (1980)].
26.035: . . . and ca 4 g N aC l to peanuts or meal. 
I f  peanut sam ple is p repd  by H 20  s lurry  
m ethod , w e ig h  130 g s lu rry  in to  b le n d e r jar. 
A d d  50 m L 2.2% salt soln, 150 m L M e O H , and  
100 m L hexane.
A ltern a ria  T o x in s .— A . Douglas K ing, Jr (U S D A , 

W estern Regional Research Center, A lb an y , C A ) 
reports that an im portant paper (8 ) was published  
this past year d ea lin g  w ith  the isolation  o f the  
m in or A ltern a ria  toxins, altenuisol and altertoxins  
I  and  II .  These 3 o ften  am ount to <0 .1%  o f the  
crude extract, w hereas a lte rnario l, a lte rn ario l 
m e th y l e ther, and  tenuazonic acid are o ften  
produced in  the 5 -10%  range. T he im portance  
of this p aper describ ing  the separation o f the 3 
m in o r toxins is related to th e ir suspected toxicity  
and m utag en ic ity , both o f w h ic h  should  be fu r
th e r studied. Th is  paper is a com panion to one 
on the isolation of a lternario l, a lternario l m ethyl 
ether, and a lten uen e (9).

The structure o f a lte rto x in  I  has been e lu c i
dated (10). A  com bination o f TLC  and silicic acid 
colum n chrom atography was used to p u r ify  the  
com pound isolated fro m  culture  on rice. I t  was

id e n tif ie d  as l,2 ,7,8 ,12/?-pentahydro-l,4 ,6fr,10- 
tetrahydroxyperylene-3,9-d ione. There was no 
evidence for the dehydro  form , called a ltertoxin  
I I  by H arv a n  and Pero (11), in  decom position  
products isolated from  the  h ig h ly  p u rif ie d  a l
tertox in  I.

A n o th e r recen tly  pub lished  study (12) de
scribes the toxic ity  of m olds isolated fro m  gra in  
in  In d ia . C u ltures o f A lt e r n a r ia  species w ere  
toxic (3 o f 10 tested). A lth o u g h  no deaths oc
curred w h e n  m ice w ere  injected in trap erito n e -  
a lly  w ith  the cu lture  extracts, lesions w ere  p ro 
duced in  livers or livers and spleens o f the mice. 
C ultures o f several species o f A s p e r g i l lu s  and  
P e n ic ill iu m  had s im ilar toxicity. F u s a r iu m , C h a e -  

t o m iu m , and  P a e c i lo m y c e s  w ere  s lig h tly  m ore  
toxic. These observations are s im ila r to those 
in v o lv in g  A lt e r n a r ia  in  foodstuffs.

The presence o f A lt e r n a r ia  m ycotoxins in  
foodstuffs s till has not been adequately  d em on 
strated, and further w o rk  on the stability  of these 
com pounds is needed. The dem onstrated  tox
ic ity  of several o f the A lt e r n a r ia  toxins requires  
that w o rk  be con tinued  to d e te rm ine  the poten 
tia l fo r th e ir occurrence in  foods. T he  Referee  
concurs in  these goals.

C it r in in .— D av id  M . W ilson  (U n iv e rs ity  o f 
Georgia, Coastal P la in  Station, T ifto n , G A ) notes 
that extraction o f c itr in in  has been a d iff ic u lt  
p rob lem  that is m atrix -dep end en t. In  the  last 
fe w  years, detection  of c itr in in  by T LC  has been  
im p ro ved  by the a d d itio n  o f che la ting  agents to 
the plates or d eve lo p ing  solvent, and H P L C  on  
a reverse phase co lum n is re la tive ly  s tra ig h tfo r
w ard . H o w ev e r, the  extraction  recovery is not 
consistent. Extracts fro m  grains, such as w heat 
or barley, g ive m ore consistent results than  from  
corn or peanuts. There  seem to be at least 3 ob
stacles to good extraction  and recovery. O n e  is 
the chela ting  ab ility  o f c itr in in , one is the effect 
of p H  on c itr in in  properties, and ano ther is the  
effect o f tem perature on the s tab ility  o f c itr in in . 
C urren tly  under test is a fluorom etric m ethod for 
estim ating  c itr in in  a fte r acid /base p artitio n  
cleanup and no evaporation  step. Th is  ap
proach, it  is hoped, w i l l  im prove the recovery of 
c itr in in . T he  Associate Referee recom m ends  
con tin ued  e ffo rt in  this d irection . T he  Referee  
concurs.

E rgo t A lk a lo id s .— Colette P. Levi (General Foods 
Corp., W h ite  Plains, N Y )  has found  it im possible  
to devote the necessary tim e and e ffo rt to w o rk  
on the ergot alkaloids, and in  the current clim ate  
of retrenchm ent has no idea w h en  that situation  
m ig h t change. She has, there fore , o ffered  her 
resignation  as Associate Referee, w h ic h  is re



3 5 8  GENERAL REFEREE REPO RTS: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 2, 1983)

g re tfu lly  accepted. O th e r investigators, h o w 
ever, have been active. T h e  studies on content 
and com position o f Canadian ergot noted in  last 
year's rep ort (4) have been extended to tritica le  
and barley  (13), and ergot has been in c lu ded  
am ong the m ycotoxins fo r w h ic h  Canadian  
feedstuffs w ere  surveyed (14, 15). A  study has 
also been carried out on losses of ergot alkaloids  
d u rin g  the m ak in g  o f bread and pancakes (16). 
These studies had been m ade possible by the  
application of H P L C , w ith  a p lethora of methods 
from  w h ic h  to choose (17 -2 0 ). Mass spectro- 
m etric  (M S ) techniques have also been used for 
fu rth er characterization (19 ,21). W ith  the extent 
of in terest in  ergot alkalo ids, as evidenced  by  
recent publications, the Referee recom m ends  
that the topic be retained, D r. Levi be thanked for 
h er past efforts, and a rep lacem ent be sought.

G r a in s .— O dette  L. S h o tw e ll (U S D A , N R R C , 
Peoria, IL )  reports that studies on the preserva
tion  o f corn samples collected fo r a fla tox in  
analysis continued. Attem pts in  1980 to prevent 
m o ld  g ro w th  in  corn samples by the ad d itio n  of 
5% M o n o p ro p  (p rop ion ic  acid on ve rm icu lite  (1 
+  1 )) had not been successful; a fla tox in  levels  
w ere  lo w e r in  the stored, treated  samples than  
they  had been before add ition  o f M onop ro p . In  
1981, corn samples w ere  collected in  G eorgia, 
shipped  to Peoria, and stored 6  weeks w ith  no 
treatm ent and w ith  1, 2, and 5% M o n o p ro p  
(eq u iva len t to 0.5, 1.0, and 2.5% p ro p ion ic  acid) 
added. A ll  treatm ents w ith  M on o p ro p  resulted, 
as in  the 1980 experim ent, in  a decrease o f a fla 
tox in  levels. A lth o u g h  a fla to x in  B2a was the  
expected reaction product, it  could not be ex
tracted from  treated samples after storage, using  
4 d iffe re n t extraction m ethods. In  the 1981 ex
p erim en t, corn samples had not been shucked  
before sh ipm en t to Peoria, and a fla to x in  levels  
increased considerably d u rin g  sh ipm ent. I t  
w o u ld  appear that corn to be analyzed  fo r a fla 
toxin  should be shucked im m ed ia te ly  a fter col
lection  fro m  the fie ld  to facilitate  d ry ing .

A ttem pts  are s till bein g  m ade to estim ate  
possible aflatoxin levels in  corn lots by w e igh ing  
the b rig h t g reen ish -ye llo w  fluorescing (BGYF) 
particles associated w ith  the  presence o f A s p e r 

g illu s  fla v u s  or A . p a rasiticus. A  study of 1971 w h ite  
corn g ro w n  in  southeastern M isso uri ind icated  
that the correlation  betw een  w e ig h t percent 
BGYF and afla tox in  levels in  corn lots was not 
su ffic ien tly  good to use BGYF to estim ate toxin  
levels (22). Since then , D ickens and  W h ita k e r  
(23) have presented evidence ind ica tin g  that a f
la tox in  levels in  y e llo w  corn m arketed  in  N o rth  
C aro lin a  can be estim ated by w e ig h t percent

BGYF. T hey  are s till investigating  the possibil
ity , using corn collected in  a cooperative state 
effo rt, to d e te rm in e  the best m ethod  o f f ie ld  in 
oculation  to fo rm  afla tox in  in  corn.

A t the U n iv e rs ity  o f W isconsin the d e te rm i
n ation  of aflatoxin  in  corn by an enzym e-lin ked  
im m unoassay (E L IS A ) was com pared to deter
m in a tio n  b y  a solid  phase radioim m unoassay  
(R IA ) (24). A t  a le v e l o f 5.8 n g /g  or h ig h er, re 
coveries of a fla tox in  Bi fro m  corn samples w ere  
80.0% by E L IS A  and 61% by R IA . O v e ra ll, the  
E LIS A  technique gave m ore reproducible results 
than d id  R IA . ELISA is considerably faster, safer, 
and less expensive than R IA , and is adaptable for 
use in  test kits.

A n  M S  technique, based on negative ion  (N I)  
chem ical io n iza tio n  (C l) was developed  fo r  
co n firm in g  afla tox in  id e n tity  (25, 26). Tandem  
M S  (27), or M S -M S , also promises to be a sensi
tive  m ethod  fo r co n firm in g  the id e n tity  o f afla- 
toxins and  o ther m ycotoxins in  re la tive ly  crude  
extracts. A lth o u g h  the mass spectrom eter is a 
re la tive ly  expensive analy tica l tool, it  can be o f 
value  in  special situations. M S — M S  has been  
investigated  to con firm  the id e n tity  o f F u s a r iu m  

toxins in  corn, and is now  being used to confirm  
the id e n tity  o f d eo xyn iva leno l (D O N ) extracted  
fro m  scabby w heat. T he  use of M S — M S  is also 
bein g  explored  fo r screening crude extracts o f 
scabby w heat for D O N .

Studies are c o n tin u in g  on the p o ten tia l expo
sure o f agricu ltu ra l w orkers to a fla tox in  by in 
hala tion  o f a irborne  dusts from  afla tox in -con- 
tam inated  corn (28, 29). In  these studies, corn  
d e live red  to and unloaded  fro m  an e levator 
contained  an average total a fla tox in  leve l o f 153 
n g /g . T he  average afla tox in  level in  dusts col
lected d u rin g  d e liv e ry  and u n load ing  was 1600 
n g /g . Dusts collected in  personnel samplers  
w o rn  by w orkers in  the elevators had an average 
leve l o f 1200 n g /g . A irb o rn e  dusts w ere  also 
collected on one farm . C orn  harvested from  the  
farm  had an average aflatoxin level of 1600 n g /g , 
and dusts collected d u rin g  harvesting, g rin d in g , 
and feed ing  had average aflatoxin  levels o f 3210, 
1250, and 1500 n g /g , respectively. D ust fro m  
personnel samplers on the farm  had even h igher 
levels. John Lacey (Rotham sted E xperim enta l 
Station, H arpenden, H artfordshire, U K , personal 
com m unication), w h o  has studied farm er's lung  
in  G reat B rita in , noted  that m any o f the dust 
particles collected at harvest are con idia  (m o ld  
spores). Accordingly, a determ ination was made 
of the aflatoxin content of the conidia of 9 isolates 
of A . fla v u s  and A . pa rasiticus  (30). Conidia o f the 
5 A . f la v u s  isolates had 94 400, 36, 84 000, and
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2930 n g /g  and nondetectable  levels o f a fla tox in  
Bj, and the con idia  o f one isolate had a 565 000 
n g /g  le v e l o f G i. C o n id ia  o f the 4 A . p a ra s it ic u s  

isolates had 1106, 2510, 5140, and 54 300 n g /g  
levels o f Bi and 3050, 23 500, 11 200, and 7270  
n g /g  levels o f G i. T h e  h ig h  a fla to x in  levels in  
airborne dusts collected in  personnel sam plers, 
therefore, could be due to conidia of molds of the 
A . f la v u s  group.

The Associate Referee recom m ends continued  
study along the lines rep orted  above. T h e  Ref
eree concurs.

M i x e d  F e e d s .— Thom as R. Rom er (R om er Labs, 
Inc., W ashington, M O ) calls attention  to his n ew  
a ffilia tio n , w h ic h  fo llow s 14 years o f m y  cotoxin  
research experience at Ralston P u rin a  Co. As a 
result o f this move, he was unable to carry out the 
p lan n ed  collaborative study o f a m ethod  fo r af- 
latoxins in  m ixed  feeds, n o r w i l l  he be able to 
continue to perform  the functions of an Associate 
Referee. H e  has, there fore , ten d ered  his resig
nation , w ith  the recom m endation  that the topic  
M ix e d  Feeds be d iscontinued, since Associate 
Referees fo r the specific m ycotoxins should  be 
able to fo llo w  through  on each substrate-specific 
area. T he  Referee accepts the  resignation  w ith  
an u nd erstan d ing  of the circumstances that 
b rought it  about, and w ith  appreciation  fo r M r. 
Rom er's 12 years o f va luab le  service and co n tri
butions to the Refereeship. H e  also concurs in  
the  rec o m m e n d atio n  th a t the  top ic  be 
dropped.

O c h r a t o x in .— Stanley N esh e im  (F D A , W ash
in g to n , D C ) reports that ochratoxin  con tam ina
tion  o f grains, especially b arley, continues to be 
a p ro blem  in  parts o f Europe, and  that some of 
the ochratoxin from  the contam inated grain  used 
fo r feed is fo u n d  in  a n im a l tissue. For this rea
son, the  European countries have expressed an  
in terest in  h av in g  the In te rn a tio n a l U n io n  of 
Pure and A p p lie d  C h em is try  ( IU P A C ) va lidate  
a T LC  m ethod  fo r ochratoxin  in  tissue. N o  
consensus exists am ong the interested  laborato
ries as to w h ich  m ethod should be collaboratively  
studied. The Associate Referee therefore  u n 
dertook an eva lu ation  o f 2 o ffic ia l A O  A C  m eth 
ods (26.014-26.019, 26.096-26.102), 3 personally  
com m unicated  m ethods (A . C antafora, In s titu te  
fo r H e a lth , Rom e, Ita ly ; K. H u lt ,  Royal Ins titu te  
of Techno logy, Stockholm , Sw eden; H . P. van  
E gm ond, N a tio n a l Ins titu te  o f P ublic  H e a lth , 
B iltho ven , T he  N e th erlan d s ), and 4 p ub lished  
m ethods (3 1 -3 4 ) to e ith e r select the best one or 
to devise a n ew  m etho d  consisting o f the  best 
features o f the d iffe re n t m ethods. T he  extrac
tion  and cleanup steps of the 9 m ethods w ere

evaluated, using T LC  to determ ine recovery and  
effectiveness of extract cleanup. The conclusion 
was that none of the  evaluated  m ethods was a 
significant im provem ent over the present A O  A C  
ochratoxin  m ethods fo r barley  (26 .096-26 .102) 
and  fo r green coffee (26 .104-26 .109). O f  the  2 
A O A C  m ethods, the  green coffee m ethod  is the  
better. The barley m ethod  has been app lied  
extensively  to an im al tissue in  a n u m b er of lab 
oratories, but has not been co llab orative ly  stud
ied  using an im al tissue as a substrate. T he  As
sociate Referee has recom m ended to IU P A C  that 
they cooperate w ith  the A O A C  in  a collaborative  
study using a m od ifica tio n  of the  green  coffee 
m ethod  as pub lished  in  a vo lu m e  of selected  
m ethods fo r m ycotoxins (31) and using exposure 
to am m onia vapor to enhance the fluorescence  
o f the ochratoxin  spots on the T L C  plate.

U n d er the N ational Toxicology Program , acute 
and subchronic tox ic ity  tests o f ochratoxin  A  in  
rats have been com pleted in  preparation fo r a fu ll 
chronic study fo r w h ic h  F D A  has prepared  50 g 
ochratoxin A. The acute and subchronic studies 
showed the anticipated renal toxicity, in  addition  
to w h ic h  the acute study show ed bone m arro w  
hypoplasia.

The Associate Referee recom m ends a collab
orative  study o f the m o d ifie d  green  coffee  
m ethod  (31) app lied  to sw ine tissue. The R ef
eree concurs.

P a t u lin .— Peter M . Scott (C anad ian  H e a lth  
Protection  Branch, O ttaw a, O n ta rio , Canada) 
reports that an IU P A C  collaborative study on the 
determ ination  o f p atu lin  in  apple juice by H P L C  
was unsuccessful because p a tu lin  decomposed  
in  the samples. In  v ie w  of the ava ilab ility  o f the  
o ffic ia l f in a l action A O A C  m ethod  (26 .111- 
26.116) fo r d e te rm in a tio n  o f p a tu lin  in  apple  
juice by T LC , the  recen tly  con firm ed  lack o f tu - 
m origenic activity o f patu lin  adm inistered orally  
to rats (35), and resultant lack of reg u la to ry  in 
terest in  N o rth  A m erica, the Associate Referee  
recom m ends that the topic be d ropped . The  
Referee concurs.

P en ic ill ic  A c i d .— C harles W . T ho rp e  (F D A , 
W ashington, D C ) reports that p en ic illic  acid was 
inc lu ded  am ong the m ycotoxins recovered by  3 
d iffe re n t m u ltim yco to x in  screening m ethods  
(3 6 -3 8 ) described in  the lite ra tu re . A ll  3 m e th 
ods use aceton itrile  fo r extraction, T LC  fo r the  
u ltim ate  separation, and exposure o f the  d eve l
oped T LC  p late  to am m onia vapors fo r v isua l
iza tio n . In  one m ethod  (36) the toxins are frac
tionated  on a silica gel co lum n, in  the o ther 
m ethods (37, 38) on a po lyam ide  co lum n. A  
m ethod  fo r the  d ete rm ina tion  o f p en ic illic  acid
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in  chicken tissues (39) has also been described. 
This  m ethod  used reverse phase H P L C  w ith  an 
u ltrav io le t absorption detector at 254 nm ; ex
traction is w ith  ethyl acetate after digestion of the 
tissues w ith  3 N  HC1. T he Associate Referee has 
also developed  a m ethod  fo r p en ic illic  acid (40) 
that uses H P L C  w ith  post-colum n derivatization  
and a fluorescence detector. The extraction and  
cleanup is the same as in  a p rev iously  described  
m ethod (41) that uses gas-liquid chrom atography  
(G LC ) o f the trifluoroacetate  d eriva tive  of p e n i
c illic  acid. This  la tter m etho d  has been suc
cessfully tested in  a m in ico llab o ra tive  study as 
a p re lu d e  to a proposed fu ll collaborative  
study.

A n  in vestigation  o f means for p reven tio n  of 
p en ic illic  acid fo rm atio n  (42) revealed  that or- 
sellinic acid derivatives could in h ib it production  
of p en ic illic  acid by P e n ic i l lm m  c y c lo p iu m .

The Associate Referee recom m ends that the  
proposed collaborative study of the G LC m ethod  
(41) be carried out. T h e  Referee concurs.

S t e r ig m a t o c y s t in .— O ctave J. Francis, Jr (F D A , 
N e w  O rleans, L A ) reports no ac tiv ity  on this  
topic in  the past year, e ith er on his part, or, as far 
as can be d eterm in ed  fro m  the pub lish ed  lite ra 
ture, in  any o ther laboratory. Since the o n ly  
dem onstrated  n atura l occurrence o f sterigm ato
cystin in  an edible foodstuff has been in  ripening  
cheese (43), he recom m ends v a lid a tio n  of the  
m ethod  (44) that was used for that dem onstra
tion , and a determ ination  of the extent to w h ich  
that contam ination  can occur. The Referee  
concurs.

T r e e  N u t s .— V in c e n t P. D iProssim o (F D A , 
B rooklyn , N Y )  reports successful app lication  of 
an N I  C l M S m ethod  for the  con firm ation  of 
id e n tity  o f a fla tox in  isolated from  contam i
nated  Brazil nuts, filberts , pistachio nuts) and  
m elon  seeds. The m ethod , first described by  
B rum ley et al. (25), w i l l  be va lida ted  by collabo
rative study as soon as m ethod details have been  
agreed to betw een the operating and orig inating  
laboratories. W o rk  has also progressed on ad
aptation  to the CB m ethod  of the silica gel col
u m n  chrom atographic procedure (26.A 05) used 
in  the cottonseed m ethod , and its fu rth e r use as 
part o f a general purpose m ethod  for aflatoxins  
that incorporates presently available inform ation  
on economies of scale and solvent usage. In  this 
pursu it, M r. D iProssim o has con firm ed  the  ob
servation  (45) o f the Associate Referee fo r A f la 
tox in  M  that silica gel colum n wash solvents  
contain ing  acid ingredients m ust be com pletely  
rem oved  fro m  the colum n before e lu tio n  o f the  
aflatoxins is a ttem pted , i f  u n tim e ly  a fla tox in

e lu tio n  or undesirable  a fla tox in  reactions are to 
be avoided. The Associate Referee recomm ends  
collaborative study of the B rum ley et al. m ethod
(25) for confirm ation of aflatoxin identity  as soon 
as operating  details have been settled, anc  con
tinu ed  study tow ard  a general aflatoxin  m ethod. 
The Referee concurs.

T r i c h o t h e c e n e s .— R o bert M . E p p le y  (F D A , 
W ashington , D C ) reports that the last year has 
been an exciting  tim e fo r those interested in  the  
trichothecenes. T he  news m edia have g iven  
considerable coverage to the purpo rted  use of 
trichothecenes as chem ical w arfare  agents, ca ll
ing on everyone whose name has been associated 
w ith  the com pounds fo r technical background. 
M o re  recen tly , locally  severe infections by 
F u s a riu m  ro seu m  o f w in te r w heat in  some parts of 
the U n ited  States have resulted in  the occurrence 
of D O N  (vo m ito x in ) in  the affected g rain . This  
is a f in d in g  s im ilar to that fo r C anad ian  w heat 
in c lu ded  in  last year's report (4).

The Canadian find ings had stim ulated m ethod  
developm ent, w ith  added impetus from  the more 
recent find ings in  the U n ite d  States. T w o  of the  
proposed m ethods fo r D O N  show considerable  
prom ise. T he  G LC m ethod  of Scott et al. (46), 
m o d ified  b y  substitution  of a 3 0 -m in  shake fo r a
3 -m in  b len d  to extract the toxins (G. A . B ennett, 
U S D A , N R R C , Peoria, IL , personal com m unica
tio n ) has p ro vid ed  a reported  85-95%  recovery, 
w ith  a l im it  o f d ete rm ina tion  around 0.1  q g /g ,  
and is adaptable to d irect coupling  to a mass 
spectrom eter for con firm ation  o f com pound  
iden tity . The major draw back of this m ethod  is 
that it  is labor in tensive , and takes a re la tive ly  
long tim e for com pletion. A n o th e r and sim pler 
TLC  m ethod (47) has been used by the Associate 
Referee, and w ith  m in o r m odifications shows 
considerable prom ise for general use. M ethods  
using H P L C  have been u n d er d eve lo pm en t in  
several groups, but none is yet at the stage for 
interlaboratory evaluation. A n  excellent rev iew  
of m ethods fo r trichothecenes, presented at the  
1981 A O  A C  m eeting , has been updated and  
pub lished  (48), w h ic h , together w ith  the rec
om m endations of the panel on trichothecenes  
(49) fro m  the same m eeting , should  serve as a 
basis for fu rth e r trichothecene m ethod  d eve l
opm ent.

Some of the n ew  techniques in  M S  have been  
ap p lied  to trichothecenes. O ne  app lication  re 
ported  (50) is the use of N I  C l for con firm ation  
of identity. M S -M S  shows considerable promise 
fo r screening crude extracts (G. A. B ennett, 
U S D A , N R R C , Peoria, IL , personal com m unica
tion ).
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The Associate Referee recom m ends that both  
the Scott et al. (46) and Rom er et al. (47) m ethods  
fo r D O N  be pushed to f in a l d eve lo p m en t for 
collaborative study, that the efforts to im plem ent 
the trichothecene panel recom m endations of last 
year (49) be con tin ued , and that those recom 
m endations be m o d ified  to g ive  top p rio r ity  to 
D O N . T h e  Referee concurs.

Z e a r a l e n o n e .  —  G le n n  A . B enn ett (U S D A , 
N R R C , Peoria, IL ) reports that m ethod  deve lo p 
m en t fo r the  d ete rm in a tio n  o f zearalenone and  
its m etabolites has s low ed considerably, p ro 
v id in g  a respite for m ethod  eva lua tion  and re
fin em en t. M od ifica tio n s  of the H P L C  m ethod  
of W are and T horpe (51) w ere  necessitated by 
lo w  recoveries of zearalenone and zeara leno l 
from  obviously m o ldy gra in  samples, especially 
oats. Suggested im pro vem ents  (R. Bagnaris, 
F D A , N e w  O rleans, L A , personal com m unica
tio n ) in v o lv e d  reducin g  the sam ple size, chang
in g  the concentrations of acid and base for 
cleanup, add ing  saturated salt so lu tio n  before  
extraction  w ith  base, and add ing  a ch lo ro fo rm  
backwash. A n  H P L C  m ethod  fo r zearalenone  
in  chicken tissue (52) was reported  to be rap id , 
w ith  recoveries o f 83-95%  and  a l im it  o f deter
m in a tio n  around 50 n g /g . T w o  rap id  T LC  
m ethods fo r zearalenone have been developed. 
O ne author (53) claims a l im it  of d eterm ination  
o f 130-140 n g /g  in  extracts from  corn, sorghum , 
and w heat. A n o th e r (R. A . C orley , U n ive rs ity  
of Illin o is , U rbana, IL , personal com m unication) 
claim s the capab ility  fo r analysis of 10  samples 
in  less than  2  h w ith  lim its  o f d e te rm in a tio n  
around 80 and 150 n g /g  fo r zearalenone and  
zeara leno l, respectively, on T L C  plates sprayed  
w ith  Fast V io le t  Blue salt.

Since cereal grains are susceptible to attack by 
a va rie ty  o f m olds, some o f w h ic h  can elaborate  
m ore than  one toxic m etabo lite , m u ltito x in  
m ethods have been developed  (54 -5 6 ). . O n e  of 
these m ethods (56) uses T L C  and G LC  to sys
tem atica lly  screen fo r 10  toxins, in c lu d in g  zear
a lenone, produced  by F u s a ria . Less .am bitious, 
in  term s o f the n u m b er o f toxins sought, is 
o ng oing  research in  the  Associate Referee's lab
oratory w h e re  G C /M S  is being  studied  fo r the  
sim ultaneous detection  and q u an tita tion  of 
zearalenone, zeara leno l, and D O N , and tandem  
quadrupole M S  for zearalenone and D O N . The  
la tte r technique can be used w ith o u t sam ple  
cleanup or d erivatiza tio n .

Studies have con tin ued  on the effects o f zear
alenone on anim als and its m ode of action. Free 
zearalenone was fo u nd  in  the b lood, feces, and  
u rin e  o f fem ale pigs dosed w ith  3 .5 -1 1 .5  m g

zeara leno ne /kg  body w e ig h t (55). Zearalenone  
(up  to 59 n g /m L ), a -zeara len o l (up  to 155 n g /  
m L ), and some /^-zearalenol w ere  detected in  
th e ir u rine  by H P LC . O th er an im al studies (56) 
showed that zearalenone had litt le  effect (except 
reduced lib ido  scores) on the sexual developm ent 
of boars. There have been studies on the enzym es  
responsible fo r the transform ation  o f zeara len 
one to zearaleno l and th e ir  subcellu lar location
(57). D espite  th e ir  n on ste ro ida l s tructure, 
zearalenol and its derivatives exh ib it estrogenic 
activ ity  tow ard target u terine  tissue by inducing  
specific p ro te in  synthesis (58).

Studies on the occurrence and stab ility  of 
zearalenone have dem onstrated  its presence in  
gra in  dust at 50 -100  n g /g  (M . P. W h id d en , 
U S D A , N e w  O rleans, L A , personal com m unica
tio n ). In  T a iw an , 6.9% o f sw ine feedstuffs con
tained zearalenone at levels o f 162-1203 ppb (59). 
A m m o n ia tio n  o n ly  p a rtia lly  destroys zeara len 
one (60). Some reduction  o f zearalenone leve l 
can be expected in  the processing and prepara
tio n  o f foods (61).

The Associate Referee recom m ends that w ork  
con tinue tow ard  selection o f an H P L C  m ethod  
fo r collaborative study, and  on rap id  screening  
m ethods, p articu la rly  m ethods that w i l l  detect 
o th er m o ld  toxins that m ay occur w ith  zeara le 
none in  grains. The Referee concurs.

R e c o m m e n d a t io n s

(1) A d o p t the fo llo w in g  section revisions as 
co n s titu tin g  no substantial change in  the  
m ethods:

26 .A 02(e): L e a d  a c e ta te  so ln  . . . and d il. to 1 L, 
or o p tion al z in c  a c e t a t e - a lu m in u m  c h lo r id e  

s o ln .— D issolve 200 g Z n (O A c )2 and 5 g AICI3 
in  H 2O  and d il. to 1 L.
26.A 04: M easure 100 m L  filtra te  . . . and  re
filte r  as above, or, optionally , replace Pb(O A c )2 
soln w ith  Z n (O A c )2-A lC l3 soln.
26.034: See 26.028, or prep, peanut samples by 
H 2O  s lu rry  m ethod  [/. A m . O il C h e m . S o c . 57, 
269 (1980)].
26.035: . . . and ca 4 g N aC l to peanuts or meal. 
I f  peanut sample is p repd  by H 2O  slurry  
m ethod , w e ig h  130 g s lu rry  in to  b len d er jar. 
A d d  50 m L 2.2% salt soln, 150 m L M e O H , and  
100 m L  hexane.
(2 ) In it ia te  co lla b o ra tiv e  studies on the  

Foo s-W arren  H P L C  m ethod  fo r a fla tox in  M ] in  
m ilk , a com parison of the CB, BF, and  m o d ified  
BF methods, the m od ified  m ethod for ochratoxin  
in  green  coffee app lied  to sw ine tissue, the  
T h o rp e  m ethod  fo r p en ic illic  acid, the van  Eg-
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m ond  et al. m ethod  fo r sterigm atocystin  in  
cheese, the B rum ley  et al. m ethod  fo r co n firm a
tio n  o f a fla to x in  id e n tity  by C l N I  M S , the Scott 
et al. and R om er et al. m ethods (as m o d ified ) fo r  
D O N  in  grains, and a selected H P L C  m ethod for  
zeara lenone in  grains.

(3) D iscon tin ue  the topics M ix e d  Feeds and  
P atu lin .

(4) C o n tinu e  study on a ll o th er topics.
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Report on Oils and Fats

DAVID FIRESTONE
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em ic a l T ec h n o lo g y , W a sh in g to n , D C  2 0 2 0 4

A n t io x i d a n t s .— B. D . Page has successfully 
com pleted  a co llaborative study o f the h ig h  
pressure liq u id  chrom atographic (H P L C ) m ethod  
fo r determ in in g  7 antioxidants in  oils and fats (1). 
The m ethod has been granted in terim  first action 
status and it  is recom m ended  that it  be adopted  
as o ffic ia l firs t action.

T h e  Associate Referee has developed  m eth 
odo lo gy fo r d e te rm in in g  n o n p h en o lic  a n tio x i
dants in v o lv in g  (a) use o f H P L C  to isolate the  
antiox idants  fo llo w e d  b y  gas chrom atographic  
(G C ) d e te rm in a tio n , or (b) solvent extraction  
fo llo w e d  b y  G C d ete rm in a tion . A d d itio n a l in 
vestigation  o f the m ethodology w il l  be fo llow ed  
by  a co llaborative  study.

C y c lo p r o p e n e  F a t t y  A c i d s .— G. S. F isher is 
p la n n in g  a co llaborative  study of m ethodology  
(2 ) fo r cyclopropene fa tty  acids.

C h r o m a t o g r a p h ic  M e t h o d s .— W . G. D o eden , Jr, 
is proceeding w ith  plans for collaborative study 
of m ethods fo r d e te rm in in g  fa tty  acid com posi
tio n  b y  cap illa ry  co lum n GC and d ete rm in in g  
tr ig ly c e rid e  com position  (carbon n u m ber de
te rm in a tio n ) b y  p ro gram m ed  tem peratu re  GC. 
T h e  In te rn a tio n a l U n io n  o f Pure and A p p lie d  
C h em is try  ( IU P A C ) Com m ission on O ils , Fats

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and were adopted by the Association, except 
recommendation (2). See the report of the Committee and 
"Changes in Methods", this issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition.

and  D eriva tives  has com pleted  an in it ia l collab
orative  study of m ethodology fo r determ ination  
of trig lycerides  b y  G C w ith  5 0 -7 0  cm conven
tional packed columns (3). Palm  o il, coconut o il, 
and cocoa butter trig lycerides w ere  exam ined by  
8  collaborators (one collaborator used a 10  m  
c ap illa ry  co lum n). A d d itio n a l study w i l l  in 
v o lv e  analysis o f an im al fats.

E m u ls i f ie r s .— H . B riisch w eille r is com pleting  
a jo in t A O A C -IU P A C  collaborative study of a GC  
procedure fo r a n u m b er o f em ulsifiers . The  
procedure invo lves  separation o f em ulsifiers  
fro m  an o il sam ple b y  co lum n chrom atography  
as described in  secs. 28 .133-28 .138  (4). The  
em u ls ifie r fraction  is h yd ro ly ze d  in  alcoholic  
K O H  solu tion  and the com ponents are s ily la ted  
and  d ete rm ined  by e ith e r packed or cap illa ry  
colum n GC. The em ulsifiers d eterm ined  in  the  
curren t collaborative study are m onoglycerides, 
diacetyl tartaric  acid m onoglycerides, and  sor- 
b itan  monostearate.

L o w e r  F a t t y  A c i d s .— G. B ig a lli is p la n n in g  a 
collaborative  study o f m ethodo logy fo r q u an ti
ta tio n  o f lo w e r fatty  acids by G C using e ith er  
pentane as the solvent w ith  20% DEGS colum ns  
or decane w ith  3% m e th y l s ilicone colum ns.

M a r i n e  O i ls .— R. G. A ckm an is c o n tin u in g  the  
study o f m ethodo logy fo r analysis and  id e n tif i
cation  o f fish  oils, in c lu d in g  the use o f fused s il
ica c ap illa ry  colum ns fo r G C d ete rm in a tio n  o f 
fatty  acid com position. Six fused silica columns  
w ith  p o lar liq u id  phases w i l l  be evaluated  w ith  
various fish oils in  a program  to develop standard 
colum ns fo r use in  cap illa ry  co lum n GC. There
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is cu rren t interest in  an a lyz in g  fish  o il fo r eico- 
sapentenoic acid (20:5) content because of reports 
that this polyunsaturated fatty  acid has desirable 
an tith ro m b o tic  properties (5).

T h e  Associate Referee has com pleted  an ad
d itional collaborative study of a capillary colum n  
G C  m ethod  fo r d ete rm in a tio n  o f erucic acid in  
ed ib le  fats and oils (6 ). Four samples (m ixtures  
of p a rtia lly  hydrogen ated  m arine  o il and rape- 
seed o il w ith  or w ith o u t added m ethyl erucate or 
corn o il and  con tain ing  appro xim ately  5 or 11% 
erucic acid) w ere  sent to 9 collaborators. The  
results appeared to be satisfactory w ith  adequate 
in te rlab o ra to ry  re p ro d u c ib ility . The ranges in  
coefficients o f varia tio n  fo r the 3 samples con
ta in in g  app ro x im ately  5% erucic acid w ere  sim 
ila r  to those obtained in  the firs t collaborative  
study (7), w h ich  estim ated erucic acid at the 10% 
leve l. T he  Associate Referee also observed that 
the  cap illa ry  colum n GC m ethod  is at least as 
rep ro du c ib le  and conven ient to p erfo rm  as the  
lo w -tem p era tu re  th in  layer chrom atographic  
(T L C ) m ethod  (8 , 9). H o w ev e r, there are ques
tions about the stability o f the Silar-5CP capillary  
colum ns and the  a b ility  o f these colum ns to de
te rm in e  erucic acid in  the presence of m ixtures  
of cis and  trans acids. A cco rd in g ly , no recom 
m en d atio n  fo r adoption  w i l l  be m ade p en d in g  
a d d itio n a l re v ie w  and p ub lica tion  of the collab
o ra tive  results.

O liv e  O il A d u l t e r a t io n .— E. Fedeli has supplied  
the  Referee w ith  a n um ber o f m ethods used in  
Ita ly  that w ere validated by collaborative studies; 
the  co llaborative  results are u n d er rev iew .

O x id iz e d  F a t s .— A . E. W a ltk in g  is co n tin u in g  
study o f procedures fo r oxid ation  products  
(po lym ers ) in  vegetable oils. T he  in te r im  first 
action co lum n chrom atograph ic m ethod  fo r ox
id a tio n  products in  fry in g  fats ( 1 0 ) has been  
adopted as o ffic ia l firs t action (11). A  m ethod  
was developed for determ ination  of polym ers in  
abused vegetable  oils by gel perm eation  chro
m atography. T he m etho d  em ploys ¿iStyragel 
colum ns to separate m e th y l esters o f the fa tty  
acids o f vegetable oils fro m  p o lym er (d im er) 
acids. A  jo in t A O C S -A O A C -IU P A C  collabora
tive  study o f the m ethod  is p lanned .

P o rk  F a t  in  O t h e r  F a t s .— L. El-Sayed has sub
m itted  m ethodology fo r detection  o f la rd  in  h y 
drogenated  fats and shortenings. Lard  is de
tected by d ete rm ina tion  o f the p a lm itic  acid en 
ric h m e n t factor (m ole % p a lm itic  acid in  the  2 - 
m onoglycerides isolated by pancreatic lipase  
hydro lys is  and  T L C  d iv id e d  by the m ole % pal
m itic  acid in  the trig lycerides). Lard  samples 
e x h ib it a factor of about 3 or m ore, w hereas the

factor is always < 1  w ith  hydrogenated vegetable 
fats.

S p e c t ro p h o t o m e t r ic  M e t h o d s .— A . J. Sheppard is 
p la n n in g  a co llaborative study o f the enzym atic  
m etho d  fo r c is ,cis-m ethylene in te rru p ted  p o ly 
unsaturated  fa tty  acids in  various foods.

S t e ro ls  a n d  T o c o p h e r o ls .— H . J. S lover has in i 
tiated  a collaborative study o f the GC m ethod for 
d ete rm in a tio n  o f tocopherols and sterols in  
vegetable  oils.

T r a n s  Iso m e rs  b y  I n fr a r e d  S p e c t ro p h o t o m e t ry .— B.
L. M ad ison , Procter and Gam ble Co., C incinnati, 
O H , has described a procedure (12) fo r d eter
m in in g  the  trans unsaturated fa tty  acid content 
o f fats and oils that is m ore accurate than  the  
curren t in fra re d  spectrophotom etric m e:hod  
(secs. 28 .075-28 .080 , 4). Increased accuracy is 
obtained  b y  using a 2 -com ponent ca lib ration  
standard (m ethy l lin o le a te -m e th y l elaidate) and  
m easuring  the samples as m e th y l esters. D r. 
M adison  is p la n n in g  a jo in t A O C S -A O A C -  
IU P A C  collaborative study.

W a te r  C o n t e n t .— R. B ernetti has com pleted  
evalu ation  o f the results o f an  in te rn a tio n a l col
laborative study on the d e te rm in a tio n  o f w a te r  
content in  vegetable o il products by the K arl 
Fischer m ethod  recom m ended  by the In te rn a 
tion al Standards O rg an iza tio n  ( IS O /T C  3 4 /S C  
11, N  99). The Associate Referee recom m ends  
adoption  o f the m ethod.

Commission on  O ils , F a ts  a n d  D e r iv a t iv e s , A p p l ie d  

C h em istry  D iv isio n , 1 U P A C .— The General Referee 
chaired  the annual m eeting  o f the IU P A C  C o m 
mission on O ils , Fats and D eriva tives  on Sep
tem ber 6 -1 0 , 1982, in  Zeist, T he  N etherlan ds . 
The Commission review ed 13 projects, inc lud ing  
m ethodology for glycerine products and alkaline  
soaps, po lyunsaturated  fatty  acids, em ulsifiers , 
plastic m onom ers in  oils, polycyclic  arom atic  
hydrocarbons, in d u s tria l le c ith in  products, er- 
y th ro d io l in  grapeseed and o live  oils, tota l ste
rols, m in era l o il residues, solvent residues in  oils 
and oilseed cakes, th iobarb ituric  acid value, and  
trig lycerid e  com position by GC. A  m ethod  fo r  
d ete rm ina tion  o f solvent residues in  oilseed  
cakes based on the headspace m ethod  o f D u p u y  
and Fore (13) w i l l  be subjected to collaborative  
study. M eth o d o lo g y  fo r d e te rm in a tio n  o f er- 
y th ro d io l in  o live  o il and grapeseed o il (usefu l 
p rim a r ily  fo r detection  o f o live  residue o il in  
olive o il), total sterols, lecithins, and triglycerides  
(carbon n um ber) w i l l  be subjected to ad d itio n a l 
study. A  project was in itia ted  on determ ination  
of N -3  polyunsaturated  fa tty  acids (lin o le n ic , 
etc.). M ethods adopted earlier for identification  
and d ete rm ina tion  o f tocopherols and d e te rm i
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n atio n  o f p o lar com pounds in  fry in g  fats have  
been pub lished  (14). M ethods fo r analysis of 
com m ercial g lycerin e  products and a lk a lin e  
soaps have also been p ub lish ed  (15).

R e c o m m e n d a t io n s

(1) A d o p t as o ffic ia l firs t action the H P L C  
m ethod  fo r antioxidants in  fats and  oils.

(2) A dopt as official first action the K arl Fischer 
m ethod  fo r d ete rm in a tion  o f w a te r content in  
vegetable o il products.

(3) C o n tinu e  study on a ll o th er topics.
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Report on Plant Toxins

SAMUEL W. PAGE
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em is try  a n d  P h y s ic s , W a sh in g to n , D C  2 0 2 0 4

T he  broad scope o f th is n ew  G eneral R efer- 
eeship has necessitated considerable discussion  
o f the needs fo r m ethods of analysis fo r p lan t  
toxins. These discussions have ind icated  some 
jo in t interests w ith  o th er Referees, p articu la rly  
those fo r V e te rin a ry  A n a ly tica l Toxicology and  
fo r O ils  and Fats. Close coo rd ination  w i l l  be 
m ain ta in ed  w ith  these Referees.

T w o  p ro b lem  areas w h ic h  deserve im m ed ia te  
attentio n  w ith  regard to m ethods of analysis are 
the p y rro liz id in e  a lkalo ids and the solanaceous 
glycoalkalo ids. T h e  p y rro liz id in e  alkalo ids  
occur in  m an y p lan t genera, in c lu d in g  S e n e c io  

and C r o t a la r ia . T h ey  have been im p licated  in  
h um an  liv e r  diseases, in c lu d in g  p rim a ry  liv e r  
cancer, and venooclusive disease and have been

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee C and were accepted by the Association. See 
the report of the Committee, this issue.

in v o lv e d  in  substantial losses o f livestock. The  
glycoalkalo ids o f potatoes ( S o la tiu m  t u b e r o s u m )  

can result in  h um an  and livestock poisonings. 
T he  varie ta l varia tio n  o f a lka lo id  content has 
necessitated tne m o n ito rin g  fo r these toxins in  
n e w ly  developed  cultivars. In  ad d itio n , o ther 
species of S o la tiu m  present as pasture and  range  
weeds have caused considerable livestock losses. 
Several o f these species are com m on weeds in  
cu ltiva ted  crops, and th e ir  berries have been  
k n o w n  to contam inate p ea  and bean crops. 
Steps to establish Associate Refereeships in  these 
areas have been in itia ted .

R e c o m m e n d a t io n s

(1) Establish Associate R efereeship fo r P yrro 
liz id in e  A lka lo ids.

(2) Establish Associate R efereeship  fo r Sola
naceous A lka lo ids.

(3) C o n tinu e  eva luation  o f o th er p la n t toxin  
problem s and assess needs fo r ana ly tica l m eth 
odology.
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F ib ro u s  M a t e r ia l  in  F r o z e n  G r e e n  B e a n s .— T he  
m etho d  on fibrous m ateria l in  fro zen  green  
beans was adopted  o ff ic ia l f in a l action  
(32 .059-32 .061). Associate Referee George W . 
Varseveld  is soliciting  fu rth e r com m ents on this 
topic.

p H  D e te r m in a tio n . — The m ethod  fo r p H  deter
m in a tio n  in  ac id ified  foods was adopted o ffic ia l 
f in a l action (32.B 01-32.B 08). Associate Referee  
Frederick  E. Boland recom m ends that w o rk  
con tin ue  on this topic.

S o d iu m  C h lo r id e .— T he potentiom etric m ethod  
(M e th o d  I I I )  fo r sodium  ch lo rid e  in  foods was 
adopted  o ffic ia l f in a l action (32 .025-32 .030). 
Associate Referee Wallace S. Bram m ell reports he 
is com ple ting  preparation  o f a re v ie w  paper on  
m ethods fo r d e te rm in in g  sodium  ch lo rid e  in

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the General Referee was approved 
by Committee C and was accepted by the Association. See the 
report of the Committee, this issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition; and "Changes in Methods," J. Assoc.'Off. Anal. 
Chem. 64,501-540 (1981).

foods and recom m ends that the study be con
tin u ed .

As recom m ended  in  the previous A O A C  
m eeting , the  fo llo w in g  o ffic ia l f in a l action  
m ethods w ere  declared surplus: sodium  chlo
ride  (M ethod  I), 32.023; sodium chloride (M ethod  
I I ,  rap id  m ethod ), 32.024.

W a t e r  A c tiv ity  D e te r m in a tio n .— The m ethod  on 
w ater activity determ ination  was adopted official 
f in a l action (32 .004-32 .009).

Associate Referee W illia m  H . Stroup reported  
that a q ua lity  assurance sample contain ing 2  salt 
slushes (both  ( N H 4)2S0 4 ) and 2  portions of soy 
sauce (bo th  n a tu ra lly  b rew ed  soy sauce) w ere  
an a lyzed  by 13 F D A  district laboratories using  
the  h a ir  h yg ro m eter and 5 F D A  laboratories  
using various electrical hydrom eters. A ll  test 
results w ere  deem ed acceptable for use in  the  
statistical analyses o f the q u a lity  assurance sam
ple. Interested persons are inv ited  to participate  
in  con tin ued  study on this topic.

There was no response to the request to in itiate  
a n ew  topic fo r V o lu m e  o f Entrapped  A ir  in  
F lex ib le  R etort Pouches.

R e c o m m e n d a t io n

C o n tin u e  study on a ll topics.

Report on Seafood Toxins

EDWARD P. RAGELIS
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em is try  a n d  P h y s ic s , W a sh in g to n , D C  2 0 2 0 4

C ig u a t o x in — B io c h e m ica l M e t h o d s .— (Associate 
Referee Yoshitsugi Hokam a, School o f M ed icine, 
U n iv e rs ity  of H a w a ii at M anoa, H o n o lu lu , H a 
w aii.) A  previous report to A O A C  on ciguatoxin  
by the G eneral Referee (1) presented the back
g ro un d  of ciguatera poison ing  and the  recent 
developm ents o f assays fo r the  detection  o f cig-

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the General Referee was approved 
by Committee C and was accepted by the Association. See the 
report of the Committee, this issue.

uatoxin  in  fish  tissue. This report presents the  
com pletion  o f a 2 -year study o f the ra d io im m u 
noassay m ethod (2 -5 ) for detection o f ciguatoxin  
in  fish  tissue and o f the d eve lo pm en t o f an en 
z y m e -lin k e d  im m un oso rb en t assay (E L IS A ) 
p rev iou s ly  m en tio ned  in  the G eneral Referee's  
rep ort ( 1).

R JA  E v a lu a tio n  a n d  S tu d y : A  2-year study of the  
R IA  procedure fo r the detection  o f c iguatoxin  
(C T X ) d ire c tly  fro m  fish  tissue has been  com 
p leted  w ith  S e r io la  d u m e r il i  (am berjack, kahala) 
as the targeted fish. S. d u m e rili is one of the major 
fish  species im plicated  in  ciguatera poisoning in
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H a w a ii (2 -5 ). The fo llow in g  is a sum m ary of the 
results o f this study o f the R IA  m ethod: 1. R IA  
detected C T X  in  93% of fish tissues obtained from  
c lin ic a lly  d ocu m ented  c igu atera  p o is o n in g  
w h ic h  in v o lv e d  several species (3). 2. T he im 
m u n o g lo bu lin  nature o f the reactive proteins in  
sheep serum  p rev iou s ly  im m u n ize d  w ith  C T X -  
H S A  conjugate (2, 5) was con firm ed  by D E A E - 
cellulose frac tio n ation  and  im m un oelec tro ph o- 
resis characterization  w ith  specific rab b it a n ti
sheep IgG . 3. A  lo n g itu d in a l study w ith  com 
m erc ia l S. d u m e r il i  p roved  the  R IA  effective  in  
pro tecting  the consum er fro m  ciguatera p o i
soning by rem ova l o f the p o te n tia lly  hazardous  
fish fro m  the  m arkets. F ifteen  percent o f the  
total 5529 fish  w e ig h in g  a tota l o f 90 360 lb  was 
rejected. D u rin g  this 2-year period , no inc ident 
of ciguatera poisoning due to m arketed S. d u m erili  

occurred, a lth ou g h  poisonings due to o th er fish  
species w ere  rep orted  to the H a w a ii State D e 
p artm en t o f H e a lth  (30 cases in v o lv in g  8 8  in d i
v iduals).

This study (3) suggested that the R IA  is useful, 
but is costly and tim e consuming. The cost factor 
can be m in im iz e d  i f  o n ly  large S. d u m e r il i  are 
sam pled. I t  is suggested that the  R IA  is also ap
plicable and useful for developing and surveying  
fish in g  grounds in  areas w h ere  ciguatera o ut
breaks can and  do occur. T he R IA  procedure is 
very  sensitive, and shows specificity to polyether 
lip id  residues. Thus cross reactivity  occurs w ith  
the fo llo w in g  com pounds: okadaic acid, bre- 
veto x in , m onen sin , and o th er p o lye th er-con 
ta in in g  lip id  residues. O th e r disadvantages of 
the R IA  in c lu d e  expensive eq u ipm ent and  h an 
d lin g  o f radioisotopes (sh o rt-life  of reagents). 
For these reasons the e n zy m e -lin ke d  im m u n o 
sorbent assay has been developed  in  our labora
tory and  is p resently  b e in g  evaluated.

E L IS A  M e t h o d :  This  m ethod  is s im ila r to that 
of the  R IA  in  w h ic h  C T X  is m easured d irec tly  
fro m  fish  tissues. The sheep a n ti-C T X  is conju
gated to horseradish peroxidase (H R P ) and  in 
cubated d irec tly  w ith  a tissue sample of standard  
size (a disc 3 m m  in  d iam eter X  2 m m  th ick  h av
in g  a surface area o f 37.7 sq m m  and w e ig h in g
11.0 ±  2.0 m g). The subsequent steps in v o lv e  
w ashing  o f the tissue samples fo llo w e d  by ad
d itio n  o f the fresh ly  prepared  4 -c h lo ro -l-n a p h -  
th o l substrate fo r H R P . T he  v io le t-b lu e  color 
w h ich  develops is then exam ined at 405 n m , after 
rem oval o f the tissue in  a T ite rte k  M u ltisk a n  
spectrophotom eter (F lo w  Laboratories). The  
critical factors are: 1, Tissue sample size should  
be consistent and  u n ifo rm ; 2 , f ixa tio n  o f tissues 
w ith  fresh ly  prepared  H 20 2 - M e 0 H  fo r 3 m in  is

necessary; 3, sam ple to be tested should  be rea
sonably fresh and m aintained frozen u n til tested; 
and 4, i f  tissues are d iff ic u lt  to cut, they  should  
be frozen  w ith  C ry o k w ik  Freon.

Presently, the ELISA  m ethod  is being  assessed 
by fo llo w in g  a procedure s im ila r to tha t used 
successfully for the R IA : 1, Exam ination  of fish  
tissues fro m  c lin ic a lly  docum ented  ciguatera  
poison ing  from  the H a w a ii State D ep a rtm e n t of 
H e a lth  and the Food and D ru g  A d m in is tra tio n  
th ro u gh  the courtesy o f the G eneral Referee; 2, 
testing o f com m ercial S . d u m e r il i  (am berjack, ka- 
hala); 3, survey o f fish  from  H a w a ii and  the  
N o rth w e s t H a w a iia n  Islands fo r fish in g  d eve l
opm ent; and 4, assessment o f fish  caught by the  
sport fisherm en. C orresponding  exam inations  
of some o f the  same fish  w i l l  be carried  out w ith  
the mouse bioassay (4) and the guinea p ig  atrium  
test (6 ).

I t  is p lan ned  to have the E L IS A  procedure  
evaluated  w ith in  a year as to its p racticality , 
specificity , and  sensitivity .

The G eneral Referee notes that u nd er an F D A  
contract, the Associate Referee has d e live red  
E L IS A  kits to F D A  5 fo r eva luation . Results o f 
th is eva luation  should  be availab le  in  early
1983.

In  add itio n  to the above m ethodology fo r the  
detection  o f ciguatoxic fish , a cou n terim m u - 
noelectrophoresis (C IE P ) technique has been  
developed  w h ic h  appears to have the a b ility  to 
d istingu ish  toxic fro m  nontoxic  fish  (D . L. Em 
erson et al., M ed ica l U n ive rs ity  o f South C aro 
lin a , C harleston, SC, p riva te  com m unication). 
D iffe re n tia tio n  betw een  toxic and nontoxic  fish  
was supported by an in  v iv o  mouse bioassay. 
T he  C IEP  procedure is being  subm itted  fo r  
pub lication .

S h ellfis h  P o iso n .— Associate Referee W illia m  L. 
Childress (F D A , Boston, M A )  resports that, a l
tho ugh  d u rin g  the past year experim enta l w o rk  
on chem ical m ethods fo r PSP has been m in im a l, 
valuable in fo rm ation  has been obtained. In  his 
laboratory, an H P L C  m ethod was investigated by 
p re -co lum n d eriva tiza tio n  o f the PSP toxins  
th ro u gh  N a 0 H / H 20 2 oxidation , co lum n sepa
ration  o f the oxid ized  tox in , and fluo ro m etric  
detection. The oxidation  procedure is s im ilar to 
the fluo ro m etric  assay fo r the  detection  o f saxi- 
tox in  (STX) reported  by  Bates et al. (7). The  
H P L C  system consisted o f a Cjg analy tica l col
um n (U ltrasphere IP , Beckman, 5 pm , 15 cm X 4.6 
m m ) w ith  a pellicular C 18 guard colum n (Co-Pell 
O D S , W h atm an , 7 cm X  2.1 m m ). The m obile  
phase was 2% C H 3C N  in  0 .02M  N H 4AC, p H  5.0. 
T he  detector was a P e rk in -E lm e r M P F -3 L  flu o 
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rescence spectrophotom eter w ith  a 20  f i L  f lo w  
cell (A lltech ); excitation was at 335 n m  w ith  
emission at 392 nm . For sample preparation, 1.0 
m L of the toxin  so lu tion  (ca 80 /x g /m L ) was 
m ixed  w ith  1.0 m L o f 1 .0N  N a O H  and 50 /xL of 
10% H 2C>2. A fte r 40 m in , the p H  was adjusted to 
ca 5.0 w ith  acetic acid and 50 q L  was injected into  
the H P L C  system.

N o  response was obtained  fo r neosaxitoxin  
(neoSTX ), g o n yau to x in -I (G T X -I) , and gonyau- 
to x in -IV  (G T X -IV ). H o w ev e r, m u ltip le  peaks 
w ere  observed in  the chrom atogram s fo r saxi- 
tox in , g o n ya u to x in -II (G T X -II) , and gonyau- 
to x in - II I  (G T X -III) . T h e  Associate Referee con
cludes that, because m u ltip le  products are 
fo rm ed  and not a ll the  toxins respond, the Bates 
et al. approach is not suitable for the quantitation  
of the  in d iv id u a l PSP toxins. The Referee con
curs.

The Associate Referee reports re v ie w in g  a 
m anuscrip t en title d  “ H ig h  Pressure L iq u id  
C hrom atograph ic  D e te rm in a tio n  o f Toxins As
sociated w ith  Paralytic  S hellfish  P o ison ing" by
J. S u lliva n  and W . Iw ao ka , U n iv e rs ity  o f W ash
in g to n , Seattle, W A . T he paper describes an  
H P L C  separation o f STX, neoSTX, G T X -I to IV  
and separation o f B j, B2, Q ,  and C 2, N -su lfocar- 
bam oyl derivatives of STX, neoSTX, G T X -II, and  
G T X -III, respectively, found in  P ro to g o n y a u la x  sp.
(8 ). Partial separation was achieved on a bonded  
phase cyano colum n w ith  detection  by fluores
cence fo llo w in g  post-colum n a lka lin e  oxidation  
( N H j ,  period ic acid). Separation o f G T X -I from  
IV  and C i fro m  C 2 was not atta ined; both  pairs  
co-elute. A pp licatio n  of the procedure to a toxic 
(mouse assay) mussel (AL e d u lis )  extract revealed  
the presence of G T X -II ,  G T X -II I ,  and STX w ith  
fa ir resolution . I t  is ev id en t tha t the procedure  
has promise, but fu rther re finem ent is necessary. 
The Referee concurs after rev iew ing  a copy o f the 
m anuscrip t (9).

In  v ie w  o f the above results, the Associate 
Referee w i l l  be investig a tin g  H P L C /e le c tro -  
chem ical detection o f PSP, since it  is kn o w n  that 
STX can be reduced at —0.8 to —0.9V  on a d ro p 
p in g  m ercury electrode (R. Gajan, F D A , priva te  
com m unication , 1982) and the  analogs o f saxi- 
tox in  can be chem ica lly  reduced to STX (10). 
T he  chrom atography rep orted  by S u lliva n  and  
Iw aoka  w i l l  be used in  eva lu a tin g  the electro
chem ical b eh av ior o f these toxins.

T h e  G eneral Referee reports that at a recent 
PSP m anagem ent w orksho p  sponsored by the  
C a lifo rn ia  D ep artm en t o f H e a lth  Services and  
F D A  in  B erkeley, C A , Septem ber 2 1 -2 3 , 1982, 2 
n e w  s ign ificant approaches w ere  presented fo r

the detection of PSP. The first was a f ly  bioassay, 
a m od ifica tio n  of a procedure reported  to detect 
insect toxins (11), being  developed  at the U n i
versity o f Southern C alifo rn ia , Los Angeles, C A , 
as an a lte rnative  m ethod  to the A O A C  mouse 
bioassay. T he  m ethod , presented by A . S iger 
and  dem onstrated  at the w orkshop  by A . A.nd- 
rasi, u tilizes  the dom estic house f ly  (M u s c a  

d o m e s t ic a )  and appears to be com parable in  sen
s itiv ity , i f  not greater, to the mouse assay. I t  has 
the advantage o f being  m uch less costly and  is 
able to detect very  sm all (fm o le ) am ounts of 
toxin. The f ly  assay is currently being evaluated  
against a n um ber o f East/W est Coast extracts o f 
toxic shellfish previously analyzed by the mouse 
bioassay. I f  results are shown to be com patible, 
the  Refereee recom m ends that the assay be col- 
labo ra tive ly  studied.

The o ther approach was an R IA  double  a n ti
body m ethod  fo r the detection  and q uan tita tion  
of STX presented by P. G u ire , B io -M etric  Sys
tems, Inc ., Eden P ra irie , M N . T he  R IA  proce
dure, a fo re ru n n er of an eventual C iba EM IT®  
f ie ld  test k it  fo r PSP, was show n to quantitate  
STX (detection  lim it  4 ng ±  10%).

The m ethod was able to detect on ly  13-33%  of 
th e  total am o un t o f tox in  in  W est Coast mussel 
extracts d ete rm ined  by the mouse assay, but 
w h e n  STX is added to these shellfish  extracts it 
is recovered q u a n tita tiv e ly  (~99% ). Since STX  
is usually a m in or constituent in  toxic W est Coast 
mussels com pared to the gonyautoxins (J. M ey e r  
&  Y. Shim azu, unpublished results), it  is reasoned 
that the m ethod  appears specific o n ly  fo r STX. 
Cross reactiv ity  w ith  the gonyautoxins is being  
investigated .

In  a p rio r rep ort (1), the Referee noted  tha t a 
sodium  channel b in d in g  exchange assay w ith  
tr itiu m -la b e le d  STX was being  investigated  by  
Richard  Rogart, H a rvard  M ed ica l School, C h il
dren's H osp ita l M ed ica l C enter, Boston, M A .  
D r. Rogart has standard ized  his procedure and  
com pleted  assaying a n um ber o f East Coast 
(M a in e ) shellfish  extracts p rev iously  exam ined  
by the mouse assay; his results are fo rth 
com ing.

T e t r o d o t o x in .—  Associate Referee Y u zu ru  S h i
m izu  (College o f Pharmacy, U n ivers ity  of Rhode 
Is land , K in gston , R I) reports on  h eadw ay  
towards the developm ent of a chem ical assay for 
tetrodotoxin  (T T X ). H o w ev e r, he is s till inves
tiga tin g  the b iosynthetic  o rig in  o f T T X , w h ic h  
rem ains a m ystery. The tox in , as m en tio ned  in  
the last rep ort ( 1 ), occurs in  p u ffe rfish , gobies, 
new ts, b lu e -r in g  octopus, and  m arin e  snails. 
Even w ith in  identical species, the toxicity levels
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vary  greatly . This  ra th er w h im sica l pattern  of 
toxin  occurrence raises the question about the  
true o rig in  o f the toxin  (12): I t  is produced by  
the organism  itse lf or not, and h ow  is it b iosyn
thesized? O u r attem pt to study the biosynthesis 
of T T X  in  A tlan tic  p u ffe rfis h , S. m a c u la t u s , and- 
toxic new ts, T a ric h a  sp., by studying  the uptake  
of com m on precursors ( 14C -labeled  acetate, ci- 
tru llin e , a rg in in e , and D-glucose) w ere  unsuc
cessful. In  experim ents w ith  toxic T T X  con
ta in in g  T a ric h a  sp., s ig n ifican t incorp oration  of 
rad io ac tiv ity , in to  the am ino  acid and sterol 
m ake-up  o f the organism  was observed but no  
rad io ac tiv ity  associated w ith  the T T X  control.

The apparen t lack o f de novo synthesis o f the  
tox in  by the new ts can be in te rp re ted  in  m any  
ways: 1, T h e  toxin  is synthesized d u rin g  a very  
lim ite d  deve lo pm en ta l stage and its tu rn o v er is 
very  slow; 2 , the toxin is synthesized o n ly  u nd er 
certain  stressed conditions as a self-defense  
m echanism ; 3, the toxin  or its key precursor 
comes fro m  a special d ie ta ry  source; 4, the toxin  
stored by the n ew t is synthesized by a sym biotic  
m icroorganism , but in  cap tiv ity , the conditions  
are not suitable fo r the organism  or toxin  p ro 
duction; 5, the precursors cannot reach the syn
thesis site; etc. O u r results have a rem arkable  
resem blance to those observed in  the b iosyn
thetic  study o f ano ther potent n eu ro tox in , ba- 
trachotoxin, in  the frog, P h y llo b a te s  a u ro ta e n ia

(13). The frog failed  to synthesize the toxin from  
[ l - 14C]-acetate, and the F I frogs reared in  capti
v ity  com pletely  lacked the toxin. In teresting ly , 
the p u ffe r fish , F u g u  r u b r ip e s  r u b r ip e s , com m er
c ia lly  g ro w n  in  Japan are com pletely  d evo id  o f 
toxic ity  w h e n  they  are hatched from  eggs and  
hand-raised. F u rth erm o re , the feed in g  of pure  
tetrodotoxin to nontoxic fish d id  not result in  the 
tox in  bein g  accum ulated in  the body (14). The

need fo r analy tica l m ethods is ev id e n t in  our 
search for the o rig in  of T TX  and for its detection  
in  pufferfish , w h ich  is p rized  as a delicacy. The  
Referee concurs.

R e c o m m e n d a t io n

C o ntinu e  study on a ll topics.
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Report on Alcoholic Beverages

RANDOLPH H. DYER
D e p a r tm en t  o f  th e  T rea su ry , B u reau  o f  A lc o h o l ,  T o b a c c o  a n d  F ir ea rm s , R o c k v il le ,  M D  2 0 8 5 0

Felipe A lfonso  of the Bureau of A lco h o l, T o 
bacco and Firearms has been appointed Associate 
Referee fo r V a n illin  and E th y l V a n illin  in  A lco 
h o lic  Beverages. D uan e H . S trunk o f J. E. Seag
ram  &  Sons Co., Inc ., has been appo in ted  Asso
ciate Referee fo r A lcohol C ontent o f H ig h  Solids 
D is tille d  Spirits and has com pleted  a collabora
tive  study. The m ethod utilizes a sm aller sample 
size (50 m L), an all-glass d is tilla tio n  apparatus, 
and the M e tt le r /P a r r  density  m eter fo r d eter
m in a tio n  o f proof. Ten  collaborators p artic i
pated; results ind icate ve ry  good precision  and  
accuracy. T he  Associate Referee recom m ends  
the m ethod  fo r adoption  as o ffic ia l firs t action, 
and  the G eneral Referee concurs.

A r th u r C apu ti, Jr, o f the  E. &  J. G allo  W in e ry , 
Associate Referee fo r E th anol in  W in e  by G LC , 
reports a co llaborative study in v o lv in g  14 col
laborators. In  add ition , analysts w ere  requested  
to p ro v id e  in fo rm atio n  on the type of d ilu tio n  
techniques used. O vera ll, results w ere good and  
the Associate Referee recom m ends ado ption  of 
the m ethod  as o ffic ia l firs t action; the G eneral 
R eferee concurs. In  the f in a l version  of the  
m ethod , in fo rm atio n  on the n ew  N a tio n a l Bu
reau o f Standards Standard Reference M ate ria l 
1590 (stab ilized  w in e  w ith  e thano l content of 
18.57% ±  0.16% at 20 °C ) w il l  be incorporated for 
reference and  its a v a ila b ility  fo r use by analysts  
w il l  be noted.

A . J. C utaia  w ith  the Stroh B rew ery  and  
A O A C -A S B C  (A m erican  Society o f B rew in g  
Chem ists) L iaison O ffic e r and the Associate

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee D and were adopted by the Association, except 
for ethanol in beer. See the report of the Committee and 
"Changes in Methods," this issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition

Referee for B rew ing  M ateria ls  has proposed an  
ASBC co llaborative ly  studied G LC  m ethod  for 
ethano l in  beer fo r adoption  as o ffic ia l firs t ac
tion . The ASBC collaborative study com pared  
the standard ASBC reference m ethod  (d is tilla 
t io n -p y c n o m e te r) w ith  the  proposed  G LC  
m ethod; the results indicate com parability , w ith  
the G LC  m ethod  h av in g  the advantage o f being  
m uch faster. The G eneral Referee concurs w ith  
the recom m endation for adoption as o ffic ia l first 
action.

A  collaborative study o f the alcohol d e te rm i
nation in  w in e  by dichrom ate oxidation has been  
carried  out and  the results are being  evaluated.

The Associate Referee fo r Carbon D io x id e  in  
W in e , A r th u r  C aputi, recom m ends tha t the v o l
u m etric  m ethod  (11 .063-11 .065) be surplused; 
the G eneral Referee concurs.

The Associate Referee fo r C o lor in  W h ite  
W in e , R obert D o w rie , reports that no w o rk  is 
bein g  carried out and there are no plans fo r fu 
ture effo rt; he recom m ends that the topic be 
dro pp ed , and  the G eneral Referee concurs. 
Likew ise , the  topic Reducing Sugars should  be 
dropped. A  collaborative study is being p lanned  
fo r m alic  acid in  w in e .

R e c o m m e n d a t io n s

(1) Delete the topics Color in  W h ite  W in e, and  
Reducing Sugars.

(2) Surplus the vo lu m etric  m ethod  (11 .063- 
11.065) fo r carbon d iox ide  in  w in e .

(3) C arry out collaborative study o f m alic acid 
in  w in e .

(4) A dopt as official first action the m ethod for 
a lco h o lic  co n ten t o f h ig h  solids d is t ille d  
spirits.

(5) A dopt as official first action the m ethod for 
eth ano l in  w in e  by GLC.

(6 ) A dopt as official first action the m ethod for 
ethano l in  beer by gas chrom atography.

(7) C o n tin u e  study on a ll topics.
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Report on Cereal Foods

DORIS BAKER
A g r ic u lt u r a l  R e s e a r c h  S e r v i c e ,  N u t r ie n t  C o m p o s i t i o n  L a b o r a t o r y ,  B e l t s v i l l e ,  M D  2 0 7 0 5

P h y ta tes . — Associate Referee Barbara H arla n d  
is c o n tin u in g  study on a n ew  p h ytate  m etho d  
reported  at the last ann u a l m eeting .

I ro n . — James M a r tin , F D A , A tlan ta  C en te r fo r  
N u tr ie n t  Analysis , was appo in ted  Associate

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the General Referee was approved 
by Committee D and was accepted by the Association. See the 
report of the Committee, this issue.

Referee fo r this topic. H e  is p la n n in g  a m in i-  
collaborative study fo r m o d ifica tio n  of m ethod  
14.012.

S t a r c h .— Bert D 'A ppolon ia , N o rth  Dakota State 
U n ive rs ity , was appo in ted  Associate Referee to 
replace Robin  Saunders. N o  n e w  m ethods are 
presently  u nd er study.

Recommendation

C o ntinu e  study of m ethods fo r p hytate  and  
iro n .

Report on Fruits and Fruit Products

FREDERICK E. BOLAND
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  F o o d  T e c h n o lo g y ,  W a s h in g t o n ,  D C  2 0 2 0 4

A d u lt e r a t io n  o f  O r a n g e  ]u ic e  b y  P u lp w a s h  a n d  

D il u t io n .— T he Referee recom m ends that w o rk  
con tin ue  on this subject.

F r u it  A c i d s .— D u rin g  the past year, Associate 
R eferee E. D . C oppola has been w o rk in g  w ith  
h ig h  pressure liq u id  chrom atography (H P L C )  
using 2  reverse phase Q s  columns to separate the 
d iffe re n t acids in  fru its . H e  has been able to 
separate the most im p o rtan t acids in  cranberry, 
app le , and  g ra p e fru it juices, b u t has had d if f i 
cu lty  o b ta in in g  rep ro d u c ib ility  because of col
u m n  deterio ra tion . A ccord in g ly , the  Referee  
recom m ends con tin ued  study.

F r u it  J u ic e s ,  I d e n ti fic a t io n  a n d  C h a r a c t e r iz a 

t io n .— T his  refereeship  is vacant. The Referee  
recom m ends that an Associate Referee be ap
po in ted .

I s o -A s c o rb ic  A c id  ( E r y t h o r b ic  A c id - A n t i o x id a n t ) 
in  F r u it  P u r e e s .— This refereeship is vacant. The  
R eferee recom m ends th a t an Associate Referee  
be appoin ted .

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee D and were adopted by the Association. See the 
report of the Committee and "Changes in Methods," this 
issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition.

O r a n g e  J u ic e  C o n t e n t .— Associate Referee C arl 
V andercook reports that there is a con tin u in g  
in terest in  the problem  o f detecting adulteration  
in  citrus juices on the national and in ternational 
levels. The Associate Referee has been in  contact 
w ith  several lead ing  scientists w o rk in g  on the  
p rob lem . D ata have been shared and plans for  
fu ture  cooperation are underw ay. Tw o  d ifferent 
p attern  recogn ition  techniques are being  con
sidered. I t  is recom m ended  that the study on  
orange juice content be continued.

S o lu b le  S o lid s  in C itru s  F r u it  J u ic e s  as D e g r e e s  

B r i x .— A  fin a l ru le  on the standard o f id e n tity  
and  f i l l  o f container fo r g rap e fru it ju ice was 
p ub lish ed  in  the Federal Register o f January 27, 
1981 (46 FR 8462). This standard p ro v id e d  fo r  
a correction  factor based on ac id ity  to be added  
to the  sucrose va lue  obtained by the  refractom - 
eter to y ie ld  true % soluble solids. A n  objection  
to this standard p o in ted  out tha t no s im ila r p ro 
v is ion  was m ade to convert the refractom eter 
read ing  to true degrees Brix. M ost citrus juices 
are purchased by the am ount o f f ru it  solids 
present as d eterm ined  by degrees Brix. H ence  
there is a va lid  need for a correction factor, based 
on ac id ity , to convert the  re fractom eter read ing  
to tru e  degrees Brix.

Y eatm an, Senzel, and  S p rin ger (/. ¿4ssoc. O ff.  

A n a l .  C h e m . 5 9 ,  368 (1976)) developed  tw o  cor
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rections based on acid ity  to be added to the su
crose values obtained by the refractom eter to 
y ie ld  true  soluble solids and true degrees Brix. 
T he  correction factor fo r o b ta in ing  true  soluble  
solids is pub lished  in  the curren t ed itio n  o f O f 

fic ia l  M e t h o d s  o f  A n a ly s is  (22.025).
D u rin g  the past year C o m m ittee  D , on the  

Referee's recom m endation , granted  in te rim  first 
action  status to the m ethod  described below . 
T h e  m ethod  should be adopted o ffic ia l firs t ac
tion .
Soluble Solids in Citrus Fruit Juices as 
Degrees Brix

Proceed as in  22.024. Correct values fo r su
crose by refractom eter fo r ac id ity  by add ing

(0.012 +  0.193x — 0.0004x2) to sucrose value, 
w h e re  x  =  %  anhyd . c itric  acid in  sam ple as detd  
in  22.060 or 22.061.

R ecomm end a tions

(1) A p p o in t Associate Referees on the fo l
lo w in g  topics: F ru it Juices, Id e n tific a tio n  and  
C haracterization ; and Iso-Ascorbic A c id  (E ry th - 
orbic A c id -A n tio x id a n t) in  F ru it Purees.

(2) A dopt as official first action the m ethod for 
soluble solids in  citrus fru it  juices as degrees 
Brix.

(3) C o n tin u e  study on a ll o th er topics.

Report on Nonalcoholic Beverages

JOHN M. NEWTON
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  5 0  U n i t e d  N a t i o n s  P l a z a ,  S a n  F r a n c i s c o ,  C A  9 4 1 0 2

The Associate Referee for caffeine and m ethyl 
xanthenes in  nonalcoholic beverages conducted  
a co llaborative study on caffe ine in  cola b ever
ages last year. The m ethod  was not approved  
because data d id  not g ive a measure o f accuracy. 
T he  Associate Referee plans to d eterm ine  caf-

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee D and were accepted by the Association. See 
the report of the Committee, this issue.

fe in e  content in  cola extracts and com pare the  
proposed  m e th o d  w ith  ex is tin g  o ff ic ia l 
m ethods.

Recommendations

(1) D e term in e  the accuracy of the proposed  
m ethod for caffeine in  cola beverages and further 
study o th er m eth y l xanthenes in  nonalcoho lic  
beverages.

(2) A p p o in t an Associate Referee on Lasio- 
carp ine and P yrro liz id in es  in  H e rb a l B ever
ages.

Report on Preservatives and Artificial Sweeteners

WILLIAM S. ADAMS
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  5 8 5  C o m m e r c i a l

B en z o a te s , S a c c h a r in , a n d  C a f fe in e  (H ig h  P re s s u re  

L iq u id  C h r o m a t o g r a p h y ) .— Associate Referee B.

This report of the General Referee was presented at the 96th 
Annua] International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee D and were adopted by the Association. See the 
report of the Committee and "Changes in Methods," this 
issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th edition; and "Changes in Methods," J. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980).

S t . ,  B o s t o n ,  M A  0 2 1 0 9

W o odw ard  and others (1, 2) previously  reported  
a successful collaborative study o f a m ethod  
w h ic h  was subsequently adopted o ffic ia l firs t 
action for soda beverages (12.050-12.053) in  1979. 
D u rin g  the past year, she conducted some ad d i
tional studies on fru it  drinks. The m obile  phase 
was m o d ifie d  to increase effic iency o f the  ana l
ysis, and results appear to be p rom is ing . I t  is 
recom m ended  that study be continued.

F o r m a ld e h y d e  in O l iv e s .— Associate Referee R.
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J. R eina has im p ro ved  the sensitiv ity  o f his p re 
vious m ethod by conducting a recovery study for 
fo rm a ld eh yd e  in  o lives at a leve l of 1 .0 2  ppm . 
The fo llow in g  procedure was used: The drained  
olives w ere  b lended  in  a H o bart b le n d e r to a 
paste-like consistency. O ne  h u n d red  g of this  
composite was spiked w ith  fo rm aldeh yde at 1.02 
ppm  and ac id ified  w ith  HC1. A  d eriva tive  of 
fo rm aldeh yde  was form ed  by add ing  a solution  
of C H C I3 co n ta in ing  2 ,4 -D N P H . T h e  m ix ture  
was re fluxed  u n d er a w a te r condenser, cooled, 
and filtered . A  portion  of the C H C I3 extract was 
placed on an acidic a lu m in a  co lum n w h ic h  also 
contained  N a H C 0 3  and anhydrous N a 2S0 4 . 
The colum n was eluted w ith  a m ixture o f CHC13, 
hexane, and e th y l e ther to separate the h yd ra - 
zone d eriv a tiv e  from  the in te rfe rin g  oils. T he  
eluate co n ta in ing  the  H C H O -2 ,4 -D N P H  d e r iv 
ative was evaporated to dryness, and the residue 
was dissolved in  hexane and transferred  to a 
separatory fun ne l. The derivative was extracted 
from  the C H C I3 w ith  acetonitrile . A  p ortio n  of 
this ace to n itrile  extract was fu rth e r cleaned up  
through a Q g  Sep-Pak cartridge p rio r to injecting  
i t  in to  a liq u id  chrom atograph. A  10 p m  Cis 
colum n was used w ith  a m ob ile  phase of ch lo 
ro fo rm -w a te r (55 +  45) and a U V  detector at 254 
nm . T he  recovery was 95.1% at the 1.02 ppm  
level. I t  is recom m ended  that a lim ite d  w ith in -  
laboratory  study be conducted to d e te rm in e  its 
re p ro d u c ib ility  p rio r to a collaborative study.

M e a t s ,  G r o u n d ,  S c r e e n i n g  M e t h o d  f o r  C h e m ic a ls  

a n d  A d d e d  B lo o d .— Associate Referee J. J. Maxstadt
(3) p rev iou s ly  reported  on a m ethod  w h ic h  was 
adopted o ffic ia l firs t action fo r chem ical preser
vatives in  g ro un d  meats (20 .A 0 1 -2 0 .A 0 5 ). A  
lim ite d  study was subsequently conducted to 
im p ro ve  the procedure fo r added b lood. A l 
though no w o rk  was p erfo rm ed  d u rin g  the past 
year because o f o th er com m itm ents, add itio na l 
studies are p lan ned  fo r the com ing year. It  is 
recom m ended  that study continue.

O r g a n ic  P re s e r v a t iv e s  (T h in  L a y e r  C h r o m a t o g r a 

p h y ) .— Associate Referee C. P. L ev i p rev iou sly  
conducted a lim ite d  w ith in -la b o ra to ry  study  
w ith  6  types o f food spiked w ith  9 com m on p re 
servatives: p -h yd ro x y b e n zo ic  acid, m e th y l
paraben, e th y l paraben, p ro p y l paraben, b u ty l 
paraben, salicylic acid, potassium sorbate, ben 
zoic acid, and dehydroacetic acid. T he  results 
w ere  p ro m is in g  and a d d itio n a l w o rk  was 
p lanned ; h ow ever, no report was received d u r
ing  the past year. I t  is recom m ended that study 
continue.

S a c c h a rin  in  F o o d s  ( D if fe r e n t ia l  P u ls e  P o la ro g ra -  

p h y ) .— Associate Referee W . H o lak  p rev iou sly

reported  on a successful co llaborative study  
w h ic h  was subsequently adopted o ffic ia l fina l 
action (20.A 06) in  1982. N o  report was received  
d uring  the past year. It  is recom m ended that the 
study be continued.

B en z o ic  A c id  a n d  S o rb ic  A c id  in  F o o d s  (G a s-L iq u id  

C h r o m a t o g r a p h y ) .— B. K. Larsson conducted a 
collaborative study fo r the sim ultaneous d eter
m ination of benzoic acid and sorbic acid in  foods 
by gas-liqu id  chrom atography. T he  study was 
p erfo rm ed  by 8 laboratories on 3 food products: 
a lm o nd  paste at 2  levels ( 1 - 2  g /k g ) , fish  ho
mogenate at 2 levels (0 .5 -2  g /k g ), and apple juice 
at 3 levels (0.04-1 g /k g ). The acids are converted  
to trim e th y ls ily l (T M S ) esters and then  d eter
m ined  by gas-liqu id  chrom atography. Phe- 
nylacetic  acid and  caproic acid are used as in te r
n al standards fo r benzoic acid and sorbic acid, 
respectively. A  statistical evaluation  of the data 
excluded 6 o f the results as outliers , fa ilu re  to 
fo llo w  instructions, or not reported . T hree  of 
these excluded results w ere  fo r the low est level 
(0.04 g /k g )  o f benzoic acid and  sorbic acid in  
apple juice. Excluding these values, the overall 
accuracy fo r the m ethod  ranged fro m  94.2 to 
105.9% for benzoic acid, and from  96.4 to 109.1% 
fo r sorbic acid. The results appear to be satis
factory in  a lm ond  paste, fish  hom ogenate, and  
app le juice at levels ran g in g  fro m  0.5 to 2 g /k g ;  
how ever, at the low est level fo r app le juice (0.04 
g /k g ) ,  the re la t iv e ly  p o o r re p ro d u c ib ility  
(14.7-23.3%  C V ) and the lo w  n u m b er o f deter
m in ations (5 laboratories) ind icate tha t fu rth e r  
study is needed at this level. It  is recom m ended  
that the m ethod  be adopted o ffic ia l firs t action  
fo r a lm ond  paste, fish  hom ogenate, and app le  
juice at levels ranging from  0.5 to 2 g /k g  and that 
ad d itio n a l studies be conducted to im p ro ve  the  
rep ro d u c ib ility  at the 0.04 g /k g  leve l, using the  
m odifications suggested by the author.

R e c o m m e n d a t i o n s

(1) A p p o in t Associate Referees fo r the topics 
Benzoates and H ydroxybenzoates in  Foods; 
Preservatives (Q u an tita tive  M ethods).

(2) C o n tin u e  o ffic ia l first action status o f the  
m ethod  fo r d e te rm in a tio n  o f sodium  saccharin, 
sod ium  b en zoate , and  ca ffe in e  b y  H P L C  
(12 .050-12 .053); continue study fo r the  app lica
b ility  to o th er com pounds and fo r q u an tita ting  
potassium sorbate.

(3) C o n tinu e  o ffic ia l firs t action status of the  
m ethod  fo r chem ical preservatives in  g round  
m eat (20 .A 0 1 -2 0 .A 0 5 ); continue study o f the  
m ethod  fo r added blood.
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(4) A dopt as official first action the m ethod for 
G LC  d ete rm in a tion  o f benzoic acid and  sorbic 
acid in  alm ond paste, fish hom ogenate, and apple  
juice at levels rang in g  fro m  0.5 to 2 g /k g ; con
tinu e  study o f the m ethod to im p ro ve  the  re 
p ro d u c ib ility  at a leve l o f 0.04 g /k g .

(5) C o n tinu e  study on a ll o th er topics.

R e f e r e n c e s

(1) Smyly, D. S., Woodward, B. B., & Conrad, E. C.
(1976) ]. Assoc. O ff. Anal. Chem. 59,14-19

(2) Tweedy, J. D„ Heffelfinger, G. P„ & Waldrop, A.
(1977) Proceedings of the 12th Annual Meeting, 
Society of Soft Drink Technologists, pp. 29-40

(3) Maxstadt, J. J., & Pollman, R. (1980) ]. Assoc. Off. 
Anal. Chem. 63, 667-674

Report on Spices and Other Condiments

R A Y M O N D  M .  W A Y
C r e s c e n t  M a n u fa c t u r in g  C o . ,  P O  B o x  3 9 8 5 ,  2 5  S H a n fo r d ,  S e a t t l e ,  W A  9 8 1 2 4

H a v in g  been appointed General Referee near 
the end o f M a y  1982, I cannot report m uch  
progress in  this area. It  is recom m ended  that 
Associate Referees be appo in ted  to the 2 vacant 
topics: Ash and Ppngent Principals in  M ustard; 
V inegar.

Recommendations

(1) A s h  a n d  P u n g e n t  P rin c ip a ls  in M u s t a r d .—• 
C o n tin u e  study to d eterm in e  if  there is con tin 
ued interest.

(2) C h a ra c t e riz a tio n  o f  N a t u r a l  S p ic es . — D is
con tin ue topic, based on discussions w ith  m em -

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee D and were accepted by the Association. See 
the report of the Committee, this issue.

bers of the Executive Com m ittee of the Technical 
G roup of the Am erican Spice Trade Association. 
This com m ittee represents a cross section o f the  
technical expertise of the spice industry  and it  is 
th e ir o p in io n  that there is litt le  like lih oo d  c f the  
in d ustry  agreeing on any characterization  over 
that pub lished  in  T it le  21 o f the C o d e  o f  F e d e r a l  

R e g u la t io n s , 101.22(a)(2).
(3) E x t r a c ta b le  C o lo r  in C a p sicu m  S p ic e s  a n d  

O le o r e s in s .— C o ntinu e  study, based on the rec
om m endation  o f the Associate Referee, J. E. 
W o odbury .

(4) M o is t u r e  in D r ie d  S p ic es . — C o ntinu e  study, 
based on recent interest generated w ith in  the  
spice industry .

(5) V in e g a r .— C o ntinu e  study to d e te rm in e  if  
need and interest exist.

(6 ) P u n g e n c y  o f  C a p sicu m s  a n d  O le o r e s in s .—  
Establish a n ew  Associate Refereeship.
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Report on Sugars and Sugar Products

ARTHUR R. JOHNSON
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  F o o d  T e c h n o lo g y ,  W a s h in g t o n ,  D C  2 0 2 0 4

C h r o m a to g ra p h ic  M e t h o d s .— Associate Referee  
M ich a e l G ray reports no n ew  developm ents.

C o lo r ,  T u r b id it y , a n d  R e f le c t a n c e — V is u a l A p 

p e a r a n c e .— Frank C arp enter reports no n ew  de
velopm ents on the attem pts to revise the A O  A C  
m ethod for color in  sugars to reflect the IC U M S A  
m ethods.

C o r n  S y r u p s  a n d  C o r n  Sugars.— Last year, Raf- 
faele B ernetti presented the results o f a collabo
rative study ( 1) to expand the scope of the official 
first action m ethod for m in or saccharides in  corn 
syrup by H P L C , 31 .228-31 .236 , to in c lu de  p ro d 
ucts co n ta in ing  dextrose levels in  excess o f 98%. 
This study, con ta in in g  recom m ended am en d 
m ents, was adopted in te rim  o ffic ia l firs t action  
in  A p r il  1982. D r. B ernetti n o w  recom m ends  
adoption  as o ffic ia l firs t action.

This year, D r. Bernetti presented the results o f 
a study, "T itra tab le  A c id ity  in  C orn  Syrups: A  
Collaborative Study," co-authored by O w ens and  
Bernetti. T h e  statistical results show  no agree
m en t betw een  the visual end p o in t and p H  8.3. 
T h ey  recom m end electrom etric  titra tio n  to p H
6 .0  because h ig h ly  re fin e d  corn syrups have a 
very  lo w  titre  and titra tio n  curves show  the in 
flection  p o in t at p H  6.0. Therefore , he recom 
m ends ado ption  as o ffic ia l first action of the  
electrom etric  titra tio n  at p H  6.0 to replace the  
present official visual pheno lphthale in  end point 
m ethod , 31.217.

N e w  tables re la tin g  re fractive  indices, densi
ties, and d ry substance for corn syrups, including  
h ig h  fructose corn syrups, w i l l  be proposed fo r  
in te rim  action to replace the present tables 31:09 
and 31:10. Refractive in d ex  in fo rm atio n  is 
available and docum ented (2 ) and a density study 
is being rev iew ed  for submission for publication  
in  the J o u r n a l  o f  C h e m ic a l  a n d  E n g in e e r i n g  D a t a .

D r y  S u b s t a n c e .— Associate R eferee Joseph 
D o w lin g  had no n ew  developm ents to report.

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee D and were adopted by the Association, except 
recommendations (3) and (6) and second part of (1). See the 
report of the Committee and "Changes in Methods," this 
issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition; and "Changes in Methods," /. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980); 64, 501-540 (1981); 65, 450-521 
(1982).

E n z y m a tic  M e t h o d s .— Associate Referee M arc  
M ason has presented a paper dea lin g  w ith  the  
determ ination  of glucose, sucrose, and lactose by  
using im m o b ilized  enzym e electrodes. H e  rec
om m ends fu rth e r w o rk  w ith  the  enzym atic  
procedures.

H o n e y .— Jonathan W h ite  reports that in  co
operation w ith  Frank Robinson at the U n ivers ity  
o f F lorida  a study has been com pleted  on the  
carbon isotope ratio  values fo r citrus h oney and  
citrus nectar to d eterm ine  i f  the h eav ie r 513C  
values for citrus honeys are natural to the species 
or induced  by beekeeping  practices. T he  study  
shows that the average 513C va lue  o f F lo rida  c it
rus honey is not s ign ificantly  d iffe re n t from  the  
nectar, but does d iffe r from  the mean for a ll U.S. 
honeys (3).

The Associate Referee recom m ends adoption  
as o ffic ia l fina l action the fo llo w in g  o ffic ia l first 
action m ethods fo r honey: 31.115, n itrogen ;
31.116, p ro lin e ; 31.119(a)(b)(c), d irect p o la riza 
tion; 31.133, sugars by a lternative m ethod, I I  (4); 
31.138, sugars by H P L C ; 31.148, h ig h  fructose 
corn syrup by 7 L C ; 31 .A 01, spectrophotom etric  
m ethod  fo r h y d ro x y m e th y lfu rfu ra l. H e  also 
recom m ends d e le tion  firs t action o f the o ffic ia l 
first action m etnod 31.119(d), d irect po larization  
at 87°; deletion  of the procedures 31.122, d extrin  
(approxim ate) and 31.146, com m ercial in v e rt  
sugar— resorcinol test; adoption  as o ffic ia l f in a l 
action the o ffic ia l firs t action am en dm ent to 
31.150-31 .153 , the carbon isotope ratio  m ethod  
for adu lte ra tio n  in  honey.

D r. W h ite  reports that he plans to test a con
venient rapid procedure for d eterm in ing  diastase 
n um ber using a com m ercia lly  ava ilab le  k it.

M a p le  S a p  a n d  S y r u p .— K elly  Baggett presented  
the results fo r Associate Referee M aria  Franca 
M o rse lli o f a collaborative study on the  mass 
spectrophotom etric determ ination  of cane sugar 
and  corn syrup in  m aple syrup by the I 3C / 12C  
carbon isotope ratio. Based on the study results, 
official first action is recomm ended. They report 
that a m anuscrip t on sodium  and ch lo rid e  in  
sugar m aple sap as a source of o ff-flavor has been  
subm itted  fo r pub lication  in  the A O A C  J o u r n a l .  

A  study on the G LC  analysis o f organic acids in  
m aple sap has been com pleted to replace the  
existing  A O A C  m ethod  fo r m alic acid. A  study  
in  cooperation w ith  Paul Krapcho, U n ive rs ity  of
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V erm o n t, is p lan n ed  on the detection  o f beet 
sugar in  m aple products by using nuclear m ag
netic resonance spectroscopy. Dr. M orselli, w ith  
h er staff, w i l l  continue to study proposed re v i
sions o f m ethods fo r m ap le products appearing  
in  the 13th ed ition . Some p re lim in a ry  sugges
tions w ere  presented at the sym posium  on the 
D etection  of D e liberate  A d u lte ra tio n  of Foods.

S ta b le  C a rb o n  Iso to p e R atio  A n a l y s e s .— Associate 
Referee Landis D o n er reports that the carbon  
isotope ratio  m ethod  is being  used extensively  
fo r app le juice and orange juice w ith  no adverse  
com m ent (5). H e  recom m ends adoption  as o f
fic ia l fin a l action of the o ffic ia l first action stable 
carbon isotope ratio methods, 22.B01-22.B04 and  
22 .C 01-22 .C 04  for the detection  o f corn syrups 
in  app le juice and orange juice, respectively.

S t a n d a r d iz a tio n  o f  S u g a r  M e t h o d s  o f  A n a ly s is .—  
W h itn e y  J. N e w to n  has resigned as Associate 
Referee, and M argare t A . C lark  o f Sugar Pro
cessing Research, Inc., has been appointed  to f i ll  
the position. She plans to continue w ith  the  
evaluation  o f methods com m only used fo r sugar 
analyses.

S u g a r s  in  C e r e a l s .— Associate R eferee Lucian  
Z y g m u n t reports that he has received no objec
tions reg ard ing  the o ffic ia l firs t action H P L C  
m ethod  fo r the d eterm in ation  o f sugars in  
sw eetened cereals, 14 .C 01-14 .C 04  (6 ), and  rec
om m ends adoption  as o ffic ia l f in a l action. H e  
reports that he has been eva lu a tin g  a series o f 
cation exchange colum ns fo r use in  the deter
m in a tio n  o f sugars, alcohols, and organic acids 
in  food products; g lycero l and  sorbitol d e te rm i
nation  appears feasible by the procedure.

S u g a r s ,  R e d u c in g . — Since this topic has no As
sociate Referee, it is recom m ended that the topic 
be d iscontinued.

S u g a r  in S u g a r  C a n e .— Luis V id au rre ta  reports  
that he has been studying the retention  of sugars 
by the cellulose in  cane bagasse m ethod  fo r in 
creased lib era tio n  o f the sugars and analyses by  
H P L C .

W e ig h in g , T a r in g , a n d  S a m p l i n g .— Associate 
Referee M e lv in  L ern er reports changes in  the
U.S. Customs h an d lin g  o f raw  sugar im p o rta 
tions. T h e  changes e ffec tive ly  reduce the  
n um b er of raw  sugar samples per ton subm itted  
fo r analysis by about 90%, and  also reduce rou
tin e  Customs supervision  o f w e ig h in g , taring , 
and sam pling  o f the ra w  sugar im portations at 
the im porters ' premises. The changes also re
qu ire  that entries not scheduled for sam pling  
may be assessed duty based on a settlem ent value  
expressed in  sugar degrees obtained  by the cur
ren t o ffic ia l m ethod for raw  sugar recognized by

the In te rn a tio n a l Com m ission for U n ifo rm  
M ethods of Sugar Analysis (Raw Sugar, page 25)
(7).

O t h e r  T o p ic .— Saucerm an and W instead  p re 
sented the study o f the rap id  H P L C  m ethod  fo r  
the quantitative determ ination  o f lactose at h ig h  
levels o f p u rity . T he  results look prom ising . 
M o reo ver, the authors have presented the ad d i
tion al precision and rep ro d u c ib ility  data, a p p li
cab ility  data, and a study by one collaborator 
using 3 d iffe re n t ins trum ent systems. The au
thors also state tha t ruggedness and in te rlab o 
ratory tests w ere  conducted. T he  Referee rec
om m ends adoption  o f the H P L C  m ethod  as o f
fic ia l firs t action, and a pp o in tm ent o f one of the  
authors as Associate Referee.

Recommendations

(1) A d o p t as o ffic ia l first action the in te rim  
offic ia l first action am endm ent to H P L C  m ethod  
31 .228-31 .236  fo r the d ete rm ina tion  o f m in o r  
saccharides in  corn syrups to inc lude products  
w ith  dextrose levels in  excess of 98% as described 
the Associate Referee; adopt as offic ial first action 
the electrom etric titration  m ethod at p H  6  for the  
determ ination  of titratable acidity in  corn syrups 
to replace the official visual pheno lph thale in  end  
p o in t m ethod , 31.217.

(2) A dopt as o ffic ia l fin a l action the fo llo w in g  
o ffic ia l first action m ethods for honey: 31.115, 
n itrogen ; 31.116, p ro lin e ; 31.119(a)(b)(c), d irect 
p o la riza tio n ; 31 .133 , sugars by a lte rn a tiv e  
m ethod  II;  31.138, sugars by H P L C ; 31.148, h ig h  
fructose corn syrup by TLC ; 31 .A 01, spectro- 
photom etric m ethod for hydroxym ethylfurfura l. 
A d o p t as o ffic ia l f in a l action the o ffic ia l first ac
tio n  am en dm ent to 31 .150-31 .153 , the carbon  
isotope ratio  m ethod  for adu lte ra tio n  in  honey: 
"Sam ples w ith  a <513C value betw een  —23.4 and  
—21.5%o are considered adu lterated  o n ly  i f  a 
positive result is obtained fro m  T LC  m ethod  
31 .148-31 .149 ." D ele te  first action the o ffic ia l 
first action m ethod 31.119(d), d irect po larization  
at 87 °C . D ele te  procedures 31.122, d ex trin  (ap
p ro xim ate ), and 31.146, com m ercia l in v e rt  
sugar— resorcinol test.

(3) A d o p t as o ffic ia l firs t action the mass 
spectrometric stable carbon isotope ratio analysis 
for determ ination  o f cane sugar and corn syrups 
in  m aple syrups as presented by the Associate 
Referee.

(4) A d op t as o ffic ia l f in a l action the o ffic ia l 
firs t action mass spectrom etric stable carbon  
isotope ratio  analysis 22.B 01-22.B 04 fo r d eter
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m ination  o f corn syrup in  apple juice. A d op t as 
o ffic ia l f in a l action the o ffic ia l first action mass 
spectrometric stable carbon isotope ratio analysis 
22 .C 01-22 .C 04 fo r determ ination  o f corn syrups 
in  orange juice.

(5) A d o p t as o ffic ia l f in a l action the o ffic ia l 
firs t action m ethod , 14 .C 01-14 .C 04 , fo r H P L C  
d ete rm in a tio n  o f sugars in  sw eetened cereals.

(6 ) A d o p t as o ffic ia l firs t action the H P L C  
d ete rm in a tio n  o f lactose at h ig h  p u r ity  levels; 
ap p o in t an Associate Referee.

(7) D iscon tinue the topic Sugars, Reducing.
(8 ) C o n tin u e  study on a ll topics unless spe

c ifica lly  cited.

R e f e r e n c e s
(1) Engel, C. E., Olinger, P. M., & Bernetti, R. (1982) /. 

Assoc. Off. Anal. Chem. 65,1366-1369
(2) Wartman, A M., Bridges, A. J., & Eleason, M. A. 

(1980) /. Chem. Eng. Data 25, 277-282
(3) White, J. W. Jr (1979) /. Assoc. Off. Anal. Chem. 62, 

509, 703, 921 (1979); 63, 11 (1980).
(4) White, J. W. Jr, & Robinson, F. J. (1983) J. Assoc. Off. 

Anal. Chem. 66, 1-3
(5) Doner, L. W., & Phillips, J. G. (1981) J. Assoc. Off. 

Anal. Chem. 64,85-90 (1981); Doner, L. W„ & Bills, 
D. D. (1982)65,608-610

(6) Zygmunt, L. (1982) /. Assoc. Off. Anal. Chem. 65, 
256-264

(7) Schneider, F. S. (Ed.) (1979) Sugar Analysis, ICUMSA 
Methods, International Commission for Uniform 
Methods of Sugar Analysis, Peterborough, UK

Report on Vitamins and Other Nutrients

MIKE J. DEUTSCH
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 t the 96th A n nu a l M ee tin g  a "Brain Storm ing  
Session on H P L C  O il-S o lu b le  V ita m in  Assays o f 
Foods" was conducted. M an y  H P L C  assays have  
been pub lish ed  b u t w e  o n ly  have an o ffic ia l sta
tus m etho d  fo r one o f these v itam ins. T h is  was 
a 4 h w o rk in g  session o f in te rn a tio n a l scientists 
considering  app licab le  m etho d o log y fo r in it ia 
tion of a collaborative study for the A O  A C  in  this 
ana ly tica l area.

Associate Referee reports and con tribu ted  
papers w ere  presented at the V ita m in  and O ther  
N u trien ts  section m eeting .

H a rry  Lento  o f C am p bell Soups resigned as 
Associate Referee fo r Fat in  Food by C h lo ro -

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28, 1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee D and were adopted by the Association, except 
recommendations (2) and (3). See the report of the Committee 
and "Changes in Methods," this issue.

Section numbers refer to "Changes in Methods," J. Assoc. Off. 
Anal. Chem. 65,450-521 (1982).

fo rm -M e th a n o l E xtraction , and  C hester E. 
D a u g h erty  o f tha t o rg an iza tio n  rep laced h im .

Edgar E lk ins o f N a tio n a l Food Processors As
sociation was appo in ted  Associate R eferee fo r  
Sodium  in  Foods.

Recommendations

(1) A dopt as official first action the m ethod fo r  
fa t in  food by c h lo ro fo rm -m e th a n o l extraction  
as recom m ended  by the  Associate Referee.

(2) A d o p t as o ffic ia l firs t action th e  collabo- 
ra tiv e ly  studied  sem i-autom ated m etho d  fo r v i 
tam in  C in  food products.

(3) A d o p t as in te rim  o ffic ia l action th e  net 
protein  ratio evaluation of protein  recom m ended  
by the Associate Referee.

(4) A d o p t as o ffic ia l f in a l action the  H P L C  
m ethod , 43 .C 01-43 .C 09 , fo r v ita m in  D  in  m ixed  
feeds, prem ixes, and pet foods.

(5) C o n tinu e  study on a ll o ther topics.
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G E N E R A L  R E F E R E E  R E P O R T S : C O M M IT T E E  E

Report on Carbamate Pesticides, Fumigants, and Miscellaneous

ROBERT W. STORHERR
E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1 9 2 1  J e f f e r s o n  D a v is  H w y ,  A r l in g t o n ,  V A  2 2 2 0 2

Associate R eferee fo r S o diu m  M o n o flu o ro a -  
cetate (1080), H . M . Stahr, Io w a  State U n ive rs ity , 
is a ttem p tin g  to select the best m etho d  fo r study. 
T he  N M R  detection m ethod has been e lim inated  
because o f insensitiv ity. The best determ inative  
approaches appear to be H P L C  (w ith  or w ith o u t  
d e r iv a tiz a tio n ), T L C  using selective d eriv a tiza -  
t io n , and  G LC . W o rk  is c o n tin u in g  a lon g  these 
lines.

R. Krause, F D A , Associate R eferee fo r C arba
m ate  Insectic id es , L iq u id  C h ro m a to g ra p h ic  
M e th o d , recen tly  began a 2-phase co llaborative  
stu d y  o f his H P L C  m ethod  fo r N -m e th y l carba
m ate insecticides. Phase I w i l l  p ro v id e  recovery  
data an d  exam p le  chrom atogram s to assure that 
the  H P L C  e q u ip m e n t is o p era tin g  p ro p e rly  and  
th a t the  8  collaborators have becom e p ro fic ie n t  
in  using  the  m etho d . Phase I I  w i l l  p ro v id e  ac
curacy and  precision  data fo r samples fo rtif ie d  
w ith  u n k n o w n  carbamate solutions furnished  by 
the  Associate Referee.

R. W . Y o u n g  o f V irg in ia  P o lytechnic Ins titu te , 
Associate R eferee fo r C arbam ate Insecticides, 
G as-L iquid  C hrom atographic M ethods, and Sujit 
W itk o n to n , F M C  C orp ., Associate R eferee fo r  
C a rb o fu ra n , w e re  in v o lv e d  in  labo ra tory  m oves  
th is  yea r and  th ere fo re  d id  n o t rep ort any  w o rk  
o r progress.

T . D u m as o f A g ric u ltu re  C anada, Associate 
Referee for Phosphine, has developed a trapping  
m e th o d  in  con junctio n  w ith  E. J. Bond (/. C h r o -  

m a t o g r . (1981) 206, 3 8 4 -3 8 6 ) fo r  G LC  d e te rm i
n atio n  o f lo w  levels o f p hosphine  in  cargo ships 
after fum igation  o f th e ir grain  cargoes. The next 
study should  be an adaptation  o f the m etho d  fo r  
res idue w o rk  on g ra in  crops.

A l l  o th e r Associate Referees had  lit t le  or no  
progress to report. T h e  topics Fen valerate , 
Fum ig ants , and  P e rm e th rin  rem a in  open. Th is  
is m y  last re p o rt to A O A C  because I  h ave  re 
s igned  as G eneral Referee.

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee E and were accepted by the Association. See the 
report of the Committee, this issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition.

Recommendations

(1 ) C a r b a m a t e  I n s e c t ic id e s ,  G a s -L iq u id  C h r o m a 

t o g r a p h ic  M e t h o d s .— Prepare w rite -u p  o f the on- 
co lu m n  s ily la tio n  g as-liqu id  chrom atograph ic  
m e th o d  fo r d e te rm in in g  carbam ate insecticide  
residues as th e ir  s ily lated  derivatives fo r rev iew  
an d  com m ent b y  the  G eneral Referee, and  i f  the  
w rite -u p  is app ro ved , conduct in te rlab ora to ry  
tr ia l o f the  m ethod .

(2 ) C a r b a m a t e  I n s e c t ic id e s ,  L iq u id  C h r o m a t o 

g r a p h i c  M e t h o d s .— C om plete  the co llaborative  
study o f the  H P L C  m ethod  fo r d e te rm in in g  N -  

m e th y l carbam ate residues in  crops (/. Assoc. O ff .  

A n a l .  C h e m .  (1980) 63, 1114-1124).
(3) C a r b o fu r a n .— C o ntinu e  study of analytical 

m ethods fo r d e te rm in in g  carbofuran, its carba
m ate  m etabo lites, and its p he n o lic  m etabolites  
in  foods.

(4 ) E t h y le n e  O x id e  a n d  Its C h l o r o h y d r i n .— C o n 
tin u e  study o f the  gas-liqu id  chrom atograph ic  
m eth o d  o f Scudam ore and H euser (P e s t ic . S ci. 

(1971) 2, 8 0 -9 1 ) fo r d ete rm in in g  ethy lene  oxide, 
e th y le n e  c h lo ro h y d rin , and e th y le n e  b ro m o h y-  
d rin  in  foods.

(5) F e n v a l e r a t e .— A p p o in t an Associate R ef
eree; co n tin u e  study to evaluate ana ly tica l 
m ethods fo r d e te rm in in g  residues of fenvalerate  
in  foods.

(6 ) F u m ig a n t s .— A p p o in t an Associate Referee; 
continue  study to extend the o ffic ia l f in a l action  
g as -liq u id  chrom atograph ic  m ethod  fo r d eter
m in in g  v o la tile  fum igants  in  g ra in , 29 .056- 
29.057 , to cover a d d itio n a l fum igants  (1 ,2 -d i- 
ch lo ro e th ane , m e th y l b ro m ide , and  tetrach lo - 
ro e th y le n e ) and  ad d itio n a l food (citrus fru its , 
m ille d  products, and baked goods).

(7 ) I n o r g a n ic  B ro m id e s  in  G r a in s .— C o n tin u e  
study o f the gas-liqu id  chrom atographic m ethod  
o f H eu ser and  Scudam ore (P e s t ic . S c i. (1970) 1, 
2 4 4 -2 4 9 ) fo r d e te rm in in g  ino rg an ic  brom ides  
a fte r conversion  to 2 -b rom oethan o l, as tested in  
in te rla b o ra to ry  studies on g ra in  (A n a ly s t  (1976) 
101, 3 8 6 -3 9 0 ) and  lettuce (/. Assoc. O f f .  A n a l .  

C h e m .  (1979) 62, 1155-1159).
(8 ) P e r m e t h r in . — A p p o in t an Associate Referee; 

continue study to evaluate analytical m ethods for 
d e te rm in in g  residues o f p e rm e th rin  in  foods.
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(9) P h o sp h in e . — Continue study o f methods for 
d e te rm in in g  residual p hosphine  in  fum igated  
products, in c lu d in g  the Associate Referee's  
m o d ified  gas chrom atographic determ ination  of 
p ho sp h in e  (/. A s s o c . O f f .  A n a l .  C h e m . (1978) 61, 
5 -7 ) and the gas-liquid chrom atographic m ethod  
reported  by T. W . N o w ic k i (/. Assoc. O ff .  A n a l .  

C h e m . (1978) 61, 829 -836 ) and the most recent 
m ethod  by Dum as and Bond (/. C h r o m a to g r . 206, 
384-386  (1981) fo r d eterm in in g  the total residue 
o f intact phosphine and phosphine derived from

residual a lu m in u m  phosphide in  w heat.
(10) R e s m e t h r in .— C ontinue study to evaluate  

ana ly tica l m ethods fo r d ete rm in in g  residues of 
resm eth rin  in  foods.

(11 ) S o d iu m  M o n o f l u o r o a c e t a t e .— C o n tin u e  
study o f the methods described by the Associate 
Referee in  1982, w ith  gas-liqu id  chrom atogra
p h y , th in -layer-chrom ato grap h y, and h ig h  p er
form ance liq u id  chrom atography fo r d e te rm in 
in g  residues o f sodium  m onofluoroacetate in  
foods.

Report on Fungicides, Fierbicides, and Plant Growth Regulators

W. HARVEY NEWSOME
H e a l t h  a n d  W e l fa r e  C a n a d a ,  H e a l t h  P r o t e c t i o n  B r a n c h ,  F o o d  R e s e a r c h  D iv is io n ,  O t t a w a ,  
O n t a r i o ,  C a n a d a  K 1 A  0 L 2

Six Associate R eferee reports w ere  received. 
T here  w ere  tw o  resignations: W . P. Cochrane, 
Associate Referee fo r 1-N aphthaleneacetic  A cid  
an d  1 -N ap h th a le n e ac e ta m id e ; and  H . A. 
M cLeod , Associate Referee fo r D iq u a t and Para
quat. T hree  n ew  Associate Referees w ere  ap
pointed: Brian W orobey replaces H . A. M cLeod, 
w h ile  D a lia  G ilvyd is  is the Associate Referee for 
Captan and Related Fungicides, and M ik io  Chiba  
is Associate Referee fo r B enzim idazo le-Typ e  
Fungicides.

B e n z i m i d a z o l e - T y p e  F u n g i c i d e s .— Associate
R eferee M ik io  C h ib a  reports that the h ig h  pres
sure liq u id  chrom atographic procedure p re v i
ously described fo r b en om yl and m e th y l-2 - 
b en z im id a zo le  carbamate (/. A s s o c . O f f .  A n a l .  

C h e m . (1980) 63, 1291-1295) is being  studied  for 
possible m odifications to s im p lify  the extraction  
and d e te rm in a tive  steps. These m odifications  
in c lu d e  rep lacem ent o f the 0 °C  extraction w ith  
one at room  tem perature and substitution  o f a 
reverse phase system fo r the norm al phase silica 
colum n.

C a p ta n  a n d  R e la t e d  F u n g i c i d e s .— Associate R ef
eree D a lia  G ilvyd is  reports that gas-liqu id  chro-

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee E and were accepted by the Association. See the 
report of the Committee, this issue.

m atograph ic  systems fo r the q uan tita tion  of 
captan, fo lpet, and captafol have been evaluated  
and  a 5% SP-2401 co lum n on 100-120  mesh Su- 
pelcoport was selected. P A M  I  and I I  procedures 
are being  studied  and recovery data are being  
accum ulated  fo r d iffe re n t substrates.

C h lo r o p h e n o x y  A lk y l  A c id s .— Associate Referee  
A la n  S m ith  has in itia te d  collaborative study of 
a g as-liqu id  chrom atographic m ethod  fo r 2,4- 
(dichlorophencxy)acetic acid in  w heat straw and  
d rie d  green w heat w ith  12  laboratories p artic i
p ating . The m ethod , based on that by Jensen 
and  Glas (D o w  C hem ical Co., M id la n d , M I) ,  is 
b ein g  app lied  to duplicate  samples o f each m a
teria l fo rtif ie d  at 3 levels.

D iq u a t  a n d  P a ra q u a t . — Associate R eferee Brian  
W orobey  reports that d iquat and  paraquat w ere  
ana lyzed  sim ultaneously in  potatoes by a m o d i
fication  o f the borohydride reduction  m ethod of 
K in g  (/. A g r i c .  F o o d  C h e m . (1978) 26, 460). Sam
ples w h ic h  w ere  fo rtif ie d  and aged y ie ld e d  re
coveries o f 36-63%  at levels from  0.05 to 5.0 ppm . 
Precision was good (SD  ±  3%). A n  in tra lab ora 
to ry  study is being  conducted.

1 - N a p h t h a le n e a c e t ic  A c id  a n d  1 - N a p h t h a le n e a 

c e t a m i d e .— Associate Referee W illia m  Cochrane  
reports that because o f insu ffic ien t collaborators 
fo r the h ig h  pressure liq u id  chrom atographic  
m ethod , he is resigning his position as Associate 
R eferee and recom m ends that the  topic be dis
continued .



3 8 0  GENERAL REFEREE REPO RTS: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 2, 1983)

O r g a n o t i n  F u n g i c i d e s .— Associate R eferee  
R ichard  C ann izzaro  w i l l  a ttem pt to in itia te  a 
co llaborative  study o f his m ethod  fo r o rgan otin  
fungic ides  w ith in  the next year.

P e n t a c h lo r o p h e n o l .— Associate Referee A rn o ld  
Borsetti reports that an in tra laborato ry  study of 
his m etho d  fo r p en tach lorop hen o l in  seafood, 
eggs, and  ge la tin  has been com pleted. O vera ll 
recoveries b e lo w  0.10 p p m  w ere  72% and aver
aged 101% at 0.5 and 1.0 ppm . The presence of 
negative  peaks in  th e  chrom atogram s affected  
q u an tita tio n  at lo w e r levels and requires recti
fica tion  before the m ethod  is ready fo r in te rla b 
orato ry  tria l.

Recommendations

(1) A n i l a z in e .— A p p o in t an Associate Referee  
to conduct a collaborative study o f the h ig h  
pressure liq u id  chrom atographic m ethod  for 
an ilaz in e  described by Law rence and Panopio (/. 
A s s o c . O f f .  A n a l .  C h e m . (1980) 63, 1300-1303).

(2) B e n z im id a z o le - T y p e  F u n g ic id e s .— C o ntinu e  
study o f room tem perature extraction and reverse 
phase H P L C  m odifications o f the m ethod  re
ported by the Associate Referee for benom yl and  
m e th y l-l-b e n z im id a zo le  carbamate (/. Assoc. O ff.  

A n a l .  C h e m . (1980) 63, 1291-1295).
(3) C a p ta n  a n d  R e la t e d  F u n g i c i d e s .—  C o n tin u e  

study o f m ethods fo r extraction and cleanup of 
captan, captafol, and fo lp et and o f the variab ility  
o f G LC  response o f these com pounds.

(4) C a r b a m a te  H e r b ic id e s .— A p p o in t an Asso
ciate Referee to study residue m ethods fo r car
bam ate herbicides in  crops.

(5) C h lo r o p h e n o x y  A lk y l  A c i d s .— Evaluate re
sults o f co llaborative study o f the gas-liqu id  
chrom atograph ic m ethod  fo r 2 ,4 -(d ich lorophe- 
noxy)acetic acid in  w h eat and w h ea t straw.

( 6 ) C h l o r o t h a l o n i l .— A p p o in t  an Associate  
R eferee to study a gas-liqu id  chrom atographic  
m ethod  fo r ch lo ro th a lo n il in  crops.

(7) D in itro  C o m p o u n d s .—  A p p o in t an Associate

R eferee to study m ethods fo r d in itro  a ry l h e rb i
cides.

(8 ) D icjuat a n d  P a r a q u a t .— C o ntinu e  in tra la 
b orato ry  study o f the Associate Referee's m o d i
fication  o f the borohydride reduction m ethod (/. 
A g r i c .  F o o d  C h e m . (1978) 2 6 ,14 6 0 ) fo r d iquat and  
paraquat in  potatoes.

. (9 ) D it h i o c a r b a m a t e s ,  G e n e r a l  R e s id u e  

M e t h o d .— A p p o in t an Associate Referee to test a 
m ethod  fo r d im e th y l d ith iocarbam ates and eth - 
yleneb is(d ith iocarbam ates) in  foods.

(10) M a le ic  H y d r a z id e .— A p p o in t an Associate 
Referee to test h ig h  pressure liq u id  or gas-liquid  
chrom atograph ic m ethods fo r d e te rm in in g  m a
leic hydrazide .

(11 ) l - N a p h t h a l e n e a c e t i c  A c i d  a n d  i - N a -  

p h t h a le n e a c e t a m id e . — D iscon tinue topic.
(12) O r g a n o tin  F u n g ic id e s .— In it ia te  collabo

ra tive  study o f the gas-liqu id  chrom atographic  
m ethod  fo r fenbutatin  oxide and fe n tin  in  
foods.

(13) P e n t a c h lo r o p h e n o l .— C o ntinu e  study o f 
m eans to e lim in a te  negative peaks and im prove  
q u antita tion  at levels b e lo w  0 .1 0  ppm .

(14 ) S o d iu m  o - P h e n y l p h e n a t e .— A p p o in t an  
Associate Referee to study h ig h  pressure liq u id  
or g as-liqu id  chrom atographic m ethods fo r o-  

p h e n y lp h e n o l in  foods.
(15) S u b s t it u te d  Ureas.— A p p o in t an Associate 

R eferee to investigate m ethods fo r urea h erb i
cides suitable fo r collaborative study.

(16 ) S u c c in ic  A c i d  2 ,2 - D i m e t h y l h y d r a z i d e . —  
A p p o in t an Associate Referee; continue study.

(17) T h io c a r b a m a te  H e r b i c i d e s .— A p p o in t an  
Associate Referee; con tinue study.

(18) s - T r ia z in e s .— A p p o in t an Associate R ef
eree to conduct co llaborative study o f the gas- 
liq u id  chrom atographic m ethod fo r a trazine and  
cyanazine (/. A s so c . O f f .  A n a l .  C h e m . (1980) 63, 
273).

(19) T riflu ra lin .— A p po in t an Associate Referee 
to conduct collaborative study o f a m ethod  fo r  
t r if lu ra lin  in  crops.
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Report on Metals and Other Elements

KENNETH W. BOYER
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 ic a l  T e c h n o lo g y ,  W a s h in g t o n ,  D C  2 0 2 0 4

A t o m ic  A b s o rp tio n  S p e c t r o p h o t o m e t r y  (AAS). 
— M ila n  Ih n a t, Associate Referee, is con tin u in g  
investiga tio n  o f factors affectin g  the re lia b ility  
o f flam e A A S  m easurem ents before consolidat
in g  A O  A C  and  o th er A A S  m ethods fo r in d iv id 
ual elem ents in to  a general analytical scheme for 
e lem enta l analysis o f b io log ical m aterials. The  
contributions of digestion acid-insoluble residue 
to total e lem ent levels in  NBS Standard R efer
ence M ate ria ls  and use o f m atrix -m atched  stan
dards have been studied, and recom m endations  
have been m ade on steps necessary to im p rove  
the accuracy o f A A S  determ inations. This w ork  
is expected to lead to a collaborative study of a 
g en era l A A S  analytica l scheme fo r several e le
m ents.

C a d m iu m  a n d  L e a d  in E a r t h e n w a r e .— Benjam in  
K rin itz , Associate Referee, reports that the In 
tern a tio n a l Standards O rg anisation  com m ittees  
on glass and ceramics have adopted the hot leach 
m ethod  fo r leachable Pb and Cd from  cookware. 
As reported  in  last year's G eneral Referee report 
( /. Assoc. O ff .  A n a l .  C h e m . (1981) 65, 342), the  
m ethod successfully u nd erw ent an international 
co llaborative study coord inated  by John G ould, 
D iv is io n  o f C hem ical T echno logy, FD A .

Because o f the  re la tive ly  h ig h  v a ria b ility  en 
countered  in  the results o f the hot leach collab
o ra tive  study, questions have been raised re
gard in g  the  re la tive  v a ria b ility  o f the d e te rm i
n a tive  step o f the m ethod  com pared to the v a ri
a b ility  in  the levels o f cadm ium  and lead ex
tracted fro m  the cookware. Standard solutions, 
w h ich  w ou ld  have allow ed this comparison to be 
m ade, w e re  not sent to collaborators in  the hot 
leach study. H o w ever, in  the collaborative study 
fo r A O A C  m etho d  25 .031-25 .034  conducted by 
K r in itz  and  Franco (/. Assoc. O ff .  A n a l .  C h e m .

(1973) 56, 869), the average re la tive  standard  
d ev ia tio n  fo r 7 leach solutions sent to 13 collab
orators and  ana lyzed  b y  atom ic absorption

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee E and were adopted by the Association, except 
recommendation (2). See the report of the Committee and 
"Changes in Methods," this issue. Subsequent to the Annual 
Meeting, the Committee adopted the hot leach method interim 
official first action.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition, and "Changes in Methods," /. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980); 65, 450-521 (1982).

spectroscopy was 5.2% fo r lead and  3.9% fo r  
cadm ium . O ne  could reasonably expect com 
parable  results in  the h ot leach study. K r in itz  
and  Franco d id  not send actual ceram ic w are  
samples to the collaborators, on ly  leach solutions. 
H o w e v e r, in  p reparing  the leach solutions they  
leached 54 h ig h  le v e l and 54 lo w  le v e l cups fo r  
lead. Because none o f the  cups contained lea
chable cadm ium , one of the lead leach solutions  
was spiked at 1 p g / m L  Cd to sim u late  cadm ium  
leaching. The w ith in-laboratory coefficients o f 
varia tio n  fo r the cups ranged from  17.2 to 80.0%  
fo r  24 h leaching. N o  betw een-laboratory  
coefficients o f varia tio n  are possible because a ll 
the leach ing  was carried out in  one laboratory. 
T y p ic a lly  the b etw een-laboratory  v a ria b ility  is 
about 1.5 times larger than the w ith in -laboratory  
variab ility . Thus the coefficients o f variation for 
the  h ot leach collaborative study, w h ic h  ranged  
fro m  11.3 to 53.7% fo r w ith in -la b o ra to ry  (re 
p ea ta b ility ) and  26.6 to 57.6% fo r b etw een-labo 
ra to ry  (re p ro d u c ib ility ) fa ll w ith in  the range of 
those o f the  study conducted by K r in itz  and  
Franco, w h ic h  resulted in  o ffic ia l f in a l action  
adoption  o f m ethod  25.031-25 .034 .

C a r b o n  R o d  A to m iz a t io n .— R obert Dabeka, A s
sociate Referee, reports that a collaborative study 
o f a rap id  screening m ethod  fo r Pb in  canned  
m ilk s  and in fa n t form ulas (D abeka, R. W . (1980) 
"R ap id  Screening D e te rm in a tio n  o f Lead in  
C anned  M ilk s  and In fa n t Form ulas U sing  
G rap h ite -F u rn ace  A to m ic  A b so rp tio n  Spec
tro m etry ," H e a lth  Protection Branch Laboratory  
Procedure L P FC -114, O ttaw a, O n ta rio , Canada) 
w i l l  be repeated w ith in  the next few  m onths. 
T h e  previous study was not successful because 
some collaborators used ins tru m en ta tion  w ith  
inadequate  background correction capab ility . 
T he  Associate Referee has developed a technique  
fo r each collaborator to independently  determ ine  
that the background correction capability  o f the  
A A S  ins tru m en t used is adequate before partic 
ip a tin g  in  the s tudy. C o llaborato rs  w ith  
g ra p h ite  fu rnace /carbo n  rod A A S  capabilities  
and experience in  low  level Pb determ ination  are 
b ein g  sought to partic ipate  in  the collaborative  
study o f the m ethod.

E m issio n  S p ec tro c h e m ica l M e t h o d s .— Fred Fricke, 
Associate Referee, reports no progress d uring  the 
past year tow ard  conducting  a collaborative
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study o f an in d u c tiv e ly  coupled plasm a (IC P ) 
m etho d  fo r m u ltie le m en t analysis o f foods. 
H o w e v e r, as m ore IC P  instrum ents come in to  
general use, there is strong interest in  h av in g  a 
collaboratively studied IC P  m ethod. D u rin g  the 
com ing  year the Associate R eferee w i l l  be re
v ie w in g  candidate m ethods and seeking collab
orators fo r such a study.

F l u o r i n e .— Robert Dabeka, Associate Referee, 
reports that the  flu o rid e  m etho d  and collabora
tive  study reported  in  1981 (D abeka, R., &  
M cK en zie , A . (1981) /. A s so c . O f f .  A n a l .  C h e m . 64, 
1021-1026) has not been recollaborated because 
o f o th er p rio rities . A fte r the recom m ended  
im provem ents are made to extend the analytical 
range and to adapt the m etho d  to fresh ra ther 
than  freeze -d ried  foods, the m ethod  w il l  be 
restud ied  co llaboratively.

H y d r id e  G e n e ra tin g  T e c h n iq u e s .— Stephen Capar, 
Associate Referee, reports that various h yd rid e  
gen era ting  systems presented in  the lite ra tu re  
w ith  A A S  detection are being  rev iew ed  fo r  
suitability  for possible future collaborative study. 
Elem ents being considered fo r in itia l study using 
th is technique are As, Se, and Sn.

M e r c u r y .— R o nald  S u d d e n d o rf, Associate  
Referee, reports no progress fo r the year and has 
resigned. A  rep lacem ent Associate Referee is 
being  sought for this topic.

M e t h y l  M e r c u r y  in  F ish  a n d  S h e l l f i s h .— Susan 
H ig h t , Associate Referee, reports that the col
labo rative  study o f the GC m ethod  (W atts, J., et 
al. (1976) J . A s so c . O ff . A n a l . C h e m . 59 ,1226-1233; 
O 'R e illy , J. (1982) J. C h ro m a to g r. 238, 433-444) for 
d ete rm in a tio n  o f m e th y l m ercury in  fish and  
shellfish has been com pleted successfully. N in e  
laboratories analyzed  b lin d  duplicates o f 4 sam
p le  types (sw ordfish , tuna, oysters, and sh rim p ) 
at 2 levels each betw een  0.15 and 2.48 f i g  H g /g .  
The o vera ll re p ro d u c ib ility  coeffic ien t o f v a ria 
tion  was 10% and the o vera ll average recovery  
(com pared to reference laboratory values) was 
108%. Data from  one laboratory w ere  not in 
cluded in  the statistical analysis because that 
labora tory  d id  not fo llo w  the m eth o d  as 
w ritten .

M u lt ie l e m e n t  A n a ly s is  o f  I n fa n t  F o r m u la  b y  

I C P .— R onald  S udd end orf, Associate Referee, 
reports that 6 laboratories have com pleted  the  
collaborative study o f a m ethod  (u n pu b lish ed ) 
fo r d ete rm in a tio n  of Ca, N a , P, K , M g , M n , C u , 
Fe, and Z n  in  in fan t form ula  by IC P. T w o  other 
laboratories that w ere  to have partic ipated  have  
dropped  out and w i l l  not conduct the study be
cause of o ther com m itm ents. A  p re lim in a ry

rev iew  of the data indicates that the results of the  
study are acceptable and that the m ethod w il l  be 
recom m ended  fo r in te rim  o ffic ia l firs t action  
status a fter a com plete statistical analysis of the  
data.

M u lt ie le m e n t  D e te r m in a tio n  a f t e r  C lo s e d  S y s t e m  

D ig e s t io n .— W alter H o lak , Associate Referee, has 
extended the o ffic ia l firs t action closed system  
digestion m ethod (25 .A 01-25.A 05) for Pb, Cd, As, 
Se, and Z n  to include C u, N i, and Cr. N i  and C r 
are d eterm ined  by d iffe re n tia l pulse polarogra- 
phy and Cu by anodic stripp ing voltam m etry. A  
m odifica tio n  of the closed system d igestion  a l
lows a ll operations, in c lu d in g  d igestion  and  
determ ination, to be carried out in  a single Teflon  
decom position vessel. This  grea tly  m in im izes  
con tam ination  and  is especially useful fo r de 
te rm in in g  lo w  levels o f Pb. Participants are 
being  sought fo r co llaborative study to extend  
the m ethod  to inc lude  C u, N i,  and C r and the  
m o d ifica tio n  discussed above.

M u lt ie l e m e n t  R e s id u e s  b y  R e s in  C o lu m n  S e p a r a 

t io n .— Richard  Baetz, Associate Referee, reports  
no progress fo r the year, but is conducting  a l i t 
erature search fo r a m ethod  suitable fo r collabo
rative  study.

O r g a n o m e t a l l i c s .— R onald  S uddendorf, Asso
ciate Referee, reports no progress for the year and  
has resigned this Associate Refereeship. John  
Jones, F D A , D iv is io n  o f C hem ical Techno logy, 
is active ly  conducting  research in  th is area and  
has been recom m ended  as the  rep lacem ent.

P o l a r o g r a p h y .— R aym o nd  G ajan, Associate  
Referee, reports no progress fo r the  year. The  
d ry  ash-anodic  s trip p in g  vo ltam m etric  m ethod  
ado pted  as o ff ic ia l f irs t action  last year  
(25 .C 01 -25 .C 07 ) is being  ac tive ly  used fo r de
te rm in a tio n  of lead and cadm ium  in  foods.

T i n .— Edgar E lk ins, Associate Referee, w i l l  
w o rk  w ith  R obert Dabeka in  conducting  a col
laborative study o f a rap id  and s im ple m ethod  
(D abeka, R., &  M cK en zie , A . (1981) J. A s s o c . O f f .  

A n a l . C h e m . 64 ,1297-1300) for Sn in  canned foods 
using n itr ic  and hyd ro ch lo ric  acid sam ple d i
gestion and n itrous oxide-acetylene flam e A A S  
determ ination  o f Sn. Collaborators are actively  
being sought for conduct o f this study w ith in  the 
next few  m onths.

V o lt a m m e t r ic  M e t h o d s .— Eric Z in k , Associate 
Referee, reports no progress fo r the year. Rec
om m endation  of the offic ia l first action m ethod, 
25 .080-25 .082  (de term in a tio n  o f Pb in  m ilk  and  
f ru it  juices by A S V ), fo r o ffic ia l f in a l action is 
postponed p en d in g  pub lication  o f the collabo
rative  study results.
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Recommenda dons

(1) C o n tin u e  assessment o f A A S  m ethoas and  
develop a com prehensive A A S analytical scheme 
fo r co llab orative  study.

(2) A d o p t as o ffic ia l firs t action (a fte r con
vers ion  to A O  A C  fo rm a t) the h o t leach m ethod  
fo r leachable Pb and C d  fro m  cookw are adopted  
by the  In te rn a tio n a l Standards O rg an isa tio n  
com m ittees on glass and  on  ceramics.

(3) C o llab o ra tive ly  study the rap id  screening  
m eth o d  fo r Pb in  canned m ilks  and in fa n t fo r
m u la  b y  carbon rod  A A S .

(4) C o lla b o ra tiv e ly  study an IC P  m etho d  fo r  
m u ltie le m e n t analysis o f foods.

(5) C o llab ora tive ly  study the flu o rid e  m ethod  
o f D abeka and  M c K e n z ie  again  a fte r inco rp o 
ra tin g  recom m end ed  im pro vem ents .

(6 ) A d o p t as offic ial first action the GC m ethod  
fo r d ete rm in a tio n  o f m e th y l m ercury in  fish  and  
she llfish  s tud ied  c o llab o ra tive ly  b y  H ig h t  and  
Capar.

(7) C o m plete  the statistical analysis o f the IC P

co llab orative  study o f the m etho d  fo r m u ltie le -  
m e n ta l analysis o f in fa n t fo rm u la . M a k e  ap
p ro p ria te  recom m endations re g ard in g  in te r im  
o ffic ia l firs t action status.

(8 ) C o llab ora tive ly  study the m o d ified  closed 
system digestion  m ethod  by collaborative study  
to ex te n d  t h -  f ic ia l firs t action  m etho d  
(2 5 .A 0 1 -7 5  \ 0 5 )  to in c lu d e  C u , N i ,  and  Cr. 
C o n tin u e  ^ .fic ia l firs t action status fo r this  
m ethod .

(9) By w ay  o f c la rifica tio n , change the t itle  o f 
th e  Associate R efereeship  "O rg an o m eta llics" to 
"O rg an o m eta llics  in  Foods."

(10) C o n tinu e  o ffic ia l first action status of the  
d ry  ash A S V  m etho d  fo r Pb and  C d  in  foods, 
2 5 .C 0 1 -2 5 .C 0 7 .

(11) C o lla b o ra tiv e ly  study the  A A S  m ethod  
fo r Sn in  foods. C o n tin u e  o ffic ia l firs t action  
status fo r m etho d  25 .136-25 .138 .

(12) C o n tin u e  o ffic ia l firs t action  status of 
v o lta m m e tr ic  m eth o d  2 5 .080 -25 .082 , p en d in g  
p u b lic a tio n  o f the co llab orative  study results.

(13 ) C o n tin u e  w o rk  on a ll o th er topics.

Report on Multiresidue Methods (Interlaboratory Studies)

PAUL E. CORNELIUSSEN
F o o d  a n d  D r u g  A d m in i s t r a t i o n ,  D iv is io n  o f  C h e m ic a l  T e c h n o l o g y ,  W a s h in g t o n ,  D C  2 0 2 0 4

F iv e  Associate Referees have rep orted  on the  
status o f w o rk  on th e ir  topics. T he  top ic  Pesti
cides in  M e a t and  M e a t Products rem ains v a 
cant.

C o m p r e h e n s i v e  M u l t i r e s i d u e  M e t h o d o l o g y .—  
Associate Referee J. Froberg w i l l  a ttem p t in  1983 
to o b ta in  a d d itio n a l assistance as necessary to 
proceed  to w a rd  a co llab orative  study on the im 
p ro ve d  pestic ide m u ltire s id u e  m eth o d  o f Luke  
et al. (/. Assoc. O f f .  A n a l .  C h e m . (1981) 64, 1187- 
1195). I t  w i l l  firs t be necessary to conduct a 
ruggedness test an d  in tra -  and  in te rla b o ra to ry  
tria ls  o f the  m ethod . In  these trials, the standard  
a d d itio n s  approach proposed b y  the  Associate

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition.

The recommendations of the General Referee were approved 
by Committee E and were accepted by the Association. See the 
report of the Committee, this issue.

R eferee  a fte r the p u b lica tio n  o f the m eth o d  w i l l  
be used to o ffset the q u a n tita tio n  p roblem s re 
su ltin g  fro m  greater gas-liqu id  chrom atographic  
responses fo r some analytes in  the  presence of 
crop extractives than  in  pure standard solutions. 
T h e  Associate R eferee sho u ld  th en  p repare  p ro 
tocols fo r collaborative study o f the m ethod  using  
standard  add itions fo r q u an tita tion , i f  w arran ted  
by  th e  results o f the  in tra -  and  in te rla b o ra to ry  
tria ls , fo r  re v ie w  and  com m en t by the  G eneral 
R eferee.

G a s - L iq u id  C h r o m a t o g r a p h y  ( A lk a l in e  P r e - c o l 

u m n ) .— G. M i l le r  expects d u r in g  1983 to be able  
to com plete  a p u b lic a tio n  coverin g  the o vera ll 
in fo rm a tio n  on the  effectiveness o f the  a lk a lin e  
p re c o lu m n  (/. Assoc. O f f .  A n a l .  C h e m .  (1969) 52, 
5 4 8 -5 6 4 ) in  p ro v id in g  q u a n tita tiv e  results in  
actual food analyses. A  co llab orative  study in 
v o lv in g  so lu tions o f pesticides (d ich lo ro -b is - 
(p h e n y l) ethane derivatives) has been com pleted  
alon g  w ith  subsequent in tra lab ora to ry  studies to
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show  effectiveness w ith  actual food analyses.
O rg a n o p h o sp h o ru s  P esticid e  R e s id u e s .— Associate 

R eferee R. Laski is w o rk in g  tow ard  extension of 
m ethod 29.039-29.043 to include additional polar 
organophosphorus pesticides and m etabolites of 
cu rre n t interest. D u rin g  1983, he hopes to in 
vestigate recoveries o f ap p ro x im ate ly  14 ch em i
cals.

P e s t ic id e s  in M e a t s  a n d  M e a t  P r o d u c t s .— This is 
an im p o rtan t topic w h ic h  has been vacant for  
m an y years. A n  Associate Referee should  be 
appointed to collaborate the extension of m ethod
29 .001 -29 .028  to the  d e te rm in a tio n  o f organo- 
c h lo rin e  pesticide residues in  m eat and m eat 
products. I t  is recognized tha t o th er m ethods  
m ay also be w id e ly  used, but an o ffic ia l m ethod  
is needed to serve as a benchm ark fo r the varie ty  
of m ethods lik e ly  to be used on meats in  the fu 
ture.

P o llu ta n t  P h e n o ls  in  F i s h .— Associate Referee  
L arry  S m ith  has developed  a m etho d  in v o lv in g  
a dual co lu m n chrom atograph ic operation  to 
recover p u rif ie d  p h en o lic  residues, d erivatiza - 
tion , and an electron capture G LC  d eterm inative  
step. A  w id e  range o f pheno lic  and o ther acidic 
residues are recoverable by this approach. The  
Associate Referee is carry ing  out an in te rlab o 
ra to ry  eva lu a tion  o f the  m ethod , w ith  a fu tu re  
co llaborative  study i f  the in te rlab o ra to ry  eva lu 
a tio n  is successful. T he  R eferee concurs w ith  
th is  course o f study.

W h o le  B lo o d .— Associate Referee H . M . Stahr 
has in itia te d  a collaborative study o f his m ethod  
fo r  ch lo rin a ted  pesticides in  w h o le  b lood  (/. 
Assoc. O f f .  A n a l .  C h e m . (1980), 63, 965 -969 ). Six 
samples o f freeze -d ried  b lood  w ith  lin d a n e  and  
m irex  added by feed in g  a b o v in e  a n im a l w ere  
d is trib u ted  to 8  laboratories. T he  Associate 
Referee earlie r dem onstrated the s tab ility  of the  
pesticides in  the  freeze -d ried  b lood. T h e  Asso
ciate R eferee should  obtain  the results fro m  the  
rem ainder o f the collaborative study participants

and  prepare  a report, in c lu d in g  his recom m en
d ation . T he  m ethod  w il l  be considered fo r in 
te rim  adoption , d epend ing  upon  the fin d in g s  of 
th e  study.

Recommenda tions

(1 ) C onduct ruggedness test and in tra - and  
in te rla b o ra to ry  tria ls  o f the  im p ro ved  pesticide  
m u ltire s id u e  m etho d  o f L uke et al. (/. Assoc. O f f .  

A n a l .  C h e m . (1981) 6 4 ,1187 -1195 ), possibly using  
the  standard  add itions approach subsequently  
proposed by the Associate Referee; conduct col
lab o ra tive  study as ind ica ted  b y  results o f these 
studies.

(2) S ubm it m anuscrip t on the perform ance of 
the  a lk a lin e  p reco lu m n  g as-liqu id  chrom ato 
graphic m ethod for id en tify in g  and determ in ing  
o ,p '- D D T ,  p ,p '- D D T , p ,p '- TD E, m ethoxychlor, and  
P erth ane  as th e ir  dehydroh a log en ated  d e riv a 
tives (/. A sso c . O ff . A n a l . C h e m . (1969) 52 ,548 -553)  
in  th e  co llaborative  study o f the  q uan tita tive  
d e h y d ro h a lo g e n a tio n  and  d e te rm in a tio n  of 
these pesticides in  the absence o f a food sam ple  
m a trix , and  in  the in tra lab ora to ry  studies o f the  
m eth o d  in  actual food analyses.

(3) C o n tin u e  study to extend  the  coverage o f  
2 9 .039 -29 .043  to ad d itio n a l o rganophosphorus  
pesticides and  ad d itio n a l crops; con tinue  study  
to com pile  and  sum m arize  ava ilab le  data on the  
recovery o f organophosphorus pesticides b y  this  
m ethod .

(4) A p p o in t an Associate Referee for Pesticides 
in  M eat and M eat Products; in itia te  collaborative  
study to test the a p p lic ab ility  o f the  A O A C  m u l
tires idu e  m etho d o log y , 29 .001 -29 .028 , fo r d e 
te rm in in g  o rg an och lo rine  pesticide residues in  
m eat and m eat products.

(5) C o n tin u e  study on topic of P o llu ta n t  
P heno ls  in  Fish.

(6 ) F ina lize  and report the collaborative study  
on pesticides in  w h o le  b lood.
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R eport on O rganoch lorine  Pesticides

BERNADETTE M. McMAHON
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em ic a l T e c h n o lo g y , W a sh in g to n , D C  2 0 2 0 4

Associate Referees are appo in ted  to 10 topics. 
T h e  topics D ico fo l and Root-Absorbed Residues 
are vacant. A  b rie f sum m ary o f the status and  
recom m endations fo r each topic fo llo w .

Chlordane (W ilb u r Saxton, FD A , Seattle).— The  
Associate Referee has invested his research tim e  
th is year in  experim ents w ith  cap illa ry  colum n  
gas chrom atography, w h ic h  he sees as the most 
practical tool fo r d ete rm ina tion  o f chlordane  
residues. Q uan tita tio n  by capillary  G LC w o u ld  
s till req u ire  the  curren t choice betw een  use of 
technical ch lordane or in d iv id u a l com ponents  
as reference standards. F urther w o rk  is needed  
on the choice o f colum ns and investigation  of 
tem peratu re  p ro gram m in g . The Associate R ef
eree in tends to continue these studies o f the de
te rm in a tiv e  step so that he w i l l  be able to rec
o m m en d  a p articu lar technique. A t that p o in t, 
the  technique w i l l  be tested in  ano ther labora
tory.

I t  is recom m ended  that w o rk  con tin ue on the  
app lication  o f cap illa ry  colum n gas chrom atog
ra p h y  to the analysis of residual chlordane. It  
is also recom m ended  that the Associate Referee  
in it ia te  a co llaborative study o f a m ethod  com
b in in g  m u ltires idu e  extraction, 29 .011-29 .012 , 
acetonitrile  p artitio n ing  cleanup, 29.014, F lorisil 
co lu m n  chrom atograph ic cleanup and residue  
separation , 29 .031-29 .033 , and electron capture 
gas-liqu id  chrom atography, 29.018, fo r d eter
m in in g  residues of c/s-chlordane, frans-chlor- 
dane, octachlor epoxide (oxychlordane), and  
h ep tach lo r epoxide in  b utter, eggs, fish , and  
p o u ltry  fat.

C h lo r in a t e d  D io x in s  (D a v id  F irestone, F D A , 
W a s h in g to n ).— W o rk  is co n tin u in g  on d eve l
o p m en t and  eva luatio n  o f cleanup procedures  
suitab le  fo r lo w  le v e l (parts per tr ill io n )  exam i
n a tio n  o f foods fo r the presence o f 2,3,7,8-tetra- 
ch lo ro d ib en zo -p -d iox in  (T C D D ). Results from  
the  1981 in te rn a tio n a l (U .S ./C an ad a ) in te rlab o 
ra to ry  study com paring  m ethods fo r T C D D  in  
fish  have been evaluated  and a report was p re 
sented at the 1982 A O  A C  m eeting. The various
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methods used w ere capable of detecting 1 -1 0  ppt 
T C D D . The great va ria tio n  (29 -109% ) in  re 
covery o f an in tern a l standard dem onstrated the  
need  fo r inc lu d in g  a correction fo r recoveries as 
p art o f the q uan tita tion  technique fo r T C D D .

W o rk  on a m u lti-c o lu m n  H P L C  m ethod  by R. 
N ie m a n n  has resulted  in  the descrip tion  o f a 
m etho d  in  w h ic h  T C D D  is d eterm ined  by capil
la ry  co lum n gas chrom atography w ith  electron  
capture detection and confirm ed by m u ltip le  ion  
G C /m ass spectrom etry w ith  12 ions m on ito red . 
The F D A  D etro it district has begun an evaluation  
o f the in d iv id u a l steps o f the  m ethod  described  
by N iem an n  and of the m ethod used by the D ow  
C hem ica l Co.

I t  is recom m ended  that w o rk  on m ethods fo r  
T C D D  continue w ith  a goal of choosing a m ethod  
w h ic h  can be recom m ended fo r T C D D  analysis  
at p p t levels.

C h lo r o b e n z u a t e , C h lo r o p r o p y la t e ,  a n d  B ro m o p r o -  

p y la t e  (Roy Brosdal, F D A , C h icago).— N o  Asso
ciate Referee report was received.

D ic o fo l (V acan t).— It  is recom m ended  that an  
Associate Referee be appo in ted  to develop  a 
suitable m ethod  fo r d icofo l residues.

K e p o n e  (F. D . G rif f ith , Jr, V irg in ia  D iv is io n  o f 
C onsolidated  Laboratory Services, R ichm ond, 
V A ) .— The Associate Referee has been unable to 
spend tim e  on the project d u rin g  the past year. 
H e  expects to renew  his in vo lvem en t in  analysis 
o f K epone in  the upcom ing  year because o f a 
resurgence o f interest in  V irg in ia , n o w  that the  
James R iver has been reopened fo r fish ing. It  is 
recom m ended  that the Associate Referee con
tin u e  to study m ethods fo r Kepone w ith  a goal 
o f id e n tify in g  a m ethod  suitable fo r in te rlab o 
ra to ry  use.

L o w  M o is t u r e - H ig h  F a t  S a m p le s  (Leon  Saw yer, 
F D A , M in n eap o lis ).— The m ethod fo r extraction  
o f oils and pesticide residues fro m  oilseeds and  
o ther lo w  m o is tu re -h ig h  fat samples, w h ic h  was 
presented at the O ctober 1981 A O A C  m eeting , 
has been published (Sawyer, L. D . (1982) ] .  A s so c . 

O f f .  A n a l .  C h e m . 65 1122-1128). It  is recom 
m ended  that this m ethod  be co llaborative ly  
stud ied  d u rin g  the upcom ing  year.

M u l t i r e s i d u e  M e t h o d o l o g y ,  M in i a t u r i z a t io n  

(R onald  Erney, F D A , D e tro it) .— The Associate 
R eferee com pleted  his eva luation  o f the results 
o f a co llaborative study and presented it  at the  
1982 m eeting . The m ethod  w h ic h  was tested
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invo lves  solvent extraction of fish , fo llo w e d  by 
cleanup  of an a liqu ot o f the extract on a sm all (4 
g) co lum n of F loris il. Residues are e lu ted  from  
the  F lo ris il colum n w ith  6 % and 15% eth y l 
eth er-pe tro leu m  ether eluants. Seven collabo
rators partic ipated  in  the study. Recoveries of 
5 added pesticides and 2 added PCB m ixtures  
ranged  fro m  79.3 to 100.6%, and  betw een-labo- 
ra to ry  coefficients o f va ria tio n  ranged fro m  6.3 
to 20.6%. Tw o  types of fish w ere included in  the 
study: perch w ith  ap p ro xim ately  3.8% fat and  
cod w ith  approx im ately  0.16% fat. A  supple
m en ta l cleanup step was inc luded  in  the study  
fo r the  15% eluate o f the perch sam ple to w h ic h  
d ie ld r in  had been added but not to the equ iva
le n t eluate from  cod. Com parison of recoveries 
of d ie ld rin  throu gh  the 2  trials showed little  loss 
of d ie ld r in  th ro u g h  the supplem enta l cleanup  
(76% average recovery from  perch, 73-80%  range 
fo r 7 values, vs 82% average recovery fro m  cod, 
73-86%  range fo r 7 values). T h e  Associate Ref
eree feels that the supplem ental cleanup should  
be inc lu d ed  as part o f the m ethod , and that it 
should  be recom m ended  for cleanup of 15% el- 
uates o f fish  samples w ith  m ore than 5% fat 
content to p reven t d eterio ration  of the GC  
colum n.

H e  believes that the s im ila r m icro-scale a lka 
lin e  hydro lysis  m ethod  w h ic h  a lready has o ff i
cial status (29.017, "Changes in  M ethods" (1980) 
J . A s s o c . O f f .  A n a l .  C h e m . 63 ,39 5 ) is not a suitable  
substitute fo r the technique used in  this collab
orative study, because o n ly  a single p artition ing  
w ith  hexane of the alkaline-treated extract is used 
in  that procedure, com pared w ith  a double par
t itio n in g  in  the procedure tested d u rin g  this  
collaborative study. Because m ethod 29.017 was 
o rig in a lly  developed  fo r dehydroh alog enation  
of P erthane to its o le fin  (1), it  was not tested on 
15% eluates o f fatty  foods. A n o th e r reference to 
m icro-scale a lk a lin e  hydro lysis  m ethods (2 ) 
points out that e th an o l-w a te r (1 +  1), as used by  
the Associate Referee d u rin g  the f in a l double  
p artitio n ing  step, is preferable to the w ater used 
in  m ethod  29.017 in  its a b ility  to p re v e n t e m u l
sions d u rin g  p artitio n in g  o f fa tty  extracts.

It  is recom m ended that the m ethod be adopted  
as o ffic ia l first action fo r p , p ' - D D E , p ,p ' - T D E , 
p , p ' - D D T , d ie ld rin , h ep tach lor epoxide, and  
PCBs in  fish, and that the supplem ental cleanup  
step as described by E rney be inc lu d ed  fo r op
tion al use on 15% eluates and recom m ended  for 
samples o f fish o f m ore than  5% fat content.

P h o t o c h e m ic a l D e riv a t iz a t io n  f o r  C o n fir m a t io n  o f  

R e sid u e  Id e n tity  (Paul W ard , F D A , A tlan ta ).— The  
Associate Referee presented at this m eeting  a

rep ort on his m ethod  fo r co n firm in g  pesticide  
id e n tity  based on the G LC  re la tive  re ten tion  
tim es of pesticide pho toderivatives  com pared  
w ith  those o f standard solutions. O f  35 orga- 
n och lo rine  com pounds w h ic h  w ere  fo u n d  to 
produce usable photoderivatives w h en  irradiated  
w ith  U V  lig h t, 10 w ere chosen fo r fu rth e r study. 
T w o  o f the 10 w ere  added to each o f 5 food or 
feed products (celery, fish, eggs, cheese, and  
p e lle tized  an im al feed) and  analysis p erfo rm ed  
by the appropria te  A O A C  m ethod. Photolysis  
was then  p erfo rm ed  on the extracts fro m  those 
m ethods to d e te rm ine  h o w  the p h o to d eriva ti-  
zation m ethod w ou ld  be affected by the presence 
of sample co-extractives. D erivatives form ed in  
the sample extract w ere the same as those form ed  
in  pure solution (based on G LC  retention  tim es), 
but usually the degree of conversion was reduced  
by the presence of co-extractives. In  no case d id  
the presence of co-extractives p reven t the fo r
m ation of the derivatives. The Associate Referee 
recom m ends that the pho toderivatives  o f se
lected pesticides be id e n tif ie d  by mass spec
tro m etry  and that the results o f these id e n tif i
cations be published.

The G eneral Referee recom m ends that mass 
spectrometric iden tification  o f photoderivatives  
be p erfo rm ed  fo r selected com pounds, such as 
endosulfan  I ,  cis- and iraus-nonachlor, and oc- 
tachlor epoxide, whose derivative form ation was 
show n to be excellen t, even in  the presence o f 
sam ple extract; results should be pub lished.

P o ly c h lo r in a te d  B ip h e n y ls  (Leon Saw yer, F D A , 
M inn eap o lis ).— N o  fu rth e r w o rk  has been done  
by the Associate Referee on this topic. It  is rec
om m ended  that the Associate R efereeship  be 
m ain ta in ed  so that a focal p o in t w i l l  exist fo r  
fu tu re  questions about m ethodo logy fo r PCB.

R o o t - A b s o r b e d  R e s id u e s ,  E x t r a c t io n  P r o c e d u r e  

(V acant).— It  is recom m ended that an Associate 
Referee be appoin ted  to (1 ) evaluate recen tly  
developed  in fo rm atio n  on the extraction of 
root-absorbed residues; (2 ) develop  and test an 
app ropria te  m ethod  fo r root-absorbed residues 
based on these find in gs , w ith  the goal o f inco r
porating  such a procedure in to  the m u ltires icue  
m ethod , 29.001-29 .018; and (3) undertake  in 
terlaboratory and collaborative testing o f the  
m ethod.

T e t r a d i fo n ,  E n d o s u l fa n ,  T e t r a s u l  (Law rence  
M itc h e ll, F D A , A tlan ta ).— The Associate Referee  
has n ow  collected samples o f a ll 11 n on fa tty  
foods for w h ich  m ethod  29 .029-29 .034  has not 
yet been va lidated . It  is recom m ended  that the  
in tralaboratory trials be com pleted w ith  m ethod
29 .029-29 .034  to va lidate  the use o f th is m ethod
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fo r te trad ifo n , endosulfan  I, I I ,  and sulfate, and  
tetrasul in  a ll foods n o w  covered by 29 .001-
29.018.

T o x a p h e n e  (L arry  Lane, M ississippi State U n i
ve rs ity ).— The Associate Referee has continued  
to study the app lication  o f a technique in  w h ic h  
toxaphene residues are in it ia lly  separated by TLC  
in to  15 fractions, a fter w h ic h  each fraction  is 
exam ined by capillary colum n GLC w ith  electron  
capture detection. The purpose of this approach 
is to a ttem p t to id e n tify  w h ic h  com ponents of 
technical toxaphene are lik e ly  to persist and ap
p ear as residues in  various foods. A  survey  
being  done in  the Associate Referee's laboratory  
w il l  a llo w  31 d iffe re n t fish  samples (composites 
representing 127 ind iv id u al fish) to be exam ined  
by  th is  technique and p ro vid e  fu rth e r in fo rm a 
tio n  about this approach. Com ponents w h ic h  
persist as residues w i l l  be analyzed  by mass 
spectrom etry to d eterm ine  id e n tity . I t  is rec
o m m en ded  that the w o rk  on th is topic continue  
in  o rd er to develop  a practical means o f q u an ti
ta tin g  residues of toxaphene.

R e c o m m e n d a t io n s

(1) A p p o in t Associate Referees on D icofo l and  
R oot-A bsorbed Residues to f i l l  vacant topics.

(2) Create a R efereeship on G el Perm eation  
C h ro m ato g rap h y  C leanup  fo r O rg ano ch lo rin e

Residues and app o in t an Associate Referee.
(3) Create an Associate R efereeship on PCBs 

in  serum  and app o in t an Associate Referee.
(4) A d o p t as o ffic ia l firs t action the m in ia tu r

ized  m ethod  fo r p , p ' - D D E , p , p ' - D D T , p , p ' - TD E , 
d ie ld r in , hep tach lor epoxide, and PCBs in  fish.

(5) C o llab ora tive ly  study the  m ethod  fo r o il
seeds and some re lated  lo w  m o is tu re -h ig h  fat 
samples (Saw yer, L. D . (1982) /. Assoc. O ff .  A n a l .  

C h e m . 65, 1122-1128).
(6 ) C ollaboratively study a m ethod com bining  

m u ltires idu e  extraction, 29 .011-29 .012 , acetoni
trile  partition ing  cleanup, 29.014, Florisil colum n  
chrom atographic cleanup and residue separation,
29 .031-29 .033 , and electron capture gas-liqu id  
chrom atography, 29.018, fo r d e te rm in in g  resi
dues o f ds-chlordane, frans-chlordane, octachlor 
epoxide (oxychlordane), and heptachlor epoxide  
in  b u tte r, eggs, fish , and p o u ltry  fat.

(7) C ontinue the ongoing w ork  on chlorinated  
dioxins; ch lo robenzila te , ch lo ropropylate , and  
brom opropylate ; Kepone; photochem ical deri- 
v a tiza tion ; p o lych lo rina ted  b iphenyls; te trad i
fo n , endosu lfan , and tetrasul; and toxaphene.

R e f e r e n c e s

(1) Krause, R. T. (1972) /. Assoc. Off. Anal. Chem. 55, 
1042; (1973) /. Assoc. Off. Anal. Chem. 56, 721-727

(2) Young, S. J. V„ & Burke, J. A. (1972) Bull. Environ. 
Contain. Toxicol. 7,160-167

Report on Organophosphorus Pesticides

K E IT H  A . M c C U L L Y
H e a l t h  a n d  W e l f a r e  C a n a d a ,  H e a l t h  P r o t e c t i o n

The published literature on the determ ination  
of organophosphorus pesticide residues has been 
m o n ito red  by the G eneral Referee d u rin g  the  
past year. Szeto et al. (1) d ete rm ined  acephate 
and m etham idophos residues in  fish, asparagus, 
sedim ent, and  w ater. Residues w ere  extracted  
w ith  aceto n itrile  except fo r fish samples w h ich  
w ere extracted w ith  e th y l acetate. Samples w ere  
cleaned up on a m ixed  co lum n o f charcoal-cel-

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee E and were accepted by the Association. See the 
report of the Committee, this issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition.

B r a n c h ,  O t t a w a ,  O n t a r i o ,  C a n a d a  K 1 A  1 B 7

lulose (2 +  5) fo llo w e d  by analysis by gas-liqu id  
chrom atography (G LC ) w ith  a n itro g en -p h o s 
phorus detector (N P D ).

Yam azaki et al. (2) described a m ethod  fo r the  
d ete rm in a tio n  o f acephate and its m etabo lite  
m etham idophos in  tobacco plants. The residues 
w ere extracted w ith  e thy l acetate, cleaned up on  
a silica gel colum n, and determ ined by G LC w ith  
flam e photom etric detection (FP D ). W ilson  and  
Bushway (3) reported a h ig h  perform ance liq u id  
chrom atograph ic (H P L C ) m ethod  fo r the d eter
m in a tio n  o f az inp ho s -m eth y l and azinphos- 
m ethy l oxon in  tomatoes, green beans, potatoes, 
apples, and blueberries. Residues w ere extracted  
w ith  m ethan o l, p artition ed  in to  m ethy len e  
ch lo ride , and cleaned up  on an activated  C 18
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Sep-Pak cartridge. W atters (4) d ete rm ined  
brom ophos and m ala th io n  residues in  rapeseed  
by G L C -F P D . Samples w ere  Soxhlet-extracted  
w ith  e thy l acetate-hexane (2  +  8 ) and cleaned up  
on a Sephadex L H -2 0  gel colum n.

G u in ivan  et al. (5) sim ultaneously determ ined  
ch lo rpyrifos  and its m etabo lite , 3 ,5 ,6 -trich lo ro -
2 -p y rid in o l by electron capture G LC  a fte r p re 
parative gel perm eation chrom atography of ethyl 
acetate extracts o f Southern  Pea vines. The py- 
r id in o l was analyzed  as its N ,0 -b is (trim eth y ls i- 
ly l)acetam ide d erivative . C h lo rp yrifo s  was 
stable to the d eriva tiza tio n  procedure. A  later 
pub lica tion  by the same authors (6 ) reported  re
finem ents  to the m etho d  to avoid  chrom ato
graph ic in terferen ce in  the d e te rm in a tio n  of 
chlorpyrifos residues in  peaches and Bahia grass 
samples. C h lo rp y rifo s -m e th y l residues w ere  
determ ined in  balsam fir  foliage, forest litter, soil, 
sedim ent, and fish by G L C -F P D  and N P D  (7). 
Sam ples w ere  extracted by 20% acetone in  hex
ane, and  cleaned up on a F lo ris il colum n by e lu 
tion  w ith  40% benzene in  hexane. A verage re 
coveries ranged from  91 to 102%. Sim onaitis et 
al. (8 ) developed a m ethod for the determ ination  
o f ch lo rp yrifo s -m eth y l in  d ry  cat food by G LC - 
FP D , in c lu d in g  extraction w ith  acetone and  
cleanup  on an aceto n itrile -on -F lo ris il colum n. 
This procedure was compared w ith  and found  to 
be superior to 7 o ther cleanup procedures.

Iw ata  et al. (9) reported analysis of residues of 
ch lo rth io phos  and  its su lfoxide, sulfone, oxon, 
oxon su lfoxide, and oxon sulfone in  citrus. 
Residues w ere  extracted w ith  acetone, p a rti
tion ed  in to  benzene, and cleaned up on a silica  
gel colum n. Chlorth iophos was eluted w ith  50% 
hexane in  b enzene, the sulfone w ith  benzene, 
the su lfoxide and the oxon w ith  1% acetone in  
benzene, the sulfone oxon w ith  5% acetone in  
benzene, and, f in a lly , the sulfoxide oxon w ith  
15% acetone in  benzene. Residues w ere  deter
m in ed  by G L C -N P D  except for the sulfone oxon 
and  sulfoxide oxon fractions w h ic h  contained  
in te rfe rin g  background peaks. These com
pounds w ere  each separately h yd ro lyzed  to 
diethy lpho sphoric  acid and then analyzed as the 
p en ty l ester a fte r treatm ent w ith  ethereal d ia 
zopentane. These authors (9) carried out some 
residue s tab ility  studies and reported  that 
ch lo rth io phos  and its sulfoxide w ere  stable in  
laboratory-treated  w h o le  fru it  stored at 8 °C  fo r  
2 and  7 days. T he oxon sulfoxide levels de
creased s ig n ifican tly . Residues of ch lo rth io 
phos, its sulfoxide, and its oxon sulfoxide w ere  
stable in  chopped r in d  samples prepared fro m  
laboratory-treated  fru its  and kep t u n d er frozen

storage fo r up  to 6 weeks. Residues o f a ll com 
pounds (ch lorth iophos, the sulfoxide, the sul
fone, the oxon, the oxon sulfoxide, and the oxon  
sulfone) w ere  stable in  the acetone extract stored 
at 8 °C  fo r up to 6  weeks.

Residues o f crufom ate w ere  d ete rm in e c  in  
m ilk  and m ilk  products by G L C -N P D  fo llo w in g  
acetone extraction, re-extraction in to  m ethylene  
ch lo rid e , and cleanup by h exan e-ace to n itrile  
p a rtit io n in g  (10). Seguchi and Asaka (11) re 
ported  a m ethod  fo r the d ete rm ina tion  o f d iaz- 
in o n  and its m etabolites in  fish. F o llo w in g  ex
traction w ith  ch lo ro fo rm -2 -propanol (1 +  1), one 
p o rtio n  o f the extract was cleaned up on silica  
gel, d eriva tized  w ith  2 ,5 -d ich lorobenzenesu l- 
fo n y l ch lo rid e  and T M S  for G L C -e le c tro n  cap
ture  d e te rm in a tio n  of p y r im id in e  m etabolites. 
The o th er p o rtio n  of the extract was cleaned up  
on a lu m in a  fo r G LC -F P D  d ete rm in a tio n  o f d i-  
azinon and related compounds. D im ethoate and  
dim ethoxon  residues w ere  determ ined  in  w heat 
plants by G LC -F P D  (12). Residues w ere  ex
tracted w ith  ch lo ro fo rm , and cleaned u p  on a 
silica gel colum n w ith  e lution  by acetone. Leidy  
and Sheets (13) determ ined  residues o f ethoprop  
and d isu lfo ton  and its m etabolites in  soils and  
tobacco. Extracts (ch loroform  for ethoprop and  
e th y l acetate fo r d isu lfo ton  and its m etabolites) 
w ere  cleaned up on F lo ris il and residues w ere  
d ete rm ined  by G LC -FP D . H u n t et al. (14) re
ported  the d e te rm in a tio n  o f ethoprop  in  vege
tables by G LC -FP D  fo llo w in g  hexane extraction  
and cleanup on a silicic acid colum n. Brown (15) 
developed  a G LC -FP D  m ethod  fo r fenam iphos, 
its sulfoxide, and its sulfone in  p lants and  soil. 
Sam ples w ere  extracted w ith  acetone and resi
dues w ere partitioned into chloroform . C leanup  
was accom plished on a silica gel and N u ch ar  
C-cellulose colum ns in  series. Fenam iphos and  
its sulfone w ere  e lu ted  w ith  acetone-hexane (2  
+  1). Fenamiphos sulfoxide was eluted from  the  
silica gel colum n w ith  acetone. Hache et al. (16) 
described a m ethod  for residues o f fen itro th .o n  
and  its m etabolites (fen itroxo n  and S -m ethy l- 
fen itro th ion ) in  soil, chicken liver, u rine , clams, 
and p in e  needles. F o llo w in g  extraction w ith  
acetonitrile and filtration , the d ilu ted  filtrate  was 
passed th rou gh  an A m b e rlite  X A D -7  resin col
um n . Residues w ere  e lu ted  w ith  e th y l acetate 
and determ ined by G LC -FPD. A bdel-K ader and  
W ebster (17) determ ined residues of fen itro th ion  
and  its m etabolites (fen itroo xon , S -m ethy l fe n i
tro th ion , O -d em eth y l fen itro th ion , O -dem ethy l 
S -m ethyl fen itro th ion , 3 -m eth y l-4 -n itro ph eno l, 
d im e th y l phosphorothioc acid) in  stored w heat. 
Residues w ere  extracted w ith  ac id ified  acetone
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or m eth an o l, d eriva tized  w ith  d iazo eth ene, 
cleaned up on a silica g el co lu m n , and d eter
m in ed  by G LC -F P D . The 3 -m e th y l-4 -n itro -  
p h en o l m etabo lite  was d ete rm in ed  b y  G LC - 
electron capture detection o f the acetone extract. 
In  cases w h ere  h ig h  levels o f residues w ere  
present, it  was necessary to separate the residues 
in to  neutra l and acidic com pounds to quantitate
O -d e m e th y l fen itro th io n .

H ansen  et al. (18) rep orted  the G LC -m ass  
spectrom etric  characteriza tion  o f m a la th io n  
residues in  stored rice. T h e y  p o in ted  out the  
necessity o f careful in te rp re ta tio n  o f results be
cause the m e th y l e th y l succinate ester o f m ala
th io n  co-elutes w ith  m alaoxon fro m  a n on po lar 
G LC  colum n. M a la th io n  and m eth id a th io n  
residues w ere  d ete rm in ed  in  oranges fo llo w in g  
acetone extraction  and  F lo ris il co lum n cleanup
(19). M a la th io n  was e lu ted  w ith  5% acetone in  
hexane and  m e th id a th io n  w ith  25% acetone in  
hexane. Residues w ere  stable u n d er fro zen  
storage or in  acetone extracts fo r up  to 21  days. 
Residues in  fru it  stored at 8 °C  d ec lined  a fte r 2 
days, dem on strating  th a t samples should  be 
processed w ith in  2  days.

Sonobe et al. (20) studied  the extraction  
(b le n d in g , w ashin g  and  leach ing) e ffic iency  of 
m ethan o l or ace ton itrile  o f b io log ica lly  inco r
porated 14C-phorate residues in  potatoes, carrots, 
and radishes. M e th a n o l was a b etter extractant 
than  aceto n itrile  fo r a ll the c ro p -tim e  com bina
tions. T h e  m ajor residues in  the m ethy len e  
chloride extracts (organic extractable) of potatoes 
and radishes w ere  phorate sulfone and phorate  
sulfoxide. In  carrots, phorate sulfoxide, phorate  
sulfone, and phorate w ere  the m ajor residues.

T he  H P L C  separation and U V  detection  of 
phosfo lan , m ephosfo lan , and 5 of th e ir  m etabo
lites was reported  (21). G en era lly  poor recov
eries w ere  obtained in  experim ents w ith  tom ato  
leaves and h um an plasma. Barry et al. (22) used 
the  A O A C  general m u ltires idu e  m etho d  for 
non -fa tty  foods to d eterm ine p irim ip h o s-m eth y l 
in  im p o rted  d rie d  foods. Residues w ere  e lu ted  
fro m  a F lo ris il co lu m n  in  the 15% e th y l e th e r-  
p etro leu m  e th er fraction  and  id e n tif ie d  by  
G LC -m ass spectrom etry. Iv e y  et al. (23) d eter
m in ed  stirofos residues in  eggs by G L C -F P D , 
in c lu d in g  extraction w ith  aceto n itrile  fo llo w e d  
by cleanup on a silicic acid co lum n w ith  e lu tio n  
o f residues by  d ich lo ro m eth an e -h exan e  (1 +  1). 
W aliszew sk i (24) described a m ethod  fo r the  
d ete rm in a tio n  of triazophos in  rapeseeds. F o l
lo w in g  aceto n itrile  extraction  and p a rtit io n in g  
w ith  hexane, residues w ere  cleaned up  on an 
a lu m in u m  oxide co lum n, e lu ted  w ith  h exan e-

acetone (90 +  10), and  d ete rm in ed  by G LC  w ith  
an a lk a li flam e io n iza tio n  detector.

M c In ty re  et al. (25) reported  a G LC -F P D  
m ethod  fo r residues o f d iazinon , m alath ion , and  
p ara th ion  in  sewage sludge. Residues w ere  ex
tracted w ith  d ich lo ro m eth an e -h exan e  (1  +  1 ) 
and cleaned up on an a lu m in a  co lum n.

L uke et al. (26) m o d ified  the  m u ltires idu e  
procedure o f the same authors (27) by e lim in a t
ing  the Florisil cleanup. Samples w ere extracted 
w ith  acetone and p artitio n ed  w ith  petro leum  
e th er and m ethy len e  ch lo ride . D o ub le  con
centration  w ith  petro leum  e th er was used to re
m ove the last traces o f m ethy len e  ch loride. 
Recoveries w ere  reported  fo r 44 organophos- 
phorus com pounds d ete rm in ed  by G L C -F P D .

Funch (28) reported  the analysis of 6  organo- 
phosphorus com pounds in  fru its  and vegetables 
b y  H P L C  w ith  U V  detection  fo llo w in g  acetoni
tr ile  extraction and p a rtit io n in g  in to  d ich lo ro - 
m ethane. Cabras et al. (29) d ete rm ined  d i-  
m ethoate, phosalone, and  tetrach lorv inphos  
residues in  grapes by H P L C  w ith  U V  detection  
fo llo w in g  extraction  w ith  benzene and w ith o u t  
fu rth e r cleanup.

Schulten  and  Sun (30) reported  the f ie ld  de
sorption mass spectrom etry o f 21  organophos- 
phorus pesticides and  th e ir  id e n tific a tio n  in  
crude extracts o f waste w ater. P arker e t al. (31) 
studied the H P L C -neg ative  chem ical ion iza tion  
mass spectrom etry o f 18 organophosphorus  
pesticides and reported  some p re lim in a ry  w o rk  
on the analysis o f residues in  w a te r samples. 
Bush w ay  (32) d ete rm ined  residues o f azinphos- 
m ethy l and its oxon in  w a te r by H P L C  w ith  U V  
detection.

Lew is and M acLeod (33) developed a portab le  
sam pler using polyurethane foam as the trapping  
m ed ium  fo r pesticides in  a ir. Seven organo
phosphorus pesticides w e re  in c lu d ed  and  th e ir  
collection  e ffic iency  was above 72%. A n drew s  
and Good (34) investigated  the  extraction  of 
pesticides (phosalone was the organophosphorus 
com pound tested) fro m  w a te r using bonded- 
phase sorbents. The o p tim u m  bonded-phase  
silica fo r the extraction was Cs.

D u rin g  the past years there  has been d isap
p o in tin g  progress in  the area o f m u ltires idu e  
m ethods fo r organophosphorus pesticide resi
dues. H o w ev e r, there  has been considerable  
w o rk  on m ethods fo r residues o f in d iv id u a l 
com pounds as ev idenced  by the p ub lish ed  l i t 
erature. The Food and  D ru g  A d m in is tra tio n  is 
developing  a Surveillance Index for Pesticides. 
Each pesticide is classified as to the potentia l 
h azard  posed by its residues. To  date, 24 orga-
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nophosphorus pesticides have been included  in  
the index; none have been classified as Class I. 
Six (az in ph os-m ethyh  d isu lfo ton , E P N , m etha
m idophos, m onocrotophos, phorate) have been  
classified as I I .  O f  these, o n ly  E P N  is in c lu d ed  
in  A O A C  offic ia l m ethods 29.039-29.043. In  an  
attem pt to s tim ulate  a c tiv ity  and p ro vid e  v a li
dated  m ethods, the  Referee w i l l  try  to locate 
Associate Referees to d ev e lo p /eva lu a te /va lid a te  
residue m ethods fo r az in p ho s -m eth y l, d isu lfo 
to n , m eth am id o p h o s , m o n ocro tophos, and  
phorate. W here possible, it  w ou ld  be preferable  
i f  these could be in tegrated  in to  existing  m u lt i
residue m ethods.

A  b rie f sum m ary of each Associate Referee  
topic follow s;

C o n fir m a t io n  P r o c e d u r e s .— The previous Asso
ciate Referee resigned. N e w  Associate Referee  
B ill Lee has re -evaluated  the p en tafluo ro b en zy l 
b ro m ide  d eriva tiza tio n  procedure, m ade some 
m in o r im provem ents , and plans to in it ia te  the  
collaborative study recom m ended last year.

H ig h  F a t  S a m p le s .— Associate Referee R onald  
Scharfe was unable to w o rk  on the assignm ent 
this year. H e  plans to evaluate ava ilab le  gel 
systems and th e ir ap p licab ility  to organophos- 
phorus pesticide residues in  h ig h  fat samples.

S w ee p  C o d istilla tio n .— Associate Referee Randall
R. W atts reports that the status o f the subject is 
unchanged fro m  last year. It  is reported  that a 
commercial u n it has been developed in  Australia  
and  in fo rm atio n  is being  sought on this u n it.

T h in  L a y e r  C h r o m a to g ra p h y .— Associate Referee 
M e lv in  E. G etz reports that the status of the  
subject is essentially unchanged fro m  last year. 
H e  has been u nable  to organ ize an in te rlab o ra 
tory study because the laboratories w ith  q u a n ti
tative th in  layer chrom atographic equ ipm ent do 
n ot have tim e  to p artic ipate in  this study. The  
Associate Referee plans to carry out a study  
com paring  the  q u an tita tive  th in  layer chrom a
tographic m ethod  w ith  G LC  and H P L C  residue  
quantitations.

O t h e r  T o p ic s .— T he topics Extraction Proce
dures; G eneral M e th o d  fo r O rg ano ch lo rine  and  
O rganophosphorus Pesticides; and Soils are va
cant.

R e c o m m e n d a t io n s

(1) C o llab ora tive ly  study the C oburn  and  
C hau  (35, 36) con firm atio n  procedure fo r orga
nophosphorus pesticides recovered fro m  w ater 
by a suitable m ethod  such as that of R ip ley  et al. 
(37).

(2) A p p o in t an Associate Referee to study the 
e ffic ien cy  o f extraction procedures fo r residues

o f o rganophosphorus pesticides in  crops.
(3) A p p o in t an Associate Referee to evaluate  

the a p p lic ab ility  o f the A O A C  m ultires idue  
m etho d , 29 .001-29 .018 , for d ete rm in in g  add i
tio n a l organophosphorus pesticide residues in  
fa tty  and  n o n fa tty  foods and inc lude  the use of 
the  n itrog en -ph osph o ru s  detector as an a lte r
n a tive  G LC  detector.

(4) C o n tin u e  studies to evaluate gel chrom a
to g rap hy  as a cleanup procedure fo r the deter
m in a tio n  o f organophosphorus pesticides and  
th e ir  m etabolites in  fa tty  foods and u tilize  the  
nitrogen-phosphorus detector as one of the GLC  
detectors fo r residue determ ination .

(5) A p p o in t an Associate Referee to develop  
m ultiresidue extraction and cleanup methods for 
organophosphorus pesticides and th e ir m etab
o lites in  soils.

(6 ) Evaluate any com m ercial sw eep-codistil- 
la tio n  apparatus that becomes availab le  and ex
ten d  the  ap p licab ility  o f the m ethod  to the de
te rm in a tio n  o f organophosphorus pesticide  
residues in  fatty  foods.

(7) C arry  out an in terlab ora to ry  study to 
evaluate the q uan tita tive  th in  layer chrom ato
g raph ic  approach and carry out a study to com 
pare q uan tita tive  th in  layer chrom atographic  
m etho d  w ith  G LC  and H P L C  residue q uan tita 
tions.

(8 ) A p p o in t Associate Referees fo r A z in 
p h o s -m e th y l, D is u lfo to n , M e th am id o p h o s , 
M onocrotophos, and Phorate to develop  m eth 
ods fo r residues o f these com pounds.
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R eport on R ad io ac tiv ity

EDMOND J. BARATTA
F o o d  a n d  D ru g  A d m in is tr a t io n , N o r th e a s t  R a d io lo g ic a l H e a lth  L a b o ra to ry , W in c h es te r , M A  
0 1 8 9 0

T he  m ain  activ ity  in  the next few  m onths w ill  
be to recom m end n ew  Associate Referees for the  
various rad ionuclides. O v e r the past years, the  
n u m b e r has d w in d le d  w ith o u t any s ign ificant 
rep lacem ent. Frederick G. D . Shum an, a n ew ly  
app o in ted  Associate Referee on  B arium -140, re 
signed. Jacqueline M ich e l, D irector, Geological 
Sciences, D iv is io n  o f the Research P lan n in g  In 
stitutes, Inc., has agreed to take over as Associate 
R eferee fo r R adium -228.

N e u t r o n  A c t iv a t io n  A n a l y s is . — W illia m  B. 
Stroube, Jr, has reported  on the progress o f his 
collaborative study on d eterm ination  o f sodium
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by N A A  on biological media. Tw o  collaborators 
have sent in  data, tw o  others are in  the process 
of reporting  the ir results, and the rem ain ing  two  
have the samples in  process. A fte r  this study is 
evaluated , the Associate Referee w i l l  see i f  it  is 
feasib le to conduct a study on m ore than  one  
m etal, possibly three. H e  has m ade contacts 
w ith  others and looks forw ard  to recruiting more  
collaborators.

I o d in e  1 3 1 .— The study on q uan tita tive  d eter
m ination  of 1-131, Cs-137, and Ba-140 in  m ilk  was 
rep orted  in  the  Septem ber 1982 issue o f the  
J o u r n a l .  The  m ethod  was adopted o ffic ia l firs t 
action. Th is  m ethod  has a l im it  o f detection  of 
10 p C i/L . The N R C  has required that iodine-131  
be determ ined at a level of detection of 0.5 p C i/L . 
T h ere  is a m ethod  tha t rep orted ly  has this sen
s itiv ity . In  add itio n , there are one or tw o  v a ri
ations. Associate Referee D av id  G. Easterly w ill  
conduct a ruggedness test on this m ethod during
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the com ing  year and plans to conduct a collabo
ra tive  study on the  tested m ethod.

B a r iu m - 1 4 0 .—  The  m ethod was adopted official 
firs t action (see Io d in e -131). T he  Associate 
Referee has resigned, but w il l  not be replaced at 
present, because there appears to be little  interest 
in  this rad ion uclide .

S t r o n t iu m - 8 9  a n d  9 0 . — N o  a c tiv ity  is reported  
on this rad io n u c lid e  fo r this year. A  n ew  Asso
ciate R eferee w i l l  be recom m ended d u rin g  the  
com ing  year.

C e s i u m - 1 3 7 .— T h e results o f the  collaborative  
study fo r the  d ete rm in a tio n  o f cesium -137 in  
foods have been received and are being  eva lu 
ated. A  n ew  Associate Referee w i l l  be recom 

m ended  d u rin g  the  com ing year.
R a d i u m - 2 2 8 .— A  m ethod  on d ete rm ina tion  of 

rad ium -228  in  foods and w ater has been pub
lished  (/. Assoc. O ff .  A n a l .  C h e m . (1982) 65, 
1424-1428). A  n ew  Associate Referee has been  
recom m ended  and  it  is expected that ac tiv ity  in  
th is  area w i l l  continue.

R e c o m m e n d a t io n s

(1) A d o p t as o ffic ia l fin a l action the o ffic ia l 
firs t action extension, fo r q uan tita tive  d e te rm i
n ation  o f 1-131, Cs-137, and Ba-140 in  m ilk , 
48.025-48 .029

(2) C o n tin u e  study on a ll topics.

Report on Water

ALFRED S. Y. CHAU
C a n a d a  C en tr e  f o r  In la n d  W a te rs , P O  B ox  5 0 5 0 , B u r lin g to n , O n ta r io , C a n a d a  L 7R  4 A 6

C h e m ic a l P o llu ta n ts  in A q u a tic  B io ta .— This topic 
should be deleted because it is covered elsewhere  
in  C o m m ittee  E.

C h e m ic a l  P o llu ta n ts  in  W a t e r  a n d  W a s tew a te r . —  
C o n tin u e  re v ie w  of ana ly tica l m ethods collabo- 
ra tiv e ly  stud ied  by A S T M , EPA, and others for 
possible adoption  by A O A C  as offic ia l methods; 
contin ue study.

C h lo r in a t e d  S o lv e n t s  in W a f e r .— A p p o in t an 
Associate Referee; continue study to evaluate and  
co llaborative ly  study m ethods for d ete rm in in g  
ch lo rin a ted  solvents in  w a te r and w astew ater.

O rg a n o p h o sp h o ru s  P esticid es  in W a t e r .— A ppo in t 
an Associate Referee to evaluate m etho d  p ro 
posed by the U .S. E n v iro n m en ta l Protection
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A gency or o th er m ethods fo r d e te rm in in g  or
ganophosphorus pesticides in  w ater and  waste- 
w a ter and to in it ia te  a collaborative study.

T r ia z in e  H e r b ic id e s  in  W a t e r .— A p p o in t an As
sociate Referee; con tinue study to evaluate and  
co llaborative ly  test m ethods for d ete rm in in g  
triaz in e  herbicides in  w ater and w astew ater.

H erb icid es  in W a ter  a n d  S e d im e n t .— Initia te  topic 
to evaluate existing  m ethods fo r phenoxy  alka- 
noic and o th er acidic herbicides in  sedim ent. 
S ubm it protocol fo r collaborative study o f the  
selected m ethod  to the G eneral Referee fo r re 
v ie w  and com m ent and i f  approved in it ia te  the  
collaborative study.

N u t r ie n t s  a n d  M a jo r  Io n s  in W a t e r .— In itia te  
topic, particu larly to study sulfate and a lum inum  
in  w ater.

O t h e r  T o p ic .— C o ntinu e  o ffic ia l first action  
status o f the atom ic absorption spectrophoto- 
m etric  m ethod  fo r d e te rm in in g  cadm ium , chro
m ium , copper, iron , lead, manganese, silver, and  
zinc  in  w ater, 33 .089-33.094.
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Report on Analytical Mycology of Foods and Drugs

STANLEY M. CICHOWICZ
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  M ic r o b io lo g y , W a sh in g to n , D C  2 0 2 0 4

The m old determ ination  procedure for canned  
tom atoes, 44.098 , invo lves  s ieving  and per
fo rm in g  separate m o ld  counts on the d ra ined  
liq u id  and the p u lp ed  tomatoes. C anned, 
crushed tomatoes m ay consist o f f in e ly  chopped  
tom atoes packed in  puree, w h ich  makes separa
tio n  by s ieving  im possible. W ayne T. S m ith  of 
the F D A  P h ila d e lp h ia  D is tric t has standardized  
the procedure fo r canned, crushed tom atoes by  
p u lp in g  the en tire  contents o f the can and h an 
d lin g  the p u lp  as a puree, 44.096.

T he  o ffic ia l m ethod  fo r tom ato rot fragm ents, 
44.099 , specifies that each slide be exam ined  at 
3 0 -4 5 X  w ith  transm itted  lig h t. T he  w id e -fie ld  
microscope has trad itionally  been the only  choice 
because o f its large stage and fie ld  o f v iew . 
H o w e v e r, the lack o f fin e  focusing and a m e
chanical stage results in  a considerable am ount 
of eye strain  and fatigue fo r the analyst. D o n  J. 
V a il o f the F D A  A tlan ta  D is tric t has developed  
a s lide -ho ld in g  adapter w h ich  replaces the stock 
slide h o ld e r on the latest generation  o f com 
p o u n d  microscopes. The large m echanical 
stages on these microscopes perm its  sm ooth  
m ovem ent o f the slide, and the w id e -fie ld  optics 
re a d ily  accom m odate the rot fragm ent slide, 
44 .002(t). In  a d d itio n , the con firm ation  o f sus
pected rot fragm ents is made easier by sw itch ing  
to 100X m agnification instead o f having to move 
the slide to another microscope. A  study is being  
in it ia te d  to com pare ro t fragm ent counts, using  
both  the com pound and w id e -fie ld  m icro 
scopes.

A  lim ite d  in terlab ora to ry  co llaborative study  
on a m o d ifie d  H o w a rd  m o ld  count m etho d  fo r  
w h o le  berries was conducted. A  coarsely pulped  
b erry  sam ple (0.040 in . screen) was used in  the  
study to sim ulate w h o le  berries and to assure an 
even  d is tribu tion  o f the m old  am ong the sample 
aliquots. Each aliquot was then pulped (0.027 in.
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screen) by the collaborator as i f  it w ere  a m ixture  
o f w h o le  berries.

T he  results indicate a w id e r varia tion  in  m old  
counts am ong collaborators than expected. The  
average m o ld  counts ranged from  11.8 to 36.7%. 
T his  varia tio n  appeared to be a systematic 
co u n tin g  erro r w h ic h  resulted in  h ig h e r than  
expected counts fro m  2 o f the collaborators. 
W o rk  on this m ethod  w il l  continue.

T he  laboratory cyclone, 44 .004(h ), com m only  
called  a p u lp er, is specified in  the  product p rep 
ara tion  step o f H o w a rd  m o ld  count m ethods for 
w h o le  fru its  or vegetables. W h o le  products  
m ust be pulped  before m o ld  counting; how ever, 
the laboratory cyclone is no longer com m ercially  
made. M ach ine shop estimates fo r custom-made 
cyclones range fro m  $2000 to $3000. A  com 
m erc ia lly  available hom e fru it  strainer has been  
m odified  by the addition of a 0.027 in . screen. A  
laboratory  study has been in it ia te d  to com pare  
m o ld  counts o f fru its  prepared by a laboratory  
cyclone and  the m o d ified  Squeezo strainer.

T h e  descrip tion  o f the centrifuge  (see P r o c e 

d u r a l  C h a n g e s )  used in  the  m ethod  fo r standard
iz in g  fru it  tissue concentrations, 44.C08, 44.C09, 
and  44.082, is being  updated and expanded. 
T h is  w i l l  m ake it  easier to locate equ iva len t 
centrifuges.

Before the fru it tissue standardization m ethod, 
4 4 .C 0 8 -4 4 .C 0 9 , was adopted, fru it  nectars w ere  
being  counted "as is" w ith  no preparation  other 
th an  m ix in g . To fac ilita te  regu la tory  com para
b ility , the m o ld  count results o f fru its  d ilu te d  1 
+  1, 44.C 09, are being  adjusted to correspond to 
fru its  d ilu te d  1 +  3 (see P r o c e d u r a l  C h a n g e s ) .

Procedural Changes

In  m ethod  44.082, M o ld  C o un t, C itrus  and  
P in eapp le  Juices, C anned, S ingle  S trength , it  is 
re c o m m en d ed  th a t the  th ird  sentence be 
changed to read: "C e n trf. 10 m in  at 2200 rpm , 
using  In te rn a tio n a l type E X D  centrf. (D a m o n / 
IE C  D iv ., 300 Second A ve , N eed h am  H ts , M A  
02194) w ith  8-place N o. 240 head, N o . 320 shield, 
N o . 325 tru n io n  rin g , and N o . 571 cushion, or 
o th er centrf. g iv in g  equip, max. re la tive  cen
trifu g a l force o f 1062.4768 X  g  as com puted  by 
fo llo w in g  form ula: RCFmax =  1.118 X  10~5 N 2 r
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=  X g ,  w h e re  N  =  rpm  and r =  radius o f centri, 
arm  in  cm (distance fro m  center of cen tri.-head  
to bottom  of h o rizo n ta l centri, tube). T he  fo l
lo w in g  fo rm u la  m ay be used to det. equiv. 
centri.: N ] Zr i =  w here N j  =  2200 rpm  and
r i  =  19.6 cm ."

In  m etho d  44.C09, the fo llo w in g  statem ent

should  be added: "Before calcg %  m o ld  counts 
fo r fru its  d ild  1 +  1, d iv id e  n um ber o f positive  
fie ld s  by 2."

R e c o m m e n d a t io n s

(1) Revise 44.082 and 44.C09 as described.
(2) C o n tinu e  study on a ll o ther topics.

Report on Extraneous Materials in Foods and Drugs

JOHN S. GECAN
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv ision  o f  M ic r o b io lo g y , W a sh in g to n , D C  2 0 2 0 4

A  co llaborative study was conducted on a 
b rin e  saturation technique fo r the extraction  of 
lig h t f i lth  from  w ho le , rubbed, and ground sage. 
T h e  G eneral Referee recom m ends that any  
adoption  actions be deferred  u n til the Associate 
R eferee resolves a ll id e n tifie d  critical issues.

The G eneral Referee concurs w ith  the recom 
m en datio n  that m ethod  4 4 .A 0 4 -4 4 .A 0 7  (TLC  
m ethod  fo r u rin e  strains) be e d ito r ia lly  revised  
by add ing  a precleaning technique for A naltech  
M N  300 cellulose T L C  plates. The technique  
rem oves a colored im p u r ity  that occasionally  
in te rfe res  w ith  v isua liza tio n  o f the u rin a ry  in 
d ican spot.

The General Referee recommends that m ethod  
44 .183-44 .185  (T L C  m ethod  fo r u ric  acid from  
b ird  and insect excreta) be e d ito ria lly  revised by 
m o d ify in g  the m arker dye m ix tu re  to e lim in ate  
the  m asking effect o f the u p p er dye spot on the  
u ric  acid spot.

The General Referee recommends that m ethod  
44.B 08-44.B 11 (chem ical test fo r m am m alian  
feces) be e d ito ria lly  revised to p erm it the a lte r
n a tive  use o f g elled  w o rk in g  test m edia (W T M )  
plugs to cover sam ple m ateria l on the gelled  
W T M  base instead of requiring  the use of freshly  
p repared  liq u id  W T M . The revis ion  also in 
cludes the  ad d itio n  of an a lka lin e  phosphatase 
positive control to check the activity o f the gelled  
or fresh ly  prepared  W T M  agar. These changes 
w il l  p ro v id e  a test m ed ium  a lte rn a tive  that w il l
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save ana ly tica l tim e  and reduce false nega
tives.

C o llab ora tive  studies w i l l  be in itia te d  on  
m ethods fo r f i lth  in  selected botanicals, u n 
g ro u n d  m arjoram , chocolate liq u o r, w h o le  or 
equ iv a le n t insects in  oats, a m o d ifica tio n  o f the  
T L C  m ethod  fo r uric acid, and the autom ated  
m etho d  fo r u ric  acid in  flour.

N e w  Associate Referees w ere appointed to the  
fo llo w in g  topics: M a rv in  N akashim a (F D A ,
W ash in g ton , D C ) as a co-Associate Referee on  
Botanicals; A la n  R. O lsen (FD A , Los A ngeles) on  
the n e w ly  established topic o f F ilth  in  Shrim p; 
and  Russell G. D e n t (F D A , W ashington , D C ) on  
the existing  topic o f C anned  M ushroom s.

T h e  fo llo w in g  topics are recom m ended for 
d isco ntinuation  o f study: Asbestos M easure
m ents in  Foods, Drugs, and Cosmetics; Ready- 
to-Eat Breakfast Cereals; C anned  Fish; C anned  
and  D ehyd ra ted  Soups; W ater-In so lu b le  In o r
ganic Residues in  Peanut Butter; M am m a lia n  
Excreta Fragm ents in  M ille d  Food Products; and  
A u to m ated  F ilth  Analysis.

M ethods developm ent research w il l  continue  
on the fo llo w in g  existing  topics: A d u lte ra tio n  
o f Botanical Drugs by Foreign  P lan t M ateria ls; 
Botanicals; B rine Extraction Techniques; Choc
olate Products; Cocoa P o w der and Press Cake; 
Food S upp lem en t Tablets; C racking  F lo tation  
M eth od s  fo r W h o le  Grains; Insect Excreta in  
F lour; Processed M eats; M ethods fo r U r in e  D e 
tection; M ite  C o ntam in ation  Profiles and C h ar
acterization of Dam age o f Foods; M ites  in  Stored  
Foods; D r ie d  M ush ro om  Products; Particulates  
in  Large-Volum e Parenterals; Rye Bread; Soluble 
Insect and  O th e r A n im a l F ilth ; Spices; Iso lation  
of Extraneous F ilth  fro m  D ehyd ra ted  Vegetable  
Products; C hem ical Id e n tific a tio n  Test fo r V e r
tebrate Excreta; and Fecal Sterols.



GENERAL REFEREE REPORTS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 2, 1983) 3 9 5

A n  Associate Referee is needed to study  
m ethods fo r lig h t  f i lth  in  m ole paste.

Recommendations

(1) D iscon tin ue  the fo llo w in g  topics: As
bestos M easurem ents in  Foods, D rugs, and  Cos
m etics; A u to m ated  F ilth  A n alysis; Cereals, 
Breakfast, Ready-to-Eat; Fish, C anned; M am m a 
lia n  Excreta Fragm ents in  M ille d  Food Products; 
Soup, C anned  and  D ehyd ra ted; Peanut Butter, 
W ater-In so lu b le  Ino rg an ic  Residues.

(2) (a) E d ito ria lly  revise the T L C  m ethod  for 
u rin e  stains (44 .A 0 4 -4 4 .A 0 7 ) by ad d ing  the fo l
lo w in g  instructions fo r p re-c lean in g  A naltech  
M N  300 cellu lose T L C  p lates before  use: 
"44 .A 06(d ) P r e - c l e a n in g  A n a lt e c h  M N  3 0 0  ce llu lo se  

p l a t e s .— D eve lo p  unused p late  in  e ith e r std de
v e lo p in g  tan k  or sandw ich  cham ber using de
v e lo p in g  solv. 4 4 .A 05(f). D eve lo p  to 15 cm  
above lo w e r edge o f p late. T h o ro ly  d ry  p late  
using either h a ir dryer, forced draft oven at < 8 0°  
fo r ca 15 m in , or o vern ig h t in  fum e hood. Plate 
m ust be room  tem p, and com pletely free of solv. 
odor before use." Pre-cleaning is necessary w ith  
these com m ercia l plates because a colored im 
p u r ity  has been observed to trave l w ith  the sol
v e n t fro n t and occasionally in te rfe re  w ith  v isu 
a liza tio n  o f the u rin a ry  ind ican  spot.

(b) E d ito ria lly  revise the TLC  m ethod fo r uric  
acid fro m  b ird  and insect excreta (44.183-44.185) 
by m o d ify in g  the m arker dye m ixture as follows: 
"44 .183(e ) D issolve 16 m g F D & C  Red N o . 2 and  
32 m g F D & C  Y e llo w  N o . 6 in  50 m L H 2O , and  
m ix  w e ll. These dyes serve as visual m arkers  
d u r in g  d eve lo p m en t, w ith  Rf fo r Red N o . 2 at
0 .38-0.40; uric acid, 0.41-0.43; and Y e llo w  N o . 6,
0.65, using A n altech  p late  and sandw ich cham 
ber. M erc k  plates have lo w e r Rf values and do 
n o t sep. Red N o . 2 and uric  acid w h en  overspot
ted ." T he dye m ixture , w h ich  is overspotted on 
the sam ple u n kn o w n , brackets the uric acid spot 
a fte r T L C  d evelo pm en t. T he  present dye m ix 

tu re  results in  the u pper m arker dye som etim es  
m asking in  the uric acid spot. The proposed dye 
m ix tu re  results in  com pact and  adequately  in 
tense m arker spots that do not in te rfe re  w ith  
v isu a liza tio n  o f the uric  acid spot.

(3) Establish topic Shrim p, F ilth  in; appoint an 
Associate Referee.

(4) E d ito ria lly  revise the chem ical test for  
m am m alian  feces as fo llow s: In  44.B09, add  
" (d ) S p a t u la .— C u rved  on one end , knob on the  
other end (A rth u r H . Thomas Co. N o . 8340-H 10, 
or equ iv .)."  In  44.B10(c), change the last para
g raph  to read "L on g  term  storage: A d d  ca 1 m L  
portions to cups. G e lled  p lugs, in  cups, m ay be 
stored fo r up to 4 m onths if  sealed in  a plastic bag, 
h e ld  at room  tem p., and protected fro m  d irect 
s u n lig h t. D iscard any gels show ing  p in k  color 
a n d /o r  vo l. loss." In  44.B11, revise the first 
paragraph  to read "T ran sfer suspect feces . . .  to 
cup contg 1 m L  gelled  W T M . C over w ith  addnl 
1 m L  cool (4 0 -4 1 ° )  W T M  or, a lte rn a tive ly , w ith  
p lu g  o f gelled  W T M . (Use clean spatula, 
44.B09(d), to m an ipu late  covering p lug of W T M  
and to press p lug into  close contact w ith  sample.) 
Place cup in  4 0 -4 1 °  H 2O  bath. Check fo r de
ve lo p m e n t of red  color near particles." In  
44.B11, add as a n ew  th ird  paragraph  " P o sitiv e  

c o n t ro l  p rep a ra t io n . — Using calf intestine a lkaline  
phosphatase (A K P ) (C alb iochem  N o . 52457, or 
eq u iv .), prep. 1 m g /m L  soln in  borate b u ffe r  
(stock test reagent 44.B10(b), w ith o u t p h th ln  
d iphosphate). A d d  20 juL A K P  soln to 1 m m  
d iam . f ilte r  paper disks (W hatm an  N o . 1, or 
equ iv .). Use positive contro l disks w ith  e ith er  
liq . W T M  or alternative gelled p lug  W T M . Note: 
Positive contro l disks m ay be stored up to 4 
m onths i f  h e lc  at room temp, and protected from  
l ig h t."  The paragraph b eg in n in g  " T e s t  r e 

s p o n s e .— " w ill  be the fourth  paragraph in  44.B11. 
T h e  changes described w i l l  p ro v id e  a test m ed i
um  a lternative  that w il l  save analytical tim e and  
reduce false negatives.
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This report is the fina l one to be w ritten  for the 
G eneral Refereeship on M icrobiological M ethods  
as an en tity . B eg inn in g  w ith  the 1983 A n n u a l 
M e e tin g , a ll collaborative studies, Associate 
R eferee reports, and Referee recom m endations  
concern ing  the m icrob io lo gy of foods w i l l  be 
presented in  the report o f the General Referee for 
Food M icrobiology. Studies concerned w ith  the 
m icrob io lo gy  of drugs, cosmetics, and m edical 
devices w i l l  be reported  to a separate G eneral 
Referee. T h e  need fo r this subdivis ion  is a con
sequence o f the  rap id  and con tinued  expansion  
o f the G eneral R efereeship fo r M icrob io log ica l 
M eth o d s  w h ic h  n o w  includes 29 Associate Ref- 
ereeships. M ost o f these refereeships focus on  
a h ig h ly  specialized area, ye t co llec tive ly  they  
represent too broad a spectrum  to be m anaged  
e ffic ie n tly  by a sing le G eneral Referee.

Collaborative Studies

H y d r o p h o b ic  G rid  M e m b r a n e  F i l t e r  M e t h o d s .—  

Fourteen laboratories p artic ipated  in  a com par
ative collaborative study of the official first action 
m ethod  (46 .013-46 .016) and the hyd roph ob ic  
g rid  m em brane f ilte r  (H G M F ) m ethod  fo r the  
enum eration  of total coliforms in  nonfat d ry  m ilk  
(N F D M )  and canned custard. T he  H G M F  is 
im p rin te d  w ith  a g rid  pattern  w h ich  subdivides  
the  m em brane surface in to  a large n um b er of 
separate g ro w th  com partm ents o f k n o w n  and  
equal size. A n  appropria te  d ilu tio n  o f the  
b len d ed  samples is f ilte re d  and  the H G M F  is 
placed on the surface of m -FC agar for incubation  
at 3 5 °C  for 24 ±  2 h. A n  enum eration is made of 
a ll squares contain ing  one or m ore colonies, and  
this occupied square count is converted to a most 
probable n u m b er (M P N ) d ete rm ina tion  by the  
form u la:

M P N  =  [N ][ ln  ( N I N  -  x ) ] ,

w h e re  N  =  tota l n u m ber o f squares and x  =  

n u m b e r o f occupied squares. T h is  M P N  va lue

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.
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The recommendations of the General Referee were approved 
by Committee F and were adopted by the Association. See the 
report of the Committee and "Changes in Methods," this 
issue.

is m u lt ip lie d  by the appropria te  d ilu tio n  factor 
and  expressed as the n um ber of total coliform s  
p er g food.

Six a rtific ia lly  inoculated  samples each of 
N F D M  and o f canned custard w ere  analyzed  by  
each o f 14 laboratories. Results o f 7 o f the labo
ratories w ere  not inc luded  in  the statistical 
analyses, h o w ever, fo r one of the fo llo w in g  rea
sons: s ign ifican t num bers of coliform s w ere
detected in  negative  contro l samples, collabora
tors fa ile d  to fo llo w  instructions care fu lly , or 
collaborators subm itted  statistically o u tly in g  
data. Statistical analysis o f the data fro m  the  
o th er collaborators show ed that the random  er
rors associated w ith  the  H G M F  m ethod  w ere  
sign ificantly  low er than the errors for the official 
first action m ethod, and the total coliform  counts 
o bta ined  w ith  the  H G M F  m ethod  w ere  w ith in  
the  95% confidence in te rv a l o f the o ffic ia l 
m ethod . Tota l co lifo rm  counts obtained w ith  
the H G M F  m ethod  d id  not d iffe r  s ign ifican tly  
fro m  those counts obtained by the o ffic ia l 
m etho d  in  a 3 -w ay  analysis o f variance. The  
Associate Referee recom m ends that the H G M F  
procedure be adopted offic ia l first action for the 
enu m era tio n  o f total coliform s in  N F D M  and  
canned custard, and the G eneral Referee con
curs.

Associate Referee Reports

B a c illu s  c e r e u s  Iso la tio n  a n d  E n u m e r a t i o n .— In
1981, the  Associate R eferee co llab orative ly  
stud ied  a scheme fo r d iffe re n tia tin g  typ ical 
strains of B a cillu s  c e r e u s  from  o ther m em bers o f  
th e  B. c e r e u s  group: the insect pathogen. B. 

t h u r in g ie n s is ; the  m am m alian  pathogen , B. a n -  

t h r a c is ; and  rh izo id  strains o f B. c e r e u s  va rian t 
m y c o id e s  ( J .  A s s o c . O f f .  A n a l .  C h e m . (1982) 65, 
1134-1139). The scheme includes tests in  ad d i
tio n  to those o f the o ffic ia l firs t action m ethod  
(4 6 .A 1 0 -4 6 .A 1 5 ) fo r m aking  this species d if fe r 
e n tia tio n . These ad d itio n a l tests w ere  fo r m o
tility , hem olytic activity on trypticase-soy-sheep  
blood agar, rh izo id  g row th  on n u trie n t agar, and  
detection  o f p ro te in  toxin  crystals by carbol 
fuchsin  stain. The d iffe re n tia l tests w ere  
adopted  as in te r im  o ffic ia l first action in  M arch
1982. T he  Associate Referee recom m ends that 
th e  o r ig in a l o ff ic ia l f irs t action  m eth o d  
(4 6 .A 1 0 -4 6 .A 1 5 ) be revised to incorporate the
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a d d itio n a l d iffe re n tia l tests, and the G eneral 
R eferee concurs.

E n t e r o p a t h o g e n ic  E s c h e r i c h ia  c o l i .— Associate 
Referee Ira  J. M e h lm a n  reports the developm ent 
o f an im p ro v e d  m ethod  fo r S h ig e lla  s o n n e i  in  
foods. T h e  m etho d  consists o f en rich m en t o f 
S h ig e lla  broth  contain ing, per liter: 20 g tryptone, 
2 g K H 2P 0 4, 2 g K 2H P O 4, 1 g glucose, 5 g N a C l,
0.5 m g novobiocin , and 1.5 m L T w een  80. A fte r  
anaerobic incu bation  fo r 20 h at 44 °C , the en
rich m en t broths are streaked to M acC onkey agar 
and  suspicious colonies are screened b iochem i
cally  and tested for m o tility . W h en  the m ethod  
was used fo r the exam ination  o f lettuce, celery, 
brussel sprouts, m ushroom s, and g round  beef, 
the  sen s itiv ity  o f the  m ethod  varied  fro m  0.3 to 
100 S h ig e lla  s o n n e i  cells p er g food. The current 
procedure in  the B a cterio lo g ica l A n a ly t ic a l  M a n u a l  

(B A M ) can detect S h ig e lla  species i f  106 cells per  
g are present. T h e  im p ro ved  procedure is ap
p licab le  to o th er S h ig e lla  species i f  enrichm ents  
are incubated  at 4 2 °C . T he  Associate Referee  
reports th a t ad d itio n a l re finem ents  to increase 
specific ity  and  sensitiv ity  are needed before  
conductin g  a co llaborative study.

H e liu m  L e a k s  in C a n n e d  F o o d s .— T h e Associate 
Referee reports that bacteria in  the cooling w ater 
can enter canned foods through holes larger than  
5 p m .  T h e  m icro leak test, as described in  the  
B A M , has d iff ic u lty  in  locating  holes sm aller 
than  15 p m ,  b u t a proposed h e liu m  leak test w il l  
detect holes as small as 1 p m .  Plans are currently  
u n d e r w a y  fo r conducting  a com parative col
labo ra tive  study o f the  2 m ethods fo r detecting  
m icro  leaks in  a va rie ty  o f canned foods.

S a lm o n e l la .—  T he  enhanced recovery o f S a l

m o n e lla  fro m  N F D M  p re -en rich ed  u n d er cond i
tions o f reduced reh yd ra tio n  rates has been  
dem onstrated  in  the Associate Referee's labora
tory. The o ffic ia l f in a l action m ethod o f N F D M  
p re -en rich m ent (46.056) consists of m ix in g  w e ll, 
b y  s w irlin g , a 25 g sam ple at a 1:9 sam p le /d is 
t i lle d  w a te r ratio  and e q u ilib ra tin g  the m ixture  
at roo m  tem peratu re  fo r 60 m in . The p H  is ad
justed to 6.8 ±  0.2, and b r illia n t green dye is 
added  to a f in a l concentration  o f 0.002% before  
incu batio n  at 35 °C . T h e  im p ro ved  procedure  
consists o f gently  adding a 25 g sample to 225 m L  
sterile d istilled  w ater and le tting  the sample soak 
und is turbed  fo r 60 m in  before incubation . The  
p H  is n o t adjusted fo r samples analyzed  by the  
soak m etho d . A nalysis  o f sam ple sizes larger 
than  25 g, e.g., 100 g and  375 g, d id  n o t resu lt in  
an y  decrease in  sens itiv ity  o f the soak m ethod . 
Associate Referee Paul L. Poelm a reports that a 
com parative co llaborative  study o f the o ffic ia l

and soak methods for N F D M  sample rehydration  
is c u rren tly  in  progress and tha t the  results w i l l  
be reported  at the  1983 A n n u a l M ee tin g .

S o m a t ic  C e i l  A u t o m a t e d  O p t ic a l  C o u n t in g  

M e t h o d .—  Associate Referee W esley N . K e lle y  is 
p la n n in g  a collaborative study o f the  C o u lte r  
m ilk  cell counter (C M C C ), a rap id  autom ated  
system fo r detecting  som atic cells in  fresh and  
preserved m ilk . T he  C M C C  system counts a ll 
particles above a certain  size by in te rru p tin g  an  
e lectrica l im pulse . T en  co llaborators w ith  
C M C C  systems have agreed to partic ipate  in  a 
collaborative study p lan ned  fo r  FY  83. Three  
practice samples in  dup licate  sent to p o ten tia l 
collaborators revealed in it ia l problem s o f lack o f 
u n ifo rm ity  of sample preparation  and d iff ic u lty  
in  calibration of the system to a level lo w  enough  
so that p rim a rily  somatic cells are counted. A  
progress report was presented at the  1982 A n n u a l 
M e e tin g  w ith  recom m endations fo r  resolutions  
o f these problem s.

S p o re  F o rm e r s  a n d  N o n - s p o r e  F o r m e r s  in  L o w  A c id  

C a n n e d  F o o d s .—  I t  has been estim ated (Segner
(1979) F o o d  T e c h n o l . 33, p. 55) by one cann ing  
com pany that 90% or more of customers' spoilage 
problem s probab ly  are due to leaker spoilage, a 
type  o f spoilage w h ic h  invo lves  post process 
recontam ination  o f foods s te rilized  in  h e rm e ti
cally  sealed containers. Th is  type o f spoilage is 
caused most com m only  by n on -sp orefo rm in g  
bacilli o f nonhealth  significance. A n o th e r type  
of spoilage, less com m on b u t p o te n tia lly  m ore  
hazardous than leaker spoilage, is caused by  
underprocessing. In  this case, organism s such 
as C lo str id iu m  b o tu lin u m  and o th er sporeform ers  
surv ive  and m u ltip ly . In  m an y  cases, the o r
ganisms that m u ltip ly  autosterilize, w h ich  makes 
conventional m icrobiological procedures useless 
in  d eterm in in g  w h e th e r spoilage was caused by  
leakage or underprocessing. There is a need fo r  
a screening procedure for rap id ly  d ifferentia ting  
these 2 types o f spoilage. Associate R eferee  
M ary  L. Schafer has developed a technique based 
on gas-liquid chrom atographic iden tifica tio n  in  
the can contents o f 2 chem ical com pounds  
characteristic o f sporeformers. Practice samples 
have been d is tribu ted  to p o ten tia l collaborators  
in  an tic ipa tion  o f a co llaborative  study.

S t a p h y lo c o c c u s  T o x in .— Associate R eferee Re
g in a ld  W . B ennett reports tha t p lans are u n d er  
w ay  to conduct a co llaborative study o f a 
screening process (M eyer &  P alm ieri (1980) A p p l .  

E n v ir o n . M ic ro b io l . 40, 1080-1085) fo r  detecting  
entero tox in  production  by large num bers of 
foodborne staphylococcal isolates. T he  screen
ing  procedure uses polyvalen t (serotypes A , B, C,
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D , and E) im m u n o d iffu s io n  slides to test fo r  en- 
terotoxin production of pooled cultures that have  
been inoculated  separately on the  surface o f a 
plate  o f sem isolid agar.

T e s t in g  B io lo g ica l S te ril ity  I n d ic a t o r s .— A  proce
dure for sterility testing o f 10% fat emulsions was 
studied. The procedure consists o f so lu b iliz ing  
the em ulsion in  d im e th y l sulfoxide and filte rin g  
the m ixture  th rough  a polyester m em brane. In  
addition to being rapid, this procedure avoids the 
problem s o f tu rb id ity  and m em brane f ilte r  
p lu g g in g  associated w ith  o ther m ethods.

Y e a s t s ,  M o ld s ,  a n d  A c t in o m y c è t e s .— Associate 
Referee P h illip  B. M is livec  has in itia ted  a survey 
of yeast and m o ld  flora  o f a v a rie ty  o f fro zen  
fru its  (blackberries, b lueberries, cherries, rasp
berries, and straw berries). O n e  h u n d red  o f  
these samples were plated in  potato dextrose agar 
w ith  and w ith o u t N a C l added to f in a l concen
trations o f 4, 6, and 7.5% to d eterm in e  the effect 
o f the added N a C l on m o ld  spreader in h ib itio n  
and  on v iab le  m old  counts. P re lim in ary  results 
ind icate that 7.5% N a C l e ffective ly  inh ib its  m old  
spreaders and that viable counts are not affected  
adversely. T he effect o f 7.5% N a C l on v iab le  
m o ld  counts o f o th er foods, p articu la rly  foods 
contain ing  heat-in jured  m old organisms, w il l  be 
d eterm ined  in  FY 83 before a collaborative study 
is conducted.

Recommendations

(1) A d o p t as o ffic ia l firs t action the hyd ro - 
phobic g rid  m em brane f ilte r  m ethod  fo r the en
um era tion  o f total coliform s in  n o n fa t d ry  m ilk  
an d  canned custard.

(2) Revise the o ffic ia l firs t action m ethod  for

the  enu m eratio n  and con firm ation  o f B a cillu s  

c e r e u s  in  foods (46 .A 1 0 -4 6 .A 1 5 ) to incorporate  
add itio na l tests fo r d iffe ren tia tin g  B. c e r e u s  from  
o th er B a c illu s  species.

(3) D iscontinue the fo llo w in g  topics: Cereal 
Products (M icro b io log ica l); M icrobe  Id e n tific a 
tion  by C ap illa ry  Gas C hrom atography; Somatic 
C e ll, R o llin g  Ball V iscom eter Procedure; and  
Som atic C e ll, M i ll ip o r e -D N A  Assay.

(4) Consolidate the fo llo w in g  topics:
(a) A u to m ated  M eth o d  fo r Fungi; Yeast and  

M o ld  Counts; and Pathogenic Yeasts, M olds, and  
Actinom ycètes in to  the single topic Yeasts, 
M o ld s , and  Actinom ycètes.

(b ) C o lifo rm  Bacteriology; Enteropathogenic  
E s c h e r ic h ia  co li ; and E s c h e r ic h ia  co li and C o lifo rm  
Bacteria in to  the sing le topic E s c h e r ic h ia  co li and  
O th e r C o lifo rm s.

(c) B a cillu s  c e r e u s  Enterotoxin and B a cillus c e re u s  

T o x in  in to  the  sing le topic B a cillu s  c e r e u s  E n ter
o tox in .

(d ) S t a p h y lo c o c c u s  and S t a p h y lo c o c c u s  a u re u s  

in to  the  s ing le  topic S t a p h y lo c o c c u s .

(5) T ransfer the fo llo w in g  topics from  the  
G eneral Refereeship  fo r Food M icro b io lo g y  to a 
separate General Refereeship: Testing Biological 
S te rility  Ind icators; S te rility  Testing  o f M ed ica l 
Devices; and  Cosm etic M icrob io lo gy .

(6) A p p o in t Associate Referees for the existing  
topics o f S t a p h y lo c o c c u s  and o f Y e r s in ia  e n t e r c c o l-  

it ica .

(7) In it ia te  the topic Genetic M ethods fo r the  
D etection  o f Bacterial Pathogens and the  topic  
Iden tification  of M icroorganism s by Biochemical 
Kits.

(8) C o n tin u e  study on a ll o ther topics.
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Report on Antibiotics

STANLEY E. KATZ
N e w  J e r s e y  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n ,  D e p a r t m e n t  o f  B i o c h e m i s t r y  a n d  M i c r o b i o l o g y , 

C o o k  C o l l e g e — R u t g e r s  U n i v e r s i t y ,  N e w  B r u n s w i c k ,  N J  0 8 9 0 3

This  year has been one o f re la tive ly  modest 
activ ity , as m easured by collaborative studies. 
H o w ever, there appear to be significant advances 
in  m etho d o log y  in  the  fo rm ative  stage, as in d i
cated in  some o f the con tribu ted  papers. T h e  2 
areas that portend significant forw ard  m ovem ent 
are chrom atograph ic assays fo r bacitracin  and  
ch lo rte tracycline  in  prem ixes and feeds.

/3 -L a cta m  A n tib io t ic s  in M ilk :  Q u a lita t iv e  P r o c e 

d u r e s .— A  collaborative study o f the D elvotest 
system was perfo rm ed  w ith  the am p ule  m ethod  
to establish the  com m on lo w e r lim its  o f sensi
t iv ity  in  a va rie ty  o f f lu id  m ilk  products. The  
results ind icated  that levels as lo w  as 0.0045  
IU /m L  could  be d ete rm ined  essentially 100% of 
the tim e  in  skim  m ilk , chocolate skim  m ilk , ho
m ogen ized  m ilk , and h a lf-an d -h a lf. Associate 
R eferee W . N . K e lley  recom m ended  acceptance

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee G and were adopted by the Association. See the 
report of the Committee and "Changes in Methods", this 
issue.

Section numbers refer to "Changes in Methods," J. Assoc. Off. 
Anal. Chem. 65, 450-521 (1982).

of this procedure fo r /3-lactam residues (p e n ic il
lin )  in  m ilk  and m ilk  products at 0.0045 IU /m L .  
T he  G eneral Referee concurs and recom m ends  
the adoption  o f the D elvotest am pule  system as 
o ffic ia l f in a l action w ith  a lo w e r l im it  o f detect
a b ility  o f 0.005 IU /m L .

T he  Associate Referee also recom m ended  the  
adoption  o f the m u ltites t system as o ffic ia l f in a l 
action, exc lud ing  use in  chocolate products. 
Since this q ua lita tive  assay system is essentially  
the same as the am pule  system and  is p r im a r ily  
used fo r raw  f lu id  m ilk , and  no adverse com 
m ents have been received, the G eneral Referee  
concurs w ith  the recom m endation . T he  rec
om m ended  lo w e r l im it  of detection  fo r both  
variations is 0.005 IU /m L .

Recommendations

(1) A d o p t as o ffic ia l f in a l action the o ffic ia l 
firs t action q ua lita tive  color reaction tests for 
/3-lactam in  f lu id  m ilk  products, 16 .C 17-16 .C 22 , 
fo r residues > 0 .005  IU /m L ,  exc lud ing  use in  
chocolate products fo r the m u ltites t system.
(2) C o n tinu e  study on a ll o ther topics.

Report on Biochemical Methods

JOHN J. O'RANGERS
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  5 6 0 0  F i s h e r s  L a n e ,  R o c k v i l l e ,  M D  2 0 8 5 7

W ork on the developm ent of a general m ethod  
and  protocol fo r the  assessment of perform ance  
of im m unochem ical pregnancy test kits has been  
com pleted  (/. A s s o c . O f f .  A n a l .  C h e m . (1982) 65, 
592 -597 ). T h is  procedure is a practical evalua
tion  m etho d  w h ic h  should  be of use to labora-

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the General Referee was approved 
by Committee G and was accepted by the Association. See the 
report of the Committee, this issue.

tories using d irect a g g lu tina tion  and ag g lu tin a 
tio n  in h ib it io n  tests.

O ne  o f the m ain  p rio rities  o f this refereeship  
is the establishm ent of m ore rigorous va lida tio n  
data and methods for immunoassays. O ne of the 
problem s in  the assessment o f specific ity  o f im 
munoassays has been the lack o f a lte rna tive , in 
dep end ent analy tica l procedures w h e re b y  the  
perform ance o f im m unoassays can be checked, 
but w ith  the adven t o f both  H P L C  and  sensitive  
mass spectrom etric techniques, this p ro b lem  is 
bein g  obviated.
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In  1981, the Associate Referee fo r im m u n o 
chem ical m ethods fo r estrogen analysis com 
p leted  a study on the va lid a tio n  o f a ra d io im 
munoassay fo r 17/3-estradiol by gas chrom atog- 
raphy-m ass spectrom etry. G iven  the im p o r
tance o f accurate va lid a tio n  o f im m unoassays, 
this w o rk  has been extended to a re v ie w  on this  
subject and has been subm itted  to the  J o u r n a l  o f  

C lin ic a l C h e m is t r y .

P re lim in a ry  w o rk  on the d eve lo pm en t o f a 
co lo rim etric  assay fo r h ep arin  reveals s tab ility  
problems w ith  the color developm ent. W ork  on 
this phase o f the investigatio n  has been post
poned w h ile  the feasibility of an H P L C  approach  
is evaluated . The H P L C  approach has the po
ten tia l o f separating h ep arin  in to  com pounds  
and  thereb y a llo w in g  eva lu ation  o f the effect of 
type  and  concentration  o f com ponent on  a n ti
coagulant activ ity . Th is  w o u ld  be useful in  
product q u a lity  control.

The Associate R efereeship fo r im m un och em 
ical methods for meat products has recently been  
reassigned due to re tirem ent o f A lo n za  H ayden , 
U S D A . T h e  m ethod  c u rre n tly  invo lves  the use 
of agar-gel d iffus ion  techniques to speciate m eat 
p ro te in . The n ew  Associate Referee, D av id  
B erko w itz , U S D A , w i l l  re v ie w  existing  m e th 
odology on use o f e n zy m e -lin ke d  im m un oso r
bent assay (ELISA) technology as a detection tool. 
C o llaborative  study o f this technique w i l l  aw a it 
fu rth e r d eve lo p m en t in  this area.

A  n e w  Associate R efereeship added in  1981 is 
Im m un och em ica l M ethods  for Staphylococcal 
Enterotoxin : D ev e lo p m e n t o f M on oc lon a l A n 
tibodies. A t  this tim e, hybridom as have been  
achieved w h ic h  produce antibodies o f the IgG  
type against SEA o n ly  and SEA and SED in  
com bination . W o rk  is proceeding in  the  stabi
liza tio n  and  c lon ing  o f these cells. This w o rk  
has excellen t p o ten tia l fo r lead ing  to a source of 
antibodies capable o f distinguishing enterotoxin  
types. This  w i l l  open the  w ay  fo r the  d eve lo p 
m en t in  sensitive, specific, and, most of a ll, rap id  
im m un och em ica l tox in  m easurem ent tests.

W o rk  continues on the d eve lo pm en t o f rap id  
im m unochem ica l screening m ethods fo r sulfa  
drugs. In it ia l assessment o f an tibody  achieved  
was 1 /5000  tite r in  N e w  Zealand  rabbits. There  
is, how ever, a problem  w ith  stability o f antibody; 
hence, no specificity studies w ere  perfo rm ed. 
W o rk  on th is project continues.

The G eneral Referee is collaborating w ith  the  
p la n n in g  group  fo r the 1984 S pring  W orkshop. 
W e are designing  a m ajor session on analy tica l 
im m u n o lo gy . Th is  presentation  w i l l  inc lude  
both  didactic and  applications session. W e are 
also considering a w orkshop session on selected 
im m un ochem ica l m ethods o f analysis.

Recommendation

C o n tinu e  study on a ll topics.

Report on Color Additives

KEITH S. HEINE
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  C o l o r  T e c h n o l o g y ,  W a s h i n g t o n ,  D C  2 0 2 0 4

The Associate Referee on A tom ic  A b sorption  
in  C o lo r A nalysis , L. M o te n , is c o n tin u in g  his 
study o f m ethods fo r the  d e te rm in a tio n  o f trace 
elem ents in  color add itives exem pt fro m  c e rtifi
cation.

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28, at 
Washington, DC.

The recommendations of the General Referee were approved 
by Committee G and were adopted by the Association. See the 
report of the Committee and "Changes in Methods", this 
issue.

Section numbers refer to "Changes in Methods," J. Assoc. Off. 
Anal. Chem. 63,374-423 (1980); 64,501-540 (1981); 65,450-521 
( 1982).

The Associate R eferee on C o lo r in  O th e r  
Foods, N . A dam o, has com pleted  w r it in g  a 
m etho d  fo r the extraction  o f F D & C  colors fro m  
cookies and  has been a n a lyz in g  specially p re 
pared cookies to test the suitability  of the m ethod  
fo r co llaborative study.

The Associate Referee on H ig h  Pressure L iquid  
C h rom atography , E. Cox, recom m ends on the  
basis o f w o rk  to be prepared  fo r p ub lica tion  by
N . R ich fie ld -F ra tz  that the m ethod  fo r the de
te rm in a tio n  o f in term ediates  and side reaction  
products in  FD & C  Red N o  40 (34.B01-34.B06) be 
m odified  by changing the first sentence of 34.B06
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to read: "W eig h  0.250 g sample, add 10 m L 0 .1M  
N a 2B4C>7 first, then add ca 50 m L H 2O , and, w hen  
dissolved, d il. to 100 m L w ith  H 2O ."  Failu re  to 
add the  sodium  borate firs t m ay result in  de
com position  o f D M M A .

T he  Associate Referee on Ino rgan ic  Salts, W . 
B ram m ell, has presented a paper on an ion  se
lective  electrode m etho d  fo r the d e te rm in a tio n  
o f sodium  iod id e  in  F D & C  Red N o . 3. H e  is de
ve lo p ing  ion  selective electrode methods fo r the  
d ete rm in a tio n  o f io d ide  and  ch loride  in  color 
add itives and is p la n n in g  collaborative studies 
on these m ethods.

The Associate Referee on In term ediates , U n 
com bined, in  C e rtifia b le  T rip h e n y lm eth an e  
Colors, A . Scher, has presented a discussion of 
the d e te rm in a tio n  o f in term ediates, leuco base, 
and subsidiary colors in  F D & C  Blue N o . 1 by re
verse phase H P L C , and is p la n n in g  a collabora
tive  study o f th is m ethod.

The Associate Referee on In term ediates , U n 
com bined, in  C ertifiab le  W ater-S o lu b le  A zo  
Colors, D . M a rm io n , plans to study im proved  
m ethods fo r the detection  o f im p u rities  in  su l

fon ic  acids used to prepare color additives.
The Associate Referee on Subsidiary Colors in  

C ertifiab le Color A dditives, J. Bailey, reported on  
a reverse phase H P L C  m ethod  fo r the d e te rm i
nation  of interm ediates and subsidiary colors in  
D & C  G reen  N o . 5. A lso u n d er th is  top ic, A . 
G oldberg  and  R. C alvey  con tribu ted  a paper on  
the determ ination  o f 2 ,4 -d in itro -l-n a p h th o l and
1-n aphtho l in  Ext. D & C  Y e llo w  N o . 7.

Recommendations

(1) O n  the basis o f rou tine  use by the D iv is ion  
o f C o lo r Technology fo r the past year, adopt as 
o ffic ia l f in a l action the o ffic ia l firs t action  
m ethods fo r the H P L C  d ete rm ina tion  o f in te r
m ediates and  reaction by-products in  F D & C  
Y e llo w  N o . 5 (34 .C 01-34.C 06).

(2) As recom m ended by the Associate Referee, 
e d ito ria lly  revise the o ffic ia l first action m ethod  
fo r in term ediates  and reaction by-products in  
F D & C  Red N o . 40 (34 .B 01-34.B 06) as described  
above.

(3) C o n tinu e  study on a ll topics.

Report on Cosmetics

RONALD L. YATES
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  C o s m e t i c s  T e c h n o l o g y ,  W a s h i n g t o n ,  D C  2 0 2 0 4

E s s e n tia l O ils  a n d  F r a g r a n c e  M a t e r ia l s , C o m p o s i

t io n .— Associate Referee H a rris  H . W isneski has 
n early  com pleted  w o rk  on the d eve lo p m en t of 
an analy tica l m ethod  fo r the d e te rm in a tio n  o f 
cinn am ald eh yd e  in  fragrances. The proposed  
procedure, w h ich  uses H P L C -flu o ro m e try  as the 
respective separation and detection  techniques, 
is selective and sensitive. The aldehyde fraction  
of the fragrance is first isolated by extraction w ith  
am ino  caproic acid sodium  salt. A n  a liq u o t of 
the extract is reacted w ith  1 ,2 -d iam ino n a -  
p h th a len e  u n d er acid conditions to fo rm  the

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AO AC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee G and were accepted by the Association. See 
the report of the'Committee, this issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition.

fluo ro ph ore . T he  reaction m ix tu re  is then  ana
lyzed  by reverse phase H P L C -flu o ro m e try  to 
d ete rm ine  c innam aldehyde. The m ethod  is se
lective fo r c innam aldehyde  and  o th er unsatu
rated aldehydes. A lth o u g h  saturated aldehydes  
fo rm  fluorescent derivatives, the  excitation  and  
em ission bands are d isplaced enough to fa ll 
outside the range of the filte rs  used fo r the c in 
nam aldehyde fluorophore. P re lim in ary  studies 
ind icate recoveries in  the 85-95%  range.

N o  Associate Referee reports w ere received on 
the rem a in in g  topics.

Recommendations
(1) C o n tin u e  o ffic ia l firs t action status of 

m ethod  35 .019-35 .023 , and  m ethod  35 .001-
35.006.

(2) C o n tin u e  study on a ll o th er topics.
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Report on Drug Residues in Animal Tissues

CHARLIE J. BARNES
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  C h e m i s t r y  a n d  P h y s i c s ,  W a s h i n g t o n ,  D C  2 0 2 0 4

C a r b a d o x .— Associate Referee Jose E. Roybal, 
F D A , D e n v e r, C O , has been investiga tin g  a f lu 
orescence H P L C  derivative o f the carboxylic acid 
h yd ro ly tic  p ro duct o f carbadox. T he  d eriva tiz -  
in g  agent is 4 -b ro m o -m eth y l-7 -m etho xyco u r- 
m arin .

D i m e t r i d a z o l e .— Associate R eferee  M a r itz a  
Colon P u llano , F D A , D enver, C O , was unable to 
pursue w o rk  on this d rug  in  tissue because of 
w o rk  on the same drug in  feed.

S c r e e n in g  M e t h o d s . — Associate Referee M ichael
H . Thom as, U S D A , B eltsville , M D , reported  a 
successful collaborative study of a T L C  fluores
cence densitom etric  screening m ethod  fo r sul- 
faq u in o xa line  in  tu rkey  tissues; su lfad im eth ox- 
ane in  tu rkey , sw ine, and duck tissues; sulfa
m ethazin e  in  tu rkey  and  sw ine tissues.

C om m ittee  G, d u rin g  the  sum m er 1982, 
adopted the screening m ethod  fo r the 3 a p p li
cations listed  as in te rim  first action. I t  was also

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee G and were adopted by the Association. See the 
report of the Committee and "Changes in Methods", this 
issue.

Section numbers refer to "Changes in Methods," /. Assoc. Off. 
Anal. Chem. 65, 450-521 (1982).

noted tha t the  co llaborative study show ed the  
T L C  procedure to be q uan tita tive  fo r the d ru g -  
tissue com binations listed.

C onsidering  the n um ber of an im al drugs for 
w h ic h  screening procedures w o u ld  be useful, 
several Associate Referees could be appointed  in  
th is  subject area.

S u lfo n a m id e  D r u g s .— The M a n u e l-S te lle r G LC  
and FSIS G L C /M S  m ethods w ere  adopted first 
action last year (41 .C 09 -41 .C 12  and 41 .C 01-
41.C08). S. J. Stout, W . A . S te ller, and A . J. 
M an u e l have developed  a gas chrom atogra
p h y -c h e m ic a l io n iza tio n -m ass  spectrom etry  
procedure for the con firm ation  o f su lfam etha
z in e  in  cattle and sw ine tissues. This procedure  
uses the G LC  extract fro m  the M a n u e l-S te lle r  
G LC  m ethod . W ith  these 2 m ethods and the  
T L C  screening procedure (also q ua lita tive ), ex
cellent procedures for determ in ing  several of the 
su lfonam ide (paren t) drugs are n o w  availab le .

Recommendations

(1) A d o p t as o ffic ia l first action the in te rim  
screening m ethod  for su lfonam ide drugs.

(2) A p p o in t Associate Referees on the topics 
D ie th y ls tilb es tro l; D in itro b en zam id e ; N itro fu -  
rans; S u lfo nam ide  drugs.

(3) C o n tinu e  study on a ll topics.

Report on Drugs in Feeds

RODNEY J. NOEL
P u r d u e  U n i v e r s i t y ,  D e p a r t m e n t  o f  B i o c h e m i s t r y , 

L a f a y e t t e ,  I N  4 7 9 0 7

A m p r o l iu m .— (K ath leen  Eaves, Associate R ef
eree). A  h ig h  perform ance liq u id  chrom ato
graph ic procedure using the p a ired -ion  tech
n iq ue  is being  developed. A  possible m in i-c o l
laborative is scheduled.

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the General Referee was approved 
by Committee G and was accepted by the Association. See the 
report of the Committee, this issue.

O f f i c e  o f  I n d i a n a  S t a t e  C h e m i s t ,  W e s t

C a r b a d o x .— (M a rk  A . L itch m an , Associate 
R eferee). Long-range plans call fo r converting  
present m ethodology to h igh  perform ance liqu id  
chrom atography.

E t h o p a b a t e .— (K ath leen  Eaves, Associate R ef
eree). A  h ig h  perform ance liq u id  chrom ato
graph ic m ethod  is being  developed.

F u ra z o lid o n e  a n d  N i t r o fu r a z o n e .— (R obert L. 
S m allidge, Associate Referee). A  m ethod  is 
ready fo r co llaborative study.

P y r a n t e l  T a r t r a t e .— (James A . B rasw ell, Asso-
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d a te  R eferee). A  h ig h  perform ance liq u id  
chrom atograph ic m ethod  is being  developed.

R o x a r s o n e .— (G le n n  M . G eorge, Associate 
Referee). A  co llaborative  study is u n d er w ay.

S u lfa  R e s id u e s .— (R obert K. M u n n s , Associate 
R eferee). A  co llaborative  study is u n d er w ay.

S u lfa m e t h a z in e  a n d  S u lfa t h ia z o le .— (D w ig h t M . 
Low ie , Associate Referee). A  h ig h  perform ance  
l iq u id  chrom atograph ic m etho d  has been sub

m itted  fo r pub lica tion  and a co llaborative study  
is p lanned .

N o  plans w ere  reported  fo r w o rk  on o ther 
topics. Associate Referees are needed on the  
fo llo w in g  topics: A rsan ilic  A cid; Rabon; Phe- 
noth iazine .

Recommendation

C o ntinu e  study on a ll topics.

Report on Veterinary Analytical Toxicology

P. FRANK ROSS
N a t i o n a l  V e t e r i n a r y  S e r v i c e s  L a b o r a t o r i e s ,  A m e s ,  I A  5 0 0 1 0

The G eneral R efereeship in  V e te rin a ry  A n a 
ly tica l Toxicology was in itia te d  at the  1981 
A O A C  m eeting . Since tha t tim e, a ll Associate 
Referee topics m en tio ned  in  this report have  
been assigned. T he  Referee is g ra te fu l to the  
Associate Referees fo r th e ir w illingness to serve 
and  fo r th e ir efforts d u rin g  the last year.

The activities o f the G eneral Referee area are 
coordinated w ith  those of professional scientists 
w h o  are associated w ith  the A m erican  Associa
tion  o f V e te rin a ry  Laboratory D iagnosticians  
(A A V L D ) and the A m erican  C o llege o f V e te r i
nary Toxicologists (A C V T ). M em bers from  both  
groups serve on a com m ittee established in  1981 
by the A A V L D . T h e  specific m akeup  and fun c
tion  o f the com m ittee and  its w o rk in g  re la tio n 
ship w ith  the G eneral Referee has recently  been  
reported  (1).

T he  Associate Referees curre n tly  assigned  
cover o n ly  a p o rtio n  o f the topics o f in terest in  
veterinary  analytical toxicology. The topics not 
curre n tly  assigned are e ith e r p resently  covered  
by o ther G eneral Referee areas or w i l l  be as
signed in  the fu ture.

T here  have been some recent books and  
m anuals pub lished  on the subject o f v e te rin a ry  
ana ly tica l toxicology (2 -4 ) . O n ly  a fe w  of the  
m ethods in  these pub lications are substantiated

This report of the General Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendations of the General Referee were approved 
by Committee G and were adopted by the Association. See the 
report of the Committee and "Changes in Methods", this 
issue.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition.

by co llaborative studies. These sources, and  
others, can serve as a gu ide fo r toxicological 
analysis and also has a basis fo r fu rther study and  
collaboration .

T he  typ ical toxicology analyst is presented  
w ith  specimens o f a w id e  varie ty  and type. The  
samples are o f a b io logical nature and in  vary ing  
states o f decom position. The procedures fo l
lo w ed  in  analysis are usually  adapted fro m  
m ethods developed  fo r e n tire ly  d iffe re n t types 
o f samples. T he  toxicologist and analyst must 
keep in  m in d  the lim ita tions o f the m ethods and  
that the methods should provide data that can be 
used in  support o f the diagnosis o f toxicosis.

Specifically, several publications have recently  
appeared w ith  this goal in  m in d . R eynolds (5) 
has developed  an H P L C  screening m ethod  fo r 
toxic levels o f 12 or m ore anticoagulant roden- 
ticides in  baits and  feeds. Ray et al. have re 
ported (6) on an H P L C  procedure fo r d iagnosing  
"b lis te r b eetle" poisoning. Casper (7) gave a 
recent report on d icoum aro l levels associated 
w ith  sweet clover poisoning. Stahr et al. (8) have 
reported on the use of TLC  for analysis of several 
m etals o f d iagnostic interest. These fe w  exam 
ples po in t out the diverse nature and broad range 
o f interest that exists in  ve te rin a ry  analy tica l 
toxicology.

T h ere  has been a great deal of e ffo rt b y  a ll 
Associate Referees to d e te rm ine  w h a t m ethods  
are no>v being  used in  the  fie ld . Several m e th 
ods surveys, in te rlab ora to ry  studies, and  ques
tionnaires  have been com pleted  or are n o w  in  
process. T he  response by m em bers o f the ve t
e rin a ry  d iagnostic com m u nity  has been excel
len t. A  great deal o f in fo rm atio n  on sam pling  
and m ethods has been com piled . In  a d d itio n ,
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partic ipants fo r the co llaborative process have  
been secured.

A  b rie f sum m ary o f the status and  recom 
m endations fo r each topic fo llow s.

C h o l in e s t e r a s e .— Associate R eferee R ichard  
P fe iffe r has resigned due to a job change. I t  is 
recom m ended  a n ew  ap p o in tm ent be m ade and  
study be continued.

C o p p e r  in A n im a l  T is s u e s .— D a v id  O sheim  (N a 
tional V e te rin a ry  Services Laboratories, Am es, 
IA )  reports that a survey o f m ethods fo r copper 
analysis in  serum  has been com pleted. T he  
survey was conducted to d eterm in e  w h a t m eth 
ods are cu rren tly  being  used and to a id  in  selec
tio n  o f a m etho d  fo r co llab orative  study. 
T h irty -s ix  laboratories agreed to partic ipate and  
29 o f those reported  results on 2 b ovine  serum  
samples p ro vid ed  to them . T he  m ean values  
w ere  76 and 74 pg  c o p p e r /100 m L  serum  w ith  
C Vs of 47% and 58%, respectively, fo r the  2 sam
ples.

A  v a rie ty  o f m ethods w ere  used, in c lu d in g  
d irect d ilu tio n , w e t and d ry  ashing fo r sample  
preparation , and IC P , A A S , and flam e em ission  
fo r detection.

Even though there was a w id e  range o f results, 
a m ethod from  the Perkin-E lm er "Cookbook" (9) 
was used by 5 laboratories and gave good 
agreem ent. T h e  m ethod  is s im ple, short, and  
econom ical. I t  invo lves  a d irect d ilu tio n  o f the  
serum  sam ple w ith  w ater, p reparation  of stan
dards in  10% glycerol to compensate for viscosity 
d iffe rence , and  d ete rm ina tion  by A AS.

Based on the survey results and fu rth e r study  
in  his laboratory, the Associate R eferee con
ducted a collaborative study of the above m ethod  
and recom m ends it  be adopted o ffic ia l firs t ac
tion .

L e a d  in  A n im a l  T is s u e s .— Associate Referee  
R obert J. Everson (Purdue U n ive rs ity , W est La
fayette , IN )  reports that he has received the  re 
sults fro m  a questionnaire  concern ing lead  
analysis w h ic h  was sent to in d ustria l and state 
laboratories to f in d  out w h a t m ethods are cur
re n tly  being  used, the frequency o f analysis, and  
the types o f samples c u rren tly  being  analyzed.

For b lood  lead analysis, organic ex trac tio n / 
A A S , fu rn a c e /A A S , and D elves c u p /A A S  are 
used b y  the  m ajority . Analysis  o f o th er d iag 
nostic samples fo r lead is done by a v a rie ty  of 
techniques ran g in g  fro m  d ry  a s h /A A S  to w e t  
a s h /IC P .

The Associate Referee recom m ends that an  
in te rlab ora to ry  study be conducted on lead  
analysis in  b lood. A ll  partic ipants w i l l  be a l
lo w ed  to use th e ir m ethod  of choice. Based on

the results from  this study, a collaborative study  
w il l  be p lanned .

M u lt ip l e  A n t ic o a g u la n t  S c r e e n i n g .— Associate 
Referee John D a v id  Reynolds (A n im a l Disease 
Laboratory, C entralia , IL )  has sent a question
n aire  to several state and  federa l d iagnostic lab 
oratories requesting  in fo rm atio n  on screening  
m ethods curre n tly  used for anticoagu lant ro- 
denticides. A lth o u g h  the n u m b er of laborato
ries that are actually screening for anticoagulants 
is sm all, several expressed interest in  p artic i
pating in  a collaboration. C urren tly  H P L C , TLC , 
U V , G LC , and G L C /M S  are used.

T he  Associate Referee recom m ends tha t an  
in terlaboratory study be conducted fo llo w ed  by  
a co llaborative study o f his H P L C  m ethod  for  
screening baits and feeds (5). A lth o u g h  the  
m ethod  is designed fo r the  detection  o f 12 or 
m ore anticoagulants, the in it ia l phase of the  
study w i l l  inc lude  o n ly  w a rfa rin , fu m a rin , ra- 
cum in, and coumachlor. O th e r studies that w il l  
incorporate 12 or m ore anticoagulants are 
p lan n ed  fo r the  fu ture . The lack o f enough  
laboratories w ith  g rad ien t H P L C  capabilities  
requires tha t several isocratic systems be used. 
T he  m ain  em phasis o f the in it ia l study w i l l  be 
iden tific a tio n  and q uantitation .

M u lt ie le m e n t  A n a ly s is  b y  I C P .— Associate R ef
eree W . Em m ett B razelton  (M ic h ig a n  State U n i
vers ity , East Lansing, M I)  reports d iff ic u lty  in  
fin d in g  enough laboratories w ith  IC P  capabilities 
interested in  do ing  analysis of an im al tissues. I f  
enough laboratories and instrum ents are found , 
the Associate Referee recom m ends that his w e t  
a s h /IC P  m ethod  for trace elem ents in  an im al 
tissue undergo  ruggedness testing and  fu rth e r  
study tow ard  a collaborative study.

N i t r a t e / N i t r i t e .— Associate Referees M ich a e l 
Carlson and N o rm an  Schneider (U n iv e rs ity  of 
Nebraska, L in co ln , N E ) report s ign ificant p ro g 
ress d uring  the year tow ard a collaborative study. 
A n  in terlab ora to ry  study conducted by Casper
(10) on n itra te  analysis in  forage has g iven  sup
port for the nitrate electrode in  the determ inative  
step. In  this study, 16 partic ipating  laboratories  
w e re  a llo w ed  to use th e ir  m ethod  o f choice on 5 
forage samples. The m ethods em ployed  in 
c luded  n itra te  electrode, h yd ra z in e  re d u c tio n / 
colo rim etric , cadm ium  colum n reduction  / col
orim etric, and others. The laboratories using the 
n itrate  electrode obtained results w h ic h  w ere  in  
good agreem ent, w h ile  o th er m ethods gave a 
broad range o f results. The samples used fo r the 
study contained levels of n itra te  as KNO3 ran g 
in g  fro m  0.30% to greater than  5.0%. T he  h ig h  
le v e l represents that w h ic h  w o u ld  be expected
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in  the case o f n itrate  poison ing  (11). T he Asso
ciate Referees recom m end that a collaborative  
study be conducted on n itrate determ inations in  
forage samples, using the n itra te  electrode.

S e le n iu m  in  A n im a l  T is s u e s .— Associate Referee  
James Roof (Bureau o f A n im a l In d u s try , H a rr is 
burg , P A ) reports on the com pletion  o f a survey  
of m ethods/in terlaboratory study o f selenium  in  
blood. O ne  porcine b lood  sam ple and one bo
v ine  blood sample w ere analyzed by 14 d ifferent 
laboratories. The laboratories p ro vid ed  th e ir  
m ethod  w h e n  results w ere  reported .

The results from  the b ovine  sam ple gave a 
m ean o f 0.09 / ig /m L  b lood w ith  a standard de
v ia tio n  o f 0.02, w h ile  the porcine sam ple m ean  
was 0.12 p g /m L  blood w ith  a standard deviation  
o f 0.04. T he  m ethods used inc lu d ed  the A O A C  
m ethod  fo r p lan t tissue (3 .097 -3 .101), d ry  ash/ 
fluo ro m etric , w e t and d ry  a s h /h y d rid e  genera
tion  A A S , d ry  a s h /G L C  and w e t a s h /IC P -A E S  
w ith  hydride generation. The Associate Referee 
recom m ends fu rth e r study and eva lu ation  of 
m ethods tow ard  a co llaborative  study.

P o iso n o u s  P la n ts .— Associate Referee George  
Rottinghaus (U n ivers ity  o f M issouri, C o lum bia, 
M O ) is cu rre n tly  conducting  a survey o f v e te r i
nary  diagnostic laboratories to d e te rm in e  the  
needs fo r poisonous p lan t analysis. Because a 
w id e  va rie ty  o f com pounds are encountered in  
various types o f poison ing  from  p lants, there is 
an alm ost lim itless n um b er o f procedures need
ed. T he  Associate Referee recom m ends w h en  
the survey is com pleted that the needs be as
sessed and  m etho d olog y be developed a n d /o r  
studied.

A r s e n ic  in A n im a l  T is s u e s .— Associate Referee  
Tracy H u n te r  (Bureau o f C onsolidated  Labora
tories, R ichm ond, V A ) reports on the com pletion  
o f a survey of m ethods fo r arsenic in  an im al 
tissues. The survey was a im ed at f in d in g  w h at  
m ethods are cu rren tly  b e in g  used fo r cases of 
suspected arsenic poisoning in  domestic animals. 
Seventeen laboratories w ere  p ro vid ed  a k id n e y  
sam ple and  a liv e r sam ple. Each contained a 
h ig h  leve l o f arsenic. T he  means and standard  
deviations w ere  10.2 ppm  and 2.5 for the k idn ey  
and 21.2 p pm  and 3.7 for the liv e r, respec
tive ly .

The m ajo rity  o f the laboratories used arsine  
generation  (41.011) fo r detection  and q u an tita 
tion . O th e r detection  techniques in c lu ded  h y- 
d rid e /A A S , IC P , and  g raph ite  fu rn a c e /A A S . 
Roughly an equal num ber o f laboratories use w et 
and d ry  ashing. T he  Associate Referee recom 
m ends that a collaborative study be conducted  
to expand the existing  m ethod  fo r arsenic resi

dues in  an im al tissues (41.009-41.012) to include  
levels that w o u ld  be encountered in  an im al 
poisonings.

M o l y b d e n u m .— Associate R eferee  H o w a rd  
Casper (N o rth  D akota State U n ive rs ity , Fargo, 
N D )  is cu rre n tly  conducting  a lite ra tu re  rev iew  
of m ethods. H e  recom m ends that the existing  
m ethod for m olybdenum  in  plants (3 .056-3.058) 
be in v e s tig a ted  fo r a p p lic a tio n  to a n im a l 
tissues.

R u m e n s in .— Associate Referee R onda M oore  
(Io w a  State U n ive rs ity , Am es, IA )  has rev iew ed  
the lite ra tu re  and contacted several laboratories  
to f in d  w h ic h  m ethods are c u rre n tly  used to 
screen feed samples related to anim al poisonings 
fo r rum ensin . M ethods being  used inc lu de  a 
TLC  m ethod (12) and a colorim etric m ethod (13), 
both o f w hich  em ploy a reaction w ith  v a n illin  for 
detection. The Associate Referee recom m ends  
that studies on sensitivity of the TLC  m ethod and  
on the stability o f rum ensin at low  levels in  feeds 
be conducted. Interlaboratory and collaborative  
studies w i l l  then be conducted based on results 
o f these studies.

Recommendations

(1) A dopt as official first action the m ethod for 
copper in  serum  as described by the Associate 
Referee.

(2) Conduct an interlaboratory study fo llow ed  
by collaborative study on the m u ltip le  antico
agu lant screening m ethod.

(3) C onduct a co llaborative study on n itrate  
in  forage, using the n itrate  electrode.

(4) C onduct a co llaborative study to expand  
the existing  arsenic m ethod  (41 .009-41 .012) to 
inc lude  levels encountered in  an im al poison
ings.

(5) C o n tinu e  study on a ll topics.
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T R A N S A C T IO N S  OF THE A S S O C IA T IO N  OF 
O FF IC IA L  A N A LY T IC A L  CHEM ISTS

T h e  n in e ty -s ix th  ann ual m eeting  of the Association o f O ffic ia l A n a ly tica l Chem ists was held  
at the Shoreham  H o te l, W ash ington , D C , on O ctober 25, 26, 27, and 28, 1982. The fo llo w in g  
reports, along  w ith  the actions o f the Association, w ere  g iven  at the business m eeting  held  
Thursday, O ctober 2 8 ,19 8 2 , J. P. M in y a rd  presid ing.

Report of the Official Methods Board

ELMER GEORGE, Jr, C h a i r m a n

S t a t e  D e p a r t m e n t  o f  A g r i c u l t u r e  a n d  M a r k e t s ,  F o o d  L a b o r a t o r y ,  A l b a n y ,  N Y  1 2 2 3 5

Other members: R. Brunelle, J. A. Burke, D. E. Coffin, A. R. Hanks, J. C. Kissinger,
E. Sarnoff, H. M. Wehr

T h e  96th  A n n u a l M e e tin g  marks the second year o f the O ffic ia l M ethods Board existence.
T h e  m ajo rity  o f business d u rin g  the year was conducted by correspondence. The Board m et 
once at the A n n u a l M ee tin g .

N o m in atio n s  received for the Best Associate Referee Report aw ard  w ere: Peter F. Kane, 
C o m m ittee  A ; B. D en is  Page, C o m m ittee  C; A r th u r C aputi, C o m m ittee  D ; Susan C. H ig h t, 
C o m m ittee  E; and M ich ae l H . Thom as, C om m ittee  G. N o m in ation s  w ere  not subm itted  by 
C om m ittees B and F. T he aw ard  was presented to Peter F. K ane by p resident James P. M in y a rd  
at the G eneral Session of the A n n u a l M ee tin g , O ctober 25 ,1982 .

T h e  7 O ffic ia l M ethods Com m ittees received recom m endations fro m  G eneral Referees for 
ado ption  o f 30 m ethods or revisions d u rin g  the year; 7 w ere  recom m ended  fo r in te rim  o ffic ia l 
firs t action and  23 fo r o ffic ia l first action approval. Last year 40 collaborative study reports w ere  
subm itted . The average per year fo r the decade en d ing  1980 was 48.

T h e  custom ary sem i-annual letters o f instruction  from  the chairm an o f the Board w ere  sent to 
Associate and G eneral Referees in  January and June. G eneral Referees w ere  requested to 
com plete a special Associate Referee survey form  and re tu rn  it  by Septem ber 20. A p p ro x im ate ly  
500 form s w ere  received. In fo rm atio n  requested included: address and te lephone changes, 
status o f collaborative studies started a n d /o r  plans fo r the com ing year, Associate Referee special 
needs, and  suggestions fo r im p ro v in g  the collaborative study process. P ertin en t in fo rm atio n  
obtained  fro m  the survey w il l  appear in  T h e  R e fe r e e .

The Board o f D irectors requested com m ents and suggestions on the Long-Range P lan n in g  
C om m ittee's  (LR P C ) recom m endations fo r increasing m ethods output. Specifically, the request 
inc lu ded  re v ie w  of Part 2, id en tifica tio n  o f m ethod  needs and availab le  sources of m ethods fo r  
collab orative  study; Part 3, study o f "candidate m eth o d " approach; and Part 4, iden tific a tio n  of 
w ays fo r exped itin g  im p lem en ta tio n  o f the co llaborative study process. The assignm ent was 
d iv id e d  am ong 3 subcom m ittees. In  sum m ary, the m ajority  o f the Board M em bers  recom m end  
tha t the Board o f D irectors exercise extrem e caution in  app ro v ing  and im p le m e n tin g  the LRPC's  
report. Fu rth erm o re , the m ajo rity  o f the Board believes that the  present approach to m ethods  
d eve lo p m en t and testing should  not be basically changed; in  a d d itio n , care must be taken to not 
usurp the cu rren t responsibilities o f G eneral and Associate Referees.

O n  O ctober 2 4 ,19 8 2 , the O ffic ia l M ethods Board established a n ew  collaborative study policy. 
N a m e ly , w h e n e v er an Associate Referee or any author submits a report o f a collaborative study  
w ith  a m ethod  recom m ended  fo r adoption , a separate, fo rm al copy o f the m ethod , w ritte n  in  
substance a lth o u gh  not necessarily in  style fo r p ub lication  in  O ffic ia l  M e t h o d s  o f  A n a ly s is , must be 
attached. T he  req u ired  statistical param eters m ust also be inc luded  w ith  the rep ort as a separate, 
dis tinc t item .

Accepted
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Report of Committee A on Recommendations for Official Methods

A L A N  R. H A N K S  (O ff ic e  o f  th e  In d ia n a  S ta te  C h e m is t , P u rd u e  U n iv e r s it y ,  D e p a r tm e n t  
o f  B io c h e m is try , W e s t L a fa y e tte , I N  4 7 9 0 7 ) , C h a i r m a n ;  W A R R E N  R. B O N T O Y A N  
(E n v ir o n m e n ta l  P ro te c tio n  A g e n c y , O f f ic e  o f  P e s tic id e  P ro g ra m s , B e lts v i l le ,  M D  
2 0 7 0 5 );  A . A N E R  C A R L S T R O M  (C h e v r o n  C h e m ic a l C o ., 9 4 0  H e n s le y  S t, R ic h m o n d , C A  
9 4 8 0 4 );  L O U IS  W . F E R R A R A  ( I M C  C o rp ., 1401 S 3 rd  S t, T e r re  H a u te ,  I N  4 7 8 0 8 );
F R A N K  J. J O H N S O N  ( T V A /N a t io n a l  F e r t i l i z e r  D e v e lo p m e n t  C e n te r ,  M u s c le  S h o a ls , 
A L  3 5 6 6 0 );  H O W A R D  P. M O O R E  (O h io  D e p a r tm e n t  o f  A g r ic u l tu r e ,  C o n s u m e r  
A n a ly t ic a l  L a b o ra to ry , F e e d  a n d  F e r t i l i z e r  S e c tio n , 8 9 9 5  E  M a in  S t, R e y n o ld s b e rg , O H  
4 3 0 6 8 );  R IC H A R D  H .  C O L L IE R  (D e p a r tm e n t  o f  B io c h e m is try , P u rd u e  U n iv e r s it y ,  W e s t  
L a fa y e tte , I N  4 7 9 0 7 ) , S e c r e t a r y ;  a n d  E D W IN  M .  G L O C K E R  (1 4 6 9 7  R o x b u ry  R d , G le n e lg ,  
M D  2 1 7 3 7 ), S t a t is t i c a l  C o n s u l t a n t

The C o m m ittee  is pleased to report positive recom m endations fo r 11 of 13 collaborative  
studies this year. Because of a s ligh t m isund erstand in g, one o f the studies, dalapon, d id  not 
reach the C o m m ittee  fo r consideration; h ow ever, re v ie w  fo r in te rim  action approval should  be 
com pleted  shortly . T he  second study not acted on w i l l  be considered fo r in te rim  action as soon 
as com plete data can be obtained. In  ad d itio n  to the fu ll  co llaborative studies, positive action  
was taken on 2 changes in  status as a result o f strong supportive  data and in fo rm atio n  provided  
by Associate Referees and  com m unicated  by G eneral Referees to the C om m ittee.

For the firs t tim e in  m any years, the C o m m ittee  m et in d iv id u a lly  w ith  the G eneral Referees. 
These m eetings, a lth o u g h  ex ten d in g  the C o m m ittee  tim e in  session to 7 h, w ere  productive and  
f ille d  2 im p o rtan t needs; in fo rm a l in fo rm atio n  exchange and in terac tive  rev iew . The practice 
of in d iv id u a l G eneral Referee m eetings w i l l  be con tinued  in  the fu ture .

The C o m m ittee  agrees w ith  the M eth od s Board recom m endation  that reports o f collaborative  
studies received fo r re v ie w  be accom panied by a separate copy o f the  m ethod , as d eterm ined  by  
the Associate Referee, that should  be pub lish ed  in  O ffic ia l  M e t h o d s  o f  A n a ly s is ; fu rth erm o re , the  
C om m ittee  agrees w ith  the M eth od s  Board recom m endation  that m ethod  perform ance data, 
req u ired  by the Association fro m  1982 fo rw ard , should  be inc lu ded  as a d istinct item  in  the  
rep ort o f a co llaborative study.

The C o m m ittee  wishes to express a concern and m ake a suggestion fo r consideration  by the  
Association. B a c k g r o u n d : I t  is fo u n d  that m ethods m ay be adopted in te rim  first action and  be 
recom m ended  fo r firs t action at the n ext A n n u a l M ee tin g  w ith o u t h av in g  been e ith e r pub lished  
in  fu ll  in  a veh ic le  read ily  availab le  to the m em bership , or presented at an A n n u a l M e e tin g  p rio r  
to the Association's vote fo r adoption . T h e  same course o f events, especially d u rin g  periods of 
restricted trave l, appears to be occurring  in  some instances fo r co llaborative studies received for 
in it ia l re v ie w  at the same A n n u a l M e e tin g  at w h ic h  they are adopted. C o n c e r n :  U n d e r the  
circumstances as stated, are interested  m em bers a ffo rd ed  adequate o p p o rtu n ity  to re v ie w  
co llaborative studies before vo ting  fo r adoption? S u g g e s t io n : C onsideration  should be g iven  to 
the d eve lo pm en t o f a po licy  covering  th is concern w ith  possible inclusion  o f a req u irem en t for 
e ith e r p ub lica tion  o f the com plete study in  a veh ic le  read ily  ava ilab le  to the m em bership , or 
presentation  at an A n n u a l M ee tin g  p rio r to the Association's vote fo r adoption . G eneral 
Referees m eeting  w ith  the C o m m ittee  th is year agree w ith  the concern and concur w ith  the  
suggestion.

T w o  G eneral Referee vacancies cu rren tly  exist. O f  p articu lar concern is the  vacancy for 
H azardous Substances. Since the Consum er Product Safety Com m ission has closed its fie ld  
laboratories, the a v a ila b ility  o f w e ll q ua lifie d  scientists to f i l l  this G eneral R efereeship has 
greatly  d im in ish ed . T he C o m m ittee  is in it ia tin g  an active search fo r a q u a lifie d  G eneral Referee  
fo r H azardous Substances. Persons interested  in  serving  in  this capacity a n d /o r  k n o w in g  o f  
persons w h o  m ig h t be interested  in  serv ing  should contact M ethods  C om m ittee  A.

F in a lly , the C o m m ittee  takes great pleasure in  p ub lic ly  expressing its sincere thanks and  
appreciation  to H o w a rd  P. M oo re  o f the O h io  D ep artm en t o f A g ric u ltu re  for his outstanding  
service as a m em ber and his strong leadersh ip  as chairm an o f M ethods C o m m ittee  A . H o w ard , 
good luck in  re tire m e n t and w atch out fo r In d ians  in  Tennessee.
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FEED S

(1) A m in o  A c id s  in  M i x e d  F e e d s :  C o n tin u e  
study.

(2) F a t ,  C r u d e ,  in  P e t  F o o d s : C o n tin u e  study.
(3) F ib e r ,  C r u d e :  C o n tin u e  study.
(4) F ib e r ,  C r u d e ,  in M ilk  R e p la c e r s : C o n tinu e  

study.
(5) I n f r a r e d  R e f le c t a n c e  T e c h n iq u e s  in  M i x e d  

A n im a l  F e e d s :  A p p o in t an Associate R ef
eree; con tin ue study.

(6) I o d in e  in  F e e d s :  C o n tin u e  study.
(7) M in e r a ls :  C o n tin u e  study.
(8) N o n - N u t r i t iv e  R e s id u e s : C o n tin u e  study.
(9) P r o t e in ,  C r u d e :  C o n tin u e  study.

(10) S a m p lin g : C o n tin u e  study.
(11) W a t e r  (K a r l  F i s c h e r  M e t h o d ) :  C o n tinu e  

study.

F E R T IL IZ E R S

(1) B iu re t  in  U r e a  a n d  M i x e d  F e r t i l iz e rs : C o n 
tin u e  study.

(2) B o ro n : C o n tin u e  study.
(3) C a lc iu m  a n d  M a g n e s iu m :  D iscon tin ue  

topic.
(4) C o p p e r : D iscon tinue topic.
(5) E le m e n t a l  A n a ly s is  o f  L im in g  M a t e r ia ls :  

D iscontin ue topic.
(6) F r e e  a n d  T o ta l W a te r : C o n tin u e  study.

*(7 ) I ro n : (a) A d o p t as o ffic ia l firs t action the
atom ic absorption m ethod  for chelated  
iro n  in  iro n  chelate concentrates, as re 
ported  by the Associate Referee, w ith  
the p rovis io n  that an ap p licab ility  state
m ent be added to l im it  the m ethod  to 
the  che la ting  agents studied  and to note  
that the m etho d  is not app licab le  to 
m ixed  fe rtilize rs , (b ) C o n tin u e  study.

(8) M o ly b d e n u m :  A p p o in t an Associate R ef
eree; con tinue study.

*(9 ) N it r o g e n :  (a) A d o p t as o ffic ia l f in a l ac
tion  the o ffic ia l firs t action m o d ified  
com prehensive n itro g en  m ethod  
(2 .061 -2 .062). (b) C o n tin u e  o ffic ia l first 
action status o f w ater-in so lu b le  n itro 
gen, M eth o d  I I  (2 .073 -2 .074), (c) C o n 
tin u e  study.

(10) P h o s p h o ru s : C o n tin u e  study.
* (1 1) P o ta s h : (a) A d o p t as o ffic ia l first action

* An asterisk before a recommendation indicates that official 
action on that recommendation resulted in its appearance in 
"Changes in Methods."

The recommendations submitted by Committee A were 
adopted by the Association.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition; and "Changes in Methods," J. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980); 64, 501-540 (1981); 65, 450-521 
(1982).

the flam e p ho tom etric  m ethod  described  
by the Associate Referee, (b) C o n tin u e  
study.

(12) S a m p lin g  a n d  P re p a ra t io n  o f  S a m p le : C o n 
tin u e  study.

(13) S lo w - R e le a s e  M i x e d  F e r t i l iz e rs : C o n tin u e  
study.

*(1 4 ) S o d iu m : (a) A d o p t as o ffic ia l firs t action  
the atom ic absorption  m ethod  described  
by the Associate Referee at the 95th  A n 
nual M e e tin g , O ctober 1981. (b) C o n 
tin u e  study.

*(1 5 ) S o il a n d  P la n t  A m e n d m e n t  I n g r e d ie n t s : (a) 
A d o p t as o ffic ia l firs t action the atom ic  
absorption m ethod  fo r a lu m in u m  in  a lu 
m in u m  sulfate soil acid ifiers  described  
by the  Associate Referee, (b) C o n tin u e  
study.

(16) S u l fu r :  (a) C o n tin u e  o ffic ia l first action  
status o f the su lfu r m ethod  (2.A 01).
(b) C o n tin u e  study.

*(17 ) W a t e r- S o lu b le  M e t h y le n e u r e a s :  (a) A d op t 
as o ffic ia l firs t action the h ig h  p erfo r
m ance liq u id  chrom atograph ic m ethod  
described by the Associate Referee, (b) 
C o n tin u e  study.

(18) Z in c : C o n tin u e  study.

H A Z A R D O U S  S U B S T A N C E S

(1) A m m o n ia  as a P ro d u c t  I n g r e d ie n t :  C o n 
tin u e  study.

(2) B e n z e n e  in  C o n s u m e r  P r o d u c t s : C o n tin u e  
study.

(3) C a rb o lic  A d d  (P h e n o l ic )  C o m p o u n d s : C o n 
tinu e  study.

(4) C h lo r in a t e d  H y d r o c a r b o n s : C o n tin u e  
study.

(5) D ie t h y le n e  G ly co l a n d  E t h y le n e  G ly c o l:  

A p p o in t an  Associate Referee; con tinue  
study.

(6) F la m m a b le  S u b s t a n c e s  in  P r e s s u r iz e d  C o n 

t a in e rs : C o n tin u e  study.
(7) F la s h  P o in t o f  S o lid s  a n d  S e m iso lid s : A p 

p o in t an Associate Referee; con tinue  
study.

(8) F o r m a ld e h y d e :  C o n tin u e  study.
(9) H a z a r d o u s  C o m p o n e n t s  in  R e s in  S y s t e m s :  

A p p o in t an Associate Referee; con tinue  
study.

(10) P e n t a c h lo ro p h e n o l  in  T o y  P a in ts : C o n tinu e  
study.

(11) P e t r o le u m  D istilla tes  in  M ix t u r e s : C o n 
tin u e  study.

(12) S e le n iu m : A p p o in t an Associate Referee; 
continue study.
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(13) T o x ic  M e t a l s  in  P a in ts : C o n tin u e  study.
(14) T u r p e n t in e :  C o n tin u e  study.
(15) V is co s ity  o f  L iq u id s : A p p o in t an Asso

ciate Referee; continue study.
(16) O t h e r  T o p ic : C o n tinu e  o ffic ia l firs t ac

tion  status o f the m ethod  fo r v o la tile  dé
naturants in  a lcoholic  products (5 .012 - 
5.013); continue study.

PESTICIDE FORMULATIONS: 
CARBAMATE INSECTICIDES AND

SUBSTITUTED UREA INSECTICIDES
(1) A ld ic a rb : C o n tinu e  study.
(2) C a r b a r y l: C o n tin u e  study.
(3) C a r b o fu ra n  a n d  C a r b o s u lfa n : C o n tin u e  

study.
(4) 2 ,2 - D im e t h y l - l ,3 - b e n z o d io x o T 4 - y l  M e t h y T  

c a r b a m a t e  (B e n d io c a r b ): C o n tin u e  study.
(5) 4 - M e t h y l t h i o - 3 ,5 - x y l y l  M e t h y lc a r b a m a t e  

(M e t h io c a r b ) :  C o n tin u e  study.
(6) o - ls o p r o p o x y p h e n y l  M e t h y lc a r b a m a t e  (P r o - 

p o x u r ) :  C o n tin u e  study.
(7) M e t h o m y l :  C o n tin u e  study.
(8) O x a m y l: C o n tin u e  study.
(9) P ir im ic a rb : A p p o in t an Associate R efer

ee; continue study.

PESTICIDE FORMULATIONS:
FUNGICIDES AND DISINFECTANTS

(1) B e n o m y l: A p p o in t an Associate Referee; 
continue study.

(2) C a p ta n : C o n tinu e  study.
(3) C a rb o x in  a n d  O x y c a rb o x in : C o n tin u e  

study.
(4) C h lo ro th a lo n il : C o n tin u e  study.
(5) C o p p e r  N a p h t h e n a t e :  C o n tinu e  study.
(6) D in o c a p  (2 ,4 - D i n i t r o - 6 - o c t y l  P h e n y l  C ro to -  

n a t e ) : C o n tin u e  study.
(7) D ith io c a rb a m a te  F u n g ic id e s : C o n tinu e  

study.
(8) F o lp e t : C o n tin u e  study.

*(9 ) P e n t a c h lo r o n it r o b e n z e n e : (a) D e le te  the  
statem ent, "D iscard  a fter 3 days," of 
paragraph 6.C09(c) o f the o ffic ia l firs t ac
tion  G LC  m ethod  (6.C08-6.C11) and  
adopt the m o d ifie d  m ethod  o ffic ia l f in a l 
action, (b) C o n tin u e  study.

(10) o - P h e n y lp h e n o l : C o n tin u e  study.
(11) T r ip h e n y lt in : C o n tin u e  study.

PESTICIDE FORMULATIONS: 
GENERAL METHODS

(1) A t o m ic  A b s o rp tio n  S p e c t r o s c o p y : C o n tinu e  
study.

(2) C o n ta m in a n t s  in  P e s t ic id e  F o rm u la t io n s :  

C o ntin u e  study.

(3) D io x in s  ( 2 , 3 , 7 ,8 - T e t r a c h lo r o - p - d ib e n z o - p -  

d io x in  in 2 , 4 ,5 - T ) :  C o n tinu e  study.
(4) N it r o s a m in e s : C o n tin u e  study.
(5) P es t ic id e s  in S p r a y  T a n k  D is p e rs io n s : C o n 

tinu e  study.
(6) P h y s ic a l  P ro p e rt ie s  o f  P e s t ic id e s : C o n tin u e  

study.
(7) S a m p lin g : C o n tinu e  study.
(8) S a m p lin g  o f  P r e s s u r iz e d  C a n s  (A e r o s o ls ) :  

A p p o in t an Associate Referee; con tinue  
study.

(9) V o la tility  o f  H o r m o n e - T y p e  H e rb ic id e s :  

C o n tin u e  study.
(10) W a t e r- S o lu b le  C o p p e r  in W a t e r- In s o lu b le  

C o p p e r  F u n g ic id e s : C o n tin u e  o ffic ia l first 
action status o f the C IP A C -A O A C  a tom 
ic absorption and bathocupro ine  m e th 
ods (6.B 01-6.B 08).

PESTICIDE FORMULATIONS: 
HALOGENATED

(1) B e n z e n e  H e x a c h lo r id e  a n d  L in d a n e : C o n 
tinu e  o ffic ia l firs t action status of the  
benzene hexachloride rad ioactive tracer 
m ethod  (6.202); continue study.

(2) C h lo r d a n e : C o n tinu e  study.
(3) C h lo r d im e fo r m : C o n tin u e  study.
(4) D ico fo l ( l , l - B i s ( c h l o r o p h e n y l ) - 2 ,2 ,2 - t r i c h l o - 

r o e t h a n o l ) : C o n tin u e  o ffic ia l firs t action  
status of the  h yd ro lyzab le  ch loride  
m ethod  (6 .283-6.288); con tinue study.

*(5 ) D if lu b e n z u r o n : (a) A d op t as o ffic ia l first 
action the C IP A C  h ig h  perform ance liq 
u id  chrom atographic m ethod  described  
by the Associate Referee, (b) C o n tinu e  
study.

(6) D ip ro p y l  I s o c in c h o m e r o n a te : C o n tinu e  
study.

* ( 7 )  E n d o s u l fa n : (a) A d o p t as o ffic ia l first ac
tion  the C IP A C  gas-liqu id  chrom ato
graph ic m ethod  described by the Asso
ciate Referee, (b ) C o n tin u e  study.

(8) F e n v a le r a t e : C o n tin u e  study.
(9) H e p t a c h lo r : C o n tinu e  study.

(10) M e t h o x y c h lo r :  C o n tinu e  study.
(11) P e r t h a n e : C o n tin u e  study.
(12) T e t r a d ifo n : D iscon tinue topic.
(13) T o x a p h e n e : C o n tinu e  study.
(14) T r ic h lo r fo n  (D y l o x ): C o n tin u e  study.

PESTICIDE FORMULATIONS: 
HERBICIDES I

(1) C h lo r o p h e n o x y  H e rb ic id e s : (a) C o n tinu e  
o ffic ia l first action status o f the fo l
lo w in g  h ig h  perform ance liq u id  chro
m atographic methods: 2 -m ethyl-4 -ch lo -
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rophenoxyacetic acid (6.A18-6.A22);
2,4 ,5-trich lorophenoxyacetic  acid 
(6.A23-6.A26); 2,4-dichlorophenoxyacet- 
ic acid esters and am in e  salts (6.275- 
6.279), (b) C o n tin u e  study.

(2) D ic a m b a : C o n tin u e  study.
(3) P e n t a c h lo r o p h e n o l : C o n tin u e  study.
(4) P ic lo r a m : D iscon tinue topic.
(5) P la n t  G ro w th  R e g u la t o r s : C o n tin u e  study.
(6) 2 ,3 ,6 - T r ic h lo r o b e n z o i c  A c id :  A p p o in t an  

Associate Referee; con tinue study.

PESTICIDE FORMULATIONS: 
HERBICIDES II

(1) A la n a p : C o n tin u e  study.
(2) B a rb a n : C o n tin u e  study.
(3) B e n s u lid e  (S - ( 0 ,0 - D i i s o p r o p y l ) P h o s p h o ro -  

d ith io a te  E s t e r  o f  N - ( 2 - M e r c a p t o e t h y l  B e n -  

z e n e s u l fo n a m id e ) :  C o n tin u e  study.
(4) B e n z o y lp r o p - e t h y l : A p p o in t an Associate 

Referee; continue study.
(5) B ro m a c il a n d  L e n a c il : C o n tin u e  study.
(6) C h lo r o x u r o n : C o n tinu e  study.
(7) D im e t h y l  T e t r a c h lo r o t e r e p h t h a la t e : C o n 

tin u e  study.
(8) D in o s eb : A p p o in t an Associate Referee; 

continue study.
(9) D iu ro n : C o n tin u e  study.

(10) S - E t h y l  D ip ro p y lt h io c a r b a m a t e : A p p o in t  
an Associate Referee; continue study.

(11) F lu c h lo r a l in ,  P ro f lu r a l in ,  B e n e f in ,  T r i f lu r a l-  

in ,  a n d  P e n o x a l in : C o n tinu e  study.
(12) F lu o m e t u r o n :  C o n tin u e  study.
(13) L in u r o n : C o n tinu e  study.
(14) M e t h a z o le :  C o n tin u e  study.
(15) M o n u r o n :  A p p o in t an Associate Referee; 

continue study.
(16) O r y z a l in  (3 ,5 - D i n i t r o - N  ,N - (d ip r o p y l ) s u l fa -  

n i la m id e ) : A p p o in t an Associate Referee; 
con tin ue  study.

(17) P a ra q u a t : C o n tin u e  study.
(18) S id u r o n : C o n tin u e  study.
(19) T h io c a r b a m a te  H e r b ic id e s : C o n tin u e  o ff i

cial firs t action status o f the gas-liqu id  
chrom atograph ic m etho d  fo r th iocarba
m ate herbicides (6.426 -6.430); continue  
study.

PESTICIDE FORMULATIONS: 
HERBICIDES III

(1) A la c h l o r ,  B u t a c h lo r ,  a n d  P ro p a c h lo r : C o n 
tin u e  study.

(2) A m it r o l : A p p o in t an Associate Referee; 
con tin ue study.

(3) B e n t a z o n e : A p p o in t an Associate R efer
ee; con tin ue study.

(4) B ro m o x y n il : C o n tinu e  study.
(5) C a c o d y lie  A c id :  A p p o in t an Associate 

Referee; continue study.
(6) C y a n a z in e  (B la d e x ®): A p p o in t an Asso

ciate Referee; con tinue study.
(7) D a la p o n : C o n tin u e  study.
(8) D ic h lo b e n il : A p p o in t an Associate R efer

ee; con tinue study.
(9) D is o d iu m  M e t h a n e  A r s e n a t e : A p p o in t an 

Associate Referee; con tinue study.
*(1 0 ) G ly p h o s a te : (a) A d o p t as o ffic ia l firs t ac

tion  the h ig h  perform ance liq u id  chro 
m atographic m ethod  described b y  the  
Associate Referee, (b) C o n tinu e  study.

(11) M e t o la c h lo r : C o n tinu e  study.
(12) M e t r ib u z in  (4 - A m i n o - 6 - ( l ,1 - d i m e t h y l - 

e t h y l ) - 3 - ( m e t h y l t h i o ) - l ,2 ,4 - t r i a z i n - 5 - ( 4 H ) -  

o n e ) :  C o n tin u e  study.
(13) M o n o s o d iu m  M e t h a n e  A r s e n a t e :  A p p o in t  

an Associate Referee; con tinue study.
(14) P ro p a n il ( 3 ' ,4 '- D ic h lo r o p r o p io n a n i l id e ) :  

C o ntinu e  study.
*(15 ) T e r b u t h y la z in e : (a) A d o p t as o ffic ia l fin a l 

action the o ffic ia l firs t action gas-liqu id  
chrom atographic m ethod  (6.B 20-6.B 27).
(b) Inc lu de  this topic u n d er T ria z in e  
Herbicides.

(16) s -T r ia z in e  H e rb ic id e s : C o n tin u e  study.

PESTICIDE FORMULATIONS: 
INORGANIC PESTICIDES

(1) A lu m in u m  P h o s p h id e : C o n tin u e  study.
(2) S o d iu m  C h lo r a te : A p p o in t an Associate 

Referee; con tinue study.

PESTICIDE FORMULATIONS:
ORGANOTHIOPHOSPHATE PESTICIDES

(1) A c e p h a t e  (O r t h e n e ® ) :  C o n tin u e  study.
(2) A z in p h o s m e t h y l  ( 0 , 0 - D i m e t h y l  S - [ (4 - O x o -  

l , 2 ,3 ~ b e n z o t r i a z i n - 3 ( 4 H ) - y l ) m e t h y l ] p h o s -  

p h o ro d it h io a t e ) : C o n tinu e  study.
(3) C h lo r p y r ip h o s : C o n tin u e  study.
(4) C o u m a p h o s : C o n tin u e  study.
(5) D e m e t o n : A p p o in t an Associate Referee; 

continue study.
(6) D e m e t o n - S - M e t h y l :  A p p o in t an Asso

ciate Referee; con tinue study.
(7) D ia z in o n  ( 0 , 0 - D i e t h y l  0 - ( 2 - l s o p r o p y l - 6 -  

m e t h y l- 4 - p y r im id in y l )  P h o s p h o ro d it h io a t e ): 
C o ntinu e  o ffic ia l firs t action status o f the  
gas-liqu id  chrom atograph ic m ethod  for 
d iaz in o n  (6.331); con tinue study.

(8) D im e t h o a te : C o n tin u e  study.
(9) D io x a th io n : C o n tin u e  study.

(10) D is u lfo t o n : C o n tin u e  study.
(11) E n c a p s u la t e d  O r g a n o p h o s p h o r u s  P e s t ic id e s :
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C o ntin u e  o ffic ia l firs t action status of the  
gas-liqu id  chrom atograph ic m ethod  for 
encapsulated d ia z in o n  (6 .C 12 -6 .C 15); 
continue study.

(12) E P N :  C o n tin u e  study.
(13) E th io n : C o n tin u e  study.
(14) Eth o p ro p : C o n tin u e  study.
(15) O  E t h y l  O  (4 M e l h y l t h i o )  P h e n y l  S - P ro p y l  

P h o s p h o ro th io a te  (B o ls ta r®): C o n tin u e  
study.

*(16 ) F e n s u l fo t h io n : (a) A d o p t as o ffic ia l first 
action the h ig h  perform ance liq u id  chro
m atographic m ethod  described by the  
Associate Referee, (b) C o n tin u e  study.

(17) F e n t h io n : C o n tin u e  study.
(18) F o n o p h o s : A p p o in t an Associate Referee; 

continue study.
(19) M a la t h io n : C o n tin u e  study.
(20) M e t h id a t h io n  (S u p r a c id e ® ) : C o n tin u e  

study.
(21) P a ra th io n  a n d  M e t h y l  P a r a th io n : C o n 

tinu e  o ffic ia l firs t action status o f the  
vo lu m etric  (6 .388 -6 .394 ), co lorim etric  
(6 .395 -6 .399), g as-liqu id  chrom atograph 
ic (6 .379 -6 .383), and h ig h  perform ance  
l iq u id  chrom atograph ic (6 .384 -6 .387) 
m ethods fo r p ara th io n , and the gas-liq
u id  chrom atograph ic (6 .400 -6 .404 ) and  
h ig h  perform ance liq u id  chrom ato
graph ic (6 .405 -6 .408) m ethods fo r m eth 
y l parath ion; con tin ue study.

(22) P h o r a t e : C o n tin u e  study.
(23) T e m e p h o s : (a) C o n tin u e  o ffic ia l firs t ac

tion  status o f the C IP  A C  h ig h  p erfo r
m ance liq u id  chrom atograph ic m ethod  
(6 .C 16 -6 .C 21). (b) A p p o in t an Associate 
Referee, (c) C o n tinu e  study.

PESTICIDE FORMULATIONS:
OTHER INSECTICIDES, SYNERGISTS, 

AND INSECT REPELLANTS
(1) A lle t h r in :  C o n tin u e  o ffic ia l first action  

status o f the gas-liqu id  chrom atograph ic  
m ethod  fo r technical a lle th r in  (6 .149 - 
6.154); continue study.

(2)  2 , 3 : 4 , 5 - B i s ( 2 - b u t y l e n e ) t e t r a h y d r o - 2 - f u r  a l

d e h y d e  ( M G K  R e p e lla n t  1 1 ® ) : C o n tin u e  
study.

(3) D ip ro p y l I s o c in c h o m e r o n a te  ( M G K  R e p e l - 
la n t  3 2 6 ® ) :  C o n tinu e  study.

(4) F u m ig a n t s : C o n tinu e  o ffic ia l firs t action  
status o f the  gas-liqu id  chrom atographic  
m ethod  fo r fu m ig a n t m ixtures (6 .143 - 
6.148); continue study.

(5) N ic o t in e : C o n tin u e  study.
(6) P e r m e t h r in :  C o n tin u e  study.

*(7 ) P ip e r o n y !  B u t o x id e  a n d  P y r e t h r in s : (a)
A d op t as o ffic ia l f in a l action the  o ffic ia l 
firs t action gas-liqu id  chrom atographic  
m ethod  (6 .C 22 -6 .C 25). (b) C o n tinu e  
study, in c lu d in g  lo w  levels and  m ixed  
form ulations.

(8) R e s m e t h r m :  C o n tinu e  study.
*(9 ) R o t e n o n e  a n d  O t h e r  R o ten o id s : (a) A d op t 

as o ffic ia l first action the h ig h  p erfo r
m ance liq u id  chrom atograph ic m ethod  
described by the Associate Referee, (b) 
C o ntinu e  o ffic ia l firs t action status o f the  
in fra red  m ethod  fo r ro tenone (6 .163 - 
6.164). (c) C o n tinu e  study.

(10) O t h e r  T o p ic s : (a) C o n tinu e  o ffic ia l first 
action status o f the U V  m ethod  fo r sulf
oxide (6.419). (b) Establish the n ew  
topic M e th y l Brom ide and app o in t an  
Associate Referee.

PESTICIDE FORMULATIONS: 
OTHER ORGANOPHOSPHATE 

INSECTICIDES
(1) C r o t o x y p h o s : C o n tinu e  study.
(2) C r u fo m a t e : A p p o in t an Associate R efer

ee; con tinue study.
(3) D ic h lo r v o s  (2,2 D ic h lo r o v in y l  D im e t h y l  

P h o s p h a t e ) : C o n tin u e  o ffic ia l firs t action  
status o f the in fra re d  m ethods (6 .324 - 
6.327 and 6.328-6 .330); con tinue study.

(4) M e v in p h o s :  C o n tinu e  study.
(5) M o n o c r o t o p h o s  ( D im e t h y l  P h o s p h a te  o f  3  

H y d r o x y - N - M e t h y l - c i s - C r o t o n a m i d e ) :  

C o ntinu e  study.
(6) N a l e d :  C o n tin u e  study.
(7) T e t ra c h lo r v in p h o s  ( 2 - C h l o r o - l - ( 2 ,4 ,5 - t r i -  

c h lo r o p h e n y l )v in y l  D im e t h y l  P h o s p h a t e ) :  

C o ntinu e  study.

PESTICIDE FORMULATIONS:
RODENTICIDES AND MISCELLANEOUS 

PESTICIDES
*(1 ) B ro d ifa c o u m  (T a lo n ® ): (a) A d o p t as o ff i

cial firs t action the h ig h  perform ance  
l iq u id  chrom atograph ic m ethod  present
ed by the  Associate Referee, (b ) C o n 
tinu e  study.

(2) C h lo r o p h a c in o n e : A p p o in t an Associate 
Referee; con tinue study.

(3) D ip h a c in o n e : C o n tinu e  study.
(4) a - N a p h t h y l t h i o u r e a :  (a) C o n tinu e  o ff i

cial firs t action status of the  surplus  
m ethod  (6.139). (b) A p p o in t an Asso
ciate Referee, (c) C o n tinu e  study.

(5) N - 3 - P y r i d y l - N '- p - n i t r o p h e n y l  U r e a
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( V a c o r ®): A p p o in t an Associate Referee; 
con tin ue study.

(6) S t r y c h n in e :  A p p o in t an Associate R efer
ee; con tinue study.

(7) W a r fa r in : C o n tin u e  study.

PLANTS
(1) A s h in g  M e t h o d s :  C o n tinu e  study.
(2) A t o m ic  A b s o rp tio n  M e t h o d s :  C o n tin u e  o f

fic ia l firs t action status o f the atom ic ab
sorption  m ethod  fo r calcium , copper, 
iro n , m agnesium , manganese, potassi
um , and  z inc  (3.006 -3.009); continue  
study.

(3) B o r o n : C o n tin u e  study.
(4) C h r o m iu m : C o n tin u e  study.
(5) C o p p e r  a n d  C o b a lt : C o n tin u e  study.
(6) F lu o r id e : C o n tin u e  o ffic ia l firs t action  

status of the p o ten tio m etric  m ethod  
(3.077 -3.082) and the sem i-autom ated  
m ethod  (3 .083 -3 .095) fo r flu o rid e ; con
tin u e  study.

(7) N i t r o g e n ,  N o n - P r o t e in :  A p p o in t an Asso
ciate Referee; con tinue  study.

(8) P la s m a  a n d  S p a rk  E m issio n  S p e c t r o s c o p y :  

C o n tin u e  study.
(9) S e le n iu m : C o n tin u e  study.

(10) S t a r c h : C o n tin u e  study.

(11) S u lfa : C o n tinu e  study
(12) S u l fu r :  A p p o in t an Associate Referee; 

continue study.
(13) Z in c : A p p o in t an Associate Referee; 

continue study.

REFERENCE MATERIALS AND 
STANDARD SOLUTIONS

S ta b ility  o f  O r g a n o p h o s p h o r u s  P e s t ic id e  S t a n d a r d s :  

C o ntinu e  study.

TOBACCO
(1) D if fe re n t ia t io n  o f  C ig a r  a n d  C ig a r e t t e  T o b a c 

co  (S e q u e n t ia l  D if fe r e n t ia l  S o lv e n t  E x t r a c 

t io n ) : C o n tin u e  study.
(2) H u m e c t a n t s  in C a s e d  C ig a r e t t e s : C o n tinu e  

o ffic ia l firs t action status o f the m ethod  
fo r g lycero l, p ro py lene  g lyco l, and  t r i 
e th y lene  g lyco l in  cased cigarette cut 
f i l le r  and g round  tobacco (3 .147 -3 .150); 
continue study.

(3) N ic o t in e ,  G a s  C h r o m a t o g r a p h y : C o n tin u e  
o ffic ia l firs t action status o f the  m ethod  
fo r n ico tine  on C am bridge f i lte r  pads 
(3 .158-3.161); con tinue study.

(4) T a r  a n d  N ic o t in e  in C ig a r e t t e  S m o k e : C o n 
tin u e  study.

Report of Committee B on Recommendations for Official Methods

EVELYN SARNOFF (Food and Drug Administration, 850 Third Ave, Brooklyn, NY 
11232), C h a i r m a n ; ANTHONY ROMANO, JR (Drug Enforcement Administration, 
Southeastern Regulatory Laboratory, Miami, FL 33166); JOSEPH V. THOM (State 
Department of Health, Laboratory Services Program, Berkeley, CA 94704); WILLIAM 
W. WRIGHT (U.S. Pharmacopeial Convention, 12601 Twinbrook Pkwy, Rockville, MD 
20852); THOMAS LAYLOFF (Food and Drug Administration, 1114 Market St, St. Louis, 
MO 63101); JAMES B. KOTTEMANN (Food and Drug Administration, Office of Drugs, 
Washington, DC 20204), S e c r e t a r y ; CHANG S. LAO (Food and Drug Administration, 
5600 Fishers Ln, Rockville, MD 20857), S t a t i s t i c a l  C o n s u lt a n t

A t the m eeting  o f C o m m ittee  B on O ctober 2 6 ,19 8 2 , the  subject o f general refereeships was 
discussed. The refereeship  on Drugs, Steroids and T erp ino ids  has been vacant fo r m any  
m onths. T here  are n o w  tw o  G eneral Referees w hose subjects are contained in  one chapter, 
C h ap te r 38, o f O ffic ia l  M e t h o d s  o f  A n a ly s is .

C o m m ittee  B proposes that the refereeship  o f Thom as A lexand er, D rugs, O th e r N itro gen ou s  
Bases be m erged w ith  that o f Edw ard  S m ith , Drugs, A lka lo id s , as D rugs, N itro gen ou s  Bases, and  
that M r .  A le x a n d er take o ver the vacant position o f G eneral Referee on D rugs, N e u tra l (Steroids  
and Terp in o id s). Both D r. S m ith  and M r. A le x a n d er concurred in  this proposal.

C o m m ittee  B proposes that a ll antib io tics topics be assigned to Ted  Hopes, G eneral Referee on 
D rugs, M iscellaneous. I f  antib io tics topics increase g reatly  in  n um ber, a n ew  refereeship  can be 
established as D rugs, A n tib io tics .
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DRUGS, ACIDIC AND NEUTRAL 
NITROGENOUS ORGANICS

(1) A c e t a m in o p h e n  in D r u g  M ix t u r e s :  C o n 
tin u e  study.

(2) A m it r ip t y l in e  H y d r o c h lo r id e  in  D o s a g e  

F o r m s  (H P L C ): C o n tin u e  study.
(3) A s p ir in ,  P h e n a c e t i n ,  a n d  C a f fe in e  w ith  

O t h e r  D r u g s :  C o n tin u e  study.
(4) A s p ir in  a n d  S a lic y lic  A c id  in  A s p ir in  P r o d 

u c ts  (S e m ia u t o m a t e d  A n a ly s is ) : C o n tin u e  
study.

(5) B a rb itu ra te s : C o n tinu e  study.
(6) B e n z o t h ia z in e  D e r iv a t iv e s : A p p o in t an 

Associate Referee; continue study.
(7) B e n z th ia z id e  b y  H P L C : C o n tinu e  study.
(8) M e t h y ld o p a :  C o n tin u e  study.
(9) P rim id o n e : C o n tin u e  study.

(10) P ro b e n e c id : C o n tin u e  study.
(11) S u lfo n a m id e s  ( T h in  L a y e r  C h r o m a t o g r a p h y ) :  

C o n tin u e  study.
(12) S u lfa m e t h o x a z o le  ( H P L C ) :  C ontinue  

study.
(13) S u lfis o x a z o le  ( H P L C ) :  C o n tin u e  study.
(14) T h ia z id e  D iu r e t ic s ,  S e m ia u t o m a te d  I n d iv id u 

al D o s a g e  U n its  A n a ly s is : C o n tinu e  
study.

DRUGS, ALKALOIDS

(1) A t r o p in e  in M o r p h in e  a n d  A t r o p in e  T a b lets  

a n d  In je c t io n s : C o n tin u e  study.
(2) B e lla d o n n a  A lk a lo id s : A p p o in t an Asso

ciate Referee; con tinue study.
(3) C o lc h ic in e  in  T a b lets : C o n tinu e  study.
(4) C u r a r e  A lk a lo id s : C o n tin u e  study.
(5) E p h e d r in e : D iscon tinue topic.
(6) E r g o t  A lk a lo id s : C o n tin u e  study.
(7) N e o s t ig m in e : C o n tin u e  study.

*(8 ) P h y s o s t ig m in e  a n d  Its S a lts : A d o p t as o ff i
cial firs t action, fo r the o in tm e n t dosage 
fo rm , the H P L C  m etho d  fo r solutions, 
38.C01-38.C06. M ake  appropriate  
changes in  m etho d  38.C01 to inc lude  the  
o in tm e n t fo rm . C o n tinu e  study of 
m ethod  fo r in jection  dosage form .

(9) P ilo c a rp in e : C o n tin u e  study.
(10) R a u w o lfia  A lk a lo id s : C o n tin u e  study.
(11) R a u w o lfia  s e r p e n t in a : C o n tin u e  study.

* An asterisk before a recommendation indicates that official 
action on that recommendation resulted in its appearance in 
"Changes in Methods."

The recommendations submitted by Committee B were 
adopted by the Association.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition, and "Changes in Methods," /. Assoc. Off. Anal. 
Chem. 64, 501-540 (1981); 65, 450-521 (1982).

*(1 2 ) O t h e r  T o p ic s : D eclare as surplus the  fo l
lo w in g  o ffic ia l fin a l action methods:
38 .029-38 .030 , in fra re d  m ethod  fo r atro
p in e  in  tablets; 38.038, M eth o d  I I  for 
e ph edrine  in  inhalents.

DRUGS, ILLICIT
(1) A m p h e t a m in e s  in  M ix t u r e s :  A p p o in t an  

Associate Referee; con tinue study.
*(2 ) B en z o d ia z e p in e s : A d o p t as o ffic ia l first 

action the  H P L C  m ethod  fo r the d eter
m in a tio n  o f oxazepam  in  dosage form s  
as described by the Associate Referee; 
continue  study.

(3) C h e m ic a l  M ic r o s c o p y : C o n tinu e  study.
*(4 ) C o c a in e : A d o p t as o ffic ia l f in a l action  

the o ffic ia l firs t action m ethod , 40 .002-
40.005, fo r the d ete rm ina tion  o f cocaine.

(5) D im e t h y lt r y p t a m in e  ( D M T ) ,  D ie t h y lt r y p t a -  

m in e  ( D E T ) ,  a n d  D ip r o p y lt r y p t a m in e  

( D P T ) :  C o n tinu e  study.
*(6 ) H e r o in :  Repeal o ffic ia l firs t action the  

o ffic ia l f in a l action m ethod , 40.006, for 
d ete rm in in g  d iace ty lm orph ine  (h e ro in ) 
in  tablets; continue study.

(7) L y s e r g ic  A c id  D ie t h y la m id e  ( L S D ) :  A p 
p o in t an Associate Referee; continue  
study.

(8) M a r ih u a n a  a n d  S y n t h e t ic  T e t r a h y d r o c a n n a 

b in o l ( T H C ) :  C o n tin u e  study.
(9) M e t h a d o n e :  C o n tinu e  study.

(10) M e t h a m p h e t a m i n e :  A p p o in t an Associate 
Referee; con tinue study.

(11) M e t h a q u a lo n e  H y d r o c h lo r id e : C o n tinu e  
study.

(12) M e t h y lp h e n i d a t e  P h e n id in e  H y d r o c h lo r id e :  

A p p o in t an Associate Referee; continue  
study.

(13) O p tic a l  C r y s ta llo g r a p h ic  P ro p e rt ie s : C o n 
tin u e  study.

*(1 4 ) P h e n c y c l id in e  H y d r o c h lo r id e  (P C P ) :

A d o p t as o ffic ia l f in a l action the o ffic ia l 
firs t action m ethod , 40 .016-40 .018 , fo r 
d ete rm in in g  p hencyc lid in e  in  powders.

DRUGS, MISCELLANEOUS
(1) B e n z o y l P e r o x id e : D iscon tinue topic.

*(2 ) D is u l f ir a m : A d o p t as o ffic ia l f in a l action  
the o ffic ia l firs t action colorim etric  
m ethod , 36.B 01-36.B 04, fo r d e te rm in in g  
d isu lfiram  in  tablets.

(3) E t h y le n e  O x id e : C o n tinu e  study.
(4) F lu o r id e : C o n tinu e  study.
(5) I d e n t i fic a t io n  o f  D r u g s  (M a s s  S p e c t r o s c o p y ) :  

D iscontinue topic.
(6) M e d ic in a l  G a s e s : C o n tin u e  study.



COMMITTEE B: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 2, 1983) 4 1 5

(7) M e n a d i o l  S o d iu m  D ip h o s p h a te  I n je c t io n :  

C o n tin u e  study.
(8) M e r c u r ia l  D iu re t ic s : C o n tin u e  study.

*(9 ) M e r c u r y - C o n t a in in g  D r u g s : A d o p t as o ff i
cial firs t action the atom ic absorption  
m ethod  fo r d e te rm in in g  tota l m ercury  
in  m ercu ry -co n ta in ing  drugs as de
scribed by the  Associate Referee.

(10) M e t a l s  in  B u lk  D r u g  P o w d e r s : C o n tin u e  
study.

(11) M ic r o c r y s t a l l in e  T e s ts : A p p o in t an Asso
ciate Referee; con tinue study.

(12) P ro te in  N it r o g e n  U n its  in  A l l e r g e n ic  E x 

tra c ts : C o n tin u e  study.
(13) T h y r o id  a n d  T h y r o x in e - R e la t e d  C o m p o u n d s :  

C o n tinu e  study.
(14) T h y r o id  b y  D if fe r e n t ia l  P u ls e  P o la ro g r a p h y :  

C o n tin u e  study.

DRUGS, OTHER NITROGENOUS BASES
(1) A m in a c r in e :  C o n tin u e  study.

*(2 ) A n t ih is t a m in e s ,  A d r e n e r g i c  C o m b in a tio n s  b y  

H P L C :  A d o p t as o ffic ia l f in a l action the  
o ffic ia l first action H P L C  m ethod , 
38.B01-38.B06, fo r d e te rm in a tio n  o f an 
tih is tam in e -ad ren erg ic  com binations in  
syrups or tablets; d iscontinue topic.

(3) C h lo r p r o m a z in e : C o n tin u e  study.
(4) D ic y c lo m in e  C a p s u le s : C o n tin u e  study.
(5) E p in e p h r in e - L id o c a in e  C o m b in a tio n s : C o n 

tin u e  study.

(6) E p in e p h r in e  a n d  R e la t e d  C o m p o u n d s  b y  

H P L C - E le c t r o c h e m ic a l  D e t e c t o r s : C o n 
tinu e  study.

(7) H o m a t r o p in e  M e t h y l  B ro m id e  in  T a b lets : 

C ontinue  study.
(8) P h e n e t h y la m in e  D r u g s — S e m ia u t o m a te d  I n 

d iv id u a l U n it  A n a ly s is : C o n tin u e  study.
(9) P h e n ir a m in e  w ith  P y r i la m in e , P h e n y l p r o p a 

n o la m in e , a n d  P h e n y l e p h r i n e :  C o n tinu e  
study.

(10) P h e n o t h ia z in e  D r u g s ,  I d e n t i fic a t io n  b y  T L C :  

C o ntinu e  study.
(11) P h e n o t h ia z in e s  in  D r u g s :  C o n tin u e  study.

DRUGS, STEROIDS AND TERPINOIDS
(1) A u t o m a t e d  C o rt ic o s te ro id  M e t h o d s :  C o n 

tin u e  study.
(2) A u t o m a t e d  M e t h o d s  f o r  P ro g e s t in s  in  T a b 

le ts : C o n tinu e  study.
(3) D ig it o x in , A u t o m a t e d  I n d iv id u a l  T a b let  

A n a ly s is : C o n tin u e  study.
(4) E s t ro g e n s : C o n tin u e  study.
(5) E s t ro g e n s  (F lu o r o m e t r ic  M e t h o d ) :  C o n 

tinu e  study.
(6) E t h in y l E s t ra d io l , A u t o m a t e d  I n d iv id u a l  

T a b let  A n a ly s is : C o n tin u e  study.
(7) S te ro id  A c e t a t e s : C o n tin u e  study.
(8) S te ro id  P h o s p h a te s : C o n tin u e  o ffic ia l first 

action status of m ethod  39.047-39 .051; 
continue study.

Report of Committee C on Recommendations for Official Methods

D. EARLE COFFIN (Health and Welfare Canada, Bureau of Nutritional Sciences, 
Tunney's Pasture, Ottawa, Ontario, Canada K1A 0L2), C h a i r m a n ;  RAYMOND B. 
ASHWORTH (U.S. Department of Agriculture, Food Safety and Inspection Service, 
Beltsville, MD 20705); HENRY B. S. CONACHER (Health and Welfare Canada, Food 
Research Division, Tunney's Pasture, Ottawa, Ontario, Canada K1A 0L2); ARTHUR E. 
WALTKING (CPC International, Inc., Best Foods Unit, 1120 Commerce Ave, Union, NJ 
07083); DONALD N. WILLETT (637 South Shore Dr, Madison, WI 53715); ARTHUR R. 
JOHNSON (Food and Drug Administration, Division of Food Technology, 
Washington, DC 20204), S e c r e t a r y ;  MICHAEL W. O'DONNELL, Jr (Food and Drug 
Administration, Division of Mathematics, Washington, DC 20204), S t a t i s t i c a l  C o n s u l t a n t

This  C o m m ittee  has rev iew ed  the activ ities of the assigned refereeships. Because o f inac tiv ity  
and lack of in terest in  certain  areas, the C o m m ittee  has recom m ended  tha t certa in  G eneral 
Referee topics and  accom panying Associate Refereeships be d iscontinued. W e recom m end  
reassignm ent o f the Referees to o th er topic areas w h e re ve r practicable.
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COFFEE AND TEA
(1) A s h  in In s ta n t  T e a : C o n tin u e  study.
(2) C a f fe in e :  C o n tin u e  study.
(3) C h lo r o g e n ic  A c id :  D iscon tinue topic.
(4) C r u d e  F ib e r  in T e a : A p p o in t an Associate 

Referee; con tinue study.
*(5 ) M o is t u r e  in  C o f fe e  a n d  T e a : A d o p t as o ff i

cial f in a l action the o ffic ia l first action  
m etho d , 15 .012-15 .013 , fo r the d e te rm i
n ation  o f loss on d ry in g  o f instant cof
fee; continue study.

(6) S o lv e n t  R e s id u e s  in  D e c a f fe in a t e d  C o f fe e :  

Redesignate topic as S o lv e n t  R e s id u e s  in 

D e c a f fe in a t e d  C o f fe e  a n d  T e a ; con tin ue  
study.

(7) S o lv e n t  R e s id u e s  in  D e c a f fe in a t e d  T e a : D is 
con tinue topic; com bine u nd er n ew  
topic, S o lvent Residues in  D ecaffe inated  
C offee and Tea.

(8) T h e o p h y ll in e  in  T e a : A p p o in t an Asso
ciate Referee; con tin ue study.

(9) W a t e r  E x t r a c t  in  T e a : C o n tin u e  study.

DAIRY PRODUCTS
(1) C a s e in  a n d  C a s e in a te s : C o n tin u e  study.
(2) C h o co la te  M i l k ,  F a t  T e s t : C o n tin u e  study.
(3) C r y o s c o p y  o f  M ilk : C o n tin u e  study.
(4) F a t ,  A u t o m a t e d  M e t h o d s :  C o n tinu e  

study.
(5) F a t  in M ilk  (A u t o A n a l y z e r ): C o n tin u e  

study.
(6) I n f r a r e d  M ilk  A n a l y z e r  ( I R M A ) :  C o n 

tin u e  study.
(7) L a cto s e  in D a iry  P ro d u c ts  ( C h r o m a to g ra p h ic  

D e t e r m in a t io n ) : C o n tinu e  study.
(8) L a cto s e  in  D a iry  P ro d u c ts  (E n z y m a t ic  D e t e r 

m in a t io n ): C o n tin u e  study.
(9) M o is t u r e  in  C h e e s e  (K a r l  F i s c h e r  M e t h o d ) :  

C o ntin u e  study.
(10) N it r a t e s  in C h e e s e : C o n tin u e  study.
(11) P h o s p h a ta s e , R a p id  M e t h o d :  C o n tin u e  

study.
(12) P h o s p h a ta s e , R e a c t iv a t e d : C o n tin u e  

study.
(13) P h o s p h o ru s : C o n tinu e  study.
(14) P ro te in  C o n s t it u e n t s  in  P ro c e s s e d  D a iry  

P r o d u c t s : C o n tin u e  study. *

* An asterisk before a recommendation indicates that official 
action on that recommendation resulted in its appearance in 
"Changes in Methods."

The recommendations submitted by Committee C were 
adopted by the Association.

Section numbers refer to Official Methods o f Analysis (1980) 
13th Edition; and "Changes in Methods," /. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980); 64, 501-540 (1981); 65, 450-521 
(1982).

(15) P ro te in  in  M i l k ,  R a p id  T e s ts : C o n tinu e  
study.

(16) P ro te in  R e d u c in g  S u b s t a n c e  T e s ts : C o n 
tinu e  study.

(17) S o lid s - N o t - F a t : C o n tinu e  study.
(18) V a p o r  P r e s s u r e  O s m o m e t r y : C o n tinu e  

study.
*(19 ) O t h e r  T o p ic s : A d o p t as o ffic ia l first ac

tion  the in te rim  firs t action potentiom et- 
ric m ethod  fo r the d e te rm in a tio n  of 
ch lo ride  in  cheese (J . Assoc. O f f .  A n a l .  

C h e m . 65, 1350-1356 (1982)) to replace  
the present o ffic ia l f in a l action m ethod , 
16.242-16 .243 . Repeal o ffic ia l firs t ac
tion  the present o ffic ia l f in a l action  
m ethod , 16.242-16 .243 . Reinstate o ff i
cial f in a l action m ethod , 16.224 o f the  
12th ed itio n  (1975), as an a lte rnative  
m ethod.

DECOMPOSITION AND FILTH IN 
FOODS (CHEMICAL METHODS)

(1) A m m o n ia  in D o g f is h : In it ia te  collabora
tive  study o f enzym atic  procedure for 
am m onia  d eterm ination ; con tinue study.

(2) C o p ro s ta n o l: C o n tin u e  study.
*(3 ) C r a b m e a t : A d op t as o ffic ia l f in a l action  

the o ffic ia l first action m ethod , 18 .027- 
18.030, fo r the d e te rm in a tio n  o f am m o
nia in  crabmeat; con tinue study.

(4) D ia c e t y l  in C itru s  P ro d u c ts : C o n tinu e  
study.

(5) E th a n o l in  S e a fo o d s : C o n tin u e  study.
(6) G a s a n d  L iq u id  C h r o m a t o g r a p h y : In it ia te  

proceedings fo r adoption  as in te r im  o ff i
cial first action o f the G LC  m ethod  for 
the d ete rm ina tion  o f cadaverine and  
putrescine in  fishery  products; con tinue  
study.

(7) G L C  o f  V o la tile  A m in e s — T M A  a n d  D M A :  

C o n tin u e  study.
(8) S h e l l f is h : C o n tin u e  study.
(9) T L C  I d e n ti fic a t io n  o f  A m in e s  in  F is h e r y  

P ro d u c ts : C o n tinu e  study.
(10) T o m a to e s : C o n tin u e  study.

EGGS AND EGG PRODUCTS
(1) C o lo r : D iscon tinue topic.
(2) F a t: D iscon tinue topic.
(3) P h o s p h o ru s : D iscon tinue topic.
(4) S t e ro ls  (G a s  C h r o m a t o g r a p h y ) : D isco n tin 

ue topic.
(5) T o ta l S o lid s : D iscontinue topic.
(6) O t h e r  T o p ic : D iscontinue Refereeship; 

reassign Associate Referees to o ther
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G eneral Refereeships, w h e re ve r p racti
cable.

ENZYMES
(1) A m y la s e  A c t iv it y  in  C e r e a l  a n d  C e r e a l  P r o d 

u c ts : D iscon tin ue topic.
(2) C a ta la s e  in  F r o z e n  V e g e t a b le s : D isco n tin 

ue topic.
(3) P a p a in : D iscon tin ue topic.
(4) P e r o x id a s e  in  F r o z e n  V e g e t a b le s : D iscon

tin u e  topic.
(5) P ro te o ly t ic  E n z y m e s  in T r e a t e d  M e a t s :  D is

con tinue topic.
(6) R e n n e t :  D iscon tinue topic.
(7) O t h e r  T o p ic : D iscon tin ue  Refereeship; 

reassign Associate Referees to o ther 
G eneral Refereeships, w h e re v e r p racti
cable.

FISH AND OTHER MARINE PRODUCTS
(1) C ra b m e a t  I d e n t i fic a t io n : C o n tin u e  study.
(2) D e te r m in a tio n  o f  F ish  C o n t e n t  in C o a te d  

P r o d u c ts  (B r e a d e d  o r  in  B a t t e r ): C o n tinu e  
study.

(3) D r a in e d  W e ig h t  o f  B lo ck  F r o z e n ,  R a w ,

P e e le d  S h r im p : C o n tin u e  study.
(4) D r ip  F lu id  in  F ish  F ille ts  a n d  F ish  F ille t  

B lo c k s  (Q u a n t it a t io n ): C o n tin u e  study.
(5) F ish  S p e c ie s  Id e n ti fic a t io n  ( T h in  L a y e r  Iso 

e le c t r ic  F o c u s i n g ) :  C o n tin u e  study.
(6) N it r it e s  in S m o k e d  F is h : C o n tin u e  study.
(7) O r g a n o m e t a ll ic s  in F is h : C o n tin u e  study.

’*'(8) O t h e r  T o p ic : A d o p t as a procedure the
in te rim  revis ion  to 18.003, P r o c e d u r e  F o r  

C o o k in g  S e a fo o d  P r o d u c t s , as recom m end
ed by Associate Referee Frederick J.
K ing .

FOOD ADDITIVES
(1) A n t ic a k in g  A g e n t s :  A p p o in t an Associate 

Referee; con tinue study.
*(2 ) A n t io x id a n ts : A d o p t as o ffic ia l firs t ac

tion  the in te rim  o ffic ia l firs t action  
m ethod  fo r the H P L C  d e te rm in a tio n  of 
antioxidants in  fats and oils; continue  
study.

(3) B ro m in a te d  O ils : C o n tin u e  study.
(4) C h lo r id e  T itra to r : C o n tin u e  study.
(5) C h lo ro b u ta n o l in  M ilk :  C o n tin u e  study.
(6) D ic h lo r o d if lu o r o m e t h a n e  in  F r o z e n  F o o d s : 

C o n tin u e  study.
(7) D U a u ry l T h io d ip r o p io n a te : A p p o in t an 

Associate\Referee; con tin ue study.
(8) D im e t h y lp o ly s ilo x a n e : C o n tin u e  study.
(9) D r e s s in g s : C o n tin u e  study.

(10) E D T A  in F o o d  P ro d u c ts : C o n tinu e  study.

(11) E t h o x y  q u in  in M e a t  a n d  E g g s : C o n tinu e  
study.

(12) G u m s  in F o o d s : A p p o in t an Associate 
Referee; continue study.

(13) I n d ir e c t  A d d it iv e s  f r o m  F o o d  P a c k a g e s :  

C o ntinu e  study.
(14) M in e r a l  O il in R a is in s : C o n tin u e  study.
(15) N it r a te s  (S e le c t iv e  Io n  E l e c t r o d e s ) :  C o n 

tinu e  study.
(16) N it r a te s  a n d  N it r ite s : C o n tin u e  study.
(17) N it r o s a m in e s : C o n tinu e  study.
(18) P o ly c y c lic  A r o m a t ic  H y d r o c a r b o n s  in  F o o d s :  

C o ntinu e  study.
(19) P o ly so rb a tes : C o n tin u e  study.
(20) P r o p y le n e  C h lo r o h y d r in : C o n tin u e  study.
(21) S o d iu m  L a u r y l S u lfa t e : C o n tin u e  study.

GELATIN, DESSERT PREPARATIONS, 
AND MIXES

(1) G e l S t r e n g t h :  D iscon tinue topic.
(2) O t h e r  T o p ic : D iscon tinue G eneral R efer

ee subject.

MEAT AND MEAT PRODUCTS
(1) A s h in g  M e t h o d s :  D iscon tinue topic.
(2) A u t o m a t e d  M e t h o d s :  C o n tin u e  study.

*(3 ) B o n e  C o n t e n t : A d o p t as o ffic ia l firs t ac
tion  the co llaborative ly  studied m ethod  
fo r the d ete rm ina tion  o f calcium  in  m e
chan ically  separated p o u ltry  and beef, 
using an E D T A  titr im e tr ic  procedure; 
continue study.

(4) C h lo r in a t e d  H y d r o c a r b o n s  in P o u ltr y : C o n 
tinue study.

(5) D e te r m in a tio n  a n d  I d e n ti fic a t io n  o f  C a rd ia c  

M u s c u la t u r e ,  S o y  F l o u r  a n d  P a rtia lly  D e fa t 

t e d  T iss u e  in  G r o u n d  B e e f :  R e title  topic  
H is to lo g ic  I d e n ti fic a t io n  M e t h o d s ; continue  
study.

(6) F a t  in  M e a t  P ro d u c ts : C o n tin u e  study.
(7) F a t  a n d  M o is t u r e  A n a ly s is ,  R a p id  M e t h o d s :  

C o n tin u e  study.
(8) F lu o r id e  in D e b o n e d  M e a t  a n d  P o u ltr y :  

D iscontinue topic.
(9) Id e n ti fic a t io n  o f  M e a t s ,  S e r o lo g ic a l  T e s ts :  

A p p o in t an Associate Referee; continue  
study.

(10) M o is t u r e ,  A u t o m a t e d  K a rl  F i s c h e r  T itr a t o r  

M e t h o d : D iscon tinue topic.
(11) N it r a t e s  a n d  N it r ite s : C o n tinu e  study.
(12) N it r o s a m in e s  in  B a c o n : C o n tin u e  study.
(13) N o n - M e a t  P ro te in s  in  M e a t :  C o n tinu e  

study.
(14) P e n t a c h lo r o p h e n o l  in A n im a l  a n d  P o u ltry  

T iss u e : C o n tinu e  study.
*(15 ) P ro te in  in  M e a t : A d o p t as o ffic ia l fin a l
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action the o ffic ia l first action block d i
gestion-steam  d is tilla tio n  m etho d  fo r  
the d ete rm ina tio n  of crude p ro te in  in  
meat, 24.B 01-24.B 03; con tinue study.

(16) P ro x im a t e  C o m p o s it io n  R e la t io n sh ip s : D is
con tinue topic.

(17) S o d iu m  a n d  P o ta ssiu m  in  M e a t  P ro d u c ts :  

C om b ine u nd er sing le topic S p e c if ic  Io n  

E le c t r o d e  A p p lic a t io n s ; d iscontinue topic.
(18) S p e c if ic  Io n  E le c t r o d e  A p p l ic a t io n s : C om 

b in e  w ith  topic, S o d iu m  a n d  P o ta s siu m  in 

M e a t  P ro d u c ts  u n d er sing le topic; con
tinu e  study.

(19) S u g a r s  a n d  S u g a r  A lc o h o ls : A p p o in t an 
Associate Referee; con tinue study.

(20) T e m p e r a t u r e ,  M in i m u m  P ro c e s s in g : A p 
p o in t an Associate Referee; continue  
study.

(21) O t h e r  T o p ic s : Change the title  o f the  
G eneral Referee topic to M eat, P o u ltry , 
and M eat and P o u ltry  Products; in itia te  
n ew  topics: H P L C  M eth ods fo r M ea t  
and P o u ltry  Products, Bioassay M ethods  
fo r M ea t and P o u ltry  Products, C hem ical 
A n tib io tic  M ethod s, and Stero id  A n a ly 
sis in  M ea t and P o u ltry  Products.

M IC R O C H E M IC A L  M E T H O D S

(1) H P L C  o f  V e g e t a b le  M a t e r ia l : D iscon tinue  
topic.

(2) O t h e r  T o p ic : D iscon tin ue Refereeship; 
assign Associate Referee to o ther G ener
al R efereeship if  practicable.

M Y C O T O X IN S

(1) A fla t o x in  M :  R etain  firs t action status of 
the m ethods for a fla tox in  M ; in  m ilk  
and cheese (2 6 .A 1 0 -2 6 .A 1 4 ), and  in  
d a iry  products (26 .090-26 .094), and for 
aflatoxins Bi and M j  in  liv e r (26 .C 01- 
26.C08). C o n tin u e  eva lu atio n  of the Fu- 
kayam a colum n extraction m etho d  for 
afla tox in  M i  in  m ilk . C o llab ora tive ly  
study the F o o s-W arren  H P L C  m ethod  
fo r a fla tox in  M i  in  m ilk .

*(2 ) A fla t o x in  M e t h o d s : (a) Revise sections 
26.A 02 and 26 .A 04 to read as follow s: 
26.A 02(e). L e a d  a c e ta te  so ln . . . . and d il. 
to 1 L, or o p tional z in c  a c e t a t e - a lu m in u m  

c h lo r id e  so ln . —  Dissolve 200 g Z n (O A c )2 
and 5 g A IC I3 in  H 2O  and d il. to 1 L. 
26.A 04: M easure 100 m L filtra te  . . . and  
re f ilte r  as above, or, o p tio n a lly , replace  
P b (O A c )2 soln w ith  Z n (O A c )2- A lC l3 
soln.

(b) Revise the BF m ethod , 26 .032-
26.036, as follow s:
26.034: See 26.028, or prep, peanut sam
ples by H zO  s lurry  m ethod  [/. A m . O il  

C h e m . S o c. 57, 269(1980)].
26.035: . . . and ca 4 g N a C l to peanuts  
or m eal. I f  peanut sam ple is p repd  by 
H zO  s lu rry  m ethod , w e ig h  130 g s lurry  
in to  b len d er jar. A d d  50 m L  2.2% salt 
soln, 150 m L M e O H , and 100 m L  
hexane.
(c) Com pare by co llaborative study the  
CB (26 .026-26 .031) and BF (26 .032- 
26.036) m ethods w ith  a m o d ified  version  
of the BF m ethod  [J. A m . O il C h e m . S o c.

57, 269(1980)].
(3) A lt c r n a r ia  T o x in s : C o n tinu e  study.
(4) C it r in in : C o n tin u e  study.
(5) E r g o t  A lk a lo id s : C o n tinu e  study.
(6 ) G ra in s : C o n tinu e  study.
(7) M i x e d  F e e d s : D iscon tinue topic.
(8 ) O c h r a t o x in s : C o llab ora tive ly  study a 

m odification  (in  IA R C  P ublication  N o . 
44) o f the m ethod  for ochratoxin  in  
green coffee, 26 .104-26 .109 , app lied  to 
sw ine tissue.

(9) P a tu lin : D iscon tinue topic.
(10) P en ic ill ic  A c id :  C o llab ora tive ly  study the  

T ho rp e  G LC  m ethod  fo r p en ic illic  acid.
(11) S t e r ig m a t o c y s t in : C o llab ora tive ly  study  

the van  Egm ond et al. m ethod  [J. Assoc. 
O ff .  A n a l .  C h e m . 63, 110(1980)] for sterig 
m atocystin in  cheese, and app ly  the  
m ethod  to a survey of m o ld y  cheese r in d  
from  U.S. cheese plants.

(12) T r e e  N u t s :  C o llab ora tive ly  study the  
B rum ley et al. m ethod  [A n a l .  C h e m . 53, 
2003(1981)] fo r con firm ation  of a fla tox in  
id e n tity , and continue study tow ard  a 
general a fla tox in  m ethod.

(13) T r ic h o t h e c e n e s : C o n tin u e  study of the  
Scott [/. A s so c . O ff . A n a l .  C h e m . 64, 
1364(1981)] and Rom er m ethods for 
D O N  in  grains in  preparation  fo r co llab 
orative  study; continue im p lem en ta tio n  
of the trichothecene panel recom m enda
tions [/. Assoc. O f f .  A n a l .  C h e m . 65, 
892(1982)] w ith  the  m od ifica tio n  that 
D O N  be g iven  top p rio rity .

(14) Z e a r a le n o n c : C o n tinu e  study o f H P L C  
m ethods towards selection o f the best 
fo r collaborative study; continue study  
tow ard  a rap id  screening m ethod.

N U T S  A N D  N U T  P R O D U C T S

(1) A n t io x id a n ts : D iscontinue topic.
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(2) C o m p o s itio n  ( A s h ,  F a t ,  F i b e r ,  P r o t e in ,  

W a t e r ) : D iscon tinue topic.
(3) M o is t u r e  a n d  W a t e r  A c t iv it y : D iscon tinue  

topic.
(4) O il , H y d r o g e n a t e d ,  in  P e a n u t  B u t t e r : D is

con tinue topic.
(5) O t h e r  T o p ic : D iscon tin ue  G eneral R efer- 

eeship; reassign Associate Referees to 
o th er G eneral Refereeships w h e re ve r  
practicable.

OILS AND FATS
*(1 ) A n t io x id a n t s : A d o p t as o ffic ia l firs t ac

tion  the in te rim  o ffic ia l firs t action  
m ethod  fo r the H P L C  d ete rm in a tio n  of 
antioxidants in  oils and fats; continue  
study.

(2) C h r o m a t o g r a p h ic  M e t h o d s :  C o n tinu e  
study.

(3) C y c lo p r o p e n e  F a t t y  A c id s : C o n tinu e  
study.

(4) E m u ls if ie rs : C o n tin u e  study.
(5) K a r l F i s c h e r  M e t h o d  f o r  W a t e r  in  O ils  a n d  

F a ts : C o n tin u e  study.
(6) L o w e r  F a t t y  A c id s : C o n tinu e  study.
(7) M a r i n e  O ils : C o n tin u e  study.
(8) O liv e  O il A d u l t e r a t io n : C o n tin u e  study.
(9) O x id iz e d  F a ts : C o n tin u e  study.

(10) P o r k  F a ts  in  O t h e r  F a ts : C o n tin u e  study.
(11) S p e c t r o p h o t o m e t r ic  M e t h o d s :  C o n tinu e  

study.

(12) S t e ro ls  a n d  T o c o p h e r o ls : C o n tinu e  study.

PLANT TOXINS
(1) P y r ro l iz id in e  A lk a lo id s : In it ia te  topic; ap

p o in t an Associate Referee.
(2) S o la n a c e o u s  A lk a lo id s : In it ia te  topic; ap

p o in t an Associate Referee.
(3) O t h e r  T o p ic : C o n tin u e  eva lua tion  of ad

d itio n a l p lan t problem s and assess the  
needs fo r analy tica l m ethodology.

PROCESSED VEGETABLE PRODUCTS
(1) F ib ro u s  M a t e r ia l  in F r o z e n  G r e e n  B ea n s :  

C o n tin u e  study.
(2) p H  D e t e r m in a t io n : C o n tinu e  study.
(3) S o d iu m  C h lo r id e : C o n tin u e  study.
(4) V o lu m e  o f  E n t r a p p e d  A i r  in  F le x ib le  R e to rt  

P o u c h e s : C o n tinu e  study.
(5) W a t e r  A c t iv it y  D e t e r m in a t io n : C o n tin u e  

study.

SEAFOOD TOXINS
(1) C ig u a t o x in s : C o n tin u e  study.
(2) C ig u a t o x in s ; B io c h e m ica l M e t h o d s :  C o n 

tinue study.
(3) P a ra ly t ic  S h e llfis h  P o is o n in g ; I m m u n o a s s a y  

M e t h o d :  C o n tin u e  study.
(4) S h e llfis h  P o iso n s: C o n tinu e  study.
(5) T e t ra d o t o x in s : C o n tin u e  study.

R ep o rt  of C o m m itte e  D on  R e c o m m e n d a tio n s  fo r  O ffic ia l  M eth o d s

J O H N  C . K IS S IN G E R  (U .S . D e p a r tm e n t  o f  A g r ic u l tu r e ,  E a s te rn  R e g io n a l R e s e a rc h  
C e n te r ,  6 0 0  E M e r m a id  L a n e , P h i la d e lp h ia ,  P A  1 1 9 1 8 ), C h a i r m a n ;  E L M E R  G E O R G E , Jr  
( D e p a r tm e n t  o f  A g r ic u l tu r e  a n d  M a r k e ts ,  1 220  W a s h in g to n  A v e ,  A lb a n y ,  N Y  1 2 2 35 );  
D O N A L D  P A R R IS H  (K an sas  S ta te  U n iv e r s it y ,  D e p a r tm e n t  o f  B io c h e m is try ,  
M a n h a t ta n ,  K S  6 6 5 0 6 ); R O B E R T  M A R T I N  (H e r s h e y  F o o d  C o rp .,  R e s e a rc h  L a b o ra to ry ,  
Box 5 4 , H e r s h e y , P A  1 7 0 3 3 ); L A U R A  Z A I K A  (U .S . D e p a r tm e n t  o f  A g r ic u l tu r e ,  E a s te rn  
R e g io n a l R e s e a rc h  C e n te r ,  60 0  E M e r m a id  L a n e , P h i la d e lp h ia ,  P A  1 1 9 1 8 ); H A R R Y  G. 
L E N T O  (C a m p b e ll  S o u p  C o ., Basic R e s e a rc h  a n d  D e v e lo p m e n t ,  C a m d e n , N J  0 8 1 5 1 );  
B E N J A M IN  K R I N I T Z  (F o o d  a n d  D r u g  A d m in is t r a t io n ,  8 5 0  T h i r d  A v e ,  B r o o k ly n , N Y  
1 1 2 3 2 ), S e c r e t a r y ;  D E N N IS  R U G G L E S  (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  
M a th e m a tic s ,  W a s h in g to n , D C  2 0 2 0 4 ) , S t a t i s t i c a l  C o n s u l t a n t

ALCOHOLIC BEVERAGES *(3 ) A lc o h o l  C o n t e n t  o f  H ig h  S o lid s  D is t illed

(1) A c e t a t e  in  W in es  a n d  F r u it  J u ic e s  (E n z y m a t ic  S p irits : A d o p t as o ffic ia l firs t action the
Assay); C o n tinu e  study. M e tt le r /P a r r  density  m eter m ethod  for

(2) A lc o h o lic  C o n t e n t  b y  O s c illa tin g  U - T u b e  d e te rm in in g  the p ro o f o f liq u e u r prod-
D e n s it y  M e t e r :  C o n tin u e  study. ucts con ta in ing  dissolved solids as de-
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scribed by the Associate Referee; con
tinu e  study.

(4) (3 - A s a ro n e : C o n tin u e  study.
(5) B ro m id e  Io n  in W in e : C o n tin u e  study.

* ( 6 )  C a rb o n  D io x id e  in  W in e : Surplus the o ff i
cial first action vo lu m etric  m ethod  for 
d ete rm in in g  carbon d io x ide , 11 .063- 
11.065; con tinue study.

( 7 )  C itr ic  A c id  in W in e : C o n tin u e  study.
(8) C o lo r  in  W h ite  W in e : D iscon tin ue topic.
(9) C o lo r  I n te n s it y  f o r  D is t illed  A lc o h o lic  B e v e r 

a g e  P ro d u c ts : C o n tin u e  study.
(10) C o u m a r in  in  W in e : C o n tin u e  study.
(11) D ie t h y lp y r o c a r b o n a t e  in B e v e r a g e s : C o n 

tin u e  study.
*(12 ) E t h a n o l in  W in e  b y  G L C : A d o p t as o ffic ia l 

firs t action the G LC  m ethod  fo r the de
te rm in a tio n  o f e thano l in  w in e  as de
scribed by the Associate Referee; con
tinu e  study.

(13) F la v o r  C o m p o u n d s  in  M a lt  B e v e r a g e s :  

C o n tinu e  study.
(14) G ly c e r o l  in  W in e : C o n tin u e  study.
(15) H y d r o g e n  C y a n id e : C o n tin u e  study.
(16) M a li c  A c id  in  W in e : C o n tin u e  study.
(17) M a lt  B e v e r a g e s  a n d  B re w in g  M a t e r ia l :  

C o n tinu e  study.
(18) S o rb ic  A c id  in  W in e : C o n tin u e  study.
(19) S u g a r ,  R e d u c in g :  D iscon tinue topic.
(20) S u l fu r  D io x id e  in W in e : C o n tin u e  study.
(21) T a rt ra te s  in W in e : C o n tin u e  study.
(22) V a n illin  a n d  E t h y l V a n illin  in  A lc o h o lic  B e v 

e ra g e s : C o n tinu e  study.
(23) V o la tile  A c id it y  in W in e : C o n tinu e  study.
(24) V o la tile  C o n g e n e r s  in  A lc o h o lic  B e v e r a g e s :  

C o n tin u e  study.
(25) O t h e r  T o p ics : C o n tinu e  o ffic ia l firs t ac

tion  status of the fo llo w in g  methods: 
9.094, a rtific ia l colors; 9 .101 -9 .103 , cya
n ide; 9.119, total acid ity; 9.123, total 
m alic acid; 9.129, thujone; 10.148, aph 
ids; 10 .182-10 .185 , yeast; 11.047, citric  
and m alic acids; 11.057, cyanide; 
11 .058-11 .062  and 11 .063-11 .065 , carbon  
diox ide , m anom etric  and vo lu m etric  
m ethods, respectively. *

* An asterisk before a recommendation indicates that official 
action on that recommendation resulted in its appearance in 
"Changes in Methods."

The recommendations submitted by Committee D were 
adopted by the Association.

Section numbers refer to Official Methods o f Analysis (1980) 
13th Edition; and "Changes in Methods," /. Assoc. Off. Anal. 
Chetn. 63, 374-423 (1980); 64, 501-540 (1981); 65, 450-521 
(1982).

CACAO PRODUCTS
(1) C a f fe in e  a n d  T h e o b ro m in e : C o n tinu e  study.
(2) C a r b o h y d r a te s  in C h o co la te  P ro d u c ts : C o n 

tin u e  study.
(3) M o is t u r e  in  C a c a o  P ro d u c ts : C o n tin u e  

study.
(4) S h e l l  in C a c a o  P r o d u c t s ,  M ic r o  M e t h o d s :  

C o ntinu e  study.
(5) O t h e r  T o p ics : C o n tinu e  o ffic ia l firs t action  

status o f the fo llo w in g  m ethods: 13.002, 
m oisture; 13.045, lec ith in ; 13.050, glucose; 
13.040, unsaponifiab le  m atter in  cocoa 
butter.

CEREAL FOODS
(1) I ro n : C o n tin u e  study.
(2) P h y t a t e s : C o n tinu e  study.
(3) S t a r c h  in  R a w  a n d  C o o k e d  C e re a ls : C o n tin u e  

study.
(4) O t h e r  T o p ic s : C o n tinu e  o ffic ia l first action  

status o f the fo llo w in g  methods: 14 .049- 
14.053, a-am ylase; 14 .103-14 .115 , lactose; 
14.117-14 .120 , m in era l o il; 14 .150-14 .153 ,
sterols.

FLAVORS
(1) A d d it iv e s  in V a n illa  F la v o r in g s : C o n tinu e  

study.
(2) C itra l: A p p o in t an Associate Referee; con

tinue study.
(3) E ssen tia l O ils : A p p o in t an Associate R ef

eree; con tinue study.
(4) G ly c y r r h iz ic  A c id  a n d  G ly c y rr h iz ic  A c id  S a lts : 

C o ntinu e  study.
(5) Im ita tio n  M a p l e  F la v o r s ,  I d e n ti fic a t io n  a n d  

C h a ra c t e r iz a t io n : A p p o in t an Associate R ef
eree; con tinue study.

(6) O r g a n ic  S o lv e n t  R e s id u e s  in  F la v o r in g s : A p 
p o in t an Associate Referee; continue study.

(7) V a n illin  a n d  E t h y l  V a n illin  in  F o o d s : C o n 
tinu e  study.

(8) O t h e r  T o p ic s : C o n tinu e  o ffic ia l firs t action  
status of the fo llo w in g  methods: 12.031, 
essential oils; 12 .032-12 .036 , caffeine;
19 .001-19 .002 , alcohol; 19 .033-19 .035 , va
n illa  resins; 19.067, oils o f lem on  and o r
ange in  extracts; 19.070, oils o f lem o n , o r
ange, or lim e  in  oil-base flavors; 19.096, 
19.097, and 19.098, a lm ond  extract; 19.099, 
benzaldehyde; 19.104, benzoic acid; 19.113, 
19.114, and 19.115, g in g er extract; 19.117, 
19 .118 ,19 .119 , p ep p erm in t, spearm int, and  
w in te rg re e n  extracts; 19.124, anise and  
n utm eg  extracts; 19 .125 ,19 .126 , and  
19 .127-19 .128 , o ther extracts and to ile t 
preparations.
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FRUITS AND FRUIT PRODUCTS
(1) A d u lt e r a t io n  o f  O r a n g e  J u ic e  b y  P u lp  W a sh  

a n d  D ilu t io n : C o n tinu e  study.
(2) F r u it  A c id s : C o n tin u e  study.
(3) F r u it  J u ic e s ,  I d e n ti fic a t io n  a n d  C h a r a c t e r iz a 

tio n : A p p o in t an Associate Referee; con
tinu e  study.

(4) Iso a sco rb ic  A c id  {E r y t h o r b ic  A c id - A n t i o x i

d a n t )  in  F r u it  P u r e e s : A p p o in t an Asso
ciate Referee; con tin ue study.

(5) O r a n g e  J u ic e  C o n t e n t : C o n tin u e  study.
*(6 ) O t h e r  T o p ic s : A d o p t as o ffic ia l firs t ac

tion  the in te rim  o ffic ia l firs t action  
m etho d  fo r soluble solids in  citrus fru it  
juices as degrees Brix as described by the  
G eneral Referee.

NONALCOHOLIC BEVERAGES
(1) C a f fe in e  a n d  M e t h y l  X a n t h e n e s  in  N o n a lc o h o l

ic B e v e r a g e s : C o n tin u e  study.
(2) L a sio c a rp in e  a n d  P y r ro l iz id in e s  in H e r b a l  B e v 

e r a g e s : A p p o in t an Associate Referee; con
tinu e  study.

PRESERVATIVES AND ARTIFICIAL 
SWEETENERS

(1) B e n z o a te s  a n d  H y d r o x y b e n z o a t e s  in F o o d : 

A p p o in t an Associate Referee; continue  
study.

(2) B e n z o a t e s ,  S a c c h a r in ,  a n d  C a f f e in e ,  H ig h  

P r e s s u r e  L iq u id  C h r o m a t o g r a p h y : C o n 
tin u e  o ffic ia l firs t action status o f m eth 
od 12.050-12 .053 .

(3) F o r m a ld e h y d e : C o n tin u e  study.
(4) M e a t s ,  G r o u n d ,  S c r e e n i n g  M e t h o d s  f o r  

C h e m ic a l  P re s e r v a t iv e s : C o n tin u e  o ffic ia l 
firs t action status o f m ethod  20 .A 0 1-  
20.A 05.

(5) O r g a n ic  P r e s e r v a t iv e s  (T h in  L a y e r  C h r o m a 

t o g r a p h y ) :  C o n tin u e  study.
(6) P re s e r v a t iv e s  (Q u a lita tiv e  M e t h o d s ) :  A p 

p o in t an Associate Referee; continue  
study.

(7) S a c c h a rin  a n d  Its S a lts : C o n tin u e  study.
*(8 ) O t h e r  T o p ic s : (a) A d o p t as o ffic ia l first

action the o ffic ia l N M K L  G LC  m ethod  
fo r d e te rm in a tio n  of benzoic and sorbic 
acids in  app le juice, a lm o n d  paste, and  
fish  hom ogenate at levels o f 0 .5 -2  g /k g .
(b) C o n tin u e  o ffic ia l firs t action status of 
the fo llo w in g  m ethods: 20 .024-20 .028 , 
benzoic acid by TLC ; 20 .042-20 .045 , 
boron by atom ic absorption spectropho
tom etry; 20 .056-20 .057 , soluble fluorides  
by fluorescence q u en ch ing  o f a lu m in u m

8-hydroxyq u in o la te ; 20 .062-20 .064 , 
fo rm aldehyde; 20 .073-20 .075 , n itrites; 
20 .077-20 .078 , q ua lita tive  tests fo r qua
ternary  am m on ium  com pounds (Q A C ); 
20.090-20 .092 , eosin ye llo w ish  m ethod  
fo r Q A C ; 20 .098-20 .101 , sorbic acid o x i
dation  m ethod; 20 .121-20 .122 , th iourea  
in  frozen  peaches; 20 .157-20 .161 , id e n ti
fication  o f n o n -n u trit iv e  sweeteners; 
20.162, cyclohexylsulfam ate q ua lita tive  
test; 20 .168-20 .172 , cyc lohexylam ine in  
cyclamates; 20 .173-20 .176 , du lc in ;
20.177, P-4000; 20.187, saccharin by sub
lim atio n ; 2 0 .A 0 1 -2 0 .A 0 5 , preservatives  
in  g round  beef.

SPICES AND OTHER CONDIMENTS
(1) A s h  a n d  P u n g e n t  P r in c ip le s  in  M u s t a r d :  A p 

p o in t an Associate Referee; con tin ue  study.
(2) C h a ra c t e r iz a t io n  o f  N a t u r a l  S p ic e s  a n d  F la v o r s :  

D iscontinue topic.
(3) E x t r a c ta b le  C o lo r  in  C a p s ic u m  S p ic e s  a n d  O leo -  

res in s : C o n tinu e  study.
(4) M o is t u r e  in  D r ie d  S p ic e s : C o n tin u e  study.
(5) M o n o s o d iu m  G lu ta m a te  in F o o d s : A p p o in t  

an Associate Referee; con tinue  study.
(6) P u n g e n c y  o f  C a p s ic u m s  a n d  O le o re s in s : In i 

tiate topic; app o in t an Associate Referee.
(7) V in e g a r :  A o p o in t an Associate Referee; 

continue study.

SUGARS AND SUGAR PRODUCTS
(1) C h r o m a t o g r a p h ic  M e t h o d s : C o n tin u e  

study.
(2) C o lo r ,  T w b id it y ,  a n d  R e f l e c t a n c e — V isu a l  

A p p e a r a n c e :  C o n tin u e  study.
*(3 ) C o r n  S y r u p  a n d  C o r n  S u g a r : A d o p t as o f

fic ia l first action the in te rim  o ffic ia l firs t 
action H P L C  m ethod  described by the  
Associate Referee to extend m ethod  
31 .228-31 .236  fo r the  d e te rm in a tio n  of 
m in o r saccharides in  corn syrups to in 
clude products w ith  dextrose levels in  
excess of 98%; con tin ue  study.

(4) D r y  S u b s la n c e :  C o n tin u e  study.
(5) E n z y m a t ic  M e t h o d s :  C o n tin u e  study.

* ( 6 )  H o n e y :  (a) A d o p t as o ffic ia l f in a l action
the fo llo w in g  o ffic ia l firs t action m eth 
ods fo r honey: 31.115, n itrogen ; 
31 .116-31 .118 , p ro lin e ; 31.119(a), (b), (c), 
direct po lariza tion ; 31 .133-31 .137 , sugars 
by a lte rna tive  m ethod  I I;  31 .138-31 .142 , 
sugars by H P L C ; 31 .148-31 .149 , h igh  
fructose corn syrup by TLC ; 3 1 .A 0 1 -  
31.A 02, spectrophotom etric m ethod  fo r  
h yd ro x y m e th y lfu rfu ra l. (b) A d o p t as
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o ffic ia l f in a l action the  o ffic ia l first ac
tion  am en d m ent to 31 .150-31 .153 , car
bon isotope ratio  m ethod  fo r honey.
(c) D e le te  the o ffic ia l firs t action m ethod  
31.119(d), d irect p o la riza tion  at 87°.
(d ) D e le te  procedures 31.122, d extrin  
(approxim ate); and 31 .146-31 .147 , com 
m ercial in v e rt sugar— resorcinol test.
(e) C o n tin u e  study.

(7) M a p l e  S a p  a n d  S y r u p s : C o n tin u e  study.
*(8 ) S ta b le  C a rb o n  Iso to p e  R a tio  A n a ly s is :

A d o p t as o ffic ia l f in a l action the  fo l
lo w in g  o ffic ia l firs t action mass spectro
m étrie  stable carbon isotope ratio  a n a ly 
sis methods: 22.B 01-22.B 04, fo r the de
te rm in a tio n  of corn syrups in  apple  
juice; and 22 .C 01-22 .C 04 , fo r the d eter
m in a tio n  of corn syrups in  orange juice; 
con tin ue study.

(9) S t a n d a r d iz a tio n  o f  S u g a r  M e t h o d s  o f  A n a l y 

sis: C o n tin u e  study.
*(10 ) S u g a r s  in  C e re a ls : A d o p t as o ffic ia l f in a l 

action the o ffic ia l first action m ethod , 
14 .C 01-14 .C 04 , fo r the H P L C  d ete rm in a 
tion  o f sugars in  sw eetened cereals; con
tinu e  study.

(11) S u g a r  in  S u g a r  C a n e : C o n tinu e  study.
(12) S u g a r s ,  R e d u c in g : D iscon tinue topic.
(13) W e ig h in g ,  T a r in g , a n d  S a m p lin g : C o n 

tin u e  study.
(14) O t h e r  T o p ic : In it ia te  the topic H P L C  D e 

te rm in a tio n  o f Lactose at H ig h  P u rity  
Levels, and  ap p o in t an Associate Ref
eree.

V IT A M IN S  A N D  O T H E R  N U T R IE N T S

(1) A m in o  A c id s : C o n tin u e  study.
(2) A u t o m a t e d  N u t r ie n t  A n a ly s is : C o n tin u e  

study on th iam in e .

(3) B io tin : C o n tinu e  study.
(4) C a r o t e n o id s : C o n tinu e  study.
(5) C h o lin e  in  F e e d s : C o n tin u e  study.
(6) D ie t a r y  F ib e r : C o n tin u e  study.
(7) E n e r g y  V a lu e  o f  F o o d s  (B io lo g ic a l) : C o n 

tinu e  study.
*(8 ) F a t in F o o d  b y  C h lo r o fo r m - M e t h a n o l  E x 

tra c t io n : A d o p t as o ffic ia l first action the  
m ethod  described by the Associate R ef
eree; con tinue study.

(9) F o lic  A c id : C o n tinu e  study.
(10) H P L C  A s s a y  f o r  T o ta l V ita m in s  A ,  D ,  a n d  E  

C o n t e n t  in  F o o d s , F e e d s ,  a n d  P h a r m a c e u t i

ca ls : C o n tin u e  study.
(11) I o d in e  in F o o d s : C o n tin u e  study.
(12) N ia c in a m id e  (P o la r o g r a p h y ) : C o n tinu e  

study.
(13) P a n t o t h e n ic  A c i d ,  T o ta l A c t iv it y  in  F o o d s :  

C o ntinu e  study.
(14) P ro te in  Q u a lity  E v a lu a tio n  in  F o o d s : C o n 

tin u e  study.
(15) S o d iu m  in F o o d s : C o n tin u e  study.
(16) T h ia m in e  C o lu m n  P a c k in g  M a t e r ia l  a n d  E n 

z y m e :  C o n tinu e  study.
(17) V it a m in  A  in F o o d s  a n d  F e e d s : C o n tinu e  

study.
(18) V it a m in  C  in M ilk - B a s e d  F o o d s : C o n tinu e  

study.
*(19 ) V ita m in  D : A d o p t as o ffic ia l f in a l action  

the o ffic ia l first action H P L C  m ethod, 
43.C01-43.C09, fo r V ita m in  D in  m ixed  
feeds, prem ixes, and pet food; continue  
study.

(20) V ita m in  E  in  F o o d s  a n d  F e e d s :  C o n tinu e  
study.

(21) V ita m in  E  in P h a r m a c e u t ic a ls  (G a s  C h r o m a 

t o g r a p h y ) : C o n tinu e  study.
(22) V it a m in  K 1 in F o o d s  a n d  F e e d s : C o n tinu e  

study.
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R e p o rt o f C o m m itte e  E on R e co m m e n d a tio n s  fo r  O ffic ia l M e th o d s

JERRY A. BURKE (Food and Drug Administration, Division of Chemical Technology, 
Washington, DC 20204), C h a irm a n ; HENRY F. ENOS (Environmental Protection 
Agency, Environmental Research Laboratory, Gulf Breeze, FL 32561); KENNETH 
HELRICH (Rutgers University, Cook College, New Brunswick, NJ 08903); ANTHONY 
J. MALANOSKI (U.S. Department of Agriculture, Food Safety and Inspection Service, 
Washington, DC 20205); GERALD R. MYRDAL (Wisconsin Department of Agriculture, 
Trade and Consumer Protection, Madison, WI 53707); WENDELL F. PHILLIPS 
(Campbell Soup Co., Camden, NJ 08151); WILLIAM A. STELLER (American Cyanamid 
Co., Princeton, NJ 08540); BARTHOLOMEW J. PUMA (Food and Drug Administration, 
Division of Chemical Technology, Washington, DC 20204), S e c r e ta r y ; and RICHARD H. 
ALBERT (Food and Drug Administration, Division of Mathematics, Washington, DC 
20204), S ta t is t ic a l C o n su lta n t

The U .S. E n v iro n m en ta l Protection  A gency and m any state agencies requ ire  w e ll va lida ted  
analytica l m ethods and standardized test procedures fo r eva lua ting  ch em ica l/p hys ica l properties  
of in d u s tria l process residuals in  th e ir hazardous waste m anagem ent program s. C o m m ittee  E 
recom m ends the estab lishm ent o f a G eneral Referee topic fo r In d u s tria l Process Wastes and has 
agreed to oversee the d eve lo p m en t o f th is topic area.

The present arrangem ent of studies on analy tica l m ethods fo r pesticide residues in  foods 
provides tw o  G eneral Referees fo r pesticides classified by chem ical type (v iz ., O rg ano ch lo rine  
Pesticides; O rganophosphorus Pesticides) and tw o  G eneral Referees fo r pesticides classified, at 
least in  part, by fu n ctio n  (v iz ., Carbam ate Pesticides, Fum igants, and M iscellaneous; Fungicides, 
H erb ic ides, and P lan t G ro w th  Regulators). C o m m ittee  E recom m ends the  restructu ring  of these 
pesticide residue G eneral Refereeships according to chem ical type by e ffecting  the fo llo w in g  
changes in  the G eneral R eferee topics upon  the pub lica tion  o f this rep ort in  the J o u r n a l :

(1) O r g a n o c h lo r in e  P e s t ic id e s : C hange title  o f topic to O rg anohalogen  Pesticides.
(2) F u n g ic id e s ,  H e r b ic id e s ,  a n d  P la n t G ro w th  R e g u la t o r s : C hange title  o f topic to O rg ano n itro gen  

Pesticides.
(3) C a r b a m a te  P e s t ic id e s , F u m ig a n t s ,  a n d  M is c e l la n e o u s : D iscon tinue G eneral Referee topic and  

transfer re lated  Associate Referee topics to the G eneral Referees fo r O rg anohalogen  Pesticides, 
O rg ano n itro gen  Pesticides, and O rganophosphorus Pesticides, as specified  in  the C om m ittee's  
recom m endations fo r the specific Associate Referee topics.

CARBAMATE PESTICIDES, FUMIGANTS, 
AND MISCELLANEOUS

(1) C a r b a m a te  I n s e c t ic id e s ,  G a s -L iq u id  C h r o m a 

to g ra p h ic  M e t h o d s : T ransfer topic to the  
G eneral Referee fo r O rg an o n itro gen  
Pesticides; p repare w rite -u p  of the  on- 
colum n s ily la tio n  g as-liqu id  chrom ato
graph ic m ethod  fo r d e te rm in in g  carba
m ate insecticide residues as th e ir s ily la t- 
ed derivatives  for re v ie w  and com m ent 
by the G eneral Referee and, i f  the  w r ite 
up is approved, conduct in terlab ora to ry  
tr ia l o f the m ethod.

(2) C a r b a m a te  I n s e c t ic id e s ,  L iq u id  C h r o m a t o 

g r a p h i c  M e t h o d s :  T ransfer topic to the  
G eneral Referee fo r O rg ano n itro g en  
Pesticides; com plete the co llaborative  
study o f the Associate Referee's m ethod  
fo r d e te rm in in g  residues o f N -m e th y l-

carbamate insecticides in  crops by h ig h  
perform ance liq u id  chrom atography  
w ith  post-co lum n fluorescent d eriva tive  
fo rm atio n  (/. Assoc. O ff .  A n a l .  C h e m .

(1980) 6 3 ,11 1 4 -1 12 4 ).
(3) C a r b o fu ra n : T ransfer topic to the  G ener

al R eferee fo r O rg ano n itro gen  Pesti
cides; con tinue study o f analy tica l m eth 
ods fo r d e te rm in in g  carbofuran, its car
bam ate m etabolites, and  its p heno lic  m e
tabolites in  foods.

(4) E t h y le n e  O x id e  a n d  Its  C h lo r o h y d r in :  

Transfer topic to the G eneral R eferee for 
O rganohalogen  Pesticides; con tinue  
study of the gas-liqu id  chrom atographic  
m ethod  of Scudam ore and H euser (P e s-  

tic . S e i. (1971) 2, 8 0 -9 1 ) fo r d ete rm in in g  
eth y lene  oxide, e th y len e  ch lo ro h y d rin , 
and e th y len e  b ro m o h y d rin  in  foods.
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(5) F e n v a le r a t e : T ransfer topic to the G ener
al Referee for O rgano halo gen  Pesticides; 
appoin t an Associate Referee to evaluate  
and  co llab orative ly  study analy tica l 
m ethods fo r d e te rm in in g  residues of 
fen valerate  in  foods.

(6) F u m ig a n t s : T ransfer topic to the G eneral 
Referee fo r O rgano halo gen  Pesticides 
and  ap p o in t an Associate Referee; con
tinu e  study to extend the o ffic ia l f in a l 
action gas-liqu id  chrom atograph ic m eth 
od fo r d e te rm in in g  vo la tile  fum igants  in  
gra in , 29 .056-29 .057 , to cover ad d itio n a l 
fum igants  (1 ,2 -d ich loroethane, m eth y l 
b ro m ide , and tetrach lo roeth y len e) and  
ad d itio n a l foods (citrus fru its , m ille d  
products, and baked goods).

(7) I n o r g a n ic  B ro m id e s  in G ra in s : T ransfer 
topic to the G eneral Referee fo r O rg ano 
halogen  Pesticides; con tinue study of 
the gas-liqu id  chrom atograph ic m ethod  
of H euser and Scudam ore (P e st ic . S ci.

(1970) 1, 244 -249 ) fo r d e te rm in in g  in o r
ganic brom ides a fter conversion to 2- 
bro m oeth an o l, as tested in  in terlab ora to 
ry  studies on gra in  (A n a ly s t  (1976) 101, 
3 8 6 -390 ) and lettuce (/. A s so c . O f f .  A n a l .  

C h e m . (1979) 62, 1155-1159).
(8) P e r m e t h r in :  T ransfer topic to the G ener

al Referee fo r O rg anohalogen  Pesticides; 
ap p o in t an Associate Referee to evaluate  
and co llaborative ly  study analy tica l 
m ethods for d e te rm in in g  residues of 
p erm e th rin  in  foods.

(9) P h o s p h in e : T ransfer topic to the G eneral 
Referee fo r O rganophosphorus Pesti
cides; con tin ue study o f m ethods fo r de
te rm in in g  residual phosphine  in  fu m i
gated products, in c lu d in g  the gas chro
m atographic m ethod  rep orted  by the As
sociate Referee (/. Assoc. O ff .  A n a l .  C h e m .

(1978) 61, 5 -7 )  and the gas-liqu id  chro
m atographic m etho d  reported  by T. W . 
N o w ic k i (/. A s so c . O f f .  A n a l .  C h e m . (1978) 
61, 8 2 9 -836 ) fo r d e te rm in in g  the total 
residue of intact p hosphine  and phos
p h in e  d erived  fro m  residual a lu m in u m  
phosphide in  w heat.

(10) R e s m e t h r in : T ransfer topic to the  G en er
al Referee fo r O rg anohalogen  Pesticides; 
contin ue study to evaluate analytical 
m ethods for d e te rm in in g  residues o f res
m e th rin  in  foods.

(11) S o d iu m  M o n o flu o r o a c e t a t e : T ransfer topic  
to the G eneral Referee fo r V e te rin a ry  
A n a ly tic a l Toxicology (C om m ittee  G).

FUNGICIDES, HERBICIDES, AND PLANT 
GROWTH REGULATORS

(1) A n ila z in e : A p p o in t an Associate Referee; 
in it ia te  collaborative study o f the  m eth 
od reported  by Law rence and Panopio  (/. 
Assoc. O ff .  A n a l .  C h e m . (1980) 63, 1300- 
1303) fo r d e te rm in in g  an ila z in e  residues 
by h ig h  pressure liq u id  chrom atog
raphy.

(2) B e n z im id a z o le - T y p e  F u n g ic id e s : C o n tinu e  
study o f the m ethod  reported  by the As
sociate Referee (/. Assoc. O f f .  A n a l .  C h e m .

(1980) 63, 1291-1295) fo r the s im u lta 
neous d ete rm ina tion  of b en om yl p e r  se  

and its degradation  product m e th y l 2- 
b en zim id azo le  carbamate in  crops by  
h ig h  perform ance liq u id  chrom atog
raphy.

(3) C a p ta n  a n d  R e la t e d  F u n g ic id e s : C o n tin u e  
study to im p ro ve  the re p ro d u c ib ility  of 
gas-liqu id  chrom atograph ic response for 
captan, fo lpet, and captafol and to e v a lu 
ate ex trac tio n /c lean u p  procedures for 
residues o f these fungicides in  crops.

(4) C a rb a m a te  H e rb ic id e s : A p p o in t an Asso
ciate Referee; continue study to evaluate  
m ethods fo r d e te rm in in g  residues o f car
bam ate herbicides in  crops.

(5) C h lo r o p h e n o x y  A lk y l  A c id s : Transfer 
topic to the G eneral Referee for O rg ano 
halogen Pesticides; com plete the co llab 
o rative study o f the Associate Referee's  
im p ro ved  version  o f the gas-liqu id  chro
m atographic m ethod  reported  by Jensen 
and  Glas (C h e m . A n a l . (N . Y .)  (1981) 58, 
223 -261 ) and  evaluate the effectiveness  
of the m o d ified  m ethod  for d ete rm in in g  
residues o f 2,4-d ich lorophenoxyacetic  
acid in  d ried  green w h ea t and w heat 
straw.

(6) C h lo ro th a lo n il : A p p o in t an Associate 
Referee; continue study to evaluate gas- 
liq u id  chrom atographic m ethods fo r de
te rm in in g  residues o f c h lo ro th a lo n il in  
crops.

(7) D in it ro  C o m p o u n d s : A p p o in t an Asso
ciate Referee; con tinue study o f m ethods  
fo r d e te rm in in g  d in itro  a ry l herb ic ide  
residues in  foods.

(8) D iq u a t  a n d  P a ra q u a t : C om plete  the  in 
tra laboratory study of the Associate R ef
eree's m odification  o f R. R. K ing 's  gas- 
l iq u id  chrom atograph ic m ethod  fo r de
te rm in in g  d iquat residues a fte r reduc
tion  w ith  sodium  b oroh yd rid e  (/. A g r ic .
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F o o d  C h e m . (1978) 26, 1460-1463) to eva l
uate the  perform ance o f the m o d ified  
m etho d  fo r the s im ultaneous d ete rm in a 
tio n  o f d iquat and  paraquat residues in  
potatoes.

(9) D it h io c a rb a m a t e s , G e n e r a l  R e s id u e  M e t h o d s :  

A p p o in t an Associate Referee; continue  
study to d evelo p  m ethods fo r d is tin 
g u ish in g  d ia lky ld ith io carbam ates  from  
ethyleneb isd ith iocarbam ates and fo r de
te rm in in g  the p aren t fungicides and  
th e ir  m etabolites in  foods.

(10) M a le ic  H y d r a z id e :  A p p o in t an Associate 
Referee; con tin ue study o f g as-liqu id  
chrom atograph ic or h ig h  pressure liq u id  
chrom atograph ic m ethods fo r d e te rm in 
in g  m aleic h yd raz id e  in  foods.

(11) 1 - N a p h t h a le n e a c e t ic  A c id  a n d  1 - N a p h -  

t h a le n e a c e t a m id e : D iscon tinue topic.
(12) O r g a n o t in  F u n g ic id e s : Prepare protocol 

fo r co llaborative study o f the gas-liqu id  
chrom atograph ic m etho d  proposed by 
the Associate Referee fo r d e te rm in in g  
residues o f tr ip h e n y lt in  h yd ro x ide  and  
fen b u ta tin -o x id e  in  foods fo r re v ie w  and  
com m ent by the  G eneral Referee; i f  ap
p ro ved  by the G eneral Referee, in itia te  
the co llaborative  study of this m ethod.

(13) P e n t a c h lo r o p h e n o l : T ransfer topic to the  
G eneral Referee fo r O rg ano halo gen  Pes
ticides; in itia te  in terlab o ra to ry  study of 
the im p ro ved  g as-liqu id  chrom ato graph 
ic m ethod  fo r d e te rm in in g  pen tach loro 
p h e n o l, u n d eriv a tize d , in  g e la tin , fish, 
and  eggs, based on the m ethod  reported  
by the  Associate Referee fo r the analysis  
of m ilk  and b lood (/. A g r i c .  F o o d  C h e m .

(1980) 28, 710 -714 ); con tin ue study o f 
this m ethod  to im p ro ve  q u an tita tion  of 
pentach lo rop h en o l residues at levels  
b e lo w  0.1 p pm  if  such residues are de
te rm in ed  to be o f regu la tory  s ig n ifi
cance.

(14) S o d iu m  o - P h e n y lp h e n a t e : A p p o in t an As
sociate Referee; con tinue study to e va lu 
ate g as-liqu id  chrom atograph ic and  h ig h  
pressure liq u id  chrom atograph ic m eth 
ods fo r d e te rm in in g  o -p h en y lp h en o l in  
foods.

(15) S u b s t it u te d  U r e a s : A p p o in t a n e w  Asso
ciate Referee; con tinue study to evaluate  
m ethods fo r d e te rm in in g  substituted  
urea herbic ides and th e ir m etabolites in  
foods.

(16) S u c c in ic  A c i d ,  2 ,2 - D im e t h y lh y d r a z id e :  

C hange title  of topic to D a m in o z id e  and

app o in t an Associate Referee; con tinue  
study to develop  a gas-liqu id  chrom ato
graph ic  or h ig h  pressure liq u id  chrom a
tographic m ethod  fo r d e te rm in in g  resi
dues o f d am ino zide  in  foods.

(17) T h io lca rb a m a te  H e rb ic id e s : A p p o in t an  
Associate Referee; con tinue  study to 
evaluate m ethods fo r d e te rm in in g  resi
dues o f th io lcarbam ate herbic ides in  
crops.

(18) s -T r ia z in e s : A p p o in t an Associate R efer
ee; in it ia te  co llaborative study o f the  
gas-liqu id  chrom atograph ic m etho d  out
lin e d  by the  G eneral R eferee in  /. Assoc. 
O ff .  A n a l .  C h e m . (1980) 63, 273 fo r d eter
m in in g  atrazine  and  cyanazine in  corn  
and potatoes.

(19) T r if lu r a lin : A p p o in t an Associate R efer
ee; con tinue study to evaluate m ethods  
fo r d e te rm in in g  residues o f t r if lu ra lin  in  
crops.

METALS AND OTHER ELEMENTS
(1) A to m ic  A b so rp tio n  S p e c t r o p h o t o m e t r y  

(AAS): C o n tinu e  study to consolidate  
present A O A C  o ffic ia l m ethods fo r de
te rm in in g  in d iv id u a l elem ents by A A S  
in to  a u n ifie d  atom ic absorption  spectro- 
photom etric  analy tica l scheme fo r m u l
tie lem en t analysis o f foods and o th er b i
o logical substrates.

(2) C a d m iu m  a n d  L e a d  in  E a r t h e n w a r e : (a) 
D e fer decision on approval o f the recom 
m endation  by the G eneral Referee fo r  
adoption  as o ffic ia l firs t action o f the  hot 
leach m ethod  fo r d e te rm in in g  extracta
ble cadm ium  and  lead in  ceram ic cook
w are  and  enam el cookw are by atom ic  
absorption spectrophotom etry, p en d in g  
submission of a revised m anuscrip t on  
the collaborative study reported  by J. H . 
G ould  et al. or a supp lem entary  report 
by the Associate Referee fo r C adm ium  
and Lead in  Earthenw are  a n d /o r  the  
G eneral Referee fo r M etals  and  O th e r E l
em ents that includes the fo llo w in g : ( i )

a descrip tion  o f the m ethod  as in ten d ed  
fo r pub lica tion  in  O ffic ia l  M e t h o d s  o f  

A n a ly s is :  ( i i) a sum m ary o f the p erfo r
mance o f the m ethod  in  the collabora
tive study in  terms of the statistical param
eters p rev iou s ly  requested by C o m m it
tee E fo r use in  a ll co llaborative study re 
ports (see /. Assoc. O ff .  A n a l .  C h e m . (1979) 
62, 413); (m ) availab le  in fo rm atio n  on  
the re la tive  v a ria b ility  of the d e te rm ina 
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tive  step o f the m ethod  com pared w ith  
the v a ria b ility  in  the levels of cadm ium  
and lead extracted fro m  the cookware;
( iv )  c larification  on the presence or ab
sence o f lig h t d u rin g  the  hot leaching of 
the product and on the n um ber o f units  
of product to be inc lu d ed  fo r analysis of 
a product in  the proposed o ffic ia l m eth 
od; (n) c larification  of the product a p p li
cation o f the hot leach m ethod  and its 
re la tionsh ip  to that of the o ffic ia l f in a l 
action m ethod , 25 .031-25 .034 . (b) C on
tin u e  study on the effect o f lig h t on the  
extractab ility  o f cadm ium  fro m  earthen 
w are  and subm it an eva lu a tio n  o f data 
supporting  the ed ito ria l revisions m ade  
in  1980 to m ake the o ffic ia l f in a l action  
A O A C -A S T M  m ethod  fo r d e te rm in in g  
cadm ium  and lead in  earthenw are ,
25 .031-25 .034 , conform  to the revised  
A S T M  procedure.

(3) C a rb o n  R o d  A to m iz a tio n  T e c h n iq u e s : In i 
tiate second co llaborative study (after 
approval o f the study design by the G en
eral Referee) o f the m ethod  o u tlin e d  by  
the Associate Referee (/. Assoc. O f f .  A n a l .  

C h e m . (1982) 65, 1005-1009) fo r the  
graph ite -fu rnace  atom ic absorption spec- 
troph otom etric  d e te rm in a tio n  o f lead in  
canned m ilk  and in fa n t form ulas, w ith  
revised m ethod  instructions to ensure  
that the instrum ents used by the  collabo
rators have adequate background correc
tion  capab ility  fo r use in  the  study.

(4) E m issio n  S p e c t r o c h e m ic a l  M e t h o d s :  C o n 
tin u e  study to select a m ethod  and de
ve lop  a protocol fo r co llaborative study  
of m u ltie le m en t analysis o f raw  agricu l
tu ra l com m odities by in d u c tiv e ly  cou
p led  plasm a (IC P ) em ission spectrosco
py; upon  app ro val o f the  protocol by the  
G eneral Referee, in it ia te  collaborative  
study o f the  m ethod.

(5) F lu o r in e : Prepare protocol fo r second 
collaborative study o f the m icrod iffu s io n  
and fluoride-specific  electrode m ethod  
p reviou sly  studied  by the Associate R ef
eree (/. Assoc. O ff .  A n a l .  C h e m . (1981) 64, 
1021-1026) fo r d e te rm in in g  flu o rid e  in

* An asterisk before a recommendation indicates that official 
action on that recommendation resulted in its appearance in 
"Changes in Methods."

The recommendations submitted by Committee E were 
adopted by the Association. Section numbers refer to Official 
Methods o f Analysis (1980) 13th Edition; and "Changes in 
Methods," /. Assoc. Off. Anal. Chem. 63, 374-423 (1980); 65, 
450-521 (1982).

in fa n t foods, inco rp ora tin g  the im p ro v e 
m ents suggested in  the rep ort on the  
firs t study; a fter approval o f the  study  
protocol by the G eneral Referee, in it ia te  
collaborative study.

(6) H y d r i d e  G e n e r a t in g  T e c h n iq u e s : C o n tin u e  
study to evaluate h yd rid e  generators  
and to select a specific m ethod  and  h y 
d rid e  generator fo r co llaborative study  
of the h yd rid e  evo lu tio n  atom ic absorp
tion  spectrophotom etric d e te rm in a tio n  
of arsenic, se len ium , and tin  in  foods.

(7) M e r c u r y :  A p p o in t an Associate Referee; 
continue study to evaluate and collabo- 
ra tiv e ly  test m ethods for d e te rm in in g  
m ercury in  foods.

*(8 ) M e t h y l  M e r c u r y  in  F ish  a n d  S h e l l f is h :

A d o p t as o ffic ia l first action the electron  
capture gas-liqu id  chrom atographic  
m ethod  co llab orative ly  studied  and re 
ported  by the Associate R eferee in  1982, 
fo r the d e te rm in a tio n  o f m e th y l m ercury  
in  fish and shellfish .

(9) M u lt ie le m e n t  A n a ly s is  o f  I n fa n t  F o rm u la :  

In it ia te  topic to co llaborative ly  study the  
in d u c tiv e ly  coupled argon plasm a (IC P ) 
em ission spectroscopic m ethod  (u n p u b 
lished) fo r d e te rm in in g  calcium , copper, 
iro n , m agnesium , m anganese, phospho
rus, potassium , sodium , and z inc  in  in 
fan t form ulas; com plete the statistical 
analysis o f data from  the collaborative  
study and, i f  appropriate , subm it report 
w ith  recom m endation  fo r adoption  
u n d er the in te rim  firs t action approval 
procedure.

(10) M u lt ie l e m e n t  D e te r m in a tio n  A f t e r  C lo se d  

S y s t e m  D ig e s tio n : C o n tinu e  o ffic ia l first 
action status of the m u ltie le m en t m e th 
od, 2 5 .A 0 1 -2 5 .A 0 5  (/. Assoc. O ff .  A n a l .  

C h e m . (1980) 63, 388 -391 ), fo r the d eter
m in a tio n  of arsenic, cadm ium , lead, sele
n iu m , and z inc  in  foods; in it ia te  collabo
ra tive  study to extend the app lic ab ility  
of 2 5 .A 0 1 -2 5 .A 0 5  to the d eterm ination  
of copper by anodic s tripp ing  vo ltam m e
try  and to the d ete rm ina tion  o f ch rom i
um  and n icke l by d iffe re n tia l pulse po- 
la rography , using the m odifications de
ve loped  by the Associate Referee to con
duct the  digestion and d ete rm ina tion  in  
the same vessel to m in im ize  contam ina
tion.

(11) M u lt im e t a l  R e s id u e s  b y  R e s in  C o lu m n  S e p a 

ra tio n s : C o n tin u e  study of the resin col
u m n  chrom atograph ic technique re-
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p orted  by the Associate Referee fo r iso
la tin g  trans ition  elem ents and heavy  
m etals fro m  a lk a li and  a lk a lin e  earth  
m etals (/. A g r i c .  F o o d  C h e m . (1975) 23, 
4 4 -4 5 ), fo r use in  conjunction  w ith  m u l
tie le m en t detection  systems.

(12) O r g a n o m e ta ll ic s : C hange title  o f topic to 
O rganom eta llics  in  Foods; continue  
study to develop  m ethods fo r d e te rm in 
ing  org anom eta llic  com pounds in  foods.

(13) P o la r o g r a p h y : C o n tin u e  o ffic ia l firs t ac
tio n  status o f the d ry  ash, anodic s trip 
p in g  vo ltam m etric  m ethod  fo r d e te rm in 
in g  cadm ium  and lead in  foods o ther 
than  fats and  oils, 25 .C 01-25 .C 07  (/. 
A s s o c . O f f .  A n a l .  C h e m . (1982) 65, 4 7 6 -  
478); con tin ue study.

(14) T in : C o n tin u e  o ffic ia l first action status 
of the atom ic absorption spectrophoto- 
m etric  m ethod  fo r d e te rm in in g  tin  in  
canned fru its , vegetables, and juices, 
25 .136-25 .138; in  con junction  w ith  the  
Associate Referee fo r F lu o rin e , conduct 
and evaluate a co llaborative study o f the  
nitrous o x id e -acety len e  flam e atom ic ab
sorption  spectrophotom etric m ethod  re 
ported  by D abeka and M cK en z ie  (/.
Assoc. O ff .  A n a l .  C h e m . (1981) 64, 1297- 
1300) fo r d e te rm in in g  tin  in  canned  
foods a fte r n itr ic  ac id -h y d ro c h lo ric  acid 
digestion  of the sam ple.

(15) V o lt a m m e t r ic  M e t h o d s : C o n tin u e  o ffic ia l 
firs t action status o f the anodic s trip p in g  
vo ltam m etric  m ethod  for d e te rm in in g  
lead in  evaporated m ilk  and fru it  juice, 
25 .080-25 .082; subm it revised rep o rt fo r  
p u b lica tio n  o f results from  collaborative  
study suppo rting  the o ffic ia l status of 
this m ethod .

M U LT IR E S ID U E  M ETH O D S  
(IN T E R L A B O R A TO R Y  STU D IES)

(1) C o m p r e h e n s iv e  M u lt i r e s id u e  M e t h o d o lo g y :  

C ond uct ruggedness test and in tra - and  
in te rlab o ra to ry  tria ls o f the  im p ro ved  
pesticide m u ltires id u e  m ethod  o f Luke  
et al. (/. Assoc. O ff .  A n a l .  C h e m . (1981) 64, 
1187-1195), using the  standard add itions  
approach proposed by the  Associate R ef
eree to offset the q u an tita tion  problem s  
resu ltin g  fro m  the  enh ancem en t of gas- 
l iq u id  chrom atograph ic responses fo r  
some analytes in  the  presence o f crop ex
tractives; i f  w arran ted  by the results of 
the in tra - and in terlab ora to ry  tria ls, in 
corporate the technique fo r standard ad

d itions in to  the procedure and  in it ia te  
collaborative study o f the m o d ified  
m ethod , a fte r approval o f the study de
sign by the  G eneral Referee.

(2) G a s -liq u id  C h r o m a t o g r a p h y  (A lk a l in e  P r e 

c o lu m n ) :  Prepare rep ort describ ing  the  
perform ance o f the  a lk a lin e  p reco lum n  
gas-liqu id  chrom atograph ic m etho d  fo r  
id e n tify in g  and d e te rm in in g  o ,p '-D D T , 
p ,p '-D D T , p ,p '-T D E , m etho xych lo r, and  
P erthane as th e ir d eh ydrohalogenated  
derivatives  (/. A s s o c . O f f .  A n a l .  C h e m .  

(1969) 52, 5 4 8 -553 ) in  the co llaborative  
study o f the q uan tita tive  d eh ydroh a lo - 
genation  and d e te rm in a tio n  o f these 
pesticides in  the absence o f food sam ple  
m atrix , and  in  the in tra lab o ra to ry  stud
ies o f the m ethod  in  actual food ana l
yses.

(3) O r g a n o p h o s p h o r u s  P es t ic id e s  R e s id u e s :  

C o n tin u e  study o f the  o ffic ia l f in a l ac
tion  carbon cleanup m ethod  fo r residues 
o f p ara th ion , paraoxon, E P N , and carbo- 
p h en o th io n  and its oxygen analog in  ap
ples and  green beans, 29 .039-29 .043 , to 
extend the coverage o f this m ethod  to 
a dd itio na l organophosphorus pesticides  
and a d d itio n a l crops; con tinue  study to 
com pile  and sum m arize ava ilab le  data 
on the recovery o f o rganophosphorus  
pesticides by th is m ethod.

(4) P e s t ic id e s  in  M e a t  a n d  M e a t  P r o d u c t s : A p 
p o in t an Associate Referee; in it ia te  col
laborative study to test the app lic ab ility  
of the A O A C  m u ltires idu e  m ethodology,
29 .001-29 .028 , fo r d e te rm in in g  organo- 
ch lo rin e  pesticide residues in  m eat and  
m eat products.

(5) P o llu ta n t  P h e n o ls  in F is h : C om plete  the  
in te rlab ora to ry  study o f the  electron  
capture g as-liqu id  chrom atograph ic  
m ethod  proposed b y  the  Associate Ref
eree fo r the analysis o f fish fo r residues 
o f pheno ls classified as p rio r ity  p o llu 
tants by the  U.S. E n v iro n m en ta l Protec
tion  A gency; i f  this m ethod , in  w h ic h  
phenols are converted  to p en tafluo ro - 
b en zy l b ro m ide  derivatives  a fte r clean
up by gel perm eation  chrom atography  
and cesium silicate adsorption  chrom a
tography, is successful in  the  in te rla b o 
ratory study, develop  a protocol fo r col
laborative study o f the m ethod  fo r re
v ie w  and  com m ent by the G eneral R ef
eree.

(6) W h o le  B lo o d : C om plete  the co llaborative
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study o f the Associate Referee's m ethod  
fo r d ete rm in in g  organoch lorine  pesti
cides in  w h o le  b lood (/. A s so c . O f f .  A n a l .  

C h e m . (1980) 63, 965 -969); i f  w arran ted  
by an eva lu atio n  o f the results, subm it a 
report on  the  collaborative study w ith  a 
recom m endation  fo r adoption  of the  
m ethod  u n d er the in te rim  firs t action  
ado ption  procedure.

O R G A N O C H L O R IN E  P E STIC ID ES

(1) C h lo r d a n e : In it ia te  collaborative study  
of the m etho d  com bin ing  m u ltires idu e  
extraction, 29 .011-29 .012 , aceton itrile  
p artitio n in g  cleanup, 29.014, F lo ris il col
um n  chrom atograph ic cleanup and resi
due separation, 29 .031-29 .033 , and  elec
tro n  capture gas-liqu id  chrom atography,
29.018, fo r d e te rm in in g  residues o f cis-  

chlordane, frans-chlordane, octachlor 
epoxide (oxychlordane), and hep tach lor  
epoxide in  butter, eggs, fish , and p o u ltry  
fat; con tin ue study o f cap illa ry  co lum n  
gas-liqu id  chrom atography fo r d eter
m in in g  the te rm in a l residues o f ch lo r
dane in  foods.

(2) C h lo r in a t e d  D io x in s : C o n tinu e  study to 
develop  and  evaluate analy tica l m ethods  
fo r d e te rm in in g  and co n firm in g  the  
id e n tity  o f residues o f 2,3 ,7,8-tetrachlo- 
ro d ib enzo -p -d io x in  (T C D D ) at parts per 
t r ill io n  levels in  fish , m ilk , and o ther 
foods; con tin ue  study to evaluate m eth 
ods fo r d e te rm in in g  hexachloro-, hepta- 
chloro -, and octachloro-substituted d i- 
b en zo-p -d iox ins  and d ibenzo fu ran s in  
foods.

(3) C h lo r o b e n z ila te , C h l o r o p r o p y la t e ,  a n d  B ro -  

m o p ro p y la t e : Prepare a rep ort on the  
w o rk  done to incorporate the d e te rm in a 
tion  of ch lo ro ben zila te , ch lo roprop ylate , 
and b rom opropylate  residues at to le r
ance levels in  fru its  and nuts in to  the  
m u ltires idu e  m ethod , 29 .001-29 .018 , and  
to convert these com pounds to th e ir tr i-  
fluoroacetic acid d erivatives  fo r en 
hanced sensitiv ity  in  the electron cap
ture  gas-liqu id  chrom atographic d eter
m in a tiv e  step, 29.018; con tin ue study to 
evaluate o th er m ethods fo r d ete rm in in g  
residues o f these pesticides in  foods w ith  
a h ig h  lip id  content.

(4) D ic o fo l : A p p o in t an Associate Referee; 
continue study to evaluate m ethods for 
the d e te rm in a tio n  of d icofo l residues in  
crops.

(5) G e l P e r m e a t io n  C h r o m a t o g r a p h y  (G P C ) 

C le a n u p  f o r  O r g a iw c h lo r in e  R e s id u e s : In i 
tiate topic to evaluate gel perm eation  
chrom atography as a cleanup technique  
fo r d e te rm in in g  organoch lorine  residues 
in  foods.

(6) K e p o n e : C o n tin u e  study o f analytical 
m ethods fo r d ete rm in in g  residues of 
K epone in  fish and shellfish .

(7) L o w  M o is t u r e - H ig h  F a t  S a m p le s ,  E x t r a c t io n  

P r o c e d u r e :  In it ia te  collaborative study of 
a m ethod  com bin ing  the Associate Ref
eree's sam ple preparation  /ex traction  
procedure (/. Assoc. O f f .  A n a l .  C h e m .

(1982) 65, 1122-1128) w ith  aceton itrile  
p a rtitio n in g , 29.014, F lo ris il colum n  
cleanup, 29.015 or 29 .029-29 .034 , and  
electron capture gas-liqu id  chrom atogra
p hy , 29.018, fo r d e te rm in in g  organo
ch lo rin e  residues in  o il seeds and  o ther 
lo w  m o is tu re -h ig h  fat products.

*(8 ) M u lt ir e s id u e  M e t h o d o lo g y ,  M in ia tu r iz a t io n :  

A d o p t as o ffic ia l firs t action the m in ia tu 
rized  m u ltires idu e  m ethod  collabora- 
t iv e ly  studied  by the Associate Referee, 
fo r d e te rm in in g  p ,p '~ D D E , p ,p '~ D D T ,  
p ,p '~ T D E , d ie ld r in , hep tach lor epoxide, 
and  p o lych lo rina ted  b ip hen y ls  in  fish.

(9) P h o t o c h e m ic a l D e riv a t iz a t io n  f o r  C o n f i r m a 

tion  o f  R e s id u e  I d e n t i ty : Prepare a report 
for pub lica tion  o f the in fo rm atio n  p re 
sented by the Associate Referee in  1982 
on the  effect o f coextractives fro m  sam
ples p repared  by the m u ltires idu e  m e th 
ods 29 .001-29 .018  and 29 .029-29 .034  on 
the p ho to deriva tiza tio n  o f o rganochlo
rin e  pesticides in  the Associate Referee's  
m ethod  fo r co n firm in g  residue id e n tity  
by gas-liqu id  chrom atography o f th e ir  
U V  photolysis products (/. A s so c . O ff .  

A n a l .  C h e m . (1977) 60, 673 -678); continue  
study to id e n tify  the pho toderivatives  of 
selected com pounds, such as endosulfan  
I,  cis- and fnm s-nonachlor, and octachlor 
epoxide, w hose conversion to useful 
photoderivatives  was least affected by 
the presence o f sam ple co-extractives.

(10) P o ly c h lo r in a te d  B ip h e n y ls  (P C B s ) : C o n 
tinu e  study o f analy tica l m ethods fo r de
te rm in in g  residues o f PCBs in  foods and  
fo r isolating  PCBs from  the organoch lo 
rin e  pesticide residues that are not sepa
rated fro m  them  in  the m u ltires idu e  
m ethod , 29.001-29 .018 .

(11) P o ly c h lo r in a te d  B ip h e n y ls  (P C B s )  in B lo o d . 
In it ia te  topic to evaluate and  collabora
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t iv e ly  study ana ly tica l m ethods fo r  de
te rm in in g  PCBs in  b lood and b lood  
serum .

(12) R o o t - A b s o r b e d  R e s id u e s ,  E x t r a c t io n  P r o c e 

d u r e s : A p p o in t an Associate Referee; 
continue study to evaluate recen tly  de
ve lop ed  in fo rm atio n  on the  extraction  of 
root-absorbed residues and  to develop  
and  evaluate extraction  procedures fo r  
root-absorbed residues, fo r inco rpora
tion  in to  the m u ltires id u e  m ethod ,
29 .001-29 .018 .

(13) T e t r a d i fo n , E n d o s u l fa n ,  a n d  T e t ra s u l : C o n 
tin u e  study o f the o ffic ia l f in a l action  
m etho d  fo r d e te rm in in g  endosu lfan  I, 
endosulfan  I I ,  endosu lfan  sulfate, tetra
d ifo n , and  tetrasul in  apples and  cucum 
bers, 29 .029-29 .034 , to develop  the in 
tra laboratory data fo r the  11 n o n fa tty  
foods that rem ain  to be tested to d eter
m in e  i f  the m etho d  is applicable to a ll 
G roup I  and G ro up  I I  n o n fa tty  foods 
(Tab le  29.02).

(14) T o x a p h e n e : C o n tin u e  study to develop  
and evaluate q u an tita tion  procedures for  
the  te rm in a l residues o f toxaphene, fo r  
use in  conjunction  w ith  the  m u ltires id u e  
m ethodology, 29 .001-29 .018; con tinue  
study o f the approach c om b in in g  elec
tro n  capture cap illa ry  co lum n  gas-liqu id  
chrom atography w ith  th in  layer chro
m atograp hy to id e n tify  w h ic h  com po
nents o f toxaphene are lik e ly  to persist 
and occur as residues in  foods.

O R G A N O P H O SP H O R U S P E STIC ID ES

(1) A z in p h o s - m e t h y l : In it ia te  topic to eva lu 
ate and  co llab orative ly  study analy tica l 
methods for determ ining residues of azin 
p hos-m eth yl in  foods; ap p o in t an Asso
ciate Referee.

(2) C o n fir m a t io n  P r o c e d u r e s : D eve lo p  pro to 
col fo r co llaborative  study o f the Asso
ciate Referee's im p ro ved  version of the  
p en ta flu o ro b en zy l b ro m id e  d erivative  
g as-liqu id  chrom atograph ic m ethod  of 
C oburn  and C hau  (/. Assoc. O ff .  A n a l .  

C h e m . (1974) 5 7 ,1 2 7 2 -1 2 7 8 ; and E n v ir o n .  

L e tt . (1975) 10, 2 2 5 -236 ) fo r re v ie w  and  
com m ent by the G eneral Referee; i f  ap 
p ro ved  by  the G eneral Referee, in itia te  
collaborative study of this m etho d  for 
c o n firm in g  the id e n tity  o f organophos- 
phorus pesticide residues recovered  
fro m  w a te r by a m etho d  such as tha t of

R ip ley  et al. (/. Assoc. O ff .  A n a l .  C h e m .

(1974) 5 7 ,10 3 3 -1 04 2 ).
(3) D is u l fo t o n : In it ia te  topic to evaluate and  

co llaborative ly  study ana ly tica l m ethods  
fo r d e te rm in in g  d isu lfo to n  and its m e
tabolites in  foods; app o in t an Associate 
Referee.

(4) E x t r a c t io n  P r o c e d u r e s : A p p o in t an Asso
ciate Referee; extend the extraction  e ff i
ciency studies o f W atts (/. Assoc. O ff .

A n a l .  C h e m . (1971) 54, 9 5 3 -958 ) to ad d i
tion al organophosphorus pesticide resi
dues and add itio na l crops.

(5) G e n e r a l  M e t h o d  f o r  O r g a n o c h lo r in e  a n d  O r 

g a n o p h o s p h o r u s  P es t ic id e s : A p p o in t an  
Associate Referee; con tinue study to 
evaluate the app lic ab ility  o f the  A O A C  
m u ltires idu e  m ethod , 29 .001-29 .018 , fo r  
d ete rm in in g  a d d itio n a l organophospho
rus pesticide residues in  fa tty  and  n o n 
fatty  foods; in it ia te  study on  the  use of 
the  selective N /P  (n itro g e n /p h o s p h o 
rus) detector as an a lte rn a tive  to the a l
ka li flam e detector used in  the  gas-liqu id  
chrom atograph ic d ete rm in a tive  step of 
th is m ethod.

(6) H ig h  F a t  S a m p le s : C o n tinu e  study to 
evaluate gel p erm eation  chrom atogra
p h y  as a cleanup technique fo r the  d eter
m in a tio n  o f organophosphorus pesti
cides and  th e ir m etabolites in  fa tty  foods 
and to assess the u til ity  o f the  N / P  de
tector as an a lte rn a tive  to the a lka li 
flam e and  flam e pho to m etric  detectors 
used in  the A O A C  o ffic ia l m ethods for 
d ete rm in in g  organophosphorus pesti
cide residues by gas-liqu id  chrom atog
raphy.

(7) M e t h a m id o p h o s : In it ia te  topic and  ap
p o in t an Associate Referee to evaluate  
and co llaborative ly  study analy tica l 
m ethods fo r d e te rm in in g  m etham ido 
phos and  its m etabolites in  foods.

(8) M o n o c r o t o p h o s : In it ia te  topic to evaluate  
and co llaborative ly  study analy tica l 
m ethods fo r d e te rm in in g  residues of 
m onocrotophos in  foods; ap p o in t an As
sociate Referee.

(9) P h o r a t e : In it ia te  topic to evaluate and  
collab orative ly  study analy tica l m ethods  
fo r d e te rm in in g  phorate and its m etabo
lites in  foods; app o in t an Associate R ef
eree.

(10) So ils : A p p o in t an Associate Referee; 
continue study to develop  m u ltires idu e  
extraction  and cleanup m ethods fo r de-
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te rm in in g  organophosphorus pesticides 
and th e ir m etabolites in  soils.

(11) S w e e p  C o d istilla tio n : C o n tinu e  study to 
extend the o ffic ia l f in a l action sweep co- 
d is tilla tio n  m ethod  fo r d e te rm in in g  o r
ganophosphorus pesticide residues in  
crops, 29 .044-29 .049 , to the analysis o f 
fa tty  foods; evaluate the com m ercial 
sv/eep cod istilla tio n  apparatus reported  
to have been developed  in  A u stra lia  
a n d /o r  o th er com m ercial units  that be
come availab le  and appear to be de
signed for sweep cod istilla tion  cleanup  
o f fa tty  food extracts.

(12) T h in  L a y e r  C h r o m a t o g r a p h y : C onduct in 
terlaboratory  tr ia l to evaluate the q u a n ti
tative th in  layer chrom atograph ic ap
proach fo r d e te rm in in g  organophospho
rus pesticides and th e ir m etabolites in  
foods; continue study to com pare o p ti
cal-scanning th in -la y e r chrom atography  
w ith  gas-liqu id  chrom atography and  
h ig h  perform ance liq u id  chrom atogra
p hy  fo r q u an tita tio n  o f o rganophospho
rus pesticide residues.

R A D IO A C T IV IT Y

*(1 ) B a r iu m - 1 4 0 : A d o p t as o ffic ia l f in a l ac
tio n  the o ffic ia l first action extension
(1982) o f the o ffic ia l f in a l action m ethod  
fo r cesium -137 in  m ilk , 48 .025-48 .029 , to 
inc lude  barium -140 and iod ine-131; dis
continue topic.

(2) C a r b o n - 1 4 : Assess need to establish  
A O A C  offic ia l m ethods fo r carbon-14 in  
foods, o th er b io log ical m aterials, or 
w a ter to d eterm in e  w h e th e r fu rth e r  
study in  this topic is w arran ted ; if  need 
ed, ap p o in t Associate Referee and ar
range fo r eva lua tio n  of data fro m  the  
collaborative study conducted by fo rm er  
Associate Referee A .A . M ohgissi o f the  
liq u id  s c in tilla tio n  m ethod , based on  the  
absorption o f carbon d iox ide  in  aqueous 
sodium  h yd ro x id e , fo r d e te rm in in g  car- 
bon-14 in  b io log ical samples, as o u tlin e d  
by the fo rm er G eneral Referee (/. Assoc. 
O f f .  A n a l .  C h e m . (1974) 57, 308 -309).

(3) C e s i u m - 1 3 7 :  Evaluate and rep ort results 
fro m  the G eneral Referee's collaborative  
study on ex ten d in g  the gam m a-ray spec
troscopic m ethod  fo r d e te rm in in g  ce
sium -137 in  m ilk , 48 .025-48 .029  (1982  
rev is ion ), to the d e te rm in a tio n  o f ce
sium -137 in  o ther foods; a fter subm is
sion o f the collaborative study report,

app o in t an Associate Referee and  con
tin u e  study to evaluate and  collabora- 
t iv e ly  test m ethods fo r d e te rm in in g  ce
sium -137 in  foods, b io log ical m aterials  
and e n v iro n m en ta l samples.

*■(4) I o d in e - 1 3 1 :  A d o p t as o ffic ia l f in a l action  
the o ffic ia l firs t action extension (1982) 
of the o ffic ia l f in a l action m ethod  fo r ce
sium -137 in  m ilk , 48 .025-48 .029 , to in 
clude barium -140 and iod ine-131  (s ee  

rec. 1); conduct ruggedness test and in 
terlaboratory  study o f the m ore sensitive  
m ethod  o u tlin e d  by the fo rm er G eneral 
Referee (/. Assoc. O ff .  A n a l .  C h e m . (1979) 
62, 3 8 7 -389 ) and  recom m ended by  the  
N u clear R egulatory Com m ission fo r de
te rm in in g  iod ine-131 in  m ilk ; i f  w a r
ran ted  by the results o f the in te rlab ora 
tory  study of the la tter m ethod , prepare  
collaborative study protocol fo r re v ie w  
b y  G eneral Referee.

(5) N e u t r o n  A c t iv a t io n  A n a ly s is : C om plete  
the  co llaborative study o f the Associate 
Referee's m ethod  for d e te rm in in g  sodi
um  in  n eu tro n -irrad ia ted  b io log ical m a
terials; perfo rm  statistical analysis of 
data fro m  the collaborative study con
ducted by fo rm er Associate Referee J. T. 
T an ner o f the m ethod  o u tlin ed  by the  
fo rm er G eneral Referee (J. Assoc. O ff .  

A n a l .  C h e m . (1976) 59, 3 5 0 -3 5 1 ), fo r de
te rm in in g  ch lo rin e  and b ro m ine  in  n eu 
tro n -irrad ia ted  b io log ical samples; con
tin u e  study to assess the feas ib ility  of 
conducting  co llaborative studies of 
m ethods fo r m u ltim e ta l determ inations  
in  n eu tro n -irrad ia ted  samples and, if  
feasib le, design collaborative study fo r  
re v ie w  and com m ent by the G eneral 
Referee.

(6) P lu t o n iu m : A p p o in t an Associate R efer
ee; con tinue study o f the Energy Re
search and  D eve lo p m en t A d m in is tra tio n  
m ethod  fo r d e te rm in in g  p lu to n iu m  in  
u rin e , feces, and w a te r (E R D A  H A S L - 3 0 0  

( 1 9 7 6 )  E - P u - 0 1 - 0 1 ,  as o u tlin ed  by the fo r
m er G eneral Referee in  J. A s s o c . O f f .

A n a l .  C h e m . (1977) 60, 378 -379 ) fo r possi
b le  app lication  to foods and e n v iro n 
m en ta l samples.

(7) R a d iu m - 2 2 8 : C onduct ruggedness test 
and in terlab ora to ry  tria l o f the  m ethod  
reported  by Baratta and  Lum sden (/. 
A s s o c . O f f .  A n a l .  C h e m . (1982) 65, 1424- 
1428) fo r the d ete rm ina tion  of rad ium - 
228 in  foods and w ater; i f  m ethod  is sue-
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cessful in  in terlab o ra to ry  tria l, prepare  
collaborative study protocol fo r re v ie w  
and  com m ent by the  G eneral Referee  
and the Statistical C onsu ltant to C o m 
m ittee  E.

(8) S t r o n t iu m - 8 9  a n d  - 9 0 :  A p p o in t an Asso
ciate Referee; in it ia te  collaborative study  
of the m ethod  described by Baratta and  
Reavey (/. A g r i c .  F o o d  C h e m . (1969) 17, 
1337-1339) fo r d e te rm in in g  s tro n tiu m - 
89 and -90 in  foods.

(9) T r it iu m : Assess need  fo r ad d itio n a l 
A O A C  o ffic ia l m ethods fo r tr it iu m  to de
te rm in e  w h e th e r fu r th e r study in  this 
topic is w arranted; i f  needed, ap p o in t an  
Associate Referee and arrange fo r re- 
eva luatio n  of data and revis ion  o f report 
on the co llaborative  study conducted by 
fo rm er Associate Referee A . A . M oghissi 
of the liq u id  s c in tilla tio n  m ethod  fo r de
te rm in in g  tr it iu m  in  u rin e  (/. H e a lt h  

P h y s . S o c . (1969) 17, 7 2 7 -729 ) using the  
m o d ifie d  s c in tilla tio n  m ix tu re  described  
by the fo rm er G eneral Referee (/. Assoc. 
O f f .  A n a l .  C h e m . (1979) 62, 387 -389).

W A T E R

(1) C h e m ic a l  P o llu ta n ts  in  A q u a t ic  B io ta : D is 
con tin ue  topic, w ith  fu rth e r w o rk  in  this  
area to be carried  out by the Associate 
Referees w hose topics encompass the an 
alytes o f interest, such as the  Associate 
Referee fo r P o llu ta n t Phenols in  Fish  
u n d er the G eneral Referee fo r M u lt ire s i
due M ethod s  (In te rlab o ra to ry  Studies) 
and  the  Associate Referees for C h lo r i
nated  D ioxins  and  Toxaphene u n d er the  
G eneral Referee fo r O rganohalogen  Pes
ticides.

(2) C h e m ic a l  P o llu ta n ts  in  W a t e r  a n d  W a s t e w a 

t e r : C o n tin u e  re v ie w  of analytical 
m ethods co llab orative ly  studied  by

A S T M , EPA, and  others fo r possible  
adoption  by A O A C  as o ffic ia l m ethods; 
continue study.

(3) C h lo r in a t e d  S o lv e n t s  in W a t e r : A p p o in t an  
Associate Referee; con tinue  study to 
evaluate and co llaborative ly  study m e th 
ods fo r d e te rm in in g  ch lo rin a ted  solvents 
in  w a te r and w astew ater.

(4) C h lo r o p h e n o x y  A lk y l  A c id s  in  W a t e r  a n d  

W a s tew a te r : D iscon tinue topic w ith  fu r 
the r w o rk  in  this area to be carried out 
by the  Associate Referee for H erb ic ides  
in  W ater and Sedim ent.

(5) H e rb ic id e s  in W a t e r  a n d  S e d im e n t : In it ia te  
topic to evaluate, select, and  test th rou gh  
collaborative study analy tica l m ethods  
fo r the d ete rm ina tion  o f herbicides in  
w a ter and sedim ent.

(6) M a jo r  Io n s  a n d  N u t r i e n t s  in  W a te r : In i 
tiate topic to evaluate and co llaborative
ly  study ana ly tica l m ethods fo r deter
m in in g  sodium , potassium , calcium , a lu 
m in u m , phosphate, sulfate, and o ther 
m ajor ions and  nutrien ts  in  w ater.

(7) O r g a n o p h o s p h o r u s  P es t ic id e s  in W a te r : A p 
p o in t a n ew  Associate Referee; continue  
study to evaluate and co llab orative ly  test 
the m ethod  proposed by the  U .S. E n v i
ro n m enta l Protection  A gency or o ther 
m ethods fo r d e te rm in in g  organophos
phorus pesticides in  w a te r and  waste- 
w ater.

(8) T r ia z in e  H e r b ic id e s  in W a t e r : A p p o in t an  
Associate Referee; con tinue study to 
evaluate and co llaborative ly  test m e th 
ods fo r d e te rm in in g  tria z in e  herbicides  
in  w ater and w astew ater.

(9) O t h e r  T o p ic : C o n tin u e  o ffic ia l firs t ac
tion  status of the atom ic absorption  spec- 
trophotom etric  m ethod  fo r d e te rm in in g  
cadm ium , chrom ium , copper, iro n , lead, 
manganese, s ilver, and zinc  in  w ater, 
33.089-33 .094 .
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Report of Committee F on Recommendations for Official Methods

MICHAEL WEHR (Oregon Department of Agriculture, 635 Capitol St, NE, Salem, OR 
97310), C h a ir m a n ; DONALD E. LAKE (American Can Co., 433 N Northwest Highway, 
Barrington, IL 60010); DONALD MASTROROCCO (Hershey Foods Corp., 19 E 
Chocolate Ave, Hershey, PA 17033); CHONG PARK (Health and Welfare Canada, 
Health Protection Branch, Tunney's Pasture, Ottawa, Ontario, Canada K1A 0L2); 
ROBERT M. TWEDT (Food and Drug Administration, Division of Microbiology, 
Cincinnati, OH 45226); PARIS M. BRICKEY, JR (Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204), S e c r e t a r y ;  FOSTER D. McCLURE 
(Food and Drug Administration, Division of Mathematics, Washington, DC 20204), 
S t a t i s t i c a l  C o n s u lt a n t

ANALYTICAL MYCOLOGY OF FOODS 
AND DRUGS

(1) B aselin e  M o ld  C ounts by  B len din g : C o n 
tin u e  study.

(2) G eotrich u m  M o ld  in C an n ed  F ru its , V e g e ta 
b les , an d  Ju ices : C o ntin u e  study.

(3 ) G eotrich u m  M o ld  in F rozen  Fru its an d  V eg e
tab les : C o n tinu e  study.

(4) M o ld  an d  Y east in B ev era g es : C o n tin u e  
study.

*(5 ) S tan d ard iza tion  o f  P lan t T issue C o n cen tra 
tion s fo r  M o ld  C ounting: (a) In  m ethod  
44.082, M o ld  C ount, C itrus and P ineapp le  
Juices, C anned, S ingle  S trength , expand  
descrip tion  to inc lu de  tube sh ie ld , tru - 
n io n  rin g , cushion, and m axim um  ce n trif
ugal force. C hange the th ird  sentence to 
read: "C e n trf. 10 m in  at 2200 rpm , using  
In te rn a tio n a l type E X D  centrf. (D a m o n / 
1EC D iv ., 300 Second A ve , N eed h am  Hts, 
M A  02194) w ith  8-place N o . 240 head,
N o . 320 sh ie ld , N o . 325 tru n io n  rin g , and  
N o . 571 cushion, or o th er centrf. g iv in g  
equ iv. max. re la tive  centrifug a l force of 
1062.4768 X g  as com puted by fo llo w in g  
form ula: RCFmax. =  1.118 X  10~ 5N 2r =  
X g ,  w h ere  N  =  rp m  and r =  radius of 
cer.trf. arm  in  cm (distance from  center of 
centrf.-head  to bottom  o f h o rizo n ta l 
centrf. tube). The fo llo w in g  form u la  
m ay be used to det. equ iv. centrf.: N i 2r j  
=  N 22 r 2,  w h e re  N i =  2200 rp m  and r\ =
19.6 cm ." (b) In  m ethod  44.C 09, add the 
fo llo w in g : "Before calcg % m o ld  counts

* An asterisk before a recommendation indicates that official 
action on that recommendation resulted in its appearance in 
"Changes in Methods."

The recommendations submitted by Committee F were 
adopted by the Association.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition; and "Changes in Methods," J. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980); 64, 501-540 (1981); 65, 450-521 
(1982).

for fruits dild 1 +  1, divide number of 
positive fields by 2."

(6) T o m a to  P r o d u c t s ,  C h e m ic a l M e t h o d s  f o r  D e 

t e c t in g  M o ld :  Continue study.
(7) T o m a to  R ot F r a g m e n t  C o u n t : Continue 

study.

D IS IN F E C T A N T S

No report submitted by the General Referee.
(1) A n t im ic r o b ia l  A g e n t s  U s e d  b y  L a u n d rie s  on  

F a b r ic s  a n d  M a t e r ia ls : Continue study.
(2) S p o ric id a l T e s ts : Continue study.
(3) T e x t i le  A n t ib a c te r ia l  P re s e r v a t iv e s : Con

tinue study.
(4) T u b e r c u lo c id a l  T e s ts : Continue study.
(5) U s e -D ilu t io n  T e s t ,  V a r ia t io n  a n d  A m e n d 

m e n t s : Continue study.
(6) V ir u c id e  T e s ts : Continue study.

EX TR A N EO U S M A TER IA LS IN  FO O DS  
A N D  D R U G S

(1) A s b e s to s  M e a s u r e m e n t s  in  F o o d s , D r u g s ,  a n d  

C o s m e t ic s : Discontinue topic.
(2) A u t o m a t e d  F ilth  A n a ly s is : Discontinue 

topic.
(3) B o ta n ic a l D r u g s ,  A d u lt e r a t io n  b y  F o r e ig n  

P la n t  M a t e r ia ls : Continue study.
(4) B o ta n ic a ls : Appoint a new Co-Associate 

Referee.
(5) B r in e  E x t r a c t io n  T e c h n iq u e s : Continue 

study.
(6) C e r e a ls ,  B r e a k fa s t ,  R e a d y - t o -E a t : Discon

tinue topic.
(7) C h o c o la t e  P ro d u c ts : Continue study.
(8) C o c o a  P o w d e r  a n d  P re s s  C a k e : Continue 

study.
(9) F e c a l  S t e ro ls : Continue study.

(10) F i s h ,  C a n n e d :  Discontinue topic.
(11) F o o d  S u p p le m e n t  T a b le ts : Continue 

study.
(12) G r a in s ,  W h o le , C r a c k in g  F lo ta tio n  M e t h o d s :  

Continue study.
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(13) I n s e c t  E x c r e t a  in F lo u r : C o n tin u e  study.
(14) M a m m a lia n  E x c r e t a  F r a g m e n t s  in M i l l e d  

F o o d  P r o d u c t s : D iscon tinue topic.
(15) M e a t s ,  P r o c e s s e d : C o n tin u e  study.

*(1 6 ) M e t h o d s  f o r  U r in e  D e te c t io n : (a) E d ito r
ia lly  revise m ethod  44.A04-44.A07 (TL C  
m ethod  fo r u rin e  stains) by add ing  the  
fo llo w in g  instructions fo r p re-c lean ing  
A n altech  M N  300 cellulose T LC  plates  
before use: "44.A06(d) P r e - c l e a n in g  A n 

a lte c h  M N  3 0 0  c e l lu lo s e  p l a t e s .— D evelop  
unused p late  in  e ith e r std deve lo p ing  
tank or sandw ich  cham ber using d eve l
o p ing  solv. 44.A05(f). D eve lo p  to 15 cm 
above lo w e r edge o f p late. T h o ro ly  d ry  
p late  using e ith e r h a ir  d ryer, forced  
d ra ft oven at < 8 0 °  fo r ca 15 m in , or 
o ve rn ig h t in  fum e hood. Plate m ust be 
room  tem p, and com plete ly  free o f solv. 
odor before use." P re-c leanin g  is neces
sary w ith  these com m ercial plates be
cause a colored im p u r ity  has been ob
served to trave l w ith  the solvent fro n t  
and occasionally in te rfe re  w ith  v isual
iza tio n  o f the u rin a ry  ind ican  spot.
(b) E d ito ria lly  revise the  T LC  m etho d  for 
uric  acid fro m  b ird  and  insect excreta 
(44.183-44.185) by m o d ify in g  the m arker 
dye m ix tu re  as fo llow s: "44.183(e) D is
solve 16 m g F D & C  Red N o . 2 and 32 m g  
F D & C  Y e llo w  N o . 6 in  50 m L  H 20 ,  and  
m ix w e ll. These dyes serve as visual 
m arkers d u rin g  d evelo pm en t, w ith  R f  

fo r Red N o . 2 at 0 .38-0 .40; uric acid,
0 .41-0 .43 ; and Y e llo w  N o . 6, 0.65; using  
A n altech  p late  and sandw ich  cham ber. 
M erc k  plates have lo w e r R f  values and  
do n o t sep. Red N o . 2 and uric acid w h en  
overspotted ." The dye m ix tu re , w h ich  
is overspotted on the sam ple u n k n o w n , 
brackets the uric  acid spot after T L C  de
ve lo p m en t. The present dye m ix tu re  re
sults in  the u pp er m arker dye som etim es 
m asking in  the uric  acid spot. The p ro 
posed dye m ix tu re  results in  compact 
and  adequately  intense m arker spots 
that do not in te rfe re  w ith  v isua liza tio n  
of the uric  acid spot.

(17) M it e  C o n ta m in a tio n  P ro file s  a n d  C h a r a c t e r 

iza tio n  o f  D a m a g e  to F o o d s : C o n tin u e  
study.

(18) M it e s  in S t o r e d  F o o d : C o n tin u e  study.
(19) M o le :  C o n tinu e  topic; Associate Referee  

needed.
(20) M u s h r o o m  P r o d u c t s ,  D r ie d :  C o n tin u e  

study.

(21) M u s h r o o m s ,  C a n n e d :  C o n tin u e  topic; ap
p o in t an Associate Referee.

(22) P a r tic u la t e s  in L a r g e  V o lu m e  P a r e n t e r a ls :  

C o ntinu e  study.
(23) P e a n u t  B u t t e r ,  W a t e r- In s o lu b le  I n o r g a n ic  

R e s id u e s : D iscon tinue topic.
(24) R y e  B re a d : C o n tin u e  study.
(25) S h r im p , F i lth  in : Establish topic; app o in t 

an Associate Referee.
(26) S o lu b le  In s e c t  a n d  O t h e r  A n im a l  F i lt h :  

C o ntinu e  study.
(27) S o u p s , C a n n e d  a n d  D e h y d r a t e d :  D iscon

tinu e  topic.
(28) S p ic e s : C o n tinu e  study.
(29) V e g e t a b le  P r o d u c t s ,  D e h y d r a t e d ,  Iso la tio n  o f  

E x t r a n e o u s  F i lth : C o n tin u e  study.
*(30 ) V e r t e b r a t e  E x c r e t a ,  C h e m ic a l  I d e n t i fic a t io n  

T e s t : E d ito ria lly  revise the  chem ical test 
fo r m am m alian  feces, 44.B08-44.B11: In  
44.B09, add "(d ) S p a t u la .— C u rved  on  
one end, knob on the o th er end  (A rth u r
H . Thom as Co. N o . 8340-H 10 , or 
e q u iv .)."  In  44.B10(c), change the  last 
paragraph to read "L on g  term  storage: 
A d d  ca 1 m L  portions to cups. G e lled  
plugs, in  cups, m ay be stored fo r up  to 4 
m onths i f  sealed in  a plastic bag, h e ld  at 
room  tem p., and  protected fro m  d irect 
sun ligh t. D iscard any gels sho w ing  
p in k  color a n d /o r  vo l. loss." In  44.B11, 
revise the firs t paragraph  to read "T rans
fe r suspect feces . . .  to cup contg 1 m L  
gelled  W T M . C over w ith  a d d n l 1 m L  
cool (40 -41  °) W T M  or, a lte rn a tive ly , 
w ith  p lu g  o f g e lled  W T M . (Use clean  
spatula, 44.B09(d), to m an ipu la te  cov
erin g  p lu g  o f W T M  and  to press p lu g  
in to  close contact w ith  sam ple.) Place 
cup in  40 -41  ° H 2O  bath. C heck fo r de
ve lop m en t o f red  color near particles."
In  44.B11, add as a n ew  th ird  paragraph  
" P o s it iv e  c o n t ro l  p r e p a r a t io n .— U sing  calf 
in testine a lk a lin e  phosphatase (A K P )  
(C alb iochem  N o . 52457, or equ iv .), prep.
1 m g /m L  soln in  borate b u ffe r (stock test 
reagent 44.B10(b), w ith o u t p h th ln  d i
phosphate). A d d  20 p L  A K P  soln to 1 
m m  diam . f ilte r  paper disks (W hatm an  
N o . 1, or equ iv .). Use positive  contro l 
disks w ith  e ith e r liq . W T M  or a lte rn a tive  
gelled  p lu g  W T M . N ote: Positive con
tro l disks m ay be stored up to 4 m onths  
i f  h e ld  at room  tem p, and  protected  from  
lig h t."  The paragraph  b eg in n in g  " T e s t  

r e s p o n s e .— " w i l l  be the fo u rth  paragraph  
in  44.B11. T he  changes described w i l l
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p ro vid e  a test m edia a lte rna tive  that w i l l  
save analy tica l tim e and  reduce false 
negatives.

M IC R O B IO L O G IC A L  M ETH O D S

(1) A u to m a ted  M eth o d s  f o r  F o o d s  a n d  C o sm et
ics: C o n tin u e  study.

(2) A u to m a ted  M eth o d s  f o r  Fungi: C om b ine  
w ith  topic Yeasts, M o ld s , and A c tin o m y 
cètes.

*(3 ) B acillu s c ereu s , Iso la tion  an d  E n u m eration : 
Revise the o ffic ia l firs t action m ethod  
fo r enu m eratio n  and co n firm atio n  o f B a
cillu s cereu s in  foods (46.A10-46.A15) to 
incorporate ad d itio n a l tests fo r d iffe re n 
tia tin g  B. cereu s  fro m  o th er B acillu s  
species.

(4) B acillu s cereu s E n terotox in : C o ntin u e  
study.

(5) B acillu s cereu s  Toxin : C om bine u n d er B a
cillu s cereu s Enterotoxin .

(6) C a m p y lo b a c ter  sp ecies : C o ntin u e  study.
(7) C an n ed  F ood s: C o n tin u e  study.
(8) C erea l P rodu cts : D iscontinue topic.
(9) C lostrid iu m  botu linum  an d  Its T ox in , D e tec 

tion : C o n tin u e  study.
(10) C lostrid iu m  p er fr in g en s , Iso la tion  an d  E num 

eration : C o n tin u e  study.
*■(11) C olifo rm  B acter io log y : A d o p t as o ffic ia l 

firs t action the h ydro ph ob ic  g rid  m em 
b rane f ilte r  m ethod  fo r the  enum eratio n  
o f tota l coliform s in  n o n fa t d ry  m ilk  and  
canned custard. C om bine topic u nd er 
E sch er ich ia  co li and  O th e r C oliform s.

(12) C osm etic  M icrob io log y : Transfer to G en
eral Referee fo r D ru g  and D evice Relat
ed M icro b io lo gy .

(13) E n dotox in s by  L im ulus A m eb o cy te  L y sate : 
C o n tin u e  study.

(14) E n terop a th og en ic  E sch er ich ia  coli: C om 
b in e  u n d er E scher ich ia  co li and O th e r  
C olifo rm s.

(15) E n terop a th og en ic  E sch er ich ia  co li, D irect 
F lu orescen t A n tibod y  P roced u res : C on
tinu e  study.

(16) E sch er ich ia  co li an d  C o lifo rm  B acter ia : 
C hange t itle  to E sch er ich ia  co li and O th er  
C olifo rm s.

(17) G en etic  M eth o d s  f o r  D etectin g  B acter ia l 
P ath og en s : In it ia te  topic.

(18) H e liu m  L e a k s , D e te c t io n  in C a n n e d  F o o d s :  

Continue study.
(19) I d e n t i fic a t io n  o f  M ic r o o r g a n is m s  b y  B io

c h e m ic a l  K its : Initiate topic.
(20) M ic r o b e  Id e n ti fic a t io n  b y  C a p illa ry  G C : 

Discontinue topic.
(21) P a ra s ito lo g y : Continue study.
(22) P a t h o g e n ic  Y e a s t s ,  M o ld s ,  a n d  A c t in o m y 

c è t e s : Retitle Yeasts, Molds, and Actino
mycètes; continue study.

(23) S a lm o n e l la : Continue study.
(24) S a lm o n e l la ,  F lu o r e s c e n t  A n t ib o d y  T e c h n iq u e :  

Continue study.
(25) S o m a tic  C e l l ,  A u t o m a tic  O p tic a l C o u n t in g  

M e t h o d :  Continue study.
(26) S o m a tic  C e l l ,  F o ss o m a tic  C o u n t in g  M e t h o d :  

Continue study.
(27) S o m a tic  C e l l ,  M i l l ip o r e - D N A  A s s a y : Dis

continue topic.
(28) S o m a tic  C e l l ,  R o ll in g  B a ll V is c o m e t e r  P r o c e 

d u r e :  Discontinue topic.
(29) S ta p h y lo c o c c a l T o x in s : Continue study.
(30) S t a p h y lo c o c c u s : Appoint an Associate 

Referee and continue study.
(31) S t a p h y lo c o c c u s  a u re u s : Combine with 

S ta p h y lo c o c c u s .

( 3 2 )  S te ril ity  T e s t in g  o f  M e d ic a l  D e v ic e s :  

Transfer topic to General Referee for 
Drug and Device Related Microbiology.

(33) T e s t in g  B io lo g ica l S te rility  In d ic a to rs :  

Transfer topic to General Referee for 
Drug and Device Related Microbiology.

(34) V ib rio  c h o le r a e  a n d  D e t e c t io n  o f  Its T o x in : 

Continue study.
(35) V ib rio  p a ra h a e m o ly t ic u s : Continue study.
(36) V ir o lo g y  a n d  A n im a l  O n c o lo g y : Continue 

study.
(37) Y e a s t  a n d  M o ld  C o u n ts  b y  S p ira l P la te  

M e t h o d :  Combine with Yeasts, Molds, 
and Actinomycètes.

(38) Y e r s in ia  e n tero c o lit ica : Appoint an Asso
ciate Referee and continue study.

(39) O t h e r  T o p ics : Continue official first ac
tion status of the following methods: 
examination of frozen, chilled, pre
cooked, or prepared foods (46.013- 
46.016); thermophilic bacterial spores in 
sugars (46.026-46.030); virus in ground 
beef (46.120-46.122); detection of invas
iveness of E. co li (46.C01-46.C10).
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Report of Committee G on Recommendations for Official Methods

RICHARD L. BRUNELLE (Bureau of Alcohol, Tobacco and Firearms, Rockville, MD 
20850), C h a ir m a n ; VALVA C. MIDKIFF (University of Kentucky, Lexington, KY 40506); 
GLENN M. GEORGE (Salsbury Laboratories, Charles City, IA 50616); HAROLD 
THOMPSON (National Center for Toxicological Research, Jefferson, AR 72079); 
ALEXANDER MacDONALD (Hoffmann-LaRoche Corp., Nutley, NJ 07110); 
PATRICIA BULHACK (Food and Drug Administration, Division of Color Technology, 
Washington, DC 20204), S e c r e t a r y ; and RUEY K. CHI (Food and Drug Administration, 
Division of Mathematics, Washington, DC 20204), S t a t i s t i c a l  C o n s u lt a n t

ANTIBIOTICS
(1) A ff i n i t y  Q u a n tita t iv e  D e te r m in a tio n  o f  P e n i

cillin  in  M ilk :  C o n tin u e  o ffic ia l firs t ac
tio n  status o f m etho d  16 .C 01-16 .C 05; 
con tin ue study.

(2) B a c itra c in  in  F e e d s : C o n tinu e  o ffic ia l first 
action status o f m ethod  42 .C 06-42 .C 12; 
continue  study.

(3) B a c itra c in  in F e e d s  a n d  P r e m ix e s  ( C h e m ic a l  

D e t e r m in a t io n ) : C o n tin u e  o ffic ia l firs t 
action status o f m etho d  42 .C 13-42 .C 17; 
continue study.

(4) B a m b e rm y c in s : C o n tin u e  study.
(5) C h lo r a m p h e n ic o l  in A n im a l  T iss u e s : C o n 

tin u e  study.
(6) C h lo r t e t r a c y c lin e  in F e e d s : C o n tin u e  o ff i

cial firs t action status o f m ethod  
42.215-42 .220; con tinue study.

(7) E r y t h r o m y c in s : C o n tin u e  o ffic ia l firs t ac
tio n  status o f m ethod  42 .221-42 .225; con
tin u e  study.

(8) L a sa lo c id  S o d iu m  ( M ic ro b io lo g ic a l  A s s a y ) :  

C o n tin u e  study.
(9) L in c o m y c in  in F e e d s : C o n tin u e  o ffic ia l 

firs t action status o f m ethod  42 .237- 
42.240; con tinue study.

(10) M o n e n s in :  C o n tin u e  o ffic ia l first action  
status o f m ethods 42 .245-42 .249  and  
42.250-42 .255; continue study.

(11) O x y t e t r a c y c l in e : C o n tinu e  study.
*(1 2 ) Q u a lita t iv e  D e te r m in a tio n  o f  ß - L a c t a m  R e s i

d u e s  in  M ilk :  A d o p t as o ffic ia l f in a l ac
tio n  the am p ule  and m u lti-test systems

* An asterisk before a recommendation indicates that official 
action on that recommendation resulted in its appearance in 
"Changes in Methods."

* * * No reports were submitted by the General Referees in the 
areas of Forensic Sciences, Microbial Mutagenicity, or Toxi
cological Tests. The recommendations for continued study 
were initiated by members of Committee G.

The recommendations submitted by Committee G were 
adopted by the Association.

Section numbers refer to Official Methods of Analysis (1980) 
13th Edition; and "Changes in Methods," /. Assoc. Off. Anal. 
Chem. 63, 374-423 (1980); 64, 501-540 (1981); 65, 450-521 
(1982).

for residues in milk and milk products at 
levels >0.005 IU  penicillin G/mL, 
16 .C 17 -16 .C 22, excluding chocolate 
products in the multi-test system. Con
tinue official first action status of quali
tative disc method II, 16 .C 0 6 -16 .C 11.

(13) Q u an tita tiv e D eterm in ation  o f  ¡3-Lactam  
A n tib io tic  R esid u es in M ilk :  Continue of
ficial first action status of method 
16 .C 12 -16 .C 16 ; continue study.

(14) S c r e e n i n g  P r o c e d u r e s  f o r  A n tib io tic s  in  F e e d s :  

Continue study.
(15) S ta tis tics  o f  M ic ro b io lo g ic a l  A s s a y : Con

tinue study.
(16) T e t r a c y c l in e s  in  T issu es  (C h r o m a to g ra p h ic  

A s s a y ) :  Continue study.
(17) T e t r a c y c l in e s  in  T issu es  (M ic ro b io lo g ic a l  

A s s a y ) :  Continue study.
(18) T y lo s in : Continue study.
(19) V ir g in ia m y c in , T u rb id im e t r ic  A s s a y : Con

tinue study.

B IO C H E M IC A L  M ETH O D S
(1) A m in o g ly c o s id e s  in  A n im a l  T iss u e : Con

tinue study.
(2) 17¡3-Estradiol an d  D ieth y lstilb estro l in Tissues  

(Im m u n och em ica l M eth o d s ) : Continue 
study.

(3) H o r m o n e s  in  T iss u e s  ( I m m u n o s p e c i f ic  A f f in it y  

C h r o m a t o g r a p h y ) : Continue study.
(4) I m m u n o c h e m ic a l  M e t h o d s  f o r  S t a p h y lo c o c c a l  

E n t e r o t o x in : D e v e lo p m e n t  o f  M o n o c lo n a l  

A n t ib o d ie s : Continue study.
(5) I m m u n o c h e m ic a l  S p e c ie s  I d e n ti fic a t io n  o f  

M e a t :  Continue study.
(6) P e r fo r m a n c e  E v a lu a tio n  M e t h o d s  f o r  N o n -  

R I A  P r o c e d u r e s  M e a s u r i n g  H u m a n  C h o rio n -  

ic g o n a d o t r o p in : Continue study.
(7) P e r fo r m a n c e  E v a lu a tio n  P ro to c o ls  f o r  C lin ica l  

C h e m ic a l  a n d  I m m u n o c h e m ic a l  D ia g n o s t ic  

P r o d u c t s : Continue study.
(8) S t e ro id  Q u a n tita t io n  ( E n z y m a tic  M e t h o d s ) :  

Continue study.
(9) S u lfa  D r u g s  in A n im a l Tissues {Im m u n o a ssa y ): 

Continue study.
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C O LO R  A D D IT IV ES

(1) A r s e n ic  a n d  H e a v y  M e t a ls : Continue 
study.

(2) A t o m ic  A b s o rp t io n : Continue study.
(3) C o lo r  in  C a n d y  a n d  B e v e r a g e s : Continue 

study.
(4) C o lo r  in  C o s m e tic s : Continue study.
(5) C o lo r  in D r u g s : Continue study.
(6) C o lo r  in  O t h e r  F o o d s : Continue study.
(7) F D & C  R e d  N o . 4  in  M a r a s c h in o  C h e r r ie s :  

Continue study.
*(8) H ig h  P r e s s u r e  L iq u id  C h r o m a t o g r a p h y : (a) 

Editorially revise 34.B06 to read: "Weigh
0.250 g sample, add 10 mL 0.1M Na2B40 7  
first, then add ca 50 mL H2O, and, when 
dissolved, dil. to 100 mL with H20 . "  (b) 
Adopt as official final action the official 
first action method for the HPLC deter
mination of intermediates and reaction 
by-products in FD&C Yellow No. 5, 
34.C01-34.C06.

(9) I n o r g a n ic  S a lts : Continue study.
(10) I n t e r m e d ia t e s ,  U n c o m b in e d , in  C e rt if ia b le  T ri-  

p h e n y lm e t h a n e  C o lo rs : Continue study.
(11) I n t e r m e d ia t e s ,  U n c o m b in e d , in  C e rt if ia b le  

W a t e r- S o lu b le  A z o  C o lo rs : Continue offi
cial first action status of methods 34.059- 
34.062, 34.053-34.058, and 34.063-34.068.

(12) S u b s id ia ry  C o lo rs  in  C e rt if ia b le  C o lo r  A d d i 

t iv es : Continue study.
(13) X - R a y  F l u o r e s c e n c e  S p e c t r o s c o p y : Continue 

study.

CO SM ETICS

(1) D e o d o r a n t s ,  A lu m in u m  a n d  Z ir c o n iu m  in : 

Continue official first action status of 
method 35.019-35.023 and method
35.001-35.006.

(2) E s s e n tia l O ils  a n d  F r a g r a n c e  M a t e r ia l s ,  C o m 

p o n e n ts : Continue study.
(3) N it r o s a m in e s : Continue study.
(4) P re s e r v a t iv e s : Continue study.

D RUG  RESID U ES IN  A N IM A L  TISSU ES

(1) C a r b a d o x : Continue study.
(2) D ie t h y ls t ilb e s tr o l : Continue study.
(3) D im e t r id a z o le : Continue study.
(4) 3 ,5 - D in it r o b e n z a m id e : Continue study.
(5) N it r o fu r a n s : Continue study.

*■ (6) S c r e e n i n g  M e t h o d s : Adopt as official first 
action the interim first action method for 
the determination of multi-sulfonamides 
by TLC in swine, turkey, and duck 
tissues.

(7) S t e ro id s : Continue study.

(8) S u lfa  D r u g s :  Continue study.
(9) S u lfo n a m id e  D r u g s : Continue as official 

first action the methods for determination 
of sulfamethazine in swine tissues,
41.C01-41.C08 and 41.C09-41.C12; con
tinue study.

D RUG S IN  FEED S

(1) A m p r o l iu m : Continue study.
(2) A r p r in o c id : Continue as official first ac

tion the spectrophotometric method for 
determination of arprinocid in feed pre
mixes, 42.C01-42.C05; continue study.

(3) A rs a n il ic  A c id :  Continue study.
(4) C a r b a d o x : Continue study.
(5) 2 - C h l o r o - l - ( 2 , 4 ,5 - t r i c h lo r o p h e n y l )  V in y l  D i

m e t h y l  P h o s p h a te  (R a b o n ®): Continue 
study.

(6) D ib u ty lt in  D ila u r a t e : Continue study.
(7) 1 ,2 - D im e t h y l- 5 - n i t r o im id a z o le  (D im e t r id a 

z o le ) : Continue official first action status 
of method 42.063-42.068; continue study.

(8) E th o p a b a te : Continue study.
(9) E t h y le n e d ia m in e  D ih y d r o io d id e : Continue 

study.
(10) F u ra z o lid o n e  a n d  N it r o fu r a z o n e : Continue 

study.
(11) lpronidazole: Continue study.
(12) L a r v a d e x : Continue study.
(13) M e l e n g e s t r o l  A c e t a t e :  Continue study.
(14) M ic r o s c o p y : Continue study.
(15) N ifu r s o l : Continue official first action 

status of method 42.098-42.104; continue 
study.

(16) P h e n o t h ia z in e : Continue study.
(17) P y r a n t e l  T a rt ra te : Continue study.
(18) R o x a r s o n e : Continue study.
(19) S u lfa  D r u g  R e s id u e s : Continue study.
(20) S u l fa d im e t h o x in e - O r m e t o p r in  M ix t u r e s :  

Continue study.
(21) S u lfa m e t h a z in e  a n d  S u lfa t h ia z o le  (P r e m i x  a n d  

F in is h e d  F e e d  L e v e ls ) : Continue study.
(22) S u lfa q u in o x a lin e : Continue study.

FO R EN SIC  S C IEN C ES**

(1) A B O  B lo o d  T y p in g : Continue study.
(2) B io lo g ica l F lu id s  ( I m m u n o e le c t r o p h o r e s is ); 

Continue study.
(3) B lo o d : Continue study.
(4) B lo o d s ta in s , A B H  T y p in g : Initiate topic.
(5) B lo o d s ta in s , S p e c ie s  D e t e r m in a t io n  o f  D r ie d :  

Initiate topic.
(6) B o m b  R e s id u e s : Continue study.
(7) D o c u m e n t s : Continue study.
(8) Fingerprints: Continue official first action 

status of methods 45.001, 45.002-45.004.
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(9) F ir e a r m s : Continue study.
(10) F la m m a b le  F lu id s : Continue study.
(11) G u n s h o t  R e s id u e s : Continue study.
(12) G u n s h o t  R e s id u e s  b y  A A S :  Continue study.
(13) H a i r  E x a m in a tio n : Continue study.
(14) I n f r a r e d  S p e c t r o s c o p y : Continue study.
(15) M ic r o s c o p ic  M e t h o d s  a n d  G la ss  P ro d u c ts :  

Continue study.
(16) P a in ts , P y ro ly s is -G a s  C h r o m a to g ra p h ic  M e t h 

o d s : Continue study.
(17) S a fe  In s u la t io n : Continue study.
(18) S e r ia l  N u m b e r  R e sto ra t io n  ( C h e m ic a l E t c h in g  

T e c h n i q u e s ) :  Initiate topic.
(19) S o il A n a ly s is : Continue study.
(20) V o ic e  P r in t  I d e n t i fic a t io n : Continue study.

M IC R O B IA L  M U T A G EN IC IT Y  TESTING*'*

P r o p h a g e  I n d u c t io n : Continue study.

T O X IC O LO G IC A L T ESTS**

(1) A m e s  T e s t : Continue study.
(2) A s p ir a t io n  T e s ts : Continue study.
(3) C e ll  C u l t u r e - E n z y m e  I n d u c t io n  B io a ssa y : 

Continue study.

(4) I n  V itro  M u t a g e n ic  A s s a y : Continue study.
(5) L D 5 0  T e s t : Continue study.
(6) R abbit E y e  Irrita tio n  T e s t : Continue study.
(7) S k in  Irrita tio n  T e s ts : Continue study.

V ET ER IN A R Y  A N A LY T IC A L  
TO X IC O LO G Y

(1) C h o lin e s t e r a s e : Continue study.
*(2) C o p p e r  in  A n im a l  T iss u e s : Adopt as official 

first action the method for atomic absorp
tion determination of copper in serum as 
described by the Associate Referee.

(3) L e a d  in A n im a l  T issu es : Continue study.
(4) M u lt ip l e  A n t ic o a g u la n t  S c r e e n i n g : Con

tinue study.
(5) M u lt ie l e m e n t  A n a ly s is  b y  I C P : Continue 

study.
(6) N it r a t e / N i t r i t e :  Continue study.
(7) S e le n iu m  in A n im a l  T issu es : Continue 

study.
(8) P o iso n o u s  P la n ts : Continue study.
(9) A r s e n ic  in  A n im a l  T iss u e s : Continue study.

(10) M o ly b d e n u m :  Continue study.
(11) R u m e n s in : Continue study.

Report of the Executive Director

DAVID B. M a c LEAN
A O  A C ,  1 1 1 1  N  1 9 t h  S t ,  S u i t e  2 1 0 ,  A r l i n g t o n ,  V A  2 2 2 0 9

The previous report of the Executive Director 
was approved by the Board of Directors and the 
Association as published (/. A sso c. O ff . A n a l . C h e m .  

65, 392-396 (1982)).
The first meeting of the Board of Directors was 

held January 20, 1982, in Arlington, VA. J. P. 
Minyard, Jr, President, presided. Other mem
bers present were W. R. Bontoyan, D. E. Coffin,
C. W. Gehrke, J. B. Kottemann, B. Larsen, and H.
L. Reynolds. Others present were D. B. Mac- 
Lean, R. Blakely, and F. Van Dyke.

The Board of Directors took the following ac
tions at this meeting:

(1) Directed the Executive Director to compile 
a Policy Manual;

(2) Ratified mail ballots for editorial arrange
ments for the jo u r n a l ;

(3) Accepted with thanks the reports of the 
Standing Committees of AO AC;

(4) Directed the Executive Director to review

and begin implementation of the Long-Range 
Planning Committee's recommendations on 
improving methods output;

(5) Increased the price of the jo u r n a l  subscrip
tion to $75;

(6) Authorized the staff to hire an advertising 
consultant;

(7) Instructed the Executive Director to decide 
on use of budgeted travel funds for committee 
members to travel to committee meetings;

(8) Endorsed the idea of discussion sessions on 
statistics at Annual Meetings, Spring Workshops, 
and Regional Section Meetings;

(9) Accepted the Terms of Reference of the 
Editorial Board;

(10) Accepted for information the Terms of 
Reference of the Committee on Statistics and 
recommended modifications;

(11) Met briefly with Frederic Senti of the 
Federation of American Societies for Experi
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mental Biology;
(12) Engaged the services of Perce McKinley 

and Fred Baur as Liaison Representatives of 
AOAC;

(13) Authorized the staff to hire a professional 
artist to design a suitable Centennial logo based 
on AOAC's present logo;

(14) Approved and directed the staff to im
plement the Member Information Survey;

(15) Requested Howard Moore, Chairman of 
the State and Provincial Participation Commit
tee, to present the Board with a proposal for the 
Committee's reorganized structure based on re
gional representatives;

(16) Referred draft Regional Section Bylaws to 
the Committee on the Constitution;

(17) Accepted for information the Report on 
the Marketing Survey for Feed Drug Reference 
Standards;

(18) Accepted for information the status report 
on the Chemical Specialty Manufacturers Asso
ciation's proposal to reproduce and publish 
AOAC disinfectant methods in their Compendium 
of Microbiological Test Methods;

(19) Referred the question of Annual Meeting 
registration fees for members vs nonmembers to 
the Long-Range Planning Ad Hoc Committee on 
Membership;

(20) Authorized the Executive Director, in 
consultation with the Symposia and Special 
Programs Committee, to offer meeting space to 
other organizations at the Annual Meeting pro
vided that no AOAC session be deprived of 
space, additional costs to AOAC are minimal, the 
other group's interests are related to AOAC in
terests, and AOAC would gain by furthering 
cooperation with that group;

(21) Approved the AOAC Annual Meeting 
henceforth be named the Annual International 
Meeting;

(22) Directed that the Long-Range Planning 
Ad Hoc Membership Committee exclude from 
its proposals concerning membership rights the 
question of voting.

The second meeting of the Board of Directors 
was held April 15-16,1982, in New Orleans, LA. 
J. P. Minyard, Jr, President, presided. Other 
members present were W. R. Bontoyan, D. E. 
Coffin, C. W. Gehrke, B. Larsen, H. L. Reynolds. 
Others present were D. B. MacLean, R. Blakely, 
and M. Bernard.

The Board of Directors took the following ac
tions at this meeting:

(1) Ratified the vote taken by mail ballots for 
Journal co-editors;

(2) Accepted for information the status report

of the Member Information Survey;
(3) Accepted for information the contest name 

chosen by the judges, and declared Michael 
Uptmor winner of the prize;

(4) Authorized the Executive Director to pur
sue negotiations with Harold Egan to engage 
him as a Liaison Representative of AOAC;

(5) Directed the Executive Director to explore 
with John Munn whether he might wish to offer 
his services to AOAC with reference to initiatives 
toward U.S.-based toxicological organizations;

(6) Resolved that AOAC does not wish, at this 
time, to move into the business of storing and 
selling reference standards;

(7) Accepted the proposal by Molly Ready, 
Ginger Gibson, and Alan Hanks that the 1985 
Spring Training Workshop be held in Dallas/Ft. 
Worth;

(8) Accepted for information the report from 
the Federation of American Societies for Exper
imental Biology;

(9) Charged the Ways and Means Committee 
with developing a modest fund-raising program, 
with the aid of a consultant, for the purpose of 
increasing the Wiley Award stipend to a level 
appropriate to its importance and to provide 
support for graduate fellowships or scholar
ships;

(10) Directed the Symposia and Special Pro
grams Committee and the Centennial Committee 
to work together to develop technical programs 
for the Centennial meeting;

(11) Directed the Centennial Committee to 
appoint a person or subcommittee to work 
closely with the editorial staff to develop a firm 
plan for a special Centennial publication;

(12) Directed the Centennial Committee and 
the Symposia and Special Programs Committee 
to work together to make contacts for support 
and for sponsorship of social functions at the 
Centennial meeting;

(13) Referred suggestions for cooperation with 
national and international organizations for the 
Centennial to the Centennial Committee and the 
Symposia and Special Programs Committee for 
implementation;

(14) Directed that the Centennial logo be de
signed using only the acronym instead of the full 
name, and that final decision for choosing the 
new logo be made by the Centennial Com
mittee;

(15) Decided that AOAC not make plans to 
purchase office space at this time;

(16) Increased the Wiley Award to $2500;
(17) Accepted for information the report on 

host banks;
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(18) Decided that AOAC Regional Sections not 
be permitted to incorporate separately but re
main a part of the parent organization;

(19) Decided that Regional Sections be en
couraged, advised, and aided by AOAC staff 
following existing interim guidelines until fi
nalization and publication of guidelines as 
AOAC policy;

(20) Authorized the Northeast Regional Sec
tion to open a checking and/or savings ac
count;

(21) Referred the outline for the Quality As
surance Manual to the Editorial Board;

(22) Accepted for information the first draft of 
the Policy Manual;

(23) Accepted for information the statement 
regarding the reorganization of the State and 
Provincial Participation Committee;

(24) Accepted for information the preliminary 
report of the Ad Hoc Membership Committee;

(25) Accepted for information the report on the 
Intersociety Committee on Air Sampling and 
Analysis;

(26) Accepted for information the statement 
from the Committee on Collaborative Studies 
regarding truncated collaborative studies and 
requested further clarification from the Com
mittee;

(27) Decided not to adopt a permanent num
bering system for O ffic ia l  M e t h o d s  o f  A n a ly s is ;

(28) Accepted the proposal for AOAC to op
erate the Reporting Secretariat for Pesticides and 
Toxic Substances for the International Organi
zation for Legal Metrology (OIML) and that the 
Committee on Performance of Instrumental 
Methods and Data Handling be charged to take 
the lead in this effort;

(29) Instructed the Executive Director to pre
pare an outline for a laboratory certification 
program proposal;

(30) Accepted a recommendation for the Ex
ecutive Director to offer complimentary regis
tration to representatives of international organ
izations;

(31) Accepted the proposal of the Chemical 
Specialties Manufacturers Association (CSMA) 
to reprint Chapter 4, Disinfectants, of O ffic ia l  

M e t h o d s  o f  A n a ly s is  in a CSMA manual;
(32) Accepted as policy the recommendation 

regarding release and publication of information 
on members, associate members, and sustaining 
members of AOAC.

The third meeting of the Board was held Sep
tember 8-9, 1982, in Arlington, VA. J. P. Min- 
yard, Jr, President, presided. Other members 
present were: D. E. Coffin, C. W. Gehrke, J. B.

Kottemann, B. Larsen, H. L. Reynolds. Others 
present were D. B. MacLean, R. Blakely, G. 
Schwartzman, and F. Van Dyke.

The Board of Directors took the following ac
tions at this meeting:

(1) Ratified the vote taken by mail ballot for 
Fellows of the AOAC for 1982;

(2) Established a subcommittee to refine the 
point system used to determine candidates for 
Fellows;

(3) Approved the proposed 1983 budget;
(4) Approved the recommended bad debt 

write-off;
(5) Instructed the Executive Director to obtain 

legal opinion regarding financial liability of 
AOAC (reference: the Hydrolevel Case);

(6) Accepted for information the report re
garding sustaining and private sustaining 
members and instructed the Executive Director 
to query these members to obtain their opinion 
regarding benefits/support;

(7) Recommended a vote be taken at the 1982 
Annual International Meeting to change the 
Bylaws as follows: add to Article IV, Section 1, 
"No member of the Board of Directors may be 
elected for more than six years"; change Article 
X to Article XI; and add a new Article X, Subsid
iary Organizations;

(8) Agreed that Regional Sections may estab
lish their own dues systems and that full voting 
members of Regional Sections must be members 
of AOAC;

(9) Agreed that, pending affirmative vote to 
add a new Article for Subsidiary Organizations 
to the Bylaws, each Regional Section may peti
tion the Board for a charter, and that such charter 
be granted upon confirmation by the Committee 
on the Constitution that the Regional Bylaws 
conform to AOAC Bylaws;

(10) Accepted for information the report of the 
Ad Hoc Membership Committee;

(11) Recommended a vote be conducted at the 
1982 Annual International Meeting to increase 
the annual membership dues to $25;

(12) Charged the Ways and Means Committee 
with preparing a plan for a fund-raising cam
paign in connection with the Centennial to in
crease the Wiley Fund;

(13) Instructed the Executive Director to con
tact committee chairs to ascertain secretarial 
support needed at Committee meetings, espe
cially during the Annual International 
Meeting;

(14) Approved certificates of appreciation for 
chairpersons of the 1982 Spring Meeting;

(15) Directed that staff of O ffic ia l M e t h o d s  o f
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A n a ly s is  publish in "Changes in Methods" and 
in the 14th Edition of O ffic ia l M e t h o d s  o f  A n a ly s is ,  

statistical parameters of methods, beginning with 
those adopted in 1982, as recommended in the 
Joint Committee Report (March 1980 J o u r n a l ,  

page 341);
(16) Increased the limit for capital item pur

chases which do not require Board approval to 
$3000;

(17) Approved the general organization and 
arrangement of the Policy Manual;

(18) Accepted the Terms of Reference of 
Committee A, Committee D, the Official Meth
ods Board, and the Finance Committee;

(19) Amended the Finance Committee Terms 
of Reference to read: "The Finance Committee 
shall consist of two to four members, not in
cluding the annually elected Treasurer. Their 
duties require proximity to AOAC headquar
ters."

(20) Accepted for information the proposed 
laboratory accreditation program.

The fourth meeting of the Board of Directors, 
was held October 24, 1982, at the Shoreham 
Hotel, Washington, DC. J. P. Minyard, Jr, 
President, presided. Other members present 
were W. R. Bontoyan, D. E. Coffin, C. W. Gehrke, 
J. B. Kottemann, B. Larsen, H. L. Reynolds. 
Others present were D. B. MacLean, R. Blakely, 
and F. Van Dyke.

The Board of Directors took the following ac
tions at this meeting:

(1) Recommended a vote be conducted at the 
1982 Annual International Meeting to change 
the title of Treasurer to Secretary/Treasurer;

(2) Accepted for information the Auditor's 
Report and Financial Statement for the Year 
Ending September 30, 1982;

(3) Accepted for information the status report 
of contracts and support;

(4) Authorized funds for the Executive Direc
tor to rewrite and analyze, as necessary, methods 
and data of several EPA methods on priority 
pollutants in water;

(5) Directed the staff to publish the summary 
and conclusion of the Federation of American 
Societies for Experimental Biology report in the 
J o u r n a l ; announce publication in T h e  R e fe r e e ;  and 
obtain comment and input from the member
ship;

(6) Recommended that AO AC's vacant office 
space not be rented at this time;

(7) Emphasized that the Symposia and Special 
Programs Committee should work on the tech
nical program for the Centennial Annual Inter
national Meeting, and that the Centennial

Committee should work on the non-techn.cal 
program;

(8) Charged the Ways and Means Committee 
with preparing a plan for soliciting funds for the 
Centennial and the Wiley Fund, and to present 
these plans to the Board in January 1983;

(9) Directed Helen Reynolds to be the liaison 
with Kenneth Helrich regarding the publishing 
of the history of AOAC for the Centennial;

(10) Accepted for information the minutes of 
the Centennial Committee Meeting and en
dorsed in general the work of the Committee;

(11) Accepted the modified format for statis
tical parameters of methods proposed by the 
Editorial Board, and re-endorsed the Board's ac
tion in September 1982 to include these param
eters in official methods.

(12) Agreed to grant provisional charters to the 
Northwest and Midwest Regional Sections with 
full charter to be granted on approval of the Re
gional Sections' Bylaws by the Committee on the 
Constitution.

Important events affecting AOAC during 1982 
included:

(1) Helen L. Reynolds resigned as Editor of the 
J o u r n a l  on January 1,1982.

(2) The 7th Annual Spring Training Workshop 
& Exhibition was held in New Orleans, LA, April 
13-15, 1982. Approximately 355 persons at
tended. Technical Sessions included Mycotox- 
ins, Pesticide Residues, Toxicological Substances, 
Drugs and Antibiotics in Feeds and Tissues, Food 
Toxicology, Pesticide Formulations, Environ
mental Contamination and Monitoring, Fertil
izers, Pesticide Enforcement, Veterinary Toxi
cology, Laboratory Automation, Quality Assur
ance, and Workshop on Technical Presenta
tions.

(3) Midwest Regional Section Meeting was 
held in Ames, IA, on June 2-3, 1982. Approxi
mately 145 people attended sessions covering the 
following topics: food, feeds, forensic analysis, 
regulatory problems in pesticides, mycotoxins, 
mass spectrometry, laboratory safety, microbial 
analysis, and water.

(4) Northwest Regional Section Meeting was 
held in Olympia, WA, on June 16-17, 1982. 
Approximately 113 people attended sessions 
covering the following topics: pesticides, mi
crobiology, the environment, food chemistry, 
feeds/fertilizers, and forensic sciences.

(5) Northeast Regional Section Meeting was
held in Syracuse, NY, on June 22-23,1982. Ap
proximately 82 people attended sessions cov
ering the following topics: pesticides, food
chemistry, laboratory safety, mycotoxins, and
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instrumentation.
(6) Rodney J. Noel, Malcolm C. Bowman, Jo

seph Sherma, James F. Lawrence and Evelyn 
Sarnoff were chosen as the new Co-Editors for 
the J o u r n a l  o f  th e  A O A C .  Their appointments 
began March 1 and will continue through Oc
tober 1983.

(7) Odette L. Shotwell, Research Leader of the
U. S. Department of Agriculture's Northern Re
gional Research Center in Peoria, IL, was named 
the 1982 winner of the Harvey W. Wiley 
Award.

(8) The following scientists were named 1982 
Fellows of the AOAC: Wallace S. Brammell, 
Food and Drug Administration, Washington, 
DC; D. Earle Coffin, Health and Welfare Canada, 
Ottawa, Ontario, Canada; Thomas Fazio, Food 
and Drug Administration, Washington, DC; 
Elmer George, Jr, New York Department of Ag
riculture and Markets, Albany, NY; Stanley E. 
Katz, Rutgers University—Cook College, New 
Brunswick, NJ; John W. Sherbon, Cornell Uni
versity, Ithaca, NY; Edward Smith, Food and 
Drug Administration, Washington, DC; and 
Arthur H. Hofberg, Ciba-Geigy Corp, Greens
boro, NC.

(9) Carol Lynn Lasko, a chemistry student at 
the College of the Siskiyous, was the winner of 
the 1982-1984 Scholarship Award, the seven
teenth given by AOAC.

(10) The 5th Edition of the H a n d b o o k  f o r  A O A C  

M e m b e r s  was published in August 1982. This 
new edition combines material previously pub
lished as the H a n d b o o k  and the A O A C  S t y le  

M a n u a l .

(11) Bylaw amendments (a) allowing the es
tablishment of regional sections, (b) establishing 
a limit of six consecutive years of service for 
members of the Board of Directors, (c) changing 
the title of Treasurer to Secretary/Treasurer, and
(d) changing Article X: Amendments to Bylaws, 
to Article XI were approved by the membership 
on October 28,1982.

(12) On October 1,1982, AOAC signed a con
tract with the Health Protection Branch, Health 
and Welfare Canada, to develop, test, and mod
ify, as needed, protocols to accredit laboratories 
engaged in the chemical and microbiological 
analysis of food and food products, to be com
pleted by December 15,1983.

(13) Sources of financial support up to October 
1982 were:

G o v e r n m e n t

Consumer Product Safety Commission
Environmental Protection Agency (Office of

Pesticide Formulations)
Fish and Wildlife Service 
Food and Drug Administration 
Health and Welfare Canada (Health 

Protection Branch)
Laboratory of the Government Chemist 
Food Division, Ministry of Agriculture, 

Fisheries, and Food 
National Marine Fisheries Service 
US Department of Agriculture 

Agricultural Research Service 
Food Safety and Inspection Service

Alabama Department of Agriculture and 
Industries 

Alberta Agriculture
Arizona Agricultural Experiment Station 
Arkansas State Plant Board 
California Department of Food and 

Agriculture
Delaware Department of Agriculture 
Florida Department of Agriculture and 

Consumer Services 
Georgia Department of Agriculture 
Hawaii Department of Health 
Illinois Department of Agriculture 
Indiana Office of the State Chemist 
Indiana State Board of Health 
Iowa Department of Agriculture 
Iowa State Veterinary Diagnostic Laboratory 
Kentucky Agricultural Experiment Station 

Division of Regulatory Services 
Kentucky Department of Agriculture 
Maryland Department of Agriculture 
Michigan Department of Agriculture 
Minnesota Department of Agriculture 
Mississippi State Chemical Laboratory 
Missouri Experiment Station Chemical 

Laboratory
Montana Department of Agriculture 
Nebraska State Department of Agriculture 
New Jersey Department of Agriculture 
New Mexico Department of Agriculture 
New York Department of Agriculture and 

Markets
New York State Agricultural Experiment 

Station
North Carolina Department of Agriculture 
North Dakota State Laboratories Department 
Oklahoma State Department of Agriculture 
Ontario Ministry of Agriculture and Food 
Oregon Department of Agriculture 
Pennsylvania Department of Agriculture 
South Carolina Department of Agriculture 
Tennessee Department of Agriculture 
Texas Agricultural Experiment Station
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Utah State Department of Agriculture 
Vermont Agricultural Experiment Station 
Virginia Division of Consolidated 

Laboratory Services
Wisconsin Department of Agriculture, Trade 

and Consumer Affairs 
Wyoming Department of Agriculture

I n d u s t r y

Agrico Chemical Co.
Agway, Inc.
Alcon Laboratories, Inc.
Allergan Pharmaceuticals, Inc.
American Cyanamid Co.
The Andersons 
Bacardi Corp.
Boehringer Mannheim Biochemicals 
Campbell Institute for Research and 

Technology 
Cargill, Inc.
Chevron Chemical Co.
Ciba-Geigy Corp.
Coca Cola Co.
CPC North America—CPC International,

Inc.
Duphar BV 
Du Pont Co.
E. & J. Gallo Winery
Eastman Chemical Products, Inc.
Eli Lilly and Co.
Endo Laboratories, Inc.
FBC Ltd.
FMC Corp.
The Fertilizer Institute 
GB Fermentation Industries, Inc.
General Foods Corp.
General Mills, Inc.
Gerber Products Co.
Hazleton Raltech 
Heinz U.S.A.
Hershey Foods Corp.
Hoechst-Roussel Pharmaceuticals, Inc. 
Hoffmann-La Roche, Inc.
ICI Americas, Inc.
International Minerals and Chemicals (IMC) 

Corp.
ITT Continental Baking Co.
Kraft, Inc.
The Kroger Co.
Leatherhead Food R. A.
Lehn & Fink Products Co.
McKee Baking Co.
Mead Johnson & Co.
Monsanto Agricultural Products Co.
Nabisco Brands, Inc.
National Food Processors Association

Norwich Eaton Pharmaceuticals, Inc.
O. M. Scott & Sons Co.
Ortho Pharmaceutical Corp.
Pennwalt Corp.
Pfizer, Inc.
The Pillsbury Co.
The Procter & Gamble Co.
Ralston Purina Co.
Rhone-Poulenc Chemical Co.
Salsbury Laboratories, Inc.
Schenley Distillers, Inc.
Joseph E. Seagram & Sons, Inc.
Shaklee Corp.
Smith Kline Corp.
Sunkist Growers, Inc.
Swift & Co.
Technicon Industrial Systems
The Upjohn Co.
Velsicol Chemical Corp.
(14) The Technical Advisory Groups (TAG) 

to the American National Standards Institute 
(ANSI) for the International Organization for 
Standardization (ISO) Technical Committee 
(TC) 34 on Agricultural Food Products and 
Technical Committee 134 on Fertilizers are 
actively reviewing, commenting, and voting 
on methods which have been submitted for 
consideration as International Standards.

(15) The 96th Annual International Meeting 
was held October 25-28,1982, at the Shoreham 
Hotel, Washington, DC. Approximately 1100 
persons attended. At the General Session, the 
12th Award for the Best Associate Referee 
Report of the Year was presented to Peter F. 
Kane, Office of Indiana State Chemist and 
Seed Commissioner, Purdue University, for 
his report, "Collaborative Study of the Flame 
Photometric Determination of KzO in 
Fertilizers." Special awards were presented to 
Nicole Hardin and Hershel F. Morris, Jr, for 
organizing the 1982 Spring Training 
Workshop in New Orleans. Other awards 
were given to Marjorie D. Fuller, in 
recognition of and appreciation for fifteen 
years of service as the Assistant Business 
Manager with the Association, and to 
Bernhard Larsen, in recognition and 
appreciation for eight years of devoted service 
as Treasurer of AOAC. James P. Minyard, Jr, 
presented his Presidential Address, "From 
Introspection to New Horizons" and Odette 
Shotwell presented her Wiley Award Address, 
"Successful Interagency Cooperation: The 
Diehlstadt Story."

The Annual Meeting featured five symposia: 
Advances in Nitrosamine Analysis; Impact and
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Directions of Good Laboratory Practices; 
Detection of Deliberate Adulteration of Foods; 
Chemical Analysis of Drinking Water—Trace 
Contaminants; and Water Activity (a w )  

Methods of Analysis of Foods. James P. 
Minyard presided over the banquet on 
Monday, October 25th, and Eugene Holeman 
served as Toastmaster. Odette Shotwell was 
presented the 26th Harvey W. Wiley Award, 
consisting of $2500 and a plaque. 
Entertainment for the evening was provided 
by the Big Band of Vic Simas. The 3rd Annual

Collaborative Studies Luncheon was held on 
Wednesday, October 27, 1982.

On October 28, Warren R. Bontoyan took 
office as President and Charles W. Gehrke as 
President-Elect. Prince G. Harrill was elected 
Secretary/Treasurer. Frank J. Johnson was 
elected new Board Member. James B. 
Kottemann and D. Earle Coffin were re-elected 
Board members. James P. Minyard, Jr., 
immediate Past-President, remained on the 
Board.

Accepted

Report of the Treasurer and the Finance Committee

BERNHARD LARSEN
T r e a s u r e r  o f  A O  A C ,  C h a i r m a n  o f  t h e  F i n a n c e  C o m m i t t e e

U .S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  F o o d  S a f e t y  a n d  I n s p e c t i o n  S e r v i c e ,  W a s h i n g t o n ,  D C  2 0 2 5 0

Other members: T. G. Alexander, Jr, P. G. Harrill

The Treasurer and the Finance Committee 
have confirmed in Fiscal Year 1982 (1) the actu
ality of the Association's claimed assets, in the 
form of cash and securities, and (2) by means of 
selective checks, the reliability of the Associa
tion's financial reports, a summary of which is 
published below.

It is a distinct pleasure to be able to report that, 
again for Fiscal Year 1982, the year-end Financial 
Statement had been completed and profession
ally audited before the Association's Annual 
Meeting, October 25-28,1982, and reviewed by 
the Finance Committee prior to the Business 
Meeting that closes that annual meeting. This 
prompt closing of the books for Fiscal Year 1982 
is attributable in large measure to the internal 
accounting practices put into place by the Asso
ciation's Comptroller, Richard Blakely.

When the position of Treasurer of the AOAC 
was first activated eight years ago, the Treasurer, 
with the enthusiastic cooperation of the Finance 
Committee and of AOAC staff, set three priority 
goals. These were; (1) to engage a consulting 
firm to examine the internal accounting practices 
of the Association and to institute promptly such 
changes as the consultant's report would show

to be desirable and needful, (2) to bring onto the 
Association's staff a highly qualified Comptrol
ler, and (3) under the leadership of that Comp
troller, to institute and refine procedures that 
would match the Association's growing and 
changing needs, using the most up-to-date 
business methods and tools available. The Fi
nance Committee is happy to report that these 
goals have all been met, and that in their opinion 
the Association's bookkeeping and accounting 
practices are now fully attuned to the rapid ev
olution of the Association itself.

It remains the intention of the Treasurer 
(henceforth the Secretary/Treasurer by action of 
the membership on October 25, 1982), the Fi
nance Committee, and the Comptroller, to 
maintain the momentum, and to keep the fiscal 
practices of the Association always fully attuned 
to the Association's ever evolving objectives and 
needs.

The Finance Committee has recommended to 
the Board of Directors that the Association's 
present accounting firm be retained for Fiscal 
Year 1984.

Accepted
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ST A T E O F F IN A N C IA L  C O N D IT IO N -S E P T E M B E R  30, 1982

A ssets
C u r r e n t  A s s e t s :

Cash, Bank of Virginia*
Cash, Bank of Virginia, payroll 
Cash, office fund 
Cash, Mid-West fund
Accounts receivable, books and publications 
Accounts receivable, contracts and grants 
Accounts receivable, Private Sustaining Members 
Accounts receivable, other 
Accrued interest receivable 
Inventory, books and publications—at cost 
Prepaid expenses 
Advances 

T o ta l C u r r e n t  A s s e t s

I n v e s t m e n t s :

Securities $89,783.01
Certificates of deposit 925,697.90
Savings 1,813.68

F i x e d  A s s e t s :

Office furniture, fixtures and equipment $126,687.08
Less: Accumulated depreciation 50,125.06

D e f e r r e d  C o sts :

Methods of Analysis, 14th Edition $46,285.95
Spring Workshop, 1983 2,337.56
Spring Workshop, 1984 112.39
Annual Meeting, 1982 35,415.74
Quality Assurance Manual 2,121.87
EPA Manual 4,256.77

T o ta l A s s e t s

* Interest-bearing account

L iab ilities  and Fund Balance

C u r r e n t  L iabilities :

Accounts payable
Accrued and withheld payroll taxes 

T o ta l C u r r e n t  L iabilities

D e f e r r e d  I n c o m e :

Journal subscriptions 
Annual Meeting—1982 
Contracts
Private Sustaining Members 

T o ta l D e f e r r e d  I n c o m e  

R e s e r v e  F o r  P u b lica tio n s  

R e s t r ic t e d  R e s e r v e  f o r  t h e  1 4 t h  E d itio n  

R e s t r ic t e d  F u n d — H a r v e y  W iley  

R e s t r ic t e d  F u n d — C e n t e n n ia l

$154,849.71
38,025.00

7,500.00
10,000.00

$129,211.65
1,201.30

500.00
2,390.41

21,939.43
95,777.05

6,000.00
58.05

16,986.66
124,551.28

3,754.11
2,973.89

$405,343.83

1,017,294.59

76,562.02

90,530.28
$1,590,230.73

$38,204.73
1,660.19

$39,864.92

210,374.71

200,000.00

318,311.58

45,767.24

100.00
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Fund Balance:
Balance, October 1, 1981 $726,918.05
Less: Restricted Reserve for the 14th Edition 9,427,58

717,490.47
Add: Excess of income over expenses for the twelve months 58,321.80

ended September 30,1982
Balance, September 30, 1982 775,812.27

Total Liabilities and Fund Balance $1,590,230.73

R eport o f the E d ito ria l Board

ROBERT C. RUND, Chairman
Office of the Indiana State Chemist, Purdue University, Department of Biochemistry, West 
Lafayette, IN 47907

Other members: C. W. Gehrke, A. R. Hanks, K. R. Hill, M. Ihnat, C. F. Jelinek,
J. P. Minyard, Jr, I. Pomerantz, H. L. Reynolds, C. H. van Middelem

The Editorial Board convened for a half-day 
session on October 24, 1982, at the Shoreham 
Hotel, Washington, DC.

A review of the current status of past actions 
revealed the following:

(1) A permanent numbering system recom
mended last year for use with official methods 
was rejected by the Board of Directors because of 
the difficulty and expense of implementation as 
well as the waning of apparent need.

(2) The 5th edition of the AOAC Handbook 
was published. This new edition combines both 
aspects of the old Handbook and the Style 
Manual. It includes the updated Bylaws and 
guides for all entities of the AOAC structure. In 
all, 2488 copies of the 4th edition were published 
in 1977 and distributed. The 5th edition has an 
initial printing of 1659 copies.

(3) The Editorial Board requested approval of 
the Board of Directors to proceed with an 
agreement with W. C. Spendley of the United 
Kingdom to rearrange and edit the Wernimont 
statistical manuscript now owned by the Asso
ciation. An advisory group will be appointed by 
the Editorial Board chairman to advise Mr. 
Spendley on matters of philosophical nature and 
questions of statistical precepts. The rewritten 
version is to be submitted to the Association in 
June 1983.

(4) Under "Terms of Reference" governing 
the Board, 5 classes of members have been es
tablished, requiring replacement or reappoint

ment of 2 members each year with the provision 
that no member may serve more than 10 years in 
succession. As a consequence of this action, 
James P. Minyard, Jr, and Helen L. Reynolds will 
retire from the Board. The Board recognizes 
their long and faithful service and wishes to 
record grateful appreciation to each of them for 
many excellent contributions.

(5) A three-member committee within the 
Board has been established to provide guidelines 
and to serve as an advisory body to the managing 
editor of the Journal in the matter of adver
tising.

(6) A study of advertising potential continues, 
with the services of a consultant.

(7) The AOAC statistical manual authored by 
Youden and Steiner has been reprinted with the 
addition of some footnotes for clarification, of
fered by William Horwitz and James Winbush 
and reviewed by Edwin Glocker and Mary Na- 
trella. This manual continues as one of our 
best-selling publications.

(8) Quality Assurance Principles proceedings 
was reprinted in the past year. Of 1110 copies 
reprinted, half had been sold by the end of the 
year.

(9) Sales of the 13th edition of the Official 
Methods o f Analysis continue at a good rate. As 
of the end of September, 13,747 copies had been 
sold. This is 876 additional copies over the same 
time frame for the previous edition. At the 
current rate, AOAC may deplete the inventory
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of the 13th edition before the publication of the 
14th edition.

(10) A proposal being negotiated between 
CIPAC and AOAC for publication of C1PAC 
Handbook IB received support from the Editorial 
Board. The agreement would provide for pub
lication, promotion, storage, sale, and order ful
fillment by AOAC from a manuscript supplied 
by CIPAC.

(11) One of the most important achievements 
of this past year was the reorganization of the 
Journal editorial staff. A search committee 
composed of David B. MacLean, Kenneth Hill, 
Irwin Pomerantz, Charles Jelinek, Helen Reyn
olds, and headed by Alan Hanks performed 
magnificently and obtained the services of 
Rodney Noel (Purdue University), Joseph 
Sherma (Lafayette College), James Lawrence 
(Health and Welfare Canada), Malcolm Bowman 
(Consultant) and Evelyn Sarnoff (FDA) as co
editors. These co-editors have been functioning 
since March 1982, and met during the 96th An
nual International Meeting with the Editorial 
Board and the Journal staff.

Actions taken by the Board—
(1) Recommended permission be granted to 

the Chemical Specialties Manufacturing Asso
ciation to reprint Chapter 4, Disinfectants, in the 
CSMA manual. Furthermore, that updates of 
this chapter through 1984 be included. Condi
tions for permission include (a) a limited CSMA 
publication of 500 copies, (b) copyright privileges 
retained by AOAC, (c) AOAC will be credited as 
the source, and (d) AOAC will receive a royalty 
fee per copy sold. Justification for this action is 
based on minimum activity in Chapter 4 and a 
judgment that sales of the CSMA manual will not 
appreciably affect sales of the 13th or 14th edition 
of Official Methods of Analysis.

(2) Moved to encourage Fred Garfield and

George Schwartzman to complete work on a 
Laboratory Quality Assurance Handbook as 
proposed by the Committee on Laboratory 
Quality Assurance. Upon submission of a first 
draft, the Editorial Board will determine accep
tance as an AOAC publication and, if so, financial 
arrangements will be negotiated with the au
thors. A committee of two, Irwin Pomerantz and 
Charles Jelinek, were requested to discuss Edi
torial Board concerns with the authors.

(3) Upon invitation, suggested an author to 
the Centennial Committee to write on the subject 
of the Impact of Land Grant Universities on 
Method Development for publication in the 
Journal.

(4) Endorsed publication by AOAC of the 
proceedings of the Joint IUPAC/AOAC meeting 
on Harmonization of Collaborative Studies, to be 
held during the AOAC Centennial Meeting.

(5) Recommended, with regret, that the 
AOAC reject publication of the Harris-Gentry 
MicroAnalytical Entomology for Food Sanitation 
Control.

(6) Moved to explore publication of a food 
salvage booklet for the Association of Food and 
Drug Officials of the United States on a contract 
basis.

(7) Returned to the Board of Directors referral 
concerning precautionary signal words from the 
Safety Committee, with a suggestion that the 
Safety Committee implement this practice with 
Associate Referees.

(8) Recommended that the Executive Director 
pursue publication of the third update to the EPA 
Manual for Pesticides and Devices.

The Editorial Board Chairman is appreciative 
of the support and professional cooperation 
provided him by the AOAC staff and, in partic
ular, the editorial staff.

Accepted

Report o f the C entenn ia l C om m ittee

WILLIAM HORWITZ, Chairman
Food and Drug Administration, Bureau of Foods, Washington, DC 20204

Other members: T. G. Alexander, W. R. Bontoyan, K. W. Boyer, C. A. Brunner,
P. Bulhack, E. Elkins, F. M. Garfield, J. J. Karr, J. Levine, H. Miller, H. L. Reynolds

This Committee met four times during 1982 The Committee outlined a program for the cen- 
and several times with the chairman of the tennial year which will begin with the spring 
Symposia and Special Programs Committee. 1984 meeting in Philadelphia, April 29-May 2,
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for an initial review of the protocols from the 
Committee on Interlaboratory Studies.

Several other international organizations are 
expected to meet consecutively before and after 
the 1984 fall meeting, particularly the Collabo
rative International Pesticide Analytical Com
mittee (CIPAC), probably October 22-26, and the 
International Symposium on Harmonisation of 
Collaborative Studies sponsored jointly by 
AO AC and the International Union for Pure and 
Applied Chemistry (IUPAC) under the chair
manship of Harold Egan. This meeting is in
tended to be a workshop with attendance by in
vitation to the major national and international 
organizations performing interlaboratory test
ing. Dr. Egan is exploring the availability of 
facilities for the symposium, which is scheduled 
for October 25-27, 1984.

The Centennial meeting itself will be opened 
by an evening reception for an anticipated ap
proximately 350 people. The technical program 
will begin on Monday, the 29th, with a plenary 
session addressed by two speakers eminent in the 
scientific aspects of analytical science (sugges
tions are encouraged) and with special awards 
and addresses. There will also be a formal 
opening of the exhibits with refreshments and 
a social affair in the evening. The Harvey Wiley 
Award banquet will be held on Tuesday, October 
30 with a program to be developed by Warren 
Bontoyan and the 1983-84 President.

The Associate Referee luncheon will be held 
on Wednesday, exhibitors' workshops that eve
ning, and the Board of Directors luncheon on 
Thursday. Guests at this latter luncheon will 
include the officials of CIPAC and IUPAC at
tending the other meetings, and other distin
guished visitors. It is suggested that the business 
meeting can be held Friday morning, November 
2nd.

The centennial year will close at the Dallas 
spring meeting in 1985 with a review and dis
cussion of the proposals that result from the 
harmonization symposium.

Four major technical topics for the fall meeting 
have been proposed: quality assurance; educa
tion for modern analytical chemistry (Lockhart
B. Rogers of the University of Georgia has ac
cepted this assignment), toxicology (quantitative 
toxicological and microbiological topics), and 
topics resulting from the Committee on Instru
mental Methods and Data Handling.

Special exhibit themes are also intended to be 
developed: personal computers for non-in

strumental use, such as laboratory calculations, 
statistical calculations, bibliography storage and 
searching, reference accumulation, manuscript 
preparation, recordkeeping, alerting, etc. (Dr. 
Wagstaff of FDA is considering this topic as a 
workshop); displays, exhibits, or pictures of an
alytical equipment and chemical regulatory 
analysis of 50-100 years ago in the area of fertil
izers, drugs, foods, etc. A possible AO AC per
manent exhibit of journals and books developed 
by the staff, such as Bulletin 107, early volumes 
of the Journal, first edition AOAC books, etc., is 
under consideration. Federal, state, and pro
vincial government agencies such as FDA, 
USDA, the agricultural experiment stations, and 
corresponding organizations from Canada will 
be contacted to determine if they are interested 
in setting up exhibits at this Centennial meeting. 
Mr. Garfield will coordinate Centennial cele
bration activities with other domestic organiza
tions.

Helen Reynolds is the chairman of the Sub
committee on Publications and will coordinate 
the publication of the 100 year history of AOAC, 
being prepared by Kenneth Helrich of Rutgers 
University on his sabbatical.

With regard to publicity, stories will appear in 
almost every issue of The Referee, the AOAC of
fice has obtained pressure-sensitive stickers to 
place on outgoing correspondence and invoices, 
an insert for the postal meter is in use, and sta
tionery with the Centennial logo is on order. A 
news release should be prepared and distributed 
for trade and professional societies.

The Ways and Means Committee has been 
charged by the Board of Directors to obtain the 
necessary financing for the Centennial. The 
Committee intends to develop its budget at its 
next meeting.

To obtain the time for the technical aspects of 
the program, the Committee urges that all As
sociate Referee and General Referee reports be 
placed in poster sessions for 1984. A number of 
commodity committees have already experi
mented with this type of meeting format.

At the suggestion of Lars-Ake Appelqvist of 
the Nordic Analytical Committee, John Lupien, 
FDA International Staff, will investigate the 
possibility of obtaining funds from international 
organizations to implement furnishing 5-year 
subscriptions to the AOAC Journal to laboratories 
of developing countries working in the area of 
food control.

Accepted
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R eport o f the C om m ittee on Gas and L iq u id  C hrom atography and 
C o lum n Specifications

RICHARD S. WAYNE, Chairman
American Cyanamid Co., Agricultural Research Division, PO Box 400, Princeton, N ] 08540

Other members: T. Gale, L. Gelber, W. Y. Ja, P. Jung, G. MacEachern, M. Margosis,
H. M. McNair, G. Myrdal, W. Trujillo, M. Walters

The AOAC Committee on Gas and Liquid 
Chromatography was formed in January 1973 to 
develop standardized practices and guidelines 
in the use of gas and liquid chromatography for 
regulatory purposes in the pesticide area. The 
recommendations regarding operational 
guidelines in the use of gas chromatography 
were issued in 1976 (1). The Committee has 
since devoted its efforts to developing guidelines 
in the use of liquid chromatography. It became 
a subcommittee of the Committee on Instru
mental Methods and Data Handling in 1981. 
The following recommendations have been ap
proved at the 96th Annual International Meeting 
of the AOAC. Persons with questions or sug
gestions concerning the recommended guide
lines presented in this report, should contact the 
members of the subcommittee.

High performance liquid chromatography 
(HPLC) has developed rapidly during the 
seventies and is now used routinely in many 
laboratories for quantitative analysis in the reg
ulatory area. It is complementary to gas-liquid 
chromatography as a separation tool to achieve 
specificity in an analysis by virtue of its ability 
to analyze nonvolatile and thermally unstable 
compounds which are not amenable to the gas 
chromatographic approach. The instrumental 
factors that contribute to the overall performance 
of an analysis are numerous, as studied by Scott 
and Reese (2) and to a large extent can be con
trolled from instrument to instrument by use of 
procedural tools such as incorporation of an in
ternal standard and frequent calibration during 
the examination. The compromise sought by the 
Committee was a balance of the costs of HPLC 
instrumentation and the costs incurred in terms 
of loss of productivity by requiring an excessive 
degree of replication to achieve the desired 
precision in an analysis. Consideration was also 
given to instrumental characteristics that could 
result in the introduction of systematic errors in 
the analysis.

Liquid Pumping Systems

A. General Considerations
In high performance liquid chromatography 

(HPLC), the pumping system is a vital part of the 
instrumentation. Selection of a pumping system 
presents a problem when commercial equipment 
is purchased because of the wide variety of de
signs with a corresponding wide price range. 
The designs of these systems basically involve 2 
pump types: pumps which deliver solvent
under constant pressure and pumps which de
liver solvent by constant volume. The constant 
pressure pumps will exhibit changes in flow rate 
as a function of changes in column pressures 
occurring during the course of an analysis. The 
constant volume pumps maintain flow rates 
relatively constant; however, they do contribute 
to detector noise which will influence peak rec
ognition criteria for integrating systems. Be
cause none of these pumping systems is truly 
universal, the choice should depend on the aims 
of the analyst, and the compromises to be made 
in price, performance, throughput, flexibility, 
and reliability.

The following features of pumps were con
sidered by the Committee: constant long-term 
flow, constant short-term flow (to minimize 
pump contributions to detector noise), operation 
at high pressures, flow rate flexibility, and con
venience of operation and maintenance. Sepa
ration of analytes has not been a major problem 
in the regulatory area. Hence, a gradient elution 
capability was not considered as a major re
quirement. The more important requirement is 
reproducibility between injections; conse
quently, the simpler systems were preferred. 
Motor-driven reciprocating pumps having a 
small displacement volume (60-400 /^L) and 1 to 
3 pumping chambers satisfy most of the cri
teria.
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B. Recommendations
The Committee recommends the use of a 

constant volume displacement pump having the 
following characteristics: that the pumping
system be capable of a flow rate consistency over 
12 h with the same solvent system under con
trolled temperature, measured at 3.0 mL/min, 
having a relative standard deviation of 0.5%; that 
the short-term fluctuations (pulsing) be such 
that, under the operating conditions, there is no 
significant contribution to the detector baseline 
attributable to the pulsing (<10% of the noise 
without flow); that the pump be capable of op
erating at a pressure of at least 4500 psi (310 bars); 
and that the pumping system be capable of flow 
rates up to 10 mL/min.

Detectors

A. General Consideration
There are many commercially available de

tectors in general use from which the analyst can 
choose for a given analysis. Some examples of 
these are the refractive index, conductivity, UV, 
visible, infrared, fluorescence, photoconduc
tivity, dielectric constant, and electro-chemical 
detectors.

The fixed wavelength (254 nm) UV photom
eter is the most widely used for HPLC. When 
properly designed, this detector has high sensi
tivity for general detection purposes, a wide 
linear dynamic range, and sufficient versatility 
to permit its use with a reasonable wide range of 
solvents. It is a relatively inexpensive detector. 
The light source used is a low or medium pres
sure mercury vapor lamp, which provides better 
linearity and improved quantitative analysis 
compared with continuum sources which must 
pass through a monochromator. The mercury 
vapor lamp emits light at many discrete wave
lengths, the predominant line being at 253.7 nm. 
A filter interposed between the lamp and the cell 
to remove weaker lines provides virtually 
monochromatic light having a finite band width. 
Compounds which do not have a useful end ab
sorption at 254 nm fall in classes such as lipids, 
polyethers, hydrocarbons, polymers, carbohy
drates, and fatty acids. In most cases, even 
variable wavelength detectors would have dif
ficulty in finding a useful absorbance. It has 
been estimated that 70% of the compounds en
countered in the regulatory area can be detected 
with the fixed 254 nm photometer.

The UV detector can be used with high per
formance columns provided the detector flow 
cell has a small cell volume (<20 /^L) and an 8-10

mm path length. A smaller volume (<10 fiL) is 
required to maintain resolution of microbore 
columns. The detector should also be compat
ible with integrating systems including large 
scale data systems. Matched impedances or 
preferably a high impedance input digital system 
relative to the detector is required to minimize 
signal distortion.

Some consideration should be given to the 
design features (3) required for a good HPLC- 
compatible UV detector; for instance, the re
sponse of the UV detector should provide a sig
nal for the lowest expected concentration of an
alyte which is at least 5 times the background of 
noise in the detector (signal-to-noise ratio =  5). 
This detector noise is an important characteristic 
because it determines the ultimate response of 
the device. There are 2 types of noise, short-term 
and long-term, which affect the sensitivity de
tectability of a given component. Short-term 
noise usually arises from the detector or recorder 
electronics. Long-term noise consists of baseline 
deviations that have similar frequency to the 
eluted peaks and is frequently due to small 
changes in temperature and mobile phase com
position.

The linear dynamic range of a detector is the 
range of sample concentration over which the 
detector will provide usable concentration- 
dependent output. The minimum of this range 
will depend on the signal-to-noise ratio and the 
maximum will depend on where the output of 
the detector fails to respond linearly to an in
crease in sample concentration and/or where the 
detector electronics saturate. A linear dynamic 
range of 3 to 4 orders of magnitude would be 
expected for detectors used in most analyses.

Use of a monolithic silicon photodiode as the 
detector satisfies the response and stability cri
teria for the majority of analyses in the regulatory 
area. A photomultiplier detector would be 
needed to achieve faster response times for nar
row chromatographic peaks.

B. Recommendations
The Committee recommends the use of a sin

gle wavelength (254 nm) UV detector employing 
a low or medium pressure mercury source HPLC 
for analysis. Considering the wide bandwidths 
encountered in ultraviolet solution spectra, most 
compounds will have some absorbance at 254 
nm. When feasible, the concentration of solute 
should be adjusted to give an operating range of 
.0.2-0.5 absorbance unit. The use of a filter 
photometer or a variable-wavelength detector is 
recommended when no usable absorbance is
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found at 254 nm. It should be recognized that 
these detectors are inherently less sensitive than 
the mercury lamp by virtue of its emission 
characteristics.

Use of a photodiode-based detector should 
satisfy response and stability criteria for most 
HPLC analyses.

The Committee further recommends that no 
HPLC methods that use other detectors be 
adopted unless the fixed-wavelength (254 nm) 
detector has been shown to be unacceptable for 
the analysis.

Standard Columns and Column Packings

A. General Considerations
A serious problem exists today concerning the 

application of "new " columns and column 
packings by Associate Referees for use in the 
regulatory area. The consequence of this pro
liferation is a large inventory of columns in lab
oratories analyzing a variety of products. There 
are instances where an analysis can only be per
formed on one column made by one manufac
turer. In fact, the performance of this column 
may not be duplicated as a result of ill-defined 
changes in production methods by the same 
manufacturer. This concern is more acute when 
worldwide implementation of a particular 
analysis is envisaged.

Most separations can be accomplished through 
liquid chromatography with the use of adsorp
tion or partition techniques without the variables 
or complexities introduced through the use of 
traditional liquid-liquid or ion-exchange chro
matography. With these considerations in 
mind, 2 types of separation can be used: normal 
phase through the use of silica; and reverse phase 
separations, including ion-pair, ion-suppression; 
and nonaqueous reverse phase chromatography, 
using octadecyl (Cis) bonded silica.

The criteria to be considered in column defi
nition include adsorbent particle size and ge
ometry, surface area, pore size, surface modifi
cation bonding and additional silylation (cap
ping) processes, column dimensions, and column 
packing procedures. These factors will influ
ence column performance, although the signif
icance of the influence will vary with the types 
of applications. Chromatographers should be 
aware that a given analysis performed using Cis 
columns purchased from different manufacturers 
often results in considerable differences in se
lectivity, efficiency, and capacity factors, because 
of variation of bonding chemistry and capping 
techniques. Although a single manufacturer

may consistently provide the user with uni
formly packed equivalent columns, the possi
bility of laboratory-packed columns for routine 
interlaboratory use must also be considered.

There is a recognized need for providing seme 
means other than random choices or specifying 
brand names, which is discouraged, to aid the 
analyst in the selection of columns expectec. to 
give equivalent or suitable performance. At
tempts to identify equivalent column groups 
throughout the industry is a future task of this 
Committee.

B. Recommendation
The Committee recommends use of nominal 

10-30 cm X 4 mm id stainless steel columns 
packed with silica or Q s bonded silica of nomi
nal 5-14 micron uniform particle size and a 
minimum surface area of 200 sq. m/g. The col
umn should exhibit at least 200 plates/cm. 
Changing technology demands that these rec
ommendations not be so rigid as to exclude cer
tain manufacturers who might use other than 
stainless steel for the column (e.g., polyethylene 
or nickel), narrower or wider bore tubing, or 
silica exhibiting different properties.

All methods recommended by the Associate 
Referees should call for the use of guard columns 
to extend the lifetime of the analytical column.

Since column performance will be altered w_th 
use, methods will require verification on at least 
one other column of the same type prior to col
laborative study.

Specifying columns by brand name or manu
facturer is not acceptable in the preparation of 
AOAC methods. As long as the given separation 
mode and basic mobile phase composition is 
maintained, the Associate Referee should allcw 
flexibility in the use of alternative columns by 
providing a generic description and minimum 
performance standards, relative to retention 
time, elution order, and theoretical plates.

The Committee further recommends that no 
methods using other column types be adopted by 
the AOAC as official procedures unless silica or 
Cis bonded silica has been demonstrated to be 
unacceptable.

Quantitation

A. General Considerations
The performance of a liquid chromatographic 

system is ultimately measured by the accuracy 
and precision achievable in a particular analysis. 
The Committee assumed for this initial overview 
that the contribution to the accuracy of the
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Table 1. Replications required for 95% confidence limits (CL) 3 vs relative precision of area measurement

Replicates
(achieved)

Precision, 1 tr relative

5% 4% 3% 2% 1% 0.5%

Sample 200 125 70 32 8 2
Standard 200 125 70 32 8 2
95% CL 1.00 1.01 1.01 1.00 1.00 1.00
Sample 50 32 18 8 2 1
Standard 50 32 18 8 2 1
95% CL 2.00 2.00 2.00 2.00 2.00 1.41
Sample 23 15 8 4 1 1
Standard 23 15 8 4 1 1
95% CL 2.95 2.92 3.00 2.83 2.83 1.41
Sample 6 4 2 1 1 1
Standard 6 4 2 1 1 1
95% CL 5.77 5.66 6.00 5.66 2.83 1.41
Sample 1 1 1 1 1 1
Standard 1 1 1 1 1 1
95% CL 14.14 11.31 8.49 5.66 2.83 1.41

3 Derived 95% CL = 2 o>ei; n\ =  number of replicates of sample and n2 = number of replicates of standard.

analysis resulting from sampling and sample 
homogeneity considerations was minimal and 
that the reference standard has been adequately 
measured. The best accuracy and precision in 
the measurement would be meaningless if the 
sample is not representative or if the reference 
calibration is incorrectly assigned.

The precision, and to some extent, the accuracy 
of an analysis has a number of contributions from 
instrumental and procedural parameters to the 
measurement process. The best precision is 
obtained when the pumping system and mobile 
phase supply are provided such that constant 
flow rate and constant mobile phase composition 
are maintained. This consideration is due to the 
concentration dependency of the detector used 
in liquid chromatography as contrasted to the 
mass dependency of the detector used in gas 
chromatography. The best precisions are also 
obtained when injections are made through mi
crovolume sample valves using sample loops. 
An automated sample introduction is preferred 
because replication is easily performed, and the 
productivity of liquid chromatographic systems 
is increased. There is also an improvement in 
precision when temperature control is provided 
for the column, injector, and detector. To a large 
extent these factors within the instrument as well 
as among instruments can be controlled by the 
use of an isocratic elution system and the incor
poration of an internal standard in the anal
ysis.

The Committee recognized the advantages in 
the use of modern electronic methods of chro
matographic data acquisition and reduction be

cause they are more convenient and productive, 
and give greater precision and accuracy than 
manual methods. However, careful judgment 
should be given to digital systems regarding in
tegration algorithms used by various manufac
turers. Arbitrary assumptions regarding the 
shape of a chromatographic peak should be 
avoided. This is implicit in the mathematical 
treatment to obtain an area measurement. 
Consideration should be given to baseline 
tracking and peak recognition criteria in terms 
of peak on-set and termination. The character
istics of the analog to digital converter (A/D) 
relative to digitization rate, word size, and dy
namic range can distort peak shape and affect the 
accuracy of the area measurement process.

Manual methods of measurement, whether 
they be peak heights or peak areas, are less pre
cise than digital electronic methods. Table 1 has 
been prepared to contrast the variances en
countered in the use of various area measure
ments and the number of replicates required to 
achieve statistical significance at the 95% confi
dence level in an analysis. Most digital systems 
can achieve at least 0.5% as a Iff interval in an 
analysis.

Peak height analysis is usually in the 1-2% 
range for lcr interval. As one can see, 8-32 rep
licates of sample and 8-32 replicates of standard 
are required to achieve a 95% confidence interval 
of 1%, compared with 2 replicates of standard and 
2 replicates of sample for the digital method. 
The ball and disc, triangulation, cut and weigh 
techniques are considerably worse and should 
be avoided.
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Table 2. Comparison of precision vs % analyte

Analyte,
%

Method
Precision3

CV,
%

Tolerance,
%

Instrument 
Contribution 
to Method 
Precision,3

%

100 2.0 ± 2 .0 25
10 2.8 ± 2 .8  X 1 0 - 1 17.9

1 4 .0 ± 4 .0  X 10“ 2 12.5
0.1 5.7 ± 5 .7  X 10~3 8.8
0.01 8.0 ± 8 .0  X 10~4 6 .3
0.001 11 .3 ± 1 1 .3  X  1 0 “ 5 4 .4
0.0001 16 .0 ± 1 6 .0  X  1 0 “ 6 3.1

3 CV % = 2(1-°  5 los c> Ref. 4, 5. Coefficient of variation 
(CV) and C (concentration) as powers of 10 (e.g., 1 ppm = 
10~ 5 ).

3 Assumes instrument contribution to the variance is 
constant.

The practical considerations in measuring an 
analyte at a specific concentration requires a 
tolerance or range that is larger in most instances 
than the variance for the instrumental mea
surement process. This is due to the allowance 
that must be made for between-laboratory vari
ability in interpreting the values produced by 
different laboratories. Horwitz et al. (4, 5) 
suggested some practical limits of acceptable 
variability in AOAC methods for regulatory 
agencies and regulated industries based on 150 
independent AOAC interlaboratory collabora
tive studies. This is depicted in Table 2.

This tolerance is mainly the result of the dif
ference which exists between identical mea
surements performed in different laboratories. 
This also includes the variance associated with 
obtaining a representative sample for analysis. 
The instrument contribution to the method 
precision drops off rapidly at the lower analyte 
levels. This assumes a contribution of 0.5% at the 
100% level of analyte and that the contribution 
remains constant. Consequently, the instrument 
performance should be matched with the anal
ysis requirement.

B. Recommendations
The Committee recommends a microvolume 

sampling valve with a sample loop. Precision 
of analysis may be further enhanced if an auto
matic sample injecting device is used.

The Committee recommends the use of iso- 
cratic conditions whenever possible. Problems 
with changing mobile phase composition can 
usually be traced to external influences unrelated 
to the pumping system. These may be solvent 
de-mixing in the reservoir, loss of a volatile 
component, changes in ambient temperature 
affecting solvent viscosity, etc. Under such 
conditions, it may be necessary to have a closed 
and thermostated system.

The Committee recommends that the calibra
tion standard should have a known purity, 
preferably to ±0.5% or better. It also recom
mends the use of an internal standard for analyte 
measurements where optimal precision is re
quired. The internal standard should be readily 
available, chemically stable, and unreactive, with 
no interfering impurities. It should be com
pletely resolved and have a similar asymmetry 
to the component of interest.

The Committee recommends that the analog 
to digital converter (ADC) circuitry of integrators 
should have single bit resolution over a mini
mum linear dynamic range of 10,000 to 1, oper
ating at 1 KHz. Digitization rates of 2 points/s 
for integrating ADCs and 40 points/s for voltage 
measuring ADCs should be adequate for com
ponents with a peak width at half-height greater 
than 4 s. For narrower peaks, the digitization 
rate should be increased accordingly. Isolation 
between ADCs and digital circuitry is recom
mended. Simple summation of data points for 
area measurement is encouraged.
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R eport o f the C om m ittee on the C on s titu tio n

D. EARLE COFFIN, Chairman
Health and Welfare Canada, Health Protection Branch, Tunney's Pasture, Ottawa, Ontario, 
Canada K1A OL2

Other members: R. Frank, F. J. Johnson, J. B. Kottemann, E. Martin, M. Rhodes,
E. D. Schall

During the year 1981-82, the Committee on 
the Constitution made recommendations to the 
Board of Directors for Bylaw amendments to:

1. Limit terms of service on the Board of Di
rectors

2. Provide for the establishment and gover
nance of regional sections.

Model Bylaws for regional sections were de
veloped by this Committee for approval by the 
Board of Directors. The Committee on the 
Constitution has initiated discussion with re
gional sections regarding the requirements of 
regional section Bylaws and is developing pro
cedures for the review of regional section Bylaws 
as part of the process of chartering regional sec
tions.

The Committee on the Constitution has ini
tiated study to lead to a description of the AOAC 
voting process, the needs for action to improve 
voting procedures, and options for changing 
voting privileges and requirements of the As
sociation.

Bylaws Changes

Article IV: Directors

Section 1. Board of Directors
The Board of Directors shall consist of the 

President, President-Elect, Secretary/Treasurer, 
Immediate Past-President, and three (3) Direc
tors. The Directors are Members elected at the 
annual meeting for a one-year term and may 
serve successive terms. The President shall serve 
as Chairman of the Board.

No member of the Board of Directors may be elected 
for more than six (6) consecutive years.

Article X: Subsidiary Organizations

Section 1. Regional Sections
The Board of Directors shall set geographic limits 

and grant authority to groups of Members of the As
sociation residing or working in the same geographical 
regions for the establishment of regional sections.

Section 2. Membership in Regional Sections
Membership in a regional section shall consist of all 

classes of Members of the Association residing or 
ivorking within the geographical boundaries of the 
section. No person may be a Member of more than one 
regional section.

Section 3. Purpose of Regional Sections
The purpose of regional sections shall be to promote 

and sponsor the purpose of the Association.

Section 4. Bylaws of Regional Sections
Each regional section shall adopt for its own gov

ernment, subject to approval of the Board of Directors, 
Bylaws not inconsistent with these Bylaws.

Section 5. Dissolution of Regional Sections
When any regional section shall cease to function 

as a section for a period of more than one year, or if its 
membership shall be less than 10 Members of the As
sociation for a period of one year, the Board of Direc
tors may terminate the existence o f such regional sec
tion.

Adopted
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AOAC was represented at the following 
meetings:

(1) International Organization for Standard
ization (ISO) Technical Committee 34—Agri
cultural Food Products, November 28,1981, BSI, 
London, UK.

(2) International Dairy Federation (IDF) Per
manent Committee of Commission E—Analyti
cal Standards, Laboratory Techniques, February 
3 and 4, 1982, Brussels, Belgium. During a 
tripartite IDF/ISO/AOAC meeting, progress of 
the joint IDF/ISO/AOAC groups of experts was 
considered. President: Mrs. H. Werner (DK).

(3) West European Fish Technologists Asso
ciation (WEFTA) Working Group on Analytical 
Methods, April 20,1982, Ymuiden, The Nether
lands. Chairman: H. Houwing (NL). AOAC 
will cooperate with this working group for the 
development of analytical methods for fish.

(4) IDF/ISO/AOAC tripartite meeting, April
24, 1982, Rome, Italy. Chairman: Mrs. H.
Werner. This meeting was held in conjunction 
with the meeting of the FAO/WHO Committee 
of Government Experts on the Code of Principles 
Concerning Milk and Milk Products. The report 
of the IDF/ISO/AOAC meeting and methods of 
analysis were presented to the Committee of 
Government Experts.

(5) IDF/ISO/AOAC Chemical Week, May 
24-29,1982, NNI, Delft, The Netherlands. The 
1982 Chemical Week was attended by 53 persons 
from 13 countries, with the following pro
gram:

Monday, May 24: E8—Nitrate, nitrite, and 
phosphorus in cheese, etc. Chairman: L. J.
Poortvliet (NL). E31—Fat determination
(gravimetric). Chairman: J. Eisses (NL).

Tuesday, May 25: E43—Food additives.
Chairman: T. Stijve (CH). E12—Pesticide 
residues. Chairman: W. H. Heeschen (DE).

Wednesday, May 26: E17—Characterization 
of dried milk according to heat treatment and 
usage. Chairman: P. J. de Koning (NL).
E26—Selection of samples. Chairman: D. C. 
Bettes (GB). E47—Antibiotics. Chairman: W.
H. Heeschen (DE).

Thursday, May 27: E27—Nitrogen content of 
milk and milk products. Chairman: R. Grappin 
(F). E33—Mycotoxins. Chairman: H. Veringa

(NL). E l l —Analysis of caseins and caseinates. 
Chairman: P. de Hoog (NL).

Friday, May 29: E29—Automated methods for 
routine analysis of raw milk. Chairman: R. 
Grappin (F). E9—Lactic acid, lactates, and neu
tralizers in dried milk. Chairman: J. M. van der 
Bas (NL).

(6) Association of Public Analysts (APA), June 
16, 1982, London, UK. Chairman: R. Dailey 
(UK). In a special session organized for AOAC,
D. MacLean explained the organization and its 
goals. The European Representative will remain 
in direct contact with APA.

(7) Chrompack symposium, June 26, 1982, 
Vlissingen, The Netherlands. The AOAC rep
resentative was available to offer information to 
the delegates.

(8) International Union of Pure and Applied 
Chemistry (IUPAC) Oils and Fats Commission, 
September 6-8, 1982, CIVO-TNO, Zeist, The 
Netherlands. Cooperation with AOAC will 
continue. Chairman: D. Firestone (USA).

(9) FAO/WHO Codex Committee on Foods 
for Special Dietary Use, September 20-24,1982, 
Bonn-Bad Godesberg, Germany.

In October 1981, the European Representative 
attended the 95th AOAC Annual International 
Meeting at Washington, DC.

Various contact visits to laboratories have been 
made, to investigate activities, needs, and 
methods development in the institutes. AOAC 
may be of assistance and could contribute by of
fering communication with other experts in re
lated fields. Folders and brochures describing 
AOAC and its activities were distributed.

When AOAC Executive Director D. MacLean 
visited Europe in 1982, the European Represen
tative made arrangements for the following 
visits: State Institute for Quality Control of
Agricultural Food Products (RIKILT), Wagen- 
ingen, The Netherlands; Food Inspection Service 
at Nijmegen (NL); Duphar B.V., Weesp (NL); 
Pharmaceutical Institute of the Free University 
of Brussels (Belgium); IDF Headquarters at 
Brussels (B), followed by the meeting of FAO/ 
WHO Codex Committee on Pesticide Residues, 
The Hague, The Netherlands. The activities 
then were continued in the UK by visits of the 
European Representative and the Executive Di
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rector to the Laboratory of the Government 
Chemist, London, and to Peter Martin at the 
Public Analyst's Laboratory, Reading.

Contacts were made with the Association of 
Public Analysts and The Analytical Methods 
Committee of the Royal Society of Chemistry. 
All visits by Dr. MacLean in the UK were ar
ranged by Harold Egan.

Again this year, the work of the European 
Representative was extended to exploring 
possibilities for more European activity in 
AOAC. Regular activity, particularly by the

Committee on International Cooperation, would 
certainly contribute to that effort. The number 
of Associate Referees in Europe could certainly 
be increased, because of the amount of collabo
rative study data available on various methods. 
Coordination of the work in this field might call 
for local assistance. Representation at meetings, 
congresses and symposia, or less formal get- 
togethers will certainly be an important tool for 
increasing the interest in AOAC in Europe.

Accepted

R eport o f the C om m ittee on In te rla b o ra to ry  Studies

WILLIAM HORWITZ, Chairman
Food and Drug Administration, Bureau of Foods, Washington, DC 20204

Other members: R. Albert, B. Armbrecht, B. J. Boone, W. Caspary, P. R. Caudill,
C. Dahl, T. Dols, H. Egan, R. Ellis, D. W. Fink, E. docker, R. Grappin, M. Ihnat,
S. A. Katz, A. J. Malanoski, M. Margosis, K. McCully, A. Munson, J. O'Rangers,
F. W. Quackenbush, H. S. Ragheb, S. Sherkin, E. Smith, W. Steller, E. Stoddard,
L. Stoloff, B. K. Thompson, L. Williams, J. Winbush, E. S. Windham, J. Winter

The purpose of this committee and its func
tional structure as 8 subcommittees were given 
in last year's report (1982, 65, 403-405). All 
subcommittee chairmen remain the same except 
Stanley Katz has replaced Gordon Carter (retired) 
as chairman of the Application to Biological Tests 
Subcommittee.

The primary product of the Committee's de
liberation thus far has been a document entitled 
"Outline of Interlaboratory Study Procedure to 
Validate Performance of a Method of Analysis" 
and identified by the designations "1069A, At
tachment H," the latest version of which was 
circulated December 13, 1982. This document 
was sent to all major international and national 
organizations known to conduct interlaboratory 
studies. Numerous editorial and substantive 
comments were received which were either in
corporated into the revised version or, if sub
stantive, were discussed in a commentary as part 
of previous versions of the document. The 
"Final First Draft" version, incorporating the 
recommendations of the Statistical Subcommittee 
as reviewed, modified, and endorsed by the 
Statistics Committee is attached for review by the 
membership. The Committee is grateful to the

numerous individuals who submitted their rec
ommendations for revisions. We are particu
larly pleased with respect to the substantial 
comments received from the reviewers obtained 
through the U.S. Pharmacopeial Convention, 
International Organization for Standardization
(ISO), and the International Union for Pure and 
Applied Chemistry.

The Committee wishes to highlight the fol
lowing policy changes that have been made in 
the section on the statistical treatment of the data, 
and which may be recommended for eventual 
adoption by the Association:

(1) The Youden Rank Sum test for removing 
entire laboratories as outliers under certain 
conditions of use on the basis of a systematic bias 
manifested by a rank sum not included within 
acceptable limits may result in the introduction 
of some bias. This test is not used by ISO, and 
John Mandel of the National Bureau of Stan
dards, working with ASTM, does not recom
mend it. Experience indicates that this test 
should be applied with caution. However, As
sociate Referees will be definitely encouraged to 
apply the test to their data for the purpose of 
discussing the results from any laboratory indi



cated as extreme by this test in order to attempt 
to discover potential sources of a laboratory's 
systematic bias.

(2) The Statistical Subcommittee had recom
mended the use of two-way analysis of variance 
(ANOVA) for the examination of the results of 
collaborative studies. The Statistics Committee, 
however, did not concur in this recommenda
tion, pointing out that from a regulatory point of 
view it was the tolerance or specification point 
which was critical and that sample-by-sample 
examination was very important from several 
points of view, particularly for applicability. 
Furthermore, pooling of the samples may lead to 
violation of the assumption of homogeneity of 
variances which is essential for ANOVA. In 
addition, the sample-by-sample statistical anal
ysis can be easily handled by the chemist when 
statistical and computer assistance are not avail
able. However, there may be specific occasions 
where ANOVA is applicable.

(3) The document will also be reviewed from 
the point of view of consistency in the use of 
"sample" and "sampling" terms.

It was also reported to the Committee that even 
though many collaborative studies show the 
presence of statistical outliers by the Dixon test 
at the 95% confidence level, and by the Youden 
Rank Sum Test, they are often not of practical 
significance, i.e., not removing these indicated 
outliers still results in satisfactory (consistent 
with previous experimental results) statistical 
parameters (coefficients of variation). Therefore, 
it is very likely that if this observation continues
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to hold with additional commodity and con
centration groups that the Committee will be 
asked to consider using the ISO outlier desig
nation of "stragglers" for outliers found at the 
95% confidence levels but not eliminating them 
from the calculations, unless they are also out
liers above the 99% confidence level.

The Committee also considered the report 
from the Subcommittee on Definitions. It 
commended the Subcommittee for a remarkable 
piece of work in bringing together, discussing, 
and recommending definitions for analytical and 
related terms. It also encourages the separate 
publication of these documents as a valuable 
contribution to fundamental analytical chemis
try. It recommends, however, that the papers be 
revised to present the summarized material and 
the final recommendations in considerably 
simplified form for use by Associate Referees. 
Perhaps much of the original material might be 
incorporated into a manual of "Collaborative 
Study Procedure" which the Committee believes 
will be needed.

The Committee intends to present its final 
recommendations at the 1984 Spring Workshop 
for review and discussion by the participants. It 
also hopes to present its final report at the Joint 
AOAC-IUPAC meeting of Harmonisation of 
Collaborative Studies which will be held im
mediately before the fall Centennial meeting of 
AOAC in 1984. The results of the Harmonisa
tion meeting will be presented for discussion at 
the Spring Workshop of 1985.

Accepted.

OFF. ANAL. CHEM. (VOL. 66, NO. 2, 1983)

Outline of Interlaboratory Study Procedure to Validate 
Perform ance of a Method of Analysis

Final First Draft

1. Prelim inary Work
1.1 Determine Purpose o f the Method

Purpose of the study (e.g., to determine attributes of a method, proficiency of analysts, 
comparison of methods, or reference values of a material), the type of method (empirical, 
screening, reference, definitive, practical), and the probable use of the method 
(enforcement, surveillance, monitoring, research) determines the relative importance of 
the various method attributes and the design of the interlaboratory study. These 
directions pertain primarily to determining the interlaboratory characteristics of a 
method, although many portions are also appropriate for other types of study.

1.2 Choose Method
1.2.1 Sometimes obvious (only method available)
1.2.2 Critical literature review (reported attributes are often optimistic)
1.2.3 Survey laboratories to obtain candidate methods
1.2.4 Within-laboratory comparison of attributes of candidate methods (sometimes choice 

may still not be objective)
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1.2.5 Selection by expert (AOAC-preferred procedure—selection by Associate Referee 
with concurrence of General Referee)

1.2.6 Selection of committee (ISO-preferred procedure; often time-consuming)
1.2.7 Development of new method or modification of existing method when an 

appropriate method is not available (proceed as a research project). (This 
alternative is time-consuming and resource-intensive; use only as a last resort.)

1 .3  Optimize Either New or Available Method (Within One Laboratory)
1.3.1 Practical Principles:
1.3.1.1 Do not conduct collaborative study with an unoptimized method. An unsuccessful 

study wastes a tremendous amount of collaborators' time and creates ill will. This 
also applies to methods formulated by committees which have not been tried in 
practice.

1.3.1.2 Conduct as much experimentation within a single laboratory as possible with 
respect to optimization, ruggedness, and interferences. Analysis of the same 
material on different days provides considerable information on potential 
variability that may be expected in practice.

1.3.2 Approaches to Optimization:
1.3.2.1 Conduct trials on basis of change of one variable at a time
1.3.2.2 Conduct ruggedness testing for control of critical variables: See Youden and 

Steiner, Statistical Manual of the AO AC (1975) pp. 33-36, 50-55. The actual 
procedure is even simpler than it appears. [This is an extremely efficient method 
for optimizing a method for a collaborative study.]

1.3.2.3 Use Deming simplex optimization to identify critical steps. See Dols and 
Armbrecht, /. Assoc. Off. Anal. Chem. (1976) 59,1204-1207

1 .4  Protocol Development on Selected Method (as Applicable)
(Some items can be omitted; others can be combined)

1.4.1 Develop defined performance specifications for instruments and systems suitability 
tests to ensure satisfactory performance of critical steps (columns, instruments, etc.) 
in method.

1.4.2 Determine calibration function (response vs concentration in pure or defined 
solvent) to determine useful measurement range of method. (For some techniques, 
e.g., radioimmunoassay, linearity is not a prerequisite.) Indicate any mathematical 
transformations.

1.4.3 Determine analytical function (response vs concentration in matrix) to determine 
applicability to commodity(ies) of interest.

1.4.4 Interference testing (specificity):
1.4.4.1 Test effects of ubiquitous contaminants, flavors, additives, and other components 

which may be expected to be present and at expected concentrations.
1.4.4.2 Test nonspecific effects of matrices.
1.4.5 Conduct bias (systematic error) testing (not necessary when the method defines the 

property or component).
1.4.6 Conduct precision testing at the concentration levels of interest, including 

variation in experimental conditions normally expected in routine analysis 
(ruggedness).

1.4.7 Estimate limit of reliable measurement (if applicable).
1.4.8 If any of the characteristics are unacceptable, revise, retest, and reiterate such items 

as are necessary.
1.4.9 Conduct laboratory trial of method by analyst not familiar with method.
1.4.10 Revise method to handle questions raised and problems encountered.

1 .5  Prepare Description of Method
NOTE: A collaborative study of a method involves practical testing of the written

version of the method in its specific style and format.
1.5.1 Prepare method in format and style given in instructions in the Handbook for AO AC 

Members (1982), or other recognized manual, e.g., ISO Guide 18.
1.5.2 Clearly describe and explain every step in the analytical method so as to discourage 

deviations.



1.5.3 Check editorially for completeness, credibility (e.g., buffer pH consistent with 
specified chemicals, volumes not greater than capacity of container), continuity, 
and clarity.

1.5.4 Check for presence of systems suitability tests and convenient stopping points.
1.5.5 If time and resources are available, conduct pilot study involving three laboratories.

1.6 Invite Participation
1.6.1 Selection of candidate laboratories. Laboratories invited to participate should have 

personnel experienced in the procedure employed; experience with the method 
itself is not a prerequisite for selection. Lists of potential participants can be 
developed through personal contacts, technical societies, trade associations, and 
literature search.

1.6.2 Letter of invitation. Address formal letter to administrator responsible for 
assignment of laboratory effort. State reason for selecting, estimated number of 
person-hours for performance, number of materials to be sent, number of analyses 
to be required, expected date for sample distribution, and target date for completion 
of study. Enclose copy of the method, and a return form or card (with postage 
affixed, if domestic), requiring only check mark for acceptance or refusal of 
invitation, signature, and date.
The letter should suggest that with large studies, involving several analysts per 
laboratory, several familiarization materials, receipt of items at different times, and 
similar recurrent situations, that a study coordinator be appointed in each 
laboratory. The study coordinator should be responsible for receiving and storing 
the materials, assigning the work, dispensing materials and information related to 
the study, seeing that the method is followed as written, accumulating the data, 
assuring that the data are correctly reported, and submitting the report within the 
deadline.
(A file of letters that have been used previously will be available for review and 
adaptation to the specific project at hand.)

1.7 Instructions and Report forms
1.7.1 Carefully design instructions and forms and scrutinize them before distribution. A 

pilot study (1.5.5) is also useful to uncover obscurities in these documents.
1.7.2 Send instructions and report forms immediately on receipt of acceptance, 

independent of materials, if selection of laboratories is not to be based on 
performance in pilot or training studies. The instructions should include in bole, 
face or capital letters a statement: "THIS IS A STUDY OF THE METHOD, NOT OF 
THE LABORATORY. THE METHOD MUST BE FOLLOWED AS CLOSELY AS 
PRACTICABLE, AND ANY DEVIATIONS, NO MATTER HOW TRIVIAL THEY 
MAY SEEM, MUST BE NOTED ON THE REPORT FORM."

1.7.3 Include instructions regarding storage and handling, markings, and identifications 
to be noted, any special preparations for analysis, and criteria for use of practice 
materials, if included (see 1.8). Precode form for each laboratory and provide 
sufficient space for as much analytical detail as may be required for proper 
evaluation of the results, including a check of the calculations. When recorder 
tracings or photographs are required to evaluate method performance, request their 
submission both in the instructions and again as a check item on the form. Provide 
instructions with regard to labeling (identification with respect to item analyzed, 
axes, date, submittor, experimental conditions, etc.). Include a signature line for 
the analyst and lines for a printed or typed version of the name and address for 
correct acknowledgment in the report. A questionnaire may be included or sent 
after completion of the analyses in which the questions can be designed to reveal
if modifications have been made at critical steps in the method.

1.8 Familiarization or Practice Materials
If deemed necessary, supply familiarization materials several months before actual 
materials are sent. When familiarization materials have been submitted, supply forms 
for reporting progression to satisfactory performance.
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2. Design of the Collaborative Study
2 .1  G e n e r a l  P r in c ip le s

2.1.1 The purpose of the collaborative study is to provide a realistic indication of the 
attributes of a method (particularly systematic and random deviations) as it will be 
performed in practice. It usually provides information on the best performance to 
be expected.

2.1.2 The design should attempt to identify and measure the potential sources of 
significant variability that may occur in actual practice, including between days, if 
this is a significant factor. (Within-laboratory performance on different days may 
provide a clue with respect to between-laboratory performance and is required 
information for quality control.) The best measure of within-laboratory variability 
is through the use of blind replicates or through the use of Youden pairs. The 
design must take into account how the data will later be analyzed statistically.

2.1.3 Materials sent for analysis must be presented as unknowns (blind), or at most with 
only an indication of concentration, and in a random pattern. [Any relationship 
supplied with regard to concentration (e.g., utilizing factorial aliquots or serial 
dilutions of the same spiking solutions) or replication is likely to diminish 
variability.]

2.1.4 The study must be extensive enough to assure sufficient data surviving in the face 
of possible loss of materials during shipment, inability of collaborators to 
participate after acceptance, and a maximum outlier rate of 20% outliers (1 
laboratory failure out of 6, when a minimum Youden design is used).

2 .2  L a b o ra to rie s
Laboratories must be impressed with the importance of the study. A large investment is 

being made in testing the method and it will probably be the only such study that will be 
performed. It is important to give a fair and thorough evaluation of the method.

2.1.1 Type: Best types are laboratories with a responsibility related to the analytical 
problem. Other types may be representative (selection of laboratories that will be 
using the method in practice), reference (assumed to be the "best"), or the entire 
population of laboratories (usually certified or accredited) that will be using the 
method. Final selection of participants should be based on a review with the 
General Referee and other Associate Referees (or their counterparts in other 
organizations) of each laboratory's capabilities and past performance in 
collaborative studies, followed up, if possible, by telephone conversations or by 
personal visit. Selection may also be based on performance on familiarization 
materials. Sometimes only laboratories with dedicated or very specialized 
instruments must be used.

2.2.2 Number: Minimum of 6 (to avoid unduly large confidence bands). Fewer 
laboratories will widen the confidence limits of the mean and of the variance 
components (see design considerations 2.4.1 and 2.4.2). Optimum number of 
laboratories, balancing logistics and costs vs information obtained, is 8-10.

2.2.3 Analysts: Most designs require only one analyst per laboratory. If analyst-within- 
laboratory variability is a desired variance component, multiple analysts should be 
requested from all participating laboratories. Ordinarily two analysts from the 
same laboratory cannot substitute for different laboratories, unless different 
instruments are available, standard solutions and reagents are prepared 
independently, and no consultation is permitted during the work.
Different laboratories from the same organization may be used as separate 
laboratories if they are organizationally and/or geographically separate and operate 
independently in a different environment with their own instruments, standards, 
and reagents.

2 .3  M a te ria ls
2.3.1 Materials must be homogeneous. This is critical. Establish by testing a representative 

number of laboratory samples taken at random before shipment to provide sound 
evidence of this point. (A collaborator who reports an outlying value will almost 
always initially claim receipt of a defective laboratory sample.)
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2.3.2 Label randomly so that there is no preselection from order of presentation.
2.3.3 Concentration range: Choose materials to cover concentration range of interest. If 

concentration of interest is a tolerance limit or a specification level, bracket it.
2.3.4 Number of materials: Minimum number of materials is 5 to utilize the Youden rule 

of (laboratories X materials =  30). This anticipates no unsatisfactory materials and 
Youden pairs are not used (which requires an even number of materials).

2.3.5 Nature of materials: Materials should consist of a representative set of commodities 
usually analyzed, with customary and extreme values for the analyte and potential 
interfering substances, unless interference has been ruled out by interference 
testing (see 2.3.7).

2.3.6 Size of laboratory samples: Furnish only enough laboratory sample to provide the 
number of test portions specified in the instructions. If additional test portions are 
required, the collaborator must request them.

2.3.7 Interferences: If pertinent, some samples, but not all, should contain contaminants 
and interferences in concentrations likely to be encountered, unless they have been 
shown to be unimportant through-within-laboratory testing (see 1.4.4). The 
success of the method in handling interference on an intralaboratory basis will be 
demonstrated by passing systems suitability tests.

2 .4  R e p lic a t io n
When within-laboratory variability is also of interest, independent replication must be 
performed by supplying at least one of the following:

2.4.1 Blind duplicate laboratory samples, randomly coded.
(NOTE: Triplicate and higher replication is relatively inefficient compared to 
additional pairs of different laboratory samples, for two reasons:
(1) Triplicates of the same laboratory sample provide additional information only 
on within-laboratory variability, which is usually the less important component of 
error.
(2) Four independent analyses (two laboratory samples, each in duplicate) give two 
data points with narrower confidence limits by 2y[2  as compared with y f i  for 
triplicates (ratio of 1.6) for an additional work input ratio of 4:3 (1.3). [The ratios 
are only approximate because other factors are also involved.]
PRACTICAL PRINCIPLE: With respect to replication, the highest net marginal 
gain is always obtained in going from 1 to 2 as compared to going from 2 to 3, 3 to 
4, etc.

2.4.2 Youden pairs: An efficient design (maximum information with minimum work) is 
an even number of materials arranged as Youden pairs—each pair consisting of a 
set of 2 materials of slightly different composition obtained either naturally or by 
diluting (or by fortifying) one of the materials with a small amount of diluent (or 
of analyte). Each laboratory sample should be analyzed only once: replication 
defeats the purpose of the design.

2.4.3 Independent materials (NOTE: unrelated independent materials may be used as a 
Youden pair in the calculations, but the more they differ, the less information they 
provide on within-laboratory variability.)

2 .5  F a m ilia riz a tio n  m a ter ia ls
With new, complex, or unfamiliar techniques, provide known material(s) of stated 
composition for practice, on different days, if practical (see 1.8). The valuable 
collaborative materials should not be used until the analyst can reproduce the stated 
value within a given range. However, it should be pointed out that one of the 
assumptions of the analysis of variance is that the results are independent of time (i.e., 
there is no drift). The Associate Referee must be satisfied that this assumption is met.

2 .6  O t h e r  D e s ig n  C o n s id e ra t io n s
2.6.1 The design may be reduced in the direction of less work or less cost, but at the 

sacrifice of less confidence in the reliability of the developed information.
2.6.2 More work is required if more confidence is needed; e.g., greater confidence is 

required to enforce a tolerance at 1.00 ppm than at 1.0 ppm. (The distinction is a 
precision requirement of the order of 1% or 10%.)
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2.6.3 Thirty data points will only permit estimation of the standard deviation of an 
individual reading to within about ±25% with 95% confidence; 200 data points are 
required to estimate that standard deviation to within 10%, with 95% confidence. 
The distribution of standard deviations is actually asymmetric for small numbers of 
results, e.g., the relative distribution about 1.00 for 30 values (95% confidence 
limits) is 0.80-1.34; for 200, 0.89-1.14.

2.6.4 The validity of extrapolating the use of a method beyond concentrations and 
components tested can only be estimated on the basis of the amount of signal 
change observed as a function of the nature and concentration of the matrix and 
contaminant components. If the signal is more or less independent of these 
variables, a reasonable amount of extrapolation may be allowed. Naturally, the 
extrapolator assumes the burden of proof as to what is reasonable.

3. Preparation of Materials for Interlaboratory Studies
3 .1  G e n e r a l  P r in c ip le s

3.1.1 Unit-to-unit variability within a series of laboratory samples must be negligible 
compared to analytical variability, as measured within the Associate Referee's 
laboratory. See also 2.3.1.

3.1.2 The containers must not contribute extraneous analytes to the determination and 
they must not absorb analytes, or other components of the matrix, e.g., water.

3.1.3 The materials must be stabilized, if necessary, preferably by physical means 
(freezing, dehydrating), or by chemical means (preservatives, antioxidants) which 
do not affect the performance of the method.

3.1.4 Moisture changes must be avoided, where necessary, by the use of vapor-tight 
containers.

3 .2  S u ita b le  M a te ria ls  f o r  C o lla b o ra t iv e  S t u d ie s
3.2.1 A single batch of homogeneous, commercial, stable product such as milk powder, peanut 

butter, vegetable oil, starch, etc., is the best type of material.
3.2.2 Reference materials such as supplied by standards organizations such as the National 

Bureau of Standards are excellent. However, they are of limited availability and, 
if available, they are expensive. Sometimes, the standards organization is 
interested in making reference material available for the analyte under study, in 
which case they may provide the material for the study.

3.2.3 Synthetic materials may be especially formulated for the study with known amounts 
of analyte by actual preparation. Best used for macro constituents such as drugs or 
pesticide formulations.

3.2.4 Spiked materials consisting of normal or blank materials to which a known amount 
of analyte has been added may be used. The amount of analyte added should not 
be excessive in relation to the amount present, and the analyte should be in the 
same chemical form as present in the material to be analyzed.

3.2.4.1 Preparation in bulk: Requires thorough and uniform incorporation of the analyte, 
often by serial dilution of solids. The danger of segregation due to differences in 
densities always exists. The preparation of liquid materials susceptible to 
segregation should be done under constant agitation. Uniformity must be checked 
by direct analysis, with an internal standard, or by a marker compound (dye or 
radioactive label).

3.2.4.2 Individually prepared laboratory samples: A known amount of analyte is either 
weighed directly or added as an aliquot of a prepared solution to preweighed 
portions of the matrix in individual bottles. Each collaborator is instructed to use 
the entire portion for the analysis, transferring the contents quantitatively. This 
is the preferred alternative to spiked solid materials at trace (ppm) levels, at the 
expense of considerably more work.

3.2.4.3 Concentrated unknown solution for direct addition or dilution by collaborators to their own 
commodity: Should be used only as a last resort, because it introduces an 
indeterminable (material X laboratory) interaction component. This procedure 
also permits compromising the design of the study by direct analysis of the spiking 
solution.



3.2.5 Materials analyzed by another, presumably accurate method, if available, in the Associate 
Referee's laboratory or by some or all collaborators.

3.2.6 Only as an absolutely last resort (usually with unstable materials and preparation of material 
studies) should the collaborators be permitted to prepare their own materials for analysis.
It is almost impossible to avoid the personal bias introduced by knowledge of the 
composition of the material.

3 .3  B la n k s
When the absence of a component is as important as its presence, when determinations 
must be corrected for the presence of the component or background in the matrix, or 
when recovery data are required, provision must be made for the inclusion of blank 
materials containing "none" of the analyte. It is also important to know the variability of 
the blank and the tendency of the method to produce false positives. It should also be 
kept in mind that there are two types of blanks: commodity blanks and reagent blanks.
If the reagent blank is shown to be negligible, it may be included in the commodity 
blank. The number of blanks to be included in a collaborative study is approximated by 
the relative relationship of the standard deviations of the material (sM) and of the blank 
(s b ). The total variability (s) of a blank corrected value will be s =  V Sm2 +  Sb2-

3 .4  L im it  o f  D e t e r m in a t io n
If the limit of determination is important, it is necessary to provide a special design, with 
special attention being given to the number of blanks, and to the necessity for 
interpreting false positives and false negatives.

3 .5  C o n tro ls
When the presence of interfering materials is critical, appropriate samples must be 
included.

3 .6  P ra ctica l P r in c ip le
Always allow for contingencies and prepare more sets (e.g., 25%) of laboratory samples 
than there are collaborators. Some packages may never arrive, some materials may be 
spoiled, and some will be lost. New laboratories may have to be substituted for those 
who are unable to complete the promised work. Some may have to be analyzed at a later 
date for different purposes such as to verify stability on storage.

4. Submission of Laboratory Samples
4.1 Label laboratory samples legibly and unambiguously. If they are in breakable containers, pack 

well to minimize possibility of breakage. If perishable, ship frozen with solid carbon 
dioxide, sufficient to last several days longer than anticipated transportation time.
Notify collaborators of anticipated shipping arrangements (including waybill numbers, 
etc.), arrival time, and required storage conditions. Use special transportation services, 
if necessary. For international delivery, mark as "Laboratory samples—no commercial 
value" or other designation as required by customs regulations of the country to which
it is being sent. Hazardous materials should be packed, labeled, and conveyed as 
required by transportation regulations. Animal products may require special 
certification from health authorities.

4.2 A return slip, to confirm safe receipt, should be included with each package. If not sent 
previously, include copy of method, instructions, and report forms.

4.3 Provide instructions for proper storage of laboratory samples between unpacking and 
analysis.

4.4 Where it is important to have all instruments calibrated with the same reference material, supply 
the standard reference material to all collaborators.

5. Obligations of Collaborators
5.1 Analyze samples at times indicated, according to submitted protocol. With unstable materials 

(e.g., for microbial or decomposition problems), analyses must be started at a specified 
time.

5-2 FOLLOW METHOD EXACTLY (THIS IS CRITICAL). Any deviations because of the
necessity to substitute reagents, apparatus, instruments, etc., must be recorded at the time 
and subsequently reported. If collaborator has no intention of following submitted 
method, he or she should not participate in the study.
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5.3 Conduct stated number of determinations. More or less determinations will complicate the 
statistical analysis.

5.4 Report individual values, including blanks. Do not average or do other data manipulations 
unless required by the instructions. Undisclosed averaging distorts statistical measures. 
If blank is larger than determination, report the negative value; do not equate negative 
values to zero. Follow or request instructions with regard to reporting "traces" or "less 
than."

5.5 Supply raw data, graphs, recorder tracings, photographs, or other documentation as requested in 
the instructions.

5.6 If apparent outliers appear spontaneously, investigate cause immediately, by reanalysis if 
permitted by the protocol. Call administrator (Associate Referee) to discuss suspicious 
values. If coordinator indicates a value may be an outlier, also review the determination 
promptly to the extent possible, by reanalysis, recalculation, or preparation of new 
standards. If time and laboratory samples are available, obtain new laboratory samples 
from the administrator for repeat analysis.
Since collaborators may not necessarily know if a value is an outlier, a useful suggestion 
is to indicate that the results should be communicated to the administrator as soon as the 
protocol is complete and before time and equipment are reassigned so that repeat assays 
may be performed at once, if necessary.

5.7 NOTE: Most frequent causes of true outliers are:
5.7.1 Incorrect calculations and arithmetic errors
5.7.2 Incorrect standards due to weighing or volumetric errors (check physical constants 

or compare against freshly prepared standard solutions)
5.7.3 Editing errors, such as transposition of numbers
5.7.4 Adventitious contamination.

Statistical Analysis (This section is temporary. It will be revised with respect to
nomenclature and content. It is given only for completeness. Note revisions with respect
to outliers in this revision.)

6 .1  C o m m o n  S e n s e  T est
The first thing that should be done by the administrator with collaborative data is to plot 
it, material by material (or as Youden pairs), readings vs laboratory, preferably in 
ascending or descending order of reported concentration. Usually discrepancies will be 
immediately apparent: displaced means, spread replicates, outlying values, differences 
between methods (if used), consistent laboratory rankings, etc. Anything which is 
noticed by "eye-balling" will probably be statistically significant, but the converse is not 
always true.

6 .2  S ta tistica l A p p r o a c h
Perform calculations on each material individually. Only if the variances for each 
material are not significantly different from each other can the results for all materials be 
pooled for analysis of variance. If the coefficients of variation of the different materials 
are not significantly different, they may be averaged over the range tested.

6 .3  O u tlie rs
(NOTE: Collaborative studies seem to have an inherent level of 5-15% outliers, 
depending, of course, on the definition of outliers. Above 20%, without an explanation 
(e.g., failure to follow method) is ordinarily excessive. The sooner an apparent outlier is 
investigated, the greater the likelihood of finding an explanation.)
Determine presence of outliers by following tests:

6.3.1 Dixon test for removal of isolated individual (or pairs) of values or laboratory 
averages at either end of the set. Ordinarily do not iterate more than twice.

6.3.2 Cochran test for removal of laboratories showing significantly greater variability 
than the others.

6.3.3 Rank sum test for determining if a laboratory is reporting values which are 
consistently low or high over all materials. This test will only be used by the 
Associate Referee as a basis for requesting the indicated laboratories to investigate 
potential sources of the systematic deviations.
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6.4 Bias (System atic D eviations) o f  In d iv idu al Results
Bias =  amount found — amount added (or known or assigned value)
% Recovery =  (measured concentration in fortified material — measured concentration in 

unfortified material) X 100)/(known increment in concentration)
The amount added must be a substantial fraction or more than the amount present in the 

unfortified material.
The "true" value is known only in cases of spiked or fortified materials, reference

materials, or analysis by another (presumably unbiased) method. Concentration in 
the unfortified material is obtained by direct analysis or by the method of 
additions. In other cases, there is no direct measure of bias, and consensus values 
derived from the collaborative study itself must be used for the reference point.

6.4.1 NOTES:
6.4.1.1 Youden equates "true" between-laboratory variability (not including the within- 

laboratory variability) to bias or systematic error.
6.4.1.2 The presence of random error limits the ability to estimate the systematic error. To 

estimate a systematic error of magnitude comparable to the standard deviation of a 
single value (random error), at least 15 values are needed.

6.5 Precision  (R andom  Error)
The relative basis (i.e., coefficient of variation, CV) is usually the useful measure of 
precision because it is often independent of concentration or amount of analyte. 
Moreover, its use facilitates comparison of variabilities at different concentrations.
When the CV begins to increase rapidly with lower concentration or amount, it often 
delineates the limit of usefulness of the method. The most important types of precisions 
are:

6.5.1 Reproducibility—overall between-laboratory variability, including within-laboratory 
variability, designated as R
NOTE: This component is not obtained merely by calculating the standard 
deviation of all of the data (except when there are no replicates) since this term 
must be corrected by a replication factor (Youden, page 19). It must be extracted by 
the analysis of variance technique (Steiner, pages 78-81). However, this crude, 
overall calculation of the standard deviation may serve as a check on the arithmetic, 
since the two values are usually fairly close.

6.5.2 Repeatability—within-laboratory random error, designated as r. This is best 
represented by the "between-days" variability component.

6.5.3 "True" between-laboratory variability (without within-laboratory variability)— 
Youden's systematic error, designated here as L.

6.5.4 NOTES:
6.5.4.1 The relationship among these three values is:

R2 =  L2 +  r2

From the equation, r cannot be greater than R, but occasionally the computed value 
of L2 is negative. When this occurs, the discrepancy is ascribed to a sampling 
phenomenon and L is set equal to zero. Then R =  r, arbitrarily. This frequency 
occurs in practice when r is so large that it swamps out L (poor replication). A 
negative square term arises from the fact that the term L2 is calculated from the 
difference of two terms, each of which is calculated independently. If the second 
term is larger than the first, the difference is negative. But by definition, it must 
not be negative; therefore, the second term is set equal to zero.

6.5.4.2 When only single determinations are performed on each sample (except in the case 
of Youden pairs), there is no rigorous basis for calculating r, and within-laboratory 
variability cannot be estimated. In this case R must be assumed to be equal to L.

6.5.4.3 The ISO definitions (ISO 5725-1981) for repeatability and reproducibility appear to 
be considerably different, although no less useful. They are shown to be 
expressible in Steiner terms below. The ISO definitions use a prediction interval 
statement: the value below which the absolute difference between single test 
results of identical test material may be expected to lie with a specified probability
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(usually 95%); in other words, assuming normal distribution, 95% of the absolute 
differences from the first result of any subsequent test result from the same 
laboratory or from a different laboratory on the same material will be expected to 
lie within the calculated interval from the first reading. The relationship between 
the two definitions are:
Repeatability (r) =  2\f2  ay, =  2.83 m CVr/100 
Reproducibility (R) =  2y/2 ffw =  2.83 m C V r /1 0 0
where Ob and a w are within- and between-standard deviations, respectively; CVr 
and CVR are the corresponding coefficients of variation; and m is the mean.

6.5.5 Confidence limits for precision terms. Standard deviations and coefficients of variation 
are estimates of “true values." The “confidence intervals" (bounded by the 
confidence limits) are the ranges within which the true value is expected to lie with 
a stated degree of confidence (customarily 95%). The confidence interval of 
precision terms is rarely quoted because 200 values are required to estimate the 
standard deviation to within approximately 10%; for the Youden minimum 
criterion of 30 values (laboratories X samples), the standard deviation can only be 
estimated to about 25%. The coefficient of variation of the CV, where the CVs are 
expressed as a fraction, is:

=  V (1 +  (CV)2)/2 n,

where n is the number of values entering into the calculation of the CV. 
Approximately 50 values are required to estimate a CV =  10% to within 10% 
(relative).

6 .6  In c o r r e c t ,  I m p r o p e r ,  o r  I l lu s io n a r y  V a lu e s  ( F a lse  P o s itiv e  a n d  F a lse  N e g a t iv e  V a lu e s )
These are not necessarily outliers (no a priori basis for a decision), since there is a basis for 
determining their incorrectness (a positive value on a blank sample or a zero or negative 
value on a spiked sample). There is a statistical basis for their presence: In a series of 
materials of decreasing concentration, as the CV increases, the percent false negatives 
increases from an expected 2% at a CV =  50% to 17% at a CV =  100%, merely from normal 
distribution statistics alone.
When false positives and/or false negatives exceed about 10%, analyses become 
uninterpretable from lack of confidence in the presence or absence of the analyte, unless 
all positive laboratory samples are reanalyzed by a more reliable (confirmatory) method. 
When the distributions of zeros (not necessarily false negatives) becomes greater than 
approximately 30%, the distribution empirically becomes bimodal and uninterpretable (is 
the material positive or negative?).

7. Final Report
7.1 The final report should contain a description of the materials used and their preparation, 

any unusual features in their distribution, and a table of all data, including outliers. 
Values not used for specified reasons (decomposition, failure to follow method, 
contamination, destroyed, etc.) should not be included in the table since they may be 
erroneously included in subsequent recalculations. The report should include the 
statistical parameters with and without specified outliers excluded. Report both the 
standard deviations (and corresponding means) and coefficients of variation. Proofread 
tables very carefully since many errors are of typographical origin. Give the names of 
the participants and their laboratories.

7.2 The final report should be published in an accessible publication or its availability from 
the organization sponsoring the method should be indicated in the published method. 
Without this public documentation, the usefulness of the method is very limited.

7.3 The final report should be sent to all participants, preferably at the manuscript stage.
8. References

8.1 W. J. Youden & E. H. Steiner (1975) Statistical Manual of the AOAC. Association of Official 
Analytical Chemists, 1111 North 19th Street, Suite 210, Arlington, VA 22209 USA. The 
third printing (1982) contains several explanatory footnotes.

8.2 Handbook for AOAC Members (1982). Availability as in 8.1.
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Comments are still solicited on this version of the document which may be referred to as the 
"FINAL FIRST DRAFT." Please submit them as early as possible, but before August 1,1983, in 
order to be considered by the Committee at their meeting on October 1, 1983. The document 
finalized at this meeting will be the basis for AOAC's presentation at the Joint AOAC/IUPAC 
Symposium on Harmonization of Collaborative Analytical Studies, scheduled for October 25-27, 
1984, in Washington, DC. Submit comments to:

Dr. William Horwitz (202) 245-1057 (FTS 8-245-1057)
Bureau of Foods HFF-7 
Food and Drug Administration 
Washington, DC 20204 USA

R eport o f the C om m ittee on In te rn a tio na l C ooperation

BARRY SMITH, C h a ir m a n
H e a l t h  a n d  W e l fa r e  C a n a d a ,  T u n n e y ’s  P a s t u r e ,  O t t a w a ,  O n t a r io ,  C a n a d a  K 1 A  0 L 2

Other members: L. Appleqvist, W. R. Bontoyan, B. Borsje, H. Egan, E. R. Elkins, 
L Hoffman, W. Horwitz, B. Larsen, P. Martin, D. L. Park, M. Rogers, R. C. Rund,
D. C. Smith, R. W. Weik

The Committee met on Monday, October 25 
with 16 members and guests in attendance from 
the United States, Canada, the United Kingdom, 
Sweden, Denmark, Egypt, and Japan. The 
Committee was particularly pleased to welcome 
Dr. Khayria Naguib of the National Research 
Centre, Food and Dairy Laboratory, Cairo, and 
Dr. Kageaki Aibara, Director, Department of 
Biomedical Research on Food, National Institute 
of Health, Tokyo.

The Committee heard reports on the status of 
joint actions between AO AC and the following 
bodies: Analytical Division of the Royal Society 
of Chemistry; International Standard Organi
zation (ISO); IUPAC (International Union of 
Pure and Applied Chemistry); CIPAC (Collabo
rative International Pesticide Analysis Com
mission); Codex Committee on Methods of 
Analysis and Sampling; Association of Public 
Analysts; Nordic Committee on Food Analysis.

The Committee reviewed, in some detail, the 
role of AOAC as the administrator of ANSI 
Technical Advisory Groups which provide the 
vehicle for AOAC participation in ISO Technical 
Committees 34 and 134. While questioning the 
financial costs associated with participation in 
ISO through the ANSI link, the Committee 
agreed that progress had indeed been made in 
having ISO recognize the necessity of collabo- 
ratively studying methods of analysis. The

Committee felt that more information should be 
obtained before making any decision or recom
mendation on a possible change of status with 
respect to liaison with ISO. In particular, the 
Committee felt that an attempt would be made 
to obtain an inventory of ISO methods which 
have been collaboratively studied.

Furthermore, an attempt should also be made 
to clarify both the regulatory and nonregulatory 
status of ISO methods in member countries par
ticipating in TC/34 and TC/134.

The Committee also recommended that the 
Executive Director of AOAC visit the ISO Central 
Secretariat in Geneva as part of a planned trip to 
Europe in 1983.

The Committee also considered, briefly, the 
development of guidelines concerning financial 
support for overseas delegates to the AOAC an
nual meeting. It was agreed that a small work
ing group would deal with this by correspon
dence and make a recommendation to the Board 
before its April 1983 meeting.

The Committee also accepted, in principle, a 
Centennial project suggestion put forward by 
Lars Appleqvist aimed at providing free sub
scriptions of the AOAC Journal to scientists 
working in food control laboratories in devel
oping countries. Several Committee members 
agreed to approach the international aid organ
izations in their respective countries as a possible
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source of funding for this project.
Finally, the Committee listened, with interest, 

to a report from Michael Wehr who had recently 
visited a number of laboratories and government 
organizations in the Far East. Dr. Wehr noted 
that exciting opportunities exist for liaison and

interaction with laboratories and government 
agencies in Japan, Taiwan, and the Philippines 
and stressed that appropriate followup action 
should take place.

Accepted

R eport o f In te rsoc ie ty  C om m ittee (ISC) on M ethods o f A ir  Sam pling 
and A na lys is

BERNARD E. SALTZMAN, Representative
University of Cincinnati, Kettering Laboratory, Cincinnati, OH 45267

During the past year, the committee held one 
meeting on June 23, 1982, in New Orleans, LA. 
The secretary stated that book sales had im
proved, but as of May 1, 1982, 2100 books re
mained as inventory. The chairman noted that 
APHA has failed to respond to repeated requests 
for book sales promotion. Adequate funds were 
available to complete the manuscript of the next 
edition. Since this was far from ready, the final 
decision on selection of a publisher was deferred. 
However, there was almost unanimous support 
for the terms offered by Macmillan. The secre
tary will inform Macmillan and the AOAC of 
these sentiments.

The editor reported that no manuscripts have 
been completed. The subcommittee chairmen 
reported on their meetings with members and 
activities. Recommendations are being prepared 
to delete some methods, revise others, and add

new ones. Cross-references to similar methods 
by ASTM, EPA, and NIOSH will be added. New 
sections planned include discussions of olefac- 
tory methods, x-ray diffraction, x-ray fluores
cence, ion chromatography, and anodic stripping 
voltammetry.

A nominating committee comprised of the past 
three chairmen, R. F. Toro, B. E. Saltzman, and E.
R. Hendrickson, was appointed to propose a 
nominee for chairman to take office at the end of 
W. T. Ingram's term in June 1983. According to 
the Articles of Agreement, representatives of 
four societies, APWA, HPS, ACS, and ISA, were 
eligible. Richard J. Thompson, representing 
ACS, was later unanimously chosen. The com
mittee also proposed that an Assistant Editor be 
appointed by June 1983.

Accepted

Report o f the C om m ittee on Labora tory Q u a lity  Assurance

KEITH A. McCULLY, Chairman
Health and Welfare Canada, Field Operations Directorate, Tunney's Pasture, Ottawa, Ontario, 
Canada K1A 1B7

Other members: R. Alvarez, R. D. Fishbeck, F. M. Garfield, E. E. Martin, J. E. McNeal,
S. Sherken, K. Smith, J. Winter

The Committee met October 25, 1982, in 
Washington, DC. Fred Garfield reported to the 
Committee on his progress in preparing a quality 
assurance manual for analytical laboratories. He

is presently writing the final chapter which 
should be finished in approximately 1 month. 
Following printing, draft copies of the manual 
will be provided to each committee member for
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in depth content and technical review. These 
reviews are to be completed early in 1983. The 
manual will then be available for review by the 
Editorial Board and outside expert reviewers. 
The committee discussed some comments re
ceived from the Editorial Board on the prelimi
nary draft of the manual. A copy of these com
ments will be provided to each committee 
member for consideration when reviewing the 
draft manual. The committee recommends that 
the review process be completed and the manual 
published as soon as possible.

An announcement was published in the Au
gust 1982 Referee requesting that outside organ
izations provide AOAC either their quality as
surance manuals or information about quality 
assurance programs for analytical laboratories. 
No responses have been received to date.

The Committee believes there is a lack of 
standardization among analytical laboratories 
concerning minimal quality control procedures. 
The AOAC provides a mechanism for standard
ization of methods by developing and approving 
collaboratively studied methods. However, not 
all laboratories follow these methods exactly as 
written. Collaboratively studied methods do not 
exist for all applications that a laboratory may 
encounter. In addition, analytical personnel 
using the methods may not be adequately trained 
or have adequate quality control programs in 
place. The committee recommends that labo
ratory standards of quality assurance/quality 
control be made more uniform. The committee 
urges that AOAC become the leader in analytical 
laboratory quality assurance by developing ac

ceptable minimum standards of laboratory 
quality assurance/quality control guidelines. 
This encompasses the whole range of good lab
oratory practices that are included in quality as
surance/quality control programs. The first step 
is the completion and publication of the AOAC 
Quality Assurance Manual. Subsequently, the 
Committee urges AOAC to sponsor the devel
opment of quality assurance workshops and 
training sessions for both laboratory managers 
and analysts.

The Committee recommends that the Com
mittee on Collaborative Studies develop guide
lines for identifying critical control points for 
methods identified for collaborative study. The 
committee recommends that these critical control 
guidelines be reviewed by the Official Methods 
Board and all Methods Committees (A-G) before 
adoption. The Committee feels that the identi
fication of critical control points for current 
AOAC approved methods is desirable.

The Committee will continue to determine 
and compile a list of organizations and associa
tions that are active in laboratory quality assur
ance activities. The Committee recommends 
that the Committee on Symposia and Special 
Programs consider organizing a symposium or 
workshop involving organizations and associa
tions active in laboratory quality assurance ac
tivities. This would appear to be a logical fol
lowup to the Quality Assurance Manual in 
AOAC's role in promoting quality assurance ac
tivities.

Accepted

R eport o f the L ife  Sciences Research O ffice

FREDERIC R. SENTI
Federation of American Societies for Experimental Biology, 9650 Rockville Pike, Bethesda, M D  
20814

During the period January to July, 1982, LSRO 
contacted three industrial associations, five sci
entific and professional societies, four govern
mental agencies, one international organization, 
and twenty-three commercial testing or research 
laboratories to obtain information regarding 
their approach to validated methodology and 
interests in cooperation with the Association of

Official Analytical Chemists (AOAC) in the 
validation of methods.

Representatives of the industrial associations 
uniformly recognized the value of collaborative 
interlaboratory studies in establishing the reli
ability of analytical methodology. However, 
their approaches to methods development differ 
considerably. The American Petroleum Institute



LIFE SCIEN CES: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 2, 1983) 4 6 9

(API) depends on the American Society for 
Testing and Materials (ASTM) to provide this 
service for API and its member companies. API 
member companies participate in ASTM meth
ods development, including validation by 
round-robin testing. The industry interacts with 
the Environmental Protection Agency (EPA) 
methods development through joint participa
tion of members of their respective staffs in 
ASTM Committees D-19, Water; and D-34, Solid 
Waste. API representatives were aware of 
AOAC methods but appeared satisfied with 
methods development as carried out by ASTM 
in cooperation with industry.

The Cosmetics, Fragrance and Toiletries As
sociation (CFTA) is active in methods develop
ment and has recently developed analytical 
methods for dioxane, nitrosoamines, and p-to- 
luidine which may occur as impurities in their 
product ingredients. Interlaboratory collabo
rative studies were part of some methods devel
opment, but were conducted by procedures other 
than AOAC standard protocols. The merits of 
AOAC procedures were recognized but, appar
ently, associated problems were considered to 
outweigh benefits. In view of the interest of the 
Food and Drug Administration (FDA) in reliable 
methods for analyzing products for toxic con
stituents, it is suggested that AOAC explore the 
mutual interests of FDA and CFTA in the vali
dation of CFTA methods.

Contact with the Chemical Manufacturers 
Association (CMA) indicated interest in validated 
(reliable) methods but no direct activities in 
methods development. Methodology for testing 
for compliance with EPA regulations was the 
regulatory area of most concern. ASTM meth
ods are used by most CMA members but AOAC 
methods, among several others, were also men
tioned. Although the value of validated meth
ods was recognized, no clearly evident interest 
was expressed in cooperation with AOAC in 
validation studies.

In contrast to API and CMA, the National Food 
Processors Association (NFPA) is engaged in an 
area where a majority of AOAC methods are ap
plicable and have been available for many years. 
Reasons given for use of AOAC methods by 
NFPA laboratories included the following: the 
methods have been tested, validated, and ap
proved by competent analysts; they have greater 
recognition in courts than nonvalidated meth
ods; AOAC methods are approved by FDA, an 
important consideration in testing for compli
ance with FDA regulations.

Three governmental agencies (one interna

tional) not currently participating in AOAC 
validation programs, were contacted regarding 
their procedures and policies on the validation 
of test methods for regulatory compliance. Both 
domestic agencies, the Environmental Effects 
Branch, EPA, and the National Institute for Oc
cupational Safety and Health (NIOSH), validate 
selected analytical or bioassay methods by con
tract. NIOSH indicated that the contract route 
enabled the participation of smaller commercial 
laboratories that would be likely to use NIOSH 
methods but could not afford the cost of volun
tary participation in a validation study.

EPA has issued two types of contracts. In one, 
an EPA scientist serves as the project director 
(equivalent to an AOAC Associate Referee); in 
the other, a prime contractor provides this service 
and subcontracts to obtain participating labora
tories. NIOSH follows the second procedure. It 
appears that AOAC might participate in such 
contracts as the prime contractor and it is sug
gested that AOAC explore these possibilities. 
Requests for proposals are published regularly 
by EPA in the Commerce Business Daily.

It is also suggested that AOAC review the re
sults of past and ongoing validation studies of 
EPA and NIOSH to determine their suitability 
for inclusion in AOAC's Official Methods of 
Analysis.

The Organization for Economic Cooperation 
and Development (OECD) has published 
guidelines for testing the following properties 
of chemicals: physical-chemical, effects on bi
otic systems, degradation and accumulation, and 
short- and long-term toxicity. Data generated 
in one country in accordance with OECD test 
guidelines and OECD principles of good labo
ratory practice are accepted in other OECD 
countries for purposes of safety assessment. The 
published guidelines indicate that there was 
interlaboratory testing of methods for deter
mining physical-chemical properties and per
haps some collaborative studies of biodegrada
bility methods. However, the procedures fol
lowed are not described. Indications are that 
most methods were developed or selected by 
consensus of expert groups. Opportunities for 
AOAC appear to lie in the OECD Updating Pro
gram (established in 1981) for test guidelines. 
Among other objectives, this program will un
dertake interlaboratory comparison of test 
methods by expert groups. AOAC, through 
contact with Irwin Baumel, EPA, U.S. represen
tative on the Updating Group, could offer its 
services in nominating experts to any panel that 
may be formed for the interlaboratory testing of
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existing or proposed new guidelines. The 
AOAC nominee, if accepted, could advance the 
merits of AOAC procedures for collaborative 
testing of methods.

Contacts were made with the Society of Toxi
cologists, American College of Toxicologists, 
Environmental Mutagen Society, and Office of 
Toxic Substances, EPA, regarding interlaboratory 
collaborative testing of toxicological methods. 
Discussions emphasized short-term mutagenicity 
tests because these methods are in the develop
mental state and because of widespread interest 
in the possibility that a battery of these tests 
might supplement or supplant animal carcino
genicity tests at great savings of time and money. 
The salient activity in the development of 
short-term mutagenicity tests is the Gene-Tox 
program coordinated by the Office of Toxic 
Substances, EPA. Reports are being prepared, 
or have been published, by 23 work groups, each 
including a suggested protocol for conducting 
the respective mutagenicity test. Based on these 
suggested protocols, the Office of Toxic Sub
stances has developed protocols for 17 or 18 of 
the tests. These are to be published by the Na
tional Technical Information Service, Depart
ment of Commerce, Springfield, VA. It is likely 
that these protocols will be accepted as standards, 
especially in regulatory compliance testing. The 
Office of Toxic Substances has no present plans 
for collaborative studies of the protocols.

Those members of the Environmental Muta
gen Society (EMS) contacted in this study did not 
identify need for collaborative testing of any of 
the short-term mutagenicity tests at the present 
time. They noted that the Ames test, the most 
used mutagenicity test, has been collaboratively 
tested (not by AOAC), and suggested that further 
experience with the protocols for the other tests 
would reveal those which may need further de
velopment and collaborative study. The newly 
formed ASTM Committee E47, Biological Effects 
and Environmental Fate, has contacted EMS re
garding its interest in standardization of methods 
in cooperation with ASTM, but no definitive 
response was given. We note that one of the 
critical issues in future directions of EMS listed 
in the spring issue of EMS Newsletter is "Should 
the Society endeavor to set testing standards or 
become involved in standardization of testing 
procedures?" We suggest that AOAC contact 
one or more members of the EMS Committee on 
Future Directions of the Society.

The Society of Toxicology indicated that it has 
a technical committee on methods and has con
ducted interlaboratory collaborative studies in

the past. No opinion was expressed regarding 
short-term mutagenicity tests or that the Society 
had special interest in them. The Society pres
ident requested that information on AOAC 
procedures for validation of methods be sent to 
him so the subject could be discussed at their 
Council meeting.

The American College of Toxicologists has no 
committee on methods and has not engaged in 
methods standardization. However, discussions 
with the Executive Director and a Council 
member indicated their interest in a presentation 
on AOAC procedures for validation of methods 
at the meeting of the Council.

Members of the American Society for Micro
biology (ASM) contacted thought that microbi
ologists concerned with food technology and 
food safety were familiar with AOAC methods. 
ASM has no ongoing activities in methods de
velopment but members of ASM have partici
pated in AOAC collaborative studies and, indeed, 
an ASM member had recently been appointed an 
AOAC referee. The Chairman-elect of the ASM 
Division of Food Microbiology suggested that 
AOAC submit a proposal for cooperation in 
validation studies, outlining the respective roles 
of the two organizations. In contrast, the opin
ion was expressed that clinical microbiologists 
were not ready for standardized methods and, in 
view of the rate that clinical microbiology is 
progressing, it is too early to engage in validation 
of methods.

Of 10 commercial laboratories specializing in 
food analyses that were contacted, a majority 
used Official Methods of Analysis as the primary 
source of chemical methods. However, a ma
jority also reported FDA Bacteriological Analytical 
Manual as the major source of microbiological 
methods. FDA Pesticide Analytical Manual and 
EPA methods were reported as the major sources 
of pesticide methods. Other microbiological 
methods used included those published by the 
American Public Health Association. The most 
important factors in the selection of methods 
were availability in a source recognized as stan
dard and, in regulatory compliance testing, ac
ceptance by the city, state, or federal agency in
volved. Validation by collaborative testing was 
a secondary consideration. No difficulties 
arising from disagreements of results among 
laboratories were reported from the use of non- 
validated methods or those developed by pro
cedures other than AOAC protocols.

The results of this survey indicate that the 
AOAC Official Methods of Analysis is unique 
among standard sources of chemical methods for
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food analyses as contrasted to microbiological 
methods, where there are several, competing 
sources. AO AC should recognize this advantage 
and continue the addition of chemical methods 
to maintain its pre-eminent position.

A majority of the commercial toxicology lab
oratories contacted favored the eventual stan
dardization of methods for short-term mutage
nicity tests. However, at least two considered 
guidelines allowing some flexibility in proce
dures to be adequate. Protocols described in the 
reports of the Gene-Tox program work groups 
tend to be followed and it appears that these 
protocols as modified and published by the Of
fice of Toxic Substances, EPA, will be accepted by 
most commercial laboratories. Need was ex
pressed, however, for protocols adapted to gases 
and complex mixtures such as food products as 
contrasted to pure chemicals for which present 
protocols were developed.

Little support was apparent in our contacts 
with commercial toxicology laboratories for 
collaborative studies of the short-term mutage
nicity tests although it was suggested that further 
experience may indicate need for such studies for 
some of the tests.

The Food Safety and Inspection Service (FSIS), 
USDA, is conducting an extensive program in 
the development of new and improved analytical 
methods for residues in meat and poultry. They 
find it difficult to obtain volunteer laboratories 
to participate in collaborative validation studies. 
To meet this problem, collaborative studies are 
currently being conducted internally by 3 labo
ratories of FSIS and FDA. If the samples ana
lyzed are stable, they propose to store them in 
anticipation of obtaining services of 2 additional 
laboratories for analysis of the samples at some 
future date. FSIS is also considering offering 
contracts to 2 additional laboratories as a means 
of obtaining the minimum 5 laboratories re
quired by AOAC to qualify for an AOAC col
laborative test. AOAC may wish to consider 
serving as a contractor on such studies for agen
cies such as FSIS.

A possible source of collaborators on analytical 
methods for tissue residues of animal drugs 
would appear to be the veterinary science field. 
It is suggested that the subject be discussed with 
AO AC's new referee for veterinary toxicology.

A new research area requiring the develop
ment of more reliable analytical methods that 
should be considered by AOAC is that on acid 
rain, its sources and control. This was brought 
to our attention by a Request for Proposal, 
"Natural sources of compounds that contribute

to acid precipitation" NOAA 55-82, issued by the 
National Oceanic and Atmospheric Adminis
tration, July 19, 1982. Task 1 in the RFP is the 
comparison of techniques to measure natural 
emissions of sulfur compounds. The specific 
objective is to compare the sampling design and 
analytical approaches of different techniques to 
estimate sulfur gas emissions and to eliminate 
any systematic errors in sampling or analysis. 
The RFP also points out the need to develop 
methods to detect emissions of nitrogen com
pounds and assess their reliability. It would 
appear that development of analytical methods 
will be an ongoing activity in research on acid 
rain for several years and that there may be op
portunity for the application of AOAC proce
dures for assessing the reliability of these 
methods.

The foregoing discussion has summarized 
information from contacts made by LSRO related 
to opportunities for AOAC in its traditional ac
tivities in the development and publication of 
validated methods of analysis. A logical exten
sion of these activities is AOAC sponsorship of 
educational short courses dealing with analytical 
methodology. Several professional societies 
now sponsor short courses. The American 
Chemical Society, Institute of Food Technolo
gists, and the American Oil Chemists Society, for 
example, schedule one or more short courses to 
meet on the days immediately preceding the 
annual meeting of the society. Duration of the 
course, depending on the subject matter, may be 
one to three days. Subject matter experts are 
recruited to give the lectures and may vary in 
number from two for a one-day course to 10 or 12 
for a three-day course. Tuition may vary from 
about $250 to $500 or more.

Subject matter areas for short course sponsor
ship would be those in which AOAC has General 
Referees. Some timely subjects selected from 
these might be analytical methodology for de
termination of mycotoxins, nitrosamines, dietary 
fiber, or water contaminants. Although AO AC's 
participation in these subjects has been mainly 
that of methods development, the scope of the 
short courses could be much broader and, indeed, 
in many cases should be to educate the analytical 
chemists on other aspects of the subject (e.g., 
biochemistry, toxicology, physiology) and vice 
versa.

To avail itself of opportunities in new areas 
and to stimulate activities in traditional areas, 
AOAC will need to provide additional profes
sional staff support. For example, our contacts 
in the toxicology field indicate that securing the
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interest and cooperation of scientists and so
cieties in methods development and validation 
will require effective liaison on the part of AO AC 
in order to keep abreast of methods research and 
to compete with other organizations whose 
principal interest is standardization of methods. 
Entering into contracts or cooperative agree
ments with government agencies for the super
vision of collaborative studies of analytical 
methods also will require considerable work on 
the part of the AOAC staff. A successful pro

gram of short courses will require selecting 
timely subjects, obtaining speakers, and making 
other necessary arrangements. Possible sources 
of professional support are the services of AOAC 
members spending their sabbatical period at 
AOAC headquarters, and the part-time em
ployment of retired AOAC members. However, 
an adequate number of full-time employees 
would need to be maintained to give continuity 
to each of the programs.

R eport o f the Long-Range P lann ing  C om m ittee

H. MICHAEL WEHR, Chairman
Oregon Department of Agriculture, Salem, OR 97310

Other members: C. Andres, F. J. Baur, G. H. Boone, W. Cobb, W. Furman,
F. M. Garfield, I. Hoffman, J. J. Karr, K. Kissler, A. Munson, H. L. Reynolds

The Committee met three times during the 
past year: March 4-5, 1982, July 8-9, 1982, Oc
tober 25-26,1982.

The Committee is charged with providing 
recommendations to the Board of Directors re
garding future directions of the Association and 
ways to improve the functioning of AOAC. 
During the past year, the Committee concen
trated its efforts in two broad areas: (1) a com
prehensive review of the membership area, car
ried out in response to a request from AOAC 
President J. P. Minyard; and (2) discussions with 
representatives of several federal agencies and 
industry as to how best to serve their respective 
needs over the next 2-5 years.

M e m b e r s h i p  R e v ie w

The Committee was asked to provide recom
mendations in the following areas: (1) What 
kind of an association should the AOAC be? (2) 
Who should be members of the association? (3) 
What types of categories of memberships should 
there be? (4) Should there be qualifications for 
membership and, if so, what? (5) What should 
benefits of membership be? (6) What goals 
should be set for AOAC membership; how 
should members be recruited, and what means 
should be used to obtain information on member 
resources?

Recommendations of the Committee to the 
Board of Directors included the following:

(1) AOAC should be an open scientific society 
serving regulatory, research, academia, in
dustry, private laboratories, etc., in the broad 
areas of agriculture, public health, and the 
environment. AOAC should provide offi
cial scientific methods of analysis, method 
validation procedures, exchange of scientific 
ideas and knowledge, and other related ac
tivities on an international basis.

(2) Apart from honorary, emeritus, and student 
memberships, there should be only one 
general active individual membership cate
gory applicable to all individuals, irrespec
tive of employment. The only criterion for 
membership should be an interest in method 
development. There should be no educa
tional degree requirements for membership 
in AOAC.

(3) Membership types should include individual 
memberships, as noted in (2) above, and in
stitutional membership. Such institutional 
membership should provide for membership 
of all organizational types—governmental, 
educational, and private.

(4) Benefits of individual membership should 
include receipt of The Referee, mailings of 
announcements, lower fee for the annual 
meeting on a preregistration basis, discounts 
on several workshops and training courses, 
membership directory.

(5) Individual membership dues should be set
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at $25 per year, an approximate break-even 
point for the Association; Associate and 
General Referees may have their dues 
waived by written request.

(6) Private sustaining members should receive 
the following benefits: certificate of mem
bership, two individual memberships with
out charge, receipt of The Referee, member
ship directory, problem-solving service, an
nual meeting preregistration at reduced 
price.

(7) Recommendations on benefits of state, fed
eral, and nonprofit institutional benefits will 
be forthcoming.

F u t u r e  D ire c t io n s

The Committee met with representatives of 
four federal agencies to discuss ways in which 
AO AC can provide assistance over the interme
diate- to long-term future. The Committee met 
with representatives of the following organiza
tions:
(1) Food and Drug Administration, including 

representatives from the Bureau of Foods, 
EDRO, Medical Devices and Diagnostic 
Products Group, Bureau of Veterinary Med
icine, Biologies Group, and Drug Group.

(2) U.S. Department of Agriculture, including 
representatives from the Food Safety In
spection Service—Science (also including 
representatives of USDA—FSIS Poultry 
Grading Branch) and Agricultural Research 
Service.

(3) Representatives of the Environmental Pro
tection Agency, including representatives 
from the Office of Pesticide Programs, Office 
of Toxic Substances, Drinking Water Pro
gram, and Solid Waste Program.

The committee additionally held one meeting 
with representatives of several private firms.

Specific points of discussion included the 
following:
(1) How are analytical methods developed and 

validated by your organization? What is 
your organization's attitude toward method 
validation to interlaboratory variability?

(2) What is the current relationship and in

volvement of your organization with AO AC? 
How do you and your scientific staff feel 
about participating in AOAC? How can 
participation in AOAC be strengthened?

(3) Are there analytical areas not now repre
sented within AOAC that should be a part of 
its official methods area that would benefit 
your organization?

(4) Are there areas of service of benefit to your 
organization other than methods validation 
that AOAC is not currently involved in but 
which could be of benefit to you? What 
areas other than methods validation are you 
now in that AOAC can assist with?

(5) What is your attitude towards increasing 
participation by industry?

(6) What are changes that should be made in 
todays general operation of the Associa
tion?

(7) What specific methods needs do you now 
have? What areas can you work in now?

(8) What future services or demands will be 
placed on your organization in which AOAC 
can assist in responding?

(9) How can commitment by your agency to 
participation in AOAC activities be in
creased? On what levels does decision 
making for participation in AOAC occur? 
How do we get into your planning cycle?

Details of these various meetings are available 
on request.

O t h e r  It e m s

Liaison Activities: Following approval by the 
Board of Directors of a Long-Range Planning 
Committee proposal to strengthen and develop 
liaison activities, the Committee has pursued 
discussion with other technical societies, trade 
associations, and other appropriate organizations 
to identify those organizations who may have an 
interest in developing a liaison with the Associ
ation. Several specific organizations have been 
contacted with the liaisons identified. Efforts 
will continue in this area during the upcoming 
year.

Accepted
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R eport o f the Jo in t A O A C -A O C S -A A C C -IU P A C  M yco to x in  
C om m ittee

PETER SCOTT, Chairman
Food Research Division, Health Protection Branch, Ottawa, Ontario, Canada K1A OL2

Other members: D. L. Park, J. Wessel (AOAC); T. Romer, O. Shotwell, L. Stoloff 
(AACC); L. Goldblatt, R. Stubblefield, A. Waltking (AOCS); A. Pohland (IUPAC)

The Joint Mycotoxin Committee met October 
28,1982, in Washington, DC, to discuss the cur
rent situation with respect to mycotoxins and to 
encourage and support future activities. The 
deliberations were initiated with a discussion of 
the activities of counterpart panels within AOCS, 
AACC, and IUPAC and the report by the AO AC 
General Referee for Mycotoxins, Leonard Stoloff. 
The panel then turned its attention to other 
matters relating to mycotoxins occurring during 
the past year. Of special note were the FDA 
decision to raise the action level for aflatoxin in 
cottonseed meal used in animal feed (beef cattle, 
swine, and poultry) from 20 to 300 ppb (Fed. 
Regist. 47(147), 33007-33008 (July 30,1982)); and 
the issuance of an advisory opinion by FDA set
ting a level of concern for vomitoxin at 2 ppm for 
wheat entering the milling process, 1 ppm for 
finished wheat products for human consump
tion, and 4 ppm for wheat and wheat-milling 
by-products intended for use in animal feeds 
(beef cattle, swine, poultry, pet foods).

The major area of interest was vomitoxin 
(deoxynivalenol, DON) and special presentations 
were made by G. Bennett (USDA/NRRC), W. 
Davidson (SCIEX, Canada), T. Romer (Romer 
Labs), R. Eppley (FDA), J. Routh (Hazleton Ral- 
tech), P. Scott (Health and Welfare, Canada), O. 
Shotwell (USDA/NRRC), and F. S. Chu (Food 
Research Inst.). All facets of vomitoxin meth

odology were covered, as well as the result of a 
variety of surveys conducted during the past 
year.

Also discussed were a number of collaborative 
studies; anyone wishing to participate in these 
studies should contact the project directors or 
AOAC. The following studies are planned: 
Aflatoxin Check Sample Program (M. Friesen, 
IARC); Aflatoxin Confirmation by MS (D. Park, 
FDA); Ochratoxin A Residues in Tissues (S. 
Nesheim, FDA); DON by GLC/EC and DON 
Screening Procedure (R. Eppley, FDA); Penicillic 
Acid by HPLC (C. Thorpe, FDA); Zearalenone (G. 
Bennett, USDA/NRRC); and Aflatoxin Mi (R. 
Stubblefield, USDA/NRRC).

Finally, information was received on the fol
lowing mycotoxin symposia planned for 1983: 
International Mycotoxin Conference I, Cairo, 
Egypt, 3/19—24/83; AOAC Spring Training 
Workshop, Indianapolis, IN, 4/19—21 / 83; Gordon 
Research Conference: Trichothecenes, Plym
outh, NH, 6/13-17/83; AOAC Midwest Regional 
Meeting: Mycotoxin Symposium, Ames, IA,
6/14-15/83; American Phytopathological Soci
ety: Mycotoxicology Symposium, Ames, IA,
6/26-30/83 ; Third International Mycological 
Congress and UJNR: Mycotoxin-Producing
Fungi and Their Toxins, Tokyo, Japan, 8/28- 
9/3/83.

R eport o f the C om m ittee on Safety

EDWARD H. LOSIEWICZ, Chairman
Food and Drug Administration, 5600 Fishers Lane, Rockville, M D  20857

Other members: D. Arnold, R. Bianchi, R. Hall, J. C. Kissinger, F. Lundgren, R. J. Noel, 
and T. Tomczak

The Committee reviewed the request submit- Iodine in Animal Feed," and recommended that 
ted to the AOAC regarding a safety problem the General Referees for Feeds; Fertilizers; Plants; 
encountered with method 7.115, "Analysis of Tobacco; Reference Materials and Standard So-
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lutions modify method 7.115 to include the ad
ditional step of drying the sample on the steam 
bath to remove the bulk of the organic solvent 
before placing it in the 100° oven prior to igni
tion in the furnace.

The Committee discussed the use of precau
tionary statements associated with methods and 
recommended that the General Referees inform 
the Associate Referees to include cautionary

words when writing the analytical procedure, 
e .g .,. . . place in explosion-proof blender . . .  in
stead of blender when appropriate to eliminate 
the use of too many cautionary references with 
a method.

The Committee is in the process of updating 
the precautions and references in Chapter 51.

Accepted

R eport o f the C om m ittee on Symposia and Special Programs

WARREN R. BONTOYAN, Chairman
Environmental Protection Agency, Office of Pesticide Programs, Beltsville, M D 20705

Other members: F. J. Carleton, J. B. Cherry, D. E. Coffin, N. Hardin, C. Gehrke,
B. M. McMahon, H. Morris, A. Pohland, D. Stalling

The Committee had its first meeting in Octo
ber 1981. Attending were Warren R. Bontoyan, 
Frederick J. Carleton, Bernadette McMahon, 
Albert Pohland, David B. MacLean, and George 
Schwartzman. MacLean and Schwartzman were 
present as advisors. Warren Bontoyan decided 
during the course of the year to enlarge the 
Committee to accommodate additional respon
sibility with respect to the 1984 Centennial In
ternational Meeting.

The Committee recommended a number of 
symposia topics for the October 1982 Interna
tional Meeting. The topics accepted were the 
results of a questionnaire sent to state, federal, 
and industry participants who are active in or 
aware of the AOAC program. The 96th meeting 
included five symposia:

Topic

Advances in 
Nitrosamine 
Analysis 

Impact and 
Directions of Good 
Laboratory 
Practices

Chemical Analysis of 
Drinking Water 
Trace
Contaminants

Chairperson

Nisu P. Sen 
Health and 
Welfare Canada

Carl Schulz 
Clement 
Associates

Irwin H. Pomerantz 
Environmental 
Protection 
Agency

Topic Chairperson

Detection of 
Deliberate 
Adulteration in 
Foods

Water Activity 
Methods of 
Analysis of Foods

Mycotoxin
Symposium

Martha Rhodes 
Florida Dept of 
Agriculture 
and Consumer 
Services

Melvin Johnston 
Food and Drug 
Administration 

Theodore Labuza 
University of 
Minnesota 

Leonard Stoloff 
Food and Drug 
Administration

W. R. Bontoyan is also a member of the Cen
tennial Committee and is liaison for the two 
committees. He has met four times with the 
Centennial Committee which has charged the 
Committee on Symposia and Special Projects to 
arrange the 1984 Centennial Symposia. Sug
gested topics are: new types of biological tests 
for predicting human hazards; correlation of 
biological tests with potency and efficacy of 
drugs and nutrients; correlation of in vivo and 
in vitro tests to predict human hazards and po
tency and efficacy; quality assurance topics such 
as initiating program improvements in opera
tion, and quality control charts; contribution of
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the biological sciences to AOAC methodology; 
nondestruction testing methods; direct analysis 
method (elimination of lengthy and complicated 
cleanups).

The Committee will announce the use of a 
poster session for all Associate Referee reports 
through a story in The Referee.

The Committee will investigate whether the 
industry series (Technicon, Kontes, etc.) and the 
evening programs (state meeting, referee topics, 
etc.) can be held during the day with industry 
functions conducted as strictly social affairs in 
the evening as an alternative to the hospitality 
suites. The Committee will also consider re
instituting the wine-tasting session, or sched
uling a party sponsored by industry as an alter
native to the individual hospitality suites.

A subcommittee will arrange program aspects 
with the banquet and help organize an elegant 
Sunday reception for the international groups 
(IUPAC, CIPAC, etc.) whose meetings will be 
part of the 1984 Centennial International 
Meeting.

On October 27,1982, the Committee met and 
decided the following with respect to the 1984 
fall Centennial meeting:

(1) It will endeavor to obtain eminent scien
tists in the area of analytical science to give 
the principal addresses at an afternoon 
plenary session.

(2) All collaborative studies and Referee re
ports shall be presented as posters.

(3) Beginning in 1983, all presentation ab
stracts (Referee reports, contributed pa
pers, collaborative studies, etc.) shall be 
submitted to the Association by June 1.

(4) For the 1984 October meeting, contributed 
papers will be reviewed and selected for 
presentation by the General Referee or the 
appropriate committee concerned with the 
topic.

(5) In 1983, the Committee will meet on the 
days preceding the Board of Directors' 
meetings.

(6) The Committee will submit jointly with 
the Centennial Committee a proposed 
joint budget to the Board of Directors in 
January 1983 for planning and imple
menting the necessary arrangements for 
the 1984 fall Centennial Meeting.

Accepted

R eport o f the Ways and Means C om m ittee

STANLEY KATZ, Chairman
Rutgers University— Cook College, New Brunswick, N J 08903

Other members: R. Blinn, J. Bourke, W. P. Cochrane, C. Gehrke, J. Goleb, M. Malina, 
L. Perlman, W. Phillips, M. Ready

The Committee reviewed the charge of the 
Board of Directors concerning planning for a 
fund raising effort to increase the principal of the 
Wiley Fund to a level of $50,000-$200,000 and 
offers the following strategies to accomplish the 
charge. The recommendations have a connec
tion both with the forthcoming Centennial and 
with the overall financial base of AOAC.

(1) The Committee suggests the appointment 
of a full-time AOAC employee whose function 
would be fund raising. This individual would 
be charged with the task of presenting, to a select, 
relatively small number of industrial organiza
tions, the AOAC story, the concept of the Wiley 
Award, and the concept of an exclusive endow
ment bearing the contributor(s) name(s). The

concept is similar to the endowment of a titled 
chair at major universities. As with an endowed 
chair, the funders' name(s) will be tied, inexo
rably, to the Wiley Fund. It is believed that the 
exclusiveness of the contributor(s) could be a 
strong factor in the success of the solicitation.

(2) The aforementioned individual also would 
be charged with expanding the rolls of sustain
ing members through an organized and con
certed effort. It is suggested that increased 
contributions be solicited from each sustaining 
member. To prevent the erosion of smaller 
contributions, a tier of contributions should be 
developed based on the level of funding. The 
Committee believes that the concept of using the 
Centennial as a focal point for increased future
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funding would be a viable approach. Increased 
funding from an expanded base could be used for 
Centennial activities as well as the future.

(3) The members of the Ways and Means 
Committee can act as a resource to the individual 
charged with fund raising but the prime re
sponsibility must rest in that individual's 
hands.

Other areas that can be explored as sources of 
continuing revenue are through the offering of 
professional advancement courses/seminars in 
areas such as: (I) expert witness training; (2) 
statistics; (3) quality assurance/quality control;
(4) laboratory safety; (5) disposal of hazardous 
wastes; (6) advanced instrumental techniques; (7) 
toxicology. In addition to the revenue .from the 
courses, additional revenue could be earned from

the sale of video tape of the courses. It is envi
sioned that such courses could be given in con
junction with the Annual International Meeting 
and the Spring Workshop. Courses would be 
given and tapes would be sold over a three-year 
cycle, allowing for state of the art/science 
changes.

Although no consensus was achieved, the 
Committee felt that a review of the relationship 
between dues and Journal subscriptions should 
be made to see if a suitable package could be de
veloped which could expand the sale of the 
Journal. Similarly, the concept of an expanded 
Referee with timely scientific articles, news items, 
and advertising to help defray costs, should be 
explored.

Accepted
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Health and Welfare Canada: D. Earle Coffin (Health and Welfare Canada, Tunney's Pasture, Ottawa,
Ontario, Canada K1A 0L2)

Institute of Food Technologists: Michael Wehr (State Department of Agriculture, 635 Capital St, NE, Salem, 
OR 93710)

International Association for Cereal Chemistry: Helmet Glattes (International Association for Cereal
Chemistry, Schmidgasse 3-7, A-2320 Schwechat, Austria)

Cereal Foods: Doris A. Baker (U.S. Department of Agriculture, Beltsville, MD 20705)

Determination of Vitamins: Mike J. Deutsch (Food and Drug Administration, Washington, DC 20204) 

International Committee on Microbiological Specifications

International Dairy Federation: Robert W. Weik (Food and Drug Administration, Washington, DC 20204)

International Organization for Standardization (ISO): William Horwitz (Food and Drug Administration, 
Washington, DC 20204), Liaison Coordinator; Kathleen M. Fominaya (AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209), Correspondence Coordinator

Animal and Vegetable Fats and Oils (ISO/TC 34/SC 11): Robert G. Manning (SCM, Glidden Durkee Division, 
16651 Sprague Rd, Strongsville, OH 44136)

Animal Feeding Stuffs (ISO/TC 34/SC 10): Donald Burdick (U.S. Department of Agriculture, Field Crop 
Utilization and Marketing, Box 5677, Athens, GA 30604)

Cereals and Pulses (ISO/TC 34/SC 4): Raymond Tarleton (American Association of Cereal Chemists, 3340 
Pilot Knob Rd, St. Paul, MN 55121)

Cocoa (ISO/TC 34/WG 4): Robert A. Martin (Hershey Food Corp., 1025 Reese Ave, Hershey, PA
17033)

Coffee (ISO/TC 34/SC 15): George E. Boecklin (National Coffee Association of USA, 120 Wall St, New York, 
NY 10005)

Crude Fiber (ISO/TC 34/WG 3): David O. Holst (University of Missouri, Food Science and Nutrition, 
Columbia, MO 65211)

Derived Products of Fruits and Vegetables (ISO/TC 34/SC 3): Edgar R. Elkins (National Food Processors 
Association, Chemistry Division, 1133 20th St, NW, Washington, DC 20036)

Dried Fruits and Vegetables (ISO/TC 34/SC 13): Frank Mosehard (DFA of California, Box 270-A, Santa 
Clara, CA 95052)



Fertilizers and Soil Conditioners (ISO/TC 134): Robert C. Rund (Purdue University, West Lafayette, IN 
47907); Frank J. Johnson (Tennessee Valley Authority, Muscle Shoals, AL 35660), Alternate

Fresh Fruits and Vegetables (ISO/TC 34/SC 14): Bernard J. Immlng (United Fresh Fruit and Vegetable 
Assn, 727 N Washington St, Alexandria, VA 22317)

Meat and Meat Products (ISO/TC 34/SC 6):

Microbiology (ISO/TC 34/SC 9): R. B. Read (Food and Drug Administration, Washington, DC 20204)

Milk and Milk Products (ISO/TC 34/SC 5): Robert W. Weik (Food and Drug Administration, Washington, 
DC 20204)

Oleaginous Seeds and Fruits (ISO/TC 34/SC 2): Gary R. List (U.S. Department of Agriculture, Science 
and Education Administration, Northern Regional Research Center, Peoria, IL 61606)

Sensory Analysis (ISO/TC 34/SC 12): Patricia Prell (U.S. Army Natick R&D Command, Natick. MA
01760)

Spices and Condiments (ISO/TC 34/SC 7): Thomas F. Barnes (American Spice Trade Association, Engle
wood Cliffs, NJ 07632)

Tea (ISO/TC 34/SC 8): Theresa K. Kukla (Tea Association of the USA, 230 Park Ave, New York, NY 
10017)

Water Quality (ISO/TC 147): Theodore 0. Meiggs (Environmental Protection Agency, Denver Federal 
Center, Denver, CO 80225)

International Union of Pure and Applied Chemistry: Philip C. Kearney (U.S. Department of Agriculture,
Beltsville, MD 20705)

Office International du Cacao et du Chocolat: Emile Toebosch (OICC, 172 Ave de Cortenberg, B1040, Brussels, 
Belgium)

Intersociety Committee on Manual of Methods for Air Sampling and Analysis: Bernard E. Saltzman (Kettering 
Laboratory, University of Cincinnati, Eden and Bethesda Aves, Cincinnati, OFI 45267)

Subcommittee 1, Sulfur: F. P. ScaringeJi (Environmental Protection Agency, Division of Atmospheric 
Surveillance, Research Triangle Park, NC 27709)

Subcommittee 2, Halogens

Subcommittee 3, Oxidants and Nitrogen: E. L. Kothny (California Air and Industrial Flygiene Laboratory, 
California State Department of Health, 2151 Berkeley Way, Berkeley, CA 94704)

Subcommittee 4, Carbon: M. Feldstein (Bay Area Pollution Control District, 939 Ellis St, San Francisco, 
CA 94109)

Subcommittee 5, Hydrocarbons: J. L. Monkman (2275 Georgina Dr, Ottawa, Ontario, Canada K2B 
7M2)

Subcommittee 6, Metals: R. J. Thompson (Environmental Protection Agency, Technical Services, Research 
Triangle Park, NC 27711)

Subcommittee 8, Radioactivity

Subcommittee 9, Laboratory Techniques and Precautions: J. N. Pattlson (University of Cincinnati, Envi
ronmental Engineering, Cincinnati, OH 45221)

Subcommittee 10, Particulates: Howard E. Ayer (University of Cincinnati, Kettering Laboratory, Eden 
and Bethesda Aves, Cincinnati, OH 45267)

Subcommittee 11, Source Sampling Techniques

Subcommittee 12, Standardization Coordination

Pesticides Analysis Committee of the Ministry of Agriculture in the United Kingdom:

Dithiocarbamates Panel:

Emulsifiability Panel: Keith G. Seymour (Dow Chemical Co., Agricultural Research Department, Midland, 
Ml 48640)
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Gas Chromatography Panel: Warren R. Bontoyan

Joint Dimethoate Residues Panel: Robert W. Storherr (Environmental Protection Agency, Beltsville, MD 
20705)

Monuron and Diuron Panel: Howard Hammond (State Laboratories Department, North Dakota State 
Department of Agriculture, Bismarck, ND 58505)

Pharmaceutical Manufacturers Association Quality Control Vitamin E Committee: Alan J. Sheppard (Food 
and Drug Administration, Washington, DC 20204)

United States Pharmacopeial Convention: James B. Kottemann (Food and Drug Administration, Washington, 
DC 20204), Delegate

COMMITTEE A
Alan R. Hanks (Purdue University, Office of the 
State Chemist, West Lafayette, IN 47907), Chair
man-, A. Aner Carlstrom (Chevron Chemical Co., 
940 Hensley St, Richmond, CA 94804); Warren 
R. Bontoyan (Environmental Protection Agency, 
Office of Pesticide Programs, Beltsville, MD 
20705); Frank J. Johnson (TVA/National Fertiliz
er Development Center, Muscle Shoals, AL 
35660); Louis W. Ferarra (IMC Corp., 1401 S 3rd 
St, Terre Haute, IN 47808); Mary Maud Sharpe 
(State Department of Agriculture and Consumer 
Services, Feed Laboratory, Tallahassee, FL 
32301); Richard H. Collier (Purdue University, 
Department of Biochemistry, West Lafayette, IN 
47907), Secretary, Edwin M. Glocker (14647 
Roxbury Rd, Glenelg, MD 21737), Statistical Con
sultant

FEEDS_____________________________________
Referee: Clyde E. Jones, State Department of 
Agriculture, 2331 W 31st Ave, Denver, CO 80211

Amino Acid Analysis in Mixed Feeds
Wayne Stockland, Supersweet Research Farm, 
Box 117, Courtland, MN 56021

Fat, Crude, in Pet Foods

Fiber, Crude
David O. Holst, University of Missouri, Food 
Science and Nutrition, Columbia, MO 65211

Fiber, Crude, in Milk Replacers
J. G. Pierce, Pierce Consulting Service, 713 NW 
Westwood, Ankeny, IA 50021

Infrared Reflectance Techniques In Mixed Foods

Iodine
Stuart Meridian, West Agro-Chemical, Inc., PO 
Box 1386, Shawnee Mission, KS 66222

Minerals
Dianne Gehrke, Manchester Labs, PO Box 65, 
Manchester, IA 52057

Non-Nutritive Residues
Peter J. Van Soest, Cornell University, Depart
ment of Animal Science, Ithaca, NY 14850

Protein, Crude
Peter F. Kane, Purdue University, Department of 
Biochemistry, West Lafayette, IN 47907

Sampling and Sample Preparation
Valva C. Midkiff, University of Kentucky, Kentucky 
Experimental Station, Lexington, KY 40506

Water by Karl Fischer Method
David Wallace, Department of Agriculture, 
Weights and Measurements, 3125 Wyandot, Den
ver, CO 80211

FERTILIZERS________________________________
Referee: Robert C. Rund, Purdue University, De
partment of Biochemistry, West Lafayette, IN 
47907

Biuret in Urea and Mixed Fertilizers
Luis F. Corominas, Fertilizantes Mexicanos SA, 
Piso 06760, Mexico 7 DF, Mexico

Boron
James R. Melton, Texas A&M University, Agricul
tural Analytical Services, College Station, TX 
77843

Free and Total Water
Russell D. Duncan, Tennessee Valley Authority, 
National Fertilizer Development Center, Muscle 
Shoals, AL 35660

Iron
James Silkey, Oregon Department of Agriculture, 
Laboratory Services Division, Salem, OR 97310

Molybdenum

Nitrogen
Paul R. Rexroad, University of Missouri, Experi-
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merit Station Chemical Laboratories, Columbia, 
MO 65201

Phosphorus
Frank J. Johnson, Tennessee Valley Authority, 
National Fertilizer Development Center, Muscle 
Shoals, AL 35660

Potash
Peter F. Kane, Purdue University, Department of 
Biochemistry, West Lafayette, IN 47907

Sampling and Preparation of Sample
Douglas Caine, Estech General Chemicals Corp., 
30 N LaSalle St, Chicago, IL 60602

Slow-release Mixed Fertilizers
Stanley E. Katz, Rutgers University, Cook College, 
Department of Biochemistry and Microbiology, 
New Brunswick, NJ 08903

Sodium
Luis F. Corominas

Soil and Plant Amendment Ingredients
Clyde E. Jones, Colorado Department of Agricul
ture, 2331 W 31st Ave, Denver, CO 80211

Sulfur
Virginia A. Thorpe, Michigan Department of Agri
culture, Laboratory Division, 1615 S Flarrison Rd, 
East Lansing, Ml 48823

Water-Soluble Methylene Ureas
Allan Davidson, OM Scott & Sons, Co., Marysville, 
OH 43041

Zinc
Mary L. Hasselberger, Department of Agriculture, 
Laboratory Division, 3703 S 14th St, Lincoln, NE 
68502

HAZARDOUS SUBSTANCES___________________
Referee: Dean Hill, Environmental Protection
Agency, NEIC, Box 27225, Denver Federal Cen
ter, Denver, CO 80225

Ammonia as a Product Ingredient

Benzene in Consumer Products
Wayne G. Warner, Food and Drug Administration, 
Division of Toxicology, Washington, DC 20204

Carbolic Acid (Phenolic) Compounds

Flash Point of Solids and Semisolids

Formaldehyde

Hazardous Components in Resin Systems

Pentachlorophenol in Toy Paints
Hans E. A. M. Van Langeveld, Food Inspection Ser
vices, Florijrnuwe 111, Maastricht, The Nether
lands

Petroleum Distillates in Mixtures

Selenium

Toxic Metals In Paints
Warren K. Porter, Jr, Consumer Product Safety 
Commission, 200 C St, SW, Washington, DC 
20204

Turpentine

Viscosity of Liquids

PESTICIDE FORMULATIONS: CARBAMATE
AND SUBSTITUTED UREA INSECTICIDES_______

Referee: Paul Jung, Environmental Protection
Agency, Chemical Laboratory, Beltsville, MD 
20705

Aldicarb
William H. McDermott, Union Carbide Corp., Agri
cultural Products Division, Box 12014, Research 
Triangle Park, NC 27709

Aminocarb
Steven C. Slahck, Mobay Chemical Corp., Agricul
tural Chemicals Division, Box 4913, Kansas City, 
MO 64120

Carbaryl
William H. McDermott

Carbofuran and Carbosulfan
E. J. Kikta, FMC Corp., Niagara Chemical Division, 
100 Niagara St, Middleport, NY 14105

2,2-Dimethyl-l,3-benzodioxol-4-yl 
Methylcarbamate (Bendiocarb®)
Peter L. Carter, Fisons, Ltd, Agrochemical Divi
sion, Hauxton, Cambridge, CB2 5HU, UKChlorinated Hydrocarbons

Diethylene Glycol and Ethylene Glycol

Flammable Substances in Pressurized 
Containers

o-lsopropoxyphenyl Methylcarbamate 
(Propoxur®)
Steven C. Slahck

4-(Methylthio)-3,5-xylyl Methylcarbamate 
(Methiocarb)
Steven C. Slahck
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Methomyl
James E. Conaway, Jr, E. I. du Pont de Nemours & 
Co., Biochemicals Division, Wilmington, DE 
19898

Oxamyl
Glenn A. Sherwood, Jr, E. I. du Pont de Nemours & 
Co., Biochemicals Department, Experiment Sta
tion, Wilmington, DE 19898

Pirimicarb
Peter D. Bland, ICI Americas, Inc., Biological Re
search Center, Box 208, Goldsboro, NC 27530

PESTICIDE FORMULATIONS: FUNGICIDES AND
DISINFECTANTS_____________________________

Referee: Thomas Jensen, State Department of 
Agriculture, 3703 S 14th St, Lincoln, NE 68502

Benomyl
Wyatt Teubert, Purdue University, Department of 
Biochemistry, West Lafayette, IN 47907

Captan
A. Aner Carlstrom, Chevron Chemical Co., 940 
Hensley St, Richmond, CA 94804

Carboxin and Oxycarboxin
Milton Parkins, Sr, Uniroyal Chemical Co., Crop 
Protection Analytical Division, Naugatuck, CT 
06770

Chlorothalonil
Brian H. Korsch, Diamond Shamrock Co., PO Box 
348, Painesville, OH 44079

Copper Naphthenate

Dinocap

Dithiocarbamate Fungicides

Folpet

Pentachloronitrobenzene
Alan R. Hanks, Purdue University, Office of the 
State Chemist, West Lafayette, IN 47907

o-Phenylphenol

Triphenyltin

PESTICIDE FORMULATIONS: GENERAL
METHODS__________________________________

Referee: Paul D. Jung, Environmental Protection 
Agency, Office of Pesticide Programs, Beltsville, 
MD 20705

Atomic Absorption Spectroscopy
Paul D. Jung

Contaminants in Pesticide Formulations
Warren R. Bontoyan, Environmental Protection 
Agency, Office of Pesticide Programs, Beltsville, 
MD 20705

Dioxins (2,3,7,8-Tetrachlorodibenzo-p-dioxin in
2,4,5-T)
Ronald Thomas, Environmental Protection Agen
cy, Office of Pesticide Programs, Beltsville, MD 
20705

Nitrosamines
Dallas Wright, Jr, Environmental Protection Agen
cy. Chemistry Laboratory, Beltsville, MD 20705

Pesticides in Spray Tank Dispersions
Robert Speth, Department of Agriculture, 350 
Capitol Hill Ave, Box 11100, Reno, NV 89510

Physical Properties of Pesticides
Keith G. Seymour, Dow Chemical Co., Agricultural 
Research Department, Box 1706, Midland, Ml 
48640

Sampling
Lee C. Heinrichs, Ciba-Geigy Corp., Agricultural 
Division, PO Box 11422, Greensboro, NC 27409

Sampling of Pressurized Cans (Aerosols)

Volatility of Hormone-Type Herbicides
Spencer Duffy, Environmental Protection Agency, 
Beltsville, MD 20705

Water-Soluble Copper in Water-Insoluble Copper 
Fungicides

PESTICIDE FORMULATIONS: HALOGENATED
INSECTICIDES_______________________________

Referee: James Launer, State Department of 
Agriculture, Laboratory Services, 635 Capitol St, 
NE. Salem, OR 97310

Benzene Hexachloride and Lindane
Abram Davis, Hooker Chemical Co., Research and 
Development, Grand Island, NY 14072

Chlordane
John E. Forrette, Velsicol Chemical Corp., 341 E 
Ohio St, Chicago, IL 60611

Chlordimeform
Arthur H. Hofberg, Ciba-Geigy Corp., Analytical 
Chemistry Division, 410 Swing Rd, Greensboro, 
NC 27409

Dicofol
Alan M. Rothman, Rohm and Haas Co., Research 
Laboratories, 727 Norristown Rd, Spring House, 
PA 19477

Diflubenzuron
A. Van Rossum, Duphar BV, Box 4, 1243 ZG’S- 
Groveland, The Netherlands
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Endosulfan
Robert W. Watson, FMC Corp., Agricultural Chem
ical Division, 2501 Sunland Ave, Fresno, CA 
93717

Fenvalerate
R. D. Collins, Shell Development Co., PO Box 
4248, Modesto, CA 95352

Heptachlor
John E. Forrette

Methoxychlor
George E. Walser, E. I. du Pont de Nemours & Co., 
Biochemicals Department, Wilmington, DE 19898

Perthane
Michael Sabbann, Department of Agriculture, Di
vision of Laboratory Services, St Paul, MN 55107

Toxaphene
William H. Clark, Hercules, Inc., Analytical Divi
sion, Research Center, Wilmington, DE 19898

Trichlorfon (Dylox®)
Michael Sabbann

PESTICIDE FORMULATIONS: HERBICIDES I
Referee: Marshall Gentry, Florida Department of 
Agriculture and Consumer Services, Mayo Build
ing, Tallahassee, FL 32301

Chlorophenoxy Herbicides
Robert B. Grorud, North Dakota State Laborato
ries, Lock Box 937, Bismarck, ND 58501

Dicamba
John Forrette, Velsicol Chemical Corp., 341 E 
Ohio St, Chicago, IL 60611

Pentachlorophenol
Elmer H. Hayes, Environmental Protection Agen
cy, Chemistry Laboratory, Beltsville, MD 20705

Plant Growth Regulators
Richard K. Gard, Office of Indiana State Chemist, 
Purdue University, West Lafayette, IN 47907

2,3,6-Trichlorobenzoic Acid

PESTICIDE FORMULATIONS: HERBICIDES II
Referee: Laszlo Torma, State Department of Ag
riculture, Montana State University, Bozeman, 
MT 59715

Alanap
Pat Parkins, Uniroyal Chemical, Crop Protection 
Chemical Branch, Naugatuck, CT 06770

Bensulide
William Y. Ja, Stauffer Chemical Co., Richmond 
Research Center, 1200 S 47th St, Richmond, CA 
94804

Benzoylprop-Ethyl

Bromacil and Lenacil
Paul K. Tseng, E. I. du Pont de Nemours & Co., 
Biochemicals Dept., Wilmington, DE 19898

Chloroxuron
Arthur H. Hofberg, Ciba-Geigy Corp., Analytical 
Chemistry Division, 410 Swing Rd, Greensboro, 
NC 27409

Dimethyl Tetrachloroterephthalate
Brian Korsch, Diamond Shamrock Corp., PO Box 
348, Painesville, OH 44077

Dinoseb

Diuron
Glenn A. Sherwood, E. I. Dupont de Nemours, Bio
chemicals Department, Wilmington DE 19898

S-Ethyl Dipropylthiocarbamate

Fluchloralin, Profluralin, Benefin, Trifluralin, 
and Penoxalin
Roger Stringham, Purdue University, Department 
of Biochemistry, West Lafayette, IN 47907

Fluometuron
Arthur H. Hofberg

Linuron
Glenn A. Sherwood

Methazole
John Forrette

Monuron

Oryzalin

Paraquat, HPLC Analysis
Lynn Hageman, Montana Dept, of Agriculture, 
Montana State University, Bozeman, MT 59717

Siduron
Glenn A. Sherwood

Thiocarbamate Herbicides
William Y. Ja

PESTICIDE FORMULATIONS: HERBICIDES IIIBarban
John Forrette, Velsicol Chemical Co., 341 E Ohio 
St, Chicago, IL 60611

Referee: Thomas L. Jensen, State Department 
of Agriculture, 3703 S 14th St, Lincoln, NE 68502



OFFICERS AND COMMITTEES: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 2, 1983) 4 8 7

Alachlor, Butachlor, and Propachlor
L. A. Furrer, Monsanto Agricultural Products Co., 
800 N Lindburgh Blvd, St. Louis, MO 63166

Amitrol

Bentazone

Bromoxynil
Laurence J. Helfant, Amchem Products Inc., Agri
cultural Chemicals Laboratory, Ambler, PA 
19002

Cacodylic Acid

Cyanazine (Bladex®)

Dalapon
Timothy S. Stevens, Dow Chemical Co., Analytical 
Laboratories, Midland, Ml 48640

Dichlobenil
Edward E. Chapman, Thompson-Hayward Co., 
Box 2383, Kansas City, KS 66106

Disodium Methane Arsenate

Fiuazifop-butyl
Peter D. Bland, ICI Americas, Inc., Biological Re
search Center, Box 208, Goldsboro, NC 27530

Glyphosate (Isopropylamine Salt 
W-(Phosphoromethyl) Glycine)
Arnold J. Burns, Monsanto Agricultural Products 
Co., PO Box 174, Luling, LA 70070

Metolachlor
Arthur H. Hofberg, Ciba-Geigy Corp., Analytical 
Section, Box 18300, Greensboro, NC 27419

Metribuzin
William Betker, Mobay Chemical Co., Agricultural 
Chemicals Division, Box 4913, Kansas City, MO 
64120

Monosodium Methane Arsenate

Propanil
Delmas Pennington, Rohm and Haas, PO Box 591, 
Knoxville, TN 37901

Triazine Herbicides
Arthur H. Hofberg

PESTICIDE FORMULATIONS: INORGANIC
PESTICIDES_________________________________

Referee: Paul D. Jung, Environmental Protection 
Agency, Office of Pesticide Programs, Beltsville, 
MD 20705

Aluminum Phosphide
Donald Shaheen, Degesch America, Inc., Box 116, 
Weyers Cave, VA 24486

Sodium Chlorate

PESTICIDE FORMULATIONS: OTHER 
INSECTICIDES, SYNERGISTS, AND INSECT 
REPELLANTS________________________________

Referee: James Launer, State Department of 
Agriculture, Laboratory Services, Salem, OR 
97310

Allethrin
Dean Kassera, McLaughlin Gormley King Co., 
8810 Tenth Ave, Minneapolis, MN 55427

2,3:4,5-Bis(2-butylene)tetrahydro-2-furaldehyde 
(MGK 11®)
Vernon Meinen, McLaughlin Gormley King Co., 
8810 Tenth Ave, Minneapolis, MN 55427

Cypromethrin
Peter D. Bland, ICI Americas, Inc., Biological Re
search Center, Box 208, Goldsboro, NC 27530

Dipropyl Isocinchomeronate (MGK 326®)
Dave Carlson, McLaughlin Gormley King Co., 
8810 Tenth Ave, Minneapolis, MN 55427

Fumigants
Dean Yeaman, Dow Chemical Co., Analytical Lab
oratories, Pittsburg, CA 94565

Methyl Bromide

Nicotine
Spencer Carrigan, Department of Agriculture, 
University of Maryland, College Park, MD 20742

Permethrin
Hershel F. Morris, Louisiana Dept, of Agriculture, 
Box 16390-A, University Station, Baton Rouge, LA 
70893

Piperonyl Butoxide and Pyrethrins
Dean Kassera

Resmethrin
Mark Law, Environmental Protection Agency, 
TSD-Chemical & Biological Investigation, Belts
ville, MD 20705

Rotenone and Other Rotenoids
Rodney J. Bushway, University of Maine, Agricul
tural Experiment Station, Orono, ME 04469

PESTICIDE FORMULATIONS: OTHER 
ORGANOPHOSPHORUS INSECTICIDES__________

Referee: Marshall Gentry, Florida Department of 
Agriculture and Consumer Services, Division of 
Chemistry, Tallahassee, FL 32301
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Crotoxyphos
Wendy King, Florida Department of Agriculture & 
Consumer Services, Tallahassee, FL 32304

Crufomate (Ruelene)

Dichlorvos
Norman A. Epstein, Diamond Shamrock Corp., 
Box 813, Princeton, NJ 08540

Mevinphos
Harry 0. Holly, Asgrow Florida, Drawer D, Plant 
City, FL 33565

Monocrotophos
George Winstead, State Department of Agricul
ture, Pesticide Laboratory, Raleigh, NC 27611

Naled
A. Aner Carlstrom, Chevron Chemical Co., 940 
Hensley St, Richmond, CA 94804

Tetrachlorvinphos
Norman A. Epstein

PESTICIDE FORMULATIONS: RODENTICIDES 
AND MISCELLANEOUS PESTICIDES____________

Referee: Marshall Gentry, Florida Department of 
Agriculture and Consumer Services, Division of 
Chemistry, Tallahassee, FL 32301

Brodifacoum (Talon®)
Peter D. Bland, ICI Americas Inc., Biological Re
search Center, Box 208, Goldsboro, NC 27530

Chlorophacinone

Diphacinone
Violet M. Stephens, State Department of Agricul
ture, Division of Laboratory Services, 510 State 
Office Building, St. Paul, MN 55155

a-Naphthylthiourea

A/-3-Pyridyl-W'-p-Nltrophenyl Urea (Vacor®)

Strychnine

Warfarin
Elmer Hayes, Environmental Protection Agency, 
Chemistry Laboratory, Beltsville, MD 20705

PESTICIDE FORMULATIONS: 
ORGANOTHIOPHOSPHATE INSECTICIDES_______

Referee: Edwin R. Jackson, Mississippi State
Chemical Laboratory, Box CR, Mississippi State, 
MS 39762

Acephate
A. Aner Carlstrom, Chevron Chemical Co., 940 
Hensley St, Richmond, CA 94804

Azinphosmethyl
Charles J. Cohen, Mobay Chemical Corp., Box 
4913, Kansas City, MO 64120

Chlorpyrlphos
Norman E. Skelly, Dow Chemical Co., Building 
574,Midland, Ml 48640

Coumaphos
Linda Ruiz, Bayvet Division of Cutter Labs, Box 
390, Shawnee, KS 66201

Demeton

Demeton-S-Methyl

Diazinon
Arthur H. Hofberg, Ciba-Geigy Corp., Analytical 
Chemistry Division, 410 Swing Rd, Greensboro, 
NC 27409

Dimethoate
Richard S. Wayne, American Cyanamid Co., Agri
culture Division, Box 400, Princeton, NJ 08540

Dioxathion
William H. Clark, Hercules, Inc., Analytical Divi
sion, Wilmington, DE 19898

Disulfoton
Thomas L. Jensen, State Department of Agricul
ture, 3703 S. 14th St, Lincoln, NE 68502

Encapsulated Organophosphorus Pesticides
James J. Karr, Pennwalt Technological Center, 
900 First Ave, Box C, King of Prussia, PA 19406

EPN
John Forrette, Velsicol Chemical Corp., 341 E 
Ohio St, Chicago, IL 60611

Ethion
James Launer, State Department of Agriculture, 
Laboratory Services, 635 Capitol St, NE, Salem, 
OR 97310

Ethoprop
Wallace Embry, Rhone-Poulenc, Inc., Box 352, Mt 
Pleasant, TN 38474

O-Ethyl 0-(4-Methylthio) Phenyl S-Propyl 
Phosphorothioate
Willard G. Boyd, Jr, State Chemical Laboratory, 
Box CR, Mississippi State, MS 39762

Fensulfothlon
Margie Owen, State Chemical Laboratory, Box 
329, Auburn, AL 36830

Fenthion
Willard G. Boyd, Jr 

Fonophos
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Malathion
Richard S. Wayne

Methidathion
Thomas Gale, Ciba-Geigy Corp., Box 18300, 
Greensboro, NC 27409

Oxydemeton-Methyl

Parathion and Methyl Parathion
Edwin R. Jackson

Phorate (0,0-Diethyl S-[(Ethylthio)methyl] 
Phosphorodithioate)
Roman Grypa, Agway Inc., Fertilizer Division, 978 
Loucks Hill Rd, York, PA 17402

Temephos

PLANTS____________________________________
Referee: J. Benton Jones, Jr, University of Geor
gia, Soil Testing and Plant Laboratory, Athens, GA 
30602

Ashing Methods
J. Benton Jones, Jr

Atomic Absorption Methods
Robert A. Isaac, University of Georgia, College of 
Agriculture, Athens, GA 30602

Boron
James R. Melton, Texas A&M University, Agricul
tural Analytical Services, College Station, TX 
77843

Chromium
Earle E. Cary, U.S. Department of Agriculture, 
Plant, Soil, and Nutritional Laboratory, Tower Rd, 
Ithaca, NY 14853

Copper and Cobalt
Duane Boline, Radian Corp., Box 9948, Austin, TX 
78766

Emission Spectroscopy
Robert A. Isaac

Fluoride
Jay S. Jacobson, Boyce Thompson Institute, 
Tower Rd, Ithaca, NY 14853

Nitrogen, Nonprotein 

Selenium
Oscar E. Olson, South Dakota State University, 
Experiment Station, Biochemistry Department, 
Brookings, SD 57006

Starch
T. Powell Gaines, University of Georgia, College of 
Agriculture, Department of Agronomy, Tifton, GA 
31797

Sulfa in Plants
Charles W. Gehrke, University of Missouri-Colum
bia, Columbia, MO 65211
Larry W. Wall, University of Missouri-Columbia, 
Columbia, MO 65211

Sulfur

Zinc
Duane Boline

REFERENCE MATERIALS AND STANDARD 
SOLUTIONS_________________________________

Referee: Robert Alvarez, U.S. Department of
Commerce, National Bureau of Standards, Office 
of Standard Reference Materials, Washington, DC 
20234

Stability of Organophosphorus Pesticide 
Standards
Gregory Doose, Food and Drug Administration, 
1521 W Pico Blvd, Los Angeles, CA 90015

TOBACCO__________________________________
Referee: John F. Benner, 1344 Royalty Ct, Lex
ington, KY 40504

Differentiation of Cigar and Cigarette Tobaccos 
(Sequential Differential Solvent Extraction)
John A. Steele, Department of the Treasury, Bu
reau of Alcohol, Tobacco and Firearms, 1401 Re
search Blvd, Rockville, MD 20850

Humectants in Cased Cigarettes

Nicotine, Gas Chromatography
John R. Wagner, Lorillard Corp., 426 English St, 
Greensboro, NC 27420

Tar and Nicotine in Cigarette Smoke
Harold C. Pillsbury, Federal Trade Commission, 
6th and Pennsylvania Ave, NW, Washington, DC 
20580

COMMITTEE B
Evelyn Sarnoff (Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232), Chairman; 
William W. Wright (U.S. Pharmacopeial Conven
tion, 12601 Twinbrook Pkwy, Rockville, MD
20852) ; Anthony Romano, Jr (Drug Enforcement 
Administration, Southeast Regional Laboratory, 
5205 NW 84th Ave, Miami, FL 33166); John Zar- 
embo (Revlon Health Care, 1 Scarsdale Rd, Tuck- 
ahoe, NY 10707); Thomas Layloff (Food and 
Drug Administration, 1114 Market St, St. Louis, 
MO 63101); Eric Sheinen (Food and Drug Admin
istration, Division of Drug Chemistry, Washing
ton, DC 20204), Secretary: Roswitha E. Kelly 
(Food and Drug Administration, Bureau of Medi
cal Devices, 8757 Georgia Ave, Silver Spring, MD
20853) , Statistical Consultant
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DRUGS, ACIDIC_____________________________
Referee: James W. Fitzgerald, Food and Drug 
Administration, Winchester Engineering and Ana
lytical Center, 109 Holton St, Winchester, MA 
01890

Acetaminophen in Drug Mixtures
David J. Krieger, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Amitryptyline HCI in Dosage Forms (HPLC)
Samuel Walker, Food and Drug Administration, 
850 Third Ave, Brooklyn. NY 11232

Aspirin, Phenacetin, and Caffeine with Other 
Drugs
Douglas D. Don, Food and Drug Administration, 
1521 W Pico Blvd, Los Angeles, CA 90015

Aspirin and Salicylic Acid in Aspirin Products 
(Semiautomated Analysis)
William E. Juhl, Food and Drug Administration, Na
tional Center for Drug Analysis, 1114 Market St, 
St. Louis, MO 63101

Barbiturates
Loren Gelber, 1804 Beacon St, Brookline, MA 
02146

Benzothiazine Derivatives

Benzthiazide by HPLC
Stephen Hauser, Food and Drug Administration, 
Winchester Engineering and Analytical Center, 
109 Holton St, Winchester, MA 01890

Methyldopa
Susan Ting, Food and Drug Administration, 850 
Third Ave, Brooklyn, NY 11232

Primidone
Stanley E. Roberts, Food and Drug Administra
tion, Winchester Engineering and Analytical Cen
ter, 109 Holton St, Winchester, MA 01890

Probenecid
Alexander G. Korzun, Food and Drug Administra
tion, Winchester Engineering and Analytical Cen
ter, 109 Holton St, Winchester, MA 01890

Sulfamethoxazole in Tablets (HPLC)
John W. Robinson, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Sulfisoxazole in Dosage Forms (HPLC)
Robert W. Roos, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Sulfonamides (Thin Layer Chromatography)
Charlotte A. Brunner, Food and Drug Administra
tion, Division of Drug Chemistry, Washington, DC 
20204

Thiazide Diuretics, Semiautomated Individual 
Dosage Unit Analysis

Terry W. Moore, Food and Drug Administration, 
National Center for Drug Analysis, 1114 Market 
St, St Louis, MO 63101

DRUGS. ALKALOIDS AND RELATED BASES
Referee: Edward Smith, Food and Drug Adminis
tration, Division of Drug Chemistry, Washington, 
DC 20204

Aminacrine
Elaine A. Bunch, Food and Drug Administration, 
909 First Ave, Seattle, WA 98174

Atropine in Morphine, Atropine Tablets, and 
Injections

Belladonna Alkaloids

Chlorpromazine
Donald J. Smith, Food and Drug Administration, 
Division of Drug Chemistry, Washington, DC 
20204

Colchicine in Tablets
Richard D. Thompson, Food and Drug Administra
tion, 240 Hennepin Ave, Minneapolis, MN 55401

Curare Alkaloids
John R. Hohmann, Food and Drug Administration, 
Division of Drug Biology, Washington, DC 20204

Dicyclomine Capsules
Charles L. Brownell, Food and Drug Administra
tion, 433 W Van Buren St, Chicago, IL 60607

Epinephrine Lidocaine Combinations
Donald J. Smith

Epinephrine and Related Compounds by 
HPLC-Electrochemical Detectors
John M. Newton, Food and Drug Administration, 
50 Fulton St, San Francisco, CA 94102

Ergot Alkaloids
Thomas C. Knott, Food and Drug Administration, 
900 Madison Ave, Baltimore, MD 21201

Homatropine Methyl Bromide in Tablets
Duane Hughes, Food and Drug Administration, 
1009 Cherry St, Kansas City, MO 64016

Neostigmine
Rita E. Kling, Food and Drug Administration, 2nd 
and Chestnut Sts, Philadelphia, PA 19106

Phenethylamine Drugs, Semiautomated 
Individual Unit Analysis
Percy A. McCullen, Food and Drug Administration, 
National Center For Drug Analysis, 1114 Market 
St, St. Louis, MO 63101

Pheniramine with Pyrilamine, Phenylpropanol
amine, and Phenylephrine
Henry S. Scroggins, Food and Drug Administra-
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tion, 4298 Elysian Fields Ave, New Orleans, LA 
70122

Phenothiazines in Drugs
Edward G. Lovering, Health Protection Branch, 
Drug Research Lab., Tunney's Pasture, Ottawa, 
Ontario, Canada K1A 0L2

Physostigmine and Its Salts
Norlin W. Tymes, Food and Drug Administration, 
900 Madison Ave, Baltimore, MD 21201

Pilocarpine
Irving Wainer, Food and Drug Administration, Divi
sion of Drug Chemistry, Washington, DC 20204

Rauwolfia Alkaloids
Susan Barkan, Food and Drug Administration, Di
vision of Drug Chemistry, Washington, DC 20204

R a u w o lfia  s e rp e n tin a
Ugo R. Cieri, Food and Drug Administration, 2nd 
and Chestnut Sts, Philadelphia, PA 19106

TLC Identification of Phenothiazine-type Drugs
Kurt Steinbrecher, Food and Drug Administration, 
909 First Ave, Seattle, WA 98174

DRUGS, GENERAL___________________________
Referee: Ted M. Hopes, Food and Drug Adminis
tration, 850 Third Ave, Brooklyn, NY 11232

Ampicillin and Amoxicillan
Michel Margosis, Food and Drug Administration, 
Washington, DC 20204

Disulfiram
Edward J. Wojtowicz, Food and Drug Administra
tion, 599 Delaware Ave, Buffalo, NY 14202

Ethylene Oxide
Richard J. Muzeni, Food and Drug Administration, 
850 Third Ave., Brooklyn, NY 11232

Fluoride
John R. Marzilli, Food and Drug Administration, 
585 Commercial St, Boston, MA 02109

Medicinal Gases
Martin Woodhouse, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232

Menadiol Sodium Diphosphate Injection
Maurice Y. Alpert, Food and Drug Administration, 
Winchester Engineering and Analytical Center, 
109 Holton St, Winchester, MA 01890

Mercurial Diuretics
Eddie J. Rigsby, Food and Drug Administration, 
4298 Elysian Fields Ave, New Orleans, LA 70122

Mercury-Containing Drugs
Walter Holak, Food and Drug Administration, 850 
Third Ave, Brooklyn, NY 11232

Metals in Drug Bulk Powders
Walter Holak

Microcrystalline Tests

Protein Nitrogen Units in Allergenic Extracts
Joan May, Food and Drug Administration, Bureau 
of Biologies, 8800 Rockville Pike, Bethesda, MD 
20014

Thyroid and Thyroxine Related Compounds
Donald J. Smith, Food and Drug Administration, 
Division of Drug Chemistry, Washington, DC 
20204

Thyroid by Differential Pulse Polarography
Walter Holak

DRUGS, ILLICIT_____________________________
Referee: Charles C. Clark, Drug Enforcement
Administration, 5205 NW 84th Ave, Miami, FL 
33166

Amphetamines in Mixtures

Benzodiazepines
Eileen Bargo, Food and Drug Administration, 900 
Madison Ave, Baltimore, MD 21201

Chemical Microscopy
Richard Ruybal, Drug Enforcement Administra
tion, 1114 Commerce St, Dallas, TX 75202

Cocaine
Charles C. Clark

Dimethyltryptamine (DMT), Diethyltryptamine 
(DET), and Dipropyltryptamine (DPT)

Heroin
Harold F. Hanel, Drug Enforcement Administra
tion, 5205 NW 84th Ave, Miami, FL 33166

Lysergic Acid Diethylamide (LSD)

Marihuana and Synthetic Tetrahydrocannabinol 
(THC)

Methadone

Methamphetamine

Methaqualone Hydrochloride
Harold F. Hanel
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Methylphenidate Phenidine Hydrochloride

Optical Crystallographic Properties of Drugs
Robert S. Ferrera, Drug Enforcement Administra
tion, 7704 Old Springhouse Rd, McLean, VA 
22101

Phencyclidine (PCP)
Charles C. Clark

DRUGS, NEUTRAL___________________________
Referee: Thomas G. Alexander, Food and Drug 
Administration, Division of Drug Chemistry, Wash
ington, DC 20204

Automated Corticosteroid Methods
James F. Brower, Food and Drug Administration, 
National Center for Drug Analysis, 1114 Market 
St, St. Louis, MO 63101

Automated Methods for Progestins in Tablets
Larry K. Thornton, Food and Drug Administration, 
National Center for Drug Analysis, 1114 Market 
St, St. Louis, MO 63101

Digitoxin, Automated Individual Tablet Analysis
Benjamin Westenberger, Food and Drug Adminis
tration, National Center for Drug Analysis, 1114 
Market St, St. Louis MO 63101

Estrogens

Estrogens (Fluorometric Method)
Robert W. Roos, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Ethinyl Estradiol, Automated Individual Tablet 
Analysis
Rudolph F. Kulousek, Food and Drug Administra
tion, National Center for Drug Analysis, 1114 Mar
ket St, St. Louis, MO 63101

Steroid Acetates
Halver C. Van Dame, Merck Sharpe & Dohme Re
search Laboratories, West Point, PA 19486

Steroid Phosphates
Richard M. Venable, Food and Drug Administra
tion, Division of Drug Chemistry, Washington, DC 
20204

COMMITTEE C
D. Earle Coffin (Health and Welfare Canada, Nu
tritional Services, Tunney's Pasture, Ottawa, On
tario, Canada K1A 0L2), Chairman-, Arthur E. 
Waltking (CPC International, Inc., 1120 Com
merce Ave, Union, NJ 07083); Raymond Ash
worth (U.S. Department of Agriculture, Food 
Safety and Inspection Service, Beltsville, MD 
20705); Odette L. Shotwell (U.S. Department of 
Agriculture, Northern Regional Research Center, 
Peoria, IL 61604); Betsy Woodward (State De
partment of Agriculture and Consumer Services, 
Tallahassee, FL 32304); H. B. S. Conacher 
(Health and Welfare Canada, Food Research Divi
sion, Health Protection Branch, Tunney’s Pas
ture, Ottawa, Ontario, Canada K1A 0L2); Arthur 
R. Johnson (Food and Drug Administration, Divi
sion of Food Technology, Washington, DC 
20204), Secretary: Michael O'Donnell (Food and 
Drug Administration, Division of Mathematics, 
Washington, DC 20204), Statistical Consultant

COFFEE AND TEA___________________________
Referee: Robert H. Dick, Food and Drug Admin
istration, 850 Third Ave, Brooklyn, NY 11232

Ash in Instant Tea
Francis J. Farrell, Thomas J. Lipton, Inc., 800 Syl
van Ave, Englewood Cliffs, NJ 07632

Caffeine
John M. Newton, Food and Drug Administration, 
50 Fulton St, San Francisco, CA 94102

Crude Fiber in Tea

Moisture in Coffee and Tea
William P. Clinton, General Foods Corp., White 
Plains, NY 10625

Solvent Residues in Decaffeinated Coffee and 
Tea
B. Denis Page, Health and Welfare Canada, Health 
Protection Branch, Ottawa, Ontario, Canada K1A 
0L2

Theophylline in Tea
John M. Newton

Water Extract in Tea
Elpidio de la Teja, Thomas J. Lipton, Inc., Analyti
cal Section, 800 Sylvan Ave, Englewood Cliffs, NJ 
07632

DAIRY PRODUCTS___________________________
Referee: Robert W. Weik, Food and Drug Admin
istration, Bureau of Foods, Washington, DC 
20204
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Adulteration of Dairy Products with Vegetable 
Fat
Graham MacEachern, Agriculture Canada, Plant 
Products, Ottawa, Ontario, Canada K1A 0C5

Casein and Caseinates
Charles Pynes, Stauffer Chemical Co., Technical 
Sales and Development Department, Westport, 
CT 06880

Chocolate Milk, Fat Test
James T. Marshall, Kansas State University, De
partment of Animal Science, Manhattan, KS 
66506

Cryoscopy of Milk
Robert W. Henningson, Clemson University, Of
fice of University Research, Clemson, SC 29631

Fat, Automated Methods
W. Frank Shipe, Cornell University, Department of 
Dairy and Food Science, Ithaca, NY 14853

Fat In Milk (AutoAnalyzer)
Raymond L. King, University of Maryland, Depart
ment of Dairy Science, College Park, MD 20742

Infrared Milk Analyzer (IRMA)
D. A. Biggs, University of Guelph, Department of 
Food Science, Guelph, Ontario, Canada NIG 2W1

Lactose in Dairy Products (Chromatographic 
Determination)
Leslie G. West, Kraft Co., 801 Waukegan Rd, Glen
view, IL 60025

Lactose in Dairy Products (Enzymatic 
Determination)
Dick H. Kleyn, Rutgers University, Department of 
Food Science, New Brunswick, NJ 08903 
John W. Sherbon, Cornell University, Department 
of Dairy and Food Science, Ithaca, NY 14853

Moisture in Cheese
Ronald Case, Kraft Foods, 500 Peshtigo Ct, Chi
cago, IL 60690

Moisture in Cheese (Karl Fischer Method)
Gary H. Richardson, Utah State University, De
partment of Nutrition and Food Science, Logan, 
UT 84322

Nitrates in Cheese
James E. Flamilton, Food and Drug Administra
tion, Division of Drug Labeling— Compliance, 
5600 Fishers Lane, Rockville, MD 20857

Phosphatase, Rapid Method
Dick H. Kleyn

Phosphatase, Reactivated
Gopala K. Murthy, Food and Drug Administration, 
Division of Microbiology, 1090Tusculum Ave, Cin
cinnati, OH 45226

Phosphorus
Wallace S. Brammell, Food and Drug Administra
tion, Division of Color Technology, Washington, 
DC 20204

Protein Constituents in Processed Dairy 
Products
Frederick W. Douglas, Jr, U.S. Department of Agri
culture, Eastern Regional Research Center, Phila
delphia, PA 11918

Protein in Milk, Rapid Tests
John W. Sherbon

Protein Reducing Substance Tests
Joseph T. Cardwell, Mississippi State University, 
Dairy Science Department, Mississippi State, MS 
39762

Solids-Not-Fat
John W. Sherbon

Vapor Pressure Osmometry
Gary H. Richardson

DECOMPOSITION AND FILTH IN FOODS 
(CHEMICAL METHODS)_______________________

Referee: Walter F. Staruszkiewicz, Jr, Food and 
Drug Administration, Division of Food Technology, 
Washington, DC 20204

Ammonia in Dogfish
Beverly Smith, National Marine Fisheries Service, 
PO Drawer 1207, Pascagoula, MS 39567

Coprostanol
James G. Stewart, Food and Drug Administration, 
3032 Bryan St, Dallas, TX 75204

Crabmeat
Kurt Steinbrecher, Food and Drug Administration, 
909 First Ave, Seattle, WA 98104

Diacetyl in Citrus Products
W. S. Hatcher, The Coca-Cola Co., Plymouth, FL 
32768

Ethanol in Seafoods
Harold R. Throm, Food and Drug Administration. 
909 First Ave, Seattle, WA 98104

Gas and Liquid Chromatography
Walter F. Staruszkiewicz, Jr.

GLC Determination of Volatile Amines— TMA 
and DMA
Ronald C. Lundstrom, National Marine Fisheries 
Service, Northeast Fisheries Center, Gloucester, 
MA01930

Shellfish
Theodore L. R. Chambers, Food and Drug Admin
istration, Division of Food Technology, Washing
ton, DC 20204
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TLC Determination of Amines in Fishery 
Products
Thomas R. Weber, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Tomatoes
Albert Y. Taira, Food and Drug Administration, 
433 W Van Buren St, Chicago, IL 60607

FISH AND OTHER MARINE PRODUCTS________
Referee: Louis L. Gershman, Food and Drug Ad
ministration, 585 Commercial St, Boston, MA 
02109

Crabmeat, Identification
Judith Krzynowek, National Marine Fisheries Ser
vice, Northeast Fisheries Center, Gloucester, MA 
01930

Drained Weight of Block Frozen Raw, Peeled 
Shrimp
Frederick J. King, National Marine Fisheries Ser
vice, Northeast Fisheries Center, Gloucester, MA 
01930

Drip Fluid in Fish Fillets and Fish Fillet Blocks—  
Quantitation
Frederick J. King

Determination of Fish Content in Coated 
Products (Breaded or in Batter)
Fredrick J. King
H. Flouwing, TNO, Division for Nutrition and Food 
Research, Box 183, 1970 AD, Ijmuiden, The Neth
erlands

Fish Species Identification (Thin Layer 
Isoelectric Focusing)
Ronald C. Lundstrom, National Marine Fisheries 
Service, Northeast Fisheries Center, Gloucester, 
MA 01930

Nitrites in Smoked Fish
Charles Cardile, Food and Drug Administration, 
850 Third Ave., Brooklyn, NY 11232

Organometallics in Fish
Walter Holak, Food and Drug Administration, 850 
Third Ave, Brooklyn, NY 11232

FOOD ADDITIVES____________________________
Referee: Thomas Fazio, Food and Drug Adminis
tration, Division of Chemistry and Physics, Wash
ington, DC 20204

Anticaking Agents

Antioxidants
B. Denis Page, Health and Welfare Canada, Food 
Research Division, Tunney’s Pasture, Ottawa, On
tario, Canada K1A OL2

Brominated Oils
James F. Lawrence, Health and Welfare Canada, 
Food Research Division, Tunney’s Pasture, Otta
wa, Ontario, Canada K1A OL2

Chloride Titrator
Alfred H. Free, Ames Co., Technical Services, Elk
hart, IN 46514

Chlorobutanol in Milk

Dichlorodifluoromethane in Frozen Foods

Dilauryl Thiodipropionate

Dimethylpolysiloxane

Dressings
Charles R. Warner, Food and Drug Administration, 
Division of Chemistry and Physics, Washington, 
DC 20204

EDTA in Food Products
Gracia A. Perfetti, Food and Drug Administration, 
Division of Chemistry and Physics, Washington, 
DC 20204

Ethoxyquin in Meats and Eggs

Gums

Indirect Additives from Food Packages
Charles V. Breder, Food and Drug Administration, 
Division of Chemistry and Physics, Washington, 
DC 20204

Mineral Oil in Raisins
W. H. Bousfield, Australian Government Analytical 
Laboratory, GPO Box 2809 AA, Melbourne, Victo
ria 3001, Australia

Nitrates and Nitrites
Jay Fox, U.S. Department of Agriculture, Eastern 
Regional Research Center, Philadelphia, PA 
19118

Nitrates (Selective Ion Electrode Titration)
Sandra L. Pfeiffer, Gerber Products Co., Central 
Research Division, Freemont, Ml 49412

Nitrosamines
Nisu P. Sen, Health and Welfare Canada, Food Di
rectorate, Tunney’s Pasture, Ottawa, Ontario, 
Canada, K1A0L2

Polycyclic Aromatic Hydrocarbons in Foods
Frank L. Joe, Food and Drug Administration, Divi
sion of Chemistry and Physics, Washington, DC 
20204
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Polysorbates
Charles F. Smullin, ICI United States Inc., Chemi
cal Research Department, Wilmington, DE 19897

Propylene Chlorohydrin
Roberta M. Beebe, Food and Drug Administration, 
50 United Nations Plaza, San Francisco, CA 
94102

Sodium Lauryl Sulfate

MEATS, POULTRY, AND MEAT AND POULTRY 
PRODUCTS_________________________________

Referee: Richard L. Ellis, U.S. Department of Ag
riculture, Scientific Services, Food Safety and In
spection Service, Washington, DC 20250

Automated Methods
Jon L. Schermerhorn, Department of Agriculture 
and Markets, New York State Food Laboratory, 
Albany, NY 12235

Bioassay Methods for Meat and Poultry Products 

Bone Content
Paul Corrao, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Chemical Antibiotic Methods

Fat in Meat Products
Jon E. McNeal, U.S. Department of Agriculture, 
Food Science and Inspection Service, Washing
ton, DC 20250

Fat and Moisture Analysis, Rapid Methods
Julio D. Pettinati, U.S. Department of Agriculture, 
Eastern Regional Research Center, 600 E Mer
maid Lane, Philadelphia, PA 19118

HPLC Methods for Meat and Poultry Products

Histologic Identification Methods
Albert M. Carey, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Identification of Meats, Serological Tests

Nitrates and Nitrites
Francis B. Suhre, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Nitrosamines in Bacon
Earl L. Greenfield, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Non-Meat Proteins in Meat
Julio D. Pettinati
Khee C. Rhee, Texas A & M University, Food Pro
tein Research and Development Center, College 
Station, TX 77843
Marion Greaser, University of Wisconsin, Muscle 
Biology Laboratory, Madison, Wl 53706

Protein in Meat
Francis B. Suhre

Specific Ion Electrode Applications
Randy Simpson, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Steroid Analysis

Sugars and Sugar Alcohol

Temperature, Minimum Processing
James Eye, U.S. Department of Agriculture, Food 
Safety and Inspection Service, Beltsville, MD 
20705

MYCOTOXINS_______________________________
Referee: Peter M. Scott, Flealth and Welfare
Canada, Health Protection Branch, Tunney’s Pas
ture, Ottawa, Ontario, Canada K1A0L2

Aflatoxin M
Robert D. Stubblefield, U.S. Department of Agri
culture, Northern Regional Research Center, Pe
oria, IL 61604

Aflatoxin Methods
Douglas L. Park, Food and Drug Administration, 
Office of Science, Washington, DC 20204

Alternaria Toxins
Douglas King, U.S. Department of Agriculture, 
Western Regional Research Center, 800 Buchan
an St, Albany, CA 94710

Citrinin
David Wilson, University of Georgia, Department 
of Plant Pathology, Tifton, GA 31794

Ergot Alkaloids

Grains
Odette L. Shotwell, U.S. Department of Agricul
ture, Northern Regional Research Center, Peoria, 
IL 61604

Ochratoxins
Stanley Nesheim, Food and Drug Administration, 
Division of Chemistry and Physics, Washington, 
DC 20204
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Penicillic Acid
Charles W. Thorpe, Food and Drug Administra
tion, Division of Chemistry and Physics, Washing
ton, DC 20204

Sterigmatocystin
Octave J. Francis, Jr, Food and Drug Administra
tion, 4293 Elysian Fields Ave, New Orleans, LA 
70122

Tree Nuts
Vincent P. DiProssimo, Food and Drug Adminis
tration, 850 Third Ave, Brooklyn, NY 11232

Trichothecenes
Robert M. Eppley, Food and Drug Administration, 
Division of Chemistry and Physics, Washington, 
DC 20204

Zearalenone
Glenn A. Bennett, U.S. Department of Agriculture, 
Science and Education Administration, Northern 
Regional Research Center, Peoria, IL 61604

OILS AND FATS_____________________________
Referee: David Firestone, Food and Drug Admin
istration, Division of Chemical Technology, Wash
ington, DC 20204

Antioxidants
B. Denis Page, Health and Welfare Canada, Food 
Research Division, Health Protection Branch, Ot
tawa, Ontario, Canada K1A 0L2

Chromatographic Methods
William G. Doeden, Swift and Co., 1919 Swift Dr, 
Oak Brook, IL 60521

Cyclopropene Fatty Acids
Gordon Fisher, U.S. Department of Agriculture, 
Box 19687, 1100 Robert E. Lee Blvd, New Or
leans, LA 70179

Emulsifiers
H. Bruschweiler, Laboratoire Federal d'Essai des 
Materiaux, Industrie, Genie Civil Arts et Metiers, 
9001 St. Gallen, Unterstrasse II, Switzerland

Karl Fischer Method for Determination of Water
Raffaele Bernetti, CPC International, Moffett 
Technical Center, PO Box 345, Argo, IL 60501

Lower Fatty Acids
Giovanni Bigalli, Hershey Foods Corp., 1025 
Reese Ave, Hershey, PA 17033

Marine Oils
Robert G. Ackman, Nova Scotia Technical Col
lege, Box 1000, Halifax, Nova Scotia, Canada B3J 
2X4

Olive Oil Adulteration
Enzo Fedeli, Experimental Station for Oils and 
Fats, via Giuseppe Colompo 79, 20133 Milano, 
Italy

Oxidized Fats 

Pork Fat in Other Fats
Laila El-Sayed, Cairo University, Faculty of Phar
macy, Cairo, Egypt

Spectrophotometric Methods
Alan J. Sheppard, Food and Drug Administration, 
Division of Nutrition, Washington, DC 20204

Sterols and Tocopherols
HalT. Slover, U.S. Department of Agriculture, Nu
trition Institute, Beltsville, MD 20705

PLANT TOXINS_____________________________
Referee: Samuel W. Page, Food and Drug Admin
istration, Division of Chemistry and Physics, 
Washington, DC 20204

Pyrrolizidine Alkaloids

Solanaceous Alkaloids

PROCESSED VEGETABLE PRODUCTS___________
Referee: Thomas R. Mulvaney, Food and Drug 
Administration, Division of Food Technology, 
Washington, DC 20204

Fibrous Material in Frozen Green Beans
George W. Varseveld, Oregon State University, 
Department of Food Science and Technology, 
Corvallis, OR 97331

pH Determination
Frederick E. Boland, Food and Drug Administra
tion, Division of Food Technology, Washington, 
DC 20204

Sodium Chloride
Wallace S. Brammell, Food and Drug Administra
tion, Division of Color Technology, Washington, 
DC 20204

Volume of Entrapped Air in Flexible Retort 
Pouches

Water Activity in Foods
William H. Stroup, Food and Drug Administration, 
Food Engineering Branch, 1090 Tusculum Ave, 
Cincinnati, OH 45226

SEAFOOD TOXINS___________________________
Referee: Edward P. Ragelis, Food and Drug Ad
ministration, Division of Chemistry and Physics, 
Washington, DC 20204

Ciguatoxins, Biochemical Methods
Yoshitsugi Hokama, University of Hawaii at 
Manoa, School of Medicine, Honolulu, HI 96844
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Paralytic Shellfish Poisoning (Immunoassay 
Method)
Edward P. Ragelis 

Shellfish Poisons
William L. Childress, Food and Drug Administra
tion, 585 Commercial St, Boston, MA 02109

Tetradotoxins
Yururu Shimizu, University of Rhode Island, Col
lege of Pharmacy, Kingston, Rl 02881

COMMITTEE D
John C. Kissinger (U.S. Department of Agricul
ture, Eastern Regional Research Center, 600 E 
Mermaid Lane, Philadelphia, PA 19118), Chair
man-, Robert A. Martin (Hershey Food Corp., Her- 
shey Technical Center, 1025 Reese Ave, Her
shey, PA 17033); Elmer George, Jr (Department 
of Agriculture and Markets, State Food Laborato
ry, 1220 Washington Ave, Albany, NY 12235); 
Harry G. Lento (Campbell Soup Co., Campbell 
Place, Camden, NJ 08151); Laura Zaika (U.S. De
partment of Agriculture, Eastern Regional Re
search Center, 600 E Mermaid Lane, Philadel
phia, PA 19118); Benjamin Krinitz (Food and 
Drug Administration, 850 Third Ave, Brooklyn, 
NY 11232), Secretary, Dennis Ruggles (Food and 
Drug Administration, Division of Mathematics, 
Washington, DC 20204), Statistical Consultant

ALCOHOLIC BEVERAGES_____________________
Referee: Randolph H. Dyer, Bureau of Alcohol, 
Tobacco and Firearms, 1401 Research Blvd, 
Rockville, MD 20850

Acetate in Wines and Fruit Juice (Enzymatic 
Assay)
Leo P. McCloskey, 126 National St, Santa Cruz, 
CA 95060

Alcohol Content by Oscillating U-Tube Density 
Meter
Duane H. Strunk, Joseph E. Seagram & Sons, Inc., 
Research and Development Department, Box 
240, Louisville, KY 40201

Alcohol Content of High Solids Distilled Spirits
Duane H. Strunk

/9-Asarone
Randolph H. Dyer

Bromide Ion in Wine

Carbon Dioxide in Wine
Arthur Caputi, Jr, E. & J. Gallo Winery, PO Box 
1130, Modesto, CA 95353

chemicals Co., Box 50816, Indianapolis, IN 
46250

Color Intensity for Distilled Alcoholic Products
Duane H. Strunk

Coumarin in Wine
Randolph H. Dyer

Diethylpyrocarbonate in Beverages
Heinrich Wunderlich, Farbenfabriken Bayer A.G., 
Analytisches Laboratorium, 415 Krefeld-Uerdin
gen, Germany

Ethanol in Wine by GLC
Arthur Caputi, Jr

Flavor Compounds in Malt Beverages
George Charalambous, Anheuser-Busch Inc., 
Technical Center, St. Louis, MO 63118

Glycerol in Wine
Eric N. Christensen, E. & J. Gallo Winery, Box 
1130, Modesto, CA 95353

Hydrogen Cyanide * 97

Malic Acid in Wine
Robert Dowrie, Almaden Vineyards, 1530 Blos
som Hill Rd, San Jose, CA 95118

Malt Beverages and Brewing Materials
Anthony J. Cutaia, Stroh Brewing Co., One Stroh 
Dr, Detroit, Ml 48226

Sorbic Acid in Wine
Arthur Caputi, Jr

Sugars in Wine
Guenther Henniger, Boehringer Mannheim 
GmbH, Bahnhofstrasse 5, D-8132, Tutsing/Obb. 
Postfach 120, GFR

Sulfur Dioxide in Wine (Ripper Method)
James M. Vahl, Paul Masson Vineyards, PO Box
97, Saratoga, CA 95070

Tartrates in Wine
Masao Ueda, E. & J. Gallo Winery, PO Box 1130, 
Modesto, CA 95353

Vanillin and Ethyl Vanillin
Felipe Alfonso, Bureau of Alcohol, Tobacco and 
Firearms, 1401 Research Blvd, Rockville, MD 
20850

Volatile Acidity in Wine
Gordon J. Pilone, The Christian Brothers, Mont La 
Salle Vineyards, PO Box 420, Napa, CA 94558

Volatile Congeners in Alcoholic Beverages
Duane H. Strunk

Citric Acid in Wine CACAO PRODUCTS
Leonard Mascaro, Boehringer Mannheim, Bio- Referee: -------
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Caffeine and Theobromine
Wesley R. Kreiser, Hershey Foods Corp., Hershey, 
PA 17033

Carbohydrates in Chocolate Products
William J. Hurst, Hershey Foods Corp., Hershey, 
PA 17033

Moisture in Cacao Products
Robert A. Martin, Hershey Foods Corp., Hershey, 
PA 17033

Shell in Cacao Products, Micro Methods
Wesley R. Kreiser

CEREAL FOODS_____________________________
Referee: Doris Baker, U.S. Department of Agri
culture, Nutrition Institute, Beltsville, MD 20705

Iron
James Martin, Food and Drug Administration, 
1182 Peachtree St, NW, Atlanta, GA 30309

Phytates
Barbara F. Harland, Food and Drug Administra
tion, Division of Nutrition, Washington, DC 20204

Starch in Raw and Cooked Cereals
Bert D’Appolonia, North Dakota State University, 
Department of Chemistry and Technology, Fargo, 
ND 58102

FLAVORS___________________________________
Referee: -------

Additives in Vanilla Flavorings
Sidney Kahan, Fitelson Laboratories, 350 W 31st 
St, New York, NY 10001

Citral

Essential Oils

Glycyrrhizic Acid and Glycyrrhizic Acid Salts
Peter S. Vora, McAndrews and Forbes Co., Third 
St and Jefferson Ave, Camden, NJ 08104

Imitation Maple Flavors, Identification and 
Characterization

Organic Solvent Residues in Flavorings

Vanillin and Ethyl Vanillin in Food
Sidney Kahan

FRUITS AND FRUIT PRODUCTS_______________
Referee: Frederick E. Boland, Food and Drug Ad
ministration, Division of Food Technology, Wash
ington, DC 20204

Adulteration of Orange Juice by Pulpwash and 
Dilution
Donald R. Petrus, Florida Department of Citrus, 
Box 1088 AREC, Lake Alfred, FL 33850

Fruit Acids
Elia D. Coppola, Ocean Spray Cranberries, Inc., 
Research and Development, Bridge St, Middlebo- 
ro, MA 02346

Fruit Juices, Identification and Characterization

Isoascorbic Acid (Erythorbic Acid-Antioxidant) 
in Fruit Purees

Orange Juice Content
Carl Vandercook, U.S. Department of Agriculture, 
Agricultural Research Service, Fruit and Vegeta
ble Chemistry Laboratory, Pasadena, CA 91106

NONALCOHOLIC BEVERAGES_________________
Referee: John M. Newton, Food and Drug Ad
ministration, 50 Fulton St, San Francisco, CA 
94102

Caffeine and Methyl Xanthanes in Nonalcoholic 
Beverages
John M. Newton

Lasiocarpine and Pyrrolizidines in Herbal 
Beverages

PRESERVATIVES AND ARTIFICIAL SWEETENERS
Referee: William S. Adams, Food and Drug Ad
ministration, 585 Commercial St, Boston, MA 
02109

Benzoates and Hydroxybenzoates in Food

Benzoates, Saccharin, and Caffeine, High 
Pressure Liquid Chromatography
Betsy Woodward, Florida Department of Agricul
ture and Consumer Services, Mayo Bldg, Talla
hassee, FL 32304

Formaldehyde
Robert J. Reina, Food and Drug Administration, 
585 Commercial St, Boston, MA 02109

Meats, Ground, Screening Methods for 
Chemical Preservatives
John J. Maxstadt, Department of Agriculture and 
Markets, New York State Food Laboratory, 120 
Washington Ave, Albany, NY 12235

Organic Preservatives (Thin Layer 
Chromatography)
Colette P. Levi, General Foods Corp., White 
Plains, NY 10602
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Preservatives (Quantitative Methods)

Saccharin and Its Salts
Walter Holak, Food and Drug Administration, 850 
Third Ave, Brooklyn, NY 11232

SPICES AND OTHER CONDIMENTS____________
Referee: Raymond Way, Crescent Manufactur
ing Co., Box 3985, Seattle, WA 98124

Ash and Pungent Principles in Mustard

Extractable Color in Capsicum Spices and 
Oleoresins
James E. Woodbury, Cal-Compak Food, Inc., 
Quality Control, PO Box 265, Santa Ana, CA 
92702

Moisture in Dried Spices
Louis A. Sanna, Santa Maria Chili, Inc., Box 1028, 
Santa Maria, CA 93456

Monosodium Glutamate in Foods

Pungency of Capsicums and Oleoresins 

Vinegar

SUGARS AND SUGAR PRODUCTS_____________
Referee: Arthur R. Johnson, Food and Drug Ad
ministration, Division of Food Technology, Wash
ington, DC 20204

Chromatographic Methods
Michael Gray, Bio-Rad Laboratories, 32nd & Grif
fin Ave, Richmond, CA 94804

Color, Turbidity, and Reflectance-Visual 
Appearance
Frank G. Carpenter, U.S. Department of Agricul
ture, Southern Regional Research Laboratory, 
Box 19687, New Orleans, LA 70179

Corn Syrup and Corn Sugar
Raffaele Bernetti, CPC International, Box 345, 
Argo, IL 60501

Dry Substance
Joseph F. Dowling, Refined Syrups and Sugars 
Inc., 1 Federal St, Yonkers, NY 10702

Enzymatic Methods
Marc Mason, Yellow Springs Instrument Co., Box 
279, Yellow Springs, OH 45387

HPLC Determination of Lactose at High Purity 
Levels

Honey
Jonathan W. White, Jr, 217 Hillside Dr, Navasota, 
TX 77868

Lactose Purity Testing
Janice R. Saucerman, Mead Johnson & Co., Envi
ronmental Analytical Services, Evansville, IN 
47721

Maple Sap and Syrups
Maria Franca Morselli, University of Vermont, 
Botany Department, Burlington, VT 05405

Stable Carbon Isotope Ratio Analysis
Landis Doner, U.S. Department of Agriculture, 
Eastern Regional Research Center, 600 E Mer
maid Lane, Philadelphia, PA 19118

Standardization of Sugar Methods of Analysis
Margaret A. Clarke, Sugar Processing Research, 
Inc., Box 19687, New Orleans, LA 70179

Sugar in Cereal
L. Zygmunt, Quaker Oats Co., 617 W Main St, Bar
rington, II 60010

Sugar in Sugar Cane
Luis Vidaurreta, Louisiana State University, 
Chemistry Dept, 211 Choppin Hall, Baton Rouge, 
LA 70803

Weighing, Taring, and Sampling
Melvin Lerner, Department of the Treasury, Bu
reau of Customs, Washington, DC 20226

VITAMINS AND OTHER NUTRIENTS___________
Referee: Mike J. Deutsch, Food and Drug Admin
istration, Division of Nutrition, Washington, DC 
20204

Amino Acids
John P. Cherry, U.S. Department of Agriculture, 
Eastern Regional Research Center, 600 E Mer
maid Ln, Philadelphia, PA 19118

Automated Nutrient Analysis
Jonathan De Vries, General Mills Inc., 9000 Ply
mouth Ave, Minneapolis, MN 55427

Biotin
Jacob M. Scheiner, Hoffmann-La Roche, Nutley, 
NJ 07110

Carotenoids
Forrest W. Quackenbush, Purdue University, De
partment of Biochemistry, West Lafayette, IN 
47907

Choline in Feeds
Paul Anderson, Raltech, Box 7545, Madison, Wl 
53707

Dietary Fiber
Leon Prosky, Food and Drug Administration, Divi
sion of Nutrition, Washington, DC 20204
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Energy Value of Foods (Biological)
Eugene Robiadek, Raltech, Box 7545, Madison, 
W l53707

Fat in Food by Chloroform Methanol 
Extraction
Chester E. Daugherty, Campbell Soups, Campbell 
Place, Camden, NJ 08151

Folic Acid
Lynn Hoepfinger, Mead Johnson and Co., Nutri
tional Quality Control, Evansville, IN 47721

HPLC Assay for Total A, D, and E Content in 
Foods, Feeds, and Pharmaceuticals
James V. Bruno, Waters Associates, 34 Maple St, 
Milford, MA 01757

Iodine in Foods
Robert A. Moffitt, Carnation Co., 8015 Van Nuys 
Blvd, Van Nuys, CA 91412

Niacinamide (Polarography)
Albert Y. Taira, Food and Drug Administration, 
433 W Van Buren St, Chicago, IL 60607

Pantothenic Acid, Total Activity in Foods
Raymond Cooke, Laboratory of the Government 
Chemist, Food Composition and Nutrition, Corn
wall Flouse, Stamford St, London, UK SEI 9NQ

Protein Quality, Evaluation in Foods
Philip H. Derse, DS Associates, 979 Jonathan Dr, 
Madison, Wl 53713

Sodium
Edgar R. Elkins, National Food Processors Associ
ation, 1133 20th St, NW, Washington, DC 20036

Thiamine Assay, Enzyme and Column Packing 
Reagents
Wayne Ellefson, Raltech Scientific Services, Box 
7545, Madison, Wl 53707

Vitamin A in Foods and Feeds
Donald B. Parrish, Kansas State University, De
partment of Biochemistry, Manhattan, KS 66506

Vitamin C in Milk-Based Foods
Cora E. Weeks, Food and Drug Administration, Na
tional Center for Nutrient Analysis, Washington, 
DC 20204

Vitamin D
Ellen J. de Vries, Duphar B.V., Research Depart
ment 30, PO Box 2, Weesp, The Netherlands

Vitamin E in Foods and Feeds
James P. Clark, Henkel Corp., 2010 E Hennepin 
Ave, Minneapolis, MN 55413

Vitamin E in Pharmaceuticals (Gas 
Chromatography)
Alan J. Sheppard, Food and Drug Administration, 
Division of Nutrition, Washington, DC 20204

Vitamin K
S. A. Barnett, Mead Johnson & Co., 2404 Pennsyl
vania Ave, Evansville, IN 47721

COMMITTEE E
Jerry A. Burke, (Food and Drug Administration, 
Division of Chemical Technology, Washington, 
DC 20204), Chairman', Anthony J. Malanoski 
(U.S. Department of Agriculture, Food Safety and 
Inspection Service, Washington, DC 20250); Ken
neth Helrich (Rutgers University-Cook College, 
Department of Entomology-Economic Zoology, 
New Brunswick, NJ 08903); William A. Steller 
(American Cyanamid Co., PO Box 400, Prince
ton, NJ 08540); Gerald R. Myrdal (Wisconsin De
partment of Agriculture, Bureau of Chemistry, 
4702 University Ave, Madison, Wl 53705); Wen
dell F. Phillips (Campbell Soup Co., Campbell PI, 
Camden, NJ 08151); Henry F. Enos (Environmen
tal Protection Agency, Pesticide Research Labo
ratory, Gulf Breeze, FL 32561); Bartholomew 
Puma (Food and Drug Administration, Division of 
Chemical Technology, Washington, DC 20204), 
Secretary, Richard H. Albert (Food and Drug Ad
ministration, Division of Mathematics, Washing
ton, DC 20204), Statistical Consultant

INDUSTRIAL PROCESS WASTE________________
Referee: David Friedman, Environmental Pro
tection Agency, Office of Solid Waste, Washing
ton, DC 20460

Organics
James Poppiti, Environmental Protection Agency, 
Office of Solid Waste, Washington, DC 20460

Reactivity Testing
Florence Richardson, Environmental Protection 
Agency, Office of Solid Waste, Washington, DC 
20460

METALS AND OTHER ELEMENTS_____________
Referee: Kenneth Boyer, Food and Drug Admin
istration, Division of Chemical Technology, Wash
ington, DC 20204

Atomic Absorption
Milan Ihnat, Agriculture Canada, Chemistry and 
Biology Research Institute, Ottawa, Ontario, Can
ada, K1A0C5

Cadmium and Lead in Earthenware
Benjamin Krinitz, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Carbon Rod Atomization Techniques
Robert W. Dabeka, Health and Welfare Canada, 
Health Protection Branch, Ottawa, Ontario, Cana
da K1A0L2
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Emission Spectrochemical Methods
Fred L. Fricke, Food and Drug Administration, 
1141 Central Pkwy, Cincinnati, OH 45202

Fluorine
Robert W. Dabeka

Hydride Generating Techniques
Stephen G. Capar, Food and Drug Administration, 
Division of Chemical Technology, Washington, DC 
20204

Mercury
Walter Holak, Food and Drug Administration, 850 
Third Ave, Brooklyn, NY 11232

Methyl Mercury in Fish and Shellfish
Susan Hight, Food and Drug Administration, Divi
sion of Chemical Technology, Washington, DC 
20204

Multielement Analysis of Infant Food Formulas 
by ICP
Ronald F. Suddendorf, Food and Drug Administra
tion, Division of Nutrition, Washington, DC 20204

Multimetal Residues by Resin Column 
Separations
Richard A. Baetz, Food and Drug Administration, 
3032 Bryan St, Dallas, TX 75204

Multielement Determination after Closed 
System Digestion
Walter Holak

Organometallics
John Jones, Food and Drug Administration, Divi
sion of Chemical Technology, Washington, DC 
20204

Polarography
Raymond J. Gajan, Sr, Food and Drug Administra
tion, Division of Chemical Technology, Washing
ton, DC 20204

Tin
Edgar R. Elkins, Jr, National Food Processors As
sociation, Chemistry Division, 1133 20th St NW, 
Washington, DC 20036

Voltammetric Methods
Eric Zink, Environmental Sciences Associates, 45 
Wiggins Ave, Bedford, MA 01730

MULTIRESIDUE METHODS (INTERLABORATORY 
STUDIES)___________________________________

Referee: Paul E. Corneliussen, Food and Drug 
Administration, Division of Chemical Technology, 
Washington, DC 20204

Comprehensive Multiresidue Methodology
Jerry E. Froberg, Food and Drug Administration, 
1521 W Pico Blvd, Los Angeles, CA 90015

Gas-Liquid Chromatography (Alkaline 
Precolumn)
George A. Miller, Food and Drug Administration, 
5003 Federal Office Bldg., Seattle, WA 98174

Organophosphorus Pesticide Residues
Ronald R. Laski, Food and Drug Administration, 
599 Delaware Ave, Buffalo, NY 14202

Pesticides in Meat and Meat Products

Pollutant Phenols in Fish
Larry Smith, Fish and Wildlife Service, Columbia 
Natural Fisheries, Columbia, MO 65201

Whole Blood
Henry M. Stahr, Iowa State University, College of 
Veterinary Medicine, Ames, IA 50010

ORGANOHALOGEN PESTICIDES_______________
Referee: Bernadette McMahon, Food and Drug 
Administration, Division of Chemical Technology, 
Washington, DC 20204

Chlordane
Wilber Saxton, Food and Drug Administration, 
5003 Federal Office Building, Seattle, WA 98174

Chlorinated Dioxins
David Firestone, Food and Drug Administration, 
Division of Chemical Technology, Washington, DC 
20204

Chlorinated Hydrocarbons in Poultry
James Ault, ABC Laboratories, 7200 E ABC Lane, 
Box 1097, Columbia, MO 65205

Chlorobenzilate, Chloropropylate, and 
Bromopropylate
Roy S. Brosdal, Food and Drug Administration, 
240 Hennepin Ave, Minneapolis, MN 55401

Chlorophenoxy Alkyl Acids
Allan E. Smith, Agriculture Canada, Research 
Branch, Box 440, Regina, Saskatchewan, Canada 
S4P 3A2

Dicofol

Ethylene Oxide and Its Chlorohydrin
A. R. Stemp, Kraft Co., 801 Waukegan Rd, Glen
view, IL 60025

Fenvalerate

Fumigants

Gel Permeation Chromatography
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Inorganic Bromides in Grains
King T. Zee, Environmental Protection Agency. 
Benefits and Field Studies Division, Beltsville, MD 
20705

Kepone
Francis D. Griffith, Jr, Division of Consolidated 
Laboratory Services, Richmond, VA 23219

Low Moisture-High Fat Samples (Extraction 
Procedure)
Leon D. Sawyer. Food and Drug Administration, 
240 Hennepin Ave, Minneapolis, MN 55401

Miniaturization of Multiresidue Methods
D. Ronald Erney, Food and Drug Administration, 
1560 E Jefferson Ave, Detroit, Ml 48207

Pentachlorophenol
Arnold P. Borsetti, Food and Drug Administration, 
Division of Chemical Technology, Washington, DC 
20204

Pentachlorophenol in Animal and Poultry Tissue
Douglas Gillard, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Permethrin

Photochemical Derivatization for Confirmation 
of Residue Identity
Paul M. Ward, Food and Drug Administration, 60 
Eighth St NE, Atlanta, GA 30309

Polychlorinated Biphenyls (PCBs)
Leon D. Sawyer

Resmethrin
Calvin Corbey, Environmental Protection Agency, 
Benefits and Field Studies Division, Beltsville, MD 
20705

Root Absorbed Residues (Extraction Procedure)

Tetradifon, Endosulfan, and Tetrasul
Lawrence R. Mitchell, Food and Drug Administra
tion, 60 Eighth St NE, Atlanta, GA 30309

Toxaphene
Larry G. Lane, Mississippi State Chemical Labora
tory, Box CR, Mississippi State, MS 39762

ORGANONITROGEN PESTICIDES_______________
Referee: W. H. Newsome, Health and Welfare 
Canada, Food Research Division, Tunney’s Pas
ture, Ottawa, Ontario, Canada K1A 0L2

Anilazine

Benzimidazole-Type Fungicides
Mikio Chiba, Agriculture Canada, Vineland Sta
tion, Ontario, Canada LOR 2E0

Captan and Related Fungicides
Dalia Gilvydis, Food and Drug Administration, 
1560 E Jefferson Ave, Detroit, Ml 48207

Carbamate Insecticides (Gas-Liquid 
Chromatography)
Roderick W. Young, Virginia Polytechnic Institute, 
Department of Biochemistry and Nutrition, 
Blacksburg, VA 24061

Carbamate Insecticides (Liquid 
Chromatography)
Richard Krause, Food and Drug Administration, 
Division of Chemical Technology, Washington, DC 
20204

Carbofuran
Sujit Witkontin, FMC Corp., 100 Niagara St, Mid- 
dleport, NY 14105

Carbamate Herbicides

Chlorothalonil

Daminozide

Dinitro Compounds

Diquat and Paraquat
Brian Worobey, Health and Welfare Canada, Food 
Research Division, Tunney's Pasture, Ottawa, On
tario, Canada K1A 0L2

Dithiocarbamates, General Residue Methods

Maleic Hydrazide

1-Naphthaleneacetic Acid and
1-Naphthaleneacetamide

Organotin in Fungicides
Richard D. Cannizzaro, Thompson-Hayward 
Chemical Co., 5200 Speaker Rd, Kansas City, KS 
66110

Sodium o-Phenylphenate 

Substituted Urea

Thiocarbamate Herbicides

s-Triazines

Trifluralin
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ORGANOPHOSPHORUS PESTICIDES____________
Referee: Keith A. McCully, Health and Welfare 
Canada, Field Operations Directorate, Ottawa, 
Ontario, Canada K1A 1B7
Azinphos-methyl

Confirmation Procedures
Bill Lee, Inland Waters Directorate, Water Quality 
Branch, 867 Lakeshore Rd, PO Box 5050, Burling
ton, Ontario, Canada L7R 4A6

Disulfoton

Extraction Procedures

General Method for Organochlorine and 
Organophosphorus Pesticides

High Fat Samples
Ronald Scharfe, Agriculture Canada, Pesticide 
Laboratory, Ottawa, Ontario, Canada K1A 0C5

Methamidophos

Monocrotophos

Phorate

Phosphine
T. Dumas, Research Institute, University Sub Post 
Office, London, Ontario, Canada N6A 3K0

Sweep Codistillation
Randall R. Watts, Environmental Protection Agen
cy, Mail Drop 69, Research Triangle Park, NC 
27711

Thin Layer Chromatography
Melvin E. Getz, U.S. Department of Agriculture, 
Agricultural Environmental Quality Institute, 
Beltsville, MD 20705

RADIOACTIVITY_____________________________
Referee: Edmond J. Baratta, Food and Drug Ad
ministration, Northeast Radiological Health Labo
ratory, Winchester, MA 01890

Carbon-14

Cesium-137
Edmond J. Baratta

Iodine-131
Eugene Easterly, Environmental Protection Agen
cy, PO Box 15027, Las Vegas, NV 89114

Neutron Activation Analysis
William Stroube, National Bureau of Standards, 
Reactor Building 235, Washington, DC 20234

Plutonium

Radium-228
Jacqueline Michel, Research Planning Institute, 
925 Gervais St, Columbia, SC 29201

Tritium

WATER_____________________________________
Referee: Alfred S. Y. Chau, Canada Centre for In
land Waters, PO Box 5050, Burlington, Ontario, 
Canada L7R 4A6

Chemical Pollutants in Water and Wastewater
Larry B. Lobring, Environmental Protection Agen
cy, 26 W St Clair St, Cincinnati, OH 45268

Chlorinated Solvents in Water

Chlorophenoxy Alkyl Acid Residues in Water 
and Wastewater

Herbicides in Water and Sediment
Bill Lee, Canada Centre for Inland Waters, Box 
5050, Burlington, Ontario, Canada L7R 4A6

Major Ions and Nutrients in Water
Larry K. Bailey, Geological Survey, Denver Feder
al Center, Denver, CO 80225

Organohalogen Pesticides in Water
Marie Siewierski, Rutgers University, Cook Col
lege, New Brunswick, NJ 08903

Organophosphorus Pesticides in Water

Triazine Herbicides in Water

COMMITTEE F
Paris M. Brickey (Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204), 
Chairman; Michael Wehr (Oregon Department of 
Agriculture, 635 Capitol St, NE, Salem, OR 
97310), K. Rayman (Health and Welfare Canada, 
Health Protection Branch, Tunney’s Pasture, Ot
tawa, Ontario, Canada K1A 0L2); Robert M. 
Twedt (Food and Drug Administration, Division of 
Microbiology, 1090Tusculum Ave, Cincinnati, OH 
45226); Donald E. Lake (American Can Co., 433 
N NW Highway, Barrington, IL 60010); Donald 
Mastrorocco (Hershey Foods Corp., 19 E Choco
late Ave, Hershey, PA 17033), Secretary, Foster 
D. McClure (Food and Drug Administration, Divi
sion of Mathematics, Washington, DC 20204), 
Statistical Consultant
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ANALYTICAL MYCOLOGY OF FOODS AND 
DRUGS_____________________________________

Referee: Stanley M. Cichowicz, Food and Drug 
Administration, Division of Microbiology, Washing
ton, DC 20204

Baseline Mold Counts by Blending
Ruth Bandler, Food and Drug Administration, Divi
sion of Microbiology, Washington, DC 20204

Chemical Methods for Detecting Mold
Ruth Bandler

Geotrichum candidum Morphology
Sylvia Y. Yetts, Food and Drug Administration, 
3032 Bryan St, Dallas, TX 75204

Geotrichum Mold in Canned Fruits, Vegetables, 
and Fruit Juices
Stanley M. Cichowicz

Geotrichum Mold in Frozen Fruits and 
Vegetables
Jane Kaminski, Food and Drug Administration, 
United Nations Plaza, San Francisco, CA 94102

Howard Mold Counting, Use of Widefield
Eyepiece
Roseamond J. Scott, Superior Laboratory Ser
vices, Route 4, Box 245, Portland, IN 47371

Howard to Viable Mold Counts of Frozen Fruits 
and Vegetables, Comparison
Maria P. Chaput, Food and Drug Administration, 
585 Commercial St, Boston, MA 02109

Microscopic Appearance of Mold Hyphae, Effect 
of Freezing
Charles N. Roderick, Food and Drug Administra
tion, 3032 Bryan St, Dallas, TX 75204

Microscopic Mold Count Methods, Use of 
Compound Microscope
Don Vail, Jr, Food and Drug Administration, 1182 
W Peachtree St, NW, Atlanta, GA 30309

Microscopic Mold Counts, Effects of Interfering 
Plant Material
Deborah M. Floyd, Food and Drug Administration, 
3032 Bryan St, Dallas, TX 75204

Mold in Spices
Karan L. Repsher, Food and Drug Administration, 
900 Madison Ave, Baltimore, MD 21201

Molds and Yeasts in Beverages
Stanley M. Cichowicz

Standardization of Plant Tissue Concentrations 
for Mold Counting
Stanley M. Cichowicz

Tomato Products, Refractive Index
Jerome La Greca, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Tomato Rot Fragment Count
Gerald E. Russell, Food and Drug Administration, 
1560 Jefferson Ave, Detroit, Ml 48207

DISINFECTANTS_____________________________
Referee: Reto Engler, Environmental Protection 
Agency, Office of Pesticide Programs, Registra
tion Division, Washington, DC 20460

Antimicrobial Agents Used by Laundries on 
Fabrics and Materials
Luther B. Arnold, Vikon Chemical Co., PO Box
1520, Burlington, NC 27215
Jamie McGee, Dow Corning Corp., Midland, Ml
48640

Sporicidal Tests
Ted Wendt, Surgikos, 2500 Arbrook Dr, Arlington, 
TX 76010

Textile Antibacterial Preservatives
Luther B. Arnold

Tuberculocidal Tests
Joseph Ascenzi, Arbrook Inc., Arlington, TX 
76010

Use-Dilution Test, Variation and Amendments
Gayle Mulberry, Hill Top Research, Inc., Box 
42501, Cincinnati, OH 45242

Virucide Tests
Dale Fredell, Economics Laboratory, Osborne 
Bldg, St. Paul, MN 55102

EXTRANEOUS MATERIALS IN FOODS AND 
DRUGS_____________________________________

Referee: John S. Gecan, Food and Drug Adminis
tration, Division of Microbiology, Washington, DC 
20204

Asbestos Measurements in Foods, Drugs, and 
Cosmetics

Botanical Drugs, Adulteration by Foreign Plant 
Materials
Frank D’Amelio, Bio Botanica, 2 Willow Park Cen
ter, Farmingdale, NY 11735

Botanicals
Arnold E. Schulze and Marvin Nakashima, Food 
and Drug Administration, Division of Microbiology, 
Washington, DC 20204
Joseph A. McDonnell, Food and Drug Administra
tion, 1521 W Pico Blvd, Los Angeles, CA 90015 
Harriett R. Gerber

Brine Extractions, Techniques
Clarence C. Freeman, Food and Drug Administra
tion, 4298 Elysian Fields Ave, New Orleans, LA 
70122
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Chocolate Products
Donald A. Mastrorocco, Jr, Hershey Chocolate 
Co., Hershey, PA 17033

Cocoa Powder and Press Cake
C. Robert Graham, Lancaster Laboratories, Inc., 
2425 New Holland Pike, Lancaster, PA 17601

Fecal Sterols
Ruth Bandler, Food and Drug Administration, Divi
sion of Microbiology, Washington, DC 20204

Food Supplement Tablets
Charles E. Highfield, Health and Welfare Canada, 
Health Protection Branch, 2301 Midland Ave, To
ronto, Ontario, Canada M1P 4R7

Grains, Whole, Cracking Flotation Methods
Richard Trauba, Food and Drug Administration, 
240 E Hennepin Ave, Minneapolis, MN 55401

Insect Excreta in Flour
Raymond Galacci, Food and Drug Administration, 
900 Madison Ave, Baltimore, MD 21201

Isolation of Extraneous Filth from Dehydrated 
Vegetable Products
Francis J. Farrell, Thomas J. Lipton, Inc., 800 Syl
van Ave, Englewood Cliffs, NJ 07632

Meats, Processed
Phillip Alioto, Wisconsin Department of Agricul
ture, 4702 University Ave, Madison, Wl 53705

Methods for Urine Detection
Robert S. Ferrera, Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204

Mite Contamination Profiles and 
Characterization of Damage to Foods
Diane Peace, Health and Welfare Canada, Bureau 
of Microbiological Hazards, Tunney's Pasture, Ot
tawa, Ontario, Canada K1A 0L2

Mites in Stored Foods
Jack L. Boese, Food and Drug Administration, Di
vision of Microbiology, Washington, DC 20204

Mole, Filth in

Mushroom Products, Dried
Jack L. Boese
Alan R. Olsen, Food and Drug Administration, 
1521 W Pico Blvd, Los Angeles, CA 90015

Mushrooms, Canned
Russell G. Dent, Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204

Particulates in Large-Volume Parenterals
Gordon Oxborrow, Food and Drug Administration, 
Minneapolis Center for Microbiological Investiga
tions, 240 Hennepin Ave, Minneapolis, MN 55401

Performance Evaluation of Methods for Filth
Jack L. Boese 
Russell G. Dent
James Carpus and Alan Whiteman, Food and Drug 
Administration, 433 W Van Buren St, Chicago, IL 
60607

Rye Bread
Richard R. Haynos, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232

Shrimp
Alan R. Olsen

Soluble Insect and Other Animal Filth
George P. Hoskin and Harriett R. Gerber, Food 
and Drug Administration, Division of Microbiology, 
Washington, DC 20204

Soups, Canned and Dehydrated

Spices
Susan M. Brown, McCormick & Co., Inc., Hunt Val
ley, MD 21031

Spirulina
John S. Gecan
John Quintero, Food and Drug Administration, 
1521 W Pico Blvd, Los Angeles, CA 90015

Urine Detection
Robert S. Ferrera

Vertebrate Excreta, Chemical Identification 
Tests
Harriet R. Gerber, Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204

FOOD MICROBIOLOGY_______________________
Referee: Wallace H. Andrews, Food and Drug Ad
ministration, Division of Microbiology, Washing
ton, DC 20204

Automated Methods for Food and Cosmetics
James E. Gilchrist, Food and Drug Administration, 
Division of Microbiology, 1090 Tusculum Ave, Cin
cinnati, OH 43226

B ac illu s  ce re u s , Isolation and Enumeration
Stanley M. Harmon, Food and Drug Administra
tion, Division of Microbiology, Washington, DC 
20204
Gayle Lancette, Food and Drug Administration, 
Minneapolis Center for Microbiological Investiga
tions, 240 Hennepin Ave, Minneapolis, MN 55401

B a c illu s  c e reu s  Enterotoxin
Reginald W. Bennett and Stanley M. Harmon, 
Food and Drug Administration, Division of Micro
biology, Washington, DC 20204

Campylobacter Species
Chong Park, Health and Welfare Canada, Tun- 
ney’s Pasture, Ottawa, Ontario, Canada K1A0L2
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Canned Foods
Cleve B. Denny, National Food Processors Associ
ation, 1133 20th St, NW, Washington, DC 20036

C lo s tr id iu m  b o tu lin u m  and Its Toxin, Detection
Donald A. Kautter, Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204

C lo s tr id iu m  p e rfr ir tg e n s , Isolation and 
Enumeration
Stanley M. Harmon

Endotoxins by Limulus Amebocyte Lysate
Christine Twohy, Food and Drug Administration, 
240 Hennepin Ave, Minneapolis, MN 55401

Enteropathogenic E s c h e ric h ia  c o li. Direct 
Fluorescent Antibody Procedure for Detection
James F. Yager, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

E s c h e ric h ia  c o li and Other Coliforms
Ira J. Mehlman, Food and Drug Administration, Di
vision of Microbiology, Washington, DC 20204

Genetic Methods for Detection of Bacterial 
Pathogens
Walter Hill, Food and Drug Administration, Divi
sion of Microbiology, Washington, DC 20204

Helium Leaks, Canned Foods
James E. Gilchrist and Ulysses S. Rhea, Food and 
Drug Administration, Minneapolis Center for Mi
crobiological Investigations, 240 Hennepin Ave, 
Minneapolis, MN 55401

Hydrophobic Grid Membrane Filter Methods
Phyllis Entis, QA Laboratories, Ltd, 135 The West 
Mall, Toronto, Ontario, Canada M9C 1C2

Identification of Microorganisms by 
Biochemical Kits
Nelson Cox, U.S. Department of Agriculture, 
Southern Regional Research Center, Box 5677, 
Athens, GA 30613

Parasitology
Richard A. Rude, Food and Drug Administration, 
Minneapolis Center for Microbiological Investiga
tions, 240 Hennepin Ave, Minneapolis, MN 55401 
Robert Barnard, Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204

S a lm o n e lla
Paul L. Poelma, Food and Drug Administration, Di
vision of Microbiology, Washington, DC 20204 
Dean Wagner, Food and Drug Administration, Min
neapolis Center for Microbiological Investiga
tions, 240 Hennepin Ave, Minneapolis, MN 55401

S a lm o n e lla , Fluorescent Antibody Technique
John P. Schrade, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Somatic Cell, Automated Optical Counting 
Method
Wesley N. Kelley, University of South Dakota, 
State Chemical Laboratory, Vermillion, SD 57609

Somatic Cell, Fossomatic Counting Method
R. D. Mochrie, North Carolina State University, 
Animal Science Department, Raleigh, NC 27650

Spore-Formers and Non-Spore-Formers in Low 
Acid Foods
Mary L. Schafer, Food and Drug Administration, 
1090 Tusculum Ave, Cincinnati, OH 45226

S ta p h y lo c o c c u s
Gayle Lancette

S ta p h y lo c o c c u s  Toxin
Reginald W. Bennett

Sugars
Cleve B. Denny

V ib rio  c h o le ra e  and Detection of Its Toxins

V ib rio  p a ra h a e m o ly tic u s
Eugene H. Peterson, Food and Drug Administra
tion, Minneapolis Center for Microbiological In
vestigations, 240 Hennepin Ave, Minneapolis, MN 
55401

Virology and Animal Oncology
Edward P. Larkin, Food and Drug Administration, 
Division of Microbiology, 1090 Tusculum Ave, Cin
cinnati, OH 45226

Yeast, Molds, and Actinomycètes
Philip B. Mislivec, Food and Drug Administration, 
Division of Microbiology, Washington, DC 20204

Y ers in ia  e n te ro c o lit ic a

DRUG AND DEVICE RELATED MICROBIOLOGY
Referee: Gordon Oxborrow, Food and Drug Ad
ministration, Minneapolis Center for Microbiologi
cal Investigations, 240 Hennepin Ave, Minneapo
lis, MN 55401

Testing Biological Sterility Indicators
Gordon Oxborrow

Sterility Testing of Medical Devices
Daniel A. Quagliaro, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232
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COMMITTEE G
Rodney J. Noel (Purdue University, Department 
of Biochemistry, West Lafayette, IN 47907), 
Chairman-, Glenn M. George (Salsbury Laborato
ries, 2000 Rockford Rd, Charles City, IA 50616); 
Alexander MacDonald (Hoffmann-La Roche Co., 
340 Kingsland St, Nutley, NJ 07110); Howard 
Casper (North Dakota State University, Veterina
ry Diagnostic Laboratory, Fargo, ND 58102); 
Harold Thompson (National Center for Toxico
logical Research, Jefferson, AR 72079); Patricia 
Bulhack (Food and Drug Administration, Division 
of Color Technology, Washington, DC 20204); 
Secretary, Ruey Chi (Food and Drug Administra
tion, Division of Mathematics, Washington, DC 
20204), Statistical Consultant

ANTIBIOTICS_______________________________
Referee: Stanley E. Katz, Rutgers University, De
partment of Biochemistry and Microbiology, New 
Brunswick NJ 08903

Affinity Quantitative Determination of Penicillin 
in Milk
Stanley E. Charm, Tufts Medical School, Enzyme 
Center, 136 Harrison Ave, Boston, MA 02111

Bacitracin in Feeds
Carol Harpster, AL Laboratories, 185 LeGrand 
Ave, Northvale, NJ 07647
John B. Gallagher, International Minerals & 
Chemicals Corp., 1331 S First St, Terre Haute, IN 
47808

Bacitracin in Premixes and Foods (Chemical 
Method)
John B. Gallagher 

Bambermycins
Jean Olsen, Hoechst Pharmaceuticals, Inc., Rie 
202-206 N, Somerville, NJ 08876

Chloramphenicol in Animal Tissues
Edward H. Allen, Food and Drug Administration, 
Bureau of Veterinary Medicine, Beltsville, MD 
20705

Chlortetracycline in Feeds

Cup Plate System for Antibiotic Analysis
Virginia A. Thorpe, State Department of Agricul
ture, 1615 S Harrison Rd, East Lansing, Ml 48823

Design and Computerizatioin of Microbiological 
Assays
Peter Kahn, Rutgers University, Cook College, De
partment of Biochemistry and Microbiology, New 
Brunswick, NJ 08903

Lasalocid Sodium in Feeds (Microbiological 
Assay)
Jacob M. Scheiner, Hoffmann-La Roche Inc, Food 
and Agricultural Products, 340 Kingsland St, Nut- 
ley, NJ 07110

Lincomycin in Feeds
A. William Neff, The Upjohn Co., Agricultural Divi
sion, Kalamazoo, Ml 49001

Monensin
Robert E. Scroggs, Elanco Products Co., Box 
1750, Indianapolis, IN 46206

Oxytetracycline
Dorothy M. Brennecke, 3981 Dover PI, St Louis, 
MO 63116

Qualitative Delvo-test for /3-Lactam Residues in 
Milk
Wesley N. Kelley, State Chemical Laboratory, Uni
versity of South Dakota, Vermillion, SD 57609

Qualitative Determination of /3-Lactam 
Antibiotic Residues in Milk
James Messer, Food and Drug Administration, 
1090 Tusculum Ave, Cincinnati, OH 45226

Quantitative Determination of /3-Lactam 
Antibiotic Residues in Milk
Ronald Case, Kraft Foods, Kraft Ct, Glenview, IL 
600225
Roy Ginn, Dairy Quality Control Institute, Inc., 
2353 N Rice St, St. Paul, MN 55113

Screening Procedures for Antibiotics in Feeds
Mary L. Hasselberger, Department of Agriculture, 
Laboratory Division, 3703 S 14th St, Lincoln, NE 
68502

Statistics of Microbiological Assay
John R. Murphy, Elanco Products Co., PO Box 
1750, Indianapolis, IN 46206

Tetracyclines in Tissues (Chromatographic 
Assay)
Ray B. Ashworth, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Tetracyclines in Tissues (Microbiological Assay)
Stanley E. Katz

Turbidimetric Virginiamycin Assay
Dorothy M. Brennecke

Tylosin
Paul Handy, Eli Lilly & Co., Box 708, Greenfield, IN 
46140

BIOCHEMICAL METHODS_____________________
Referee: John O’Rangers, Food and Drug Admin
istration, 5600 Fishers Lane, Rockville, MD 
20857

Erythromycins Aminoglycosides in Animal Tissue
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17/S-Estradiol and Diethylstilbestrol in Tissues 
(Immunochemical Methods)

Hormones in Tissues (Immunospecific Affinity 
Chromatography)
Alonza R. Hayden, U.S. Department of Agricul
ture, Meat Science Research Laboratory, Belts- 
ville, MD 20705

Hybridoma-Monoclonal Antibodies
Richard Meyer, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Immunochemical Species Identification of Meat
David Berkowitz, U.S. Department of Agriculture, 
Serology Branch, Beltsville, MD 20705

Performance Evaluation Methods for 
Non-RIA Procedures Measuring Human 
Chorionicgonadatropin
Lillian Gill, Food and Drug Administration, 900 
Madison Ave, Baltimore, MD 21201

Performance Evaluation Protocols for Clinical, 
Chemical, and Immunochemical Diagnostic 
Products

Steroid Quantitation (Enzymatic Methods)

Sulfa Drugs in Animal Tissues (Immunoassay 
Procedures)

COLOR ADDITIVES___________________________
Referee: Keith S. Heine, Food and Drug Adminis
tration, Division of Color Technology, Washington, 
DC 20204

Arsenic and Heavy Metals
Catherine Bailey, Food and Drug Administration, 
Division of Color Technology, Washington, DC 
20204

Atomic Absorption in Color Analysis
Lueangier Moten, Food and Drug Administration, 
Division of Color Technology, Washington, DC 
20204

Cosmetics
Sandra Bell, Food and Drug Administration, Divi
sion of Color Technology, Washington, DC 20204

Color in Candy and Beverages
Mary Young, Food and Drug Administration, 850 
Third Ave, Brooklyn, NY 11232

Color in Drugs
Edward Woznicki, Colorcon Inc., Moyer Blvd, West 
Point, PA 19486

Color in Other Foods
Nicholas Adamo, Food and Drug Administration, 
Division of Color Technology, Washington, DC 
20204

FD&C Red No. 4 in Maraschino Cherries
Ronald E. Draper, Food and Drug Administration, 
50 United Nations Plaza, San Francisco, CA 
94102

High Pressure Liquid Chromatography
Elizabeth A. Cox, Food and Drug Administration, 
Division of Color Technology, Washington, DC 
20204

Inorganic Salts
Wallace S. Brammell, Food and Drug Administra
tion, Division of Color Technology, Washington, 
DC 20204

Intermediates, Uncombined, in Certifiable 
Triphenylmethane Colors
Alan Scher, Food and Drug Administration, Divi
sion of Color Technology, Washington, DC 20204

Intermediates, Uncombined, in Certifiable 
Water-Soluble Azo Colors
Daniel M. Marmion, Allied Chemical Corp., 1051 S 
Park Ave, Buffalo, NY 14240

Subsidiary Colors in Certifiable Color Additives
John E. Bailey, Food and Drug Administration, Di
vision of Color Technology, Washington, DC 
20204

X-Ray Fluorescence Spectroscopy
Catherine Bailey

COSMETICS_________________________________
Referee: Ronald L. Yates, Food and Drug Admin
istration, Division pf Cosmetics Technology, 
Washington, DC 20204

Deodorants, Aluminum and Zirconium in
Paul Beavin, Jr, Food and Drug Administration, 
900 Madison Ave, Baltimore, MD 21201

Essential Oils and Fragrance Materials, 
Components
Harris H. Wisneski, Food and Drug Administration, 
Division of Cosmetics Technology, Washington, 
DC 20204

Nitrosamines

Preservatives

DRUG RESIDUES IN ANIMAL TISSUES_________
Referee: Charlie J. Barnes, Food and Drug Ad
ministration, Division of Chemistry and Physics, 
Washington, DC 20204

Benzimidazole
Leon LeVan, Hazleton Raltech, 3301 Kinsman 
Blvd, Madison, Wl 53704

Carbadox
Jose E. Roybal, Food and Drug Administration,
U.S. Customhouse, Denver, CO 80202
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Diethylstilbestrol
Robert K. Munns, Food and Drug Administration, 
20th and California Sts, Denver, CO 80202

Dimetridazole
Maritza C. Pullano, Food and Drug Administration,
U.S. Courthouse, Denver, CO 80202

3,5-Dinitrobenzamide
Raymond B. Ashworth, U.S. Department of Agri
culture, Food Safety and Inspection Service, 
Beltsville, MD 20852

Nitrofurans

Screening Methods
Flenry R. Cook, U.S. Department of Agriculture, 
Food Safety and Inspection Service, Beltsville, MD 
20705

Steroids

Sulfa Drugs

Sulfonamide

DRUGS IN FEEDS___________________________
Referee: Rodney J. Noel, Purdue University, De
partment of Biochemistry, West Lafayette, IN 
47907

Amprolium
Kathleen Eaves, Texas A&M University, Agricul
ture Analytical Services, College Station, TX 
77843

Arprinocid
David W. Fink, Merck, Sharpe & Dohme, Inc., Ana
lytical Research Department, E Scott Ave, Rah
way, NJ 07065

Arsanilic Acid

Carbadox
Mark A. Litchman, Pfizer Inc., Agricultural Divi
sion, 1107 S Missouri St, Lee's Summit, MO 
64063

2-Chloro-l-(2,4,5-trichlorophenyl) Vinyl 
Dimethyl Phosphate (Tetrachlorvinphos)
(Rabon)

Dibutyltin Dilaurate (Butynorate)
Glenn M. George, Salsbury Laboratories, Re
search Division, Charles City, IA 50616

l,2-Dimethyl-5-nitroimidazole (Dimetridazole)
Larry J. Frahm, Salsbury Laboratories, Research 
Division, Charles City, IA 50616

Ethopabate
Kathleen Eaves

Ethylènediamine Dihydroiodide
Gary Ross, North Dakota State Laboratories, 
2635 E Main St, Bismarck, ND 58501

Furazolidone and Nitrofurazone
Robert E. Smallidge, Purdue University, Depart
ment of Biochemistry, West Lafayette, IN 47907

Ipronidazole
Edward Waysek, Floffmann-La Roche Inc., Food 
and Agricultural Products, 340 Kingsland St, Nut- 
ley, NJ 07110

Larvadex
Arthur Flofberg, Ciba-Geigy Corp., 41 Swing Rd, 
Greensboro, NC 27409

Melengestrol Acetate
Raymond Davis, The Upjohn Co., Flenrietta St 
Labs, Kalamazoo, Ml 49001

Microscopy
Patrick Cox, Land O'Lakes, Inc., 2827 8th Ave S, 
Ft Dodge, IA 50501

Nifursol
Glenn M. George 

Phenothiazine

Pyrantel Tartrate
James A. Braswell, Pfizer, Inc., Agriculture Divi
sion, 1107 S Missouri St, Lee's Summit, MO 
64063

Roxarsone
Glenn M. George

Sulfa Drug Residues
Robert K. Munns, Food and Drug Administration, 
20th and California Sts, Denver, CO 80202

Sulfadimethoxine-Ormetoprim Mixtures
Edward Waysek

Sulfamethazine and Sulfathiazole (Premix and 
Finished Feed Levels)
Dwight M. Lowie, State Department of Agricul
ture, 4000 Reedy Creek Rd, Raleigh, NC 27607

Sulfaquinoxaline
David W. Fink

FORENSIC SCIENCES________________________
Referee: Jew-Ming Chao, Burlington County Fo
rensic Science Laboratory, Woodland Rd, Mt. 
Holly, NJ 08060

ABO Blood Typing
Henry C. Lee, State Police Forensic Science Labo
ratory, Box A-D, Amity Station, New Haven, CT 
06516
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Biological Fluids (Immunoelectrophoresis)
James D. Hauncher, Michigan State Police, Scien
tific Laboratory, 42145 W Seven Mile Rd, North- 
ville, Ml 48167

Blood
Ralph Plackenhorn, Pennsylvania State Police, 
Laboratory Division, PO Box 38, Greensburg, PA 
15601

Blood Stains, ABH Typing

Blood Stains, Species Determination

Bomb Residues
William Kinard, Department of the Treasury, Bu
reau of Alcohol, Tobacco and Firearms, 1401 Re
search Blvd, Rockville, MD 20850

Documents

Fingerprints
Charles M. Conner, Department of the Treasury, 
Bureau of Alcohol, Tobacco and Firearms, 550 
Main St, Cincinnati, OH 45202

Firearms
James Booker, State Crime Laboratory, 591 Fla
thaway Bldg, PO Box 1895, Cheyenne, WY 82001

Flammable Fluids
Phillip Wineman, Department of the Treasury, Bu
reau of Alcohol, Tobacco and Firearms, 1401 Re
search Blvd, Rockville, MD 20850

Gunshot Residue
William Kinard

Gunshot Residue by Atomic Absorption 
Spectroscopy
Kent A. Oakes, State Regional Crime Laboratory, 
15725 W Ryerson Rd, New Berlin, Wl 53151

Hair Examination
Walter C. McCrone, Walter C. McCrone Asso
ciates, 2820 S Michigan Ave, Chicago, IL 60616

Infrared Spectroscopy
Kent A. Oakes

Microscopic Methods and Glass Products
Walter C. McCrone

Paints, Pyrolysis-Gas Chromatographic Methods

Safe Insulation

Serial Number Restoration (Chemical Etching 
Techniques)

Soils, Geological Analysis
R. C. Murray, University of Montana, Office of the 
Associate Vice-President for Research and Dean 
of the Graduate School, Missoula, MT 59801

Voice Print Identification
Lonnie L. Smrkovski, Michigan State Police, 714 S 
Flarrison Rd, East Lansing, Ml 48823

MICROBIAL MUTAGENICITY TESTING__________
Referee: Frederick Deserres, National Institute 
of Environmental Protection, Box 12233, Re
search Triangle Park, NC 27709

Prophage Induction
John H. S. Chen, Environmental Protection Agen
cy, Beltsville, MD 20706

TOXICOLOGICAL TESTS______________________
Referee: Samuel I. Shibko, Food and Drug Ad
ministration, Division of Toxicology, Washington, 
DC 20204

Ames Test
Virginia C. Dunkel, Food and Drug Administration, 
Division of Toxicology, Washington, DC 20204

Aspiration Tests
Robert E. Osterberg, Food and Drug Administra
tion, Division of Toxicology, Washington, DC 
20204

Cell Culture-Enzyme Induction Bioassay
June A. Bradlaw, Food and Drug Administration, 
Division of Toxicology, Washington, DC 20204

In  V itro  Mutagenic Assay Utilizing the 
Thymidine Kinase Heterozygous Locus of 
L5178Y Mouse Lymphoma Cells
Kenneth Palmer, Food and Drug Administration, 
Division of Toxicology, Washington, DC 20204

LD50 Test
Frederick Sperling, Howard University Medical 
School, Department of Pharmacology, Washing
ton, DC 20001

Rabbit Eye Irritation Test
Francis N. Marzulli, Food and Drug Administra
tion, Division of Toxicology, Washington, DC 
20204

Skin Irritation Tests
Robert M. Herir, Consumer Product Safety Com
mission, Bureau of Biomedical Science, Bethes- 
da, MD 20207

VETERINARY ANALYTICAL TOXICOLOGY_______
Referee: P. Frank Ross, U.S. Department of Agri
culture, National Veterinary Services Laboratory, 
Ames, IA 50010
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Arsenic in Animal Tissue
Tracy Hunter, Division of Consolidated Laborato
ry Services, 1 N 14th St, Richmond, VA 23219

Cholinesterase
Paula Martin, Iowa State University, Veterinary 
Diagnostic Laboratory, Ames, IA 50010

Copper in Animal Tissue
David Osheim, U.S. Department of Agriculture, 
National Veterinary Services Laboratory, Ames, 
IA 50010

Lead in Animal Tissue
R. J. Everson, Purdue University, School of Veteri
nary Medicine, West Lafayette, IN 47907

Molybdenum
Howard Casper, North Dakota State University, 
Veterinary Diagnostic Laboratory, Fargo, ND 
58102

Monensin
Ronda A. Moore, Iowa State University, College of 
Veterinary Medicine, Ames, IA 50010

Multiple Anticoagulant Screening
John D. Reynolds, Animal Disease Laboratory, 
235 N Walnut St, Centralia, IL 62801

Multielement Analysis by ICP
Emmett Beazelton, Michigan State University, 
Department of Pharmacology and Toxicology, 
East Lansing, Ml 48824

Nitrates and Nitrites
Norman R. Schneider and Michael P. Carlson, 
Veterinary Diagnostic Center, Department of Vet
erinary Science, Lincoln, NE 68583

Poisonous Plants
George Rottinghaus, University of Missouri, Col
lege of Veterinary Medicine, Columbia, MO 
65211

Selenium in Animal Tissue
James E. Roof, State Veterinary Diagnostic Labo
ratory, PO Box 1430, Harrisburg, PA 17105

Sodium Monofluoroacetate
Henry M. Stahr, Iowa State University, College of 
Veterinary Medicine. Ames, IA 50010
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C H A N G E S  IN O F F IC IA L  M E T H O D S  O F  A N A L Y S I S

The following changes in the Methods of the Association become effective, as provided in Article 
VII, Section 6 of the Bylaws, on the thirtieth day after publication of this J o u r n a l  issue. Section 
numbers refer to the 13th edition, 1980, unless otherwise specified.

Newly adopted methods are numbered in the style of the 13th edition. The first section of the 
first new method in each chapter is numbered with the chapter number plus .D 0 1 . Subsequent 
sections are numbered .D 0 2 , .D 0 3 , .D 0 4 , et seq. The D  signifies that the method was adopted at the 
1982 Annual Meeting. Methods adopted at the 1979, 1980, and 1981 Meetings are designated by 
the chapter number plus .A 0 1 , .B 0 1 , .C 0 1 , etc., respectively. Revisions of the 13th edition sections 
are given the same number(s) they replace.

"Changes in Methods" is accompanied by an index, which is cumulative for actions on methods 
between editions of O f f i c i a l  M e t h o d s  o f  A n a ly s i s .

1. A G R IC U L T U R A L  L IM IN G  M A T E R IA L S

No additions, deletions, or changes.

2. F E R T IL IZ E R S

(1) The official first action modified compre
hensive nitrogen method, 2.061-2.062, was 
adopted official final action.

(2) The following liquid chromatographic 
method for the determination of urea and 
water-soluble methyleneureas in fertilizers was 
adopted official first action:

U re a  an d  W a te r-S o lu b le  M e th y le n e u re a s  in  
F e rtiliz e rs

L iq u id  C h ro m a to g ra p h ic  M e th o d  

O ffic ia l  F irs t  A ctio n

2 .D 0 1  Principle
Sample is ground to pass 40 mesh sieve, extd 

with H20 ,  and filtered. Urea, methylenediurea 
(MDU), and dimethylenetriurea (DMTU) are 
detd by liq. chromatogy using external stds and 
refractive index detection.

2 .D 0 2  Apparatus
(a) L iq u id  c h r o m a t o g r a p h .—With refractive

index detector and pump capable of delivering 
mobile phase at 2 mL / min at pressures up to 2000 
psig. Operating conditions: flow rate 1.0
mL/min (1500 psi); attenuator 8X; ambient 
temp.; injection vol. 10 pL. Sample injector with 
fixed sample loop preferred.

(b) C h r o m a t o g r a p h i c  c o lu m n . — Partisil 5 ODS-3,
4.6 mm id X 25 cm (Whatman, Inc., 9 Bridewell 
PI, Clifton, NJ 07014; other manufacturers' small 
particle reverse phase columns may be substi
tuted with adjustments in operating condi
tions).

(c) S trip  c h a r t  r e c o r d e r .—Range to match output 
of detector.

2.D03 Reagents
(a) M o b i le  p h a s e .—HPLC grade H2O.
(b) P u r if ie d  m e t h y le n e d iu r e a  (M D U )  a n d  d i 

m e t h y le n e t r iu r e a  ( D M T U ) .—Ext 50 g N-only 
ureaformaldehyde (UF) fertilizer with acetone 
8 h on soxhlet extractor. Select UF fertilizer with 
high MDU/DMTU-to-urea ratio. Remove 
thimble from extractor, let air-dry, and collect 
residue. Mix 30 g acetone-washed residue in 300 
mL H20  and filter or centrf. Inject 100 mL su- 
pernate onto Waters Associates PrepPak 500 C-18 
cartridge (5.7 X 30 cm) in preparative liq. chro
matograph (Waters Associates Inc. Prep-500, or 
equiv.) at ambient temp, and with HzO mobile 
phase at 150 mL/min. Collect top third of MDU 
and DMTU peaks. Evap. collected fractions to 
dryness in hood, using heat lamps. Dry using 
vac. over P2Os. Confirm identity using anal. liq. 
chromatogy and elemental analysis: mp of pu
rified material, detd in pyrex, should be 205- 
207°d for MDU and 231-232°d for DMTU.

(c) E x te r n a l  s td  s o ln s .—(A) Accurately weigh 
ca 1.0 g each of urea (Baker Analyzed Reagent) 
and purified MDU, transfer both weighed 
compds to same 100 mL vol. flask, and dil. to vol. 
with H20 . (B) Accurately weigh 0.0125, 0.025, 
0.050, and 0.10 g purified DMTU into sep. 50 mL 
vol. flasks. (C) Pipet 2, 5,10, and 15 mL of mixed 
urea/MDU stds (A) into the vol. flasks from (B), 
resp. Dil. to ca 40 mL with HzO and warm as 
necessary to dissolve DMTU. Cool to room 
temp, and dil. to vol. Approx, std contents =
(1) 0.25 mg DMTU +  0.4 mg urea/MDU per mL;
(2) 0.50 mg DMTU +  1.0 mg urea/MDU per mL;
(3) 1.00 mg DMTU +  2.0 mg urea/MDU per mL;
(4) 2.00 mg DMTU +  3.0 mg urea/MDU per 
mL.
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2.D04 Preparation o f  Sam ple

Grind sample to pass 40 mesh sieve. Accu
rately weigh 2.000 g well mixed ground sample 
into 200 mL vol. flask. Add 150 mL distd or 
deionized HzO, place on wrist-action shaker 20 
min, and dil. to vol. with H20 . Using glass fiber 
paper, filter portion into 4 mL vial. Filter again 
thru 0.45 pm filter before injection.

2.D05 Determ ination and Calculations

Inject 10 pL of each mixed std until peak hts 
agree ±2%. Inject 10 pL sample. Repeat stds 
after all samples have been injected. Std peak 
hts should agree within 3% of initial std peak hts. 
Average peak hts for each component and plot 
mg/mL vs peak hts.

% Urea N =  mg/mL (from graph)
X 9.33/g sample

% MDU N =  mg/mL (from graph)
X 8.484/g sample

% DMTU N =  mg/mL (from graph)
X 8.236/g sample

(3) The official final action flame photometric 
method, 2.091-2.096, and the official final action 
automated flame photometric method, 2.097- 
2 .1 0 1 , for the determination of potash in fertil
izers have been expressed as a single method, 
using instrument parameters to judge instrument 
acceptability. The method was adopted official 
first action:

K20  in Fertilizers 
Flame Photometric Method 

(Manual or Automated)
Official First Action

(Caution: See 51.007)

2.D06 M ethod Parameters

Any flame photometer, manual or automated, 
capable of detecting K, using Li as internal std, 
and meeting method performance characteristics 
described below, is satisfactory. Samples are 
extd with ammonium oxalate soln or ammonium 
citrate soln. Appropriate dilns of ext are mixed 
with L iN 03 internal std soln and aspirated or 
pumped into flame photometer. La20 3 is added 
to L iN 03 soln to eliminate the phosphate effect. 
Final soln to be introduced to flame should have 
the following composition: (a) concn of K20  in 
range such that std curve response is linear over 
that range, (b) const amt of Li in range 5 to 40

ppm, (c) selected concn of La <1400 ppm, and (d) 
0.2N H N 03. Exact concn of L iN 03 and La20 3 
are optimized for particular instrumentation as 
described in performance specifications below. 
Ratio of K intensity at 768 nm to Li intensity at 
761 nm is detd, and compared with similar ratios 
from std set of > 6  stds, prepd from NBS or pri
mary std KH2P 0 4. Stds are arranged in as
cending order and evenly distributed thru cho
sen range.

2.D07 Preparation o f  Sam ple

(a) Ammonium oxalate extraction.—Weigh 1 g 
sample into 500 mL vol. flask, add 50 mL 4% 
(NH4)2C204  and 125 mL H20 ,  boil 30 min, and 
cool. Dil. to vol. with H20 ,  mix, and filter or let 
stand until clear.

(b) Ammonium citrate extraction from direct 
available phosphorus extract. —Prep, as in 2.050. (If 
solns must be held overnight, add 3-4 drops of 
CHC13.)

2.D08 Perform ance Specifications

System performance criteria.—Detailed example 
of specific instrumental system capable of 
meeting specified performance criteria follows 
this performance section. It is necessary to 
verify that this or any other particular system 
meets all of the following performance criteria 
before samples are analyzed. Levels specified 
are to be considered min. acceptable levels. 
Various criteria are written for automated in
strument, but should also apply to manual in
strument systems.

(a) L iN 03 concentration level.—Amt of L iN 03 
in final soln aspirated into flame is adjusted 
partly for convenience of instrument parameters, 
but should be such that Li and K channels give 
roughly equal responses. This can be detd either 
by displaying each channel's output sep., or by 
displaying ratio of K to Li response and then in
terchanging Li and K filters and displaying ratio 
again.

Using either procedure, sample midrange K+ 
stds under analysis conditions while varying 
concn of Li+ until acceptable concn of Li+ is 
found.

(b) Noise. —Adjust detector output to 90% full 
scale with high std sampled continuously. 
Noise must be <2% full scale peak to peak. Note 
that some instruments, flow injection analysis 
systems, for example, are not designed to pump 
samples continuously. In this case, substitute 
repeated sampling for continuous sampling, and 
consider noise to be difference between adjacent 
peak maxima. (Optimum performance on ex
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ample instrument system described in this 
method is ca V2% peak to peak. To reduce noise 
on example system, stabilize flame, stabilize 
pumping rate, stabilize back-pressure, change 
pump tubes, clean manifold, and/or rework 
manifold to ensure adequate mixing. To det. 
min. noise limit of instrument, collect system 
waste soln, connect short length of tubing di
rectly to photometer aspirator, and aspirate waste 
soln directly into flame.)

(c) C a r r y o v e r .—Adjust detector output to give 
ca 10% and 90% full scale response for low and 
high stds, resp. Sample 3 high stds followed by 
5 low stds on system under analysis conditions. 
Carryover, defined as difference between first 
low std and mean of other low stds, may not be 
>1% full scale. (Optimum performance on ex
ample system is negligible carryover. To reduce 
carryover on example system, clean manifold 
and aspirator, check manifold connections for 
dead space, redesign manifold shortening hy
draulic system wherever possible, decrease 
sampling rate, and/or reduce std range.)

( d )  D r i f t .—Adjust instrument to give detector 
response ca 50% full scale with middle std sam
pled continuously. Sample middle std contin
uously for the time it would take to analyze 30 
samples. For instruments not designed to sam
ple continuously, draw smooth line thru 30 
middle std peaks. Drift may not exceed 1% full 
scale per any 10 sample segment. (Optimum 
performance on example system is zero drift. To 
reduce drift on example system, stabilize room 
and soln temps, adjust manifold to maintain 
const back-pressure, and/or stabilize flame.) As 
long as drift does not exceed 1 % per 10 peak level, 
routine data may be further improved by in
serting a middle std periodically between groups 
of samples. This allows mathematical peak ht 
correction, assuming linear drift.

(e) P r e c i s i o n .—With instrument calibrated for 
10% and 90% full scale for low and high stds, 
resp., sample 30 middle stds under analysis 
conditions. Range of instrument response may 
not vary >2% full scale. (Optimum performance 
on example system is 0.7% full scale. To improve 
precision on example system, reduce noise, check 
sampler timing, and/or decrease sampling 
rate.)

(f) S t d  c u r v e .—Std curve consists of > 6  dif
ferent stds, evenly distributed thru std concn 
range. Prep, solns from NBS or primary std 
KH2PO4, dried 2 h at 105°. Include factor for 
actual purity of std material in calcns of std 
concn.

With instrument calibrated for ca 10% and 90%

response for low and high stds, resp., run stds in 
order of ascending concn under analysis condi
tions. Response should be linear. Mathemati
cally perform first degree least squares fit to std 
curve data. Alternatively, use calculator capable 
of least squares fits. First order least squares fit 
may be performed as follows: Assume that
points to be fitted are (X l7 Yj), (X2, Y2), —  (X„, 
Y „ ) .  Calc, means by:

X = - 2 X ,  Y =  -  2Y,
n n

Slope of least square fitted line is given by:

Z(Xj -  X) (Yj -  Y) _  (2 X ;Y j) -« X Y
1 2  (Xj -  X )2 (2X j2) — l/n (2 X j)2

Intercept for line is given by: 

b 0 =  Y  -  b j X

Equation of resulting line is:

Y  =  b o  +  b i X

Using derived equation and individual std 
responses, calc, concn for each std. Compare 
calcd and known concns for each std. Calcd 
value may not differ from known value by > ± 2% 
in any one instance. Also, av. of absolute values 
of those % differences may not be >1%. (Opti
mum performance on example system is 0.75% 
and 0.37%, resp. To improve std curve fit, opti
mize parameters (b) thru (e) above and/or reduce 
std range.)

(g) P h o s p h a t e  e f f e c t .—For example system, amt 
of La203 in LiN0 3  reagent is sufficient to elimi
nate phosphate effect (depression of instrument 
response to K by phosphate ion). If other than 
example automated system is used, elimination 
of phosphate effect must be verified. Using 
KNO3, prep. 200 mL soln of K20  with concn 
equal to twice that of highest std. Pipet 50 mL 
of that soln into each of two 100 mL vol. flasks. 
Dil. one to vol. and mix. Add sufficient 
NH4H2PO4 soln to the other flask such that 
concn of P2O5 will be as high as highest concn of 
P2O5 anticipated in any sample ext. Dil. to vol. 
and mix. Sample 10 portions of each soln, al
ternating, under analysis conditions. Average 
10 responses for each soln. Av. responses of the 
2  solns must not differ from each other by > 1 %. 
Select min. amt of La2C>3 which will eliminate 
phosphate effect. (Optimum performance of 
example system is <0.5%. To improve perfor
mance, adjust amount of La20 3 .)

(h) O v e r a l l  p e r f o r m a n c e  o f  s y s t e m .—Perfor
mance characteristics mentioned above are worst 
case examples. A system functioning marginally
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in many categories would probably fail the fol
lowing overall performance check.

Verify overall performance as follows: Ext 
and analyze once each 20 different Magruder 
samples, or other similar performance check 
samples previously detd by interlaboratory 
study. Also ext and analyze 5 independent 1 g 
portions of NBS or primary std KH2PO4. Ran
domize Magruder and KH2PO4 sample order. 
Calc. % KzO. A v . bias of Magruder results, 2  
(Magruder grand av. — calcd % K2O )/20, must be 
<±0.1. Av. of absolute value of differences must 
be <0.4. (Optimum values on example system 
are ca ± 0.02 and ± 0.2 , resp.)

For 5 analyses of KH2PO4, difference between 
mean of calcd % K2O and known % K2O must not 
be > ± 0 .2 , and std deviation must not be >0.25. 
(Optimum values for example system are ±0.1 
and 0.15, resp.)

(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.

Example Automated Instrument System

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)2C20 4 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 La2 0 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 H2O.

(d) Sampler wash and dilution water soln.— Dil. 
1 mL Flaminox 1% soln to 1 L with HzO.

(e) Potassium std solns.—(1) Stock std soln.—1 
mg K2 0 /mL. Dissolve 2.889 g dried (2 h at 105°) 
KH2PO4 (NBS SRM 200) in HzO, and dil. to 1 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)2C2 0 4 per 500 mL final vol. if samples 
are prepd by ammonium oxalate extn, or add 12  
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 Analytical System

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.
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Figure 2:D1. Manifold for K20  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.

2.D 12 Startup and Shutdow n Procedures

Start system and place reagent lines in proper 
solns. Let equilibrate 30 min before beginning 
calibration. Adjust flame photometer as follows:
(2) 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.D 13 C heckout and Calibration

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  
KzO/mL 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 Determ ination

Pipet aliquots of sample solns, Table 2:D 1, 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 
dilgtovol. Run samples in groups of 10. Place 
10 thru 55 pg  K20 /m L  stds in order in sampler, 
preceded by extra 10 pg /m L  std. Place 30 
p g !mL std after every 10th sample, to be used for 
drift correction. End series with two 30 pglrciL  
stds. Sample at rate of 40/h, 2:1 sample-to-wash 
ratio.

2.D 15 Calculations

Correct sample peak hts for drift. Correct 
peak hts of first 10 samples as follows:

HC =  H - [ ( D 1 - D 0)/14] [L +  3]

where Hc =  corrected peak ht; H =  uncorrected 
peak ht; =  ht of first drift correction std; D0 =  
ht of 30 pg  std in initial std sequence; and L =

Table 2:D1. K20  aliquots

% K20  expected Aliquot, mL

<2 250 (no diln)
2 -6 .4 9 1 0 0
6 .5 0 -1 9 .9 9 30
=s20 10
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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 10 .

Calc, least squares fitted curve of emission 
against K20  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)

(4) The following atomic absorption spectro- 
photometric method for the determination of 
chelated iron in iron chelate concentrates was 
adopted official first action:

Chelated Iron in Iron Chelate Concentrates
Atomic Absorption Spectrophotometric 

Method
Official First Action

(Applicable to Fe ethylenediaminetetraacetate 
(EDTA), Fe hydroxyethylethylenediaminetria- 
cetate (HEDTA), Fe diethylenetriaminepentaa- 
cetate (DTPA), Fe ethylenediaminedi-o-hy- 
droxyphenylacetate (EDDHA), Fe N,N-bis(2- 
hydroxy-5-sulfobenzyl)glycine (DPS), and Fe 
citrate. Not applicable to mixed fertilizers, or to 
samples contg non-chelated metals other than 
Fe.)

2.D16 Principle

Sample is dissolved in H20 ,  and non-chelated 
Fe is pptd as FeOH3 at pH 8.5 and removed. 
Chelated Fe is detd by AAS, using std solns contg 
Na2H2EDTA.

2.D17 Apparatus and Reagents

(a) Sodium hydroxide soln.—0.5N. Dissolve 20 
g NaOH in H20  and dil. to 1 L.

(b) Disodium EDTA soln.—0.66%. Dissolve
0.73 g Na2H2EDTA.2H20  in H20 )  and dil. to 100 
mL.

(c) Iron std solns.—(1) Stock soln. — 1000 pg 
Fe/mL. Dissolve 1.000 g pure Fe wire in ca 30 
mL 6N HC1 with boiling. Dil. to 1 L. (2) Inter
mediate soln.—100 pg Fe/mL. Pipet 10 mL Fe 
stock soln and 10 mL Na2H2EDTA soln into 100 
mL vol. flask and dil. to vol. with H20 . (3) 
Working solns.—Dil. aliquots of intermediate soln

with 0.5N HC1 to make > 4  std solns within range 
of detn (2-20 pg Fe/mL).

(d) Atomic absorption spectrophotometer.—With 
air-C 2H2 flame. See 2.109(a).

2.D18 Determ ination

Weigh sample contg ca 40 mg Fe into 200 mL 
tail-form beaker. Wet with 2-3 drops of alcohol 
and dissolve in 100 mL H20 . Add 4 drops of 30% 
H20 2, mix and adjust pH of soln to 8.5 with 0.5N 
NaOH. If pH drifts above 8.8, discard soln and 
repeat analysis. Trai sfer soln to 200 mL vol. 
flask, dil. to vol. with H20 ,  and mix. Filter soln 
thru quant, paper. Pipet 10 mL filtrate into 200 
mL vol. flask and dil. to vol. with 0.5N HC1. 
Measure A of solns, using lean air-C2H2 flame as 
in 2.112 and det. concn of Fe in sample (pg Fe/ 
mL) from either calibration curve or digital 
concn readout. In same manner, det. Fe blank 
on all reagents used.

% Chelated iron =  (pg Fe/mL in sample
— pg Fe/mL in blank) X 0.4/g sample

(5) The following atomic absorption spectro
photometric method for the determination of 
sodium in fertilizers was adopted official first 
action:

Sodium in Fertilizers
Atomic Absorption Spectrophotometric 

Method
Official First Action

2.D19 Reagents and Apparatus

(a) Ammonium oxalate soln.—Dissolve 40 g 
(NH4)2C20 4 in 1 L HzO.

(b) Sodium chloride.—Dry 2 h at 105°.
(c) Atomic absorption spectrophotometer.—Model 

AA6 (Varian Techtron Pty Ltd, 679-701 
Springvale Rd, Mulgrave, Vic., Australia 3170), 
or equiv.

2.D20 Preparation o f  Solution

Weigh 2.5 g (<4% Na) or 1.25 g (4-20% Na) 
sample into 250 mL vol. flask, add 125 mL H20  
and 50 mL (NH4)2C20 4 soln, and boil 30 min. 
Cool, dil. to vol., mix, and pass thru dry filter. 
For samples contg <1% Na, use this soln for detn. 
For samples contg 1 -20% Na, place 20 mL in 100 
mL vol. flask, dil. to vol. with H20 ,  and mix.

2.D21 Preparation o f  Standard C urve

Dissolve 2.5421 g dried NaCl in H20  and dil.
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to 1 L (1000 ppm Na). Prep, std solns to cover 
range 0-200 ppm at intervals <20 ppm Na.

2.D22 Determ ination

Set wavelength at 330.3 nm using air-C 2H2 
flame. Aspirate stds and samples. Plot curve 
from std values and det. Na content of sample 
solns from plot of A  against ppm Na. Calc. % Na 
as follows:

<1%: ppm Na X 25 / M  =  %Na
1-20%: ppm Na X 125/M =  %Na 

where M  =  wt of sample (mg).

(6) The applicability of the official first action 
atomic absorption spectrophotometric method 
(8.023-8.026) for the determination of aluminum 
in baking powders and chemicals to determining 
aluminum in aluminum sulfate-type soil acidi- 
fiers was adopted official first action:

Aluminum in Aluminum Sulfate-type Soil 
Acidifiers

Atomic Absorption Spectrophotometric 
Method

Official First Action

2.D23 Apparatus and Reagents

(a) A t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r . —  Per- 
kin-Elmer Model 303, or equiv. See 8.023 for 
typical operating parameters.

(b) D ilu t in g  s o l t i .—Add 20 mL H2SO4 and 2.5 
g NaCl to 500 mL HzO. Dil. to 1 L with H20 .

(c) A lu m i n u m  s t d  s o l n s . — ( 1 )  S t o c k  s o ln .  — 1 mg 
Al/mL (1000 ppm). Accurately weigh 1.000 g 
pure A1 and dissolve in ca 25 mL HC1. Evap. al
most to dryness, add 500 mL H20 ,  20 mL H2S 0 4, 
and 2.5 g NaCl, and dil. to 1 L with H2O. (2) 
W o r k in g  s o l n s .—Dil. aliquots of stock soln with 
dilg soln, (b), to make 4 std solns within range 
50-150 ppm.

2.D24 Preparation o f  Sam ple

Accurately weigh ca 1 g sample into 500 mL 
screw-cap erlenmeyer, add 250 mL H20 ,  and 
shake on wrist-action shaker ca 15 min. Quant, 
transfer to 500 mL vol. flask and dil. to vol. with 
H2O. Filter thru Whatman No. 2 paper. Dil. 
aliquot as necessary (diln factor =  F) with dilg 
soln, (b), for concn range 50-150 ppm.

2.D25 Determ ination

Set up app. as shown in Table 8:01, or use 
previously established optimum settings for app. 
Zero app. while aspirating dilg soln, (b). Det. A

of std solns within 50-150 ppm range, alternating 
with sample soln readings. Flush burner with 
dilg soln, (b), and check zero point between 
readings.

Det. Ai content from std curve of A  against p g  

Al/mL.

% Al =  (jug Al/mL) X F
X (500/g sample) X 10-4

3. PLANTS
No additions, deletions, or changes.

4. DISINFECTANTS
No additions, deletions, or changes.

5. HAZARDOUS SUBSTANCES
No additions, deletions, or changes.

6 . PESTICIDE FORMULATIONS
(1) The following official first action methods 

were adopted official final action:
(a) Terbuthylazine, AOAC-CIPAC gas-liquid 

chromatographic method, 6.B20-6.B27.
(b) Pyrethrins and piperonyl butoxide, gas- 

liquid chromatographic method, 6.C22-6.C25.

(2) The official first action gas-liquid chro
matographic method for the determination of 
pentachloronitrobenzene, 6.C08-6.C11, was 
adopted official final action after modification 
as follows:

In 6.C09(c), delete the last sentence, “Discard 
after 3 days."

(3) The following liquid chromatographic 
method for the determination of brodifacoum in 
technical material and liquid and bait formula
tions was adopted official first action:

Brodifacoum in Technical Material 
and Formulations

Liquid Chromatographic Method 
Official First Action

6.D01 Principle

A  weighed sample of tech, brodifacoum, bro
difacoum cone., or bait ext is dissolved in tri- 
phenylbenzene internal std soln and detd by 
reverse phase liq. chromatgy and UV detec
tion.

6.D02 Apparatus

(a) L iq u id  c h r o m a t o g r a p h . — Flow rate 1 mL/



CH AN G ES IN  M ETH O D S: J. ASSOC. OFF. ANAL. CH EM . (VOL. 66, NO. 2, 1983) 5 1 9

min; loop injection 10 pL; mobile solv. MeOH- 
H2O-HOAC (94.2 +  5.0 +  0.8), filtered and de
gassed; UV detection at 254 nm with range to 
give peak hts ca 60-80% full scale. Retention 
times (min)—brodifacoum 6.2 , internal std
11.7.

(b )  Column.—25 cm X 4.6 mm Zorbax ODS 5 
pm  reverse phase column (DuPont Instruments 
Inc.).

(c) Centrifuge.—Equipped with 15 mL capped 
tubes.

(d) M acerator.—With 400 mL stainless steel 
cup/impeller assembly, such as Sorvall Omni
mixer (DuPont Instruments Inc.).

(e) Rotary evaporator.—Fitted with vac. and 
cold H20  supplies.

(f) Filter.—Spread 10 g Celite 545 on 9 cm No. 
5 filter paper wetted with MeOH in buchner. 
Press filter and prewash with 30 mL MeOH.

6.D03 Reagents

(a) 1,3,5-Triphenylbenzene internal std so/«.— 
Accurately weigh ca 100 mg pure 1,3,5-triphen- 
ylbenzene into 500 mL vol. flask, dissolve in 200 
mL CH2CI2, and dil. to vol. with MeOH.

(b ) Brodifacoum std soln.—Accurately weigh ca 
100 mg brodifacoum std of known purity (ICI 
Americas Inc., PO Box 208, Goldsboro, NC 27530) 
into 100 mL vol. flask. Dissolve in 40 mL 
CH2CI2. Dil. to vol. with MeOH. Transfer 10.0 
mL each of brodifacoum std soln and internal std 
soln to 50 mL vol. flask and dil. to vol. with dilg 
soln.

(c) Diluting so/«.—CH2Cl2-MeOH (2 +  3).
(d) Extracting soln.—CH2Cl2-formic acid (50 

+  !)•
Store reagents in tightly capped dark bottles 

to avoid evapn and decomposition. Check in
ternal std soln for interfering components by 
injecting 10  pL  into liq. chromatograph.

6.D04 Determ ination

(a) Technical material.—Accurately weigh ca 
100 mg sample into 100 mL vol. flask. Dissolve 
in 40 mL CH2C12. Dil. to vol. with MeOH. 
Transfer 10.0 mL each of sample soln and inter
nal std soln to 50 mL vol. flask. Dil. to vol. with 
dilg soln.

(b ) Powder concentrate.—Accurately weigh amt 
sample contg ca 5 mg brodifacoum into 250 mL 
capped conical flask. Add 100 mL extg soln and 
shake 1 min. Filter thru Celite, using two 30 mL 
washes of extg soln. Evap. filtrate at 60° under 
vac. Dissolve residue in 20.0 mL dilg soln and
5.0 mL internal std soln.

(c) Liquid concentrate.— Accurately weigh amt

sample contg ca 5 mg brodifacoum into 25 mL 
vol. flask. Add 5.0 mL internal std soln, and dil. 
to vol. with dilg soln.

(d) Pelleted bait.—Grind amt sample contg ca 
2 mg brodifacoum in anal. mill. Transfer to 
tared macerator cup and accurately weigh. Add 
250 mL extg soln and homogenize 10 min. Filter 
thru Celite using three 50 mL washings of extg 
soln. Rotary-evap. filtrate at 60° under vac. 
Dissolve residue in 8.0 mL dilg soln and 2 mL 
internal std soln. Centrf. sample to remove re
maining solids.

Inject 2 or more aliquots of std soln into liq. 
chromatograph to set integration parameters and 
stabilize instrument. Monitor response factor 
until results agree within 2%. Inject 4 aliquots 
of std soln and 2 aliquots of sample soln in suc
cession. Calc, response factor, R, for each:

R =  area brodifacoum peak/
area internal std peak

Peak hts can be used in place of peak areas for 
tech, material and bait formulations, but not for 
liq. formulations.

Brodifacoum, % =  (R/R') X (W'/W) X P X F

where R and R' -  av. response factor for sample 
and std solns, resp.; W and W' =  mg sample and 
std, resp.; P =  purity (%) of std; F =  scaling factor 
=  1 for technical material, V2o for powder and liq. 
cones, Vso for pelleted bait.

(4) The following liquid chromatographic 
method for the determination of rotenone in 
formulations was adopted official first action:

Rotenone in Formulations 

Liquid Chromatographic Method 

Official First Action

6.D05 Principle

Sample is extd with dioxane, and rotenone is 
detd by reverse phase HPLC with UV detection 
at 280 nm.

6.D06 Apparatus and Reagents

(a) Liquid chromatograph.—M6000A pump, 
U6K injector, Model 450 variable UV detector (all 
Waters Associates, Inc.), and Omni-Scribe re
corder (Houston Instrument, Austin, TX 78753), 
or equiv. system. Operating conditions: col
umn ambient; flow rate 1.0 mL/min for Partisil 
column, 1.5 mL/min for Zorbax column, 1.2 
mL/min for Bondapak column; injection vol. 5
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b

Figure 6:D1. Liq. chromatogram of rotenone sample 
with Whatman column: a, rotenolone; b, tephrosin 

and an unknown; c, rotenone; d, deguelin.

pL for Partisil column and 10 pL for others; de
tector wavelength 280 nm; absorbance range 0.4 
AUFS; chart speed 1 cm/min.

(b) Chromatographic columns.—Partisil 5 
ODS-3, 5 pm particle size, stainless steel, 25 cm 
X 4.6 mm id (Whatman Inc., Clifton, NJ 07014). 
Zorbax C8, 10 pm  particle size, stainless steel, 25 
cm X 4.6 mm id (DuPont Co.). pBondapak Cis, 
10 pm particle size, stainless steel, 30 cm X 3.9 
mm id (Waters Associates, Inc.).

(c) Mobile phases.—Use LC grade org. solvs 
(Fisher Scientific Co.). Use glass-distd H2O 
treated to remove org. compds by passing thru 
Cis column system (Millipore Corp., Bedford, 
MA 01730), or use HPLC grade H20 . Use 
MeOH-H20  (75 +  25), (68 +  32), and (66 +  34) for 
Partisil, Zorbax, and Bondapak, resp. If neces
sary, adjust mobile phase to give adequate sepn 
of tephrosin, rotenone, and deguelin in test soln 
(Fig. 6:D1).

(d) Test soln.—Accurately weigh portion of 
well mixed sample of Noxfish Fish Toxicant or 
powd cubé root ext (Penick Co., Lyndhurst, NJ 
07071) contg ca 20 mg rotenone into 125 mL g-s 
erlenmeyer. Add 50 mL dioxane, and mix.

(e ) Std soln.—Accurately weigh ca 20 mg 99% 
pure rotenone (Penick Co.) into 50 mL vol. flask 
and dil. to vol. with dioxane (reagent grade). 
Keep rotenone from light or store in actinic 
glassware.

(f) Sample extraction solvent.—Reagent grade 
dioxane.

6. D07 Prepara tion of Sam pie
(a) Solid formulations.—Accurately weigh

portion of well mixed sample contg ca 20 mg 
rotenone into 125 mL g-s erlenmeyer. Pipet in 
50 mL dioxane, stopper, and shake 1V2 h on rotary 
shaker. Let settle and filter aliquot thru 0.45 pm 
organic filter (Millipore Corp.), or equiv.

(b) Liquid formulations.—Use same procedure 
as above, omitting rotary shaking and settling.

6.D08 D eterm in a tion  a n d  C alcu la tion

Inject std soln followed by 2 injections of 
sample soln and another injection of std soln. 
Measure peak hts, average, and calc, as fol
lows:

% Rotenone =  (PH/PH') X (W'/W)
X % purity of std

where PH and PH' =  av. peak hts of sample and 
std solns, resp.; W  =  g rotenone std/50 mL; and 
W =  g sample extd.

(5) The following liquid chromatographic 
method for the determination of diflubenzuron 
in formulations was adopted official first action 
as a CIPAC-AOAC method:

Diflubenzuron (JV-(((4-Chlorophenyl)amino)- 
carbonyl)-2,6-difluorobenzamide) in 

Formulations
Liquid Chromatographic Method 

Official First Action 
CIPAC-AOAC Method

6.D09 P rin c ip le

Diflubenzuron is dissolved in 1,4-dioxane, 
sepd by HPLC, and detd from peak areas vs lin- 
uron internal std. Identity is confirmed by re
tention time.

6.D10 A pparatu s

(a) Liquid chromatograph.—Provided with const 
flow pump and 20 pL sample loop. Operating 
conditions: mobile phase flow rate, 1.3 mL/min; 
detector sensitivity, 128 X 10-3 AUFS; temp., 
ambient, should not fluctuate >2°; retention time 
of diflubenzuron relative to internal std, ca
1.36.

(b) Detector.—UV spectrophtr or fixed wave
length UV detector at 254 nm.

(c) Recorder.—Range to match output of HPLC 
detector.

(d) Liquid chromatography column.—Stainless 
steel, 250 X 4.6 mm, packed with Zorbax BP-Cs 
(E.I. DuPont de Nemours & Co.), or equiv. (e.g., 
pBondapak Cis, 10 pm, Waters Associates, Inc.;
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Spherisorb ODS, 5 pm, Phase Separations Ltd, 
Deeside Industrial Estate, Queensferry Clwyd, 
UK; Zorbax BP-ODS, 7 pm, E.I. DuPont de Ne
mours).

(e) Filter.—Acrodisc disposable filter assem
bly, 1.2 pm (Gelman Sciences, Inc., 600 S Wagner 
Rd, Ann Arbor, MI 48106), or equiv.

6.D11 Reagents
(a ) Mobile phase. — A cetonitrile-H 20 - l ,4 -  

dioxane (45 +  45 +  10). Mix 450 mL acetonitrile, 
450 mL H2O, and 100 mL 1,4-dioxane and 
degas.

(b) Solvent mixture.—Acetonitrile-H20 (45 +  
55).

(c) Internal std soln.—Accurately weigh 25 mg 
linuron (National Physical Laboratory, Div. of 
Chemical Standards, Teddington, Middlesex, 
TW11 OLW, UK) into 100 mL vol. flask, dil. to 
vol. with acetonitrile, and mix.

(d) Diflubenzuron std soln. —Accurately weigh 
ca 50 mg pure diflubenzuron (Duphar B.V., PO 
Box 2,1380 AA Weesp, The Netherlands) into 100 
mL vol. flask. Add 50 mL dioxane and dissolve 
by heating 30 min in 80° H2O bath. Swirl oc
casionally. Add 40 mL dioxane, cool, and dil. to 
vol. with dioxane. Pipet 5 mL into 50 mL vol. 
flask, add 5.00 mL internal std soln, (c), dil. to vol. 
with solv. mixt., (b), and mix.

(e) 1 ,3-Di(4-chlorophenyl)urea.—Duphar B.V.

6.D12 System Performance Check
Dissolve, in 100 mL vol. flask, 4.2 mg diflu

benzuron and 1.8 mg l,3-di(4-chlorophenyl)urea 
in 20 mL dioxane, dil. to vol. with solv. mixt., (b), 
and mix. Filter thru 1.2 pm filter before injec
tion.

Inject 20 pL onto column and det. resolution 
(R) by following formula:

R =  2 d/(Wy +  W2)

where R =  resolution; d =  distance between peak 
maxima; Wj and W2 =  peak width at baseline of 
diflubenzuron and l,3-di(4-chlorophenyl)urea, 
resp. Resolution should be >1. If necessary, 
resolution can be improved by slightly increas
ing H20  content of mobile phase.

6.D13 Preparation of Sample
(a) Diflubenzuron pre-concentrate.— Accurately 

weigh sample contg 1.0 g diflubenzuron into 200 
mL vol. flask. Add 150 mL dioxane and heat 30 
min in 80° H20  bath. Swirl occasionally. Add 
40 mL dioxane, cool, and dil. to vol. with dioxane. 
Pipet 10 mL into 100 mL vol. flask and dil. to vol. 
with dioxane. Pipet 5 mL dild soln into 50 mL

vol. flask, add 5.00 mL internal std soln, (c), dil. 
to vol. with solv. mixture (b), and mix. Filter 
thru 1.2  pm filter.

(b) Water dispersible powder.—Accurately 
weigh sample contg 0.5 g diflubenzuron into 200 
mL vol. flask. Add 150 mL dioxane and heat 30 
min in 80° H20  bath. Swirl occasionally. Add 
40 mL dioxane, cool, and dil. to vol. with dioxane. 
Immediately pipet 20 mL homogeneous sus
pension into 100 mL vol. flask and dil. to vol. 
with dioxane. Pipet 5 mL dild soln into 50 mL 
vol. flask, add 5.00 mL internal std soln, (c), dil. 
to vol. with solv. mixture, (b), and mix. Filter 
thru 1 .2  pm filter.

6.D14 D eterm in a t ion

Inject 20 pL diflubenzuron std soln, (d). Det. 
peak areas (or peak hts X retention times) of di
flubenzuron and internal std. Repeat injections 
until response ratio (area diflubenzuron peak/ 
area internal std peak) varies < 1 % for successive 
injections. Inject 20 pL sample soln.

6.D15 C alcu la tion

% Diflubenzuron =  RR X W' X V
X 100/(RR' X W)

where RR and RR' =  ratio of area of difluben
zuron peak to area of internal std peak for sample 
and std, resp.; W and W  =  g sample and std, 
resp.; V =  diln factor (=  20 and 10 for preconc. 
and H20-dispersible powder, resp.).

(6) The following gas-liquid chromatographic 
method for the determination of endosulfan in 
formulations was adopted official first action as 
a CIPAC-AOAC method:

Endosulfan (Hexachlorohexahydromethano-
2,4,3-benzodioxathiepin 3-Oxide) in 

Formulations
Gas-Liquid Chromatographic Method 

Official First Action 
CIPAC-AOAC Method

6.D16 P rin c ip le

Sample is extd with toluene and a-  and (3-en- 
dosulfan isomers are detd sep. by thermal con
ductivity or flame ionization GLC, using di(2- 
ethylhexyl)phthalate as internal std.

6.D17 A pparatu s

(a) Gas-liquid chromatograph.—Suitable for 
on-column injection; equipped with thermal
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conductivity detector. Flame ionization detector 
may be used with proper diln of samples and 
stds.

(b) Chromatographic column.—3 mm id X 1.5 m 
(5 ft) glass column packed with 10% OV-210 on 
80-100 mesh Chromosorb W-HP. Condition 
column >16 h, at 250°, using carrier gas at ca 25 
mL/min. Operating conditions: injector 300°, 
detector 250°, column 230°, He carrier gas flow 
ca 60 mL/min.

6.D18 Reagents
(a) Toluene.—GLC quality.
(b) Internal std soln. — 15mg/mL. Dissolve 15 

g di(2-ethylhexyl)phthalate, 99%+, in toluene 
and dil. to 1 L with toluene.

(c) Endosulfan std soln.—Accurately weigh
0.300 g endosulfan of known a-  and /3-isomer 
content (Riedel de Haen Co., D-3016 Hanno- 
ver-Seelze 1, GFR) into 25 mL g-s flask. Pipet in 
10 mL internal std soln, (b), mix, and store >20 
min at 60° to ensure dissolution.

6.D19 Preparation of Sample
(a) Technical endosulfan.—Accurately weigh

0.300 g sample into 25 mL g-s flask, pipet in 10 
mL internal std soln, (b), mix, and store >20 min 
at 60°.

(b) Emulsifiable concentrates.—Prep, as in (a), 
using wt equiv. to 0.300 g endosulfan.

(c) Wettable powder.—Accurately weigh sam
ple contg 0.300 g endosulfan into 25 mL g-s flask, 
pipet in 10 mL internal std soln, (b) mix, store 
>20 min at 60°, and centrf.

6.D20 Determination
Inject 2 pL  portions of std soln, (c), until re

sponse factor for each component varies <1% for 
successive injections. Inject duplicate 2 pL  
portions of sample soln followed by 2 ph  por
tions of std soln. For each injection, calc, re
sponse ratio of a-isomer peak to internal std 
peak, and ratio of /3-isomer peak to internal std 
peak, either as peak ht or digital integrator count 
for area. Retention time for each isomer and 
internal std should be the same for sample and 
std solns.

6.D21 Calculation

% a-isomer =  Ca =  Ra X IN' X Pa/(R 'a X IV)

% /3-isomer =  Cp =  RpXW'  X Pp/(R'p X W)

where Ra and R'a =  response ratios of a-isomer 
peaks to internal std peaks for sample and std 
soln, resp.; Rp and R'p =  response ratios of /3-

isomer peaks to internal std peaks for sample and 
std soin, resp.; W and W' =  wt (g) of sample and 
endosulfan std, resp.; Pa and Pp =  % a -  and /3- 
isomers in std, resp.

(7) The following liquid chromatographic 
method for the determination of glyphosate 
technical and formulations was adopted official 
first action:

Glyphosate (N-Phosphonomethyl Glycine) 
Technical and Formulations

Liquid Chromatographic Method 
Official First Action

6.D22 Principle
Samples are dissolved in phosphate buffer 

mobile phase and injected directly into ion ex
change chromatogc system using fixed vol. loop. 
Peak area response as measured by UV detector 
is quantitated by external std technic.

6.D23 Apparatus and Reagents
(a) Liquid chromatograph.—Able to generate 

over 1000 psi and measure A at 195 nm.
(b ) Loop injector.—Rheodyne Model 7120 sy

ringe loading (Supelco, Inc.), or equiv.
(c) Strip chart recorder.—Houston Instrument 

10 mV full scale (Industrial Scientific, PO Box 
60002, Houston, TX 77060), or equiv.

(d) Electronic integrator. —Capable of handling 
detector output.

(e) Chromatographic column.— 25 cm X 4.6 mm 
id, \  in. od, strong anion exchange, e.g., Partisil 
10 SAX (available from Whatman, Inc., 9 Bride
well PI, Clifton, NJ 07014).

(f) Methanol.—HPLC grade (available from 
Burdick & Jackson Laboratories, Inc.).

(g) Water. — HPLC grade (available from 
Burdick & Jackson Laboratories, Inc.). Use 
thruout.

(h) Potassium dihydrogen phosphate.—Primary 
std grade (available from Fisher Scientific Co.).

(i) Phosphoric acid.—85%, reagent grade 
(available from Fisher Scientific Co.).

(j) Glyphosate std.—Monsanto Co.
(k) Mobile phase. —Dissolve 0.8437 g KH2PC>4 

in 960 mL H20 .  Add 40 mL MeOH and mix 
well. Using pH meter buffered at pH 2.0, adjust 
pH to 1.9 with 85% H3PO4. Filter and degas be
fore use.

6.D24 Preparation of Standard
Accurately weigh ca 400 ±  10 mg glyphosate 

std (dried 2 h at 105°) into 100 mL vol. flask. Dil.
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to vol. with mobile phase and stir to dissolve (30 
min may be required to dissolve std). Soln is 
stable > 1  week.

6.D25 P rep ara tion  o f  S a m p le

Accurately weigh sample contg ca 400 mg 
glyphosate into 100 mL vol. flask contg ca 50 mL 
mobile phase. Dil. to vol. with mobile phase and 
mix well.

6.D26 D eterm in a tion

Adjust operating parameters so that glyphosate 
elutes at 2.5-4.0 min. Maintain all parameters 
consistent thruout std and sample analysis. 
Typical values are as follows: flow rate 2.3
mL/min; pressure ca 1200 psi; chart speed 0.5 
cm/min; A  range 0.2 AUFS; column temp, am
bient; injector vol. 50 pL.

Let mobile phase flow thru system until steady 
baseline is obtained; 1 h may be required for new 
column. When new columns are installed or 
instrument has not been used for 24 h, make at 
least 6  rapid injections of std soln; then inject std 
soln until peak areas for successive injections 
agree ±1%. Then inject sample soln until peak 
areas for successive injections agree ±1%. Let all 
components from samples elute (ca 1 0 - 1 2  min) 
before making next injection.

6.D27 C alcu la tion

Average peak areas from 2 successive injec
tions that agreed ± 1 % from both std and sample 
solns.

% Glyphosate = (R/R') X (W'/W) X P
where R  =  av. peak area of sample; R ' =  av. peak 
area of std; W = mg sample; W7 = mg std; and P 
= % purity of std. To convert % glyphosate to 
isopropylamine salt, multiply by 1.3496.

(8 ) The following liquid chromatographic 
method for the determination of fensulfothion 
in formulations was adopted official first ac
tion:

Fensulfothion (0,0-D iethyl 0 - [ p -  
(Methylsulfinyl)phenyl] Phosphorothioate) 

in Formulations
Liquid Chromatographic Method 

Official First Action

6.D28 P rin c ip le

Sample is dissolved in or extd with MeOH, 
benzophenone is added as internal std, and

fensulfothion is detd by liq. chromatgy and UV 
detection at 230 nm.

6.D29 Apparatus

(a) L iq u id  c h r o m a t o g r a p h .—Able to generate 
> 1 0 0 0  psi and equipped with detector able to 
measure A at 230 nm. Typical operating condi
tions: temp., ambient; flow rate, 0.8 mL/min; 
wavelength, 230 nm; chart speed, 2 mm/min; 
sample size, 10 pL. Conditions may be varied to 
accommodate instrument and column differ
ences.

(b) C o lu m n .—Whatman Partisil PXS 10/25 
ODS-2, stainless steel 25 cm X 4.6 mm id (What
man, Inc., Clifton, NJ 07014), or equiv.

(c) F ilte r . —10 pm Teflon, or similar type.

6.D30 Reagents

(a) M e t h a n o l .—Distd in glass (Burdick & 
Jackson Laboratories, Inc., or equiv.).

(b) P h o s p h o r ic  a c i d .—85% (Fisher Scientific 
Co.).

(c) I n t e r n a l  s t d  s o ln .—0.25 mg benzophe
none/mL. Accurately weigh ca 250 mg benzo
phenone (Eastman Kodak Co.) into small flask. 
Transfer to 1 L vol. flask and dil. to vol. with same 
MeOH to be used in mobile phase. Concn may 
be varied so that when std soln (d) is injected, 
peak ht of benzophenone matches peak ht of 
fensulfothion within 2 0 %.

(d) S td  s o l n .—0.3 mg fensulfothion/mL, 
within optimum linearity range. Accurately 
weigh ca 150 mg fensulfothion (Mobay Chemical 
Co., Box 4913, Kansas City, MO 64120) into 125 
mL flask. Pipet in 100 mL MeOH, shake to mix. 
Pipet 10 mL aliquot of soln into 125 mL flask with 
screw cap, add exactly 40 mL internal std soln, 
and shake to mix. Prep, fresh std daily. Keep 
ref. std in freezer.

(e) M o b i le  p h a s e . —MeOH-H20 (80 + 20) buf
fered to 0.0025M with H3 PO4 . Mix 800 mL 
MeOH + 200 mL H20 + 156 pL H3 PO4 , and 
degas. If using column other than ODS-2, adjust 
MeOH-H20 ratio as necessary.

6.D31 Preparation of Sample

(a) S p r a y  c o n c e n t r a t e .—  Accurately weigh 
sample contg ca 150 mg fensulfothion into 125 
mL flask. Pipet in 100 mL MeOH and shake to 
mix. Pipet 10 mL aliquot into 125 mL flask with 
screw cap, add exactly 40 mL internal std soln, 
and shake to mix.

(b) G r a n u la r  f o r m u la t io n s .—Pour sample into 
400 mL beaker and thoroly mix, turning granules 
over >10 strokes with wide spatula. Take 
weighed amt from beaker before sample is
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poured back into sample container. Accurately 
weigh sample contg ca 150 mg fensulfothion into 
125 mL flask. Pipet in 100 mL MeOH and place 
on mech. shaker 15-30 min. Filter thru 10 pm 
Teflon or similar type filter. Place 10 mL aliquot 
of filtrate in 125 mL flask with screw cap, add 
exactly 40 mL internal std soln, and shake to 
mix.

6.D32 D eterm in a tion

Adjust liq. chromatgc operating parameters to 
elute fensulfothion in 4-7 min. Maintain all 
parameters const thruout analysis. Benzophe- 
none will elute 2-4 min after fensulfothion.

Adjust injection size and attenuation to give 
60-80% on-scale peaks. Make repetitive injec
tions of std until response is stable, and ratios of 
fensulfothion peak ht to benzophenone peak ht 
for successive injections vary <1%. Then make 
duplicate injections of sample followed by in
jection of std. Calc. av. ratio of fensulfothion 
peak ht to benzophenone peak ht for each set of 
duplicate injections and calc. % fensulfothion.

Fensulfothion, % = R  X W  X P / { R '  X W)
where R  and R ' =  av. peak ht ratios for sample 
and std, resp.; W = mg sample; W' = mg fensul
fothion anal, std; and P  =  % purity of fensul
fothion anal. std. Integrator area ratios may be 
substituted for peak ht ratios.

7. ANIMAL FEED
No additions, deletions, or changes.

8 . BAKING POWDERS AND BAKING
CHEMICALS

No additions, deletions, or changes.

9. BEVERAGES: DISTILLED LIQUORS
The following densitometric method for the 

determination of alcohol in liqueur-type and 
alcoholic dairy products was adopted official first 
action:

Alcohol in Liqueur-type and Alcoholic 
Dairy Products

Densitometric Method 
Official First Action

(Applicable to products contg dissolved solids)

9.D01 P rin c ip le

Sample is distd in special all-glass still and % 
alcohol in distillate is detd by density meter.

9.D02 Apparatus and Reagents

(a) L iq u e u r  s t i l l .—All Ace Glass, Inc., Cat. Nos:
(2) B o ilin g  f l a s k .—300 mL with 35/20 joint (No. 
6902-25).

(2) V ig r e a u x  d is t i l l in g  c o lu m n .—With 35/20 
joints, 50 cm long (measured from lowest to 
highest indents) X 2.2 cm od (No. 36578-94).

(3) C o n n ec tin g  a d a p t e r .—With 35/20 joints (No. 
35125-99).

(4) L ieb ig  c o n d e n s e r .—With 35/20 female joint 
on top and straight 7 mm od tube as outlet (H2O 
jacket length ca 38 cm) (No. 35994-96).

(5) C o n d e n s e r  o u tle t  c o n n e c to r  tu b e .—20 cm long 
X 7 mm od glass tube.

(6 ) C la m p s .—3 pinch-type clamps, size 35 (No. 
7670-10).

(7) V o lu m e t r ic  f l a s k s .—50 mL (No. 7102-12).
(b )  D e n s ity  m e t e r .—Mettler/Paar DMA 55D 

(Mettler Instrument Corp., Hightstown, NJ 
08520).

(c) S il ic o n e  a n t i fo a m .—GE-6 6 , GE-70 silicones, 
or equiv.

9.D03 Assembly of Distillation Equipment

Mount Vigreaux column and condenser ver
tical ly on sep. ri ng stands. Apply film of silicone 
grease to glass joints and use pinch clamps to 
secure adapter to top of Vigreaux column and 
condenser. Connect condenser connector outlet 
tube to end of condenser with a 10 X y4  in. piece 
of Tygon tubing.

9.D04 Distillation Procedure

L iq u e u rs .—Place 50 mL vol. flask contg >50 mL 
sample in const temp. bath. When sample temp, 
has stabilized, adjust vol. to mark. Quant, 
transfer sample to 300 mL boiling flask, rinsing 
vol. flask with three 8  mL portions of H2O and 
adding rinsings to boiling flask. Add 1 or 2 glass 
beads to boiling flask and 1  or 2  drops of silicone 
antifoam, if sample foams. (Silicone spray c a n n o t  
be used as antifoam because many sprays contain 
volatile solvs.) Connect boiling flask contg 
sample to bottom of Vigreaux column with pinch 
clamp. Add 2.5 mL H2O to original vol. flask 
and use flask as distillate receiver. Submerge 
extension tube from condenser into H20  in re
ceiver set in ice bath.

Place screen on support clamp under boiling 
flask and heat flask with gas burner or elec, 
heater. Do not use elec, heating mantle because 
solids w ill carbonize on inside wall of flask. 
Lower receiver after ca 42 mL distillate has been 
collected to permit all condensate to drain from 
condenser into receiver. Permit last 6  mL dis
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tillate to drip into receiver to rinse condenser and 
extension tube. Total distn time should be >25 
but <40 min. Remove 50 mL vol. flask, stopper, 
swirl to mix contents, and place in const temp, 
bath. When sample temp, has stabilized to same 
temp, as before distn, add H2 O to adjust vol. to 
mark, and mix.

Air bubbles in fresh distillates may be dissi
pated by placing vol. flask momentarily in ul
trasonic bath, by tapping flask gently on the side, 
or by allowing it to stand for some period before 
measuring proof.

A lc o h o l i c  d a ir y  p r o d u c t s .—Treat as described 
above, except use total of 50 mL HzO to transfer 
sample from vol. flask to boiling flask.

9.D05 D eterm in a tion

Det. % alcohol in distillate by 9.C03-9.C07.

10. BEVERAGES: MALT BEVERAGES 
AND BREWING MATERIALS

No additions, deletions, or changes.

11. BEVERAGES: WINES
(1) The official first action volumetric method 

for the determination of carbon dioxide in wine, 
11.063-11.065, was declared surplus.

(2) The following gas-liquid chromatographic 
method for the determination of ethanol in wine 
was adopted official first action:

Ethanol in Wine
Gas-Liquid Chromatographic Method 

Official First Action

11.D01 A pparatu s a n d  R eag en ts

(a) G a s  c h r o m a to g r a p h .—  With flame ionization 
detector, integrator, heated on-column injector, 
and any one of the following columns and cor
responding operating conditions:

(1) 6  ft X 2 mm id glass, packed with 80-100 
mesh Poropak QS.

(2) 6  ft X 2 mm id glass, packed with 0.2% 
Carbowax 1500 on 80-100 mesh Carbopack C 
(Supelco Chromatography Supplies, Supelco 
Park, Bellefonte, PA 16823).

(3) 6  ft X V4  in. Cu, packed with 3% Carbowax 
600 on 40-60 mesh Chromosorb T.

Conditions Col. 1 Col. 2 Col. 3
Carrier gas: N N N
Flow rate, mL/min: 30 15 55
Oven temp. 2 0 0 ° 105° 00 OO 0

Injector temp. 225° 175° 150°
Detector temp. 225° 175° 150°
Adjust air and H for flame detector to optimum 
for carrier gas flow of column used. Adjust 
electrometer sensitivity to provide >50,000 
counts of integrator counts for internal std 
peak.

(b ) D ilu t e r .—Capable of ±0.1% precision.
(c) I n t e r n a l  s td  s o ln .—0 .1 % (v/v) »-butanol in

h 2 o .
(d) A lc o h o l  s td  s o ln .—Prep. alcohol-H20 soln 

contg approx. % alcohol expected in sample. 
Det. exact % alcohol by pycnometer, 9.013(a); 
refractometer, 9.016; hydrometer, 9.014; or other 
appropriate AOAC method, or use Std Ref. Ma
terial 1590, Stabilized Wine (NBS).

1 1 .  D02 Determination

Dil. alcohol std soln 1:100 with internal std 
soln. Inject at least three 1.0 p L  aliquots and det. 
av. response ratio of area of alcohol peak to area 
of n-butanol peak (R R r). Dil. sample 1:100 with 
internal std soln, inject 1 . 0  p L , and det. response 
ratio (RR).

% alcohol = (RR X % alcohol in std)/RR'

12. BEVERAGES: N O N A L C O H O L IC  A N D
CONCENTRATES

No additions, deletions, or changes.

13. C A C A O  BEAN A N D  ITS P R O D U C TS

No additions, deletions, or changes.

14. C E R EA L FO O D S

The official first action liquid chromatographic 
method for the determination of fructose, glu
cose, sucrose, and maltose in presweetened ce
real, 14.C01-14.C04, was adopted official final 
action.

15. CO FFEE A N D  TEA

The official first action ISO method for the 
determination of loss on drying of instant coffee, 
15.012-15.013, was adopted official final ac
tion.

16. D A IR Y  PR O D U C TS

(1) The official first action qualitative color 
reaction tests method for the detection of peni
cillins in fluid milk products (/. A s s o c . O f f .  A n a l .



5 2 6  CHANGES IN METHODS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 2, 1983)

C h e m . 65, 1193 (1982)), 16.C17-16.C22, was 
adopted official final action, applicable for de
tecting and confirming >0.005 IU penicillin 
G/mL, and excluding the use of the multi-test 
system for chocolate products. The following 
modifications are required:

(a) Add as an applicability statement before 
"P r i n c i p l e "(Multi-test system not applicable to 
chocolate products)".

(b) In 16.07, fourth sentence, change 
">0.007 IU/mL" to read ">0.005 IU/mL."

(c) In 16.C22, delete the last sentence.

(2) The interim official first action potentio- 
metric method for the determination of chloride 
in cheese, /. Assoc. O ff .  A n a l .  C h e m . 65, 1350 
(1982), was adopted official first action as an 
IDF-ISO-AOAC method to replace the present 
official final action IDF-ISO-AOAC method for 
total chlorides, 16.242-16.243, which was rep
ealed official first action. The official final action 
method for the determination of total chlorides, 
16.224 (12th edition), was reinstated as an alter
native method.

Chloride in Cheese 
Potentiometric Method 

Official First Action 
IDF-ISO-AOAC Method

16.D01 Apparatus and Reagents

(a) E le c t r o d e s .—See 32.026(b).
(b) A g N 0 3 s td  s o ln .—0.08-0.12N or 0.0856N; 

see 32.027(b).
(c) N a C l s td  s o ln .—0.08-0.12N or 0.0856N; see 

32.027(c).

16.D02 Standardization

See 32.028.

16.D03 Determination

Accurately weigh 2-5 g ground or grated 
cheese into small blender chamber and add 30 
mL H20 at ca 55°. Suspend cheese by blending; 
rinse down sides of container with ca 10 mL H2 0. 
Add 2-3 mL HNO3 (1 + 3) and titr. with stdzd 
AgN0 3  soln to endpoint; see 32.030.

16.D04 Calculation

% Chloride as % NaCl = mL AgN0 3

X N AgNOs X 0.05844 X 100/g sample
% Cl = mL AgNOs X N AgN03

X 0.03545 X 100/g sample

17. EGGS AND EGG PRODUCTS
No additions, deletions, or changes.

18. FISH AND OTHER MARINE
PRODUCTS

(1) The official first action method for the 
determination of ammonia in crabmeat, 
18.027-18.030, was adopted official final ac
tion.

(2) The following interim procedure for 
cooking seafood products was adopted as a re
vision of procedure 18.003:

18.D01 Cooking of Seafood Products
Procedure

Cooking procedure is based on heating prod
uct to internal temp. >160°F (70°C). Cooking 
times vary according to size of product and 
equipment used. To det. cooking time, cook 
extra sample same way using temp, measuring 
device with probe of known length to det. in
ternal temp. Cooking equipment, including 
cooking oil for deep fat frying, shall be free from 
substances which interfere with sensory evalu
ation of cooked product.

Methods of heating product include, but are 
not limited to, baking, bake-in-foil, broiling, 
boil-in-bag, shallow pan frying, deep fat frying, 
oven frying, grilling, poaching, steaming, and 
microwave heating.

19. FLAVORS
No additions, deletions, or changes.

20. FOOD ADDITIVES: DIRECT
(1) The following interim official first action 

liquid chromatographic method for the deter
mination of antioxidants in oil was adopted of
ficial first action as a IUPAC-AOAC method:

Antioxidants in Oil 
Liquid Chromatographic Method 

Official First Action 
IUPAC-AOAC Method

Applicable to propyl gallate (PG), 2,4,5-trihy- 
droxybutyrophenone (THBP), ferf-butylhydro- 
quinone (TBHQ), nordihydroguaiaretic acid 
(NDGA), 2- and 3-ferf-butyl-4-hydroxyanisole 
(BHA), 2,6-di-ferl-butyl-4-hydroxymethylphenol 
(Ionox-100), and 3,5-di-fer/-butyl-4-hydroxytol- 
uene (BHT).
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Fig. 20:D1. Chromatographic separation of antioxidant standards, ca 0.2 pg each antioxidant: 1, PG; 2, THBP; 
3, TBHQ; 4, NDGA; 5, BHA; 6, Ionox-100; 7, BHT.

20.D01 P rin c ip le

Sample is dissolved in hexane and antioxidants 
are extd into acetonitrile. Soln is coned, dild 
with equal vol. isopropanol, and injected into liq. 
chromatograph with UV detection at 280 nm.

20.D02 A pparatu s a n d  R eag en ts

(a) G r a d ie n t  l iq u id  c h r o m a t o g r a p h .—Equipped 
with 10 mV strip chart recorder, 20 pL sample 
loop injection valve, and detector to measure A  
at 280 nm. Typical operating conditions: de
tector sensitivity, 0.05 AUFS; time const, 0; temp., 
ambient; flow rate, 2 mL/min.

(b) C h r o m a t o g r a p h ic  c o lu m n .—Stainless steel, 
250 X 4.6 mm id packed with 10 pm LiChrosorb 
RP-18 (E. Merck, Darmstadt, GFR), or equiv. Use 
guard column if desired. Baseline separation of 
all 7 antioxidants should be obtained as shown 
in Figure 20:D1.

(c) G l a s s w a r e .—Rinse all glassware with 
CHCI3 , acetone, and MeOH, in that order, and 
blow dry with N.

(d) S o lv e n t s .—Distd-in-glass acetonitrile, 2- 
propanol, and hexane.

(e) M o b i le  p h a s e .—Use HPLC grade solvs, or 
equiv. A . D is t i l le d  H 2O .—Add 5% HOAc. B. 
A c e to n it r i le . —Add 5% HOAc. Use linear gradi
ent, from 30% B in A to 100% B over 10 min with 
4 min hold at 100% B at 2 mL/min. For sample 
only, increase flow rate to 6  mL/min at 100% B 
for 5 min or until nonpolar lipids are eluted. For 
samples and stds, return to 30% B in A over 1 min 
at 2 mL/min and let baseline, pressure, and mo
bile phase composition stabilize (ca 1 0  min). 
Run blank gradient (no injection). Peaks inter
fering with detn of any antioxidant should not 
be present. If small peaks are present which 
cannot be eliminated, all relevant peak heights 
are to be corrected for interference.

(f) A n t io x id a n t s .—BHA (mixt. of 2- and 3- 
BHA), BHT, TBHQ, Ionox-100, THBP, and PG 
(available from Polyscience Corp., Niles, IL 
60648); NDGA (Food Chemicals Codex Ref. Std), 
or equiv.

(g) S td  so ln s . —Refrigerate all antioxidant solns
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out of direct light. Prep, all solns with 2-pro- 
panol-acetonitrile (1 + 1). (1 ) S to c k  so ln . — 1
mg/mL. Accurately weigh and transfer 50 mg 
each antioxidant into one 50 mL vol. flask, dis
solve, dil. to vol., and mix. (2) S td  s o ln .—0.01 
mg/mL (10 yiig/mL). Pipet 1 mL stock soln into 
100 mL vol. flask, dil. to vol., and mix.

(h) E x tr a c t in g  s o lv e n t s .—Sat. hexane and ace
tonitrile by shaking together 2  min, and sep. 
Unless otherwise specified, use these satd solvs 
in E x tr a c t io n  below.

20.D03 Determ ination

(a) E x t r a c t i o n .—(1) L iq u id  o i l s .—Accurately 
weigh ca 20 g oil into 50 mL beaker and quant, 
transfer to 100 mL vol. flask, rinsing beaker with 
hexane. Dil. to vol. with hexane and mix. Pipet 
25 mL aliquot into 125 mL separator and ext with 
three 50 mL portions of acetonitrile. If emul
sions form, break by holding separator under hot 
tap H20 5-10 s. Collect exts in 250 mL separator 
and let combined exts slowly drain into 250 mL 
r-b flask to aid removal of hexane-oil droplets. 
Note: At this point, the 150 mL acetonitrile ext 
may be stored overnight under refrigeration.

Evap. to 3-4 mL, using flash evaporator with 
<40° H20 bath and completing evapn in <10 
min. Note: Losses of TBHQ may occur if evapn 
time is prolonged. Use efficient vac. source and 
ice-H20 cooling to decrease evapn time. Using 
disposable pipet, transfer acetonitrile-oil droplet 
mixt. to 10 mL g-s graduate. Rinse flask with 
small portions of non-satd acetonitrile and 
transfer rinsings to graduate with disposable 
pipet until 5 mL is collected. Rinse disposable 
pipet and continue to rinse flask with small 
portions of 2 -propanol, transferring all rinsings 
to graduate until exactly 10 mL is collected. Mix 
contents of graduate. Note: Avoid delay in
analysis after prepg sample soln because loss of 
TBHQ may occur.

(2) L a r d s  o r  s h o r t e n in g s .—Accurately weigh 10 
g lard or shortening into 150 mL beaker. Add ca 
30 mL hexane and dissolve sample, heating 
gently if necessary. Quant, transfer to 100 mL 
vol. flask, rinsing beaker with hexane. Dil. to 
vol. and mix. Continue extns as in ( 1 )  above, 
beginning "Pipet 25 mL aliquot. . .".

(b) C h r o m a t o g r a p h y .—Using sample loop in
jection valve, inject, in duplicate, 20 yuL prepd 
sample soln onto column, and solv. program as 
described. Inject 20 p L  antioxidant std soln (10 
Mg/mL) and solv. program as described before 
and after each sample. For sample peaks off 
scale, quant, dil. sample soln with 2 -propanol-

acetonitrile (1 + 1). Identify peaks by compari
son with retention times of std. Note: Octyl 
gallate (OG, available from Pfaltz and Bauer, Inc., 
Stamford, CT), if present, may co-elute with 
Ionox-100, but can be sepd with H2 0-MeOH 
gradient as follows: 30% B (MeOH with 5%
HOAc) in A (H20 with 5% HOAc) to 100% B over 
10 min. If both Ionox-100 and OG are present, 
accurate quant, may not be possible.

Carry out reagent blank detn, substituting 25 
mL hexane for hexane-oil. Continue extn as in 
(1) above, beginning "Pipet 25 mL aliquot. . ." 
Inject 20 p L  reagent blank soln and solv. program 
as described. Peaks interfering with detn of any 
antioxidant should not be present. Using blank 
gradient chromatogram as guide to follow base
line, det. av. peak ht of antioxidant sample from 
duplicate injections (corrected for reagent and 
gradient blanks), and av. peak ht of antioxidant 
std from duplicate injections before and after 
sample (corrected for gradient blank).

20.D04 Calculation

Calc, concn of antioxidant as follows:

Antioxidant, ppm = (Cs/Rs) X (Rx/Wx) X D

where Rx and R s = peak hts from sample and std, 
resp.; Cs = concn of std in p g / m L ; W x = wt of 
sample in g/mL in 10 mL final ext; andD = diln 
factor if soln injected is dild.

(2) The following gas-liquid chromatographic 
method for the determination of benzoic acid 
and sorbic acid in foods was adopted official first 
action as a NMKL-AOAC method:

Benzoic Acid and Sorbic Acid in Foods 

Gas-Liquid Chromatographic Method 

Official First Action 

N M K L -A O A C  Method

(Collaboratively tested on apple juice, almond 
paste, and fish homogenate (at 0.5-2 g/kg levels), 
representing carbohydrate-rich, pasty and rich 
in fat and carbohydrates, and protein-rich 
foods.)

20.D05 P rinciple

Benzoic acid and sorbic acid are isolated from
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food by extn with ether and successive parti
tionings into aq. NaOH and CH2 CI2 . Acids are 
converted to trimethylsilyl (TMS) esters and detd 
by GLC. Phenylacetic acid and caproic acid are 
used as internal stds for benzoic acid and sorbic 
acid, resp.

20.D06 Apparatus

(a) G a s  c h r o m a t o g r a p h .—With linear oven 
temp, programmer, flame ionization detector, 
and recorder. Following conditions have been 
found satisfactory: column, 1.8 m X 2 mm (id) 
coiled glass with 3% OV-1 on 100-120 mesh 
Varaport30. Operating temps: oven 80-210°, 
8 °/min; injection port 200°, detector 280°. N 
carrier gas 20 mL/min. Approx, retention times
2.5, 4, 5, and 6  min for caproic acid, sorbic acid, 
benzoic acid, and phenylacetic acid, resp.

(b) C e n tr i fu g e . —With head for 30 and 200 mL 
centrf. flasks.

(c) M e c h a n i c a l  s h a k e r .—Biihler SM-B, or 
equiv.

20.D07 Reagents

Use anal, reagents thruout.
(a) In te rn a l s td  s o ln .—Dissolve 250 mg phen

ylacetic acid and 250 mg caproic acid in 100 mL 
3% aq. KOH soln.

(b) S i ly la t in g  a g e n t .—N-Methyl-N-trimeth- 
ylsilyl-trifluoracetamide (MSTFA), available 
from Pierce Chemical Co, Rockford, IL, or Ma- 
chery-Nagel Co, D-5160 Diiren, GFR.

(c) S td  s o ln s .—Prep, mixed std solns in CH CI3 

of benzoic acid, sorbic acid, phenylacetic acid, 
and caproic acid, resp., of following concns:

1) 200, 200, 750, and 750 Mg / mL
2) 400, 400,750, and 750 M g / m L
3) 600, 600, 750, and 750 M g / m L
4) 800, 800, 750, and 750 M g / m L
5) 1000, 1000, 750, and 750 M g / m L

20.D08 Preparation o f  Sam ple

Homogenize sample in mech. mixer. If con
sistency of sample makes mixing difficult, use 
any technic to ensure that sample material will 
be homogeneous.

20.D09 Extraction

(a) G e n e r a l  m e t h o d .—’Accurately weigh 5.0 g 
homogenized sample into 30 mL centrf. tube 
with Teflon-lined screw cap. Add 3.00 mL in
ternal std soln, 1.5 mL H2 SO4 (1 + 5), 5 g sand, 
and 15 mL ether. Screw cap on tightly to avoid

leakage. Mech. shake 5 min and centrf. 10 min 
at 1500 X g . Transfer ether layer with disposable 
pipet to 250 mL separator. Repeat extn twice 
with 15 mL ether each time.

Ext combined ether phases twice with 15 mL 
0.5N NaOH and 10 mL satd NaCl soln each time. 
Collect aq. layers in 250 mL separator, add 2 
drops of Me orange, and acidify to pH 1 with HC1 
(1 + 1). Ext with CH2CI2 , using successive por
tions of 75, 50, and 50 mL. If emulsion forms, 
add 10 mL satd NaCl soln. Drain CH2 CI2 exts 
thru filter contg 15 g anhydrous Na2S0 4 into 250 
mL r-b flask. Evap. CH2 CI2 soln in rotary evap
orator at 40° just to dryness.

(b) C h e e s e  a n d  f o o d  p r o d u c t s  w ith  p a s t e - l i k e  c o n 
s i s t e n c y .—Accurately weigh 5.0 g homogenized 
sample into 200 mL centrf. flask. Add 15 mL 
H20 and stir with glass rod until sample is sus
pended into aq. phase. Add 3.00 mL internal std 
soln, 1.5 mL H2S04 (1 + 5), and 25 mL ether. 
Stopper flask carefully and check for leakage. 
Mech. shake 5 min and centrf. 10 min at 2000 X 
g . . Transfer ether layer with disposable pipet to 
250 mL separator. Repeat extn twice with 25 mL 
ether each time. Continue as in (a), beginning 
"Ext combined ether phases. . .".

20.D10 Derivatization and Gas
Chrom atography

Add 10.0 mL CHCI3  to residue in 250 mL r-b 
flask. Stopper and shake manually 2 min. 
Transfer 1.00 mL CHCI3  soln to 8  mL test tube 
with Teflon-lined screw cap and add 0.20 mL 
silylating agent. Cap and let stand 15 min in 
oven or H20 bath at 60°. Inject duplicate 1 mL 
portions of sample soln into gas chromatograph. 
Start temp, program when solv. peak emerges. 
Measure peak hts and calc, peak ht ratios of 
benzoic acid/phenylacetic acid and sorbic acid/ 
caproic acid. Use av. of duplicate ratios. Peak 
ht ratios for duplicate injections should differ 
<5%.

20 .D 11 Preparation o f  Standard Curves

Transfer 1.00 mL std solns to five 8  mL test 
tubes with Teflon-lined screw caps. Add 0.20 
mL silylating agent to each tube, cap, and let 
stand 15 min in oven or H20 bath at 60°. Inject 
duplicate 1 p L  portions of std solns into gas 
chromatograph. Use same conditions as for 
sample soln. Measure peak hts and calc, peak ht 
ratios of benzoic acid/phenylacetic acid and 
sorbic acid/caproic acid, resp. Peak ht ratios for 
duplicate injections should differ <5%. Plot wt 
ratios ( x ) vs av. peak ht ratios (y) for each pre
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servative. Calc, slope and intercept of std curve 
by method of least squares.

20.D12 Calculation

Preservative, mg/kg = [(y — a ) / b ]

X (W'/W) X 1000
where b = slope of std curve; a  =  intercept; y  = 
av. peak ht ratio of preservative/internal std; W 
= wt of sample in g; and W  = wt of internal std 
in mg.

21. FO O D  A D D IT IV E S : IN D IR E C T

No additions, deletions, or changes.

22. FR U ITS A N D  FR U IT  P R O D U C TS

(1) The following official first action carbon 
ratio mass spectrometric methods were adopted
official final action:

(a) Corn 
22.B04.

syrup in apple juice, 22.B01-

(b) Corn syrup in orange juice, 22.C01-
22.C04.

(2) The following interim official first action 
method for the determination of soluble solids 
in citrus fruit juices as degrees Brix, f .  A s s o c .  O f f .  
A n a l .  C h e m . 6 6 , 371 (1983), was adopted official 
first action:

22. D01 Soluble Solids in Citrus Fruit Juices
as D egrees B rix— Official First Action

Proceed as in 22.024. Correct values for su
crose by refractometer for acidity by adding 
(0.012 + 0.193x — 0.0004X2) to sucrose value, 
where x  =  % anhyd. citric acid in sample = 0.064 
X mL 0.1N alkali/100 g as detd in 22.060 or
22.061.

23. G E L A T IN , DESSERT PR EP A R A TIO N S,
A N D  M IXES

No additions, deletions, or changes.

24. M EAT A N D  M EA T P R O D U C TS

(1) The official first action block digestion 
method for the determination of crude protein 
in meats, 24.B01-24.B03, was adopted official 
final action.

(2) The following titrimetric method for the 
determination of calcium in mechanically sepa
rated poultry and beef was adopted official first 
action:

Calcium in Mechanically Separated 
Poultry and Beef

Titrimetric Method 

Official First Action

24.D01 Reagents

(a) E t h y l e n e d in i t r i lo t e t r a a c e t i c  a c id  d ih y d r a t e  
{ E D T A ) .—0.02M. Dissolve 7.44 g EDTA (99+% 
purity) in H2 O in 1 L vol. flask and dil. to vol. 
Stdze with ACS CaC03  primary std as in 
36.050(d) (3 significant figures).

(b) H y d r o x y  n a p h t h o l  b lu e  i n d i c a t o r .—Mal- 
linckrodt Chemical Works.

(c) K O H - K C N  so lu t io n . —Dissolve 280 g KOH 
in 500 mL H2O. Cool, add 6 6  g KCN, dissolve, 
and dil. to 1 L in H2 O. C a u t io n : Use care in 
handling of KCN. HCN is evolved on contact 
with acid or moisture. Flush titrd soln down 
drain in fume hood with ample c o ld  H2 0.

(d) C a lc iu m  c a r b o n a t e .—0.02M. Weigh 2.000 
g ACS primary std CaC03  (dried 2 h at 100°) and 
transfer to 1 L vol. flask. Add 500 mL H2O and 
10-12 mL HC1 (1 + 1). Heat just to boiling to 
dissolve CaC03. Cool and dil. to vol. with H2O. 
Pipet 25 mL aliquot of EDTA (a) into 400 mL 
beaker and det. ratio of EDTA to CaC03 by titra
tion as under D e te r m in a t io n  beginning ". . . add 
ca 50 mL H2O, place on mag. stirrer. . Use av. 
of 3 detns.

24.D02 Determ ination

Weigh 10 g sample, transfer to 300 mL tall form 
beaker, add 30 mL HC1 (1 + 1), several glass 
beads, cover with watch glass, and place on hot 
plate in fume hood. Bring to boil slowly, digest 
20 min, cool, and filter (Whatman No. 4 paper) 
into 200 mL vol. flask. Wash filter paper with 
H2 O until 190 mL is obtained. Dil. to vol. and 
mix. Pipet 20 mL aliquot into 400 mL beaker, 
add ca 50 mL H2O, place on mag. stirrer, and add 
200-300 mg hydroxy naphthol blue indicator, 
stir, and adjust pH to 12.5 ± 0.2 with KOH-KCN 
soln. (Do not exceed pH 12.7, to prevent pptn. 
If pptn occurs, discard and repeat.) Add 10-25 
mL 0.02M EDTA accurately measured to provide 
back-titrn of min. of 3 mL. Mix on mag. stirrer 
and titr. sample with 0.02M CaC03 to permanent 
purple end point. If back-titrn is <3 mL, repeat 
with larger aliquot of EDTA soln.

% Calcium (Ca) =  {A  — B X R ) X M X  4
% Bone (for poultry) = (%Ca — 0.015)F

where A  = mL EDTA added; B = mL CaC03  of 
back titrn; R  = EDTA:CaC03 ratio; M = molarity
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of EDTA soln; 4 = meq. wt Ca (0.040 g) X 100(%); 
0.015 = correction for natural Ca in poultry tis
sue; F  =  Ca-to-bone conversion factor (6.25 for 
broilers and fryers; 4.55 for turkeys and mature 
fowl).

25. M ETA LS A N D  O T H E R  ELEM ENTS

(1) The following atomic absorption spectro- 
photometric method for the determination of 
copper in serum was adopted official first ac
tion:

Copper in Serum

Atomic Absorption 
Spectrophotometric Method

O fficial First Action

25.D01 Principle

Samples are dild 1 + 1 with H20, and Cu is 
detd by AAS using std solns prepd in 10% glyc
erol.

25.D02 Apparatus and Reagents

(a) A t o m ic  a b s o r p t io n  s p e c t r o p h o t o m e t e r .— 
Equipped with nebulizer and air-C2 H2  burner 
head. Monitor performance by assuring that 4.0 
mg/L std produces response >0.200 absorbance 
unit.

(b) E x te r n a l c o n t r o l .—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) G ly c e r o l  U S P .—10% (v/v) aq. soln.
(d) C o p p e r  s td  s o ln s .—(1) S to c k  s td  s o ln .—1000 

mg/L. Dissolve 1.000 g Cu metal in min. vol. of 
HNO3 -H 2 O (1 + 1). Dil. to 1000 mL with 1% 
HNO3 . (2 )  In te r m e d ia te  s td  s o ln .—100 mg/L. Dil. 
10 mL stock std soln to 100 mL with H2 0. (3) 
W o r k in g  s td  s o ln s .—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 Sam ple 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 
H20  to each and mix 5 s on vortex mixer or cap 
tubes and shake 10 s. Use 1 external control for 
each 1 0  samples or fraction thereof.

25.D04 Determ 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 g g  Cu/100 
mL.

(2) The following gas-liquid chromatographic 
method for the determination of methyl mercury 
in fish and shellfish was adopted official first 
action:

Methyl Mercury in Fish and Shellfish  

Gas-Liquid Chromatographic Method 
Official First Action

25.D05 P rinciple

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.

25.D06 Reagents

(a) S o lv e n t s .—Acetone, benzene, and isopro
panol are all distd in glass (Burdick & Jackson 
Laboratories, Inc.; MCB Manufacturing Chem
ists, Inc.). N o t e : Benzene is a possible carcin
ogen.

(b) H y d r o c h lo r ic  a c id  so ln  (1 +  1 ) .—Add coned 
HC1 to equal vol. of distd or deionized H20 and 
mix. Ext HC1 soln 5 times with Vi 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) C a r r ie r  g a s .—GLC quality Ar-CH4  (95 +
5).

(d) S o d iu m  s u l f a t e .—Heat overnight in 600° 
furnace, cool, and store in capped brown bottle. 
Line cap with A1 foil to prevent contamination 
from cap.

(e) M e t h y l  m e r c u r ic  c h lo r id e  s td  s o ln s .- —K e e p  
tightly stoppered. (2) S to c k  s td  s o l n .—1000 p g  
Hg/mL. Weigh 0.1252 g CH3HgCl (ICN-K&K 
Laboratories, Inc., Plainview, NY 11803) into 100 
mL vol. flask. Dil. to vol. with benzene. (2) 
H ig h  in t e r m e d ia t e  s td  s o ln .—40 p g  Hg/mL. Dil.
10.0 mL stock soln to 250.0 mL with benzene. (3) 
L o w  in t e r m e d ia t e  s td  s o ln .—2.0 p g  Hg/mL. Dil.
10.0 mL high intermediate std soln to 200.0 mL
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with benzene. (4) W o r k in g  s td  so ln s . —0.010-0.30 
p g  Hg/mL. Prep, monthly by dilg with benzene 
in vol. flasks as follows: Dil. 15 mL of 2.0 p g  
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 p g  
Hg/mL, resp. Dil. 20 mL of 0.10 f i g  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 f i g  Hg/mL, resp.

(f) M e r c u r ic  c h lo r id e  c o lu m n  t r e a tm e n t  s o ln .— 
1000 ppm HgCl2. Dissolve 0.1 g HgCl2 in 100 
mL benzene.

25.D07 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 
HzO.

(a) C e n t r i f u g e .—Model UV (International 
Equipment Co., Needham Heights, MA 02194), 
or equiv.

(b) C e n tr i fu g e  t u b e s .—50 mL capacity with 
ground glass or Teflon-lined stoppers.

(c) K u d e r n a -D a n is h  (K - D ) c o n c e n t r a t o r s .—250 
mL flask (No. K570001, Kontes Glass Co.) and 10 
mL graduated concentrator tube (No. K570050, 
size 1025, Kontes Glass Co.).

(d) M o d if i e d  S n y d e r  d is t illin g  c o lu m n .—Modify 
Snyder column (No. K503000 size 121, Kontes 
Glass Co.) in either of 2 ways: (i) 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) C a r b o r u n d u m  b o i l in g  c h i p s .—20 mesh, 
HCl-washed.

(f) G r a d u a t e d  c y l in d e r s .—Class A, 25 mL ca
pacity, with ground-glass stopper (Kimble 20036, 
or equiv.).

(g) T r a n s fe r  p ip e t s .—Disposable glass, Pas- 
teur-type 53/4  in. long (No. 13-678-6A, Fisher 
Scientific Co., or equiv.).

(h) D r o p p in g  p ip e t s .—5 mL capacity (No. 13- 
710B, Fisher Scientific Co., or equiv.).

(i) G a s  c h r o m a t o g r a p h .—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 n o  c lo s e r  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, CH3HgCl peak 
will appear 2-3 min after sample injection.

25.D08 M ercuric C hloride Colum n
Treatm ent

5%  DEGS-PS conditioned according to manu
facturer's instructions can be used to det. 
CH3HgCl 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) F o l lo w in g  2 0 0 °  c o lu m n  c o n d i t io n in g .—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 p L  HgCl2  

treatment soln 5 times at 5-10 min intervals. 
(Change in column performance may be moni
tored by injecting 5 p L  0.010 p g  Hg/mL std soln 
before and between HgCl2 treatment soln in
jections.) During treatment procedure, large 
broad peaks will elute. (CH3HgCl peak reten
tion time will decrease and peak ht will increase.) 
Approximately lV2 - l 3/4 h after last HgCl2  treat
ment soln injection, a final large peak will elute. 
(CH3HgCl 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.

(b) O n  d a y  p r e c e d in g  s a m p le  e x t r a c t  a n a ly s is . —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 îL HgCl2 treatment soln o n e  time.
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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) D u rin g  s a m p le  e x t r a c t  a n a ly s is  a t  1 5 5 ° .—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 o t ie 2 0  p L  aliquot of HgCl2  treat
ment soln, and monitor baseline. Large, broad 
peaks w ill elute I-IV 2  h after HgCl2 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 o f  M ethyl M ercury
C hloride

P e r fo r m  a l l  o p e r a t io n s ,  e x c e p t  w e ig h in g , in  la b o 
r a to r y  h o o d . 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 Na2 SC>4 and mix again. Na2 S04 

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 Chrom atography

Verify that system is operating properly by 
injecting 5 p L  vols. of 0.01 p g  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 p g  Hg/mL working std 
solns.

Inject duplicate 5 yuL vols. (equiv. to 0.5 mg 
sample) of ext. Difference between CH3HgCl 
peak hts for 2 injections should be <4%. Next, 
inject duplicate 5 p L  vols. of std soln with 
CHjflgCl 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 p g  
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 ( p g  Hg/mL).

(3) The following hot leach atomic absorption 
method for the determination of cadmium and 
lead in cookware was adopted interim official 
first action as a WHO-AOAC method after the 
1982 meeting:

Cadmium and Lead in Cookware 

Hot Leach Atomic Absorption Method 
Interim Official First Action 

W H O -A O A C  Method

25.D 11 Principle

Enameled and ceramic cookware contg 4% 
acetic acid is heated by elec, hot plate (or by in
ternal heating elements, if present, that are not
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exposed to the leach solution) to produce slow 
boil or simmering of solv. soln for 2 h. Pb and 
Cd in extg solv. are detd by AAS.

25.D12 Apparatus

See 25.031 plus the following:
(a) Hot plate.—Thermoline Model HP-A1915B 

(Thermoline Corp., Dubuque, IA 52001), or 
equiv.

(b) Variable transformer.—Cat. No. 09-521-100 
(Fisher Scientific Co.), or equiv.

25.D13 Reagents

See 25.032. Use only deionized distd H2O.
Plus (e) Acetic acid.—Glacial.

25.D14 Cleaning o f  Laboratory Glassware

After normal cleaning, soak all glass and 
plastic ware used to prep., transfer, or store anal, 
solns in HNO3 -H 2 O (4 + 6 ) > 24 h; thoroly rinse 
with H20 before use.

25.D15 Preparation o f  Standard

See 25.033.
Samples of ware must be free of grease or other 

material which could influence test. Gently 
wash sample with detergent soln, using pad of 
absorbent cotton. Rinse ware thoroly with H20 
and let drain dry.

Fill volume of ware is % of vol. required to fill 
ware to overflowing or to cover rest, if one is 
present.
25.D16 Extraction

Fill ware to % total vol. with H2 0; cover with 
self-cover or clean sheet of opaque borosilicate 
glass to prevent evapn of soln. When leach soln 
is to be analyzed for Cd, ensure that light is ex
cluded from test surface. Heat on hot plate ad
justed by variable transformer to produce simmer 
or slow boil of leaching soln, or use internal 
heating element, if present. Also use variable 
transformer to prevent excessively rapid boiling 
in ware containing heating elements. If con
tained heating element is not able to produce 
temp, high enough to boil soln, then highest 
temp, reached is test temp.

When boiling or highest temp, has been 
reached, add sufficient glacial acetic acid to make 
soln 4% acetic acid, cover, and continue heating 
2  h.

At end of 2 h, re-establish initial vol. of solv. 
with 4% acetic acid. Dip-stick (glass rod marked 
for depth of soln required) is useful for replacing 
losses. Stir thoroly and remove test sample at 
once.

25.D 17 Determ ination

See 25.034.

26. N A T U R A L PO ISO N S

(1) The official first action method for the 
determination of aflatoxins in peanuts and pea
nut products, Method II (BF Method), 26.032-
26.036, was revised to include the water slurry 
method for obtaining the analytical sample from 
the lot sample. The following changes are re
quired:

(a) Change 26.034 to read:

26.034 Preparation o f  Sam ple

See 26.028. Alternatively, prep, peanut sam
ples by H20 slurry method: Blend 1100 g pea-' 
nuts comminuted in subsampling mill with 1500 
mL H20 and 22 g NaCl 3 min at medium speed 
in 1 gal. blender cup.

(b) In 26.035, add as new sentences at end of 
first paragraph:

If peanut sample is prepd by alternative H20 
slurry method, weigh 130 g slurry into blender 
jar. Add 50 mL 2.2% salt soln, 150 mL MeOH, 
and 100 mL hexane.

(2) The official first action method for the 
determination of aflatoxins in cottonseed prod
ucts, 26.A01-26.A09, was revised to allow those 
concerned with the disposal of lead-containing 
wastes a choice of a more benign residue. The 
following changes are required:

(a) Change 26.A02(e) to read:
“ (e) Lead acetate soln. . . . and dil. to 1 L. Al

ternatively, use zinc acetate-aluminum chloride soln: 
Dissolve 200 g Zn(OAc) 2  and 5 g AICI3 in H20 
and dil. to 1 L."

(b) In 26.A04, change the first paragraph to 
read:

“Measure 100 mL filtrate . . . and refilter as 
above, or, alternatively, replace Pb(OAc) 2  soln 
with Zn(OAc)2 -AlCl3 soln."

27. N U TS A N D  N U T  P R O D U C TS

No additions, deletions, or changes.

28. O ILS  A N D  FATS

No additions, deletions, or changes.

29. P E S T IC ID E  RESID U ES

The following gas-liquid chromatographic 
method for the determination of chlorinated 
pesticides and polychlorinated biphenyls in fish 
was adopted official first action:
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Chlorinated Pesticides and Polychlorinated 
Biphenyls in Fish

Gas-Liquid Chromatographic Method 

Official First Action

29.D01 Principle

C h lo rin ated  pesticides and  p olych lorin ated  
b ip h en y ls  (PCBs) are extd from  prepd fish  sam 
p le w ith  pet. e th er, cleaned  up on F lo risil co l
um n, and detd  by GLC against ref. stds.

See 29.002 , 29 .005 , 2 9 .0 0 8 -2 9 .0 1 0  fo r general 
app., reagen ts, and  tech nics.

29.D02 Apparatus

(a) G a s  c h r o m a t o g r a p h .— W ith on-co lu m n in 
jec tio n  system , 6 ft glass colum n (4 mm id), 
packed w ith  10% D C -200 on 8 0 -1 0 0  m esh C hro- 
m osorb W H P, and  e lectro n  capture detector. 
O th er liq . phases such as 5% O V-101 on  suitable 
supports m ay be substituted  if  know n to give 
adequate reso lu tion  for com pds p resent in  sam 
ples.

L inearized  63N i detector capable of producing 
V2  scale d eflection  for 1  ng heptachlor epoxide is 
suggested ; how ever, o th er equiv. e lectro n  cap
ture d etectors m ay be used. O perate GLC in  
accord ance w ith  m anuf. d irection s, ad justing to 
provide necessary response and resolu tion .

(b ) C h r o m a to g r a p h ic  tu b e .— 10 mm id X 300 mm 
colum n w ith  T eflon  stopcock, coarse fritted disk, 
¥ 2 4 /4 0  top jo in t (K ontes Glass Co. K -420550, or 
equiv.).

(c) K u d e r n a - D a n is h  c o n c e n t r a t o r s .— S n y d er 
d istg  colu m n (K ontes K -503000-0121); 125 mL 
K -D  flask  (K ontes K -570001-9010) (special item ) 
¥  1 9 /2 2  low er jo in t; 10 m L con cen trator tube 
(K ontes K -570050-1025).

(d) M ic r o  S n y d e r  c o lu m n .— K ontes K -569251, 
¥  1 9 /2 2 .

29.D03 Reagents

(a) F lo r i s i l .— PR grade, 6 0 -8 0  m esh (F lorid in  
Co.). M ust m eet 29.002(i) sp ecifications.

(b ) S o lv e n t s .— Pet. e th er, ethy l e th er, hexane, 
and  a lcohol, know n to be suitable fo r p esticide 
residue detn .

(c) G la s s  w o o l  ( P y r e x ) . — M ust be free  o f in te r
feren ce  w ith  e lectro n  capture detection .

(d) S od iu m  s u l fa t e .— A nhyd., granular, reagent 
grade, free o f in terference w ith  e lectron  capture 
d etection .

29.D04 Extraction

W eigh 20 g thoroly  ground and m ixed sam ple

into metal blender cup. Moisten 40 g granular 
Na2S0 4  with pet. ether and add to sample. Mix 
sample, using stirring rod, let stand 2 0  min, and 
mix again. Add 100 mL pet. ether to sample and 
blend 1-2 min. (Lourdes blender in series with 
rheostat set at 40-60%, or equiv., may be used.) 
Centrf. balanced sample cup 1-2 min at ca 2000 
rpm to obtain clear pet. ether ext. Place glass 
wool plug in funnel, overlay with 2 0  g granular 
Na2 S0 4, and place funnel in 250 mL vol. flask. 
Decant pet. ether ext thru Na2S0 4  into vol. flask. 
Mix sample again with stirring rod, add 100 mL 
pet. ether, and ext as before. Repeat using 70 mL 
pet. ether. Dil. to vol. with pet. ether.

Transfer 25 mL aliquot to tared 100 mL flat 
bottom extn flask. Place flask on steam bath to 
evap. solv., leave addnl 30 min on steam bath, 
remove, and cool. Weigh flask and det. % fat in 
fish.

For fish contg <10% fat, transfer 25 mL aliquot 
to 125 mL K-D concentrator. For fish contg 
> 1 0 % fat, take aliquot contg not > 2 0 0  mg fat. 
Add several granules of 20-30 mesh carborun
dum and cone, to ca 3 mL on steam bath. Let 
cool and remove Snyder column. Rinse con
centrator with two 1 mL portions of pet. ether 
and, using only current of air, cone, sample to 3 
mL for transfer to Florisil column.

29.D05 Florisil Cleanup

Use 4 g Florisil adjusted for lauric acid value 
( JA O A C  51, 29(1968)). Add Florisil to 300 X 10 
mm id chromatgc tube and add Na2S04  to ht 2 cm 
above Florisil. Completely open stopcock, tap 
tube to settle adsorbent, and mark tube 1 cm 
above Na2 S0 4  layer.

Add 20-25 mL pet. ether wash to Florisil col
umn; as solv. level reaches mark, place 125 mL 
K-D flask under column. Using disposable 
Pasteur pipet, transfer 3 mL sample to column, 
and wash tube with 1 mL pet. ether and add wash 
to column. Solv. level must not go below mark. 
Temporarily close stopcock if necessary. Add 35 
mL pet. ether-ether mixt. (94 + 6 ) and elute PCBs 
and DDT, and its analogs. When solv. level 
reaches mark, change K-D flask, and add 35 mL 
pet. ether-ether (85 + 15) to elute compds such 
as dieldrin and endrin. Add several granules of 
carborundum to first concentrator, attach Snyder 
column, and carefully cone, on steam bath. Let 
concentrator cool, remove Snyder column and 
evap. solv. under air to appropriate vol. for GLC 
detn. Fractions contg mixt. of PCBs and chlori
nated compounds such as DDE may require 
addnl sepn technics.
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29.D06 A dditional Cleanup

Often addnl cleanup is required for second 
fraction (85 + 15) to prevent deterioration of GLC 
column. Cone. pet. ether-ether (85 + 15) frac
tion under current of air to 2 mL, add 1 mL 2% ale. 
KOH, attach micro-Snyder column, and carefully 
reduce to <1 mL on steam bath. Reflux sample 
15 min, remove, and cool. Add 2 mL alcohol- 
H2 O (1 + 1) and 5 mL hexane, and shake 1 min. 
Centrf. to sep. layers. Transfer as much hexane 
layer as possible to second tube, using disposable 
Pasteur pipet, and repeat extn with 5 mL hexane. 
Cone, combined hexane to appropriate vol. for 
GLC analysis.

29.D07 Gas-Liquid Chrom atography

See 29.018.

30. SPICES A N D  O T H E R  C O N D IM E N T S

No additions, deletions, or changes.

31. SU GA RS A N D  SU G A R  PR O D U C TS

(1) The following official first action methods 
for honey were adopted official final action:

(a) Nitrogen, 31.115.
(b) Proline, 31.116-31.118.
(c) Direct polarization, 31.119(a), (b), (c).
(d) Higher sugars or "dextrin," alternative 

method II, 31.133-31.137.
(e) Higher sugars or "dextrin," HPLC method, 

31.138-31.142.
(f) High fructose corn syrup, TLC method, 

31.148-31.149.
(g) Hydroxymethylfurfural, 31.A01-31.A02.
(h) Carbon ratio MS method for the determi

nation of adulteration, amendment to 31.150- 
31.153 ("Changes in Methods," J. A ssoc . O ff . A n a l. 
C h e m . 64,512 (1981)).

(2) The official first action method for direct 
polarization of honey at 87°, 31.119(d), was de
leted.

(3) The following procedures for honey were 
deleted:

(a) Dextrin (approximate), 31.122.
(b) Commercial invert sugar, resorcinol test, 

31.146-31.147. 4

(4) The official first action liquid chromato
graphic method for the determination of sac
charides in corn syrups, 31.228-31.236, was ex
tended interim official first action to include the 
determination of minor saccharides in corn sugar

containing dextrose levels in excess of 98%, ] . 
Assoc. O ff .  A n a l .  C h e m . 65, 1366 (1982). The ex
tended method has been adopted official first 
action.

Minor Saccharides in Corn Sugar 

Liquid Chromatographic Method 

Official First Action

31.D 0 1 Principle

Polysaccharides in high (98+%) dextrose corn 
sugar are quantitated vs maltose std and ealed as 
disaccharides (DP2) and tri- and higher saccha
rides (DP3+).

31.D02 Determ ination

Proceed as in 31.229-31.236, except use only 
Aminex Q15-S resin column, (31.229(g)), or 
equiv., and use ca 3 g mal tose. H20 std/25 mL 
instead of mixed sugar std, 31.230(e). Compute 
dry basis concn of maltose by multiplying by 
0.94. Det. response factor for maltose dry basis 
by injecting 1 0  p L  std soln and proceeding as in 
31.233. Prep, sample as in 31.234. Complete 
detn as in 31.235, but inject 50 p L  dild sample.

3 1. D03 Calculations

Results are computed automatically when 
using 31.229(c). List DP2  results and combine all 
tri- and higher saccharides and list sum as DP3+. 
Subtract sum of DP2  and DP3+ from 100 to obtain 
glucose (dextrose) (DPi) value. Report results 
on ash-free, carbohydrate dry substance basis. In 
absence of computing integrator, list areas for 
DP2  and sum for DP3+, multiply each by maltose 
response factor and by 1 00 to obtain %DP2  and 
%DP3+. Subtract sum of %DP2  and %DP3+ from 
100 to obtain %DP].

32. V E G E T A B LE  PR O D U C TS, PRO CESSED

No additions, deletions, or changes.

33. W ATERS; A N D  SA LT

No additions, deletions, or changes.

34. C O LO R  A D D IT IV E S

(1) The official first action liquid chromato
graphic method for the determination of inter
mediates and reaction by-products in FD&C 
Yellow No. 5, 34.C01-34.C06 (/. Assoc. O ff .  A n a l.  
C h e m . 65, 933(1982)), was adopted official final 
action.

(2) The official final action liquid chromato
graphic method for the determination of inter
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m ediates and by-p roducts in  FD&C Red N o. 40, 
34.B01-34.B06, was editorially  revised to specify 
ad dition  o f sodium  borate first in  the d eterm i
n ative step. Failure to add the sodium  borate 
first m ay resu lt in  decom p osition  o f D M M A .

C h ange the first sen ten ce  o f 34.B06 to read:
"W e ig h  0.250 g sam ple, add 10 m L 0.1M  

N a2B4C>7 first, then  add ca 50 mL H 20 ,  and, w hen 
d issolved, dil. to 100 m L w ith  H 2O ."

35. C O SM ETIC S

N o ad ditions, d eletion s, or changes.

36. D RU GS: G E N E R A L

(1) T he o ffic ia l firs t ac tio n  co lo rim e tric  
m ethod fo r th e  d eterm in atio n  o f d isulfiram  in 
tablets, 36.B01-36.B04 (/. Assoc. O ff .  A n a l .  C h e m .  
64, 554(1981)), was adopted o ffic ia l fin a l ac
tion.

(2) T h e  fo llo w in g  atom ic absorption  spectro- 
p hotom etric  m ethod fo r the d eterm ination  o f 
m ercu ry  in  m e rcu ry -co n ta in in g  drugs was 
adopted o ffic ia l first action:

Mercury in Mercury-Containing Drugs

Atomic Absorption 
Spectrophotometric Method

Official First Action

36.D01 Principle

Sam ples are digested in H 2O -H C I-H N O 3, and 
H g is detd by  A A S using a ir -C 2 H 2 flam e or 
flam eless tech n ic  (low  H g levels).

36.D02 Apparatus

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 m L 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) A t o m ic  a b s o r p t io n  s p e c t r o p h o t o m e t e r .— 
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 , s lit w idth 160 pm , lam p 
cu rren t 3 m A, and sen sitiv ity  scale 2.5.

(b) D ia p h r a g m  p u m p .— N ep tune D yna-Pum p, 
or equiv. Coat d iaphragm  and in tern a l parts o f 
pum p w ith  acry lic-typ e p lastic spray. U se 16 
gage T eflo n  tu bing  fo r a ll con nections.

(c) G a s  in le t  a d a p t e r .— 2 4 /4 0  J  (K ontes Glass 
Co. N o. K -181000).

(d) D ig e s t io n  f l a s k .—250 mL flat-bottom boil
ing flask with 24/40 T joint.

36.D03 Reagents

(a) R e d u c in g  s o ln .—Mix 50 mL H2 S04  with ca 
300 mL H2 0. Cool to room temp, and dissolve 
15 g NaCl, 15 g hydroxylamine sulfate, and 25 g 
SnCl2  in soln. Dil. to 500 mL.

(b ) D ilu tin g  s o ln .—To 1 L vol. flask contg 
300-500 mL H20, add 58 mL HNO3  and 67 mL 
H2 S04. Dil. to vol. with H2 0.

(c) M a g n e s iu m  p e r c h l o r a t e .—Drying agent 
placed in filter flask (Fig. 25:02). Replace as 
needed. (C a u tio n : Mg(C104 ) 2  is explosive when 
in contact with org. substances.)

(d) M e r c u r y  s t o c k  s o ln .—1000 pg/mL. Dis
solve 0.1354 g HgCl2  in 100.0 mL H2 0.

(e) D ig es tion  s o ln .—  H2 0-HC1-HN03 (4 + 3 + 
1). Prepare immediately before use.

(f) K iC r jO T  s o ln .—5%, aq.

36.D04 Sam ple Preparation

(a) O in tm e n ts .—Mix sample thoroly and ac
curately weigh portion contg ca 5 mg Hg into 50 
mL beaker. Add 5 mL H2 0-HC1-HN03 (4 + 3 
+ 1). Cover with watch glass and heat on steam 
bath 30 min. Cool to room temp., swirl beaker 
to coagulate fat, and decant soln and three 10 mL 
H20  rinses into 50 mL vol. flask. Add 2 mL 5% 
K2Cr2C>7 , dil. to vol., and mix. Prep, reagent 
blank, beginning "Add 5 mL H2 0-HC1-HN03

(b ) T in c tu re s .—Pipet aliquot contg ca 5 mg Hg 
into 50 mL vol. flask, place on steam bath, and 
evap. almost to dryness in current of air. Add 5 
mL H2 0-HC1-HN03 (4 + 3 + 1), and heat on 
steam bath 30 min. Blow air into flask 2-3 min, 
while swirling contents, to expel N oxides. Cool 
to room temp., add ca 30 mL H20 and 2 mL 
K2 Cr2 C>7 soln, dil. to vol. with H2 0, and mix. 
Prep, reagent blank, beginning "Add 5 mL 
H2O-HCI-HNO3 . ..".

(c) ln je c ta b le s . —Pipet aliquot contg ca 5 mg Hg 
into 50 mL vol. flask, add 5 mL H2 0 -HC1-HNC>3 

(4 + 3 + 1), and proceed as in (b ), beginning "... 
and heat on steam bath . . ." .

(d) P r e s e r v a t iv e s  a n d  s o ln s  ( o r  s a m p le s  c o n t g  lo w  
l e v e ls  o f  H g ) . —Pipet duplicate aliquots contg 0.5 
pg Hg (0.1 mL Eppendorf pipet, or equiv., dilg 
sample if necessary), into sep. decontaminated 
250 mL boiling flasks, add 5 mL H2 0-HC1- 
HNO3  ( 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, beginning 
"Add 5 mL H2 0-HC1-HN03  . . .".
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36.D05 Standard Preparation

(a) 0  a n d  1 0 0  p g  H g / m L  s td  s o ln s  ( f o r  s a m p le s  a ,  
b ,  a n d  c ) . — P ip et 0 and 5 m L 1000 p g /m L  H g 
stock soln  in to  50 m L vol. flasks, add 5 mL 
H 20 -H C 1 -H N 0 3 (4 +  3 +  1), ca 30 mL H 20 ,  and 
2 mL K 2C r20 7  so ln , d il. to vol. w ith  H 20 ,  and 
mix.

(b) 0 .5  p g  H g  s td  so ln  (f o r  s a m p le  d ) . — D ilute 
1000 p g / m L  H g stock soln  to 5 p g / m L .  Pipet 
duplicate 0.1 mL aliquots o f this soln  (Eppendorf 
pipet or equiv.) into sep. decontam inated 250 mL 
b o ilin g  flasks, (d). Add 5 m L H 2O -H C I-H N O 3 

(4 +  3 +  1), and heat on steam bath 30 min. Cool 
to room  tem p., add 95 m L d ilg  so lu tio n , (b), and 
mix.

36.D06 Determ ination

(a) S a m p le s  a ,  b ,  a n d  c . — O perate atom ic ab
sorption sp ectrop h tr w ith  a ir -C 2H 2  flam e ac
cord ing  to m anufacturer's sp ecification s. Zero 
instru m en t w ith  0 p g /m L  H g std soln , and 
measure A  o f 100 p g / m L H g std soln, blank soln, 
and sam ple solns, using  4X  scale expansion.

(b) S a m p le  d . — A djust output o f pum p to ca 2 
L a ir /m in  by reg u latin g  speed o f pum p w ith  
variable transform er. C on nect app. as in  Fig. 
25:02, except for gas in le t adapter. W ith  pum p 
w ork in g  and sp ectrop h r zeroed , add 20 m L re
ducing soln  to d ild  aliquot. Im m ed iately  con 
nect 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 nect p ressure 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 
pg H g std soln , sam ple solns, and 0.5 pg/mL  std 
soln .

36.D07 Calculations

(a) Flam e AAS:

m g H g /g  or m L =  (A  -  A b )

X C ' / ( A '  X W X 20)
(b )  Flam eless AAS:

mg H g /g  or mL =  (A  -  A B) / ( A '  -  A B)

X ( C ' /V)  X F X 1/1000
w here A ,  A B, and A ' =  absorbance o f sam ple, 
blank, and std solns, resp.; C  =  concn o f std soln 
(jug/m L, flam e A AS; pg, flam eless A AS); W =  w t
(g) or vol. (mL) 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.

37. DRUGS: ACIDIC
(1) T he fo llo w in g  liqu id  chrom atographic

method for the determination of amitriptyline 
hydrochloride in tablets and injectables was 
adopted interim official first action after the 1982 
meeting:

Am itriptyline in Tablets and Injectables 

Liquid Chromatographic Method 

Interim Official First Action

37.D01 Principle

Amitriptyline content of tablets and injectables 
is detd by liq. chromatography, using triflu
operazine as internal std and UV detection at 239 
nm.

37.D02 Apparatus and Reagents

(a) Liquid chromatograph.—Tracor Model 950 
solvent pump, Model 970A variable wavelength 
detector, Model 26325 recorder (Tracor Instru
ments Inc., Austin, TX 78721), and 20 p L  Rheo- 
dyne Model 7120 loop injector (Rheodyne Inc., 
Berkeley, CA 94710). Operating conditions: col
umn temp., ambient; solv. flow rate, 1.33 mL/ 
min; detector wavelength, 239 nm; attenuation, 
16 AUFS; recorder, 1 mV; chart speed, 1 in./4 
min.

(b) Chromatographic column.—Stainless steel, 
300 X 3.9 mm id, packed with 10 p m  pBondapak 
CN (Waters Associates, Inc.), or equiv.

(c) Methanol.—AR grade (Fisher Scientific 
Co.).

(d) Mobile phase.—MeOH-0.005M ammonium 
acetate (90 + 10).

(e) Culture tubes.—95 X 25 mm with screw cap 
(Kimble).

(f) Internal std soln.—Accurately prepare ca 0.5 
mg Trifluoperazine HC1 Ref. Std/mL MeOH.

(g) Std soln.—0.04 mg/mL. Accurately weigh 
ca 10 mg USP Amitriptyline HC1 Ref. Std and 
transfer to 250 mL vol. flask. Dissolve in 1 mL 
MeOH, add 25.0 mL internal std soln, dil. with 
MeOH, and mix.

37.D03 Sample Preparation

(a) Tablets.—Weigh and finely powder >20 
tablets. Accurately weigh and transfer amt of 
powd. equiv. to 10 mg amitriptyline HC1 into 
screw-cap culture tube and add 25.0 mL internal 
std soln. Tumble on rotator 15 min at ca 30 rpm, 
and filter, if necessary. Dil. accurately measured 
vol. of soln with MeOH to ca 0.04 mg/mL.

(b) Single tablet.—P l a c e  one tablet in 95 X 25 
mm screw-cap culture tube and crush to fine 
powd. with glass rod. Add 25.0 mL MeOH and 
mix. Tumble on rotator 15 min at ca 30 rpm, and
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filter, if necessary. Pipet accurately measured 
aliquot (A ) of this soln, equiv. to 2 mg amitrip
tyline HC1, into 50 mL voi. flask, add 5.0 mL in
ternal std soln, dii. to voi. with MeOH, and 
mix.

(c) I n j e c t a b l e s .—Accurately pipet voi. of in
jectable, equiv. to 10 mg amitriptyline HC1, into 
50 mL voi. flask, add 25.0 mL internal std soln, 
dii. to voi. with MeOH, and mix. Dii. accurately 
measured voi. of this soln with MeOH to ca 0.04 
mg/mL.

3 7 .D 0 4  Determination

Equilibrate system with mobile phase at 1.33 
mL/min, until baseline is steady. Inject mea
sured voi. of std soln into chromatograph by 
microsyringe or sampling valve. Adjust injec
tion voi. and operating parameters so amitrip
tyline HC1 in std soln injection gives peak ht ca 
60% full scale and retention time ca 7 min. 
Under these conditions, 5 replicate injections of 
std soln should give coefficient of variation of 
<3% and resolution factor (R ) between the 2  

main peaks should be >1. Make alternate in
jections of equal vols. of sample and std solns. 
Measure peak hts for amitriptyline HC1 and in
ternal std in sample and std solns, and det. re
sponse ratios.

3 7 .D 0 5  Calculations

Tablets: mg/tablet =  R R / R R ' X  C  X  T / W
Single tablet: mg/tablet

= R R /R R '  X C X 5 / A
Injectables: mg/mL =  R R / R R ' X C / V  

where R R  and R R ' = ratio of amitriptyline HC1 
peak ht to internal std peak ht for sample and std 
solns, resp.; C =  mg amitriptyline HC1 in 250 mL  
std soln; T = av. tablet wt, g; W = wt sample 
taken, g; A  = aliquot taken, mL; V  = voi. injec
table taken, mL.

(2) The following liquid chromatographic 
method for the determination of sulfisoxazole in 
tablets, solutions, and ointments was adopted 
interim official first action after the 1982 
meeting:

S u lf iso x a z o le  in  T a b le ts , S o lu tio n s , an d  
O in tm e n ts

L iq u id  C h ro m a to g ra p h ic  M e th o d  

In te r im  O ff ic ia l  F irs t  A ctio n

3 7 .D 0 6  Principle
Sulfisoxazole content of tablets, solns, and

ointments is detd by reverse phase HPLC using 
ternary aq. mobile phase, UV detection at 254 
nm, and sulfadimethoxine as internal std.

3 7 .D 0 7  Apparatus
(a) L iq u id  c h r o m a to g r a p h .—DuPont Model 841 

solv. pump equipped with 254 nm detector (E. I. 
duPont de Nemours and Co.), 10 pL injection 
valve (Valeo Instruments Inc., PO Box 55603, 
Houston, TX 77055), and Model 3380A integrator 
(Hewlett-Packard). Equiv. HPLC system and 
strip chart recorder may be used.

(b) C h r o m a t o g r a p h ic  c o lu m n .—Stainless steel, 
30 cm X 3.9 mm id, packed with 10 pm pBonda- 
pak Cj8 (Waters Associates, Inc.) or equiv. meet
ing appropriate HPLC system suitability re
quirements.

3 7 .D 0 8  Reagents

(a) S o lv e n ts .—UV grade MeOH and n-heptane 
(Fisher Scientific Co., or equiv.), and acetonitrile 
(Burdick & Jackson Laboratories, Inc., or 
equiv.).

(b) M o b i le  p h a s e .—Acetonitrile-acetic acid- 
H2 O (30 + 1 + 69); flow rate 2.0 mL/min. Re
tention times: sulfisoxazole, ca 4 min; internal 
std, ca 5.5 min. Vary ratio of acetonitrile to H2O 
to meet HPLC system suitability requirements. 
Increased acetonitrile decreases retention time.

(c) In t e r n a l  s td  so ln . —Dissolve 80 mg USP Ref. 
Std Sulfadimethoxine in MeOH and dil. to 100 
mL with MeOH.

(d) S u l fi s o x a z o le  s td  s o ln  (5.0 m g !  1 0 0  m L ).— 
Transfer 100 mg accurately weighed USP Ref. Std 
Sulfisoxazole (previously dried 2 h at 105°) to 100 
mL vol. flask and dil. to vol. with MeOH. 
Transfer 5.0 mL aliquot to 100 mL vol. flask contg
5.0 mL internal std soln, dil. to vol. with mobile 
phase, and mix.

3 7 .D 0 9  Sample Preparation

(a) T a b le t s .—Det. av. wt and grind to pass No. 
60 sieve. Transfer accurately weighed portion 
of powd. equiv. to 500 mg sulfisoxazole to 100 mL 
vol. flask, add 25 mL MeOH, stopper, mix on 
mech. shaker 30 min, dil. to vol. with MeOH, 
mix, and filter. Transfer 20.0 mL aliquot of fil
trate to 100 mL vol. flask and dil. to vol. with 
MeOH. Transfer 5.0 mL aliquot to 100 mL vol. 
flask contg 5.0 mL internal std soln, dil. to vol. 
with mobile phase, and mix.

(b) L iq u id s ( in je c t io n s  a n d  o p h t h a lm ic  s o ln s ).— 
Accurately transfer vol. of dosage form contg ca 
200 mg sulfisoxazole to 200 mL vol. flask and dil. 
to vol. with MeOH. Transfer 5.0 mL aliquot to
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100 mL vol. flask contg 5.0 mL internal std soln, 
dil. to vol. with mobile phase, and mix.

(c) O in tm e n ts .—Transfer accurately weighed 
amt of sample (S) contg ca 50 mg sulfisoxazole to 
125 mL separator contg 50 mL «-heptane, shake 
to disperse ointment, and ext with three 25 mL 
portions of MeOH-H20  (2+1), passing each ext 
consecutively thru second 125 mL separator 
contg 50 mL «-heptane. Collect exts in 100 mL 
vol. flask and dil. to vol. with MeOH. Transfer
10.0 mL aliquot to 100 mL vol. flask contg 5.0 mL 
internal std soln, dil. to vol. with mobile phase, 
and mix.

3 7 .D 1 0  Determination

Equilibrate column with mobile phase at flow 
rate of 2 mL/min. Make 3 replicate injections of 
sulfisoxazole std soln. Using either peak area or 
peak ht measurements, for each injection det. 
response ratio of sulfisoxazole to internal std. In 
suitable system, capacity factor, k', for sulfisox
azole should be 1.0-3.0; resolution factor, R , for 
sulfisoxazole peak and internal std peak should 
be >1.5; and coefficient of variation of response 
ratio for 3 replicate injections each of sample and 
sulfisoxazole std working solns should be <2 .0 %. 
When chromatgc requirements are met, make 
alternate injections of std and sample solns, and 
det. response ratio for each. Retention times for 
sulfisoxazole and internal std must be same for 
sample and std soln injections.

3 7 . D 11 Calculations

Calc, content of sulfisoxazole in dosage form 
as follows;
Tablets: mg/tablet

= ( R R / R R ' )  X C X (T/S) X 100
Solns: mg/mL = ( R R / R R ’ ) X ( C I V )  X 40
Ointments: mg/g = ( R R / R R ' )  X (C/S) X 10 
where R R  and R R ' = response ratio of sample 
and std solns, resp.; C = amt sulfisoxazole in 100 
mL final std soln, mg; T  = av. tablet wt, g; S = 
sample wt, g; and V  =  vol. soln taken, mL. 38

3 8 . D R U G S : A L K A L O ID  A N D  R E L A T E D
B A SE S

(1) The official first action high pressure liq
uid chromatographic method for the determi
nation of antihistamine-adrenergic combina
tions in syrups or tablets, 3 8 .B 0 1 -3 8 .B 0 6 , was 
adopted official final action.

(2) The following methods were declared 
surplus:

(a) Atropine in tablets, infrared method,
38.029-38.030.

(b) Ephedrine in inhalants, Method II, 
38.038.

(3) The official first action liquid chromato
graphic method for the determination of phy- 
sostigmine salicylate and sulfate in solutions,
38.C01-38.C06, was extended to include the 
ointment dosage form. The following changes 
are required:

(a) In line 2 of the title add "and Oint
ments."

(b) Change 38.C04 to read:

38.C04 Sample Preparation

(a) S o lu tio n s . —Transfer aliquot of sample (V ) 
contg ca 3 mg physostigmine or its salts to 100 mL 
vol. flask contg 5.0 mL internal std soln and dil. 
to vol. with CH3 CN.

(b) O in tm e n ts .—Transfer accurately weighed 
sample (W) contg ca 3 mg physostigmine or its 
salts to 60 mL separator. Add 20 mL «-hexane 
and ext with four 20 mL portions of CH3 CN. 
Collect exts in 100 mL vol. flask contg 5.0 mL 
internal std soln and dil. to vol. with CH3 CN.

(c) Change 38.C06 to read:

38.C06 Determination

Make duplicate 10 pL injections each of sample 
soln and appropriate std soln, alternating sample 
and std solns. Calc, results by using response 
ratios (R R ) rel. to internal std, based on peak 
areas:
For solns:
Physostigmine (or salt), mg/mL

= 100 X ( R R / R R ' )  X ( C / V )

For ointments:
Physostigmine (or salt), mg/g

= 100 X ( R R / R R ' )  X (C/W)
where R R  and R R ' = response ratio of sample 
and std, resp.; C = concn of std (mg/100 mL); V  
=  mL soln; W = g ointment. Identification is 
based on same retention times for samples and 
stds.

3 9 . D R U G S : N E U T R A L

No additions, deletions, or changes.
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4 0 . D R U G S : IL L IC IT

(1) The following official first action methods 
were adopted official final action:

(a) Cocaine hydrochloride, gas chromato
graphic method, 40.002-40.005.

(b) Phencyclidine hydrochloride in powders, 
gas chromatographic method, 40.016-40.018.

(2) The official final action method for the 
determination of diacetylmorphine (heroin) in 
tablets, 40.006, was repealed official first ac
tion.

(3) The following liquid chromatographic 
method for the determination of oxazepam in 
tablets and capsules was adopted official first 
action:

O x a z e p a m  in  T a b le ts  an d  C a p su les  

L iq u id  C h ro m a to g ra p h ic  M e th o d  

O ffic ia l  F irs t  A ctio n

4 0 .D 0 1  Principle

Oxazepam is extd into MeOH and detd by liq. 
chromatogy with UV (254 nm) detector.

4 0 .D 0 2  Apparatus
(Equiv. ap. may be substituted)

(a ) L iq u id  c h r o m a t o g r a p h .—Model 204 
equipped with 2 Model 6000A pumps, Model 660 
solv. programmer, Model 440 UV (254 nm) de
tector, Model U6 K injector (all Waters Associates, 
Inc.), and fdodel 3380A integrator (Hewlett- 
Packard).

(b) H P L C  c o lu m n .—Bondapak Qs, 3.9 mm id 
X 30 cm long (Waters Associates, Inc.) at ambient 
temp.

(c) F i l t e r .—Millipore type EG (pore size 0.2 
pm) (Millipore Corp., Bedford, MA 01730) or 0.45 
pm MeOH compatible equiv.

4 0 .D 0 3  Reagents
(a) M e t h a n o l .—UV grade (MCB Reagents), or 

equiv.
(b) M o b i le  p h a s e .—MeOH-H2 0 -glac. HOAc 

(60 + 40 + 1) at flow rate of 1.0 mL/min. MeOH 
concn and flow rate may be varied to give ap
prox. retention time of 6 - 8  min for oxazepam.

(c) S y s t e m  s u ita b il ity  s t d  s o ln . —Dissolve 10 mg 
USP Oxazepam and 15 mg USP 2-Amino-5- 
chlorobenzophenone in 250.0 mL MeOH.

(d ) O x a z e p a m  s t d  s o ln .—Transfer 25 mg USP 
Oxazepam, accurately weighed, to 250 mL vol.

flask. Add 5 mL H20  and dil. to vol. with 
MeOH. Soln is stable 90 min.

4 0 .D 0 4  Sample Preparation

(a ) T a b le t s .—Det. av. wt/tablet and grind 
tablets to pass No. 60 mesh sieve. Transfer ac
curately weighed portion of powder contg 25 mg 
oxazepam to 250 mL vol. flask. Add 5 mL H20 
and 25 mL MeOH. Mix thoroly. Add 75 mL 
MeOH and place in ultrasonic bath 10 min. Dil. 
to vol. with MeOH. Stir 30 min. Filter portion 
of soln thru type EG filter into small g-s flask. 
Soln is stable 90 min.

(b ) C a p s u le s .— Det. av. wt of capsule contents. 
Transfer accurately weighed portion of capsule 
contents contg 25 mg oxazepam to 250 mL vol. 
flask. Proceed as in (a).

4 0 .D 0 5  System Suitability Check

(a ) R e s o lu t io n .—Inject 10.0 pL system suit
ability std soln. Retention times for oxazepam 
and 2-amino-5-chlorobenzophenone should be 
ca 6  and 14 min, resp. Resolution factor, R , for 
the 2 peaks should be >5.0, using following 
formula:

R  = 2(f' -  t ) / ( P W  +  P W ')

where t and t' = mm retention of oxazepam and
2-amino-5-chlorobenzophenone peaks, resp.; 
and P W  and P W ' = mm peak widths measured 
at baseline of oxazepam and 2-amino-5-chloro- 
benzophenone, resp. Adjust MeOH concn if 
resolution is unsatisfactory.

(b) R e p r o d u c ib i l i ty .—Make five 10.0 pL injec
tions of oxazepam std soln and measure peak 
areas. In suitable system, coefficient of variation 
is not > 2 .0 %.

4 0 .D 0 6  Determination

Make duplicate 10 pL injections each of sample 
soln and std soln, alternating sample and std 
solns. Calc, results by using peak areas: 
mg Oxazepam/tablet or capsule

= ( P A / P A ' )  X C  X (T/S) 
where P A  and P A ' =  peak area for sample and std 
solns, resp.; C = mg oxazepam/250 mL std soln; 
T = av. wt, g, of tablet or capsule contents; S = 
sample wt, g.

4 1 . D R U G S  A N D  F E E D  A D D IT IV E S  IN  
A N IM A L  T IS S U E S

The following interim official first action thin 
layer chromatographic screening method for the 
determination of sulfonamides in animal tissues 
was adopted official first action:
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S u lfo n a m id e s  in  A n im a l T issu e s

T h in  L a y e r  C h ro m a to g ra p h ic  
S cre e n in g  M e th o d

O ffic ia l  F irs t  A ctio n

(Applicable to swine, turkey, and duck tissues)

4 1 .D 0 1  Principle

Sulfonamides are extd with ethyl acetate after 
addn of sulfapyridine as internal std. Exts are 
cleaned up by partitioning between org. and aq. 
solvs, and chromatographed on silica gel TLC 
plates. Developed plates are treated with fluo- 
rescamine and scanned by fluorescence densi
tometer.

4 1 .D 0 2  Reagents

(a) E th y l a c e t a t e ,  h e x a n e ,  m e th y le n e  c h lo r id e ,  a n d  
m e t h a n o l .—Distd in glass (Burdick & Jackson 
Laboratories, Inc.).

(b) G ly c in e  b u f fe r  s o ln .—Prep, glycine (Fisher 
Scientific Co.) as 0.2M aq. soln and adjust pH to 
12.25 with NaOH.

(c) F lu o r e s c a m in e  d e r iv a t iz in g  so ln .—Dissolve 
25 mg fluorescamine (Pierce Chemical Co.) in 250 
mL acetone. Replace soln after treating 8-9 
plates.

(d ) S u l fo n a m id e  s t d s .—Com. sulfamethazine 
(SMZ), sulfadimethoxine (SDM), sulfaquinoxa- 
line (SQX), sulfathiazole (STZ), sulfabromo- 
methazine (SBR), and sulfapyridine (SPY).

(e ) S to c k  s td  so/ns.—Dissolve 100 mg sulfona
mide in 100 mL acetone. Store in refrigerator.

(f) F o r t i f i c a t io n  s td  s o ln s .—Combine sulfon
amides of interest and dil. to 5.00, 2.50, and 1.25 
pg/mL (equiv. to 0.2, 0.1, and 0.05 ppm in tissue), 
using 0.05M pH 7.5 phosphate buffer. All solns 
should contain 2.50 pg SPY/mL. Store fortifi
cation stds in refrigerator and prep, weekly.

(g) I n t e r n a l  s td  so ln . —Using stock std soln (e ), 
prep. 2.50 pg SPY/mL 0.05M pH 7.5 phosphate 
buffer.

4 1 .D 0 3  Apparatus
(a ) D e n s i t o m e t e r .—CAMAG TLC/HPTLC 

scanner (Applied Analytical Industries, Wil
mington, NC 28403) equipped with 400 nm in
terference filter on excitation source. Replace 
std 400 nm cutoff filter on photomultiplier by 500 
nm interference filter. Slit dimensions 7.8 X 0.3 
mm. Scan plates at either 1 or 2 mm/s.

(b) TLC p la t e s .— 20 X 20 cm channeled plates, 
channels 8  cm wide with 0.25 mm silica gel layer 
and pre-adsorbent spotting zones (Whatman 
LK6 D, Whatman, Inc.).

(c) T L C  s p o t t in g  c a p i l l a r i e s .—20 pL glass capil
lary tubes (Corning Glass Works).

(d ) H e a t  s t r ip .—Automatic spotter heat strip 
set at 85° (Analytical Instrument Specialties, Inc., 
Libertyville, IL 60048). Any equiv. heating de
vice with temp, control can be substituted.

(e) T L C  t a n k .—Std 2-trough tank (Alltech 
Associates, Deerfield, IL 60015), atm. fully satd 
by lining with satn pads.

(f) D e r iv a t iz a t io n  t a n k .—Stainless steel (A. H. 
Thomas).

(g) E v a p o r a t o r .—N-Evap (Organomation As
sociates, Inc., Northborough, MA 01532).

(h) H o m o g e n iz e r .—Tekmar SDT Tissumizer 
(Tekmar Co., Cincinnati, OH 45222).

(i) S h a k e r .—Horizontal reciprocating shaker 
set at ca 240 cycles/min (Eberbach Corp., Ann 
Arbor, MI 48106).

(j) C e n t r i fu g e .—Set at 2500 rpm for 5 min (In
ternational Equipment Co., Needham Heights, 
MA 02194).

(k) P o ly p r o p y le n e  c e n t r i fu g e  t u b e s .—50 mL ca
pacity (Corning Glass Works).

4 1 .D 0 4  Sample Extraction

Accurately weigh ca 2.5 g homogenized liver 
or muscle into 50 mL centrf. tube. Add 100 pL 
internal std soln. Prep. 3 control samples (using 
tissue known to be free of sulfonamides) and 
fortify with internal std (0 . 1  ppm) and each sul
fonamide of interest, one control each at 0.05, 
0.10, and 0.20 ppm. Wait 15 min and then add 
25 mL ethyl acetate. Blend muscle samples 1 
min with Tissumizer, and centrf. For liver 
samples, cap tube tightly, shake 2 0  min on hori
zontal shaker, and centrf. Transfer ethyl acetate 
to clean tube and discard tissue. Add 10 mL 
glycine buffer to ext, mech. shake 5 min, and 
centrf. Vac.-aspirate and discard org. phase. 
Adjust pH of aq. phase to 5.2-5.3 by adding 2 mL 
(1 + 1) mixt. of 2M pH 5.25 phosphate buffer and 
1.7M HC1. Check pH and make final adjust
ments with either addnl buffer or 0.1N NaOH. 
Add 5 mL hexane, mech. shake 5 min, and centrf. 
Aspirate and discard hexane phase. Remove any 
solid or emulsified material remaining at inter
face. Add 10 mL CH2 CI2 , shake 5 min, centrf., 
and aspirate and discard aq. phase. Add 10 pL 
diethylamine to CH2CI2  ext and cone, just to 
dryness under stream of N at 40°. During 
evapn, occasionally rinse tube walls with 
CH2 CI2 . Redissolve residue in 100 pL MeOH 
and mix 30 s on vortex mixer. Let stand 5 min 
before chromatgy to let insoluble oils settle.
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4 1 .D 0 5  Chromatography

Apply 20 pL portion of sample to pre-adsor
bent spotting zone of TLC plate. Avoid using 
lane at each side of plate, and spot the 3 fortified 
control samples at intervals across plate to min
imize effects of across-plate variation. Develop 
plate 1 cm in MeOH followed by 2 develop
ments, 6  cm and 12 cm, in CHCl3 -fert-BuOH (80 
+ 20). Between each development, dry plate 1 
min at 110°. If STZ is suspected or present, 
prewash CHCla-fcrf-BuOH with H2O. Maintain 
development tank temp, at 30-33° for optimum 
resolution of multiple sulfonamides. Derivatize 
compds by quickly dipping plate in fluores- 
camine soln. Bands are visible after 15-30 min. 
Scan each lane and obtain its response scanning 
curve. For each sample and std (each lane), det. 
ratio of response for sulfonamide of interest to 
response for internal std (SPY).

4 1 .D 0 6  Calculations

For each sulfonamide, calc, slope and intercept 
of std curve, concn vs response ratio, using linear 
regression and results for the 3 fortified samples. 
Plotting sulfonamide concn on y-axis results in 
std error of est. (Syx) having dimension of ppm, 
thus simplifying estn of confidence intervals. 
For quality assurance purposes, Syx should be 
<0 . 0 2  ppm, and correlation coefficient, r , should 
be >0.995. Use linear regression slope and in
tercept to calc, concn of samples from their re
spective sulfonamide/internal std peak ht ra
tios.

4 2 . D R U G S  IN  F E E D S

No additions, deletions, or changes.

4 3 . V IT A M IN S  A N D  O T H E R  N U T R IE N T S

(1) The official first action liquid chromato
graphic method for the determination of vitamin 
D in mixed feeds, premixes, and pet foods, 
4 3 .C 0 1 -4 3 .C 0 9 , was adopted official final ac
tion. 2

(2) The following chloroform-methanol ex
traction method for the determination of fat in 
foods was adopted official first action:

F a t in  F o o d s

C h lo r o fo rm -M e th a n o l  E x tra c t io n  M e th o d  

O ffic ia l  F irs t  A ctio n

(Applicable to processed and prepd foods.
Not applicable to meat.)

(C a u tio n : See 51.004, 51.011, and 51.056.)

4 3 .D 0 1  Apparatus and Reagents

(a ) B le n d in g  a s s e m b ly .—Semi-micro, stainless 
steel blending assembly for Waring blender 
(American Scientific Products Co., Cat. No. 
S8395-1, or equiv.).

(b ) E n z y m e  s o ln .—1% Clarase 40,000 in 0.5M 
Na acetate soln. Suspend 10 g Clarase 40,000 
(Miles Laboratories, Inc.) in 200 mL 0.5M Na ac
etate soln in 1 L vol. flask, dil. to vol. with 0.5M 
Na acetate soln, and mix thoroly. (Stable at least 
7 days when stored at 4°.)

4 3 .D 0 2  Determination

Accurately weigh ca 5 g well minced sample 
(3 g if >10% fat) into 50 mL digestion tube, add 
enough enzyme soln so that total H20  content 
(enzyme soln added plus original moisture in 
sample) is 32 mL. Shake gently until sample is 
thoroly mixed with enzyme soln and place tube 
in 45-50° H20  bath 1 h. Mix thoroly and quant, 
transfer digest to blending assembly with 80.0 
mL MeOH and 40.0 mL CHCI3 .

Cover and blend 2 min at high speed. Re
move cover, add 40.0 mL CHCI3 , cover, and 
blend 30 s. Remove cover, add 40 mL H20, 
cover, and blend addnl 30 s.

Transfer ext to 250 mL polypropylene centrf. 
bottle and centrf. 10 min at ca 3000 rpm (when 
rotor diam. is 11.5 in.) to clarify bottom CHCI3  

layer. Pipet 20 mL CHCI3  ext into tared 100 mL 
beaker. (Care should be taken to prevent 
transferring aq. phase.) Evap. to dryness on 
steam bath in fume hood. Dry fat residue in 
101 ° oven to const wt (ca 30 min), cool in desic
cator to const wt (ca 30 min), and weigh. Calc. 
% fat = (g residue/g sample) X 4 X 100.

(N o te : Ratio of CHCl3 -Me0H-H20  is critical 
for quant, extn of fat. This may necessitate detn 
of moisture content of sample to optimize amt of 
H20 (as enzyme soln) in initial extn step. Ref
erence source such as USDA Agriculture Hand
book No. 8 , C o m p o s it io n  o f  F o o d s , or USDA Agri
culture Handbook No. 456, N u tr i t iv e  V a lu e  o f  
A m e r ic a n  F o o d s , is adequate for this purpose. 
Also use as guide to pre-estimate fat content so 
that proper sample wt can be chosen for anal
ysis.)

4 4 . E X T R A N E O U S  M A T E R IA L S : 
IS O L A T IO N

(1) The official final action method for mold 
count of citrus and pineapple juices, canned, 
single strength, 44.082, was revised to update and 
expand the description of the centrifuge.
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In 44.082, change the third sentence to read: 
"Centrf. 10 min at 2200 rpm, using Interna

tional type EXD centrf. (Damon/IEC Div., 300 
Second Ave, Needham Hts, MA 02194) with 8 - 
place No. 240 head, No. 320 shield, No. 325 tru- 
nion ring, and No. 571 cushion, or other centrf. 
giving equiv. max. relative centrifugal force of 
1060 X g  as computed by following formula: 
RCFmax = 1.118X 10_s N 2r X g , where N  =  rpm 
and r = radius of centrf. arm in cm (distance from 
center of centrf.-head to bottom of horizontal 
centrf. tube). The following formula may be 
used to det. equiv. centrf.: N i 2ry =  N2 2 r2, where 
N] = 2200 rpm and ri = 19.6 cm."

(2) The official first action thin layer chro
matographic method for uric acid from bird and 
insect excreta, 44.183-44.185, was editorially re
vised by modifying the dye marker mixture to 
improve visualization of the uric acid spot. This 
change supersedes the erratum published in 
"Changes in Methods," /. Assoc. O ff .  A n a l .  C h e m .  
63,417(1980).

Change 44.183(e) to read:
"(e) D y e  m ix tu r e.—Dissolve 16 mg FD&C Red 

No. 2 and 32 mg FD&C Yellow No. 6  in 50 mL 
H20, and mix well. These dyes serve as visual 
markers during development, with R f  for Red 
No. 2 at 0.38-0.40; uric acid, 0.41-0.43; and Yel
low No. 6 , 0.65, using Analtech plate and sand
wich chamber. Merck plates have lower Rf 
values and do not sep. Red No. 2 and uric acid 
when overspotted."

(3) The official first action thin layer chro
matographic method for urine stains, 44.A04- 
44.A07, was editorially revised. Instructions 
were added to preclean commercial plates to re
move a colored impurity that occasionally in
terferes in visualization of the urinary indican 
spot.

Add the following to 44.A06:
(d) P r e - c le a n in g  A n a lt e c h  M N  3 0 0  c e l lu lo s e  

p la t e s .—Develop unused plate in either std de
veloping tank or sandwich chamber using de
veloping solv. 44.A05(f). Develop to 15 cm 
above lower edge of plate. Thoroly dry plate 
using either hair dryer, forced draft oven at <80° 
for ca 15 min, or overnight in fume hood. Plate 
must be room temp, and completely free of solv. 
odor before use. 4

(4) The official first action chemical test for 
mammalian feces, 44.B08-44.B11, was revised to

include the use of gelled working test medium 
(WTM). This change provides an alternative to 
save analytical time and reduce false nega
tives.

The following changes are required:
(a) In 44.B09, add:
"(d) S p a t u la .—Curved on one end, knob on 

the other end (Arthur H. Thomas Co. No. 
8340-H10, or equiv.)."

(b) In 44.B10(c), change the last paragraph to 
read:

"Long term storage: Add ca 1 mL portions to 
cups. Gelled plugs, in cups, may be stored for up 
to 4 months if sealed in a plastic bag, held at room 
temp., and protected from direct sunlight. 
Discard any gels showing pink color and/or vol. 
loss."

(c) In 44.B11, revise the first paragraph to 
read:

"Transfer suspect feces . . . .  to cup contg 1 mL 
gelled WTM. Cover with addnl 1 mL cool 
(40-41°) WTM or, alternatively, with plug of 
gelled WTM. (Use clean spatula, 44.B09(d), to 
manipulate covering plug of WTM and to press 
plug into close contact with sample.) Place cup 
in 40-41 ° H20 bath. Check for development of 
red color near particles."

(d) In 44.B11, add as a new third paragraph:
" P o s it iv e  c o n t r o l  p r e p a r a t io n .—Using calf in

testine alkaline phosphatase (AKP) (Calbiochem 
No. 52457, or equiv.), prep. 1 mg/mL soln in 
borate buffer (stock test reagent 44.B10(b), 
without phthln diphosphate). Add 20 pL AKP 
soln to 1 mm diam. filter paper disks (Whatman 
No. 1, or equiv.). Use positive control disks with 
either liq. WTM or alternative gelled plug WTM. 
Note: Positive control disks may be stored up to 
4 months if held at room temp, and protected 
from light."

(e) The paragraph beginning " T e s t  r e 
s p o n s e .— "  will be the fourth paragraph in 
44.B11.

(5) The official first action fruit tissue stan
dardization in the Howard mold count of fruit 
nectars, purees, and pastes, 44.C08-44.C09, was 
revised to facilitate regulatory comparability. 
Add as a last sentence in 44.C09:

"Before ealeg % mold counts for fruits dild 1 + 
1 , divide number of positive fields by 2 ."

45. FORENSIC SCIENCES
No additions, deletions, or changes.
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4 6 . M IC R O B IO L O G IC A L  M E T H O D S

(1) The following interim official first action 
method for the differentiation of members of the 
B a c il lu s  c e r e u s group, /. Assoc. O ff .  A n a l. C h e m . 6 5 , 
1134 (1982), was adopted official first action to 
provide supplementary procedures for the 
identification of B. c e r e u s  isolated from foods by 
method 4 6 .A 1 0 -4 6 .A 1 5 :

D iffe re n tia tio n  o f M e m b e rs  o f  Bacillus 
cereus G ro u p

O ffic ia l  F irs t  A ctio n

(Typical strains of B. c e r e u s isolated from foods 
by 4 6 .A 1 0 -4 6 .A 1 5  can be differentiated from 
other members of B. c e r e u s  group including: (1 ) 
insect pathogen B. th u r in g ie n s is , (2) mammalian 
pathogen B. a n t h r a c is , and (3) rhizoid strains of
B. c e r e u s  var. m y c o id e s .)

4 6 .D 0 1  Apparatus

(a ) S ta in in g  r a c k .—Rack must be accessible 
from below for heating slides.

(b ) In o c u la t in g  lo o p s .—One each, 26 gage ni- 
chrome wire with loop 2 mm id and one 24 gage 
nichrome wire loop 3 mm id.

4 6 .D 0 2  Media and Reagents
(a) M a n n it o l - e g g  y o lk - p o ly m y x in  (M Y P ) a g a r .  

—1.0 g beef ext, 10.0 g peptone, 10.0 g D-manni- 
tol, 10.0 g NaCl, 0.025 g phenol red (as soln), and
15.0 g agar dild to 900 mL with H2 0. Adjust to 
pH 7.2 ±0.1, heat to dissolve, and dispense 225 
mL portions into 500 mL flasks. Autoclave 15 
min at 121°. Cool to 50° in HzO bath and add
12.5 mL sterile 50% egg yolk emulsion (b) and 2.5 
mL polymyxin B soln contg 10 000 units per mL 
(if available) to each 225 mL medium. (Addn of 
polymyxin B soln is optional when medium is to 
be used for testing reactions of pure cultures.) 
Mix well and dispense 18 mL portions into 100 
X 15 mm sterile petri dishes. Dry plates 24 h at 
room temp, before use. (Dehydrated manni- 
tol-egg yolk-polymyxin (MYP) agar contg 50% 
egg yolk enrichment is satisfactory.)

(b ) E g g  y o lk  e m u ls io n .—50%. Wash fresh eggs 
with stiff brush and drain. Soak 1 h in 70% al
cohol. Aseptically remove yolk and mix (1 + 1) 
with sterile 0.85% NaCl soln. (50% egg yolk 
enrichment is satisfactory.)

(c ) N u tr ie n t  a g a r  s la n t s  a n d  p l a t e s .—3.0 g beef 
ext, 5.0 g peptone, and 15.0 g agar dild to 1 L with 
H20 (dehydrated nutrient agar is satisfactory). 
Heat to dissolve, and dispense 6.5 mL portions 
into 125 X 16 mm screw-cap tubes. Autoclave 15 
min at 1 2 1 ° and slant tubes until medium soli

difies. Final pH 6 . 8  ± 0.2. For plates, dispense 
100-500 mL portions in bottles or flasks and au
toclave 15 min at 121 °. Cool to 50° in HzO bath 
and dispense 18-20 mL portions in 100 X 15 mm 
sterile petri dishes. Dry plates 24-48 h at room 
temp, before use.

(d ) M o t i l i t y  m e d iu m .—10.0 g trypticase, 2.5 g 
yeast ext, 5.0 g dextrose, 2.5 g Na2 HP04, and 3.0 
g agar dild to 1 L with H2 0. Heat to dissolve. 
Dispense 2 mL portions into 13 X 100 mm tubes, 
and autoclave 10 min at 121°. Final pH 7.4 ± 0.2. 
Alternatively, dispense 100 mL amts in 150 mL 
bottles and autoclave 15 min at 121°. Cool to 50° 
and aseptically dispense 2 mL into sterile 13 X 
100 mm tubes. For best results, store at room 
temp. 2-4 days before use to prevent growth 
along side of medium.

(e) T r y p t ic a s e -s o y -s h e e p  b lo o d  (T S S B ) a g a r .—Dil.
15.0 g trypticase, 5.0 g phytone peptone, 5.0 g 
NaCl, and 15.0 g agar to 1 L with H2 0. Adjust 
pH to 7.0 ± 0.2. Heat to boiling to dissolve, and 
dispense 100-500 mL portions in bottles or flasks. 
Autoclave 15 min at 121° and cool to 48° in H20 
bath. Add 5 mL sterile defibrinated sheep blood 
per 100 mL medium. Mix well, and dispense
18-20 mL portions into 100 X 15 mm petri dishes. 
(Trypticase-soy or tryptic-soy agar plates contg. 
5% sheep blood are satisfactory.)

(f) B a s ic  fu c h s in  s t a in .—Dissolve 0.5 g basic 
fuchsin in 20 mL alcohol and dil. to 100 mL with 
H2 0. Filter soln if necessary thru fine paper to 
remove excess dye particles. Store in tightly 
stoppered container. (TB Carbol-fuchsin ZN 
stain is satisfactory.)

(g ) B u t t e r fie ld 's  b u f fe r e d  p h o s p h a t e  d i lu e n t ,— 12) 
S to c k  s o ln .—Dissolve 34.0 g KH2 P04  in 500 mL 
H2 0, adjust to pH 7.2 with ca 175 mL IN NaOH, 
and dil. to 1 L with H20. Store in refrigerator. 
(2) D ilu en t .—Dilute 1.25 mL stock soln to 1 L with 
H20. Prep. 90 ± 1 mL diln blanks with this soln 
and autoclave 15 min at 121°. Dispense 0.5 mL 
portions sterile diluent into sterile 13 X 100 mm 
tubes for preparing suspension of cultures to be 
tested.

(h) M e t h a n o l  f i x a t i v e .—Dispense undild 
methanol in plastic squeeze bottle for use in 
fixing slides.

4 6 .D 0 3  D ifferential Tests

(a) P r e p a r in g  te s t  in o c u lu m .—Inoculate sep. 
nutrient agar slants with each culture to be test
ed. Incubate slants 18-24 h at 30° and transfer 
3 mm loopful of culture from each slant to 100 X 
13 mm tube contg 0.5 mL sterile phosphate buf
fered diluent. Suspend culture in diluent with
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Figure 46:D1. Diagram of template for marking and 
inoculating B. cereus confirmatory plates. Each 
section is labeled and inoculated in the center, as in

dicated by arrow.

vortex mixer. Alternatively, inoculate 5 mL 
trypticase-soy broth and incubate tubes 18 h at 
30°. Mix culture well and use for performing 
differential tests. Latter procedure is preferred 
for rhizoid strains and other strains which do not 
disperse well in phosphate buffer.

(b) R e a c t io n  on  M Y P  a g a r .—Mark bottom of 
MYP agar plate into 6 - 8  equal segments with 
black felt pen as indicated in Fig. 46:D1 and label 
each section. Place plate in upright position on 
piece of white paper and inoculate one or more 
of the prelabeled sections by gently touching 
surface of agar with 2 mm loopful of culture. Let 
inoculum be absorbed and incubate plates in 
upright position 24-48 h at 30-35°. Check for 
lecithinase production as indicated by zone of 
ppt surrounding growth. Mannitol fermenta
tion is neg. if growth and surrounding medium 
are eosin pink. These reactions should be ob
served with all organisms of B. c e r e u s  group ex
cept rare lecithinase-neg. variants.

(c) M o t i l i ty  t e s t s .—Inoculate BC motility me
dium by stabbing down center with 3 mm loop
ful of culture. Incubate 18-20 h at 30° and ex
amine for type of growth along stab. Motile 
strains produce diffuse growth into medium 
away from stab. Nonmotile strains except B. 
c e r e u s var. m y c o id e s grow only in and along stab. 
Strains of B. c e r e u s  var. m y c o id e s  often produce 
"fuzzy" growth in semisolid media resulting 
from cellular expansion but are not motile by 
means of flagella. Recheck doubtful results by 
alternative microscopic motility test as follows: 
Add 0.2 mL sterile H20  to nutrient agar slant and 
inoculate with 3 mm loopful of culture. Incu
bate slant 6 - 8  h at 30°, and mix small loopful of 
liq. culture from base of slant with drop of sterile 
HzO on microscope slide. Apply cover glass and 
examine immediately for signs of motility. B. 
c e r e u s  and B. th u r in g ien s is cultures are usually 
actively motile by means of peritrichous flagella.

B. a n th r a c is  and typically rhizoid strains of B. 
c e r e u s  var. m y c o id e s  are nonmotile.

(d ) R h iz o id  g r o w t h .—Inoculate predried nu
trient agar plate by touching medium surface 
near center with 2 mm loopful of culture. Let 
inoculum be absorbed, and incubate plate in 
upright position 24-48 h at 30°. Check plate for 
rhizoid growth characterized by root or hairlike 
structures which may extend several cm from 
point of inoculation. Many B . c e r e u s  strains 
produce rough irregular colonies that should not 
be confused with rhizoid growth. This property 
is characteristic only of strains which are classi
fied as B. c e r e u s  var. m y c o id e s .

(e) H e m o ly t ic  a c t iv it y .—Mark bottom of tryp- 
ticase-soy-sheep blood agar plate into 6 - 8  equal 
segments (see Fig. 46:D1) with black felt marking 
pen. Label each segment and inoculate one or 
more segments near center by gently touching 
agar surface with 2 mm loopful of culture. Let 
inoculum be absorbed, and incubate plates 24 h 
at 30-32°. Check plates for hemolytic activity 
as indicated by 2-4 mm zone of complete (beta) 
hemolysis surrounding growth. B. c e r e u s  is 
usually strongly hemolytic, whereas B. th u r in g 
ien sis and B. c e r eu s var. m y c o id e s  are often weakly 
hemolytic and produce complete hemolysis only 
underneath colonies. B. a n th r a c is  is usually 
nonhemolytic after 24 h of incubation. C a u tio n : 
Nonmotile, nonhemolytic cultures could be B. 
a n th ra c is . See precautions under in te r p r e t in g  tes t  

r e s u lt s , (g).
(f) D e te c t io n  o f  tox in  c r y s t a l s .—  Inoculate nu

trient agar slant with loopful of culture. Incu
bate slant 24 h at 30° and hold at room temp. 2-3 
days. Make smear on microscope slide with 
sterile HzO. Air-dry and briefly heat-fix by 
passing slide slowly over burner flame; let cool, 
and place slide on staining rack. Flood slide 
with methanol, wait 30 s, and pour off methanol. 
Dry thoroughly by passing through burner 
flame. Return slide to staining rack, and flood 
completely with 0.5% aq. soln of basic fuchsin or 
TB Carbol-fuchsin ZN stain. Heat slide gently 
from below with micro burner until steam is 
seen. Wait 1-2 min and repeat this step. Let 
stand 30 s, pour off stain, and rinse slide thor
oughly in 1 L clean tap H20. Dry slide without 
blotting and examine microscopically under oil 
immersion for presence of free spores and darkly 
stained tetragonal (diamond-shaped) toxin 
crystals. Free toxin crystals are usually abundant 
after 3 days but will not be detectable unless 
sporangia have lysed. Therefore, if free spores 
are not seen, leave cultures at room temp, for a 
few more days and repeat test. B. th u r in g ie n s is
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produces protein toxin crystals that usually can 
be detected by staining, but are not produced by 
other members of B. c e r e u s  group.

(g) In t e r p r e t in g  tes t  r e s u l t s .—On basis of test 
results, identify as B. c e r e u s  those isolates which 
are actively motile, strongly hemolytic, and do 
not produce rhizoid growth or protein toxin 
crystals. Nonmotile strains of B. c e r e u s  may be 
encountered and a few are weakly hemolytic. 
These strains can be differentiated from B . a n -  
t h r a c is  by their resistance to penicillin and to 
gamma bacteriophage. C a u t io n : Nonmotile,
nonhemolytic strains could be B. a n t h r a c is , and 
should be handled with special care and sub
mitted to pathology laboratory such as Centers 
for Disease Control for identification or de
stroyed by autoclaving. Noncrystalliferous 
variants of B. th u r in g ien s is and nonrhizoid strains 
derived from B. c e r e u s  var. m y c o id e s  cannot be 
differentiated from B. c e r e u s  by tests described.

(2) The following hydrophobic grid mem
brane filter method for the enumeration of total 
coliforms in selected foods was adopted official 
first action for nonfat dry milk and canned cus
tard:

E n u m e ra tio n  o f  C o lifo rm s  in  S e le cte d  F o o d s  

H y d ro p h o b ic  G rid  M e m b ra n e  F il te r  M e th o d  

O ffic ia l  F irs t  A ctio n

(Applicable to nonfat dry milk and canned 
custard)

4 6 .D 0 4  Principle

The hydrophobic grid membrane filter 
(HGMF) method uses a membrane filter im
planted with hydrophobic material in a grid 
pattern. These hydrophobic lines act as barriers 
to the spread of colonies, thereby dividing the 
membrane filter surface into a number of sepa
rate compartments of equal and known size. 
The number of squares occupied by colonies is 
enumerated and converted to a most probable 
number value of organisms by using the formula 
given below.

4 6 .D 0 5  Apparatus

(a) H y d r o p h o b ic  g r id  m e m b r a n e  f i l t e r  ( H G M F ) .  
—Membrane filter has pore size of 0.45 pm and 
is imprinted with nontoxic hydrophobic material 
in grid pattern. ISO-GRID (available from QA 
Laboratories Ltd, 135 The West Mall, Toronto, 
Ontario, Canada M9C 1C2) or equiv. meets these 
specifications.

(b ) F iltr a t io n  u n its f o r  H G M F .—Equipped with 
5 pm mesh prefilter to remove food particles 
during filtration. One unit is required for each 
sample. ISO-GRID (available from QA Labora
tories Ltd) or equiv. meets these specifications.

(c ) P ip e ts . —1.0 mL serological with 0.1 mL 
graduations; 1.1 mL or 2.2 mL milk pipets are 
satisfactory.

(d ) B le n d e r .—Waring Blendor, or equiv., 
multispeed model, with low-speed operation at 
12 000-14 000 rpm, and 250 mL glass or metal 
blender jars with covers. One jar is required for 
each sample.

(e) V a c . p u m p .—Water aspirator vac. source is 
satisfactory.

(f) M a n i fo ld  o r  v a c . f l a s k .

4 6 .D 0 6  Culture Media and Reagents

(a) P e p t o n e / T w e e n  8 0  d i lu e n t .—Dissolve 1.0 g 
peptone (Difco 0118) and 10.0 g Tween 80 in 1 L 
H2 0. Dispense enough vol. into diln bottles to 
give 90 ± 1 mL after autoclaving 15 min at 
121° .

(b) M -F C  a g a r .—10.0 g tryptose, 5.0 g proteose 
peptone No. 3, 3.0 g yeast ext, 5.0 g NaCl, 12.5 g 
lactose, 1.5 g bile salts No. 3, 0.1 g aniline blue, 
and 15.0 g agar dild to 1 L with H20  (M-FC Agar, 
Difco 0677 is satisfactory). Heat to boiling. 
Temper to 50-55°. Adjust pH to 7.4 ± 0.1. 
Dispense ca 18 mL portions into 100 X 15 mm 
petri dishes. Surface dry plated medium before 
use.
4 6 .D 0 7  Sample Preparation

Aseptically weigh 10 g sample into sterile 
blender jar. Add 90 mL diluent (a) and blend 2 
min at low speed (12 000-14 000 rpm). Use this 
1 : 1 0  diln to prep, further serial dilns if re
quired.
4 6 .D 0 8  Analysis

(See Fig. 4 6 :D 2 .)  Turn on vac. source. Place 
sterile filtration unit on manifold or vac. flask. 
Open clamp A. Pull forward on latch B, and 
rotate back funnel portion C. Aseptically place 
sterile HGMF on surface of base D. Rotate fun
nel forward and clamp unit shut by pressing 
with thumb on latch B.

Aseptically add ca 15-20 mL sterile H20 or 
diluent to funnel. Pipet 1.0 mL of 1:10 sample 
diln into funnel. Apply free end of vac. tubing 
E to suction hole F to draw liq. thru prefilter 
mesh G. Aseptically add addnl 10-15 mL H20 
or diluent to funnel and draw thru mesh as be
fore. Close clamp A to direct vac. to base of fil
tration unit and draw liq. thru HGMF.
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Figure 46:D2. Schematic of hydrophobic grid membrane filtration unit.

Open clamp A. Release latch B, and rotate 
back funnel C. Aseptically remove HGMF and 
place on surface of pre-dried M-FC agar (b). 
Avoid trapping air bubbles between filter and 
agar. Incubate 24 ± 2 h at 35°,

Count all squares contg one or more blue 
colonies. Include any shade of blue. Score each 
square as either occupied or empty. Convert 
occupied square count to MPN with the for
mula

MPN = [N  loge ( N / ( N  -  x))J

where N  =  total number of squares and x = 
number of occupied squares. Multiply by diln 
factor and report as MPN of total coliform bac
teria/g. 47

4 7 . M IC R O C H E M IC A L  M E T H O D S

No additions, deletions, or changes.

48 . R A D IO A C T IV IT Y

The official first action extension of the official 
final action method, 4 8 .0 2 5 -4 8 .0 2 9 ,  for the de
termination of cesium-137 in milk by gamma-ray 
spectroscopy, using simultaneous equations, to 
include barium-140 and iodine-131, /. Assoc. O ff.  
A n a l. C h e m . 6 5 , 1039 (1982), was adopted official 
final action.

4 9 . S P E C T R O S C O P IC  M E T H O D S

No additions, deletions, or changes.

50 . S T A N D A R D  S O L U T IO N S  A N D  
M A T E R IA L S

No additions, deletions, or changes.

51 . L A B O R A T O R Y  S A F E T Y

No additions, deletions, or changes.

5 2 . R E F E R E N C E  T A B L E S

No additions, deletions, or changes.
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ERRATA AND EMENDATIONS, OFFICIAL METHODS OF ANALYSIS, AOAC, 1983
The following changes should be made in the 13th edition:

S e c tio n

7.115

22.069(c)
28.070

Page

138

367
450

Line 3: Change to read . . is moist. Heat on steam bath to remove alcohol. 
Then dry at ca 100° . .

Line 2: Change to read . . Dissolve 0.5 g /-malic acid in ca 50 mL"
Change equation to read:

/W' + W\

i Non-elution material :

PA' X
W

PA X 100

PA' X
W' +  w

w
29.039 476 P u r i t y  te s t. Line 2: Change to read “thermionic or flame photometric 

detector. . ."
29.040(b) 476 Change to read “(b) G as c h ro m a to g ra p h .—With potassium chloride thermionic 

detector (see 29.045(i) and (k)) or flame photometric detector (see 29.040(e) and 
(i))."

Table 31:01 512 Last column, next to last line: Change to read "0.3-0.4“
36.033 594 Change last sentence to read: "Proceed as in 36.032, first par., beginning ". . . let 

stand at room temp, ca 18 hr."
36.089 603 In last sentence, second par., change “36.036(b)" to read "36.030(b)."
44.121(b) 806 Change to read ". . .5 g Na4EDTA in 150 mL H20 ,  add 100 mL isopropranol,. .
44.123(a) 806 Line 5: Change to read ", . .50 mL Na4EDTA, 44.121(b),. . ."
48.015(a) 866 Line 6: Delete final "f".
Reference 929

Table Change title to read "52.010 . . ."

The following correction should be made in “Changes in Methods," J. A ssoc. O f f .  A n a l.  C hem . 63, March 
1980:

44.A01 409 Par. 2, lines 2-4: Change to read ". . . After stirring, add 50 mL Tween-Na^DTA  
reagent, 44.121, (25 mL (a) plus 25 mL (b)) slowly down stirring rod. . . ."

The following corrections should be made in "Changes in Methods," /. A ssoc. O f f .  A n a l.  C hem . 65, March 
1982:

6.C09(a) 453 Line 2: Change to read ", . . 1.8 m X 4 mm (id)"
44.122(e) 502 Lines 1 and 2: Change to read "(e) A lte r n a t iv e  s o lv e n t s a v e r (r e f lu x ) te c h n ic  fo r  

g ro u n d  tu r m e r ic .—Weigh . . ."
44.122(e) 502 Par. 1: Delete last 2 lines "(Precaution: Only use isopropranol as solv. with this 

technic.)"
48.026(a) 506 Line 5: Change "207Ba" to read " 207Bi"
48.029(b) 507 Line 3: Delete "e.g., 131I,"
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INDEX

Entries are located by section numbers. Official first actions are designated by 1 asterisk. Actions 
on present official methods are identified as in the following example: 6.372 (revision, 1980), which 
shows that a revision of 6.372, which was adopted at the 1979 meeting, appeared in "Changes in 
Methods" in the March 1980 issue of /. Assoc. O ff .  A n a l .  C h e m .

The number in brackets following each compound for which a determination is given is the registry 
number assigned to it by Chemical Abstracts Service. This is a unique number for that compound; 
it permits entry into the chemical information system of the Chemical Abstracts Service. For syn
onyms, the CAS registry number is given with the common name.

AACC-AOAC methods, for niacin and niacin
amide in food products, 43.B05* (final, 
1982)

for riboflavin, in food products, 43.B01* (final,
1982)

Acidity, titratable, of fruits and fruit products, 
22.061 (final, 1980)

Acids, foreign organic, in fruit juices, 22.077 
(final, 1980)

Acrylamide, safety aspects, 18.A01,18.B06
Aflatoxins, Bt and Mi, in liver, 26.C01*,

26.C06*
in cottonseed products, 26.A01* (revision,

1983)
rapid method, 26.052 (deletion, 1980) 

in nuts and nut products, 26.020 (1981)*, 26.032 
(revision, 1983)

Mi, confirmation, 26.095 (deletion, 1980) 
in dairy products, 26.090 (revision, 1980), 

26.A10*, 26.A14 (use of benzene- 
CH3CN, 1981)* 

in liver, 26.A15 (1982)* 
standards, 26.008 (revision, 1980), (use of 

benzene-CH3CN, 1981)*
AG chlordane, heptachlor in, 6.241 (surplus, 

1982)
in formulations, 6.232 (surplus, 1982), 6.236 

(surplus, 1982)
Alcoholic beverages, alcohol, in liqueur-type 

and alcoholic dairy products, 9.D01* 
alcohol in, 9.C03*
beer, caloric content, 10.031 (final, 1980) 

carbohydrate content, 10.037 (final, 1980) 
nitrosodimethylamine in, 10.C01*,

10.C10*
malting barley, extract, 10.C21* 

moisture in, 10.B01* (final, 1982) 
whisky, color intensity, 9.C01* 
wine, caloric content, 11.A01*

carbon dioxide in, 11.063 (surplus, 1983) 
ethanol in, 11.D01*

Alkalinity of ash, in cacao products, 13.005 and
13.006 (12th edition) (deletion, 1980), 13.007 
(final, 1980)

Alkaloid drugs, see Drugs, alkaloid and related 
bases

Allergenic extracts, protein nitrogen unit 
method, 39.C01*

Allspice, ground, light filth in, 44.B06* 
Alumina, levigated dry powder, 34.A07(a) 
Aluminum, in aluminum sulfate soil acidifiers, 

2.D23*
American Association of Cereal Chemists 

(AACC), see AACC-AOAC methods 
American Oil Chemists Society (AOCS), see 

AOCS methods; AOCS-AO AC method 
American Society for Testing and Materials 

(ASTM), see AOAC-ASTM method 
American Society of Brewing Chemists (ASBC), 

see ASBC-AO AC methods 
Amitriptyline, in tablets and injectables, 37.D01 

(interim, 1983) [50-48-6]
Ammonia, in crabmeat, 18.027 (final, 1983) 
Amphetamine, in dosage forms, 38.122 (deletion, 

1982)
a-Amylase, 10.C22(b)
Anodic stripping voltammetry, for detection of 

cadmium and lead, 25.A01*, 25.C01* 
Antibiotics, bacitracin, in feeds, 42.202 (surplus,

1981), 42.206 (surplus, 1982) 
bacitracin, in premixes, 42.C06*, 42.C13* 
penicillin residues in milk, 16.C01*, 16.C06*, 

1 6 .0 2 * , 1 6 .0 7 *  (revised, 1983; final, 
1983)

Antihistamine-adrenergic dosage combina
tions, 38.B01* (final, 1983)

Antioxidants, in oil, 20.D01*
AOAC-ASTM method, for cadmium and lead, 

in earthenware, 25.031 (revision, 1981) 
AOAC-CIPAC methods, see also CIPAC meth

od; CIPAC-AOAC methods 
for captan, in formulations, 6.215 (final, 1982), 

6.A09* (final, 1982)
for terbuthylazine, in formulations, 6.B20* 

(final, 1983)
AOAC-OICC method, for alkalinity of ash in 

cacao products, 13.007 (final, 1980)
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AOCS methods, for 1-monoglycerides, 28.139 
(final, 1982)

for trans isomers, in margarine and shorten
ing, 28.075 (final, 1982)

AOCS-AOAC method, for hydrocarbons in 
glycerides, 28.124 (revision, 1980)

Apple juice, benzoic and sorbic acids in, 
20.D05*

corn syrup in, 22.B01* (final, 1983) 
patulin in, 26.111 (final, 1982)

Applesauce, ethylenenthiourea residues in, 
29.112 (final, 1980)

Arprinocid, in feeds, 42.B01* [55779-18-5]
in premixes, 42.C01*

Arsenic, 25.A01* [7440-38-2]
ASBC-AOAC methods, for extract of malting 

barley, 10.C21*
for moisture, in malting barley, 10.B01* (final,

1982)
N-nitrosodimethylamine, in beer, 10.C01* 

Asbestos, in crude fiber determination, 7.061 
(revision, 1982)”'

Ascorbates, in ground beef, 20.A01 *
Ash, alkalinity, in cacao products, 13.005 and

13.006 (12th edition) (deletion, 1980), 13.007 
(final, 1980)

Ashing reagent, 34.B08(a)
Ashing vessels, 25.C02(b)
ASTM, see AOAC-ASTM method 
Atomic absorption spectrophotometry, of alu

minum, in aluminum sulfate soil acidifiers, 
2.023*

of arsenic, selenium, and zinc, 25.A01* 
biuret in urea and mixed fertilizers, 2.085 

(revision, 1980; final, 1980) 
cadmium and lead, in cookware, 25.D11 

(interim, 1983)
chelated iron, in fertilizers, 2.D16* 
copper, in serum, 25.D01* 
copper, water-soluble, in water-insoluble 

copper fungicides, 6.B01* 
mercury, in mercury-containing drugs, 

36.D01*
sodium, in fertilizers, 2.D19* 
tin, in canned foods, 25.136 (1980)* 

Atropine, in tablets, 38.029 (surplus, 1983) 
Automated methods, for chlorides in water- 

soluble colors, 34.A06* (final, 1981) 
for chlorpheniramine maleate, 38.A06 (inter

im, 1980) (1981)* (final, 1982) 
crude protein in meats, 24.037 (final, 1981) 
fat in milk, 16.063 (revision, 1980) 
ferrous sulfate in dosage forms, 36.072 (final,

1980)
niacin and niacinamide in food products, 

43.B05* (final, 1982)

nitroglycerin in sublingual tablets,
39.A01*

phosphorus in fertilizers, 2.032 (final,
1980)

potassium in fertilizers, 2.D06* 
riboflavin in food products, 43.B01* (final, 

1982)
infrared analysis of milk, 16.078 (1980)* 

Azinphos methyl, in formulations, 6.A05* (final,
1981) [86-50-0]

Azomethine H color reagent, 2.C01(e)

B a c i l l u s  c e r e u s ,  in foods, 46.A10* (final, 1981), 
46.D01*

Bacitracin, in feeds, 42.202 (surplus, 1982), 42.206 
(surplus, 1982)

in premixes, 42.C06*, 42.C13*
Bacon, fried, nitrosamines in, 24.C01* 
Banminth (pyrantel tartrate), in feeds, 42.135 

(final, 1981)
Barium-140, in milk, 48.025 (revision, 1982)* 

(final, 1983)
Barley, malting, extract, 10.C01* 

moisture in, 10.B01* (final, 1982) 
Bathocuproine method, for water-soluble copper 

in water-insoluble copper fungicides, 
6.B01*

Beef, ground, preservatives in, 20.A01*
Beer, caloric content, 10.031 (final, 1980) 

carbohydrate content, 10.037 (final, 1980) 
nitrosodimethylamine in, 10.C01*, 10.00* 

Benzoates, in ground beef, 20.A01*
Benzoic acid, in food, 20.D05*
Berries, seeds in, 22.023 (final, 1980)
Betaine, in orange juice, 22.055 (final, 1980) 
Biological samples, adipose tissue, hexachloro- 

benzene and mirex residues in, 29.A01* 
(final, 1982)

mammalian feces, chemical test, 44.B08* 
serum, copper in, 25.D01* 
swine tissues, sulfamethazine residues in, 

41.C01*, 41.C09*
Biuret, in mixed fertilizers, 2.085 (revision, 1980; 

final, 1980)
in urea, 2.082 (revision, 1980; final, 1980), 2.085 

(revision, 1980; final, 1980) 
recrystallization, 2.082(c) (revision, 1980) 

Blackberries, frozen, thrips and other insects in, 
44.B04*

Boiling aids, 10.C04(g), 34.A08(a)
Bolstar, in formulations, 6.A32* (final, 1981)

[35400-43-2]
Bone, in mechanically separated poultry, 

24.D01*
Boron, in fertilizers, 2.C01*
Brain-heart infusion, 46.C02(h)
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Brodifacoum, technical and in formulations, 
6.D01*

Bromoxynil octanoate, in formulations, 6.A01* 
(final, 1981) [1689-99-2]

Buffer solutions, carbonate, pH 9.6,18.C01(c) 
glycine, pH 12.25, 41.D02(b) 
metaphosphoric acid, pH 4.3, 43.B02(d) 
phosphate, pH 5.7, 46.A06(b)(l),

46.A06(b)(2)
pH 6.0,16.C12(i), 42.C14(d) 
pH 6.4, 46.A06(b)(3) 
pH 7.6, 43.B06(b)(3) 

phosphate-EDTA, pH 4.5, 42.C14(c) 
phosphate-sodium chloride, pH 6.5, 

46.A06(b)(4)
Butt tube, 26.A01(e)
Butter, vitamin A in, 43.008 (1980)*'
Butterfield's buffered phosphate diluent, 

46.All(k), 46.D02(g)
2-ferf-Butylamino-4-chloro-6-ethylamino- 

s-triazine (terbuthylazine), in formula
tions, 6.B20* (final, 1983)

Cacao products, alkalinity of ash in, 13.005 and
13.006 (12th edition) (deletion, 1980), 13.007 
(final, 1980)

caffeine in, 13.A05* (final, 1981) 
carbohydrates in, 13.A01* (final, 1981) 
S a lm o n e l la  in, 46.054 (revision, 1981)* (revi

sion, 1982; final, 1982)
theobromine in, 13.060 (surplus, 1981), 

13.A05* (final, 1981)
Cadmium, 25.A01* [7740-43-9]

in cookware, 25.D ll (interim, 1983) 
in earthenware, 25.031 (revision, 1981), 25.035 

(surplus, 1982) 
in foods, 25.C01*

Caffeine, in cacao products, 13.A05* 
(final, 1981) [58-08-2]

Calcium, in mechanically separated poultry and 
beef, 24.D01*

Caloric content, of beer, 10.031 (final, 1980) 
of wine, 11.A01*

Canned foods, corn, G e o t r i c h u m  mold in, 
44.A03*

fruits and juices, mold in, 44.079 (revision, 
1980), 44.082 (revision, 1983), 44.A02* 

soluble solids in, 22.024 (final, 1980) 
salmon, species identification, 18.097 (final,

1980)
tin in, 25.136(1981)*

Capsicums, extractable color in, 30.002 (final,
1980)

Captan, in formulations, 6.215 (final,
1982), 6.A09* (final, 1982) [133-06-2]

Carbadox, in feeds, 42.047 (revision, 1980) (final,
1981)

Carbohydrates, in beer, 10.037 (final, 1980) 
in chocolate, 13.A01* (final, 1981) 
in fruit juices, 22.080 (final, 1980)

Carbon, decolorizing, 43.D04(h)
Carbon dioxide, in wine, 11.063 (surplus, 

1983)
Carbon ratio methods, for corn syrup, in apple 

juice, 22.B01* final, 1983) 
for corn syrup, in honey, 31.150 (amendment,

1981) * (final, 1983)
in orange juice, 22.C01* (final, 1983) 

Carbon tetrachloride, residues in grain, 29.056 
(final, 1981)

Carrez solution, 31.A01(b), 31.A01(c)
Casein, edible, S a lm o n e l la  in, 46.054 (revision,

1981)* (revision, 1982; final, 1982) 
residual phosphatase in, 16.B01*

Ceramic fiber, as replacement for asbestos, 7.061 
(revision, 1982)*

Cereal foods, infant, filth in, 44.A01*
presweetened, 14.C01* (final, 1983) 
protein in, 14.063 (12th edition) (reinstate

ment, 1981) (committee report, 1982)*, 
14.068 (deletion, 1981) 

starch in, 14.075 (deletion, 1982)
Cesium-137, in milk, 48.025 (revision, 1982)* 

(final, 1983) [10045-97-3]
Cheese, aflatoxin M! in, 26.A10*, 26.A14 (use of 

benzene-CH3CN, 1981)* 
chlorides in, 16.224 (12th edition) (reinstate

ment, 1983), 16.242 (repealed, 1983), 
16.D01*

moisture in, 16.239 (final, 1980)
Chick edema factor, 28.128 (revision, 1981) 
Chlordane, AG chlordane formulations, 6.232 

(surplus, 1982), 6.236 (surplus, 1982) 
heptachlor in, 6.241 (surplus, 1982) 
technical, in formulations, 6.223 (surplus,

1982)
Chlorides, in cheese, 16.224 (12th edition) 

(reinstatement, 1983), 16.242 (repealed, 
1983), 16.D01*

in eggs, 17.025 and 17.026 (surplus, 1981) 
in water-soluble colors, 34.A06* (final, 1981) 

Chlorinated hydrocarbons, in dosage forms, 
36.013 (surplus, 1982)

Chlorine, total, in fruits and fruit products, 
22.051 (final, 1980)

Chloroform, residues in grain, 29.056 (final,
1981)

water-saturated, 26.A02(c) 
N-(((4-Chlorophenyl)amino)carbonyl)-2,6- 

difluorobenzamide (diflubenzuron), in
formulations, 6.D09*
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4-Chlorophenyl 2,4,5-trichlorophenyl sulfone 
(tetradifon), in formulations, 6.B09* (final,
1982)

Chlorpheniramine maleate, in antihistamine- 
adrenergic combinations, 38.B01*

[113-92-8]
in tablets, 38.A06 (interim, 1980) (1981)* (final,

1982)
Chlorpyrifos, in formulations, 6.B15* (final,

1982) [2921-88-2] 
Chocolate products, caffeine in, 13.A05* (final,

1981)
carbohydrates in, 13.A01* (final, 1981) 
S a lm o n e l la  in, 46.054 (revision, 1981)* (revi

sion, 1982; final, 1982) 
theobromine in, 13.A05* (final, 1981)

CIPAC method, for triphenyltin, in formula
tions, 6.436 (final, 1982)

CIPAC-AOAC methods, see also AOAC-CIPAC 
methods

for dichlobenil, in formulations, 6.250 (final,
1981)

diflubenzuron, in formulations, 6.D09* 
endosulfan, in formulations, 6.D16* 
temephos, in formulations, 6.C16* 
terbuthylazine, in formulations, 6.B20* 
tetradifon, in formulations, 6.B09* (final,

1982)
water-soluble copper, in water-insoluble 

copper fungicides, 6.B01*
Citrus juices, canned, mold in, 44.082 (revision,

1983) , 44.A02*
Cocaine HC1, 40.002 (final, 1983)
Cocoa, caffeine in, 13.A05* (final, 1981) 

theobromine in, 13.A05* (final, 1981)
Coffee, instant, loss on drying, 15.012 (final,

1983)
Coliforms, enumeration in selected foods, 

46.D05*
Collaborative International Pesticides Ana

lytical Council (CIPAC), see AOAC-CIPAC 
methods; CIPAC method; CIPAC-AO AC 
methods

Color, extractable, in capsicums and oleoresin 
paprika, 30.002 (final, 1980) 

of whisky, 9.C01*
Color additives, FD&C Red No. 40, intermedi

ates and reaction by-products in, 34.B01* 
(final, 1982) (revision, 1983)

FD&C Yellow No. 5, intermediates and reac
tion by-products in, 34.C01* (final,
1983)

FD&C Yellow No. 6, intermediates and side 
reaction products in, 34.A01* (final,
1981)

phosphorus in, 34.B06*

water-soluble, chlorides in, 34.A06* (final,
1981)

Combustion system, 22.B02(a)
Concentrator, evaporative, 10.02(b) 
Condenser, Liebig, 9.D02(a)(4)
Cookware, cadmium and lead in, 25.D11 (inter

im, 1983)
Coomassie Brilliant Blue, staining solution,

18.A02(c)
Copper, in copper naphthenate formulations, 

6.065 (final, 1982) 
in serum, 25.D01*
water-soluble, in water-insoluble copper 

fungicides, 6.B01*
Corn, cream style, G e o tr ic h u m  mold in, 44.A03* 
Corn meal, light filth in, 44.B03*
Corn sugar, minor saccharides in, 31.D01*
Corn syrup, in apple juice, 22.B01* (final, 1983) 

in honey, 31.150 (amendment, 1981)* (final,
1983)

high fructose, 31.148 (final, 1983) 
in orange juice, 22.C01* (final, 1983) 

Cosmetics, bacterial count by spiral plate meth
od, 46.110 (revision, 1981; final, 1981) 

Cottonseed products, aflatoxins in, 26.A01* 
(revision, 1983)

aflatoxins in, rapid method, 26.052 (deletion,
1980)

Crabmeat, ammonia in, 18.027 (final, 1983) 
generic identification, 18.B06*

Culture media, for B a c il lu s  c e r e u s , 46.A11, 
46.D02

for E s c h e r ic h ia  c o l i , 46.C02 
S a l m o n e l l a , 46.054(d), 46.054(e), and

46.054(v) (1981)*
Cyclamates, sodium and calcium, 20.164 (see 

"Changes in Methods," 1981)

Dairy products, aflatoxin Mj in, 26.090 (revision,
1980) , 26.A14 (use of benzene-CH3CN,
1981) *

alcoholic, alcohol in, 9.D01* 
butter, vitamin A in, 43.008 (1980)* 
casein, residual phosphatase in, 16.B01* 

edible, S a lm o n e l la  in, 46.054 (revision, 1981; 
final, 1982)

cheese, aflatoxin Mi in, 26.A10*, 26.A14 (use 
of benzene—CH3CN, 1981)* 

chlorides in, 16.224 (12th edition) (rein
statement, 1983), 16.242 (repealed, 
1983), 16.D01*

moisture in, 16.239 (final, 1980) 
coliforms in, 46.D05*
milk, aflatoxin Mi in, 26.A10*, 26.A14 (use of 

benzene-CH3CN, 1981)*
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ethylenethiourea residues in, 29.112 (final,
1980)

fat in, 16.063 (revision, 1980) 
fortified, and milkpowder, vitamin D in, 

43.B09*
infrared analysis, 16.078 (1980)* 
penicillin residues in, 16.C01*, 16.C06*, 

16.02*, 16.07* (revised, 1983; final,
1983)

radioactive elements in, 48.025 (revision,
1982)* (final, 1983)

somatic cell count, 46.086 (final, 1980), 
46.095 (final, 1980)

membrane filter-DNA assay, 46.A01* 
(final, 1981)

PCB residues in, 29.001 (final, 1982) 
vitamin D in, 43.B09* (final, 1982)

DDT, residues in foods and crops, 29.097 (sur
plus, 1980)

Decomposition, ammonia, in crabmeat, 18.027 
(final, 1983)

indole, in shrimp, 18.B01* (final, 1982),
18.C01*

Delvotest kits, 1 6 .0 7  
Densitometer, 41.D03(a)

U-tube, for alcohol in beverages, 9.C04(a) 
Densitométrie methods, for alcohol, in li

queur-type and alcoholic dairy products, 
9.D01*

Destaining solution, 18.A02(b)
Dextrin, in honey, 31.122 (deletion, 1983), 31.133 

(final, 1983), 31.138 (final, 1983) 
Diacetylmorphine (heroin), in tablets, 40.006 

(repealed, 1983)
Dialysis sac, 46.A05(b)
Diazinon, in microencapsulated formulations, 

6.0 2 *
Diazomethane, safety note, 41.C03(c) 
Dibromoethane, residues in grain, 29.056 (final,

1981)
Dichlobenil, in formulations, 6.250 (final,

1981)
Dichloro diphenyl trichloroethane, see DDT
2,6-Dichlorobenzonitrile (dichlobenil), in for

mulations, 6.250 (final, 1981)
2-(3,4-Dichlorophenyl)-4-methyl-l,2,4-oxadi- 

azolidine-3,5-dione (methazole), in for
mulations, 6.C01*

0,0-D iethyl S-[2-(ethylthio)ethyl] phospho- 
rodithioate (disulfoton), in formulations, 
6.A27*

0,0-D iethyl 0-(2-isopropyl-6-methyl-4-pir- 
imidinyl phosphorothioate (diazinon), in 
microencapsulated formulations, 6.02* 

0,0-D iethyl 0-(p-(methylsulfinyl)phenyl) 
phosphorothioate (fensulfothion), in for

mulations, 6.D28*
0,0-D iethyl O-p-nitrophenyl phosphoro

thioate (parathion), in formulations, 6.409 
(1980)*

0,0-D ieth yl 0-(3,5,6-trichloro-2-pyridyl) 
phosphorothioate (chlorpyrifos), in for
mulations, 6.B15* (final, 1982)

Diflubenzuron, in formulations, 6.D09*
1,2-Dimethoxyethane, 6.A06(c)
0,0-D im ethyl dithiophosphate of diethyl 

mercaptosuccinate (malathion), in formu
lations, 6.359 (deletion, 1980), 6.364 (dele
tion, 1980), 6.372 (final, 1980)

0,0-D im ethyl O-p-nitrophenyl phosphoro
thioate (methyl parathion), in formula
tions, 6.409 (1980)*

0,0-D im ethyl S-[(4-oxo-l,2,3-benzotriazin-
3-(4H)-yl)methyl] phosphorodithioate 
(azinphos methyl), in formulations, 6.A05* 
(final, 1981)

p-Dimethylaminobenzaldehyde spray, 
44.A05(d)

safety aspects, 44.A05(d)
2-(Dimethylamino)benzenediazo sodium sul

fonate (pirimicarb), in formulations, 
6.C04*

Dioxins, in oils and fats, 28.128 (revision, 
1981)

Distilling column, modified Snyder, 
25.D07(d)

Vigreaux, 9.D02(a)(2)
Disulfiram, in tablets, 36.B01* (final, 1983)

[97-77-8]
Disulfoton, in formulations, 6.A27* (final, 1981)

[298-04-4]
Drained weight, of frozen fruits, 22.005 (final,

1980)
Drug residues in animal tissues, sulfamethazine, 

41.C01*, 41.C09* 
sulfonamides, 41.D01*

Drugs, acidic, amitriptyline, in tablets and in
jectables, 37.D01 (interim, 1983) 

sulfisoxazole, in dosage forms, 37.D06 (inter
im, 1983)

Drugs, alkaloid and related bases, amphet
amine, 38.122 (deletion, 1982) 

antihistamine-adrenergic combinations, 
38.B01* (final, 1983)

atropine, in tablets, 38.029 (surplus, 1983) 
chlorpheniramine maleate, 38.A06 (interim,

1980) (1981)* (final, 1982) 
ephedrine, 38.A01* (final, 1982)

in inhalants, Method II, 38.038 (surplus,
1983)

mephentermine sulfate, 38.159 (final, 1981) 
phenothiazine, 38.185 (final, 1982)
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physostigmine salts, in ointments, 38.C01
(1983)*

in solutions, 38.C01* 
procainamide HC1, 38.224 (final, 1982) 
quinacrine HC1, 38.231 (revision, 1982) 

Drugs, general, chlorinated hydrocarbons, 
36.013 (surplus, 1982) 

disulfiram, 36.B01* (final, 1983) 
ferrous sulfate, 36.072 (final, 1980) 
mercury-containing, mercury in, 36.D01* 

Drugs, illicit, cocaine HC1, 40.002 (final, 1983) 
diacetylmorphine (heroin), in tablets, 40.006 

(repealed, 1983)
methaqualone, 40.014 (final, 1980) 
oxazepam, in tablets and capsules, 40.D01* 
phencyclidine HC1, 40.016 (final, 1983) 

Drugs, neutral, allergenic extracts, protein ni
trogen unit method, 39.C01* 

nitroglycerin, 39.A01* (final, 1982) 
thyroid tablets, iodine in, 39.C04*

Drugs in feeds, arprinocid, 42.B01 *, 42.C01* 
carbadox, 42.047 (revision, 1980) (final,

1981)
melengestrol acetate, 42.A01* 
pyrantel tartrate, 42.135 (final, 1981) 

Dulbecco's phosphate-buffered saline, 
46.C02(m)

Earle's salts, 46.C02(f)
Earthenware, cadmium and lead in, 25.031 (re

vision, 1981), 25.035 (surplus, 1982)
Egg yolk emulsion, 46.All(b), 46.D02(b)
Eggs, chloride in, 17.025 and 17.026 (surplus,

1981)
Endosulfan, in formulations, 6.D16*
Ephedrine, in inhalants, Method II, 38.038 (sur

plus, 1983) [299-42-3]
in solid dosage forms, 38.A01* (final, 1982) 

Errata and emendations, 13th edition (1980), 63, 
417 (1980); 64,530 (1981); 65,508 (1982); 66, 
549(1983)

Escherichia co li, detection of invasiveness, 
46.C01*

Essential oil, in fruits and fruit products, 22.088 
(final, 1980)

Ethanol, in wine, 11.D01*
Ether extract, in feeds, 7.055 (revision, 1982) 
Ethion, in formulations, 6.352 (final, 1980)
O-Ethyl 0-[4-(methylthio)phenyl] S-propyl 

phosphorodithioate (Bolstar), in formula
tions, 6.A32* (final, 1981)

Ethyl parathion, in encapsulated formulations, 
6.409 (1980)* (final, 1982) 

Ethylenethiourea, residues in foods, 29.112 
(final, 1980)

N-(2-Ethylhexyl)-5-norborene-2,3-dicarboxi-

mide (MGK 264), in formulations, 6.A15* 
(final, 1981)

Extraneous materials, in frozen blackberries and 
raspberries, 44.B04* 

in grain, 44.037 (deletion, 1982) 
ground allspice, 44.B06* 
ground turmeric, solvent saver technique, 

44.122(e)
infant cereals, 44.A01* 
rice flours and products, 44.C04* 
tea, 44.B01* 
wheat, 44.C01*
white and yellow corn meal, 44.B03* 

mammalian feces, 44.B08* (revision, 1983) 
mold, in canned fruits and juices, 44.079 (re

vision, 1980), 44.A02* 
in cream style corn, 44.A03* 

uric acid from excreta, 44.183 (revision,
1983)

urine stains, 44.162 (deletion, 1980), 44.A04* 
(revision, 1983)

Fat, see also Oils and fats 
crude, in feeds, 7.055 (revision, 1982) 
in foods, 43.D01* 
in milk, 16.063 (revision, 1980) 
poultry, PCB residues in, 29.001 (final, 1982)

FD&C Red No. 40, intermediates and reaction 
by-products in, 34,601* (final, 1982) (revi
sion, 1983)

FD&C Yellow No. 5, intermediates and reaction 
by-products in, 34.C01* (final, 1983)

FD&C Yellow No. 6, intermediates and side re
action products, in, 34.A01* (final, 1981)

[2783-94-0]
Feces, mammalian, chemical test, 44.B08* (revi

sion, 1983)
Feeds, arprinocid in, 42.B01*, 42.C01* 

bacitracin in, 42.202 (surplus, 1981), 42.206 
(surplus, 1981), 42.C06*, 42.C13* 

carbadox in, 42.047 (revision, 1980) (final,
1981)

crude fat or ether extract in, 7.055 (revision,
1982)

crude fiber in, 7.061 (revision, 1982)* 
melengestrol acetate in, 42.A01* 
pyrantel tartrate in, 42.135 (final, 1981) 
starch in, 14.075 (deletion, 1982) 
a-tocopheryl acetate in, 43.106 (final, 1980) 
vitamin A in, 43.008 (revision, 1980) 
vitamin D in, 43.C01* (final, 1983)

Fensulfothion, in formulations, 6.D28*
[115-90-2]

Ferrous sulfate, in dosage forms, 36.072 (final,
1980)
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Fertilizers, biuret, in urea, 2.082 (revision, 1980; 
final, 1980)

biuret in, 2.085 (revision, 1980; final, 1980)
boron in, 2.C01*
chelated iron in, 2.D16*
nitrogen in, 2.061 (final, 1983)
phosphorus in, 2.032 (final, 1980)
potash in, 2.D06*
sodium in, 2.D19*
sulfur in, 2.160 and 2.162 (repealed 1980) (de

letion, 1981), 2.A01* (revision, 1981) 
ureas in, 2.D01*

Fetal bovine serum, 46.C02(b)
Fiber, crude, in feeds, 7.061 (revision, 1982)* 
Fill of container, of frozen fruits, 22.003 (final,

1980)
Filter paper, nitrogen-free, 24.B03 
Filth, see Extraneous materials 
Fish and other marine products, cooking pro

cedure, 18.003 (revision, 1983) 
crabmeat, ammonia in, 18.027 (final, 1983) 

generic identification, 18.B06* 
methyl mercury in, 25.D05*
PCB residues in, 29.001 (final, 1982) 
shrimp, indole in, 18.B01* (final, 1982), 

18.C01*
species identification, 18.097 (final, 1980), 

18.A01* (final, 1981)
Fixing solution, 18.A02(a)
Flame photometric method, for potassium, in 

fertilizers, 2.D06*
Flavors, glycyrrhizic acid or acid salts, in licorice,

19.C01*
Flotation oil, 44.B01(a)
Fluorescent antibody method, for Salmonella, in 

foods, 46.068 (revision, 1980)
Food, Drug, and Cosmetic, see FD&C 
Food additives, antioxidants, in oil, 20.D01* 

benzoic and sorbic acids, 20.D05* 
cyclamates, sodium and calcium, 20.164 (see 

"Changes in Methods," 1981) 
nitrosamines, in fried bacon, 24.C01* 
preservatives in ground beef, 20.A01* 
saccharin, 20.A06* (final, 1982)

Foods, see also specific commodity 
acidified, pH, 32.B01* (final, 1982)
Bacillus cereus in, 46.A10* (final,

1981), 46.D01*
bacterial count by spiral plate method, 46.110 

(revision, 1981; final, 1981) 
benzoic and sorbic acids in, 20.D05* 
cadmium and lead in, 25.C01*
DDT residues in, 29.097 (surplus, 1980) 
ethylenethiourea residues in, 29.112 (final, 

1980)
fat in, 43.D01*

fatty, organochlorine pesticide residues in, 
saponification for cleanup, 29.017 (revi
sion, 1980)

maleic hydrazide residues in, 29.129 (revision,
1981)

niacin and niacinamide in, 43.B05* (final,
1982)

riboflavin in, 43.B01* (final, 1982) 
saccharin in, 20.A06* (final, 1982)
Salmonella in, fluorescent antibody method, 

46.068 (revision, 1980) 
sorbic and benzoic acids in, 20.D05* 
staphylococcal enterotoxins in, extraction, 

46.A05* (final, 1981)
a-tocopheryl acetate in, 43.106 (final, 1980) 
vitamin A in, 43.008 (revision, 1980)

Forensic sciences, comparison of mineral wool 
insulations, 45.011 (interim, 1980) (1981)* 

Frozen foods, fruits, drained weight, 22.005 
(final, 1980)

fruits, fill of container, 22.003 (final, 1980) 
thrips and other insects in, 44.B04* 

lemonade, soluble solids in, 22.025 (final,
1980)

Fructose, in chocolate, 13.A01* (final, 1981)
[57-48-7]

in presweetened cereals, 14.C01* (final,
1983)

Fruits and fruit products, apple juice, corn syrup 
in, 22.B01* (final, 1983) 
patulin in, 26.111 (final, 1982) 

applesauce, ethylenethiourea residues in, 
29.112 (final, 1980) 

berries, seeds in, 22.023 (final, 1980) 
canned, mold in, 44.079 (revision, 1980), 44.082 

(revision, 1983), 44.A02* 
sodium and calcium cyclamates in, 20.164 

(see "Changes in Methods," 1981) 
tin in, 25.136*

carbohydrates in, 22.080 (final, 1980) 
chlorine, total, in 22.051 (final, 1980) 
citrus juices, soluble solids in, 22.D01* 
essential oil in, 22.088 (final, 1980) 
foreign organic acids in, 22.077 (final, 1980) 
frozen, drained weight, 22.005 (final, 1980) 

fill of container, 22.003 (final, 1980) 
thrips and other insects in, 44.B04* 

grape juice, malvidin glucosides in, 22.099 
(final, 1980)

laevo-malic acid in, method III, 22.069 (final,
1980)

lemon juice, 22.105 (final, 1980) 
lemonade, frozen concentrate, soluble solids 

in, 22.025 (final, 1980)
maleic hydrazide residues in, 29.129 (revision,

1981)
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mold in, 44.C06", 44.C08* (revision, 1983) 
orange juice, betaine in, 22.055 (final, 1980) 

corn syrup in, 22.C01* (final, 1983) 
phosphorus in, 22.042 (final, 1980), 22.046 

(final, 1980)
prunes and raisins, moisture in, 22.014 (final,

1980)
soluble solids in, 22.024 (final, 1980) 
titratable acidity, 22.061 (final, 1980) 
water-insoluble solids in, 22.020 (final, 1980) 

Fuchsin stain, basic, 46.D02(f)
Fumigants, volatile, in grain, 29.056 (final,

1981)
Fungicides, copper, water-insoluble, water-sol

uble copper in, 6.B01*

Gamma-ray spectroscopy, for radioactivity in 
milk, 48.025 (revision, 1982)"' (final, 1983) 

Garlic powder, Salmonella in, 46.054 (final,
1980)

Gas-liquid chromatographic-thermal energy 
analyzer methods, for nitrosamines, in fried 
bacon, 24.C01"

for N-nitrosodimethylamine, in beer, 10.C01",
10.C10*

Gas chromatography, of benzoic and sorbic 
acids, in food, 20.D05* 

of Bolstar, in formulations, 6.A32* (final,
1981)

bromoxynil octanoate, in formulations, 
6.A01* (final, 1981)

captan, in formulations, 6.215 (final, 1982) 
chick edema factor, 28.128 (revision, 1981) 
chlorinated pesticides and PCBs, in fish, 

29.D01"
cocaine HC1, 40.002 (final, 1983) 
diazinon, in microencapsulated formula

tions, 6.C12"
dichlobenil, in formulations, 6.250 (final,

1981)
disulfoton, in formulations, 6.A27" (final,

1981)
endosulfan, in formulations, 6.D16" 
ethanol, in wine, 11.D01" 
hexachlorobenzene and mirex residues, in 

adipose tissue, 29.A01" (final, 1982) 
indole, in shrimp, 18.C01" 
melengestrol acetate, in feeds, 42.A01" 
methyl mercury, in fish and shellfish 

25.D05"
N-octyl bicycloheptenedicarboximide, in 

formulations, 6.A15" (final, 1981) 
parathion and methyl parathion, in encap

sulated formulations, 6.409 (1980)" 
(final, 1982)

pentachloronitrobenzene, in formulations, 
6.C08" (revision, 1983; final, 1983) 

phencyclidine HC1, 40.016 (final, 1983) 
pirimicarb, in formulations, 6.C04" 
pyrethrins and piperonyl butoxide, in for

mulations, 6.C22* (final, 1983) 
sulfamethazine residues in swine tissues, 

41.C09"
terbuthylazine, in formulations, 6.B20" 

(final, 1983)
tetradifon, in formulations, 6.B09* (final,

1982)
volatile fumigants, in grain, 29.056 (final,

1981)
Gas-liquid chromatography-mass spectrome

try, of sulfamethazine residues in swine 
tissues, 41.C01"

G eotrichum  mold, in fruit and vegetable prod
ucts, 44.079 (revision, 1980), 44.A02", 
44.A03", 44.C06"

Giemsa stain, 46.C03(b)
Glucose, in chocolate, 13.A01" (final, 1981)

[50-99-7]
in honey, 31.133 (1980)* 
in presweetened cereals, 14.C01* (final,

1983)
Glycerides, hydrocarbons in, 28.124 (revision,

1980)
in oils and fats, 28.139 (final, 1982) 

Glycyrrhizic acid, in licorice, 19.C01*
[1405-86-3]

Glycyrrhizinate, monoammonium, in licorice, 
19.C01* [53956-04-0]

Glyphosate, technical and in formulations, 
6.D22*

Graham condenser, 10.C12(a)
Grain, insects in, 44.037 (deletion, 1982), 

44.C01*
rice flours and products, filth in, 44.C04* 
starch in, 14.075 (deletion, 1982) 
volatile fumigants in, 29.056 (final, 1981) 

Grape juice, malvidin glucosides in, 22.099 (final,
1980)

Guthion, in formulations, 6.A05* (final, 1981)

HCB (hexachlorobenzene), residues in adipose 
tissue, 29.A01* (final, 1982) 

residues in fatty products, 29.123 (revision,
1980)

Hektoen enteric agar (HE), 46.054(e) (1981) 
HeLa cell culture, 46.C05
Heptachlor, in AG chlordane, 6.241 (surplus,

1982)
Heroin, in tablets, 40.006 (repealed, 1983) 
Hexachlorobenzene, residues in adipose tissue, 

29.A01* (final, 1982) [118-74-1]
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residues in fatty products, 29.123 (revision,
1980)

Hexachlorohexahydromethano-2,4,3-benzo- 
dioxathiepin 3-oxide (endosulfan), in for
mulations, 6.D16*

HFCS, see Corn syrup
High pressure (performance) liquid chroma

tography, see Liquid chromatography 
HMF, in honey, 31.A01* (final, 1983) 
Homogenizer, 20.165(b)
Honey, see Sugars and sugar products 
Howard mold count, of fruit products, 

44.C08*
Hydride generator, 25.A01(d)
Hydrocarbons, in glycerides, 28.124 (revision,

1980)
Hydroxymethylfurfural, in honey, 31.A01* 

(final, 1983) [67-47-0]

IDF-ISO-AOAC methods, for chlorides, in 
cheese, 16.242 (repealed, 1983), 16.D01* 

Illinois water treatment adsorber cartridge,
13.A06(b)

Indole, in shrimp, 18.B01* (final, 1982), 
18.C01*

Infant cereals, filth in, 44.A01*
Infrared methods, for atropine, in tablets, 38.029 

(surplus, 1983)
for azinphos methyl, in formulations, 

6.A05*
methazole, in formulations, 6.C01* 
milk, 16.078 (1980)*
trans isomers in fats and oils, 28.075 (final,

1982)
Insulations, mineral wool, comparison, 45.011 

(interim, 1980) (1981)*
International Dairy Federation (IDF), see

IDF-ISO-AOAC methods 
International Organisation for Standardisation 

(ISO), see IDF-ISO-AOAC methods 
International Union of Pure and Applied 

Chemistry (IUPAC), see IUPAC-AOAC 
method

Iodine, in thyroid tablets, 39.C04*
Iodine-131, in milk, 48.025 (revision, 1982)* 

(final, 1983) [10043-66-0]
Iron, chelated, in iron chelate concentrates, 

2.D16*
ISO methods, see also IDF-ISO-AOAC 

methods
loss on drying, of instant coffee, 15.012 (final,

1983)
Isoelectric focusing method, for generic iden

tification of crabmeat, 18.B06* 
for identification of fish species, 18.A01* (final,

1981)

IUPAC-AOAC methods, for antioxidants, in oil,
20.D01*

for polar components in frying fats, 28.C01*

Jellies, fruit, soluble solids in, 22.024 (final,
1980)

Kuderna-Danish concentrator, 10.02(b)

[3-Lactam antibiotics, residues in milk, 16.C01*, 
16.C06*, 1 6 .0 2 * , 1 6 .0 7 *

Lactose, in chocolate, 13.A01* (final, 1981)
[63-42-3]

Laevo-malic acid, in fruits and fruit products, 
method III, 22.069 (final, 1980)

Lead, 25.A01* [7439-92-1]
in cookware, 25.D11 (interim, 1983) 
in earthenware, 25.031 (revision, 1981), 25.035 

(surplus, 1982) 
in foods, 25.C01*

Lemon juice, 22.105 (final, 1980)
Lemonade, frozen concentrate, soluble solids in, 

22.025 (final, 1980)
Licorice, glycyrrhizic acid or acid salts in,

19.C01*
Liquid chromatography, of aflatoxins, in cot

tonseed products, 26.A01* (revision, 1983) 
of amitriptyline, in tablets and injectables,

37. D01 (interim, 1983) 
antihistamine-adrenergic combinations,

38. B01* (final, 1983) 
antioxidants, in oil, 20.D01* 
arprinocid, in feeds, 42.B01* 
bacitracin, in premixes, 42.C13* 
brodifacoum, technical and in formulations,

6.D01*
captan, in formulations, 6.A09* (final, 

1982)
carbohydrates, in chocolate, 13.A01* (final,

1981)
chlorpyrifos, in formulations, 6.B15* (final,

1982)
diflubenzuron, in formulations, 6.D09* 
fensulfothion, in formulations, 6.D28* 
glycyrrhizic acid or acid salts, in licorice,

19.C01*
glyphosate, technical and in formulations, 

6.D22*
indole, in shrimp, 18.B01* (final, 1982) 
intermediates and reaction by-products, in 

FD&C Red No. 40, 34.B01*
(final, 1982) (revision, 1983) 

in FD&C Yellow No. 5, 34.C01* (final,
1983)

intermediates and side reaction products in
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FD&C Yellow No. 6, 34.A01* (final,
1981)

2-methyl-4-chlorophenoxyacetic acid, in 
formulations, 6.A18* 

minor saccharides, in corn sugar, 31.1)01* 
oxazepam, in tablets and capsules,

40.D01*
physostigmine salts, in ointments, 38.C01

(1983)*
in solutions, 38.C01* 

rotenone, in formulations, 6.D05* 
sugars in presweetened cereals, 14.C01* 

(final, 1983)
sulfisoxazole, in dosage forms, 37.D06 (in

terim, 1983)
2,4,5-T, in formulations, 6.A23* 
temephos, in formulations, 6.C16* 
theobromine and caffeine in cocoa and 

chocolate products, 13.A05* (final,
1981)

ureas, in fertilizers, 2.D01* 
vitamin D, in feeds and pet foods, 43.C01* 

(final, 1983)
in fortified milk and milkpowder, 43.B09* 

(final, 1982)
vitamin D3, in multivitamin preparations, 

43.A01* (final, 1981) 
in resins, oils, and dry powders, 43.079 

(revision, 1980; final, 1980) 
in resins, resin containing powders, and 

aqueous dispersions, 43.079 (1980)* 
(final, 1981)

Liver, aflatoxins in, 26.A15* (1982), 26.C01*, 
26.C06*

Malathion, in formulations, 6.359 (deletion, 
1980), 6.364 (deletion, 1980), 6.372 (final, 
1980)

Maleic hydrazide, residues in foods, 29.129 (re
vision, 1981)

Malic acid, in fruits and fruit products, method 
III, 22.069 (final, 1980)

Malt diastase, 10.C22(a)
Maltose, in chocolate, 13.A01* (final, 1981) 

in presweetened cereals, 14.C01* (final,
1983)

Malvidin glucosides, in grape juice, 22.099 (final, 
1980)

Mannitol-egg yolk-polymyxin (MYP) agar, 
46.All(a), 46.D02(a)

Margarine, trans isomers in, 28.075 (final,
1982)

vitamin A in, 43.001 (surplus, 1980), 43.008 
(1980)*

Mass spectrometry, of corn syrup, in apple juice, 
22.B01* (final, 1983)

of corn syrup, in honey, 31.150 (amendment,
1981)* (final, 1983) 

in orange juice, 22.C01* (final, 1983) 
May-Grunwald stain, 46.C03(a)
McLeod gauge, 24.C01(h)
MCPA (2-methyl-4-chlorophenoxyacetic acid), 

in formulations, 6.A18*
Meat and meat products, bacon, fried, nitro- 

samines in, 24.C01* 
ground beef, preservatives in, 20.A01* 
liver, aflatoxins in, 26.A15* (1982), 26.C01*, 

26.C06*
mechanically deboned, calcium in, 24.D01* 
protein, crude, in, 24.037 (final, 1981), 24.B01* 

(final, 1983)
Melengestrol acetate, in feeds, 42.A01*

[2919-66-6]
Membrane filter, hydrophobic grid, 46.D05(a) 
Mephentermine sulfate, in tablets and elixir, 

38.159 (final, 1981)
Mercury, in mercury-containing drugs, 

36.D01*
methyl, in fish and shellfish, 25.D05*

Metals and other elements, arsenic, 25.A01* 
cadmium, 25.A01*

in cookware, 25.D11 (interim, 1983) 
in earthenware, 25.031 (revision, 1981)

25.035 (surplus, 1982) 
in foods, 25.C01*

copper, in serum, 25.D01* 
lead, 25.A01*

in cookware, 25.D11 (interim, 1983) 
in earthenware, 25.031 (revision, 1981)

25.035 (surplus, 1982) 
in foods, 25.C01*

methyl mercury, in fish and shellfish, 
25.D05*

selenium, 25.A01*
tin, in canned foods, 25.136 (1980)*
zinc, 25.A01*

Methaqualone, in drugs, 40.014 (final, 1980) 
Methazole, in formulations, 6.C01*

[20354-26-1]
2-Methyl-4-chlorophenoxyacetic acid, in for

mulations, 6.A18* [94-74-6]
Methyl parathion, in encapsulated [298-00-0] 

formulations, 6.409 (1980)* (final, 1982) 
Methylene chloride, water-saturated,

38.A02(c)
M-FC agar, 46.D06(b)
MGK 264, in formulations, 6.A15* (final, 1981) 
Microbiological methods, biochemical kits for 

generic identification of Salmonella, 46.072 
(revision, 1981; final, 1981) 

extraction of staphylococcal enterotoxins from 
foods, 46.A05* (final, 1981)
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fluorescent antibody method, for Salmonella, 
in foods, 46.068 (revision, 1980) 

for Bacillus cereus, in foods, 46.A10* (final,
1981), 46.D01*

bacitracin, in premixes, 42.C06* 
detection of invasiveness of Escherichia coli, 

46.C01*
enumeration of coliforms, 46.D05* 
penicillin residues in milk, 16.001*, 

16.C06*, 1 6 .0 2 * ,  1 6 .0 7 *
Salmonella, 46.054 (revision, 1981)* (revision, 

1982; final, 1982)
in edible casein and milk chocolate, 

46.054 (revision, 1981)* (revision, 
1982; final, 1982)

in onion and garlic powders, 46.054 (final, 
1980)

somatic cell counting, in milk, 
46.086 (final, 1980), 46.095 (final, 1980) 
membrane filter-DNA assay, 46.A01* 

(final, 1981)
spiral plate method, 46.110 (revision, 1981; 

final, 1981)
Microwave oven method, for moisture in 

cheese, 16.239 (final, 1980)
Milk, see Dairy products 
Minimal essential medium, 46.C02(a)
Mirex, residues in adipose tissue, 29.A01* (final,

1982) [2385-85-5]
residues in fatty products, 29.123 (revision, 

1980)
Moisture, in cheese, 16.239 (final, 1980) 

in instant coffee, 15.012 (final, 1983) 
in malting barley, 10.B01* (final, 1982) 
in prunes and raisins, 22.014 (final, 1980) 

Molds, in fruit and vegetable products, 44.082 
(revision, 1983), 44.A02*, 44.C06*, 44.C08* 
(revision, 1983)

Molybdovanadate method, for phosphorus, in 
fruits and fruit products, 22.042 (final, 
1980)

Motility medium, 46.D02(d)
Mycotoxins, see also Aflatoxins

patulin, in apple juice, 26.111 (final, 1982)

a-Naphthol solution, 46.All(m)(1)
Natural poisons, see Aflatoxins; Mycotoxins 
Niacin, and niacinamide, in food products, 

43.B05* (final, 1982)
Nitrate broth, 46.All(f)
Nitrate solution, purification, 25.A02(b) 
Nitrite test reagents, 46.A11(1)
Nitrogen, see also Protein 

in fertilizers, 2.061 (final, 1983) 
in honey, 31.115 (final, 1983) 

Nitrogen-to-protein conversion factor, 14.063

(12th edition) (reinstatement, 1981) (com
mittee report, 1982)*, 14.068 (deletion, 
1981)

Nitroglycerin, in sublingual tablets, 39.A01* 
(final, 1982) [55-63-0]

Nitrosamines, in fried bacon, 24.C01*
N-nitrosodimethylamine, in beer, 10.C01*, 

1 0 .0 0 *
safety note, 10.C02,10.C10 

NMKL-AOAC method, for benzoic and sorbic 
acids, in food, 20.D05*

Nordic Committee on Food Analysis (NMKL),
see NMKL-AOAC method 

Nutrient agar, with L-tyrosine, 46.A121(h) 
Nutrient agar slants, 46.All(g) 

and plates, 46.D02(c)
Nutrient broth, with lysozyme, 46.All(i)
Nuts and nut products, aflatoxins in, 26.020*

(1981), 26.032 (revision, 1983)

N-Octyl bicycloheptenedicarboximide, in for
mulations, 6.A15* (final, 1981) [113-48-4] 

Office International du Cacao et du Chocolat 
(OICC), see AOAC-OICC method 

Oil, essential, in fruits and fruit products, 22.088 
(final, 1980)

Oils and fats, antioxidants in, 20.D01* 
chick edema factor, 28.128 (revision, 1981) 
glycerides, 28.139 (final, 1982)

hydrocarbons in, 28.124 (revision, 1980) 
polar components in frying fats, 28.C01* 
poultry fat, PCB residues in, 29.001 (final,

1982)
sample preparation, 28.001 (revision, 1981) 
trans isomers in, 28.075 (final, 1982)

Onion powder, Salmonella in, 46.054 (final, 
1980)

Orange juice, betaine in, 22.055 (final, 1980) 
corn syrup in, 22.C01* (final, 1983)

Organic acids, foreign, in fruit juices, 22.077 
(final, 1980)

Organochlorine pesticides, residues in fatty 
foods, saponification for cleanup, 29.017 
(revision, 1980) 

residues in fish, 29.D01*
Oxazepam, in tablets and capsules, 40.D01*

[604-75-1]

Paper and paperboard, PCB residues in, 29.035 
(final, 1982), Table 29:02 (final, 1982) 

Paprika, oleoresin, extractable color in, 30.002 
(final, 1980)

Parathion, in encapsulated formulations, 6.409 
(1980)* (final, 1982) [56-38-2]

Patulin, in apple juice, 26.111 (final, 1982)
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PCBs, residues in foods, 29.001 (final, 1982), 
29.D01*

residues in paper and paperboard, 29.035 
(final, 1982), Table 29:02 (final, 1982) 

PCNB, in formulations, 6.C08* (revision, 1983; 
final, 1983)

Peanuts, aflatoxins in, 26.020* (1981) 
Penicillin, residues in milk, 16.C01*, 16.C06*, 

1 6 .0 2 * ,  1 6 .0 7 *  (revised, 1983; final,
1983)

Pentachloronitrobenzene, in formulations, 
6.C08* (revision, 1983; final, 1983)

[82-68-8]
Peptone-Tween 80 diluent, 46.D06(a)
Pesticide formulations, AG chlordane, 6.232 

(surplus, 1982), 6.236 (surplus, 1982)
AG chlordane, heptachlor in, 6.241 (surplus,

1982)
azinphos methyl, 6.A05* (final, 1981)
Bolstar, 6.A32* (final, 1981) 
brodifacoum, 6.D01*
bromoxynil octanoate, 6.A01* (final, 1981) 
captan, 6.215 (final, 1982), 6.A09* (final,

1982)
chlordane, technical, 6.223 (surplus, 1982) 
chlorpyrifos, 6.B15* (final, 1982) 
copper naphthenate, 6.065 (final, 1982) 
diazinon, microencapsulated, 6.0 2 * 
dichlobenil, 6.250 (final, 1981) 
diflubenzuron, 6.D09* 
disulfoton, 6.A27* (final, 1981) 
endosulfan, 6.D16* 
fensulfothion, 6.D28*
fungicides, water-insoluble copper, water- 

soluble copper in, 6.B0 1 * 
glyphosate, 6.D2 2 *
malathion, 6.359 (deletion, 1980), 6.364 (dele

tion, 1980), 6.372 (final, 1980) 
maleic hydrazide, in foods, 29.129 (revision,

1981)
MCPA, 6.A18* 
methazole, 6.C0 1 *
methyl parathion, encapsulated, 6.409 (1980)* 

(final, 1982)
MGK 264, 6.A15* (final, 1981)
parathion, encapsulated, 6.409 (1980)* (final,

1982)
pentachloronitrobenzene, 6.C08* (revision, 

1983; final, 1983)
piperonyl butoxide, 6.C22* (final, 1983) 
pirimicarb, 6.C04*
pyrethrins and piperonyl butoxide, 6.C22* 

(final, 1983) 
rotenone, 6.D05*
2,4,5-T, 6.A23* 
temephos, 6 .0 6 *

terbuthylazine, 6.B20* (final, 1983) 
tetradifon, 6.B09* (final, 1982) 
triphenyltin compounds, 6.436 (final, 1982) 

Pesticide residues, chlorinated pesticides and 
PCBs, in fish, 29.D01*

DDT, 29.097 (surplus, 1980) 
ethylenethiourea, in foods, 29.112 (final, 

" 1980)
hexachlorobenzene, in adipose tissue, 29.A01* 

(final, 1982)
in fatty products, 29.123 (revision, 1980) 

mirex, in adipose tissue, 29.A01* (final,
1982)

in fatty products, 29.123 (revision, 1980) 
multiresidue method, 29.001 (revision, 1980) 
organochlorine, in fatty foods, saponification 

for cleanup, 29.017 (revision, 1980) 
paper chromatography, 29.004 (surplus, 1980), 

29.007 (surplus, 1980), 29.028 (surplus,
1980)

PCBs, in paper and paperboard, 29.035 (final,
1982), Table 29:02 (final, 1982) 

in poultry fat, fish, and dairy products, 
29.001 (final, 1982)

volatile fumigants, in grain, 29.056 (final,
1981)

Pet foods, vitamin D in, 43.C01* (final, 1983) 
pH, of acidified processed foods, 32.B01* (final,

1982)
Phencyclidine HC1, 40.016 (final, 1983)
Phenol red-dextrose broth, 46.All(e) 
Phenothiazine, 38.185 (final, 1982) 
Phosphatase, residual, in casein, 16.B01* 
N-Phosphonomethyl glycine (glyphosate), 

technical and in formulations, 6.D22* 
Phosphorus, in fertilizers, 2.032 (final, 1980) 

in fruits and fruit products, 22.042 (final, 1980), 
22.046 (final, 1980) 

straight color additives, 34.B06* 
Physostigmine salts, in ointments, 

38.C01 (1983)* 
in solutions, 38.C01*

Piperonyl butoxide, in formulations, 6.C22* 
(final, 1983)

Pipet, automatic dispenser, 2.C01(c)
Cornwall, 44.B09(c) 
precision, 2.C01(b)

Pirimicarb, in formulations, 6.C04*
[23103-98-2]

Polarization, direct, of honey, 31.119(a)(b)(c)
(final, 1983), 31.119(d) (deletion, 1983) 

Polarography, differential pulse, of iodine, in 
thyroid tablets, 39.C04* 

of saccharin, 20.A06* (final, 1982) 
Polyacrylamide gels, safety aspects, 18.A01, 

18.B06
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Polychlorinated biphenyls, residues in fish, 
29 .001*

residues in foods, 29.001 (final, 1982)
residues in paper and paperboard, 29.035 

(final, 1982), Table 29:02 (final, 1982) 
Polymyxin B solution, 46.All(c)
Potash, in fertilizers, 2.D06*
Potassium, in fertilizers, 2.D06*
Potassium carbonate, purification, 39.C05(b) 
Potatoes, ethylenethiourea residues in, 29.112 

(final, 1980)
Potentiometric methods, for chloride, in cheese, 

16.D01*
for triphenyltin compounds, in formulations, 

6.436 (final, 1982)
Preservatives, benzoic and sorbic acids, in food,

20.D05*
in ground beef, 20.A01*

Preserving solution, 18.A02(d)
Pressurized containers, sampling, 6.002 (dele

tion, 1982)
Procainamide HC1, in dosage forms, 38.224 

(final, 1982)
Proline, in honey, 31.116 (final, 1983)
Protein, crude, in meats, 24.037 (final, 1981), 

24.B01* (final, 1983)
in cereals, 14.063 (12th edition) (reinstatement, 

1981) (committee report, 1982)*, 14.068 
(deletion, 1981)

Protein efficiency ratio, prediction by in vitro 
assay, 43.C10*

Protein nitrogen unit method, for allergenic 
extracts, 39.C01*

Prunes, moisture in, 22.014 (final, 1980) 
Pseudoephedrine hydrochloride, in combina

tions, 38.B01*
Purification system, 22.B02(b)
Pyrantel tartrate, in feeds, 42.135 (final, 1981) 
Pyrethrins, and piperonyl butoxide, in formu

lations, 6.C22* (final, 1983)

Quinacrine HC1, 38.231 (revision, 1982) 
Quinoline molybdate method, for phosphorus, 

in fruits and fruit products, 22.046 (final, 
1980)

Radioactivity, in milk, 48.025 (revision, 1982)* 
(final, 1983)

Raisins, moisture in, 22.014 (final, 1980) 
Raspberries, frozen, thrips and other insects in, 

44.B04*
Recovery calculation, p. 450 (1982)
Resorcinol test, for commercial invert sugar, in 

honey, 31.146 (deletion, 1983)
Riboflavin, in food products, 43.B01* (final,

1982)

Rice flour and products, filth in, 44.C04* 
p-Rosaniline solution, acid-bleached,

20.A01(a)
Rotenone, in formulations, 6.D05*

Saccharin, in foods, 20.A06* (final, 1982)
[81-07-2]

Salmon, canned, species identification, 18.097 
(final, 1980)

S alm on ella , biochemical kits for generic iden
tification, 46.072 (revision, 1981; final,
1981)

detection and identification, 46.054 (revision, 
1981)* (revision, 1982; final, 1982) 

in edible casein and milk chocolate, 46.054 
(revision, 1981)* (revision, 1982; final,
1982)

in foods, fluorescent antibody method, 46.068 
(revision, 1980)

onion and garlic powders, 46.054 (final, 
1980)

Sampling, of pressurized containers, 6.002 (de
letion, 1982)

Saponification method, for cleanup of organo- 
chlorine pesticide residues, in fatty foods, 
29.017 (revision, 1980)

Seeds, in berries, 22.023 (final, 1980)
Selenium, 25.A01* [7782-49-2]
Sequestering agent, 44.B01(b)
Serum, copper in, 25.D01*
Shortening, trans isomers in, 28.075 (final,

1982)
Shrim p, indole in, 18.B01* (final, 1982), 

18.C01*
Silicon carbide, boiling granules, 34.A08(a) 
Snyder column, 10.C12(d) 

micro, 10.0 2 (e )  
modified micro, 29.A02(b)

Sodium, in fertilizers, 2.D19*
Sodium chloride, in vegetable products, 32.023 

(surplus, 1982), 32.024 (surplus, 1982)
Soil amendments, aluminum sulfate acidifiers, 

aluminum in, 2.D23*
Solids, soluble, in citrus fruit juices, 22.D01* 

soluble, in fruits and fruit products, 22.024 
(final, 1980), 22.025 (final, 1980) 

water-insoluble, in fruits and fruit products, 
22.020 (final, 1980)

Somatic cells, in milk, 46.086 (final, 1980), 46.095 
(final, 1980)

in milk, membrane filter-DNA assay, 46.A01* 
(final, 1981)

Sorbates, in ground beef, 20.A01*
Sorbic acid, in food, 20.D05*
Species identification, of fish, 18.097 (final, 

1980), 18.A01* (final, 1981)
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Specific gravity, of alcoholic beverages, 
9.C03*

Spectrophotometry, of arprinocid, in premixes,
42.C01*

of boron, in fertilizers, 2.C01*
hydroxymethylfurfural, in honey, 31.A01* 

(final, 1983)
Spices, allspice, ground, light filth in, 44.B06* 

capsicums and oleoresin paprika, extractable 
color in, 30.002 (final, 1980) 

turmeric, ground, solvent saver technique for 
filth analysis, 44.122(e)*

Spinach, ethylenethiourea residues in, 29.112 
(final, 1980)

Spiral plate method, for bacterial count of foods 
and cosmetics, 46.110 (revision, 1981; final, 
1981)

Staining solution, Coomassie Brilliant Blue, 
18.A02(c)

Staphylococcal enterotoxins, extraction from 
foods, 46.A05* (final, 1981)

Starch, in cereal foods, grain, and feed, 14.075 
(deletion, 1982)

Still, liqueur, 9.D02(a)
Strontium hydroxide solution, 39.A03(a) 
Sucrose, in chocolate, 13.A01* (final, 198fJ

[57-50-1]
in presweetened cereals, 14.C01* (final,

1983)
Sugars and sugar products, corn sugar, minor 

saccharides in, 31.D01* 
corn syrup, in apple juice, 22.B01* (final,

1983)
in orange juice, 22.C01* (final, 1983) 

honey, commercial invert sugar in, resorcinol 
test, 31.146 (deletion, 1983) 

corn syrup in, 31.150 (amendment, 1981)* 
(final, 1983)

dextrin in, 31.122 (deletion, 1983) 
direct polarization of, 31.119(a)(b)(c) (final,

1983), 31.119(d) (deletion, 1983) 
glucose in, 31.133 (1980)* (final, 1983) 
high fructose corn syrup in, 31.148 (final,

1983)
hydroxymethylfurfural in, 31.A01* (final,

1983)
nitrogen in, 31.115 (final, 1983) 
proline in, 31.116 (final, 1983) 
sugars in, 31.133 (glucose, 1980)* (final,

1983), 31.138 (final, 1983) 
in presweetened cereals, 14.C01* (final,

1983)
Sulfamethazine, residues in swine tissues,

41.C01*, 41.C09*
Sulfisoxazole, in dosage forms, 37.D06 (interim,

1983)

Sulfites, in ground beef, 20.A01* 
Sulfonamides, in animal tissues, 41.D01* 
Sulfur, in fertilizers, 2.160 and 2.162 (repealed,

1980) (deletion, 1981), 2.A01* (revision,
1981) [7704-34-9] 

Sweeteners, artificial, sodium and calcium cy-
clamates, 20.164 (see “Changes in Methods", 

1981)
saccharin, in foods, 20.A06* (final, 1982)

2,4,5-T, in pesticides, 6.A23* [93-76-5]
Tea, light filth in, 44.B01*
Temephos, in formulations, 6.C16* [3383-96-8] 
Terbuthylazine, in formulations, 6.B20* (final,

1983) [5915-41-3]
Tetradifon, in formulations, 6.B09* (final,

1982)
0 , 0 ,  O', O'-Tetraethyl S, S'-methylene

bisphosphorodithioate (ethion), in for
mulations, 6.352 (final, 1980) 

E-l,4,5,6-Tetrahydro-l-methyl-2-[2-(2-thien- 
yl)vinyl]pyrimidine tartrate (pyrantel 
tartrate), in feeds, 42.135 (final, 1981) 

Theobromine, in cacao products, 13.060 (surplus, 
1981), 13.A05* (final, 1981) [83-67-0]

Thermal energy analyzer, see Gas-liquid chro
matographic-thermal energy analyzer 
methods

Thin layer chromatography, of aflatoxins, in 
cottonseed products, 26.A01* (revision,
1983)

of aflatoxins Bj and Mi in liver, 26.C01*, 
26.C06*

high fructose corn syrup, in honey, 31.148 
(final, 1983)

polar components in frying fats, 28.C01* 
sulfonamides, in animal tissues, 41.C01*, 

41.D01*
urine stains, 44.A04* (revision, 1983) 

0,0'-(Thiodi-4,l-phenylene)bis(0,0-di- 
methylphosphorothioate) (temephos), in 
formulations, 6.C16*

Thyroid tablets, iodine in, 39.C04*
Tin, in canned foods, 25.136 (1980)* [7440-31-5] 

triphenyltin compounds, in formulations, 
6.436 (final, 1982)

Tissue culture plates, 44.B09(b)
Tissue grinder, 6.C13(c)
Titrimetric methods, for calcium, in mechani

cally separated meats, 24.D01*
Tobacco dust, maleic hydrazide residues in, 

29.129 (revision, 1981)
all-rac-alpha-Tocopherol, identification, 43.097 

(final, 1980)
a-Tocopheryl acetate, in foods and feeds, 43.106 

(final, 1980)
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Total, see specific constituent
l,l,l-Trichloro-2,2-bis(chlorophenyl)ethane,

see DDT
Trichloroethylene, residues in grain, 29.056 

(final, 1981)
JV-(Trichloromethylthio)-4-cyclohexene-l,2- 

dicarboximide (captan), in formulations, 
6.215 (final, 1982), 6.A09* (final, 1982)

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T), in
formulations, 6.A23*

Triphenyltin compounds, in formulations, 6.436 
(final, 1982)

Triprolidine HC1, in antihistamine-adrenergic 
combinations, 38.B01* [550-70-9]

Trypticase-soy-polymyxin broth, 46.All(d) 
Trypticase-soy-sheep blood agar, 46.D02(e)

Urea, biuret in, 2.082 (revision, 1980; final, 1980), 
2.085 (revision, 1980; final, 1980) 

ultra pure, 18.808(d)
Ureas, in fertilizers, 2.D01* 

purified, 2.D03(b)
Uric acid, from bird and insect excreta, 44.183 

(revision, 1983)
Urine stains, detection, 44.162 (deletion, 1980), 

44.A04* (revision, 1983)

Veal infusion broth, 46.C02(g)
Vegetable products, acidified, pH, 32.B01* (final,

1982)
Geotrichum mold in, 44.A03*, 44.C06* 
maleic hydrazide residues in, 29.129 (revision, 

1981)
sodium chloride in, 32.023 (surplus, 1982), 

32.024 (surplus, 1982) 
tin in, 25.136 (1980)*

Vitamins and other nutrients, A, in feeds and 
foods, 43.008 (revision, 1980) [11103-57-4] 

A, in margarine, 43.001 (surplus, 1980) 
in margarine and butter, 43.008 (1980)*

D, in feeds, premixes, and pet foods, 43.C01*
(final, 1983)

in fortified milk and milkpowder, 43.B09* 
(final, 1982)

D3, in multivitamin preparations, 43.A01* 
(final, 1981) [67-97-0]

in resins, resin containing powders, and 
aqueous dispersions, 43.079 (1980)* 
(final, 1981)

in resins, oils, and dry powders, 43.079 (re
vision, 1980; final, 1980)

E, nomenclature, 43.087 (final, 1980) 
fat, in foods, 43.D01*
niacin and niacinamide, in food products,

43.B05* (final, 1982)
protein, in vitro assay for predicting protein 

efficiency ratio, 43.C10* 
riboflavin, in food products, 43.B01* 

(final, 1982)
tocopherol, 43.097 (final, 1980) 
a-tocopheryl acetate, 43.106 (final, 1980) 

Voges-Proskauer (VP) medium, modified, 
46 .A ll(j)

Voges-Proskauer (VP) test reagents, 
46.All(m)

Water, see also Moisture
halogen-free, test for, 34.A08(d) 
purified, 18.B02(a)

Water-insoluble solids, in fruits and fruit 
products, 22.020 (final, 1980)

Weight, drained, of frozen fruits, 22.005 (final, 
1980)

Wetting agent, 43.B02(a)
Wheat, insects in, 44.C01*
Whisky, color intensity, 9.C01*
Wine, caloric content, 11.A01*

carbon dioxide in, 11.063 (surplus, 1983) 
ethanol in, 1 1 .D0 1*

Zinc, 25.A01* [7440-66-6]



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.
W ith each column, you 

w ill 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 further information contact:

ALLTECH ASSOCIATES, INC.
2051 Waukegan Road 
Deerfield, Illinois 60015 
312 /948-8600

Each
one
is
our
special
concern
nisiom
POCKED
HPLCcolumns

ALLTECH ASSOCIATES
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