


J’l jﬁizs ,j:mue

Antibiofics
Color Addifives .....,....
Dairy Products

Decomposition in Focds

(Chemical Methods) ..... 598
BHOGE wui v v wadiomin s ks v s 647
Drugs in Feeds ........... 758
Enzymes ........ bk b v aome 541
Extraneous Materiais .. .... 629
Fiavors and Nanalcohoiic

Beverages ............ 697
Food Addifives ........... 602
Fruits and Fruit Froduets. ... 739

Volume 56, No. 2

Meat-and Megt Products ....544

Mycotoxins .............,. 637
Pesticide Formulations . . ... 562
Pesticide hcsidues . ... .. PR 4 &)
Special Reports ........... 765
Spices ond Other )
Condiments ........ ... 626

Vitemins and Other
Nutrients . ........... « 748

- ; L4

Book Reviews ........... 77¢
For Your Inforrhation . ..... T
Mew Publications ......... 774,
Mav 1973

JANCA2 56(3) 535-780 (1973) .



Journal
of the

Association of Official
Analytical Chemists

Editorial Board

DaxieL Banes, Chairman

EDITORIAL COMMITTEE STAFF
MorToN BEROZA DaxieL Banges, Editor-in-Chief
1. HorrmaN Heren L. Revnowps, Editor

WitLiam Horwitz
A. P. MATHERS
J. P. MiNvarp, Jr.

Laura A. KovAcH, Managing Editor
Joanne M. Katz, Associate Editor

F. W. QUACKENBUSH Nancy J. Paumer, Contributing Editor
Heren L. REYNoOLDS " THoMAS ALEXANDER, Book Review Editor
VoL. 56 MAY 1973 No. 3
CONTENTS

Dairy Products

Leone, Joseph L.: Collaborative Study of the Quantitative Determination of Titanium
Dioxide In Cheess: s s « 5 smsmns 2 5 siammwme o v  swmis s 5 5 S50 5 5 5 § 58550 5 5 4 & 60
Shipe, W. Frank, and Senyk, G. F.: Collaborative Study of the Foss Milko-Tester
Method for Measuring Fatin Milk.................. oo

Enzymes

Gould, Edith: Collaborative Study of a Test to Determine Whether Shucked Oysters
Have Been Frozen and Thawed. ............. ...,

Meat and Meat Products

Pettinaly, Joseph D., Swift, C. E., and Cohen, E. H.: Moisture and Fat Analysis of Meat
and Meat Products: A Review and Comparison of Methods.....................

Pesticide Formulations
Meinen, Vernon J., and Kassera, D. C.: Collaborative Study of a Gas-Liquid Chroma-
tographxc Determination of d-trans-AUSERIIN . . . ...\ veeeenenensssreeneee.
Hambleton, Larry G.: Collaborative Study of the Ultraviolet Spectrophotometric and
Gas-Liquid Chromatographic Methods for the Determination of Trifiuralin and
Benefin in Formulations. ... ... ..ot

THE ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS, INC.

PAGE

535-537
538-540

541-543

544~561

562-566

567-571

Editorial and Advertising Offices: Box 540, Benjamin Franklin Station, Washington, D.C. 20044

Phone: Ares Code 202 EX. 3-1454
Printed: 414 Water Street, Baltimore, Maryland 21202
Published: 200 C Street, S.W., Washington, D.C. 20204

Copyright, 1973, by the Association of Official Analytical Chemists, Inc. Published six times & year—January, March, MlY._

July, September, November. Second class postage paid at Washington, D.C. and additional mailing offices.

i



Launer, James E.: Collaborative Study of a Gravimetric Method for Mercury in Formu-
lations Containing Chlorinated Pesticides............... ... ... ...,
McDermott, William H.: Infrared Analysis of Carbaryl Insecticide: Modification of the
Extraction Procedure to Accommodate Liquid Suspension Formulations. .........
Wayne, Richard S.: Collaborative Study of the Nonaqueous Copper Colorimetric and
Silver Titrimetric Methods for the Determination of Malathion in Technical Gra,de
Malathion and in Malathion Formulation.................... ...
Hofberg, Arthur H., and Murphy, Robert T.: Collaborative Study of a Gas-Liquid Chro-
matographic Method for the Analysis of Ametryne, Prometone, and Terbutryn....
Malina, Marshall A.: Collaborative Study of Methods for the Analysis and Control of
AG-Chiordane and Tts FOrMUIBLIONS. . - 1. v.vvvvoeeesnssenineeeeeaeeeaenn
Hammond, Howard: Free Acid in Esters of 2,4-Dichlorophenoxyacetic Acid and 2,4,5-
T richlorophcnoxyacctic Acid and Their Formulations. . .................cooo...

Decomposilion in Foods (Chemical Methods)
Steinbrecher, Kurt: Collaborative Study of the Determination of Ammonia as an Index
of Decomposition in Crabmeat. .......... ... i

Food Additives

Conacher, H. B. S.: Gas Chromatographic Determination of Brominated Sesame Qil in-

Orange Drinks: Collaborative Study. .. ............o i
Porro, Thomas J., Anacreon, R. E., Flandreau, P. S., and Fagerson, I. S.: Corrected
Fluorescence Spectra of Polynuclear Materials and Their Principal Applications. ..
Panalaks, Thavil, Iyengar,J. R., and Sen, N. P.: Nitrate, Nitrite, and Dimethylnitros-
amine in Cured Meat Products..........ooviiniiiiriiiiiin i

Spices and Other Condiments
Karasz, Albert B., De Cocco, F., and Bokus, L.: Detection of Turmeric in Foods by
Rapid Fluorometric Method and by Improved Spot Test.......................

Extraneous Materials

Gecan, John S., and Brickeéy, P. M., Jr.: Collaborative Study of a Method for the Ex-
traction of Light Filth from Prepared Horseradish.............................
Gecan, John S., and Alioto, P.: Collaborative Study of an Enzymatic Digestion Method
for the Isolation of Light Filth from Fresh Pork Sausage.......................
Deni, Russell G.: Collaborative Study of the Extraction of Light Filth from Canned
Whole and Cream Style Corn............cooiiiiiiiiiiiiiiiiiiiiiens
Tkrasher, Joel J .: Thin Layer Chromatographic Test for Mammalian Urine on Wheat. .
Brickey, Paris M. ,Jr., Gecan, J. S., and Rothschild, 4.: Method for Determining Di-
rection of Insect Bormg Through Food Pnckagmg Materials. ...................

Mycotoxins

Schoenhard, Grant L., Sinnhuber, R. 0., and Lee, D. J.: Preparation of 14C-Labeled
ARBtoxin Bi. . oo

Drugs
Dow, Maithew L.: Semiautomated Colorimetric Determination of Methenamine and
Methenamine Mandelate in Tablets............ ... ...l
Blake, Martin 1., and Shumaker, L. B.: Differentiating Nonaqueous Titration of Mix-
tures Containing Acetaminophen and Salicylamide.............................
Bishara, Rafik H.: Separation of di-2-(3-Phenoxyphenyl)propionic Acid (Fenoprofen)
From Its Intermediates by Thin Layer Chromatography.......................
Alber, Larry L., Overton, M. V., and Smith, D. E.: Minicomputer-Automatic Analysis
System for Pharmaceuticals............. ... ...
Cunningham, Catherine G., and Barkan, S.: Determination of Propoxyphene and
Aspirin in Combinations... ... ... i
Turczan, John W ., and Goldwitz, B. 4.: Nuclear Magnetic Resonance Analysis of Phar-
maceuticals. IX. Methenamine and Methenamine Mandelate in Tablets..........
Graham, Joseph H .: Collaborative Study of a Spectrophotometric Method for the De-
termination of Dicnestrol in Pharmaceuticals........................ ..o
Fazzari, F. Raymond: Collaborative Study of a Column Chromatographic Method for
Chlorothiazide, Methyclothiazide, and Polythiazide. ...........................
Stricklin, Marshall C.: Collaborative Study of a Colorimetric Determination of Benz-
tropine Mesylate in Tablets and Injections.................. ... ..o

PAGE
572-575

576~578

579-585
586-590
591-595
596-597

598-601

602-606
607-620
621-625

626-628

629-630
631-633

634-636
637-639

640-642

643-646

647-652
653-655
656~658
659-666
667-668
669-673
674-676
677-680
681-683



Falcone, Nicholas: Gas Chromatographic Determination of Ethanol and Isopropanol
or Acetone In DIUES. . . ..ot
Brunner, Charlotte A.: Collaborative Study of the Method for the Analysis of Trisulfa-
pyrimidinc Preparations by Thin Layer Chromatography.......................
Kolinski, Richard E.: Collaborative Study of a Semiautomated Method for the Analy-
sis of Sodium Warfarin and Dicumarol Tablets........................ ... ...

Flavors and Nongalcoholic Beverages

Martin, Glenn E., and Figert, D. M.: Collaborative Study of the Quantitative Deter-
mination of Ethanol by Gas-Solid Chromatography............................

Color Additives

Marmion, Daniel M.: Uncombined Intermediates in FD&C Red No. 40............
Draper, Ronald E.: Separation and Determination of FD&C Red No. 4 and FD&C
Red No. 40 in Maraschino Cherries by Column Chromatography..................

Antibiotics

Katz, Stanley E., Fassbender, C. A., Hacketl, A.J., and Milchell, R. G.: Oxytetracycline
Residues in Milk Following Intramammary Infusion.....................oooe

Pesticide Residues
Holden, Edward R.: Gas Chromatographic Determination of Residues of Methylcarba-
mate Insecticides in Crops as Their 2,4-Dinitrophenyl Ether Derivatives.........
Ang, Catharina Y. W., and Dugan, L. R., Jr.: Factors Relating to Completeness of
Solvent Extraction of Dieldrin from Milk.......................ooiiiiil.
Krause, Richard T.: Determination of Several Chlorinated Pesticides by the AOAC
Multiresidue Method with Additional Quantitation of Perthane after Dehydro-
chlorination: Collaborative Study.......... ... i
Nash, Ralph G., Harris, W. G., Ensor, P. D., and Woolson, E. A.: Comparative Extrac-
tion of Chlorinated Hydrocarbon Insecticides from Soils 20 Years After Treatment. .
Porter, Mildred L., and Burke, J. A.: An Isolation and Cleanup Procedure for Low
Levels of Organochlorine Pesticide Residues in Fatsand Oils....................

Fruits and Fruit Products

Bricout, Jacques: Control of Authenticity of Fruit Juices by Isotopic Analysis. ......
Ryan, John J., and Dupont, J. A.: Analytical Constituents of Strawberry and Rasp-
berry and Their Change in Jam Produetion...............c.ocoviiiiiiiin..

Vitamins and Other Nutrients

Quackenbush, Forrest W.: Use of Heat to Saponify Xanthophyll Esters and Speed
Analysis for Carotenoids in Feed Materials: Collaborative Study.................
Brolund, Gregory V., Haskins, E. W., and Hudson, G. A.: Calculation of Turbidimetric
Microbiological Vitamin Assay Results, Using an APL/360 Computer Program....

Drugs in Feeds
Szalkowskz Chester R.: Determination of Sulfaquinoxaline in Feeds: Collaborative

Ba]:eﬁgld Lewis A.: Qualitative Identification of Furazolidone, Tylosin, and Loa.lene in
T S

Special Reports
Schechter, Milton S., and Caswell, R. L.: Report on the 15th and 16th Annual Meetings
of the Collaborative International Pesticides Analytical Council.................
Fischbach, Henry, and Rodricks,J. V.: Current Efforts of the Food and Drug Adminis-
tration to Control Myecotoxinsin Food................. ...,

For Your Information. .................ccoiiviiiiiiiiiii.. 7% oo Arasi e
New Publications. ... . ... .....oiiuoii it
COTTECLIOMS. . . o oottt et ettt e et e e et e et et e e et

Bo0k REVICWS. . . . ..ottt e et e e e e e

i

PAGE
684688
689-691
692-696

697-699

700-702

703-705

706-712

713-717

718-720

721-727
728-732
733-738

739-742

743-747

748-753
754-757

758-761
762-764

765-766

767-770
771-713
T74-775

775
776-780



OFFICERS
President: Donald J. Mitchell, State Chemical Laboratory, Vermillion, S. Dak. 57069
Vice-President: Frederick M. Garfield, Bureau of Narcotics and Dangerous Drugs, Washington, D.C. 20531
Sccretary-Treasurer Emeritus: Henry A. Lepper, Silver Spring, Md. 20910
Executive Director: William Horwitz, Food and Drug Administration, Washington, D.C. 20204
Executive Secretary: Luther G. Ensminger, Food and Drug Administration, Washington, D.C. 20204

Additional Members of the Executive Committee: I. Hoffman (National Research Council of Canada,
Ottawa, Ontario, Canada) ; Emest A. Epps, Jr. (Louisiana State University, Baton Rouge, La. 70803) ;
William W. Wright (Food and Drug Administration, Washington, D.C. 20204); and L. L. Ramsey
(Food and Drug Administration, Washington, D.C. 20204)

INFORMATION FOR SUBSCRIBERS AND CONTRIBUTORS

The Journal of the Association of Official Analytical Chemists is issued six times a year in January,
March, May, July, September, and November, the six numbers comprising the annual volume. Each
volume will contain approximately 1400 pages. Subscriptions are taken by the volume, at $30.00 prepaid
in North America and US. possessions, and $32.00 to all foreign countries.

Reprints will be furnished at cost to contributors of articles printed in The Journal. A table showing
cost, with an order slip, will be sent with galley proof.

Manuscripts should be typewritten, double-spaced, carefully revised before submission, and the original
and two carbons submitted to the Association of Official Analytical Chemists, Box 540, Benjamin
Franklin Station, Washington, D.C. 20044.

Claim for copies lost in the mails will not be allowed unless received within thirty days of the date of
issue. Claimants must state that the publication was not delivered at their recorded address. Notice of
change must be forwarded at least two weeks in advance of issue; otherwise publishers will not be
responsible for loss. Address requests for replacement copies to AOAC, Box 540, Benjamin Franklin
Station, Washington, D.C. 20044. For foreign subscribers, replacement of copies oi The Journal lost in
transit cannot be made without charge because of uncertain mailing conditions abroad.



INSTRUCTIONS TO AUTHORS

Scope of Articles
The Journal of the AOAC will publish articles that
present, within the fields of interest of the Associa-
tion, (a) new methods; (b) further studies of pre-
viously published methods; (c) background work
leading to development of methods; (d) compilations
" of autbentic data; (¢) cautionary notes and com-
ments on techniques, apparatus, and reagents; (f) re-
views of methodology in special fields.

Preparation of Manuscript

Authors are required to submit three copies (one of
which must be the original—ribbon—copy) 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 X 104 or
814 X 11 inches, with minimum page margins of 1
inch, and must be double-spaced throughout (includ-
ing title, authors’ names and addresses, footnotes,
tables, references, and captions for illustrations, as
well as the text itself). Tables and captions for ilius-

trations are Lo be typed on separate sheets, not inter- -
spersed through the manuscript. Drawings and pho-

togruphs should be mounted apart from the text or
submitted as separate items, not interspersed through
the text. Proper placement of tables and illustrations
is taken care of by the editorial staff at the time the
article is in proof.

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
defined the first time they appear. Titles of articles
should be fully descriptive. The address of the insti-
tution (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. Information supplementing the title and
authors’ names and addresses should be given in
footnote form.

Methods, Results and/or Discussion, Acknowi-
edgments, and Recommendations (applicable to re-
ports of General and Associate Referees) should be
placed in separate sections under appropriate head-
ings typed in capitals and lower case letters, centered
on the page, not underscored.

Tables: All tables must be cited in the text consec-
utively. Tables are numbered by arabic numbers,
and every table must have a descriptive title, sufb-
cient so that the table can stand by itself without
reference to the text. This title should be typed in
lower case letters, not capitals, with the exception of
the word “Table’ and the first word of the descrip-
tive 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. Foot-
notes 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. Vertical and horizontal rules
should be used sparingly; however, horizontal rules
are used to bound the table at top and bottom &nd to
divide the heads from the columns. Authors should
refer to recent issues of the Journal for acceptable
format of tables; good tables should not exceed the
normal page width of the Journal, and authors should
attempt to revise or rearrange data to fit this pattern.

Tllustrations: Illustrations, or figures, may be sub-
mitted as drawings or photographs. All figures must
be cited in the text consecutively. Figures are num-
bered by arabic numbers, and every figure must be
accompanied by a descriptive caption, typed on a
separate sheet, nol 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 orig-
inal drawing-or a good glossy photograph; photo-
copies, multiliths, Verifax copies, Xerox copies, etc.,
are not acceptable Drawings should be done in black
india ink (ordinary biue or blue-black ink is not ac-
ceptable) 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 acceptable). Lettering should be done with
a Leroy lettering set, press-on lettering, or a similar
device; freehand or typewritten lettering is not ac-
ceptable. Values for ordinate and abscissa should be
given, with proper identification (example: wave-
length, 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.

Footnotes: Footnotes to the text are identified by
arabic numbers set above the line of type (not as-
terisks or similar symbols). Each footnote must be
indicated by its number within the text; numbering
should be consecutive from the beginning to the end
of the article and should not begin anew with each
manuscript page. Footnotes are a distraction to the
reader and should be kept to & minimum.

References: References 1o 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.) )
References to journal articles must include the
following information: Last names and at least one
initial of all authors (nof just the senior autbor); year
of publication, enclosed in parentheses; title of
journal, abbreviated according to accepted Chemical

Abstracts style; volume number ; numbers of first and”

lasi pages. References to books, bulletins, pam-
phlets, etc., must include the following information:
Last names and initials of authors or editors; year of
publication, enclosed in parentheses; full title of
book; volume number or edit.ionemxlws it is the
first edition) ; publisher; city of publication; numbers
of pertinent pages, chapter, or section. Citation to
private communications or unpublished data should
be included in the text, not in the list of references.

Tho abbreviation for the journal title should be
repeated for each reference; the use of ibid. has been
discontinued. This Journal will be referred to as
JAOAC.

The compendium of methods of the Association
should be listed as follows: Official Methods of Anal-
ysis (1970) 11th Ed., AOAC, Washington, D.C., with
appropriate section numbers; the edition and year
are, of course, subject to change.

Methods: Methods should be written in imperative
style, i.e., “Add 10 ml ... Heat to boiling ... Read
in spectrophotometer ”’ Special reagents and appa-
ratus should be separated from the details of the pro-
cedure and placed in sections with appropriate head-
ings; however, common reagents and apparatus (e.g.,
concentrated HCl, chioroform, ordinary glassware,
ovens, etc.), or those which require no special prepa-
ration or assembly, need not be listed separately. 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 included. Care should be taken tbat the number of
significant figures truly reflects the accuracy of the
method.

Abstracts: Each memuseript should be accom-
panied by a concise abstract (not more than 200
words). The abstract should provide specific infor-
mation rather than generalized statements.

Symbols and Abbreviations

kg kilogram(s)

g gram(s)

mg - milligram(s)

ug microgram(s)

ng nanogram(s)

L liter(s)

ml milliliter(s)

ul microliter(s)

m meter(s)

cm centimeter(s)

mm millimeter(s)

Bm micrometer(s)

nm nanometer(s) (millimicron)
§ foot (feet)

g inch(es)

Ib pound(s)

oz ounce(s)

ppm parts per million

ppb parts per billion

rpm revolutions per minute
psi pounds per square inch

spgr  specific gravity
bp boiling point

mp melting point

id inside diameter

od outside diameter

hr hour(s)

min minute(s)

sec second(s)

% per cent
standard taper
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DAIRY PRODUCTS

Collaborative Study of the Quantitative Determination of

Titanium Dioxide in Cheese

JOSEPH L. LEONE

Food and Drug Administration, 699 Delaware Ave.,

A quantitative, colorimetric procedure for
the determination of titamium dioxide has
been subjected to collaborative study. The
method incorporates ashing, dissolution of the
ash in sulfuric acid, and color development
using bydrogen peroxide. The spectrophoto-
metric response is compared to a standard
prepared similarly. The yellow-to-orange color
is quite stable in the absence of Fe. Other
interferences are Ni, Cu, Co, Mb, Vd, and Cr.
A collaborative study of cheese containing 0.05,
0.10, and 0.4% titanium dioxide gave {avorable
results. The method has been adopted as offi-
cial first action, '

Titanium dioxide is often used as a whitener in
the manufacture of cheese. Reports indicate the
use of this material in New York State is & wide-
spread industry practice. Current federal regula-
tions have no provisions for the use of titanium
dioxide in the manufacture of standardized
cheeses. The use of the material and the absence
of a regulation covering its use initiated the work
on & quantitative method to meet any regulatory
demands.

A quantitative method has been developed
which incorporates ashing of the sample, dissolu-
tion of the ash in sulfuric acid to a known volume,
and development of & yellow color with hydrogen
peroxide. The spectrophotometric response is
compared to a standard prepared similarly.
Kolthoff and Sandell (1) state that the yellow-to-
orange color given by acid titanium solutions with
hydrogen peroxide is probably due to an ion such

Bufialo, N.Y .. 14202

as [Ti02(S04)z2)~. The color of the oxidized solu-
tion is quite stable in the absence of iron. The
following interferences should be noted, e.g.,
nickel, copper, cobalt, molybdenum, vanadium,
and chromium, which produce colors that would
lead to error (2). These minerals, if present in
cheese, will be at the trace level. We found the
standard curve to be linear for concentrations of
0.0 to 0.1 mg/ml which give absorbance values of
0.0 to 0.9.

Collaborative Study

Mozzarella cheese known and verified to be free
of titanium dioxide was selected for the prepara-
tion of samples to contain 0.0, 0.05, and 0.1%
titanium dioxide. A commercial product found to
contain titanium dioxide was selected as a fourth
sample.

Samples containing approximately 0.05 and
0.1% titanium dioxide were prepared by making
a slurry with water, adding the appropriate
amount of titanium dioxide, and blending in a
Waring blender. The samples were then heated in
a 55°C oven and periodically mixed by stirring to
release the added water and to return the samples
to their approximate original weight and con-
sistency.

The 0.0% sample and the commercial sample
were prepared by chopping and blending. The
homogeneity of the prepared samples was assured
by replicate analyses by the author. Prepared
sets of the 4 samples were sent to 10 laboratories
for analysis.
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METHOD
Titanium Dioxide—Qflicial First Action
(Caution: See 46.030.)

16.C10 Standard Solution

T'itanium diozide std soln.—0.1 mg/ml. Accurately
weigh 50 mg TiO. and transfer to 250 ml beaker;
add 15 g anhyd. Na.SO; and 50 mi HaS0,. Add
boiling chips, cover with watch glass, and heat to
boiling on hot plate to dissolve. Cool, and cautiously
add 100 ml H,0 with stirring. (Warm on steam bath
if soln becomes cloudy.) Cool, transfer soln to 500
ml vol. finsk contg 200 ml 11,0, and dil. to vol. with
H,0.

16.C11

Weigh, to nearest 0.1 g, 10 g prepd sample, 16.191,
into 100 ml Pt dish and char under IR lamp. Place
in cold furnace and ignite at §50° to white ash.

Cool, add ca 1.5 g anhyd. Na,SO, and 10 mi
1,504, cover with watch glass, and bring to boil on
hot plate to dissolve. Turn heat ofi and let cool on
hot plate. Cautiously rinse cover, carefully add ca 30
ml H,0, and mix with stirring rod to disperse any
insol. salts. Heat on steam bath if insol. material
forms cake on bottom of dish.

Transier quant. to 100 ml vol. flask with aid of
ca 40 ml H.0. If soln is cloudy, heat on steam bath
or in boiling H20 bath to clarify. Cool, and dil. to
vol. with H,0.

Preparation of Sample

16.C12 Preparation of Standard Curve

Transfer 0, 1, 2, 3, 4, and 5 ml TiO; std soln to
sep. » ml g-s graduates (or vol. flasks) and dil. to vol.
with H2S04 (149). Add 0.2 ml 309, H202, mix, and
det. A on recording spectrophtr in 1.0 cm cells from
650 to 325 nm against 0.2 ml 30% H20: in 5.0 ml
12804 (149). Det. A at max. ca 408 nm and prep.
std curve.

16.C13
Transfer 3.0 ml sample soln to 5 ml g-s graduate
(or vol. flask), dil. to vol. with H2S0, (1+9), and
continue as in 16.C12, beginning ““Add 0.2 ml 30%
H:0....”
Det. mg TiO; in sample from std curve, and calc.
as 05 TiO;.

Determination

Results and Recommendation

The results of the 10 collaborators are pre-
sented in Table 1. The fortification levels of Sam-
ples A and B arc approximate due to the difficulty
of preparing an absolute spike level. Sample C is
a verified blank and Sample D is a commercial
product found in the market place, containing
about 0.4%, titanium dioxide.

JOURNAL OF THE a0ac (Vol. 56, No. 3, 1973)

Table 1. Results of collaborative study of
titanium dioxide in cheese
Sample
A B Cc D

Com.

Coll. 0.100 0.050 0.000 prod.

1 0.100 0.052 0.001 0.381
2 0.087¢  0.047°  0.000 0.325¢

3 0.102 0.048 0.000 0.380

4 0.099 0.053 0.003*  0.376

5 0.102 0.052 0.000 0.374

6 0.100 0.050 0.000 0.380

7 0.098 0.048 0.000 0.375
8 0.120°  0.057*  0.003°  0.426°

9 '0.100 0.051 0.002 0.386

10 0.104 0.053 0.000 0.387

Mean (X) 0.101 0.051 0.001 0.379
Std dev. (S) 0.008 0.003 0.001 0.024
Std error (Sg) 0.003 0.001 0.0004 0.008

¢ Not within 999% confidence level.

g2
n
- Xy
.. =%
n-—1
oo S
T Va

Results from Collaborators 2 and 8 were out-
side the 99%, confidence level, but were included
in the statistical evaluation. The positive results
reported for Sample C appear to be due to instru-
mental error.

Comments received from the collaborators
dealt mainly with technique. Some of ‘these com-
ments have been incorporated into the method.
One collaborator suggested a 5-fold increase in the
final volume of the color development step for the
convenience of handling larger volumes. The
author has no objection to this practice but re-
frained from including this suggestion in the
method. This method is not rigid or empirical and
lends itself to modification at the analyst’s dis-
cretion.

Other collaborators commented on a time speci-
fication for charring and ashing the sample. This
suggestion was not included in the method be-
cause the author felt that charring and ashing
would vary among laboratories, depending on
technique. Drying ovens can be substituted for
the heating lamps, provided the sample is dried
completely. A cold muille furnace with gradual in-
crease in temperature can also be substituted for
the heating lamps.

Another collaborator suggested specifying a de-
velopment time for the color reaction. The author
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did not include this suggestion since color devel-
opment s instantaneous and was found to be
stable for at Jeast 24 hr.

The Associate Referee recommends that the
proposed method be adopted as official first ac-
tion.
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Collaborative Study of the Foss Milko-Tester Method for

Measuring Fat in Milk

W. FRANK SHIPE and G. F. SENYK

Department of Food Science, Cornell University, Ithaca, N.Y. 14650

In a third collaborative study, the Milko-
tester was compared with the Babecock method
in 9 laboratories. In addition, 3 laboratories
analyzed the samples by an cther extraction
mcthod. The standard deviations for thesc
mcthods were +0.018, +0.032, and +0.044%,
respectively. These deviations arc based on
triplicatc determinations on 5 samples by
cach of the laboratorics. The average values
for all samples were 3.99, 3.96, and 3.88% for
the Milko-tester, Babcock, and cther extrac-
tion mcthods, respectively. The standard de-
viation of differences between the Milko-tester
and Babcock for all 9 laboratories was +0.077%.

The Foss Milko-tester was approved as official
first action on the basis of the results of a 1968
collaborative study (1). Another collaborative
study was made in 1971 (2) which included a com-
parison between the Mark II and automatic
(MTA) Milko-testers. The results indicated that
the 2 types of Milk-testers gave comparable re-
sults. Considcrable variations were observed
among laboratories, indicating & need for more
careful calibrations of the instruments. The cur-
rent study was undertaken to provide additional
data on the reliability of these instruments.

The principle of the method and the operation
of the Milko-testers were outlined in the previous
reports (1, 2). Detailed operating instructions are
given in the manufacturer’s instruction book
which can be obtained from Foss America, Inc.,
Rte 82, Fishkill, N.Y. 12524,

Collaborative Study

Samples were obtained from 9'individual cows
of the Cornell University herd. They were
brought direct from the barn and blended while
still warm to yield 5 samples ranging from about
3.2 t0 5.2%, fat. Blends of the milk from 3 differ-
ent cows were used to prepare Samples A, B, and
C. Sample D was a blend of Samples A and B.
Sample E was a blend of Samples 4, B, C, and D.
The samples were divided into the appropriate

number of sample bottles. Stoppers were inserted
carcfully into the bottles and pressed to expel any
air from the top. Bottles were chilled in ice water
and packed in prechilled insulated boxes contain-
ing cans of frozen water. Samples were trans-
ported by car to the collaborators; all samples
were still cold when delivered. Collaborators were
instructed to test them within 2 days of delivery,
and they all complied. They were asked to use the
following procedure in preparing the samples:
Place samples in warm water bath (95— 105°F)
long enough to reach this temperature. Invert
sample bottles 2 or 3 times and then remove stop-
per or cap from container. Mix by pouring gently
from the original container into another con-
tainer. Repeat this 4 times. Immediately after
samples have been mixed take aliquots for meth-

* ods to be used. For Mark II Milko-testers, obtain

triplicate Milko-tester readings and then remove
aliquots by pipet for Babcock tests. Do not mix
all samples at once and then let them stand be-
fore performing Milko-tester analyses. However,
all samples can be put in water bath at same time.

An effort was made to obtain collaborators who
had the equipment to perform the Babeock, ether
extraction, and Milko-tester official methods (3).
Unfortunately, only 3 collaborators were equipped
to jperform the ether extraction method. There
were 6 MTA or Mark III instruments and 3 Mark
11 Milko-testers. All collaborators with Milko-
testers also performed the Babcock test. All col-
laborators were routinely performing fat analyses.

Results and Recommendation

A comparison of Milko-tester and Babcock re-
sults of 9 laboratories is shown in Table 1. The
average difierence of 0.03% between methods and
the overall standard deviation of difference of
0.077%, are considered acceptable for these sam-
ples which were blends of milk from only 9 cows.
(According to the original Milko-tester study (1),
the Miiko-tester is considered_properly calibrated

This report of the Associate Referee, W. F. Shipe, was
presented at the 86th Annual Meecting of the AOAC, Oct. 9-12,
1972, at Washington, D.C.

The recommendation of the Assotiate Referee was approved
by the General Referec and by Subcommittee C and was
accepted by the Association; see (1973) JAOAC 56, 397-398.
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Table 1. Comparison of Milko-tester and Babcock
results® obtained by 3 laboratories
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Table 2. Comparison of Milko-tester and Babcock
results® on 5 milk samples

Milko- Milko-
tester Babcock Diff. Std dev. ., tester Babcock Diff.  Std dev.
Lab. (M) (B) (M - B) of diff. Sample (M) (B) (M — B) of diff.
1 402 a0 0.0l 0.0% A 3.21 320 0.1  0.05
2 4.05 3.93 0.12 0.082 B 4.07 4.05 0.02 0.062
3 3.95 3.97 —0.02 0.051 C 5.06 4.95 0.12 0.101
4 a.07 3.9 0.2 0.110 o 362 364 -0.02 0.4
5 4.05 4.01 0.04 0.030 E 4.00 3.97 0.03 0.041
6 3.89 ER 0.02 0.057 All samples 3.99 3.9 0.03 0.077
7 3.97 3.98 -0.01 0.023 Samples
8 3.9 3.9 0.00 0.062 A, B,DE .73 3.2 0.01 0.052
9 3.97 3,97 0.00 0.070
All samples 3.99 3.9 0.03 0.077 ¢ Results represent averages of triplicate determina-

% Results represent averages of triplicate determina-
tions on 5 samples, expressed as per cent fat.

when the standard deviation of difference is not
>0.10 for individual cow sample or not >0.06
for herd or composite sample.) However, the
results from Laboratories 2 and 4 are not con-
sidered acceptable because of the large differ-
ences between methods. An examination of the
results of these 2 laboratories indicated that their
Milko-tester values for the samples with the high-
est fat content were significantly different from
the rest of the laboratories. The effect of sample
source on the Milko-tester — Babcock differences
is shown in Table 2. As will be noted, the high fat
sample (i.e., Sample C) showed the greatest
difference. The exclusion of the results for Sam-
ple C greatly reduced the apparent difference be-
tween the 2 methods.

The results in Table 3 specifically show that the
Milko-testers at Laboratories 2 and 4 were not
properly calibrated, particularly for the higher
fat levels. In fact, all but one of the laboratories
reported higher values for Sample C by Milko-
tester than by Babcock. This indicates that the
instruments had not been carefully calibrated at
the higher level.

In spite of the apparent inadequate calibration
of some of the instruments, Milko-testers gave
more reproducible results than the Babcock meth-
od, as illustrated in Tables 4 and 5. 1t also should
be noted that the reproducibility did not seem to
depend on the fat level. Therefore, if the Milko-
tester is properly calibrated one can expect to
obtain more reliable results with the Milko-tester
than with the Babcock method.

The 3 laboratories that analyzed the samples
by the ether extraction method obtained an
average of 3.88%, compared to the overall average

tions by 9 laboratories, expressed as per cent fat.

Table 3. Differences® between Milko-tester and
Babcock values

Samples
Lab. A B Cc D E
1 2 0 7 -3 2
2 9 11 27 6 11
3 -6 -3 6 -5 1]
4 7 15 30 3 5
5 5 0 5 1 7
6 -3 2 1 -2 1
7 2 -2 0 -4 0
8 -4 -1 10 -6 0
9 -5 0 11 -7 0

¢ Expressed in hundredth of per cent.

of 3.99 and 3.96% for the Milko-tester and
Babcock tests, respectively. The standard devia-
tion for the ether extraction values was 20.044%,
compared to =0.018 and 0.032%, for the Milko-
tester and Babcock tests, respectively. These re-
sults, plus those obtained in the previous study:
(2), do not justify recommending the ether ex-
traction method as the preferred reference
method.

The combined results of this study and the
previous 2 studies (1, 2) indicate that one can
obtain results with the Milko-tester that are com-
parable to results from the Babcock method.
However, the variability among laboratories in-
dicates the need for more careful calibration of
the instruments.

It is recommended that additional studies be
undertaken in an attempt to improve the calibra-
tion procedure.
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Table 4. Comparison of standard deviations®
between methods and analysis

Method
Lab Milko-tester Babcock
1 0.016 0.016
2 0.016 0.045
3 0.010 0.036
4 0.035 0.026
5 0.024 0.032
6 0.010 0.018
7 0.009 0.043
8 0.007 0.036
] 0.008 0.036
All Jabs. 0.032

0.018

® Based on triplicate determinations on 5 samples.

Table 5. Comparison of standard deviations”

between methods and samples
Method
Sample Milko-tester Babcock

A 0.017 0.014
B 0.019 0.030
C 0.015 0.038
D 0.017 0.041
E 0.019 0.036

All samples 0.018 0.033

SamplesA, B, D, E 0.018 0.032

¢ Based on triplicate determinations by 9 labora-
tories.
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ENZYMES

Collaborative Study of a Test to Determine Whether Shucked
Oysters Have Been Frozen and Thawed

EDITH GOULD

National Marine Fisheries Service, U.S. Department of Commerce, Milford, Conn. 06460

Six laboratories have collaboratively tested
a method to determine whether shucked oys-
ters have been frozen and thawed at any time.
The method utilizes the differing electropbo-
retic migration rates of various forms of malic
enzyme activity, some of which are not present
in the tissue fluid until after the tissue has
been frozen and thawed. The technique is
enzymography, which combines electrophore-
sis and a specific histochemical medium. Five
laboratories tested Crassostrea virginica, ob-
taining markedly different patterns for the un-
frozen oysters compared with the frozen and
thawed oysters. The sixth laboratory tested
C. gigas, and was similarly successful in dis-
tinguishing between the storage treatments.
In shucked oysters stored up to 3 weeks at 4°C,
neither autolysis nor bacterial activity altered
the enzymographic patterns. The method has
been adopted as official first action.

Occasionally, shucked oysters that have been
partially frozen during improper storage proce-
dures are marketed as fresh-shucked oysters, al-
though they have a shorter shelf-life and a greater
ratio of fluid to solids than the unfrozen animal.
At the request of the oyster industry (F. McGin-
nis, private communicaiion, 1969), an objective
test (1) was developed! to determine whether
shucked oysters, fresh or spoiled, have been fro-
zen and thawed, or superchilled (—2, —5°C) and
thawed, at any time. The test has since been sub-
jected to a collaborative study, the results of
which are reported here.

Collaborative Study

Differing electrophoretic migration rates of

variously soluble forms of malic enzyme (EC
1.1.1.40) are the basis for the test. A normally
soluble form of malic enzyme (free ME) activity
is present, but not always in detectable amounts,
in the tissue fluid of unfrozen oysters. Additional,
latent forms are solubilized by freezing and thaw-

1 The test wus developed at Atlantic Fishery Products Tech-
nology Center, National Marine Fisheries Service, Gloucester,
Mass. 01830.

ing the tissue, as they are by any gross disruption
of cellular structure, such as homogenization. The
solubilized latent forms are readily visualized by
enzymography, the coupling of polyacrylamide
gel electrophoresis, and a specific histochemical
medium.

Because the method requires that the centri-
fuged tissue fluid (CTF) be obtained from whole
oyster meats, the problem of uniform sampling
arose, further compounded by the difficulty of
arranging for the collaborating laboratories to
conduct their studies simultaneously, on similarly
fresh and on similarly stale samples. One labo-
ratory, therefore, tested 36 coded shucked oysters
(Crassostrea virginica), whose individual storage
history was unspecified; 3 other collaborating
laboratories were sent 4 lots (9 oysters each, for
triplicate multiple samplings) of similarly coded
oysters; and 2 more laboratories collected and
treated their own test animals, one set of which
wasC. gigas. The 4 treatment variables were fresh-
unfrozen, fresh-frozen/thawed, stale-unfrozen,
and stale-frozen/thawed. Stale oysters were those
that had been frozen and thawed or left unfrozen,
and then stored at 4°C 3 weeks.

For detailed instructions see the first paper re-
porting the test (1). Keep these 3 requirements
especially in mind: (1) Prepare the polyacryl-
amide formularies according to spectfications in the
method rather than purchasing them, so that the
buffer systems may be made more sharply dis-
continuous than those in commercially available
formularies. (2) Keep the gels cool during the
electrophoresis, either by putting the entire bath
assembly in a cold room or a refrigerator, or by
circulating iced water through cooling coils. (3)
Incubate gels in the histochemical medium no
longer than 30 min in a dark place, and then rinse
immediately. (4) Centrifuge only whole shucked
oysters. (Never mince or homogenize the meats.
Any mechanical distuption of the tissue will pro-
duce results similar to those obtained by freczing
and thawing the tissue.)
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Table 1. Variables in test procedure for malic enzyme enzymography of oysters
Operation Lab. 1 Lab. 2 Lab. 3 Lab. 4 Lab. 5 Lab.6
Speed of centrign, 20,000 2,500 sameasl sameasl 14,500 same as 1
Xg
Electroph. voltage 1 mA/col./30 min sameas] sameasl 1 mA/col./30 min, 1mA/col./l1hr, sameasl
+2 mA/col./2 hr +2 mA/col./15 min, 3 mA/col./2 hr
+5 mA/col./75 min
Temp. 4°C sameasl room same as 1 same-as 1 sameasl
temp.
Histochem. medium mixed <1 hr before sameas1 sameas]l mixed 24 hr before sameas1 sameasl

use, except p-nitro
blue tetrazolium
added just before
use

use, except p-nitro
biue tetrazolium
and phenazine
methosulfate
added just before
use

Table 2. Results of collaborative study of malic
enzyme enzymography to determine whether
shucked oysters have been frozen and thawed

tory that did not cool the gels during electropho-
resis, as specified in the method. Because malic
enzyme activity is thermolabile, the lafent forms

Lot Smplns e« Percent  MOTE 50 than the free form (2), the lack of band
deposition on the gels in this case was probably

; }g ig m due to some heat-inactivation of the enzyme
3 2 0 0 forms during electrophoresis. The unanimous suc-
4 16 16 100 cess of the other collaborating laboratories, all of
Z ig ig m which either refrigerated the bath assemblies or

® Laboratory 3 performed the electrophoresis at room
temperature. All other laboratories cooled the gels as
specified in the method.

A few unavoidable minor changes in procedure
at some of the laboratories proved the test to be
gratifyingly flexible in some areas (Table 1).
(Since the method was first published, the Asso-
ciate Referee hes found that the substrate con-
centration in the histochemical medium can vary
substantially, and that 0.1 potassium malate,
one-fourth the original concentration, produces a
creditable pattern of activity on the gels.) One
laboratory, however, neglected to cool the gels
during electrophoresis (Table 1) and failed to get
a pattern of enzyme-active bands on any gel (Ta-
ble 2). Very little heat can partially inactivate
most enzymes, and 3 hr of unrefrigerated elec-
trophoresis will generate no small amount of heat.

Results and Recommendation

With one exception the collaborating laborato-
ries were able clearly to distinguish between un-
frozen oyster meats and those that had been fro-
zen and thawed, solely on the basis of the malic
enzyme (ME) enzymograms (Table 2). There
were no failures other than in the single labora-

cooled the gels by circulated ice water, supports
this inference.

In the 5 successful laboratories the unfrozen
oysters, whether fresh or aged (up to 3 weeks at
4°C), never produced more than a single band
(free ME), which was often missing or very faint.
The frozen and thawed oysters, by contrast, con-
sistently produced a very broad band (at the site
of free ME), plus 2 thinner accessory bands and
a thin cathodal band. Figure 1 represents the col-
lective results with ‘C. virginica; the pattern for
oysters superchilled (~2, —5°C) and thawed is
identical to the frozen/thawed pattern, as de-
scribed earlier (1). Work with C. gigas produced a
single faint band for unfrozen oysters, and 1
broad band plus a thin cathodal band for frozen
and thawed oysters.

Because the possibility of technical error should
be guarded against, it is recommended that for
any questionable lot of shucked oysters a few be
frozen and thawed and tested against some that
were untreated. If the resulting ME enzymo-
grams are alike, the lot in question has indeed
been frozen and thawed at some point, inadver-
tently or otherwisc; if the enzymograms are
markedly different, the lot has not been frozen
and thawed at any time.
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SHUCKED OYSTERS

F SC X

FIG. 1—Representation of malic enzyme enzymograms

of centrifuged tissue fluid of oysters, Crassostrea vir-

ginica, frozen (X) or superchilled (SC) and thawed, and
unfrozen (fresh, F).

The method has proved valid with both C.
virginica and C. gigas, the 2 major oysters of
American commerce. It can be used successfully
either with fresh or with very stale oysters; nei-
ther autolysis nor bacterial action significantly
alters either the fresh or the frozen pattern. On
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the basis of the clear-cut results obtained in the
collaborative study and presented here, therefore,
it is recommended that the method be adopted as
official first action.
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MEAT AND MEAT PRODUCTS

Moisture and Fat Analysis of Meat and Meat Products:
A Review and Comparison of Methods

JULIO D. PETTINATI, CLIFTON E. SWIFT, aud EDWARD H. COHEN!
Eastern Regional Research Laboratory, Agricultural Research Service, U.S. Department of

Agriculture, Philadelphia, Pa. 19118

Published analytical mecthods for moisture
and fat analysis of meat and meat products
and reviews of the methodology are surveyed.
The methods are briefly described and charac-
teristics such as time required for an anulysié,
accuracy, and precision arc given. The discus-
sion of instrumental methods includes meth-
ods which have not been fully developed for
meat but which may become useful. Several
of the considerations and limitations that are
involved in moisture and fat analysis of meat
are discussed. From the lurge number of mois-
ture, fat, and combined mecthods available,
the most promising were sclected for a close
inspection and compiled in two tables of data.
The most uscful rapid methods for meat in-
dustry quality control arc the following: For
moisturc dctermination, high temperature
mecchanical convection oven drying, hot plate
drying, moisture balance, and azeotropic dis-
tillation mcthods have the most advantages.
For fat content determination, the modified
Babceock procedures, X-ray transmission, spe-
cilic gravity of heptanc extracts, and determi-
nation of fat in the extract from azeotropic
moisturc analysis (a combined method) offer
the most advantages.

The meat packing industry has an urgent need
for rapid, relatively aceurate, and simple methods
for moisture and fat determination. Their avail-
ability underlics compliance with statutory re-
quirements of regulatory agencies, quality con-
trol in manufacturing meat products, and good
business management (1-4). Many methods- cur-
rently available for analysis of moisture and fat
content of meat and meat products were origi-
nally developed for other agricultural products
and are not necessarily optimal for meats. In
general, moisture and {at methods are chosen for
either rapidity or accuracy, whereas obtaining
both is the ultimate goal,

} Present address: Office of Rescarch and Monitoring, En-
vi 1P ion Agency, Philudciphia, Pa. 10106.

Desirable parameters for both ideal moisture
and fat methods were outlined by Everson ef al.
(5), who indicated that the methods should per-
form as follows:

(1) Determine moisture in 15 min and fat in
30 min,

(2) Be applicable to the broadest range of un-
processed meats and formulated product,

(5) Be performable by any tethnical, and
preferably nontechnical, employee with brief
training,

(4) Use readily available apparatus of low
initial investment and low cost per test,

(5) Have reasonable accuracy and good repro-
ducibility, and

(6) Present few hazards easily controlled.

A profusion of analytical methods embodying
varying numbers of these parameters can be
found in the scientific literature. It-was an ob-
jective of this review to delineate the salient
features of reported methods of moisture and fat
analysis, briefly using this framework of desirable
parameters as the basis for comparison. It would
be impossible to discuss all of these parameters
for each method cited here; however, for those
with some knowledge and experience in the ana-
lytical field, many of the features will be imme-
diately obvious. 1t was another objective of this
review to reduce available data on accuracy and
precision to a uniform basis to permit comparison.
The majority of methods cited reported results of
comparison with official methods. In order to pro-

. vide the desired uniform basis, results that were

reported in many of the original publications were
normalized. More specifically, differences in
means between the experimental and standard
method were determined to ascertain whether a
tendency cxisted towards a constant positive or
negative dificrence in relation to the standard
method. One value of this is that a method capa-
ble of achieving acceptable precision, but which
consistently yields low or high values, may be



PETTINATI ET AL.: FAT AND MOISTURE ANALYSIS

shown to be useful if a constant factor can be
applied to correct the results to agree with refer-
ence values. As a result of this treatment, three
numerical values are shown in many of the
method reviews: (I) average accuracy (amount
lower or higher than reference method), (2) difier-
ence range, and (3) standard deviation calculated
from the normalized differences by the standard

formula, s.d. = £V Zd%*/(n — 1).

Moisture Analysis

Meat tissue holds moisture in various states which
were characterized by Joslyn (6) as follows: (1) a
solvent for dispersion of crystalloids such as sugars,
salts, and acids of low molecular weight or a dis-
persing medium for colloidal solutions of hydrophilic
macromolecules such as proteins and gums; (£) ad-
sorbed thinly as a mono- or polymolecular layer on
tissue structural surfaces; and (3) in chemical com-
bination as water of hydration. The energy required
to free chemically and physically bound water
and/or to force it through physical barriers such as
cell walls and capillaries limits the diffusion of water
from tissue. At the surfaces, solutes tend to concen-
trate at the evaporating surfaces and ‘‘case-harden’’
or seal the sample. After some portion of the mois-
ture content has been driven off, the forces that hold
the remaining water actually become stronger. At
this point, the energy requirements are greater to
drive off the last of the moisture. To merely apply
higher temperatures can lead to inaccurate results
through fat spattering, sample decomposition, and
oxidation. Hence, the removal of water from tissue
by heating is complicated. However, oven methods,
though time consuming, are simple to perform, rela-
tively reproducible, and useful as primary reference
methods for evaluating new methods. For practical
purposes, then, moisture content of meat and meat
products can be arbitrarily defined as the quantities
determined by the official oven methods. The variety
of chemical and physical approaches that has been
investigated as alternative methods will be related
in the following sections.

Non-Instrumental Moisture Methods

Although moisture determination is one of the
most commonly applied food assays, there are few
reviews of the methodology and even fewer devoted
to meat and meat products. Churchward (7) re-
viewed moisture methods for foods including meat.
Methods involving electrical resistance measure-
ment, vacuum and atmospheric ovens, and azeo-
tropic distillation were discussed. The last of these
methods was reviewed in depth and the historical
development of the method was summarized.
Churchward stated that the distillation method has
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many advantages and proposed the preferred condi-
tions for the procedure.

Joslyn (G) presented a thorough review of mois-
ture methodology and suggested the conditions that
are imporlant to the analyst concerned with food
products.

Everson et al. (5), reviewing moisture methods
applied to meats, selected azeotropic distillation for
evaluation and comparison. Ethylene dichloride,
toluene, and 2-octanol were compared as solvents
for the distillations. 2-Octanol was recommended for
a 10-15 min moisture determination. Results for 4
samples of meat product averaged 1.0% moisture
lower than those by the official method. Normalized
difference ranged from —1.4 to +2.2;s.d. = £1.6%
moisture.

Klima et al. (8) reviewed 9 current methods of
moisture analysis applied to meat and meat prod-
ucts for time of analysis, accuracy, and simplicity of
procedure. Methods reviewed were the Cuzechoslo-
vakian standard procedure (105°C oven method),
azeotropic distillation, electrical resistance, dielec-
tric constant, nuclear magnetic resonance, fast neu-
tron absorption, 170°C oven, dielectric heating, and
moisture balance. Results of their own investigations
to improve the oven method were also presented.
They preferred drying samples at 150°C, although
the meat industry in their country uses a 170°C oven
temperature routinely. Heat transfer to the sample
was improved by use of a thick metal plate for the
floor of the oven and by using metal drying dishes.
Heating coils in the ceiling of the oven reduced dry-
ing time further, and they reported a 20 min drying
time for samples. This oven was used to analyze 150
meat samples in a comparison with their standard
method. Mean moisture values were essentially
identical; difference ranged from —0.66 to +0.72
and s.d. = 30.33% moisture. A rapid moisture bal-
ance which would hold 8 samples on a circular plat-
form was also developed; it allowed a moisture de-
termination to be made in 20 min, 6r, when samples
were done serially, results were obtained at 334 min
intervals.-

The Swiss standard methods used for meat and
meat products by the regulatory agencies of that
country were reviewed by Wyler (9). Moisture meth-
ods he cited were 101°C oven, infrared radiation
moisture balance, Karl Fischer titration, and azeo-
tropic distillation. Karl Fischer titration was stated
to be of no interest because both free and bound
moisture were measured. Azeotropic distillation
with tetrachloroethylene as the solvent was stated to
be the Swiss standard method. Accuracy by this
method was reported to be “1%’’, using 15 g sam-
ples distilled for 1 hr.

Pearson (10) reviewed methods for moisture de-
termination in fresh sausage and evaluated 3 oven
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procedures: heating of samples at 103=2°C to con-
stant weight (4-6 hr), 135°C for 30 min, and 104°C
(with vacuum) to constant weight (30 min). Re-
ported mean moisture content values and difference
ranges were 44.7% (—2.2 to +1.3), 44.5% (—=2.3 to
+1.8), and 46.9% (no differcnee range reported),
respectively. The 135°C procedure was recom-
mended for adoption as a rapid method.

Oven-Drying Methods

Four drying procedures for meat product samples
were evaluated by Windham (11) in a study with 11
collaborators. In two of the procedures, samples
were dried with air ovens and in the other two with
vacuum ovens, as follows: (1) 16-17 hr drying in a
100-102°C mechanical convection oven, (2) 2.5-3.5
hr drying in a 125+5°C mechanical convection oven,
(8) 16-17 hr drying in a 69-71°C vacuum oven, and
(4) about 6 hr drying in a 98-100°C vacuum oven.
The procedures were found to be satisfactory for a
variety of meat products except for the last of these,
which was not suitable for high fat products such as
pork sausage. This study led to the adoption of sev-
eral of the present official methods. Results reported
by procedures 2, 3, and 4 were compared with those
obtained by procedure 1. By procedure 2, 108 values
averaged 0.16 % moisture higher; normalized differ-
ence ranged from —0.97 to +1.76 and sd. =
+0.33% moisture. By procedure 3, 101 values aver-
aged 0.14% moisture lower; normalized difference
ranged from —1.40 to +3.42 and s.d. = £0.55%
moisture. By -procedure 4, 72 values of products
other than those with high fat content, such as pork
sausage, averaged 0.16% moisture higher; normal-
ized difference ranged from —1.45 to +1.09 and
s.d. = £0.36% moisture.

Four methods of moisture determination on fresh
meat samples were evaluated by Benne el al. (12).
Results of vacuum oven-drying at temperatures of
50, 70, or 100°C for 6, 18, and 24 hr showed values
which were generally low after 6 and 18 hr at 50°C.
After 24 hr, values agreed well with results obtained
by drying samples 6 hr at 100°C. Hot air oven at
100-105°C required 5 hr to dry high fat meat sam-
ples and 24 hr fo dry lean samples. Azeotropic dis-
tillation using toluene and a Bidwell-Sterling re-
ceiver took 2 hr for a determination. Two of the 3
analyses they made were low compared with the
100°C vacuum oven, 6 hr method. Vacuum desicca-
tor drying of samples over sulfuric acid, at room
temperature, required 8-15 days. Even after 15 days
results for 2 of the 3 samples were low.

Drying of meat samples by mechanical convection

Reference to brand or firm name docs not constitute en-
dorsement by the U.S. Department of Agriculture over others
of a similar naturc not mentioned.

JOURNAL OF THE A0AC (Vol. 56, No. 3, 1973)

oven at 200°C was proposed by Perrin and Ferguson
(13). They stated that after some experience with
the method, an analyst could determine moisture
with good results in 15 min. A 2600W mechanical
convection oven with an inside volume of 1 cu. ft
was used. Resuits for 25 samples, compared with
results by the official method, averaged 0.1% mois-
ture higher; difference (without normalizing) ranged
from —0.4 to +0.5 and s.d. = £0.02%, moisture.

The International Organization for Standardiza-
tion (14) adopted the following oven procedure for
moisture determination of meat: Samples are dried
at 103+2°C for 2 hr, cooled in a desiccator, and re-
dried for 1 hr periods until the dried sample weight
differs no more than 0.1% from the previous weight.
Duplicate determinations were stated to differ no
more than 0.5 % moisture.

Moisture determination by the British standard
method (15) for meat samples cited use of a 103°C
oven. The procedure reported is as follows: 5-10 g
of sample, minced twice through a grinder, is mixed
with 3-4 times its weight of sand and dried 30 min
in & 103£2°C oven; 510 ml of ethanol is added to
the dried residue; ethanol is evaporated on a 60-
80°C water bath and the residue is heatéd 2 hrin &
103+2°C oven. Heating, cooling, and weighing is
repeated until 1 hr of heating does not reduce weight
by more than 0.1% the weight of the test portion.
Difference between duplicate determinations should
not be more than 0.5 g moisture/100 g sample.

Six rapid methods of moisture analysis were com-
pared to the official method by Cohen (16). Three
methods were of the non-instrumental type: gravity
convection oven at various temperatures, specific
gravity, and hot plate. Ground beef and frankfurter
samples, 5 g each, were dried and weighed in the
oven experiment for up to 4 hr and at temperatures
up to 200°C. Results obtained with 2 hr drying at
125°C averaged 0.1% lower moisture than by the
official method; normalized difference ranged from
—0.8 to +0.7 and s.d. = +0.5% moisture. The
specific gravity method was evaluated with 25-100
g samples homogenized 30 sec with cold anhydrous
ethanol. Portions of the extracts were weighed in 10
ml volumetric flasks at 20°C. Results averaged 3.6 %
higher moisture than by the official method; nor-
malized difference ranged from —4.0 to +4.8 and
s.d. = £3.99 moisture. The same products were
also analyzed by the hot plate method. Samples of
10 g each were placed in aluminum dishes, on alu-
minum foil to prevent loss by spattering; these were
heated on a hot plate which maintained 200°C at
the heating surface for 45 min, cooled 10 min, and
weighed. Results averaged 0.7% moisture higher
than by the official method; normalized difference
ranged from —0.9 to +0.7 and sd. = £07%
moisture.
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Acetyl Chloride Reaction

A preliminary report of the acetyl chloride method
adapted 1o a 124 hr moisture analysis of meat prod-
ucts was made by Lérant and Pollak (17). Essen-
tially, acetyl chloride was reacled with the moisture
of the sample to form acetic acid and HCI. Ethanol
was then reacted with residual acetyl chloride to
form ethyl acetate and HCI, which was titrated with
sodium hydroxide solution. The difference between
this result and a blank indicated the amount of
acetic acid generated and hence the amount of mois-
ture in the sample. Results for 8 samples averaged
0.3% moisture lower than those by the Hungarian
standard oven procedure and azeotropic distillation
with toluene; normalized difference ranged from
—0.7 to +0.6 and s.d. = +0.4% moisture.

Saponification

A 30 min moisture determination for meat, using
titration, was reported by Glass and Addis (18).
Samples were mixed with anhydrous methanol,
homogenized, and centrifuged. To a portion of the
extract, methanolic sodium methoxide and ethyl
acetate were added, and after tempering in a 50°C
water bath, the solution was titrated with ethanolic
hydrochloric acid. Of 8 samples analyzed, 6 were
compared with results by an 18 hr, 108°C oven-dry-
ing method and 2 were compared with azeotropic
distillation. Results averaged 0.6 % moisture higher
than reference method values; normalized difference
ranged from —0.6 to +1.4 and sd. = £06%
moisture.

Azeotropic Distillation

This technique has been applied for moisture anal-
ysis of many food products. The first review of iis
analytical application was published by Hoffman in
1908 (19). He referred to a German patent issued to
him in 1901 on the distillation technique. Applica-
tions which he and other investigators made in ana-
lyzing cereal grains, hops, malt, butter, and cellulose
were discussed. Applications reported by Marcusson
(20) who analyzed oils, {ats, and soaps with xylene
as the solvent were also reviewed. Another early in-
vestigator of azeotropic distillation was Young (21)
who published a series of papers on the characteris-
ties of azeotropic mixtures. More recent reviews of
the development and applications of the technique
were presented by Othmer (22), Churchward (7),
Fetzer (23), and Joslyn (6). The theory of azeotropic
distillation is treated in detail by Carlson and
Stewart (24).

Many of the early studies of azeotropic distillation
for moisture distillation were conducted with low
boiling solvents to prevent hydrolysis of carbohy-
drates, for example, levulose in molasses and fruit
products (25, 26). As a result, the use of the higher
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boiling xylene was limited, and hence toluene was
favored. Xylene is the preferred solvent for azeo-
tropic distillation of meat samples because the higher
boiling temperature and higher water-to-solvent
ratio of the azeotrope allow moisture to be distilled
more rapidly. Other solvents have been used in var-
ious procedures, such as cyclohexane and benzene
for rapeseed oil (27) and isopropyl ether for fish (28).
The use of liquids heavier than water was proposed
by some investigators to prevent localized overheat-
ing in the boiling flask. With such solvents some
samples will float on the surface within the boiling
flask. Tetrachloroethylene was used for this reason
by Phillips and Enas (29) and Wyler (9), and for its
Jow flammability. The distillation procedure using
this and other chlorinated hydrocarbons, however,
requires special calibrated glassware, since water in
the receiver tube will float upon the solvent; further-
more, the use of denser solvents prolongs distillation
time.

A 4%, mixture of n-amyl! alcohol in toluene was
used by Miller (30, 31) for moisture determination.
The alcohol content was sufficient to prevent water
films from adhering to the condenser inner surface.
Similarly, Calderwood and Piechowski (32) used 2
drops of 95% ethanol at the end of xylene distilla-
tions for the same purpose.

Azeotropic distillation with toluene was compared
to mechanical convection oven-drying at 100°C for
16-18 hr by Hill (33), using 25 g meat samples which
had been ground 3 times. Averaged results were the
same as by the reference method. For fresh meat,
the range of difference was £0.7 and s.d. = £0.3%
moisture. For frozen meat, the range of difference
was £1.3 and 5.d. = £0.6% moisture. Others who
used toluene as the solvent were Kerr (34, 35),:
Benne et al. (12), Thompson and Corsi (36), Lunder
(37), and Cohen (16). Cohen analyzed 10 g samples
of ground beef, frankfurter, and pork sausage for an
azeotropic distillation of 15 min to 1 hr. The analy-
ses were determined to be complete when no addi-
tional water collected in the receiver upon continued
distillation for intervals of 5 min. Results averaged
2.1% moisture lower than values obtained by the’
official method. Normalized difference ranged from
—0.9 to +1.0 and s.d. = £0.8%, moisture.

An evaluation of 27 selected solvents for suitabil-
ity in azeotropic distillation was reported by Cohen
and Kimmelman (38). Ground beef, frankfurter, and
pork sausage were analyzed for moisture content.
Six of the solvents—ethylbenzene, cumene, 2-ethyl-
1-hexanol, 1-heptanocl, l-octanol, and 2-octanol—
yielded excellent results for 10 g samples using 15
min distillations. Some of the other solvents evalu-
ated were found to be satisfactory for distillations of
30 min or more, such as nonane, m-xylene, and butyl
ether. Results for the 3 solvents—cumene, 1-octanol,
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and 2-octanol—for all 3 meat products, using 15 min
distillations, were essentially the same; pooled re-
sults averaged 0.2% moisture lower than results by
the official method. Normalized difference ranged
from —0.7 to +1.3 and s.d. = £0.5% moisture.
When these same distillations were continued for 30
min, results averaged 0.2% moisture higher than
those by the official method. Normalized difference
range and standard deviation were the same as for
the 15 min distillations reported above.

Instrumental Moisture Methods
Instruments of Potential Use for Meats

A large variety of instruments can be used to
measure moisture content of products by the appli-
cation of well known physical principles including
measurement of the response of the water molecule
to some form of applied energy. Some of the instru-
mental methods have been readily applied to food
products of simpler composition than meat, such as
products that are free of fat. Other instrumental
methods are not applicable 1o meat because the
moisture content range of meat is higher than the
instrument can measure.

The operating range of various instruments for
moisture determination is among the characteristics
reviewed by Roth (39). Operating range is important
because analysis of meat samples may require deter-
minations ranging between 0 and 80% moisture. At
the time of his review, the ranges for some of the
instruments were as follows: electrolytic hygrometer
0-109;; resistance electrode and cobalt chloride
colorimetry 0-20%; capacitance meter 0~25%,; and
conductivity meter 0-50%,. All of these are too lim-
ited for meat analysis. Radio frequency absorption
instruments were reported as being usable for up to
60 % moisture and nuclear reflection instruments for
up to 80%. However, neither of these latter 2 instru-
ments measured waler specifically. Microwave ab-
sorption instruments have a 909, moisture upper
limit and therefore might possibly be developed for
moisture analysis of meats. Two other methods, re-
viewed by Roth, which will analyze up to 100% mois-
ture use moisture balances and Karl Fischer titra-
tors. These 2 types of apparatus will be discussed
later in this review. .

Webb (40) reviewed instrumental methods that
were applied to specific moisture analyses and could
possibly be adapted for use with meat. In addition
Lo a number of the methods discussed above, others
using refractometry, coulometry, and nuclear mag-
netic resonance were discussed.

Moisture Balance

The Ohaus Model 770 moisture balance was com-
pared to the official oven method by Solberz and
Riha (41) and Cohen (16). The apparatus embodies
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a triple-beam balance, a shielded infrared lamp, and
a moisture calculator which can be read to 0.1%
moisture. In the former report, results for frankfur-
ters and ground meat were compared to values ob-
tained by the oven method. Results averaged 0.01 %
moisture lower than the reference method; differ-
ence ranged from —0.9 to +0.7% and sd. =
+0.4% moisture. In the latter report, saraples of 2
lots of beef, 1 frankfurter, and 1 pork sausage were
analyzed and compared with the results by the offi-
cial method. Results averaged 0.4% moisture higher
than by the reference method. Normalized difference
ranged from —0.3 to 404 and sd. = £03%
moisture. Results with the Dynatrounic infrared
radiation moisture balance (oven-type) and the
offictal oven method were also compared by Cohen,
using 12 g samples of 3 types of meat product. The
samples were dried at 100£10°C for 45-60 min
periods. Results averaged 0.1 %, moisture higher than
by the reference method. The range of normalized
difference was 0.6 and s.d. = £0.5% moisture.
Bloemer (42) evaluated the Brabender moisture
balance. Bartels and Gerigk (43) evaluated a similar
moisture balance, marketed both in Germany and
in this country, the Ultra-X unit, which is discussed
later in this review (see combined methods).

Karl Fischer Titrator

This technique was described by Mitchell (44) and
applied to moisture content analysis of meat sam-
ples by Cook et al. (45). In a discussion of the deter-
mination of moisture in grain, the National Bureau
of Standards (46) stated that the titrator was unsat-
isfactory because of the frequent restandardization
that was necessary.

Refractive Index

This optical method of determining moisture con-
tent has been used in dried fruit analysis by Bolin
and Nury (47) and in turkey meat analysis by Ning
and Marion (48). The latter report revealed that a
method depending on the refractive index of tissue
slurries requires uniformity of type and preparation
of samples. The results showed a difference between
red and white muscle. Addis et al. (49) reported the
refractive index of anhydrous isopropanol extracts
of meat samples.

Infrared Absorption

Spectrophotometry of solvent extracts of food
products other than meat has been reported by
Gold (50) using methanol, by Rader (51) using
dimethylformamide, and by Vornheder and Brabbs
(52) using dimethylsulfoxide.

Gas Chromatography

Moisture determination in grain was discussed in
a communication by the National Bureau of Stan-
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dards (46). The gas chromatographic method used
on methanol extracts was reported to overcome
many of the shortcomings of earlier laboratory
methods and provided a good reference method. The
method was stated to be highly specific for water.
The nature of the apparatus and equipment may
limit the usefulness of the method to standardizing
equipment used for field testing. Gas chromato-
graphic procedures using methanol extracts were
also reported for food products including dog food
by Schwecke and Nelson (53), for fruits by Brekke
and Conrad (54), and for meat samples by Addis
el al. (49).

Nuclear Magnetic Resonance (VMR)

Steffa et al. (55) evaluated a wide variety of meats
and meat products in a study of the possible use of
NMR in moisture and/or fat content determination.
The method did not appear promising because mea-
surements were affected by differences in free or
bound water content, whether the sample was beef
or pork, and whether the sample was pre-chilled, or
warmed after chilling. They also reported an indica-
tion that ionic constituents would affect measure-
ments.

Radioactivity of Natural Polassium~40

Studies of the relationship of naturally occurring
49K isotope to the composition of meat were reported
by Kulwich (56) and Kirton et al. (57). The basis for
the method is the measurement of radioactive counts
primarily emitted from the lean portion of meat
rather than the fat portion. Kulwich reviewed the
known potassium content of various species and sug-
gested that studies of 4°K content of lean, fat and
bone, and different muscles could lead to estimates
of lean content. The estimates would then serve to
calculate moisture and fat content. Kirton e al.
evaluated 20 pork and 15 lamb samples to estimate
moisture, fat, and protein content by measuring 49K
counts. The results on pork, but not lamb samples,
were reported to be promising.

Electrolytic Hygrometry

Preliminary results with a micro-procedure of
electrolytic hygrometry, based on coulometry, were
described in detail by Fraade (58) for food products.
The instrument measured the current required to
electrolyze water vapor introduced as a gaseous
stream.

Fat Analysis

In the same respect that moisture content of meat
is not neatly and exactly defined, fat extraction is
not simply an extraction of fat per se. The factors
that make this so will be apparent from the following
considerations.
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Solvent extractions of fat involve dissolving con-
stituents of various solubilities. In addition, meat
constituents such as phospholipids can be extracted.
Also, factors that affect the analysis are particle size
of the meat product, the product’s previous process-
ing treatment, the barrier effect of water, and the
effect of colloidal and electrolytic constituents in the
product.

While free lipids are readily solveni-soluble, that
portion of the fat which is encapsulated in its native
cell is more difficult to extract. If the product is of
the emulsion-based type, fat is emulsified in the form
of discrete globules as discussed in detail by Swift
and Sulzbacher (59) and Swift (60).

The constituents of meat and meat products are
structurally arranged in a highly organized fashion.
Nonpolar fat solvents cannot rapidly penetrate polar
or electrostatically bonded arrangements because
such sites are similar to physical barriers. On the
other hand, polar solvents, which can penetrate
electrostatic barriers, may dissolve constituents
otber than fat: Thus care must be exercised in the
choice of & solvent. Diethyl ether, for example, tends
to extract water-soluble constituents unless it is ab-
solutely free of water. Petroleum ether is preferred
by many analysts because it extracts fewer nonfat
components (61).

In an extensive study of chloroform extracts of
the residues obtained from alcohol-ether extraction
of nerve tissue, Brante (62) identified the presence
of many constituents other than triglycerides includ-
ing phospholipids, lecithin, choline, ethanolamine,
inositol, and cholesterol. Free fatly acids were not
tested.

Bloor (63) was the first to suggest that a polar
solvent such as ethanol be added to a conventional
lipid solvent such as diethyl ether to obtain more
effective solvent penetration and more efficient ex-
traction. The use of chloroform-methanol mixed
solvent was reported by Folch et al. (64, 65) for ex-
traction of brain lipids. Arnold and Hsia (66) re-
ported higher estimates of fat from beefl by using
chloroform and tetrachloroethylene in & Soxhlet
apparatus. However, samples were freeze-dried
rather than oven-dried. Bligh and Dyer (67) homog-
enized fish tissue with chloroform-methanol solvent
to form a miscible system. Water was then added to
this system which resulted in a chloroform-lipid
layer and an aqueous methanol layer. A number of
other investigators used chloroform-methanol sol-
vent for a variety of food products (68-78). Ostran-
der and Dugan (79) investigated fats from different
parts of meat animals by precipitating protein with
zinc acetate and extracting in a blender with chloro-
form-methanol solvent. Giam and Dugan (80) devel-
oped a procedure using either diethyl ether or hexane
to extract free lipids, and 95% ethanol or hexane-
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ethanol to extract bound lipids. Hagen ol al. (81)
studied the extraction of lipids from beef samples.
They evaluated 6 extraction solvent combinations
(including diethyl ether, petroleum ether, mixed
ethers, and chloroform), 3 drying procedures, and 2
methods of sample preparation. Chloroform-metha-
nol extraction yielded the highest amounts of ex-
tracted {at. However, this extract also yielded the
highest amount of phospholipid; samples which were
acid-hydrolyzed yielded the lowest amount. Among
the 6 different, extraction methods, the phospholipid
content ranged from 2.8 to 10.1% of the extracted
solids.

Southgate (82) reviewed the use of chloroform-
methanol for fat extraction of foods. In that report,
the mixed solvent was distilled from the extract; the
residue was then re-extracted with petroleum ether
and shaken with sodium sulfate. The re-extraction
with petroleum ether was not quantitative with some
fats unless the residues were warmed into solution
for several min. Bixby el al. (83) extracied liver
samples by using the solvent mixture of the Mojon-
nier method in a Goldfisch extractor. The solvent
mixture consisted of diethyl ether, petroleum ether,
and ethanol, 5+5+2, respectively. Fat content by
this method averaged 5.7 %, fat compared with 5.5%
by Mojonnier method and 3.7 %, by extraction with
diethyl ether in a Goldfisch extractor. The residue
obtained by ‘the 3-component solvent mixture was
redissolved in diethyl ether. An average of 989, of
the residue redissolved.

A number of these investigators used freeze-drying
instead of oven-drying prior to extracting (66, 79,
81). This was done to avoid exposing the samples to
heat when the fat extracts were to be further investi-
gated for identification of constituents. 1t is possible
that removal of the moisture barrier by this means
would also leave tissue structure more porous than by
oven-drying. Watts el al. (84) investigated this point
by extracting fat by the Mojonnier method from
fresh or freeze-dried ground beef and several other
food products. The results were not significantly
different: average yield from fresh product was
11.54% fat, and from freeze-dried produet, 11.50%
fat.

As the preceding discussion indicates, an evalua-
tion of methods for fat analysis requires definition
of the meaning of fat. For the present purpose of
evaluating methods for industrial and regulatory
use, fat is arbitrarily considered 1o be measurable as
the ether-extractable material that is yiclded by the
official method.

Fat Determination Methods
Reviews of Fat Methods

Recent reviews of fat determination in meat prod-
uets include one by Everson et al. (5) who discussed
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the Mojonnier method, a modified Babcock method,
and the capacitance measurement procedure. Klima
¢t al. (8) reviewed modified butyrometric methods
extensively as well as a number of other methods.
They discussed special Babcock bottles to contain
up to 28 g of meal sample, the use of acetic-per-
chloric acids in place of sulfuric acid, alkaline diges-
tion reagents, and pepsin enzyme digestion. They
also reviewed refractometry, specific gravity, and
capacitance measurements on solvent extracts of the
fat, rapid rendering devices, potassium-40 content,
and nuclear magnetic resonance. Of these methods,
2 were selected for further evaluation and results
were compared with Soxhlet ether extraction. The
methods were: (1) rapid extraction with carbon
tetrachloride after mincing the samples in a top-
driven homogenizer, followed by determination of
specific gravity of the extract; and (2) butyrometric
method using a 5 g cream bottle and 18N sulfuric
acid which digested the meat sample in 25-30 min.
Results for 31 samples analyzed by the specific
gravity method averaged 0.3% fat lower than refer-
ence values. Normalized difference ranged from
—1.9 to +2.9 and 5.d. = £1.09 fat. Results for 8

'samples analyzed butyrometrically a‘{erag'ed 0.15%

fat higher than reference values. Normalized differ-
ence ranged from —1.25 to +0.65 and sd. =

.+0.89% fat. ; ;

Whitehead (85) discussed 8 methods used for meat
fat determination and described the specific gravity
method developed at the Honeywell Corporation.
Methods he reviewed included the Babcock, modi-
fied Babeock, capacitance, gamma-ray penetration,
ultrasonic, empirical determination from moisture
content, rapid rendering devices, and specific
gravity.

Wyler (9) reviewed Swiss standard methodology
for determining fat content in meat products. He
stated that direct Soxhlet extraction is unsuitable
for meat because bound lipids are not extracted from
tissue. He also staied that butyrometric methods
with either sulfuric or perchloric acid yielded inexact
results and that the Mojonnier method required a
special centrifuge. Standard methods, in his opinion,
were those by which meat samples were digested
with hydrochloric and sulfuric acids and subse-
quently were extracted with chlorinated hydrocar-
bons or with ether.

Smith (86) presented a broad survey of rapid
methods for total fat determination in foods includ-
ing meat and concluded that the most promising
areas for further investigation are the volumetric,
refractometric, and rapid extraction methods. Re-
viewed in detail were the butyrometric method and
modifications of it, solvent extraction followed by
refractive index measurement, specific gravity, infra-
red radiation and absorption, nuclear magnetic reso-
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nance, capacitance, X-ray absorption, microwave
absorption, rapid extraction, photometric, and ultra-
sonic methods. The review cited 106 references.
Joslyn (87) presented a discussion of extraction
methods for fat determination of food products in-
cluding meat. The factors that affect solvent extrac-
tion of fat were reviewed. The chapter is well docu-
mented with 137 references. Pearson (10) reviewed
methods of fat analysis for fresh sausage and evalu-
ated 2 of these, namely, Soxhlet extraction with
petroleum ether after drying at 100-105°C for 3-8
hr and the Gerber procedure on 2 g samples using a
milk testing bottie (45 min method). The mean val-
ues and difference range obtained by the 2 methods,
34.1% (£5.9) and 34.8% (—5.4 to +4.9) fat, re-
spectively, were not significantly different.

Extraction

Use of a series of 5 extractions with diethyl ether
followed by partition in a separatory funnel having
a fritted glass filter plate fused into it was sug-
gested by Ernst (88) for meat samples. The proce-
dure required 1.5-2 hr for a determination. Results
for 23 samples averaged 0.2 %, {at higher than by the
official method. Normalized difference ranged from
—1.1t +1.5and s.d. = £0.7% fat.

Windham (89) compared extraction of meat sam-
ples dried 6 hr with samples dried 16-18 hr at 100-
102°C before Soxhlet extraction. Samples dried 6 hr
were extracted with either ethyl ether or petroleum
ether and samples dried 16-18 hr, with petroleum
ether only. Mean values and difference range for 60
samples were: 24.20.5%, fat for samples dried 6 hr
and extracted with ethyl ether, 24.34+0.4% fat for
samples dried 6 hr and extracted with petroleum
ether, and 24.1:£0.5% fat for samples dried 16-18
hr and extracted with petroleum ether.

Fat extraction by means of n-hexane or petroleum
ether (boiling range 40-60°C) was selected for meat
samples by the International Organization for
Standardization (90). The procedure states that
the solvent should be distilled from the extract and
fat content should be determined gravimetrically.

Chromic acid oxidation of extracted fat was origi-
nelly developed by Bloor (91) for determination of
fatty acids. Paul (92) adapted the procedure for fat
determination in small samples of tissue and O’Shea
and Maguire (93) used it for 1.5 g samples of meat.
The oxidation reaction was conducted on the fat ex-
tracted from the samples to keep chromic acid from
reacting with other organic matter. The procedure
required 2 hr for a determination. Pork, beef, and
lamb samples, 34 determinations, were analyzed and
compared with results by the official method. Results
averaged 0.1 % fat higher than the reference method.
Normalized difference ranged from —1.0 to +1.6
and s.d. = +0.6% fat.
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Two British standard methods (94) for determina-
tion of total fat content of meat products both spec-
ify digestion of a minced sample with hydrochloric
acid and. gravimetric determination of the extracted
fat. The analyst is directed to either digest a 3-5 g
sample for 1 hr and, continuously or semicontinu-
ously, extract the filtered residue with hexane or
petroleum ether, or to digest a 2-3 g sample for 30
min and manuslly extract, 3 times, the digest with
diethyl ether. For determination of the free fat of
meat samples, the British standard method (95)
cited Soxhlet extraction with hexane or petroleum
ether for at least 6 hr of a 5-10 g minced sample
dried as in the moisture determination and gravi-
metric determination of the extracted fat.

Modification in both the drying and extraction
time of the official method for meat was evaluated
by Cohen and Swift (96) to reduce time of analysis
without loss of accuracy. Samples of ground beel,
frankfurter, and.pork sausage were dried for periods
of 15~90 min and solvent-extracted for periods of 15
min to 16 hr. Replicate analyses were compared with
results by the official method. Results showed that
ground beef required 30 min drying time and 45 min
extraction; frankfurter required either 30 min drying
and 30 min extraction, or 45 min drying and 15 min
extraction; and pork sausage required either 15 min
drying and 30 min extraction, or 30 min drying and
15 min extraction. For these analyses recoveries
were 99.2-100.5% of results by the official method.
In each case, 15 min less drying time or 15 min less
extraction time yielded fat recoveries of 95.8-98.6 %,

Babcock Method Modifications

Emuisification of ground meat with Oakite brand
household cleanser was proposed by Oesting and
Kaufman (97). The emulsion that was formed was
weighed into a Babcock bottle and the procedure
was continued as in the usual Babcock method. Re-
sults of 20 analyses, compared with values obtained
by the official method, averaged 0.04%, higher fat
content, difference ranged from —1.6 to +1.1 and
s.d. = £0.7% fat.

A modified Babcock procedure was evaluated as
a rapid method for fat determination in meat by
Windham (89, 98). The earlier report was a collabo-
rative study of the method compared with ether ex-
traction methods by 7 collaborators. Quadruplicate
analyses on 60 samples averaged 0.01% higher fal
with a difference range of £0.64 and s.d. = +0.4%
fat. In the later report, Windham evaluated the same
method along with 2 other rapid methods, perchlo-
ric-acetic acid modification of the Babcock and
capacitance measurement. Results for 18 meat sam-
ples (4 different meat products) averaged 0.15%
higher fat. No explanation was offered for this higher
average difference compared to the previous report.
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Normalized difference ranged from —0.6 to +1.2
and s.d. = £0.49 {at.

Use of perchioric and acetic acids in place of
sulfuric acid was proposed by Salwin ¢ al. (99).
Meat fat contents from 19 analyses were compared to
values obtained by the official method. Results av-
eraged 0.01% lower fat; difference ranged from
—0.4 to +0.5 and s.d. = £0.29% fat. However,
Windham (98) and Krol and Meester (100) evalu-
ated the method and found consistently higher
values than those obtained by Soxhlet extraction.
Windham reported finding 5% acid, calculated as
acetic, in the fat layer so that fat content values
had to be corrected by this amount; results for 18
meat samples averaged 1.1 % higher fat. Normalized
difference ranged 1.0 and s.d. = £0.5% fat.

The “Banco test”’, 2 modified Babcock procedure,
was devised by Anderson et al. (101) to prevent char-
ring of samples by sulfuric acid. Samples were
treated with papain powder, sodium hydroxide, a
solution containing urca, sodium carbonate, diso-
dium phosphate and ethylenediaminctetraacetic
acid in aqueous methanol, and 2 detergent. The pro-
cedure reportedly required 30 min for an analysis.

It was evaluated by 4 laboratories, using § meat.

products, with the official method as reference. Re-
sults averaged 0.2% higher fat. Normalized differ-
ence ranged from —0.8 to 4+1.2 and s.d. = +04%
fat.

Another modification of the Babcock procedure
was proposed by Whalen (102), who digested meat
samples with hot hydrochloric acid and diluted the
digest with dimethylsulfoxide in a procedure requir-
ing 10 min. Results from 98 samples were compared
with results obtained by the Mojonnier extraction
method. Results averaged 0.17% lower fat. Nor-
malized difference ranged from —1.3 to +1.6 and
s.d. = £0.69 fat.

Rapid Screening Devices

A number of devices have been developed for rapid
screening of meat samples and have a limited accept-
ance in field inspection. One of these units is the
“Fat-Alyzer’ designed as an abbreviated Babcock
procedure kit (103) to analyze a meat sample in 15
min.

In a rendering device made by the Univex Cor-
poration (104, 105) the meat sample was heated be-
tween 2 electrodes, fat content and juices dripped
into a flask, and fat column height was read directly
in units of per cent fat. This unit was tested at our
laboratories with unfavorable results.

The Hobart MIg. Co. (106, 107) markets a similar
rendering device, which was tested and reported by
Bellis ¢t al. (108). The unit utilized an inverted hot
plate to render the meat sample in 15 min. Samples
at 16 fat levels (14-20 9, at content) were analyzed.
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Results reported showed that difference ranged from
—0.49 to —4.10 with an average difference of 2.3%
lower fat than values obtained by the official method.

Capacitance Measurement

Furgal (109) extracted fat from meat samples with
o-dichlorobenzene and related the capacitance of the
extract, corrected for temperature of extract, to fat
concentration. Results for 20 samples of meat prod-
ucts averaged 0.2% higher fat than values obtained
by the official method. Normalized difference ranged
from —1.9 to +1.2 and s.d. = +0.8% fat.

The 2bove method was also evaluated by Everson
¢t al. (5). In the 30 min analysis, 50 g samples of 20
meal and meat products were blended with 100 ml
o-dichlorobenzene and also 5 g filter aid for 4 min,
the blend was filtered, and the filtrate was measured
for capacitance. Results averaged 0.6% fat higher
than values obtained by the official method. Nor-
malized difference ranged from —4.5 to +4.0 and
sd. = £2.0% fat.

Another evaluation of this method was reported
by Windham (98), who analyzed 18 meat samples.
Results averaged 0.3% fat higher than values ob-
tained by the official method. Normalized difference
ranged from —0.7 to +1.5 and s.di = +0.7% fat.

Specific Gravity Measurement

Gipr and Lukashova (110) proposed determining
fat content by measuring the specific gravity of
solvent extracts of meat products. Trichloroethylene
was used as the solvent and accuracy was reported
to be within 19, of the Soxhlet fat extraction method.
This was confirmed when Mahmood-ul-Hassan and
Pearson (111) evaluated the procedure. Results for
8§ samples of beef and 6 samples of pork averaged
0.1% lower fat for beef and 0.3 % higher fat for pork
than values by the official method. The range of
normalized difference was 0.6 for beef and —0.8
to +0.6 for pork; s.d. = 0.5 % fat for both meats.

Determination of {at content in meat by measure-
ment, of the specific gravity of the meat itself was
developed by Whitehead (112). The apparatus mea-
sured weight, compacted volume, and temperature
of 750 g samples. From these data, fat content was
computed automatically after corrections were ap-
plied for animal species and the section of the animal
sampled. The procedure was described as useful on
the processing floor because measurements could be
made in 30 sec on samples which contained no frozen
mixture or foreign ingredients. Results on 69 sam-
ples of beef chuck averaged 0.06 % higher fat than
values obtained by the official method; range of dif-
ference was 2.4 and s.d. = £1.2% fat.

The above specific gravity apparatus was also
evaluated by Malanoski and Greenfield (113) on
meat samples of varied origins. Results on 56 sam-
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ples averaged 1% fat lower than by the official
method. Normalized difference ranged from —3.4
to +3.6 and s.d. = £1.5% fat.

A method based on specific gravity was reported
by Bittenbender (114) for measuring fat content of
meat. Heptane extracts of samples were made and
custom-made hydrometers were used to determine
specific gravity at 34°C in a 15 min procedure. Tem-
perature of the water bath was closely controlled
because a variation of 30.01°C in the extract influ-
enced the accuracy by =0.059% fat. Results on 17
meat samples averaged 0.3% fat higher than values
obtained by the official method. Normalized differ-
ence ranged from —0.9 to 40.8 and s.d. = £0.5%
fat.

Refractometry

Fat determination of foods including meat was re-
ported by various investigators (115-117). Samples
were ground with monobromonaphthalene and so-
dium sulfate. The refractive index of the filtered ex-
tract was then read with a reported accuracy of
+0.5%, fat.

The above procedure was modified and evaluated
by Mahmood-ul-Hassan and Pearson (111) who
used a 141 mixture of 1-bromonaphthalene and min-
eral oil as the extracting solvent. Results on 6 beef
and 6 pork samples averaged 0.5 % lower fat for beef
samples and 0.7, lower fat for pork samples than
values obtained by the official method. Normalized
difference ranged from —1.0 to +0.5 for beef and
—0.8 to 40.65 for pork; s.d. = 0.6% fat for beef
and +0.59% fat for pork.

A refractometric procedure, a German standard
method, was described by Rudischer (118) for fat
analysis of meat samples. A mixture of perchloric
and phosphoric acids and 2 low flame were used to
digest a sample in 1-3 min. Without cooling the di-
gest, 1-bromonaphthalene (or mixtures of mono-
and dibromonaphthalene) was used to extract fat.
Calcium carbonate and sodium sulfate were added
to the extract which was then filtered, and the fil-
trate was read on a refractometer at a temperature
of 50°C.

X-Ray Absorption

The Anyl-Ray Apalyzer was reported to utilize a
dental-type X-ray source to measure {at content of
meat samples (119, 120). The instrument measured
a 13 Ib sample and was reported to yield values for
fat content with a difference range of 1.5 and
s.d. = £0.5% fat.

Reflectance Photometry

A photoelectric method of determining fat content
was devised by Knudsen (121) for mest trimmings
arranged on a conveyor band. As the meat was car-
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ried past a fluorescent tube, reflected light was mea-
sured by photoelectric cells and the signal was con-
verted to indicate fat content. Results with the
method are not available.

Combined Method for Moisture
and Fat Determination

A combined method for moisture and fat content.
determination of oil seeds was proposed by Kaufman
and Keller (27). Moisture was determined by azeo-
tropic distillation with heptane, and fat content was
determined gravimetrically after removal of solvent
from a portion of the extract.

Azeotropic distillation using 2-octanol for moisture
determination reported by Lverson el al. (5) and
their procedure for determining fal content by
capacitance measurement of an o-dichlorobenzene
extract of the sample were discussed earlier in this
review. In a combined method for determining both
moisture and fat content of the same sample, they
reported that azeotropic distillation with a 147 mix-
ture of I-octanol and 2-octanol to determine mois-
ture content, followed by capacitance measurement
on the solvent extract obtained during the distilla-
tion, would yield the fat content in a procedure re-
quiring 30 min. Using 15 g portions of 19 meat sam-
ples and 100 ml solvent for each assay, they com-
pared results with values obtained by official
methods. Results averaged 0.7 % moisture lower and
0.39% fat lower than reference values. The range of
normalized difference was 1.9 for moisture and
—2.1 to +2.9 for fat; s.d. = £1.1% moisture and
+1.3% fat.

Wistreich et al. (122) also recommended azeotropic
distillation as part of a combined method for mois-
ture and fat content determination of meat samples.
A special 2-compartment flask and 10 g samples
were used. Water volume was read from a Bidwell-
Sterling type recciver, and fat content was deter-
mined either gravimetrically after evaporating sol-
vent from the extract, or by difference after drying
and weighing the residue of the extracted sample. A
distillation time of 2 hr was recommended. This
procedure was later modified (36) so that a Florence
flask with a center well was used to contain the sam-
ple and 250 ml solvent in place of the 2-comparl-
ment flask. Dry toluene was used for a distillation
time of 30-90 min. Moisture and fat content values
were obtained as with the earlier procedure.

Bartels and Gerigk (43) determined moisture and
fat content in meal in a 2-part method by first de-
termining moisture in a moisture balance (the
“Ultra-X"' unit) and then extracting fat from the
residue with carbon tetrachloride. Samples were
dried 15-25 min depending on type of meat product.
The dried material was weighed and then extracted
for 10-20 min. After extraction, the solveni was
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evaporated from the residue by infrared radiation
and fat was determined by difference. Results for 23
samples averaged 0.5% moisture Jower than their
reference method (4-6 hr drying in a 105°C oven)
and 0.1% fat lower than Soxhlet petroleum ether
extraction. Normalized difference ranged from —1.7
to +2.2 for moisture and from ~1.7 to +1.8 for fat;
s.d. = £1.0% moisture and +1.09, fat.

Moisture and fat content of meat samples were
determined in a combined method by Davis ¢ al.
(123). The procedure made use of azeotropic distilla-
tion with n-butyl ether and a vacuum oven to dry
the sample residue. Distillation time varied (2-2.5
hr) according to type of sample analyzed. After dis-
tillation, during which moisture and fat are removed,
the sample residuc was placed in a 140°C vacuum
oven for 10-15 min and then weighed. Results for 46
samples averaged 1% moisture higher and 1% fat
higher than values obtained by official methods.
Normalized difference ranged from —1.7 to +1.3
for moisture and from —1.6 to +1.7 for fat; s.d. =
+0.8% moisturc and £0.8% fat.

An instrumental approach to develop a combined
method for moisture and fat determination was pro-
posed by Ben-Gera and Norris (124). Inirared ab-
sorbance of 2 g samples of comminuted meat was
read in a spectrophotometer with a sample layer 2
mm deep. Moisture was determined by the difference
in absorption at 1.725 and 1.800 gm and fat was de-
termined by the difference at 1.650 and 1.725 um.
Accuracy was reported to be +2.1% moisture and
+1.49% fat compared with values obtained by offi-
cial methods. Technical problems of sample prepa-
ration and low sample transmittance were said to
require further investigation.

Determination of moisture and fat content of
meat by a combined method was also evaluated by
Cohen and I{immelman (123). Moisture content was
determined by azeotropic distillation. Fat content
was determined gravimetrically on an aliquot of the
solvent extract. The suitability of 13 water-im-
miscible solvents was evaluated for the combined
procedure. Ground beef, frankfurter, and pork
sausage were analyzed by taking 10 g samples and
100 ml solvent in each determination. Moisture
content of all three products was determined after
15-30 min of distillation. Recoveries of 95-100%, of
the moisture contents were obtained with a number
of the solvents. Fat content was determined by
taking 20 m! of the solvent extract in each case,
evaporating the solvent by boiling under a stream
of nitrogen (6-15 min), and weighing the residue.
Of the 13 solvents evaluated, 95-100% recoveries of
the fat contents were obtained with 4 of the solvents
on ground beef samples and with 5 of the solvents on
frankfurter samples after 1530 min distillation; 95~
1009, recoveries were also obtained for pork sausage
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when distillation was continued an additional 15-30
min with 3 of the solvents. Optimum results for both
moisture and fat content, for all 3 products, were ob-
tained with the solvents m-xylene and cumene in a
comparison with values obtained by official meth-
ods: (a) With m-xylene solvent, results averaged 0.6%
moisture lower and 0.7 % fat lower; range of normal-
ized difierence was =0.9 for both analyses; s.d. =
+0.6% moisture and +0.4% fat. (b) With cumene
solvent, moisture content was estimated to be the
same as by the official method and fat content was
estimated to be 0.39, fat lower; the range of differ-
ence was 0.7 for moisture and the range of normal-
ized difference was +0.5 for fat; s.d. = £04%
moisture and £0.5%, fat.

Evaluation of Methods

This survey reviewed the large number of
methods available in order to identify the most
promising, and to make an in-depth comparison
of those which most closely meet the needs of the
meat industry for quality control work. Data
relevant to the selected methods were compiled
and are shown in Tables 1 and 2. The moisture
and fat methods were selected asiuseful for the
following reasons: () simple to perform, (£) in-
expensive, (3) rapid, (4) reasonably accurate and
precise, and (5) applicable to a broad range of
meat products. Also listed are the official methods
to which they were compared.

Moisture Analysis

Method 1, AOAC official method 24.003(a), re-
quires drying a meat or meat product sample
16~18 hr at 100-102°C in an air oven (mechanical
convection preferred), cooling in a desiccator, and
weighing to determine loss of weight as moisture.
The method is indirect and is empirical. It is one
of the reference methods that serves as the ac-
cepted standard for the meat industry and as the
reference with which new methods are compared.
It is by no means a rapid method. However,
reproducibility of results is excellent.

Method 2, AOAC official method 24.003(b), re-
quires drying a meat or meat produot sample 2-4
hr, depending on product, in a mechanical con-
vection oven at about 125°C. Similar to Method
1, it is an indirect and empirical method. How-
ever, it is more rapid than Method 1 and provides
accuracy and reproducibility equivalent to
Method 1.

Method 8, & modification of Method 2, uses 2
125-150°C oven and is advantageous because the
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commonly available gravity convection oven is
utilized. This oven 1s less expensive than a me-
chanical convection oven, required for Method 2
(AOAC Method 24.003(b)). Time for an analysis
is the same as for Method 2 without loss of
accuracy.

Method 4, the high temperature oven method,
15 min per determination, is rapid but it also
requires the more expensive oven used in Method
2. Drying samples at 200°C may cause fat spat-
tering and produce errors unless care is exercised.

Method 5, the vacuum oven procedure at 95—
100°C, is accurate but requires 5 hr per analysis
and the method is stated to be limited to lean
meat samples because high fat samples will tend
to spatter.

Method-6, the vacuum oven procedure at 70°C
which provides results of fair aceuracy with
overnight drying, is not a rapid technique.

Method 7, drying of samples on a hot plate,
yields results approaching, though not equalling,
those by the official method. It may be preferred
to the infrared radiation oven Methods 8 and 9
because a hot plate is commonly found in labo-
ratories and more than one sample at a time can
be put on a unit. A higher correction factor is
required for the hot plate method than is neces-
sary for Methods 8 and 9 and the reproducibility
is intermediate.

‘Method 10, drying of samples by means of a
moisture balance, gave good accuracy and better
reproducibility than Methods 7-9. Multiple in-
frared lamps can be used for multiple sample
analysis in conjunction with a single balance.

Methods 11, 12, and 13, azeotropic distillation,
may be performed economically and have the
added advantage that analysis requires only
15-30 min. Moisture content is measured directly
as volume of water distilled from the sample and
collected as condensate. This directness and rela-
tive simplicity has led to the widespread adoption
of azeotropic distillation as a moisture method by
various segments of the food industry. This, and
the frequency with which reviews of moisture
methods have concluded that azeotropic distilla-
tion has the most promise, led to the extensive
evaluation of the technique in our laboratories
(16, 38, 125). Another inherent advantage of
azeotropic distillation is that the moisture re-
ceiver can be used indefinitely after an initial
calibration.
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Fat Analysis

Method 1, AOAC official method 24.005(a), re-
quires: (I) drying a meat sample 6 hr at 100-
102°C or 1.5 hr at 125°C; (2) ether extraction for
4-16 hr, depending on condensation rate; ($) dry-
ing the extracted fat for 30 min at 100-102°C;
(4) cooling the fat and weighing. The method is a
direct, gravimetric determination of fat content.
It is not a rapid method but reproducibility of
results with the method is £0.25%, fat.

Method 2 is a modification of Method 1 in which
a sample is dried in a 125°C gravity oven in 30
min as efficiently as in the preceding procedure.
Fat can then be ether-extracted in 45 min or less,
depending on type of meat product, without loss
of accuracy. This procedure reduces analysis time
by 434 hr as compared with the official method.

Methods 3, 4, 6, and 6, the Babcock-type meth-
ods, have the advantage that an analysis can be
made in 15-35 min. These are widely used, direct
methods of analysis with a fair degree of accuracy.
Concentrated sulfuric acid yields the most rapid
digestion of meat samples but this occasionally
leads to sample charring, which clouds the menis-
cus and affects accuracy. Use of dilute sulfuric
acid minimizes charring but prolongs digestion

" time, Meat product samples containing spices

cannot be determined accurately by these meth-
ods because the spice particles float at the inter-
face between the 2 liquid phases. When sulfuric
acid is replaced by mixed acetic and perchloric
acids (Method 4), a correction is required for
acetic acid dissolved in the fat column. In Method
5, sulfuric acid charring is eliminated by digesting
the meat sample with hydrochloric acid. The
constituents of the digested sample are then
diluted with dimethylsulfoxide, which readily
dissolves all digest constituents except fat. The
problem of spice particles at the fat-aqueous in-
terface remains and, in addition, there is a hazard
to the analyst in working with dimethylsulfoxide.
Method 6 utilizes a number of protein solu-
bilizing agents in place of the customary acid and
introduces less hazard to the analyst. Digestion
of the sample is relatively rapid but the method is
unduly complicated by the need for 3 separate
water baths (55-60°C, 95-100°C, and boiling
water bath).

Methods 7 and 8, which utilize fat-rendering
devices, are relatively inaccurate. The devices do
not provide a means for pressing the residue of
rendered samples. Therefore, more fat content
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remains unmcasured than if a press-cakc were
utilized. Use is limited to making crude approxi-
mations preliminary to laboratory analysis. Nor-
mal variation of meat type and processed meat
product composition directly affects amount of
fat drip.

Mecthod 9 utilizes an infrared radiation moisture
balance to remove moisture from a sample. Fat is
extracted from the dried residuec with carbon
tetrachloride. The extracted residue is then dried
with infrared radiation so that fat is determined
by difference. The principle used in the Ultra-X
method was evaluated at our laboratory with a
moisture balance. Extraction was found to be
incomplete. The method is fairly rapid but repro-
ducibility is marginal.

Method 10, extraction by means of a modified
separatory funnel, shows that since samples are
not dried prior to extraction, the moisture barrier
to ether extraction can be overcome by the
physical action of vigorously shaking the sample
and ether in the funncl. However, the procedure
requires up to 2 hr for an analysis.

Method 11, spectrophotometric measurement of
infrared absorption, may require further develop-
ment for use as a rapid method. The technique is
capable of very sensitive measurement but it is
also very sensitive to interfering substances. The
cost of present instruments would tend to limit
its acceptance and use.

Method 12, X-ray transmission analysis, in the
preliminary reports in the literature appears to
have considerable potential as 2 rapid, simple, and
nondestructive method for fat determination. A
thorough evaluation of the instrument on a num-
ber of meats and meat products would benefit the
interests of meat analysts. The instrument cost is
high, and this factor would limit its use to large
processors.

Meihod 13, semiautomatic specific gravity
measurement, was reported to be rapid, simple,
and nondestructive of the sample. Cost of the
instrument tends to limit its use to the very large
processor. It requires programming for use with
each type of fresh meat being measured. Foreign
ingredients, such as spices and frozen moisture,
introduce error. From the two reports in the liter-
ature concerning the method, standard deviation
values of £1.2 and £1.5%, fat indicate that
accuracy of the method is marginal.

Method 14, specific gravity of the fat extracts
by means of hydrometers in a 15 min procedure,
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has the elements of a good, rapid method. A fire
hazard exists when heptane is used as the ex-
tractant. The cost of a tempering bath which will
maintain a temperature of 0.01°C and a series
of hydrometers is not excessive.

Methods 15 and 16, capacitance measurement
of fat extracts by means of o-dichlorobenzene or
147 mixture of 1-octanol and 2-octanal, is fairly
rapid but the solvents have a very unpleasant
odor and the sensitivity of the method to tem-
perature variation can lead to crror. Only fair
accuracy was reported.

Method 17, vacuum oven drying and weighing
of the residue that remains after distilling off
moisture and extracting fat from the meat sample
with n-butyl ether, was reported to require 2-2.5
hr.

Method 18, gravimetric determination of fat in
the extract obtained by azeotropic distillation,
involves evaporation of solvent from an aliquot
of the extract. Distillation for 15-45 min is re-
quired to determine moisture and to obtain a
representative fat extract, depeudiné on type of
product. Gravimetric determination of fat in the
extract is obtained by solvent removal in 6-15
min, depending on type of solvent. Accuracy of
the results was good. Total time for determining
both moisture and fat is between 30 min and 114
hr, depending on type of product. Evidence that
azeotropic distillation prevails as the preferred
method for combined moisture and fat determina-
tion is noted in the combined methods review
section where 5 of the 7 procedures reviewed
applied this technique.

Conclusions

Until careful comparative studies have been
made of many of the methods evaluated above, a
precise order of value cannot be given to some
methods which now appear equally satisfactory.
Methods presently available that meet the needs
of the meat industry for rapid analytical methods
and newly developed methods which may merit
this status upon further investigation are as
follows:
Moisture Analysis

Method 4, high temperature mechanical con-
vection oven-drying, is one of the most rapid for
moisture determination. Its accuracy and preci-
sion are quite satisfactory. The method should be
more thoroughly evaluated, since data on only
25 samples were reported.
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Method 7, hot plate drying with a 200°C heating
surface, is not as rapid as Method 4 but it has a
good degree of accuracy and it can be a useful
and economical method for moisture analysis.

Methods 8, 9, and 10, drying by infrared radia-
tion, require 15-60 min for moisture analysis.
Method 10 provides results in 30~45 min with
better reproducibility than Methods 8 and 9.

Methods 11, 12, and 13 yield moisture results by
azeotropic distillation. Method 11 requires 2 hr
for an analysis whereas Methods 12 and 13 re-
quirc 15-30 min. The accuracy and precision of
the results shown for Methods 11 and 12 are not
as good as those of Method 13. This may be at-
tributed to factors incidental to the method, such
as cleanliness of glassware, or imperfections, such
as scratches on the condenser inner surfaces.

Fat Analysis

Method 2, modified official method, is not one of
the most rapid fat analysis methods, but good
accuracy and a fair degree of precision can be ob-
tained by drying samples 30 min in a 125°C.
gravity oven and extracting 45 min with ether.

Methods 3, 4, &, and 6 are all modified Babcock-
type procedures. These methods have been very
commonly used for rapid analysis and will con-
tinue to be used in the future. The procedures are
fairly rapid and simple, and provide a good degree
of accuracy. Within this group of 4, Method 5
with 2 15 min analysis time apparently is the
most rapid, although its reproducibility is the
poorest.

Method 11, infrared absorption spectrophotom-
etry, will remain an expensive instrumental meth-
od but it is potentially a very rapid method as a
combined procedure for determining both mois-
ture and fat if it is further developed to improve
accuracy.

Method 12, X-ray transmission analysis, is also
an expensive instrumental method and even more
rapid than infrared absorption, since no special
preparation of the sample is required for the
measurement. The method is limited to measur-
ing fat content but analyses are very rapid and
simple.

Method 13, semiautomatic specific gravity
measurement of meat, appears to be the most
rapid method for assaying fat content, but from
the published results, it is one of the least accu-
rate of the available methods.

Method 14, specific gravity of heptane extracts
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measured by hydrometers, is very advantageous
for measuring fat only. It is fairly economical,
rapid, and simple, and provides acceptable
aceuracy.

Methods 16 and 16, capacitance measurement of
solvent extracts, are fairly rapid and simple
methods for fat content determination but aceu-
racy of results is poor.

Methods 17 and 18 permit fat analysis in com-
bined methods after determining moisture con-
tent by azeotropic distillation. The procedures are
most useful when both quantities are to be
determined; otherwise many of the above pro-
cedures are more rapid for determining fat alone.
Of these two, Method 18 is more rapid, accurate,
and precise.
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PESTICIDE FORMULATIONS

Collaborative Study of a Gas-Liquid Chromatographic
Determination of d-trans-Allethrin

VERNON J. MEINEN and DEAN C. KASSERA
McLaughlin Gormley King Co., 1715 Fifth St., S.E., Minneapolis, Minn. 5541}

A gas-liquid chromatographic (GLC) method
for the quantitative determination of d-trans-
allethrin in technical materials and formula-
tions was collaboratively studied. The samples
are diluted with acctone and analyzed by GLC,
using a flame jonization detector and a 5%
OV-1 GLC column. A statistical cvaluation of
the matched pair technical samples shows an
overall cocflicient of variation of 0.34% and a
cocfficient of random crror of 0.49%. An cvalu-
ation of the F-factor reveals no indication of
systemalic error contributions. A statistical
evaluation of the results for 2 d-trans-allethrin
formulations showed cocflicients of variation
0f 4.98 and 1.98. An cxamination of the t-values
revealed 2 small contribution to systematic
crror. The somewhat high results of sample C
are belicved to be a result of lower quality GLC
resolution. The addition of a requirement for
minimum GLC column performance to the
mcthod should increase the overall quality of
the GLC resolution. The mcthod has been
adopted as official first action.

A preliminary study of the gas-liquid chro-
matographic (GLC) determination of d-trans-
allethrin was reported at the 85th Annual Meet-
ing of the AOAC in 1971 (1). At that time, a
factor was incorporated into the method to cor-
rect for interference from MGK® 264. Further
investigation of several manufactured lots of
MGK 264 Synergist (frequently formulated with
d-trans-allethrin) showed that no interference was
present. As a result, the method was modified by
eliminating the correction factor. Also, to insure
satisfactory GLC resolution, 2 minimum require-
ment of theoretical plates/ft for the GLC column
was added to the method, as a result of the
collaborative study. The method given below
includes both modifications.

This report of the Associate Referee, D. C. Kassera, was
presented at the Annual Mecting of the AOAC, Oct. 9-12,
1072, at Washington, D.C.

METHOD

d-trans-Allethrin (d{-2-Allyl-4-hydroxy-3-
methyl-2-cyclopentene-1 Ester of d-trans-
2,2-Dimethyl-3-(2-methylpropenyl)-
cyclopanecarboxylic Acid)—Official
First Action

Gas Chromatographic Method
) (Caution: Sec 46.041.)
6.C10
d-trans-Allethrin is dild in acetone contg dibutyl
phthalate as internal std. Ratios of GLC peak hts
of d-trans-allethrin and dibutyl phthalate in sample
and std are compared for quant. detn. Method is
applicabie to both tech. d-trans-allethrin and various
formulations of it. Not applicable to formulations
contg large amt of MGK Repellent 874 (2-hydroxy-
ethyl-n-octyl sulfide).

Principle

6.C11

(a) Gas chromatograph.— Equipped with flame
ionization detector and 4’ X 4 mm id glass column
packed with 5% OV-1 (Analabs, Inc.) on 80-100
mesh Chromosorb W (HP). Operating conditions:
temps (°)—column 165, injection port 230, detector
230; gas Hows (ml/min)—N carrier gas 125, air 350—
400, H 40-50; sensitivity—10~* amp full scale, at-
tenuation 4 X for tech. material, 107 amp full scale,
atlenuation 1 for formulations. Before use, condition
column 2-3 hr at 275° with N flow 50 mi/min. If
necessary, vary column temp. or gas flow to attain
retention times of ¢ca 4 and 7 min for internal std and
d-trans-allethrin, resp. Also vary detector sensitivity
or injection vol. to attain > 100 mm peak ht for each
compd (ca 16 ug d-trans-allethrin). Theoretical
plates/ft must be >200.

Calc. theoretical plates/ft (N) as follows: N =
16(L2/M? X F), where L = retention of GLC
peak in mm; M = mm peak baseline produced by
drawing tangents to points of inflection of peak;
and F = length of column (ft).

(b) Internal sid soln—4.0"mg dibuty] phthalate/
ml acetone.

(c) d-trans-Allethrin std soins.—(1) Soln A.—Ap-
prox. 4 mg/ml. Accurately weigh ca 1.0 g d-trans-

Apparatus and Reagents
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allethrin (available from McLaughlin Gormley King
Co., 1715 5th St, SE, Minneapolis, MN 55414) into
50 ml vol. flask and dil. to vol. with acetone. Pipet
20 ml this soln into 100 mi vol. flask, add 50 ml in-
ternal std soln by pipet, and dil. to vol. with acetone.
Use this soln for detn of tech. material. (2) Soln B.—
Approx. 1 mg/ml. Pipet 25 ml soln A into 100 m!
vol. flask and dil. to vol. with acetone. Use this soln
for detn of d-trans-allethrin in formulations.

6.C12

(a) Technical malerial.—Accurately weigh sam-
ple contg ca 1.0 g d-trans-allethrin into 50 ml vol.
flask and dil. to vol. with acetone. Pipet 20 ml ali-
quot into 100 ml vol. flask, add 50 ml internal std
soln by pipet, and dil. to vol. with acetone.

(b) Formulations. — Accurately weigh sample
contg ca 200 mg d-trans-allethrin into 50 ml vol.
flask, add 25 ml internal std soln by pipet, and dil.
to vol. with acetone. Pipet 25 ml aligquot into 100 m]
vol. flask and dil. to vol. with acetone.

P'reparation of Sample

6.C13

(a) Technical malerial.—Inject aliquots (ca 3 ul)
std soln A until ratio of d-trans-allethrin:dibutyl
phthalate peak hts varies <1%, for successive injec-
tions. Repeat with sample soln, followed by dupli-
cate injections of std soln. If peak ht ratios differ
>+19%, from previous std injections, repeat series
of injections.

(b) Formulaiions.—Proceed as in (a), using std
soln B. Repeat std injections after each series of 3
sample injections. If peak ht ratios differ > +1.5%
from previous std injections, repeat injections.

Gas Chromaltography

6.Cl4 Calculations

(a) Technical material. —Calc. peak ht ratios for
duplicate std injections before and after sample in-
jections and average the 4 values. Calc. and average
peak ht ratios for sample injections.

% d-trans-Allethrin = (W’ X P X R)/(W X R'),

where W’ and W = g std and sample, resp.; P = %
purity of std; and R’ and R = peak ht ratios of std
and sample, resp.
(b) Formulalions.—Calc. av. for all std peak bt
ratios and for sample peak ht ratios.
% d-trans-Allethrin
=(W'XPXRX2/WXR,

where W’ = g std in final diln.

Collaborative Study

Each collaborator received 4 samples to be ana-
lyzed for d-trans-allethrin by the proposed GLC
method. Two samples (A and B) were prepared to
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follow Youden'’s procedure (2) for closely matched
pairs. Samples C and D were D-TRANS® Inter-
mediates. Single determinations were requested
on each of the 4 samples. Of the 16 collaborative
results received, 2 sets of results were rejected,
one because of unsuitable GLC resolution and
the other as a result of unsatisfactory reproduci-
bility. Six collaborators used modifications of the
suggested GLC column: 2 used stainless steel and
2 used approximately 5’ columns; 2 used a liquid
phase other than that specified in the method.
Collaborator 3 used 3% OV-7 and Collaborator 9
used 5% UC-WV98. Adequate separation was ob-
tained and the results from the last 2 collabora-
tors were retained for statistical analysis. The re-
maining modifications were considered minor.
The samples are described in Table 1.

The secondary standard was analyzed by using
a recrystallized a-di-trans-isomer of allethrin as a
primary standard. Several determinations by 3
laboratories familiar with allethrin analysis by
GLC support the 93.0%, content of the secondary
standard.

Results and Discussion

Table 2 gives the collaborative results for the
2 samples of technical d-trans-allethrin. Using the
Dixon criterion (3), 2 outliers were excluded from
the original data and 2 results were excluded after
totaling the results for samples A and B. Sample
A averaged 92.9% (range, 91.7 to 94.3) with a
coefficient of variation of 0.67 and sample B
averaged 90.2% (89.5 to 91.0) with a coefficient
of variation of 0.50. The average difference be-
tween A and B was 2.7%, as opposed to the
expected 3.0%.

From the differences between the samples, the
standard deviation of random error, S,, is 0.44
and the overall standard deviation, S, is 0.31.
The low F-ratio and resulting negative value ob-
tained for S;? indicate no systematic error.

Table 1. Description of collaborative samples
d-trans-
Aliethrin
Samples Description expected, %
A Technical material 93.00
B Technical material 90.00
Cc D-TRANS Inter- 9.00
mediate 1868
D D-TRANS Inter- 1.2%
mediate 1864
E Standard (secondary) 93.00
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Table 2. Collaborative resuits for technical d-trans-allethrin (%)
Dift. (D), Total (T), _ _
Coll. Sample A Sample 8 A-B A+B Di - D Ti-T
1 94.6° 91.0 - — — -
2 92.6 90.7 1.9 183.3 -0.76 +0.2
3 92.8 89.7 31 182.5 +0.44 -0.6
) 9.0 89.5 2.5 181.5° -0.16 -
5 93.2 89.8 3.4 183.0 +0.74 -0.1
6 93.2 90.3 2.9 183.5 +0.24 +0.4
7 93.1 89.6 3.2 183.0 +0.54 -0.1
8 93.2 $0.6 2.6 183.8 -0.06 +0.7
9 93.3 90.2 31 183.5 +0.44 +0.4
10 92.7 90.6 2.1 183.3 -0.56 +0.2
1 94.3 90.6 3.7 184.9° +1.04 -
12 91.7 92.1° - - - -
13 93.2 89.6 3.6 182.8 +0.94 -0.3
14 92.5 90.0 2.5 182.5 -0.16 -0.6
Av. 92.9 90.2 2.66 183.1
Std dev. 0.62 0.45
Coeff. of var. 0.67 0.50
Sa . 0.31
S, 0.4
Sy b

@ Excluded from statistical evaluation with 95% confidence on the basis of Dixon test 3).

® No evidence for systematical error.

Table 3. Collaborative results for technical d-trans-
allethrin (%), using the official AOAC method

Colt. Sampie A Sample B
10 94.1 90.8
13 93.4 90.4
14 9.0 92.0
Av. 93.8 91.1

Collaborators 10, 13, and 14, being familiar
with the official AOAC method (4), were asked to
analyze samples A and B, using the titrimetric
procedure; see Table 3. The average for sample A
was 93.8% (93.0% expected). The average for
sample B was 91.0%, (90.0%, expected).

The collaborative results obtained for samples
C and D are given in Table 4. One result is ex-
cluded from sample D, using the Dixon criterion
(3). The 14 results from sample C averaged 9.23%,
(range, 8.83 to 9.80) with a standard deviation
of 0.46 and a coefficient of variation of 4.98. The
average per cent recovery was 102.6. Sample D
averaged 1.26% (1.21 to 1.30) with a standard
deviation of 0.024 and a coefficient of variation
of 1.90. The probable reason for the higher coeffi-
cient of variation for sample C is a combination
of questionable GLC resolution and high MGK

264 content. Unsatisfactory GLC column resolu-
tion will result in a poor separation of MGK 264
and d-trans-allethrin, which leads to high results
because of a slight interference from the tailing
MGXK 264. The effect is not as noticeable in sam-
ple D because of the smaller amount of MGK 264
present. The t-value (2) for sample C was 1.88 and
for sample D, 1.50. From the {-values it can be
concluded, with 5% risk, that the difference be-
tween the average per cent found and the ex-
pected value is not a result of appreciable sys-
tematic error.

From the chromatograms submitted by col-
laborators, it was noted that columns of widely
varying quality (150-650 theoretical plates/ft)
were used. Usually poorer results could be traced
to lower quality resolution. This was the case with
one of the sets of results excluded from the sta-
tistical study. The second set of results was dis-
carded as a result of very poor reproducibility
(not within method requirements) which evi-
dently was caused by instrumentation problems
because the GLC resolution was excellent. Most
of the outliers were from poorer quality chro-
matograms. One exception was Collaborator 12.
His data showed excellent reselution and repro-
ducibility, but his results were somewhat erratic.
Of the 14 collaborators whose data were used in
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Table 4. Collaborative results of determination of d-
trans-allethrin (%) in formulations
Sample C° Sample D
Coll. Found Recd Found Recd
1 8.83 98.1 1.23 98.4
2 9.80  108.9 1.30 104.0
3 9.33 103.7 1.27 101.6
4 9.06 100.7 1.21 96.8
5 8.83 98.1 1.27 101.6
6 9.20 102.2 1.25 100.0
7 9.31 103.4 1.25  100.0
8 9.14 101.6 1.27 101.6
] 9.05  100.6 1.27 101.6
10 9.30 103.3 1.27 101.6
11 9.10  101.1 1.29 103.2
12 9.71 107.9 1.43¢ -_
13 9.50  105.6 1.2 100.0
14 9.10 111 1.23 98.4
Av. 9.23  102.6 1.26  100.9
Std dev. 0.46 . 0.024
Coeff. ot var. 4.98 1.90
t-Value 1.88 1.50

¢ D-TRANS Intgrmediate 18¢8 which contains 9.00%
d-trans-allethrin, 30% MGK 264, 18% piperonyl butoxide,
and 43% petroleum distiliate.

b D.TRANS Intermediate 1864 which contains 1.25%
d-trans-allethrin, 2.5% MGK 264, 2.5% Tropital®, and
93.75% petroleum distillate. R

¢ Excluded from statistical evaluation with 95% con-
fidence on the basis of Dixon test (3).

the statistical evaluation, 9 were rated as baving
excellent (> 250 theoretical plates/ft), 4 as having
good (ca 200), and one as having acceptable
(<150) resolution. As a result of these observa-
tions, & minimum requirement of 200 theoretical
plates/ft for the GLC column has been added to
the method.

Each collaborator was asked to make 5 con-
secutive injections of the standard solution. Eight
collaborators submitted the requested data, which
are summarized in Table 5. Six of the 8 coeffi-
cients of variation are well under 1.0, which
shows good reproducibility under varying circum-
stances. The relatively high coefficients of varia-
tion of Collaborators 4 and 11 probably are due
to the small peak height measurement (under 100
mm) used.

In general, the collaborators commented favor-
ably on the proposed method. For the most part,
they found it to be rapid and easy to follow.
Several collaborators suggested smaller sample
weights to eliminate dilutions. One collaborator
suggested that possibly the reproducibility re-
quirements of injections were too stringent. Table
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Table 5. Collaborative results for reproducibility
of GLC injection
Coll. Av. ratio® Std dev.  Coeff. of var.
1 1.310 0.0055 0.42
2 1.360 0.0097 0.73
3 1.324 0.0055 0.42
4 1.286 0.016 1.40
6 1.387 0.0076 0.55
7 1.435 0.0064 0.45
9 1.327 0.0031 0.25
11 1.227 0.023 1.87

% Average of 5 successive injections.

5 as well as the statistical analysis support the
reproducibility requirements of the proposed
method.

Recommendations

The precision of the proposed method as
evaluated by this collaborative study is accept-
able within AOAC guidelines. The accuracy of
the collaborative results agree well with the
expected results. It is recommended that the
proposed method, along with the modifications,
for the gas chromatographic determination of
d-trans-allethrin in technical materials and in
formulations be adopted as official first action,
as an alternative to 6.200-6.205.

In addition, it is recommended that the official
final action mercury reduction method for the
determination of pyrethrin II, 6.115, be modified,
as follows, for application to refined pyrethrum
extracts (reinstatement of 4.110, par. 3 (9th Ed.,
1960)):

(a) Add the following phase to the beginning
of paragraph 3, 6.115: “‘For crude pyrethrum exts,
treat ....”

(b) Add the following paragraph after present
paragraph 3:

“For refined pyrethrum exts, add 2 ml neut.
alcohol and 20 m! H20 and heat to dissolve acid.
Cool, filter thru gooch if necessary, add 1-2 drops
phthln, and titr. with 0.02N NaOH (1 ml =
0.00374 g pyrethrin II). Check normality of
0.02N NaQOH same day as sample is titrd.”

Data obtained in both the 1970 and the 1972
studies of the World Standard Pyrethrum Extract
(Pyrethrum Post, April 1970; S. W. Head, The
Pyrethrum Bureau, Nakury, Kenya, private com-
munication) support these changes.

The recommendations of the Associate Referee were ap-
proved by the Generasl Referec and by Subcommittee A and
were adopted by the Association; see (1073) JAOAC 56, 393-394.
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Collaborative Study of the Ultraviolet Spectrophotometric
and Gas-Liquid Chromatographic Methods for the
Determination of Trifluralin and Benefin in Formulations

LARRY G. HAMBLETON

Department of Biochemistry, Purdue University, W. Lafayette, Ind. 47907

Fourteen collaborators participated in a
study of an ultraviolet (UV) spectrophotomet-
ric and a gas-liquid (GLC) method for the de-
termination of trifluralin and benefin. In the
UV method, trifluralin or benefin is extracted
from the solid carricr or dissolved in n-hexane,
if the formulation is liquid, purified by chro-
matography on Florisil, and determined by
UV spectrometry at 376 nm. In the GLC
method, the compound is extracted from the
solid carrier or dissolved in acctone, if liquid,
and determined by flame ionization GLC,
using a column containing 5% DC-200 on 80~
100 mesh Chromosorb W (HP). A statistical
evaluation of the data by the technique of
closely matched pairs is presented. The data
show good correlation between the 2 methods
and the methods seem to be reasonably accu-
rate and precise. The ultraviolet and gas chro-
matographic methods have been adopted as
official first action.

In 1963, Holzer, Scroggs, and Leary (1) re-
ported an ultraviolet spectrophotometric method
for the determination of trifiuralin (2,6-dinitro-
N,N-di-n-propyl-e,a,a-triflucro-p-toluidine) in
formulations. Since that time the method has
undergone unpublished revisions. The ultraviolet
(UV) method reported in this collaborative study
was a compilation, by the Associate Referee, of
unpublished methods supplied by Elanco Prod-
ucts Company. The methods supplied were for
the analysis of specific formulations of trifluralin
and benefin (n-butyl-N-ethyl-a,a,a-trifluoro-2,6-
dinitro-p-toluidine, Balan®). The method studied
enables the analyst to use one method for all
types of trifluralin and benefin formulations.

The gas-liquid chromatographic (GLC) method
studied was that described earlier (2) with a few
minor changes and with the inclusion in the
method of the determination of benefin.

Collaborative Study
Five trifluralin and 3 benefin samples were sent
to 18 collaborators; 13 collaborators reported re-
sults in time for the statistical evaluation of the

data. One collaborator reported results too late to
be included in the evaluation of the data. Four
triffuralin samples and 2 benefin samples were
sent as closely matched pairs, as discussed by
Youden (3). The following samples were seat to
collaborators: Pair 1—sample 1, 5%, trifluralin
granular and sample 2, 4.5% trifluralin granular;
sample 3—Rose and Flora Preen containing
0.174%, trifturalin, 1.0% Di-Syston® on a 7-8-5
fertilizer; Pair 2—sample 4, 44.5% trifluralin
emulsifiable concentrate and sample 5, 44.0%
trifluralin emulsifiable concentrate; sample 6—
2.5% Balan granular; and Pair 3—sample 7,
19.4% Balan liquid concentrate and:sample 8§,
18.4% Balan liquid concentrate. In addition to
the samples, each collaborator was supplied with
trifluralin and benefin reference standards and
also the diisobutyl phthalate internal standard.
Samples4 and 7 were diluted with 3.34 and 6.02%
solvent, respectively, and identified as samples 5
and 8.

The collaborators were requested to make a
single determination of each sample by the UV
and the GLC methods and to also include their
recording charts, when possible, along with their
results and comments.

METHODS
Trifluralin (2,6-Dinitro-N,N-di-n-propyl-a,a,a-
" trifluoro-p-toluidine) and Benefin (n-Butyl-
N-cthyl-a,a,a-triftuoro-2,6-dinitro-p-
toluidine)—Official First Action
Ultraviolet Method
6.C15
Trifluralin or benefin is extd from solid carrier or
dissolved in n-hexane if lig., purified by chromatgy
on Florisil, and detd by UV spectrometry at 376 nm.

Principle

6.C16 Reagenis

(a) Florisil.—100-200 mesh. Test elution charac-
teristics of Florisil by adding 5 ml std soln to prepd
column. Proceed as in 6.C19. Elution vol. should be
>80 ml but <100 ml. If elution vol. does not fall
within this range, adjust H2O content of Florisil by
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trial and error Lo obtain proper elution (add H,O to
decrease elution time; dry at 130° to increase it.)

(b) Std soln.—1.25 mg/ml. Weigh 0.125 g tri-
fluralin or benefin ref. std (Elanco Products Co.,
Indianapolis, IN 46206), into 100 ml vol. flask, dil.
to vol. with n-hexane, and mix.

6.C17

Insert glass wool plug in bottom of 25 X 400 mm
glass column with Teflon stopeock. Add, with con-
stant tapping of column, 5 g anhyd. Na»S0,, stdzd
Florisil, (a), to ht of 2, and 5 g anhyd. Na,SO,.
With stopcock open, add 50 ml n-hexane and let
drain to top of column. Close stopcock.

Preparation of Column

6.C18

(a) Dry formulations (coniaining more than 1%,
trifluralin or benefin).—Weigh sample contg 0.25 g
trifiuralin or benefin into Soxhlet extn thimble (33 X
80 mm), cover with glass wool, and ext with CHCl;
1 hr beyond time when no further color is extd.
Quant. transfer ext to 200 ml vol. filask with CHCl;,
dil. to vol. with CHCl3, and mix. Transfer 5 ml to
r-b flask and evap. just to dryness on rotary evapo-
rator.

(b) Dry jormnulalions (containing 1%, or less ir-
Sfluralin or benefin).—Weigh sample contg 0.05 g
triffuralin or benefin, ext, transfer to 200 ml vol.
flask, and dil. as in (a). Transfer 25 ml to r-b flask
and evap. just 1o dryness on rotary evaporator.

(c) Liquid formulalions.—Weigh sample contg
0.12 g trifluralin or benefin into 100 mi vol. flask.
Dil. to vol. with n-hexane and mix vigorously. Pro-
ceed as in 6.C19.

Preparation of Semple

Determination

6.C19

Transfer 5 ml soln from (c) or residue from (a) or
(b), with aid of n-hexane, to Florisil column. Trans-
fer 5 ml std soln to second Florisil column. Wash
sample into column with small portions n-hexane.
Let each portion drain to top of column before add-
ing next. Fill column with n-hexane, discarding
eluate until band has moved ca 3/ length of column.
Collect eluate contg trifluralin or benefin band (first
yellow-orange band to elute) in 100 ml vol. flask. (If
band requires >100 ml vol. to elute, replace vol.
flask with r-b flask, evap., and transfer quant. to 100
ml vol. flask.) (Caution: See 46.011(a) and 46.061.)
Dil. to vol. with n-hexane and mix. Det. 4 of sample
and std solns in 1 cm cells at 376 nm against n-
hexane as ref.

6.C20

% Trifiuralin or benefin
= (A Xgstd X F X P)/(4’ X g sample),

where A and A’ refer to sample and std solns, resp.;

Calculations
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P = % purity of std; and F = 2, 0.4, or 1 for sample
prepns (a), (b), or (c), resp.

Cas-Liquid Chromatographic Method
6.C21

Trifluralin or benefin is extd from solid carrier, or
dissolved in acetone if liq., and detd by GLC.

Principle

6.C22 Reagents
(a) Diisobutyl phthalale tniernal sid soln —Weigh

.0.625 g diisobutyl phthalate (K&K Laboratories,

Inc.) into 250 ml vol. flask, dil. to vol. with acetone,
and mix.

(b) Std soln.—1.6 mg/ml. Weigh 0.16 g trifiuralin
or benefin ref. std into 100 ml vol. flask, dil. to vol.
with acetone, and mix.

6.C23

(a) Gas chromalograph.—Equipped with flame
ionization detector; capable of programmed column
temp. from 135 to 190° at 8°/min. Approx. instru-
mental conditions: inlet 205°, detector 275°, N
carrier gas 60 ml/min.

(b) Column.—5’ X Y5 or ¥{" od, stainless steel or
Pyrex glass tube packed with 5% DC-200, 12,500
cstokes (Analabs, Inc.) on 80-100 mesh Chromosorb
W (HP). Condition newly prepd column at 230°
overnight while purging with N carrier gas.

Apparatus

6.C24 Preparation of Sample

(a) Dry formulations (containing more than 1%,
trifluralin or benefin).—Weigh sample contg 0.16 g
trifluralin or benefin into Soxhlet extn thimble
(33 X 80 mm), cover with glass wool, and ext with
acetone 1 hr beyond time when no further color is
extd. (Caution: Seec 46.011(a) and 46.046.) Evap. to
ca 60 ml on steam bath with stream of air directed
into flask. Quant. transfer to 100 ml vol. flask with
acetone. Dil. to vol. with acetone and mix.

(b) Dry formulations (containing 1% or less tri-
Jluralin or benefin).—Weigh sample contg 0.04 g
trifiuralin or benefin, ext, and evap. as in (2). Quant.
transfer to 100 ml vol. flask with acetone and pro-
ceed as in 6.C25 without dilg, beginning, *. . . add
10 ml internal std soln . . .”’

(c) Liquid formulations.—Weigh sample contg
0.16 g trifiuralin or benefin into 100 ml vol. flask,
dil. to vol. with acetone, and mix.,

Determination

6.C25
Pipet 25 ml acetone soln, 6.C24(a) or (c), and 25
ml std soln, 6.C22(b), into sep. 100 ml vol. flasks,
add 10 ml internal std soln, dil. to vol. with acetone,
and mix.
Inject 2.5 ul trifiuralin-or benefin std soln and

Journal Paper No. 4848 from the Purdue University Agricul-
tural Rescarch Station.
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start temp. program to give symmetrical peak ca
709, scale deflection and retention time 5.5 min.
Diisobutyl phthalate internal std peak appears ca 2
min after std peak. Repeat injection of std soln until
ratio of trifiuralin or benefin peak area to internal
std pesk area is reproducible.

Without changing conditions inject 2.5 ul sample
soln.

6.C26

Calc. areas of trifiuralin or benefin and diisobutyl
phthalate peaks. Divide area of trifluralin or benefin
peak by area of diisobuty] phthalate internal std
peak to det. ratio R.

% Trifluralin or benefin

=(RXW XP)/(R'"XWXF),
where R and R’ = ratio for sample and std solns,
resp.; W and W' = g sample and std, resp.; P = %
purity of std; and F = 1, 1, or 4 for sample prepns
(a), (c), or (b), resp.

Calculations

Results and Discussion

Thirteen collaborators reported results for both
the UV and GLC methods and these were in-
cluded in the statistical evaluation of the methods
(Tables 1 and 2). Collaborator 14 reported results
too late to be included in the statistical evalua-
tions. All the collaborators followed the methods
closely with very little deviation. Collaborator 6
used an isothermal column temperature of 190°C
and a column packed with 2%, SE-30 on Diato-
port S rather than the stated column packing and
conditions. His recordings were not included with
his reported data and, therefore, these conditions
could not be evaluated. Collaborator 9 indicated
that sample 4 leaked and did not analyze the
sample for this reason. Two collaborators had
problems in analyzing sample 3 due to interfer-
ence from the Di-Syston in the sample. Collabo-
rator 1 had to use peak height rather than peak
area and Collaborator 9 had to use relative peak
areas of reference standard to sample without the
use of internal standard for the calculation. The
collaborators apparently had little trouble follow-
ing either the UV or the GLC method.

The data were subjected to Dixon's criteria for
outliers (4) and the laboratories were ranked
according to Youden’s ranking criteria (3). Ten
individual results from a total of 208 results were
considered as extreme by the Dixon test and
were not included in the statistical evaluation of

This report of the Associatc Refcrec was presented at the
Annual Meetiog of the AOAC, Oct. 8-12, 1972, at Washington,
D.C.
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the data. When the laboratories were ranked ac-
cording to the ranking criteria, no laboratories
fell outside the critical scores at the 5% level for
the UV or the GLC method.

Some indication of the accuracy of the methods
can be obtained by comparing the differences in
the pairs found with the expected differcnces
from the dilutions. From the 3.34%, dilution of
sample 4 and the average amount of trifluralin
found, sample 5 should contain 1.50% less tri-
fluralin than sample 4. The average difference
found was 1.35% trifluralin for the UV method
and 1.82%, trifluralin for the GLC method. The
dilution of sample 7 with 6.02%, solvent gives an
expected difference between samples 7 and 8 of
1.21%, benefin. The difference found was 1.22 and
1.29%, benefin, respectively, for the UV and GLC
methods.

The average amount found and the estimates
of standard deviations are given in Table 3. The
means from the UV and GLC methods were com-
pared by the i-test at the 5% level and did not
show a significant difference for any of the sample
pairs or for sample 3. Sample 6 did show a sig-
nificant difference between means of the 2 meth-

ods. The estimate of the standard deviation of °

how successfully repeat determinations can be
made in the same laboratory and the estimate of
the standard deviation for the distribution of sys-
tematic error between laboratories is given by s,

and &, respectively. Both of these estimates are ,

favorable for each of the methods. The standard
deviation of the data is given by s.. When s,? for
the UV method is compared to that for the GLC
method, using the F-test, there is a significant
difference at the 5%, level for sample pair 3. The
other samples and sample pairs did not show &
significant difference.

Conclusions and Recommendations

Results obtained with the UV and GLC meth-
ods appear to agree favorably. The means and
estimates of standard deviation given by both
methods agree closely with each other and are
considered acceptable. The average differences
found between the laboratory-diluted samples
and the expected differences are also acceptable.
Both methods seem to be reasonably accurate and
precise and are applicable to all types of trifturalin
and benefin formulations.

1t is recommended that (Z) the UV method for
the determination of trifluralin and benefin be
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Table 1. Collaborative results for the ahalysis of trifluraiin (%) by the UV and GLC methods?

Sample 4 Sémp|e 5

Sampie 1 Sample 2 Sample 3 (44.5% emul. (44.0% emul.
(5% granular) (4.5% granular) (0.174%) conc.) conc.)

Coll. uv GLC uv GLC uv GLC uv GLC uv GLC
1 4.44 4.46 5.25 5.41 0.177 0.178 45.0 45.0 42.4 41.2
2 4.45 4.77 5.31 5.26 0.160 0.142 43.7 48.7 41.8 44.2
3 4.48 4.52 5.62 5.63 0.208 0.168 45.5 46.2 43.6 43.4
4q 4.56 4.47 4.70 4.50% 0.170 0.143 45.1 43.3 43.4 42.7
5 4.91 4.23 4.65 5.12 0.222 0.183 45.1 44.8 44.6 4.1
6 4.50 4.50 5.50 5.20 0.170 0.120 44.4 45.4 44.5 44.4
7 4.90 4.90 5.00 5.20 0.180 0.190 45.5 45.0 44.1 44.9
8 4.56 4.65 5.53 5.63 0.168 0.166 45.3 4.1 43.7 43.1
] 4.50 4.3 5.38 5.28 0.169 0.159 —_ - 42.% 42.5
10 4.60 4.40 5.60 5.40 0.177 0.178 4.7 43.7 44.0 44.1
11 4.90 4.50 5.60 5.30 0.037° 0.043" 45.8 45.6 44.4 43.3
12 4.46 4.67 5.51 5.73 0.170 0.170 43.1 43.5 43.0 43.8
13 4.66 4.76 5.67 5.11 0.193 0.168 45.6 46.2 43.8 43.6
14¢ 4.64 4.67 5.63 5.52 0.170 0.163 43.7 45.4 44.5 43.1

@ See text for description of samples.
¥ Extreme values omitted from further calculations on the basis of the Dixon test (4).
¢ Results received too late for inclusion in statistical evaluation.

Tabie 2. Collaborative results for the analysis of benefin by the UV and GLC methods®

Sample 6 (2.5% gran.) Sampie 7 (19.4% lig. conc.) Sample 8(18.4% lig. conc.)
Coll. uv GLC uv GLC uv GLC
1 2.53 2.52 20.3 18.7 1.1 19.9
2 2.63 2.57 22.6Y 22.4% 18.8 19.2
3 2.44 2.49 19.9 20.0 18.9 19.0
4 2.10 2.48 20.1 19.8 19.2 18.8
5 2.48 2.49 20.5 19.4 19.4 17.6
6 2.50 2.50 20.% 21.3 19.4 19.2
7 2.50 2.50 20.3 20.0 18.7 18.8
8 2.50 2.50 19.9 19.8 18.9 19.0
9 2.46 2.55 19.8 20.0 18.6 17.2
10 2.40 2.50 20.0 19.4 19.0 18.6
11 2.40 2.40 20.1 20.1 19.1 18.9
12 2.39 2.66 20.7 20.7 18.9 19.1
13 2.43 2.55 45.3 4.2 18.8 17.0
14¢ 2.44 2.54 19.8 20.2 18.9 19.4

o See footnotes, Table 1.

Table 3. Statistical evaluation of the collaborative results for the UV and GLC methods®

Av. found, % Sy precision 53, systematic Sg
Pair uv GLC Uv GLC uv GLC uv GLC
1 (trifluralin) 4.92 4.9% 0.31 0.2 -8 -5 0.23 6.17
2 (trifluralin) . 44.2 44.4 6.5 1.07 0.5%  0.58 1.02 1.34
3 (Balan} 19.6 19.4 0.19  0.46 0.13  0.34 0.33 0.71
Sample 3 (trifturalin) 0.180 0.164 0.018  0.020
Sample 6 (Balan) 2.46 2.50 0.048  0.042

¢ Results of a single determination on each sample by each coliaborator (Collaborators 1-13).
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adopted as official first action; and (2) the GLC
method for the determination of trifiuralin and
benefin in formulations be adopted as. official
first action.
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Collaborative Study of a Gravimetric Method for Mercury in
Formulations Containing Chlorinated Pesticides

JAMES E. LAUNER

Laboratory Services, Oregon Department of Agriculture, Salem, Ore. 97310

A gravimctric mcethod for mercury was mod-
ificd and collaboratively studied with formula-
tions containing ~6% phenylmercuric urea
and~7% captan in one test pair and~2% phen-
ylmercuric urca and 30% lindanc in another
test pair. Mercury is determined by precipita-
tion and weighing cupric propylene mercury
iodide (Cu pn2ligly), following refluxing with
dilute HI-H.S0, solution containing I. Single
determinations on 4 samples by 11 collabora-
tors showed that the standard deviation esti-
mation of random crror was 0.063 for the
captan pair and 0.034 for the lindane pair.
Standard deviation cstimates of systematic
crror were 0.061 and 0.013, respectively. In the
preliminary study, the mecthod showed close
agrecment with other accepted methods for 15
formulations. Lindane, captan, dicldrin, hep-
tachlor, and zincb do not interfere; however,
the method is not applicable to chloro- or
nitrophenolic compounds nor to materials not
decomposed by the digestion mixture. The
method has been adopted as official first
action.

The titrimetric method for mercury in pesticide
formulations, 6.A25-6.A28 (1), is both simple and
accurate for most mercury compounds, including
moderately chlorinated materials such as phenyl-
mercuric chloride, ethylmercuric chloride, or mer-
curous chloride; however, due to formation of
nonionized mercuric chloride which is not titrated
by standard thiocyanate solution, the method
produces low results in the presence of highly
chlorinated compounds such as lindanc or hepta-
chlor. In addition, some laboratories object to its
use by less experienced operators because of the
hazard of substances reacting violently with the
oxidizing mixture. The gravimetric method de-
scribed here was reported by Walton and Smith
in 1956 (2) and is a modification of an analytical
method used by the Canada Department of
Agriculture.

In a preliminary study, analytical results for 16
formulations were compared by the gravimetric
method and either the titrimetric method or the
HCI-HS method (3). Test items consisted of the

following: 2 were undiluted 1970 collaborative
samples; 5 were these materials spiked with 21
captan, 23% dieldrin, 23% heptachlor, 23%
zineb, and 22%, maneb, respectively; 2 mixtures
contained 40% lindane; and the remaining formu-
lations were mercuric nitrate, phenylmercuric
acetate,  methylmercuric-8-hydroxyquinolate,
Ceresan L, Ceresan M, Panogen 15, and Semesan
Bel.

Close agreement between methods was found
for all samples except Semesan Bel. As Walton
and Smith (2) explained, the gravimetric method
gives high results with chloro- and nitrophenolic
compounds due to formation of waxy phenols
which are insoluble in the washing solvents.
Maneb causes slightly lower but still acceptable
results, however, since the titrimetric method
produces close agreement between formulations
with or without maneb or zineb, the gravimetric
method seldom would be used on these mixtures.

METHOD
MERCURY

Gravimetric Mcthod—Official First Action

(Applicable in presence of large amts Cl-contg
materials; not applicable to chloro- or nitrophenols
nor to materials not decomposed by digestion mixt.)

6.C01

(a) Dilutc sulfuric acid.—Add 30 ml HaSO, to
H0 in 100 ml vol. flask, cool, and dil. to vol. with
H0.

(b) Sodium sulfile soln.—10%. Dissolve 10 g
Na2S0; in H20 in 100 ml vol. flask and dil. to vol.
with H»O.

(c) Ammonium citrale soln.—pH 7.0. Sec 2.037(a).

(d) Precipitating reageni.—Add .20 ml 1,2-pro-
panediamine (Eastman Kodak Co., practical grade)
to 100 m! 1/ CuSQy soln. Store in g-s container.

(e) Wash soln.—Add 1 g KI and 2 m} pptg reagent
to I L H.0.

Reagents

6.C02

(a) Solns.—Mix thoroly and weigh, by difference,
sample (max. 5 g) contg 0.02-0.08 g Hg into 125 m!
¥ erlenmeyer.

Preparation of Sample
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(b) Dusts.—Mix thoroly and, using glass weighing
dish, weigh sample as in (a). Transfer thru powder
funnel into 125 ml § erlenmeyer.

6.C03 Determination
(Caution: Conduct detn in well ventilated hood.)

Add to sample in following order: 5 ml ethylence
glycol, swirling to thoroly suspend solids, 4 g KI, 10
ml dil. H2804, 0.4 g 1, and 2 glass beads. After thoro
mixing, connect straight-tube H20-cooled condenser
and, with low flame, heat to slight boil so that liq.
condenses in lower portion of condenser. Swirl occa-
sionally, avoiding excessive heat and crystn of large
amt I in condenser. Reflux 1 hr and, while cooling
flask in H20 bath, immediately wash warm con-
denser with heavy stream of ca 25 ml H.0. (If dye
or 1 persists in condenser, loosen by reheating flask
contents, without H20 in condenser, until lig. re-
fluxes slightly beyond adhering material. Wash con-
denser again with ca 25 ml H»0, and cool flask.) Dis-
connect condenser and wash connections directly
into flask. Add ca 2 m} 109, Na,SO; dropwise with
swirling, until 1 color slightly lightens. (Excess 1
must be present.) Neutze soln with NH,OH, using
pH test paper, until very slightly alk. (pH 7.0-7.3).
Cool, and filter with vac. thru retentive paper (S&S
Blue Ribbon, or equiv.) in buchner into 400 ml
beaker. Wash flask and paper thoroly, keeping total
filtrate <150 ml. Add 50 ml NH, citrate soln, bring
mixt. just to boil, and stir in 5 ml pptg reagent.
Cool and let stand >2 hr (preferably overnight);
filter thru medium porosity glass crucible, previ-
ously dried at 105° and weighed. Transfer ppt with
wash soln, and wash with same soln several times.
Rinse I from ppt with ca 25 ml alcohol in 5 ml por-
tions (some samples may require up to 50 ml) until
filtrate is colorless. (Let alcohol stand few min with
occasional swirling after each addn before applying
suction. Ppt should be suspended in lig. each time.)
Wash ppt with 15 ml CHCl; in 5 ml portions, sus-
pending ppt each time as above until dye and pesti-
cides are completely removed. Finally wash with 5
ml alcohol, dry 30 min at 105°, cool, and weigh.

Wt Hg = wt ppt X 0.218.

Collaborative Study

The collaborative test was designed according
to the analysis of a closely matched pair, as de-
scribed by Youden (4). The following samples
were sent to collaborators along with a copy of the
method: sample 1, 6.3% phenylmercuric urea
containing 6%, captan; sample 2, 5.9%, phenyl-
mercuric urea with 7.5%, captan; sample 3, 2.1%
phenylmercuric urea containing 30% lindane;
sample 4, 2.0%, phenylmercuric urea with 30%

573

lindane. Samples 1 and 2 were prepared from col-
laborative samples 1 and 2 used in the 1970 mer-
cury study (5) by dilution with captan dust. Sam-
ples 3 and 4 were derived from dilution of a
commercial mixture of phenylmercuric urea and
lindane with kaolin. Each sample was to be ana-
lyzed only once to avoid misinterpretation of
data. Collaborators were to familiarize them-
selves with the method on known samples before
proceeding with the unknown samples. They
were also cautioned that rinsing the iodine and
dye from the precipitate requires care and cannot
be rushed.

Results and Recommendation

Table 1 shows the results obtained from the
captan-phenylmercuric urea pair. None of the
data could be rejected by the Dixon test (6).
Table 2 shows results for the lindane-phenyl-
mercuric urea pair. Again, none of the data could
be rejected by the Dixon test.

Some indication of precision may be observed
by comparing the difference between the pairs
found and the theoretical differences by dilution.
The average difference between samples 1 and 2
was 0.25%,, whereas 0.23%, was the expected dif-
ference. For samples 3 and 4, a 0.07% difference
was found; 0.06% was expected.

This collaborative study indicates a 97.5%, re-
covery of mercury compared to average data
from samples analyzed by the titrimetric method
2 years ago (5). The Associate Referee believes
that closer agreement between the 2 methods can
be reached after the analyst becomes thoroughly
proficient with the gravimetric method.

One collaborator suggested adding sodium sul-
fite as a solution, 2 others remarked that no color
change was detected when sodium sulfite was
added, and one also suggested that the precipitate
be washed with a larger volume of alcohol and
chloroform. These comments were incorporated
into the final method.

The method is not applicable to chloro- or
nitrophenolic compounds nor to materials not
decomposed by the digestion mixture, i.e., Mer-
curochrome and Memmi; however, it fills a need
for a method to determine mercury in the pres-
ence of chlorinated pesticides.

The dation of the A Referce was approved
by the General Reierec and by Subcommitiee A and was
adopted by the Association; sec (1973) JAOAC 56, 393-304.
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Table 1. Collaborative results for analysis of phenylmercuric urea: 3.5% mercury containing 7% captan
Mercury, %
Diff. (D), Total (T),
Coll. Sample ] Sample 2 (1-2) 1+2 Di - D Ti-T
1 .73 3.3 0.39 1.07 +0.14 +0.02
2 3.68 3.44 0.24 7.12 —0.01 +0.07
3 3.60 3.41 0.18 7.01 —D.06 ~0.04
4 3.78 kXY 0.31 7.25 +0.06 +0.20
S 3.65 3.46 0.19 7.1 —0.06 +0.06
6 34 3.3 0.35 7.13 +0.10 +0.08
7 3.61 3.50 0.11 7.1 -0.14 +0.06
8 3.70 3.51 0.19 .21 —0.06 +0.16
9 3.61 3.28 0.32 6.90 +0.07 -0.15
10 3.60 3.30 0.30 6.90 +0.05 ~0.15
1 3.45 3.29 0.16 6.74 -0.09 -0.31
Av. 3.65 3.40 0.25 7.05
Sq 0.107
S, (random error) 0.063
Sp (systematic error) 0.061

Table 2. Coliaborative results for analysis of phenylmercuric urea: 1.2% mercury containing 30% lindane

Mercury, %
Dift. (D), Total (T),

Coll. Sample 1 Sample 2 1-2 1+2 Di -D Ti-T
1 1.21 1.10 0.11° 2.31 +0.04 —0.06
2 1.21 1.15 0.06 2.3 -0.01 -0.01
3 1.25 1.17 0.08 2.42 +0.01 +0.05
4 1.21 1.22 -0.01 2.43 —0.08 +0.06
5 1.19 1.16 0.03 2.35 —0.04 -0.02
6 1.24 1.16 0.08 2.40 +0.01 +0.03
7 1.25 1.20 0.05 2.45 -0.02 +0.08
8 1.22 1.16 0.06 2.38 -0.01 +0.01
9 1.18 1.11 0.07 2.29 0.00 -0.08

10 1.22 1.16 0.06 2.38 -0.01 +0.01
1 1.24 1.06 0.18 2.30 +0.11 -0.07
Av. 1.22 1.14 0.07 2.37
S4q 0.036
S, (random error) 0.034

0.013

Sy (systematic error)

Since the present study shows that the gravi-
metric method described compares favorably with
the official first action titrimetric method, 6.A25-
6.A28, it is recommended that the method be
adopted as official first action for the determina-
tion of total mercury in formulations containing
other chlorinated pesticides.
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Infrared Analysis of Carbary] Insecticide:
Modification of the Extraction Procedure to Accommodate

Liquid Suspension Formulations

WILLIAM H. McDERMOTT

Research and Development Department, Union Carbide Corp., P.O. Boz 8361,

South Charleston, WW.Va. 25303

The extraction procedure {or the official first
action infrared analysis for carbaryl in formu-
lations, 6.206-6.208, has been modified by the
addition of anhydrous granular sodium sulfate
to make the method applicable to liquid sus-
pension formulations of carbaryl. A limited
collaborative study of the modificd method
yiclded a standard deviation of £1% at the
40% level and a cocfficient of variation of £2%.
The modification has been adopted as official
first action.

When the infrared method of analysis for

carbaryl in formulations was adopted as official

first action by the AOAC in 1967, only 4 com-
mercial formulations were used in the analytical
study (1, 2). These formulations were 2 dusts, a
wettable powder, and a sprayable powder.

The purpose of this investigation was to modify
the extraction procedure of the official method to
make it applicable to aqueous slurry formulations
of carbaryl. Three formulations were available for
this study: SEVIMOL®-4 carbaryl insecticide
and 2 experimental carbaryl aqueous suspension
formulations. SEVIMOL~4 is a formulation con-
taining 4 1b carbaryl/gal. molasses-water mixture.
The experimental formulations contained 4 and 2
1b carbaryl/gal., respectively, suspended in water.

If these formulations are extracted with chloro-
form by the procedure in the official method, an
emulsion results and infrared analysis is im-
possible.

In several methods of analysis for pesticide
residues in moist commodities the sample is inti-
mately mixed with a chloroform solvent and an-
hydrous sodium sulfate. The sodium sulfate is
used to absorb water and coagulate the natural
products of the commodities. This technique has
been adapted for the extraction of carbaryl from
carbaryl suspension formulations. The rest of the
method is the same as the official method with 2
exceptions. Only the 5.75 um band is used for
quantitative measurement. This change permits
the analysis of a smaller sample and, therefore,

less water must be absorbed by the sodium sul-
fate. The absorbance of the carbaryl is measured
at 5.75 um with an I, measured at 5.3 pm. This
change eliminates the error caused by extraneous
materials which affect the absorbance at 6.1 uym
and therefore the baseline from 5.3 to 6.1 pm.

Some specialized sample handling techniques
are specified to simplify the analysis. The sample
is added to a measured amount of solvent in a
flask. This prevents the sample from adhering to
the glass walls of the flask. The sample is weighed
and transferred to the extraction flask with a
special hypodermic syringe to facilitate handling
of a viscous slurry.

To test the applicability of this modified extrac-
tion technique a limited collaborative study has
been performed. Samples and analytical grade
carbary] were sent to 11 laboratories for analysis
and 9 collaborators submitted results.

METHOD

The changes given below incorporate the modi-
fications necessary to make the official first action
infrared method for carbaryl applicable to liquid
formulations.

Heading, change caution to read: “(Caution: See
46.018, 46.040, 46.041, and 46.056.).”

6.206

(b)(1) Line 3, after “Corp.”’ add “PO Box 1906,
Salinas, CA 93901.”

(b)(3) 2.5 mg/ml.—Transfer 0.2540.01 g car-
baryl, weighed to nearest 0.1 mg, to 250 ml g-s
erlenmeyer. Pipet 100 ml CHCl; into flask, stopper,
and swirl to dissolve.

(c) Shaking machine.— Wrist-action shaker (Bur-
rell Corp., 2223 Fifth Ave., Pittsburgh, PA 15219,
or equiv.).

(d) Hypodermic syringe—1 ml, glass barrel with
rubber-tipped plastic plunger (1 ml B-D Glaspak
Tuberculin Discardit syringe. supplied by Becton,
Dickinson, and Co., Rutherford, NJ 07070, is suit-
able). Disposable syringe may be used repeatedly.
Wash with H20 and acetone or MeOH, air-dry, and

Apparatus and Reagents
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Jubricate rubber plunger tip with silicone stopcock
greusc.

6.207 Extraction

(c) Liguid suspensions.—Following steps must be
performed in order described as any deviation can
cause erroneous results due to faulty sample transfer
and incomplete extn: Place ca 20 g Na.SO, in 250
ml g-s erlenmeyer. Pipet 100 ml CHCI; into flask.
Vigorously shake sample bottle. Draw appropriate
vol. sample into hypodermic syringe without needle.
Use ca 0.5 ml sample for carbaryl 4 Ib/gal. and ca
1.0 ml for carbaryl 2 1b/gal. Wipe outside of syringe
with paper towel and weigh syringe and contents to
nearest 0.1 mg. Add sample to erlenmeyer by slowly
depressing syringe plunger. Do not allow syringe or
sample to touch sides of flask. Sample must drop
into CHCls. Reweigh syringe and calc. sample wt by
difference. Stopper flask and shake vigorously 30
min on mech. shaker.

6.208
(a) and (b): Change calculations to read as follows:

Calc. % carbaryl by wt: (AXB'XP)/(A’'XB),
where P = %, purity of carbaryl.

(c) For liguid suspensions.—Transfer sample soln
to NaCl cell and scan. If Perkin-Elmer Model 21
spectrophtr is used, set instrument as follows: cell,
0.5 mm compensated with CHCl;; range, 5.2 to 6.0
pm; resolution, 960 (program); speed, 2; gain, ad-
justed (ca 5). Repeat scan with std soln 6.206(b)(3).
Measure A of carbaryl peak at 5.75 pm, using 4 at
5.3 as 0 point.

Calc. % carbaryl as in (a).

Determination .
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Results and Recommendation

Table 1 presents the results of the repetitive
analysis of 3 carbaryl formulations. The samples
were analyzed in duplicate on successive days by
the infrared method, using the modified extrac-
tion procedure. Each sample was analyzed in
duplicate by the saponification-evolution method
(3). The colorimetric method was also used to
analyze each sample once (4). The maximum de-
viation from the mean between duplicates in the
infrared method was £0.3%, at the 509, level and
+0.2% at the 25%, level. The maximum devia-
tion from the mean between assays on successive
days was 0.4 and £0.2%, respectively. These
deviations are the same as those found in the
original collaborative study of the infrared meth-
od (1). The results of the colorimetric and saponi-
fication-evolution methods are included for com-
parison because it was not possible to obtain
liquid suspension formulations whose carbaryl
content was known exactly. The maximum devia-
tion from the mean between methods is £0.3%,
at both the 50 and the 259, levels.

Table 2 presents the collaborative results, using
the modified extraction procedure for the analysis
of SEVIMOL~4 carbaryl insecticide.

Each collaborator was sent a sample of the
same batch of a commercial SEVIMOL4 car-
baryl insecticide formulation and a sample of car-
baryl, analytical grade. Each collaborator was
asked to analyze the sample in duplicate and
report both results.

Preliminary results and questions by the col-
laborators indicated that the procedure in the

Table 1. Repetitive analysis of carbaryl insecticide
formulations by 3 methods
Table 2. Results of the callaborative analysis of
Carbaryl, % by wt SEVIMOL-4, using the modified extraction procedure
Saponifi- Carbaryl, % by wt
AOAC Colori- cation-
Sample intrared metric evolution Coll. 1 2 Mean Range
Carbaryl, 24.840.2 247 25.2x0.0 1 4174 41.46 41:60 0.28
2 Ibjgal. 25.140.0 2 42.25 41.95 42.10 0.30°
20.920.1 3 .20 41.50 .3 0.3
4 41.93 41.08 41.51 0.85
Av. 24.9+0.2 5 43.35 43.90 43.63 0.55
6 42.40 42.20 42.30 0.20
Carbaryi, 46.50.3 46.8 47.240.1 7 42.60 42.40 42.50 0.20°
4 1b/gal. 47.30.3 8 40.70 40.40 40.55 0.30
Av. 46.90.4 9 40.64 40.81 40.73 0.17
Mean of all laboratories = 41.81
SEVIMOL-4 42.6+0.1 431 &2.520.1  giq dey. = 40.95
42.740.1 Coeff. of var, = £2.27
Av. 42.6+0.1 ° Deviated from the recommended sample transter

tech

ique.
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method did not adequately describe the sample
transfer. This part of the method was rewritten
and each collaborator was asked to repeat the
analysis, following the rewritten sample transfer
procedure. Seven of the 9 collaborators complied
with this request. The other 2 used their own
sample transfer procedures.

The standard deviation found in this study was
+0.95% at the 409, level. The coefficient of vari-

ation was £2.27%,. These are approximately the

values expected of an infrared method of analysis.

The following comments were made by collabo-
rators. Collaborator 2 recommended that the
method emphasize that vigorous shaking was
necessary. This has been done. Collaborators 6
and 7 did not think that a syringe was necessary
for sample transfer.

It is recommended that the modified extraction
procedure for liquid suspension formulations be
included in the official first action infrared meth-
od, 6.206-6.208.
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Collaborative Study of the Nonaqueous Copper Colorimetric and
Silver Titrimetric Methods for the Determination of Malathion in
Technical Grade Malathion and in Malathion Formulation

RICHARD S. WAYNE

American Cyanamid Co., P.0. Boz 400, Princeton, N.J. 08640

The nonaqueous copper colorimetric and
the silver titrimetric methods for the determi-
nation of malathion were studied collabora-
tively. The study invelved wettable powders,
emulsifiable concentrates, dusts, and the tech-
nical grade product. The mean of all of the
results indicates that both procedures will give
comparable values for each sample type used
in the study. Agreement between replicates in
individual laboratories was excellent. Agree-
ment between laboratories was satisfactory;
cocflicients of variation ranged from 1.3 to
4.8% for the samples studied. The 2 methods
offer improved reliability and ease of operation
when compared to the official first action
colorimetric method, 6.265-6.269. The methods
have been adopted as official first action.

One of the important factors in maintaining the
continued success and acceptance of malathion
for use in the world health area is the availability
of reasonably agcurate methods of analysis that
can be implemented with instrumentation that is
generally available in laboratories throughout the
world. Two new methods, nonaqueous copper
colorimetry (1) and silver titrimetry (2), for the
analysis of technical malathion and malathion
formulations were presented last fall at the Joint
AQOAC-NACA-CIPAC Symposium. In both
cases, the methods eliminated the partitioning
step and the critical timing requirements called
for in the official first action colorimetric method,
6.265-6.269 (3-6). They employ instrumentation
commonly available in most laboratories and are
reasonably accurate when compared to results
obtained by high precision gas-liquid chroma-
tography.

Collni)ora;tive Study

The nonagueous copper colorimetric and silver
titrimetric methods were studied by 15 collabo-
rators. Each collaborator received a sample of
technical grade malathion, 2 wettable powders
(WP), an emulsifiable concentrate (EC), and a
dust.

Two standards, a cryoscopically analyzed mala-
thion (99.3%) and a standard potassium 0,0-di-
methyl phosphorodithioate (99.0%), were pro-
vided, as well as the 8%, copper naphthenate
color reagent. Each collaborator was requested to
provide all of the raw results on prepared data
sheets. Provision was made for comments and for
a description of the instrument used in the
analysis. Replicate results were requested on 2
separate weighings for each of the samples and
the standard.

Results

All of the results reported are presented in
Tables 1 and 2. The distribution of results is
shown in Fig. 1. The comparative precision ob-
tained within each laboratory for each sample
type is shown in Table 3. The results from Col-
laborator 14 were omitted from the calculations
for the colorimetric method because of excessive
water contamination in the solvents used in the
analysis and the resulting lack of accuracy. Re-
sults from Collaborator 3 for the technical
material and Collaborator 5 for the 509, wettable
powder were omitted from the calculations for the
silver titrimetric method; in each case the dewia-
tion between replicates was considered excessive
when compared to the deviation between repli-
cates obtained by the other laboratories. The co-
efficients of variation ranged from 0.71 to 1.99%,
for the colorimetric method and from 0.50 to
1.8% for the silver method. As expected, the
silver titrimetric method showed a better level of
precision than the colorimetric method. As a
general rule, volumetric procedures are more
precise than spectrophotometric methods because
of the poorer precision of the instrumentation

" involved in the latter type.

The estimates of variance for each sample type
are presented in Table 4. These estimates are
composed of contributions from within-labora-
tories replication and from the degree of agree-
ment between laboratories. The coefficients of
variation ranged from 2.11 to 4.8% and 1.34 to



580 JOURNAL OF THE 40Ac (Vol. 56, No. 3, 1973)

Table 1. Collaborative results for the determination Table 2. Collaborative results for the determination
of malathion (%) by the nonaqueous copper of malathion (%) by the silver titrimetric method®

colorimetric method®
51% 50% 285% 4%

51% 0% . 5% 4% Coll)  Tech. EC WP WP  Dust
Colt.b Tech. EC wpP WP Dust
1 94.88  60.6] 50.33 25.28 3.85
1 94.83  63.43  50.74 25.05 4.15 95.36 50.77 49.98 24.47  3.85
9.60 6331  50.11 2384 4.19 Av. 95.12  60.19 50.16  24.87
Av. 9472 §3.37 5043 24.44 417 ; o5 o2 sy oky  ad
2 93.85  59.34 49.31  25.00 4.01 94:2 57:4 54:3 24:5 4:05
9.5  58.47 4959 24.65 404 Av. 939 5.3 5415 25.05 4.0
Av. 94.22 58.91 49.45 24.83 4.03 .
3 8.5 5.1 481 240 411
3 90.67 58.11  44.78 21.87 3.7 23 6.4 488 243 385
9.67 56.25  45.14 23.16 3.7 —— = = = =
i L o e Av. 9.9 . 5 u .98
Av. %6 B % 2.5 3.7 v AR e 3
b 92.55 5521  49.74 2475  3.% e 9495 MM S0AL DAY 4
9.41 576  48.98 24.89  3.66 S Da aw
Av. 93.48 56.49  49.3 24.82 3.81 ' .13
ac 95.50 59.14  49.53 24.3%  4.05 Av. 9295 58.90 50.35 25.13 4.07
95.62 50.62  49.77 24.96  4.02
- = = 3 X b 93.3  58.70 50.09 24.92 4.05
Av. 95.56 50.38  49.65 24.65 4.04 W0 Ss m7s 493 404
6 95.06 55.84  49.50 24.42 3.9 Av. 93.65 58.62 49.94 24.93 4.05
- 56.70 49,02 23.85 3.78
e S = = = 4c 94.7 5021 49.93 2513 3.9
Av. 95,06 56.27 49.28 24.14 3.87 08 76 S0a0 gl ¥l
7 ::gg gg:z :g;ﬁ g:;g ::i Av 94.25 58.99 50.02 ‘25.07 3.9
- T ma B 25 iw 5 98.61 5.92 53.18 2612 3.93
\ wa 5% en e 97.98 5822 41.95 2579 3.9
. : . - . A 3 ; .57 25. ;
9351 58.21  49.08 24.32  3.90 v .30 e7.57  S0.57° 29.% 3.9
Av. 93.71  58.08 49,11  24.3  3.91 7 95.63 68.15 50.81 25.7% 4.11
9 97.06  59.37 50.20 24.76  4.16 st R
95.20 58.20  49.% 2489 4.1 Av 95.98 59.6/ ‘50.79 25.69 4.1
Av. 9%.16 58.79 4978 24.83 4.1 8 93.85 58.04 50.09 25.10 4.07
95.00 59.00 49.94 25.28  4.06
10 %.7  50.5 0.6 252 4.2
9%.8  60.6 504 252 4.2 — . .60 208 408
. %7 Gn e = iz Av. 94.46 58.53 49.88- 25.15  4.07
1 92.88 58.94  48.93 24.65 3.93 9 9.19 58.37 48.59 24.17 3.9
93.65 58.43  49.44 24.50 3.92 9%.83 58.49 50.16 24.33 3.9
Av. 93,27  58.69 9.19 24.58 3.9 Av. 9.51 58.43 49.88 24.28 3.92
v 90.80 55.90  44.89 24.92 4.53 10 9.0 60.5 516 254 4.0
89.04 5527 48.01 23.67 4.3 94.9 60.5 5.3 254 3.8
Av. 89.92 55.59  46.45 28.30 4.42 Av. 94.45 60.5 5145 25.4 3.9
B ’;;;‘; :g;g :; gg ggg‘; g;z 1 95.47 60.16 49.94 2472 3.84
NP 3638 M3y 2381 580 95.49 60.08 49.18 24.61 3.94
Av. .43 56.54 4.5 2391 3.78 Av. 95.48 60.12 49.5 24.65 3.89
c
Y mm s ey ew dw M BT s w4 ms e
Av. 97.49 §7.10 176.44 36.33 3.55 Av. 94—'0- 51 5.2, 7435  3.03
15 94.61 59.19  48.82 25.12 4.04
95.05 58.81 49.32 25.25 4.01 15 95.46 57.77 49.34 24.92 3.93
Av. 9483 59.00 49.07 25.19 4.03 94.99  58.59 8.2 25.07 4.01
Av. 95.23 58.18 49.29 25.00 3.97
Overall av.
(except Overall av.d 95,10 58.63 50.32 24,98 3.99

Coll. 14) 93.86  58.13 48.8¢ 24,44  4.00
a FC =emulsifiable concentrate, WP =wettabie pow-
¢ EC=emulsifiable concentrate, WP=wettabie powder. der.
? Results not reported by Collaborators 4 (42 set) b Results not reported by Collaborators 6, 12, and 13.
and 5. ¢ Results not included in overall average.

¢ Results not included in overall average. 4 Except values with footnote
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FIG. 1—Distribution of collaborative resuits for the determination of ion by the q P colori-

metric and silver titrimetric metheds.

Table 3. Statistical analysis of the collaborative
replicate results

Table 4. Statistical analysis of the collaborative
results obtained between jaboratories

% 0% 25% 4%

51% 50% 25% 4%

Statistic Tech. EC WP WP Dust Statistic Tech. EC WP WP Dust
Copper Colorimetric Method Copper Colorimetric Method

Std dev. 0.67 0.74 0.68 0.45 0.079 Std dev. 2.0 2.01 1.53 0.66 0.19

Coeff. of var. 0.71 127 1.39 1.8¢ 199 Coeff. of var. 211 3.45 312 2.72 4.8

No. of collaborators 13 4 14 14 14
No. of replicates 26 28 28 28 28

Silver Titrimetric Method

Std dev. 0.48° 0.49 0.28° 0.20 0.071
Coeff. of var. 0.50 0.8¢ 0.55 0.81 1.8
No. of collaborators 13 14 13 14 14
No. of replicates 26 29 28 3l 29

° All cotlaborators except No. 14.

b All collaborators except No. 3 (results of No. 3=5.9X
std dev.).

¢ All collaborators except No. 5 (results of No. 5=18.8 X
std dev.).

2.58%, for the copper and silver methods, respec-
tively. The total frequency distributions of re-
sults for the colorimetric and silver methods are
shown in Fig. 2. All of the sample types used in
the study have been normalized as percentages
of the obtained average. The respective coeffi-
cients of variation for these distributions are 3.36
and 2.05%.

In order to estimate the variance associated
with comparisons between laboratories, the con-

No. of collaborators 14 14 14 14 14

Silver Titrimetric Method

Std dev. 1.28 1.1 1.30 0.51
Coetff. of var. 1.34 2.03 2.58 2.05
No. of collaborators 13 14 13 14 1

tribution of the variance associated with the
replicates within laboratories must be removed.
The variance contribution to the study as a
result of comparisons between laboratories is
presented in Table 5. The combined coefficient of
variation for the silver method is +1.9%, com-
pared to =£3.1% for the colorimetric procedure.
If the contribution of the 4% dust is eliminated,
the combined coefficient of variation is £2.6%,.
It would appear that the colorimetric method is
more difficult to perform than the silver method
in the case of the 4%, dust. However, the sig-
nificance of +0.2% in the absolute value in this
case is a relatively minor consideration.
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FIG. 2—Distribution of collaborative results tor the determination of malathion by the nonaquecus copper colori-
metric (left) and silver titrimetric (right) methods (all data normalized).

Table 5. Variance contribution to the collaborative

results between laboratories

57% 50% 25% 4%
Coeff. of var.® Tech. EC WP WP Dust
Copper Colorimetric Method
¥b 2.11 3.45 3,12 2.72 4.80
yw 3 . 0.71 1.27 1.39 1.84 1.9
e —(%’-+$) 3.65 1054 8.2 5.15 20.51
w w,s?
vb’—(:’?+"—2) 1.91 3.24 2.87 2.27 4.53
Silver Titrimetric Method
Yb 1.3¢ 2.03 2.58 2.05 2.06
yw 0.50 0.84 0.55 0.81 1.8
; W
b —T 1.67 3.77 6.51 3.87 2.62
.\]vb’—% 1.29 1.94 2.5 1.97 162
¢ yb—between laboratories (Table 4), yw—within

laboratory (Table 3), and yw,s—within laboratory co-
efficient of variance of standards (1.05).

1t should be recognized that an additional vari-
able is introduced into the colorimetric method
because the standard variance is of the same
magnitude as the sample. The silver method relies
on a standard whose value can be obtained with a
great deal of precision because of the volumetric
technique involved.

Examination of the frequency distribution for
each sample type used in the study, as repre-
sented by Fig. 1, indicates that some laboratories
have obtained results that are introducing a
marked skewness into the-overall data. These are
represented by the shaded portions in Fig. 1. The
statistical analysis of selected data and the
results omitted from the calculations are
summarized in Table 6. The mean of all of the
results indicates that both procedures will give
comparatively the same values for each sample
type used in the study. Good agreement is also
obtained when compared to results obtained in
this laboratory by gas-liquid chromatography, as
seen in Table 7.

The overall distribution for the selected data
in the nonaqueous copper procedure is repre-
sented by Fig. 3. The coefficient of variation for
this distribution is £2.84%, and =£1.45% if the
4%, dust as a sample type is not taken into ac-
count. The overall coefficient of variation for the
silver titrimetric method is £1.85% (Table 6)
for the sclected data. The comparative distribu-
tions are shown in Fig. 4.

If one examines the data (5) on which the offi-
cial first action recommendation for the colori-
metric method was based, one finds that the non-
aqueous copper and silver titrimetric methods
perform equally as well as the aqueous copper
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Table 6. Statistical analysis of selected collaborative

results obtained between laboratories

5% 50% 25% 4%
Tech. EC WP WP Dust

Statistic

Copper Colorimetric Method

Coll. omitted® (3,12) 1 3,12 (3)

Av. 94.46 57.72 49.36 24.58 4.00

No. of collaborators 12 13 12 13 14

Std dev. 1.55 1.44 0.93 0.41 0.19

Coeff. of var. 1.64 2.49 1.88 1.67 4.80
Silver Titrimetric Method

Coll. omitted® (2)

Av. 95.10 S58.63 50.00 24.98 3.99

No. of coilaborators 13 14 12 JURS U]

Std dev. 1.28 1.19 0.81 0.51 0.08

Coeft. of var. 1.3 2.03 1.63 2.05 2.06

¢ Omitted on basis of the Dixon test at >95% con-
fidence leve! (7).

AOAC method. The overall coefficient of varia-
tion for the AOAC collaborative study (5) was
estimated to be 2.09%,, which compares favor-
ably to the values of £1.76 and £1.82%, found
in the present study for the nonaqueous copper
and silver titrimetric methods, respectively.

The standard malathion and the standard po-
tassium 0,0-dimethyl phosphorodithioate pro-
vided in this collaborative study were analyzed
by one collaborator, using the derivative mode
silver titrimetric procedure. The results con-
firmed the given values provided for the study.
Similarly, the comparative results for both stan-
dards by the colorimetric method indicated that
they were equivalent.

Comments from Collaborators

Some collaborators indicated that the non-
aqueous copper colorimetric method was tedious
and required a large amount of glassware. The
availability of anhydrous solvents was also indi-
cated as a problem. The addition of a surfactant
(2% dodecylbenzenesulfonate) to the ethanolic
1N NaOH was suggested for the copper method
in order to reduce the gelatinous character of the
precipitate when ethyl acetate is added. In one
case, the official first action AOAC colorimetric
method was preferred. Others indicated that
the nonaqueous copper colorimetric method was
simpler to perform than the silver titrimetric pro-
cedure. One collaborator experienced difficulty

This report of the A Referee was p: d at the
Annual Meeting of the AOAC, Oct. 9-12, 1872, at Washington,
D.C.
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Table 7. Comparison of the average results from the
collaborative study with results from

gas-liquid chromatography

5% 50%
Tech. EC WP

%% 4%

Method WP Dust

94.46 57.72 49.38 24.58 4.00
95.10 58.63 50.00 24.98 3.9

Copper colorimetric
Silver titrimetric
Gas-liquid

chromatography 94.3 56.9 50.1 24.8 4.1

with the derivative end point as well as the titra-
tion to a specific millivoltage. The use of a cellu-
lose column specified in the silver titrimetric
method also appeared to be tedious.

Discussion

In the nonaqueous copper colorimetric method
some water can be tolerated in the solvents used
for the analysis. Excessive water, however, will
result in turbid solutions, especially at the reading
step. This condition is easily recognized and can
be corrected. As a general rule, a nonpolar solvent
should be used for the initial extraction or dilu-
tion of malathion in which case the source of con-
tamination can only arise from ethyl acetate,
ethanol (absolute alcohol denatured), or the so-
dium hydroxide used in the analysis. If aceto-
nitrile is used, it should be treated as outlined in
the previous study (5). The use of & surfactant in
the base treatment step does eliminate the gelati-

.nous character of the precipitate on subsequent

addition of the ethyl acetate. It also eliminates
the small floc of sodium acetate appearing on the
surface of the solution after centrifuging. This is
of particular concern in that lower results will
occur if care is not taken and some of the floc is
transferred into the reading step during pipetting.
The improvement looks promising and probably
will be included as soon as the overall effects can
be determined. :
The silver titrimetric procedure employs a
working end point at a specific millivoltage in the
range where the electromotive force is changing
at a fast rate. In order to obtain reasonably stable
readings and to avoid a positive bias, the titration
must be conducted at a rate no faster than that
prescribed (2). The readings will show some in-
stability, as they generally do with precipitation
titrations in the region of the end point. The
derivative mode technigue requires a fairly good
sutomatic titrimeter; recent changes in design,
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FIG. 3—Distribution of selected collaborative results
from the sliver titrimetric method (all data normalized).

particularly in the incorporation of high-imped-
ence input stages, have improved the quality of
the results obtainable.

The treatment of the technical product with
the cellulose column eliminates the interference
from any free 0,0-dimethyl phosphorodithioic
acid. In the case of the concentrate, it is used
primarily to remove the surfactant present in the
concentrate which results in a poorly defined end
point if it is present in the titration step. The use
of the cellulose column is of less importance in the
case of the powders and dusts, since most of
the interferences are retained on the excipients
during the extraction with a nonpolar solvent.

The inherent weakness in the first action AOAC
method (5) is the rapid fade rate of the colored
complex in the aqueous phase during the parti-
tioning step; a 15 sec delay results in a 4%, loss
of chromophore and a 2 min delay results in a
40% loss of chromophore. Temperature was also
found to be a key factor. In addition, the stability
of the colored complex in the cyclohexane is rela-
tively poor because of the presence of strong acids
in the system. All of these factors can be compen-
sated for by exact timing, temperature control,
and reproducible shaking technigues, as demon-
strated by the collaborative study (5). However,
general experience over the years has shown that
the AOAC method is difficult (8) to implement
properly in many laboratories, resulting in poor
accuracy and precision, particularly when the
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FIG. 4—Comparison of calculated curves for the non-
aqueous copper colorimetric and silver titrimetric
methods (normai distribution assumed).

assay is conducted relatively infrequently or by
inexperienced operators. In the case of the 2
methods used in the present collaborative study,
no inherent weakness in ‘methodology has been
demonstrated. There is every reason to expect
that these procedures will withstand the test of
time.

1t should be recognized that this study was
conducted with a high quality commercial prod-
uct. Some preliminary work has already been
completed and reported (1, 2) on the value and
validity of these methods applied to malathion-
containing products which were of considerably
lower quality. However, the applicability of these
methods as well as alternative methods of analy-
ses as applied to all sample types of malathion
produced throughout the world has yet to be
determined.

Conciusion and Recommendation

A collaborative study of the nonaqueous copper
colorimetric and silver titrimetric methods for the
determination of malathion in technical grade
malathion and malathion formulations has been
satisfactorily completed. The study involved an
examination by 15 collaborators of wettable pow-
ders, an emulsifiable concentrate, a dust, and a
technical grade product. Statistical analysis indi-
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cates that both procedures yield data essentially
equivalent in quality to those obtained by the
aqueous copper colorimetric method reported in
the collaborative study which resulted in adop-
tion of that method as official first action by the
AQAC. Practical experience indicates that the
exacting requirements called for in the AQAC
method are difficult to implement properly in
many laboratories, frequently resulting in poor
accuracy and precision. In contrast, the 2 new
methods do not have this inherent weakness in
methodology. They offer improved reliability and
have considerably more relaxed ‘requirements
than called for in the AOAC method. The meth-
ods are reasonably accurate and are only sur-
passed by some methods employing high precision
gas-liquid chromatography.

It is recommended that the nonaqueous copper
and silver titrimetric methods be adopted as
official first action.
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Collaborative Study of a Gas-Liquid Chromatographic
Method for the Analysis of Ametryne, Prometone, and Terbutryn’

ARTHUR H. HOFBERG and ROBERT T. MURPHY
Agricultural Division, Cibe-Geigy Corp., Ardsley, N.Y. 10502

A gas chromatographic mcthod for the de-
termination of amectryne and terbutryn in
wettable powder formulations containing
about 80% active ingredient and prometone in
liquid formulations containing about 25% ac-
tive ingredient was collaboratively studied,
using a matched pair scheme. The ametryne
was extracted from the powder with chloro-
form containing dicldrin as an intcrnal stan-
dard and chromatographed on Carbowax 20M,
using a flamc jonization detector; the same
method was used for terbutryn. The sample
containing promctone was dissolved in chloro-
form containing dicldrin
graphed in the same manner. Two samples of
cach pesticide were analyzed, using peak
hecight measurements, with the following re-
sults: ametryne (14 collaborators)—1.63% over-
all coeflicicnt of variation, 0.68% cocflicient of
variation for the random error, and 1.05% sys-
tematic crror; prometonc (15 collaborators)—
2.27, 1.47, and 1.21%; and terbutryn (15 col-
laborators)—0.95, 0.51, and 0.56%, rcspectively.
The method has been adopted as official first
action.

and chromato-

Gas-liquid chromatographic (GLC) procedures
involving extraction of pesticide from formulated
- products with a solvent containing an internal
standard, followed by peak height measurement,
were previously collaboratively studied with atra-
zine and prometryne (1, 2). The methods were
adopted as official first action in 1970 (3) and as
official final action in 1971 (4). The purpose of the
present study was to determine whether the GLC
procedure used for these compounds could be
applied to formulations containing ametryne
(2-(ethylamino) -4-(isopropylamino) -6 - (methyl-
thio)-s-triazine), prometone (2,4-bis(isopropyl-
amino)-6-(mcthoxy)-s-triazine), and terbutryn
(2-(tert.-butylamino)-4- (ethylamino) -6- (methyl-
thio)-s-triazine).
The collaborative test for closely matched pairs
described by Youden (5) was followed. Each col-

VIn current nomenclature, ametryne, prometone, and pro-
metryne should be ametryn, prometon, and prometryn.

laborator was sent the technical herbicide to be
used as the standard, technical dieldrin for use as
an internal standard, a formulation (sample 1),
and a 4.989%, dilution of sample 1 with inert in-
gredients (sample 2). The 3 samples 1 were as
follows: a wettable powder formulation contain-
ing about 80% ametryne, a liquid formulation
containing about 25%, prometone, and a wettable
powder formulation containing about 809 ter-
butryn. The pesticides in the wettable powder
formulations were extracted from the powder with
chloroform containing dieldrin as an internal
standard, while the liquid formulation was diluted
with the same solvent. The extracted pesticides
were detected by flame ionization GLC, using a
column containing 3% Carbowasx 20M on 80-100
mesh Gas-Chrom Q. Comparison of pesk height
ratios (pesticide to dieldrin) of the unknown sam-
ples with the corresponding peak height ratio of a
standard solution containing known amounts of
pesticide and dieldrin was used for quantitative
measurement. The sepa.rétion of ametryne, pro-
metone, and terbutryn from dieldrin is shown in
Fig. 1.

For uniformity and convenience, the method
for the 3 herbicides studied has been combined
with the official final action methods for atrazine,
Diazinon, and prometryne. The combined meth-
od is given below.

METHOD
Steandard Solwtions
(Caulion: Sce 46.041.) .

(a) Dieldrin inlernal std soln.—Weigh 2.02-0.02
g tech. dieldrin and dissolve in ca 200 ml CHCls.
Dil. to 250 m] with CHCl; and mix well. Std should
be >90% pure and contain no impurities eluting at
retention time of pesticide being detd.

(b) Aldrin internal std soln.—(For Diazinon®.)
Weigh 4.040.1 g tech. aldrin into 600 ml beaker.
Slurry with 400 ml acetone to dissolve and filter
thru paper into 1 L vol. flask, washing with several
100 ml portions acetone. Dil. to vol. and mix well.
Std should be >90% pure and contain no impuri-
ties eluting at retention time of Diazinon.

(c) Pesticide std soin.—Accurately weigh 125 mg
tech. pesticide of known purity (Ciba-Geigy Corp.,

6.C05
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FIG. 1—Gas chromatograms of ametryne, prometone, and terbutryn, with dieldrin as internal standard.

Ardsley, NY 10502) into 2 oz round bottle with Al-
lined screw cap. Pipet in 25 ml dieldrin internal std
soln, (a), and shake mech. 30 min. For Diazinon, use
125 mg std, 4 oz bottle, and 50 mi aldrin internal
std soln, (b), and shake well.

6.C06

Accurately weigh ca 150 mg of 80% wettable
power of ametryn, atrazine, prometryn, or ter-
butryn, or 500 mg prometon lig. formulation into
2 oz round bottle with Al-lined screw cap. Pipet in
25 ml dieldrin internal std soln and shake mech. 30
min. Let insol. materials settle or centrf. portion of
ext to obtain clear soln.

For Diazinon, accurately ‘weigh sample contg ca
110 mg into 4 oz Al-lined screw-cap bottle. Pipet in
50 ml aldrin internal std soln, cap, and shake.

Preparation of Sample

6.C07

For pesticides except Diazinon, use instrument
equipped with flame ijonization detector and
6’ X 0.25" (od) (1.8 m X 4 mm (id)) glass column
packed with 3% Carbowax 20M (Applied Science
Laboratories, Inc.) on 80-100 mesh Gas-Chrom Q.

Gas Chromatography

(For Diazinon, use 10 % silicone DC-200.) Condition”

24 hr at 240° with N or He at ca 40 ml/min. Column
should have >2000 theoretical plates (sec 6.C11).
Operate at following conditions: inlet 240°; col-
umn: Diazinon 190:£10° atrazine and prometryn
200+£10°, prometon and terbutryn 20020°
ametryn 21515°; detector 204°; N or He carrier

gas 80-100 ml/min; air and H 80-100 ml/min; at-
tenuation varied so that peak hts of pesticide and
internal std are 60-80 %, full scale. Retention times:
prometon 3-5 min, Diazinon 5-6, atrazine 5-7,
prometryn 6-8, terbutryn 8-10, ametryn 8-12,
dieldrin 9-15, aldrin 10-12. (Ametryn and dieldrin
peaks must be resolved. Prep. new column if varia-
tion of flow rate or temp. does not resolve peaks.
Resolution may be improved by increasing column
temp.)

Determination

6.C08

Inject 3 ul aliquots std soln until peak ht ratio of
pesticide:internal std varies <19 for successive
injections. Then make duplicate injections of sam-
ple followed by duplicate injections of std. Peak ht
ratios of stds must be within 1% of first accepted
std values or repeat series of injections. Repeat for
addnl samples.

Calculations

6.C09

Cale. peak ht ratios for both duplicate std injec-
tions preceding and following sample. Average the
4 values (R'). Calc. and average peak ht ratios of
the 2 samples (R).

% Pesticide = (R/W) X (W' X P/R'), where W
and W' = mg sample and std, resp.; and P = 9,
purity of std.

This report of the Associate Referee, A. II. Hofberg, was
prescnted at the 86th Annual Mecting of the AOAC, Oct. 9-12,
1072, st Washington, D.C.
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Results and Discussion

Collaborators were requested to perform only
one determination on each sample, as described
in the method. Two of the 18 responding collabo-
rators had chromatographic difficulties and their
results were rejected. Data from the remaining 16
collaborators were used in the study.

The raw data and scans returned by the col-
laborators were rechecked. We agreed in every

case with the peak height measurcments reported .

by the collaborators, but recalculation with a
desk computer showed that the results reported
by collaborators deviated more than 0.3%, from
the calculated values as follows: ametryne—4 col-
laborators, prometone—2, and terbutryn—6. The
rechecked data were used for statistical evalua-
tion, since the differences were caused by devia-
tions from the requested calculation procedure,
use of too few decimal places, or minor mathe-
madtical errors.

Ametryne

Table 1 shows the results for the matched pair
study for the 16 collaborators. The results from
Collaborators 5 and 41 are out of line for un-
known reasons and were rejected after application
of the Dixon test (6). Recalculation of the data
after rejection of the results from Collaborator 41
reduced the overall standard deviation from 2.08
to 1.33, while the standard deviation for random
error was not significantly changed (from 0.73 to
0.72). The standard deviation of the systematic
error, S, was reduced from 1.38 to 0.79. Rejection
of the results from both Collaborators 5 and 41
showed no further significant reduction in the
overall standard deviation (from 1.33 to 1.28).
However, the random error, S,, was reduced from
0.72 to 0.53. No significant change in the sys-
tematic error, S,, was found (from 0.79 to 0.82).
Average values after rejection of these outlying
results were 78.394£0.69%, for sample 1 and
74.394+0.67%, for sample 2.

An indication of the accuracy of the method
may be obtained by comparing the average values
reported for the pairs by the collaborators with
results obtained by different internal procedures
used by Ciba-Geigy for the analysis of ametryne
samples. Results of 78.719, were obtained for
sample 1 and 74.10%, for sample 2 with a differ-
ence of 4.61%, vs. the 3.99%, obtained by the
collaborators. Based on the 4.98%, dilution of
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Tabie 1. Collaborative results for determination
of ametryne (%) in matched pair sampies
Sampie Sample
Coll. 1 2 Dit. Total
3 78.17 74.60 3.57 152.77
4 78.35 73.55 4.30 151.90
5¢ (78.45) (71.6%) (6.80) (150.10)
6 78.50 74.06 4.44 152.56
23 78.98 74.89 4.08 153.87
24 80.29 76.80 3.39 157.19
28 78.71 74.50 4.21 153.21
30 76.94 74.54 2.40 151.48
37 78.63 74.60 4.03 153.23
38 78.85 73.44 5.41 152.29
39 76.78 73.67 RS 150.45
40 78.50 74.47 4.03 152.97
41 (74.35) (68.39) (5.36) (143.34)
44 77.42 72.87 4.55 150.29
48 77.86 nn 4.15 151.57
51 79.45 75.71 .74 155.16
Av. 78.14 73.88 4.26 152.02
Sa 1.34 2.3 2.08
S 0.73
Sy 1.38
Av. excluding
Coll. 41 78.3% 74.21 4.18 152.60
Sq 0.9%0 121 ' 1.33
S, 0.72
Sp 0.79
Av. excluding
Colls.5and 41  78.39 74.39 3.9 152.78
Sa 0.94 1.02 1.28
S 0.53
Sy 0.82

% Rejection with 95% significance level for Dixon test.
b Rejection with 99%, significance leve! for Dixon test.

sample 1, a difference of 3.92%, was expected
between the samples.

Prometone

Table 2 shows the results for the matched pair
study for the 16 collaborators. The results from
Collaborator 48 are out of line for unknown rea-
sons and were rejected after application of the
Dixon test (6). There is no change in the overall
standard deviation of 0.62 with this rejection,
but the value for S, is reduced from 0.65 to 0.40.
No evidence of systematic error, S, was initially
found, while a value of 0.33 was obtained after
rejection of the results of Collaborator 48. Aver-
age values after rejection of this outlying result
were 27.26+0.53%, for sample 1 and 25.63%
0.32% for sample 2.

The average valués reported for the pairs by
the collaborators were compared with results ob-
tained by different internal procedures used by
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Tabie 2. Collaborative results for determination Table 3. Collaborative resuits for determination
of prometone (%) in matched pair samples of terbutryn (%) in matched pair samples
Sample Sample Sample Sampie
Coll. 1 2 Ditt Total Coll. 1 2 Dift., Total
3 27.88 26.18 1.70 54.06 3 79.42 75.63 .19 155.05
4 26.78 25.51 1.27 52.29 4 79.51 75.48 4.03 154.99
5 26.60 25.25 1.35 51.85 5 80.40 76.65 3.5 157.05
6 26.85 25.35 1.50 52.20 6 80.25 7.10 3.15 157.35
23 27.06 25.69 1.37 52.75 23 79.94 75.67 4.27 155.61
24 27.84 25.10 2.74 52.94 24 79.90 76.32 3.58 156.22
28 2.2 26.03 1.24 53.30 28 80.41 76.24 4.17 156.65
30 28.24 25.57 2.67 53.81 30¢ (77.48) (73.44) (4.04) (150.82)
37 21.21 25.26 1.95 52.47 37 80.13 76.61 .52 156.74
38 26.86 25.92 0.94 52.78 38 79.99 76.51 3.48 156.50
39 26.25 25.18 1.06 51.44 39 79.12 76.25 2.87 155.37
40 28.24 26.16 2.08 54.40 40 80.85 76.26 4.59 157.11
41 26.81 25.47 1.34 52.28 41 79.85 76.51 3134 156.36
44 28.06 26.01 2.05 54.07 44 79.18 74.24 4.94 153.42
48° (26.10) (25.88) (0.22) (51.98) 48 79.80 75.27 4.53 185.07
51 26.8% 25.80 1.09 52.6% 51 80.19 76.56 3.63 156.75
Av. 27.18 25.69 1.54 52.83 Av. 79.78 75.92 3.86 155.70
Sq 0.68 0.45 0.62 Sq 0.77 0.96 1.16
s, 0.65 S 0.3
S ) Sp 0.77
" Av. excluding
Av. excluding
Coll. 48 25  me e e OFF mEh BB A% BE
d 5 & .
Sq 0.64 0.37 0.62 s 0.41
S, 0.40 s 0.
S 0.33 b :

¢ Rejection with 90% significance leve! for Dixon test.
® No evidence of bias.

Ciba-Geigy Jor the analysis of prometone sam-
ples; 27.63% was obtained for sample 1 and
25.93%, for sample 2 with a difference of 1.70%,
vs. the 1.62%, obtained by the collaborators.
Based on the 4.98%, dilution of sample I, a differ-
ence of 1.36%, was expected between the samples.

Terbutryn

Table 3 shows the results for the matched pair
study for the 16 collaborators. The results from
Collaborator 30 are out of line for unknown rea-
sons and were rejected after application of the
Dixon test (6). The value for S, does not change
significantly with the rejection of these results
(from 0.39 to 0.41); however, S is reduced from
0.77 to 0.45. The overall standard deviation, S,
is reduced from 1.16 to 0.76 with this omission.
Average values after rejection of this outlying
result were 79.93+0.36%, for sample 1 and
76.09+0.55%, for sample 2.

Analysis of terbutryn samples by different
procedures used by Ciba-Geigy yielded results of
79.69%, for sample 1 and 76.08%, for sample 2
with a difference of 3.61%, vs. the 3.84%, obtained

2 Rejection with 99% significance level tor Dixon test.

by the collaborators. Based on the 4.98%, dilution
of sample 1, a difference of 3.98%, was expected
between the samples.

Evaluation of the chromatograms submitted
by collaborators in all 3 studies showed that col-
umn preparation is a serious problem, since the
number of effective plates/ft of the columns used
ranged from less than 100 to more than 600.
Supplying collaborators with prepared column
packing material may be a solution to this prob-
lem and will be considered for future studies.

The detailed review of the chromatograms and
raw data was found to be essential for the success
of the studies. Without the rejection of data,
based on chromatographic difficulties, and the

correction of minor mathematical errors, an ac-

ceptable method might have been rejected.

Recommendation
The GLC method as presented is rugged, accu-
rate, and within the accepted limits of AOAC
methods.

The r lation of the A Referee was approved
by the General Referec and by Subcommitiee A and was
adopted by the Association; see (1873) JAOAC 56, 393-304.
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It isrecommended that the gas chromatograph-
ic method for the determination of ametryne,
prometone, and terbutryn in formulations be
adopted as official first action.
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Collaborative Study of Methods for the Analysis and Control
of AG-Chlordane and Its Formulations

MARSHALL A. MALINA

Velsicol Chemical Corp., 841 E. Ohdo St., Chicago, Ill. 60611

Four methods for the analysis of AG-chlor-
danc and its formulations were submitted to
a collaborative study. Fifteen luboratories, in-
cluding 5 CIPAC laboratories, participated in
this study. The infrared method for the analy-
sis of the content of the 2 chlordance isomers
was precise, with a cocfficient of variation of
0.015. The gas chromatographic method for the
analysis of the heptachlor content also yiclded
good precision with a standard deviation of
0.16. The infrared assay method for granular
formulations exhibited excellent accuracy and
precision, with a coefficient of variation of
0.067 and an error of only +0.25% rclative. The
gas chromatographic assay method for emulsi-
fiable concentrates exhibited poor accuracy
and precision and was found unacceptable.
The first 3 mecthods have been adopted as offi-
cial first action.

AG-Chlordane, a product developed by Velsicol
Chemical Corp., is a high purity chlordane con-

taining, typically, 95% of the a- and y-isomers of -

chlordane. Five methods for the analysis and
control of AG-chlordane were reported at the
joint AOAC-NACA-CIPAC Symposium held at
the 86th Annual Meeting of the AOAC ((1972)
JAOAC 56, 942-947).

Four of these methods, infrared analysxs of the
a- and y-isomers in AG-chlordane, gas chroma-
tographic analysis of heptachlor content of AG-
chlordane, infrared assay of AG-chlordane in
granular formulations, and gas chromatographic
analysis of AG-chlordane m emulsifiable concen-
trate formulations, were collaboratively studied.

The 3 methods that were successfully studied
are given below:

METHODS
AG-Chlordane (Octachloro-4,7-methanoletra-
hydroindane)—Oflicial First Action
(Not applicable to tech. chlordane
or its formulations)
a- and y-Isomers in Technical Products—
Infrared Method
6.C27 Apparatus and Reagents
(a) Infrared spectrophotomeler.—Double
with matched NaCl cells, 0.1 and 0.2 mm.

beam,

(b) Std soln.—Into tared 10 ml vol. flask, weigh
1.00+0.05 g ref. std e-chlordane and 0.38+0.02 ¢
ref, std y-chlordane (Velsicol Chemical Corp.). dis-
solve in CSg, and dil. to vol. with CS,.

6.C28

Melt entire sample in 100° oven and mix. Weigh
1.540.02 g into tared 10 ml vol. flask, dissolve in
CS;, and dil. to vol. with CS,.

Preparation of Sample

6.C29 Determination

(a) a-Chlordane.—Fill ref. cell with CS;. Sean
std and sample solns from 750 to 710 cm™! (13.3 to
14.1 pm), using 0.1 mm NaCl cells. Construct base-
line from 738 to 715 em™! (13.6 to 14.0 wm) and
draw line from midpoint of max. 4 at 725 cm™!
(13.8 um) to intersect baseline.

(b) v-Chlordane.—Fill ref. cell with CS;. Scan
std and sample solns from 1390 to 1290 cm™! (7.19
to 7.75 um), using 0.2 mm NaCl cells. Proceed as
asin (a), using min. at 1370 and 1310 em™! (7.30 and
7.63 um), and det. A4 at max. 1320 cm™! (7.58 um).

6.C30 Calculations

Wt % a{a-chlordane) or y(y-chiordane)
= {4, X F X 100)/W,

F = [W(a or v in std) X % purity in std]/A(« or
v of std), where W = wt (g), F = factor, and sub-
script s refers to sample.

(Wts given are for cell thicknesses specified. For
other cells, adjust wis to yield peak A between 0.2
and 0.5 (30-659, T).)

AG-Chilordane in Granular Formulations—

Infrared Method
(Caution: See 46.011, 46.041, 46.046, and 46.048.)

6.C31

(a) Infrared spectrophotometer.—Sec 6.C27.

(b) Sozhlet extraction apparatus.—With 25 X 80
mm Whatman cellulose thimble.

(¢) Vigreuz distilling tube.—15 mm long.

(d) Vials.—3 dram, with plastic-lined screw caps.

Apparaius

6.C32 Reagents
(a) Acelone.—Spectral grade.
(b) Std soln.—Into tared 5 dram wial, weigh
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1.0020.05 g ref. std e-chlordane and 0.38+£0.02 ¢
ref. sid vy-chlordane (Velsicol Chemical Corp.) and
pipet in 10 ml CS,.

6.C33

Into tared thimble, weigh sample equiv. to wt of
std and cover with glass wool. Insert into extn app.
and attach to 250 ml flat-bottom § flask contg boil-
ing chips. Add 125 m! acetone, attach extractor to
condenser, and reflux 1 hr.

Rinse extn app. with acetone. Sep. flask from ex-
tractor and condenser, attach distg tube to flask,
and evap. acetone on steam bath. Remove tube, add
5 ml CS;, and evap. carefully. Repeat addn and
evapn of CS; 4 more times. (All residual acetone
must be removed because acetone interferes with
IR measurement.) Dry residue further, using forced
air, until crystalline solid appears. Pipet 10 ml CS,
into flask, and swirl carefully to dissolve solid. Re-
lease stopper pressure.

Preparation of Sample

6.C34 Determination
Proceed as in 6.C29.
6.C35 Calculation.

Proceed as in 6.C30 for calen of wt 9.

% Total AG-chlordane
= % total (e + v) X 100/ % assay

Generally, factor representing specification grade
of 95% AG-chlordane may be used. Then, 9, AG-
chlordane = 9, tolal (o« + v) X 1.0533.

Hepiachior in AG Chlordane—Gas
Chiromatographic Method
6.C36 Apparatus and Reagents

(a) Gas chromatograph.—Equipped with flame
ionization detector and 5 X Y4” id glass column
packed with 59, DC-200 (Analabs, Inc.) on 130-140
mesh Anakrom ABS. Operating conditions: temps
(°)—column 165, injector 215, detector 220; N car-
rier gas 30 ml/min (ea 80 psig at inlet); and chart
speed 0.5”/min.

(b) Stds.—Rel. std e-chlordane, y-chlordane, and
heptachlor (Velsicol Chemical Corp.) and hexa-
chlorobenzene (C4Cls) internal std (Eastman Kodak
Co.), recrystd from benzene.

(c) Std soln.—Accurately weigh following com-
ponents into 10 ml vol. flask, dissolve in CS,, and
dil. to vol.: 0.4 g a-chlordane, 0.18 g v-chlordane,
0.010 g CoCle, and 0.010 g heptachlor.

6.C37

Melt entire sample in 100° oven and mix. Accu-
rately weigh 0.73 g sample and 0.010 g C4Cls into 10
ml vol. flask, and dil. to vol. with CS,.

Preparation of Sample
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Determination

6.C38
Inject 1.5 pl sample soln into gas chromatograph;
retention times for CsCls and heptachlor are ca 2
and 4 min, resp. Also inject 1.5 ul std soln to det.
response factor (RF).
Use attenuation (ca 2X) to keep internal std peak
on scale and include in calens.

6.C39

Cale. cach peak area by any convenient means.
Built-in integrators or planimeters provide most
accurate method of detg areas where peaks are not
perfectly symmetrical.

Cualculations

% Heptachlor
= (PH X RF X WI X 100)/(PI X W)
RF = (PI X W')/(PH' X WI)
where PH, PH’, and PI = peak areas of sample
and std heptachlor and internal std, resp.; W, W',
and W1 = g sample and std heptachlor and internal
std, resp.

Collaborative Study

The 6 samples tested were considered typical
technical and formulated prodicts. The formula-
tions were prepared analytically by using the
methods and materials recommended by the Vel-
sicol Chemical Corp. All samples were carefully
blended to insure homogeneity. The samples are
described in Table 1.

Fifteen collaborators were supplied with repre-
sentative portions of each of the samples, ana-
lytical reference grade a- and y-chlordane, hepta-
chlor, and hexachlorobenzene, and a copy of each
of the methods. They were instructed to analyze
each sample in duplicate, using the methods
exactly as written.

Results and Recommendations
Tifteen collaborators, including 5 CIPAC col-
laborators, participated in this study. The results
from the collaborative laboratories are given in
Tables 2-5.

Table 1. Description of collaborative sampies
Sample Description True assay

1 Technical -

2 Technical -

3 25% Granular 24%

4 25% Granular 26%

5 4 1b/gal. emulsifiable 3.8 Ib/gal.
concentrate

3 4 Ib/gal. emulsifiable 4.2 tb/gal.
concentrate
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Tabie 2. Collaborative results (%) for the infrared analysis of AG-chlordane
Sample 1 Sample 2

Coll. a-lsomer v-lsomer Total a-lsomer vy-lsomer Total Av.

A 71.6,69.9 25.9,24.9 96.1 70.9,70.2 26.3,25.7 96.6

B 67.9,72.2 24.3,26.6 95.5 65.1,64.7° 23.4,25.2 —

c 69.6,69.0 20.8,20.2° - 70.8,69.4 25.3,26.1 95.8

D 72.0,71.2 24.0,23.8 95.5 713,715 23.7,23.8 95.2

E 69.2,69.8 24.6,24.4 94.0 69.4,69.8 24.4,24.6 95.1

F 69.6,69.2 24.8,24.9 94.3 68.2,68.7 25.3,24.6 93.5

G 67.3,67.6° 27.1,21.0 - 62.6,62.0° 26.9,27.0 =

H 69.5,70.0 25.3,25.3 95.1 69.3,68.6 25.1,25.0 94.1

t 70.4,70.3 - — 68.9,68.9 — -

J 69.7,70.6 25.4,24.4 95.0 68.0,71.1 25.3,25.1 94.8

K 71.2,70.3 26.6,29.6 98.8 72.2,70.0 21.8,21.1 98.9

L 70.7,69.6 25.4,24.7 95.2 69.5,68.7 25.4,24.7 94.2

M 69.7,69.8 26.5,27.3 96.7 68.3,68.2 27.4,26.9 95.5

N 73.6,77.5¢ 22.4,23.2 - 72.6,77.3% 26.4,25.8 -

[o] 71.8,72.4 24.1,24.0 96.2 71.2,71.8 23.7,23.7 95.2

Av. 703 25.2 95.7 69.9 25.5 95.4
Std dev. 0.84 1.42 1.31 1.15 1.21 1.45 1.38
Coett. of var. 0.012 0.056 0.014 0.016 0.047 0.015 0.015

s These results were rejected from the statistical evaluation of the data on the basis of the Dixon test (Dixon,

W. J. (1953) Biometrics 9, 74-89).

Table 3. Collaborative results (%) for the gas
chromatographic analyses of the heptachior
content in AG-chlordane

Coll. Sample 1 Sample 2 Av.

A —_— —_—

B 0.40,0.41 0.27,0.28

c — ==

D 0.40,0.30 0.40,0.28

E 0.51,0.48 0.36,0.34

F 0.42,0.41 0.32,0.37

G s =

H 2.23,2.25¢ 2.15,2.19

| 0.23,0.27 0.26,0.24

J 0.36,0.43 0.23,0.31

K 0.38 0.36

L — —

M 0.45,0.47 0.36,0.32

N 0.40,0.40 0.32,0.38
Av. 0.39 0.32
Std dev. 0.075 0.040 0.058
Coeff. of var. 0.19 0.13 0.16

¢ See footnote, Table 2.

The infrared method for the determination of
a- and 7y-chlordane isomer content (Table 2)
exhibited acceptable precision, with coefficients
of variation of 0.014, 0.051, and 0.015 for «, 7,
and total chlordane, respectively. The gas chro-
matographic determination of heptachlor content
(Table 3) also exhibited good precision, with a
standard deviation of 0.058. Several collaborators
used conditions which were different from the
ones prescribed: 4’ X 14, 5%, UC-W98 at 200°C;
5 X 4", 10% DC-200 at 175°C; 3% SE-30 at

180°C; 6’ X 14", 10% SE-30 at 170°C; 6’ X 4",
10% QF-1 at 200°C. These modifications were
found acceptable.

The infrared assay method for granular formu-
lations (Table 4) exhibited unbiased results with
acceptable, although disappointing, precision.
The coefficients of variation were 0.051, 0.14, and
0.067 for a, v, and total chlordane, respectively.
The error was found to be only +0.25% relative.

The gas chromatographic assay method for
emulsifiable concentrate formulations (Table 5)
exhibited unacceptable results. Both precision
and accuracy were poor, with a coefficient of
variation of 0.096 and an error of +9.1%, relative.
Much of this problem can probably be attrib-
uted to the fact that half of the collaborators
used gas chromatographic conditions other than
those prescribed. Collaborators F, H, J, and K
are known to have used modified procedures.
While these modifications did not adversely affect
-the determination of heptachlor in AG-chlordane,
they did result in unacceptable assays for this
study.

1t is recommended that—

(1) The infrared method for the determination
of the a- and y-chlordane isomer content in AG-
chlordane be adopted as official first action.

The recommendations of the Associate Referee were ap-
proved by the General Referee and by Subcommittee A and
were adopted by the Association; sec(1073) J AOAC 56, 383-394.
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Table 4. Collaborative results (%) for the infrared analysis of AG-chlordane granular formulations
Sample 1 Sample 2
Coll. a-lsomer ~y-lsomer Tota! a-lsomer ~y-lsomer Total Av.
A 18.5,18.3 6.4,6.3 26.1 18.6,18.5 6.6,6.5 26.5
B 18.1,16.9 7.06.2 25.4 19.7,18.3 7.1,6.8 2.4
C 17.3,18.6 5.7,5.9 25.0 17.2— 4.8,— 23.2
D 12.0,17.0 5.0,5.2 233 17.0,17.1 5.3,8.2 23.6
E 16.6,16.3 6.3,6.2 24.0 18.2,17.6 6.9,6.8 26.1
F —,15.2 -—5.3 216 —,14.9° —.5.7 —
G 16.5,18.1 3.9,3.8 22.3 18.1,17.7 7.17.0 26.3
H 18.1,18.6 5.0,5.1 24.8 17.9,17.2 6.2,6.7 25.6
1 117.3,16.8 - - 17.9,17.8 - _
J 15.4,16.0 6.0,6.0 22.9 17.0,18.0 6.5,6.5 25.3
K 20.1,— 6.8,— 28.3 19.9,— 7.5,— 28.8
L - - 23.1 - - 24.1
M 17.5,17.1 6.9,6.8 25.5 17.3,18.5 6.7,6.9 26.3
N 16.0,18.4 6.0,5.3 24.0 21.1,21.7° 4.7.4.2 -
[¢] 16.6,16.3 6.2,6.1 23.8 18.0,17.3 6.4,6.4 25.3
Av. 17.2 5.82 24.3 18.1 6.26 25.8
Theoretical - - 24.0 - - 26.0
Std dev. 1.22 0.84 1.76 0.56 0.87 1.60 1.68
Coetf. of var. 0.071 0.14 0.072 0.031 0.14 0.062 0.067
Error, % relative +1.25 -0.76 +0.25
@ See footnote, Table 2.
Tabie 5. Collaborative results (%) for the gas chromatographic analysis of
AG-chlordane emulsifiable concentrates
Sampie 1 Sample 2
Coll. a-lsomer vy-lsomer Total a-lsomer vy-lsomer Total - Av.
A o i s == = s
B 3.01,2.99 1.01,1.00 4.22 3.21,3.17 1.08,1.07 4.50
(o} — —_ - - - —
D 4.10,3.90 1.40,1.50° — 3.90,4.50 1.30,1.40 5.90
E 2.82,2.72 0.99,0.96 3.94 3.20,3.20 1.10,1.10 4.53
F 3.97,3.12 1.21,1.09 5.250: b 4.15,3.98 1.32,1.30 5.65
G - - - — — —
H 2.76,2.75 0.98,0.97 3.94 2.97,3.01 1.03,1.05 4.24
! 3.04,3.02 1.15,1.18 4.41 3.23,3.16 1.25,1.27 4.69
J 2.75,2.96 0.96,1.13 4.10 3.22,3.43 1.17,1.20 4.74
K 2.68,2.12 0.92,0.93 3.51 2.73,2.44 0.84,0.92 3.64
L e s s, i pa— p—
M 3.09,2.82 1.06,1.01 4.18 3.11,3.10 1.07,1.08 ‘4.41
N e U — — —_— —_—
Av. .17 1.03 4.04 3.41 1.15 4.70
Theoretical — — 3.80 - - 4.20
Std dev. 0.19 0.082 0.29 0.56 0.16 0.58 0.43
Coett. ot var. 0.06 0.08 0.072 0.16 0.14 0.12 0.096
Error, % relative - - 6.3 — - 11.9 9.1

¢ See footnote, Table 2.

b Column temperature of 210°C used for analysis.
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(2) The gas chromatographic method for the
determination of heptachlor content in AG-chlor-
dane be adopted as official first action.

(3) The infrared assay method for AG-chlor-
dane granular formulations be adopted as official
first action.

(4) The gas chromatographic assay method for
AG-chlordane emulsifiable concentrate formula-
tions be further studied.
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Frec Acid in Esters of 2,4-Dichlorophenoxyacetic Acid and
2,4,5-Trichlorophenoxyacetic Acid and Their Formulations

HOWARD HAMMOND

Stale Laboratories Department, Bismarck, N.Dak. 58501

The free acid content of 2,4-D and 2,4,5-T
esters and formulations is determined by
titration to pll 7.0, using a pll meter. Average

recoveries and stundard deviations for 9 col-

laborators, analyzing 4 samples containing
different amounts of the esters, were 0.2067+
0.0201 and 0.3778:£0.0245 for 2,4-D ester and
0.6208+0.0555 and 1.4622:+0.1356 fer 2,4,5-T
ester. The method has been adopted as official
first action.

The Associate Referee received a report that
CIPAC Method MT 66 Free Phenoxyalkanoic
Acidity (CIPAC Handbook (1970) Vol. 1, p. 966)
gave high results, and evidence was submitted in
support of this claim (M. F. Loucks (1971)
private communication). The high results ‘are
apparently due to saponification of the sample at
a higher pH and the elevated pH of the thymol
blue color change in a nonaqueous system. 2,4-
Dichlorophenoxyacetic acid (2,4-D) crystals (0.5
g) of questionable purity were added to 2 sample
nf 2,4-D ester that had been titrated to a pH of
7.0. Titration to a pH 7.0 end point calculated to
a2 96.99 purity. Titration to a pH of 11.0 (equiv-
alent to thymol blue in ethanol solution) calcu-
lated to a 105.99%, purity. For comparison, a
similar 2,4-D acid sample was titrated in 100 ml
neutralized alcohol (85%, strength). Titration to
a pH 7.0 end point was calculated as 97.0%,
purity. Titration to pH 11.0 calculated to a purity
of 99.1%,. These results suggest that saponifica-
tion of the ester at pH levels above 7.0 would Jead
to high values for the esters.

A method developed and used by Dow Chemi-
cal Co. was selected as a basis for the proposed
method and subjected to a collaborative study.
Four samples, consisting of commercial herbicide
formulations, were sent to 5 collaborators by the
Associate Referce: sample 1, mixture of butyl and
isopropy! ecsters of 2,4-D; sample 2, propylene
glycol butyl ester of 2,4-D; sample 3, propylene
glycol butyl ester of 2,4,5-T (2,4,5-trichloro-
phenoxyacetic acid); and sample 4, propylene
glycol ether ester of 2,4,5-T. M. F. Loucks, Dow
Chemical Co., also participated in the study and

submitted samples to 3 additional analysts. The
collaborators were requested to make single de-
terminations of the free acids on 2 different days,
using the proposed method. The Dow Chemical
Co. analysts and the Associate Referee used the
CIPAC method for analyzing the esters, for
comparison.

METHOD
" Frec Acid in Esters of 2,4-D and 2,4,5-T in
Liquid Herbicides—Oflicial First Action
6.C04 Determination
(Cawtion: See 46.041.)

Stdze electrode system against pH 6.87 buffer,
45.007(d). Accurately weigh ca 10 g sample into 250
ml beaker, add 100 m! 80% alcohol, and titr. with
0.1N NaOH to pH 7.0. 1 ml 0.1N NaOH = 0.02211
g 2,4-D or 0.02535 g 2,4,5-T.

Do not exceed pH 7, since esters saponify rapidly
at pH >7. Me red may be used as indicator if pH
meter is not available and sample is not excessively
colored.

Hesults and Recommendation

Results were received from 9 analysts in 7 labo-
ratories; see Table 1. Although the collaborators
were requested to make single determinations,
some of them reported several values. The aver-
age value of each collaborator was used for the
caleulation of the overall average and standard
deviation.

The results show good reproducibility between
laboratories, indicating that the proposed method
has good precision. The method is biased to a low
result, since the end point at pH 7.0 is & compro-
mise end point rather than the equivalence point.
This is necessary because saponification above pH
7.0 proceeds rapidly and yields high results. There
are a limited number of results by CIPAC method
MT 66 Free Phenoxyalkanoic Acidity for com-
parison. The problem presented was discussed at
the CIPAC Meeting, October 1971, and CIPAC
was invited to participate in the study.

The recommendation of the Associate Referee was approved
by the General Releree and by Subcommittec A and was
sdopted by the Association; see (1973) JAQAC 56, 383.
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Collaborative results (%) of the determination of free acid content of 2,4-D and 2,4,5-T esters

Sample 1: 2,4-D ester

Sampie 2: 2,4-D ester

Sample 3:2,4,5-T ester Sample 4:2,4,5-T ester

Coll. % Free acid CIPAC % Free acid CIPAC % Free acid CIPAC % Free acid CIPAC

1 0.20 0.32 0.67 1.34

2 0.19 0.2 0.38 1.25 0.67 1.97 1.4 kR ¢]
0.20 0.28 0.38 1.24 0.69 1.98 1.42 3.06
0.20 0.28 0.40 1.14 0.68 1.98 1.42 3.2
0.21 0.27 0.40 1.18 0.68 1.97 1.43 3.26

Av. 0.20 0.28 0.39 1.20 0.68 1.975 1.42 3.165

3 0.17 0.47 0.35 1.28 0.60 2.06 1.30 3.3
0.18 0.45 0.35 1.28 0.58 2.05 1.31 3.3
0.17 0.46 0.36 1.22 0.62 2.00 1.35 3.3
0.16 0.46 0.36 1.28 0.61 2.04 1.3 3.28

Av. 0.17 0.46 0.355 1.265 0.602 2.038 1.33 3,288

4 0.19 0.43 0.37 1.35 0.62 2.23 1.52 3.25
0.19 0.37 0.63 1.53

Av. 0.1% 0.37 0.625 1.525

5 0.23 0.40 0.68 1.73
0.22 0.40 0.68 1.74

Av. 0.225 0.40 0.68 1.735

6 0.18 0.44 0.54 1.41
0.20 0.35 0.55 1.28

Av. 0.19 0.395 0.545 1.385

7 0.22 0.40 0.67 1.64
0.23 0.40 0.68 1.65

Av. 0.225 0.40 "0.675 1.645

8 0.22 0.39 0.56 1.41
0.22 0.41 0.58 1.43

Av. 0.22 0.40 0.57 1.42

9 0.24 0.37 0.54 1.40

Overall av. 0.2067 0.3778 0.6208 1.4622
Std dev. 0.0201 0.0245 0.0555 0.1356

Based on the results reported it is recom-
mended that this method be adopted as official
first action.
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DECOMPOSITION IN FOODS
(CHEMICAL METHODS)

Collaborative Study of the Determination of Ammonia as an
Index of Decomposition in Crabmeat

KURT STEINBRECHER

Food and Drug Adminisiration, 909 First Ave., Seattle, Wash. 98104

A colorimetric method for determining the
ammonia conten! in crabmeat in various
stages of decomposition was studied collabo-
ratively. The method involves the color reac-
tion between ammonia, thymol, and alkaline
bromine water. The mean values for organo-
leptic Class 1, Class 2, and Class 3 of decompo-
sition were found to be 281, 568, and 1376 ug
NIH3/g crabmeat, respectively. By statistical
analysis these means were found to be signifi-
cantly different from each other, and were
found to arisc from different populations. Use-
ful cut-off points can be sclected to separate
the classes. The method has been adopted as
official first action.

The determination of a chemical byproduct of
decomposition subject to objective analysis has
been a sought-after goal to confirm organoleptic
classification. In" his study, Burnett (1) showed
a general correlation between the concentration
of ammonia in crabmeat and its degree of decom-
position by organoleptic standards. The method
is based on the interaction of ammonia, thymol,
and alkaline bromine water to give a color de-
pendent on the ammonia concentration. The reac-
tion scheme (Fig. 1) may be analogous to the
indophenol mechanism proposed by Bolleter et al.
2).

A modification of the method of Fernandez-
Flores and Salwin (3) resulted in an 8-fold increase
in sensitivity when applied to codfish. A collabo-
rative study was performed with crabmeat and
reported at the 83rd Annual Meeting of the
AOQOAC (4). The results indicated that difierentia-
tion between Class 1 and Class 2 of decomposition
on the basis of ammonia content was feasible.

This report of the Associate Referee was presented at the
86th Annual Mecting of the AOAC, Oct. 9-12, 1972, av Wash-
ingion, D.C.

However, revision of the method was required to
improve precision and reproducibility.

The method of this collaborative study incorpo-
rated several modifications suggested by previous
collaborators as well as additional experimenta-
tion by the Associate Referee and intralaboratory
collaboration.

Collaborative Study

Nine collaborators representing 6 Food and
Drug laboratories, 2 State laboratories, and 1
trade association laboratory participated in the
study. The samples were prepared in the following
manner: Fresh frozen Dungeness crab was al-
lowed to thaw in the shell at room temperature.
It was periodically examined by organoleptic
analysis, and meat at a particular stage of decom-
position was removed from the shell, ground 3
times through a meat grinder with thorough mix-
ing, and frozen for subsequent distribution to
collaborators. Collaborators were requested to
analyze 6 samples: 1. Class 1; II. late Class 1;
I1I1. early Class 2; IV. early Class 2; V. carly Class
3; V1. early Class 3. The definition of classes con-
forms to the usage of Hillig et al. (5).

METHOD
18.C01

(Use NHjs-free H20 thruout; ordinary distd
H.0 is suitable.)

(a) Bromine soln.~—Dil. 10 ml NaOH soln (1+1),
45.034(b), to ca 100 m! with H.0, add 1.0 ml Br,
shake, and dil. to 200 ml with H,0. Prep. fresh
daily.

(b) Thymol soln.—10% in alcohol. Prep. fresh
daily.

(¢) Dilute sodium-~hydrozide soin.—Dil. 25 mi
NaOH soln (1+1), 45.034(b), to 100 ml with H0.

(d) Amamonia std soln.—40 wg/ml. Dissolve 0.314
2 N14Cl, previously dried 1 hr at 100°, in H2Q, and

Reagents
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dil. to 100 ml. Transfer 4.0 ml to 100 m] vol. fiask,
and dil. to vol. with H-0.

18.C02

Remove meat from shell, if necessary, and grind
3 times thru food chopper, mixing after each grind-
ing.

18.C03

Place 20 g prepd sample in 500 ml g-s erlenmeyer.
Add 180 ml 2.5%, phosphotungstic acid soln, shake
vigorously 2 min, and filter thru Whatman No. 1, or
equiv., paper into 250 ml g-s erlenmeyer. Pipet 2 ml
filtrate (equiv. to 0.2 g sample) into 125 ml separa-
tor. Save remainder of filtrate. To another separa-
tor, add 2.0 ml 2.5% phosphotungstic acid soln as
blank.

To each separator add 8.0 ml H20. Then, in imme-
diate succession, add 1.0 ml dil. NaOH soln, (c),
swirl to mix, 2.0 ml thymol soln, (b), swirl to mix,
and 5.0 ml Br soln, (a), in ca 30 small addns, swirling
vigorously after each addn. Shake vigorously 1 min.
With series of samples or stds, complete reagent
addns in sequence on each separator before proceed-
ing to next. Let stand >20 min.

To each separator add 20.0 ml n-butyl alcohol and
shake vigorously 1 min. Let stand 20 min. Drain aq.
layer and pass n-butyl alcoho] thru ca 30 g anhyd.
N2,80y in glass funnel plugged with glass wool into
g-s erlenmeyer. Measure A of soln at max. ca 680
nm in 1 cm cell against blank as ref.

If A is dreater than that of highest NHj std,
quant. dil. reserved filtrate with 2.5% phospho-
tungstic acid soln so that 2.0 ml dild soln will pro-
duce A below this level.

Preparation of Samples

Determination

18.Co04

Pipet 0.0, 1, 2, 3, 4, and 5 ml std NH; soln into
125 ml separators. Add 2.0 ml] 2.5 %, phosphotungs-
tic acid soln to each and dil. to 10.0 ml with H20.
Proceed as in 18.C03, beginning “Then, in immedi-
ate succession, add 1.0 ml dil. NaOH soln, . . .”
Using 0.0 soln as refl., measure 4 of each std at max.
as above. Prep. std curve.

Preparation of Standard Curve

Results and Discussion
As in the previous collaborative study (4),
collaborators were asked to report absorbance
values only for the standards, and absorbance

values and dilutions performed for the samples. -

The Associate Referee calculated the ammonia
content, expressed in pg NHi/g crabmeat, by
deriving the equation of a line from the standard
absorbance values by the least squares method
and by substituting sample absorbances in the
equation derived. Absorbances were essentially
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FIG. 1—Reaction scheme for colorimetric determination
of ammonia.

linear over the concentration range of the stan-
dards.

The results confirm the findings of the previous
collaborative study as to the range of ammonia
content found in the various classes of decom-
position. The data submitted also indicate that
the modifications of the method:have improved
precision and reproducibility.

The 6 samples sent to collaborators, in effect,
represented 4 classes of decomposition: one sam-
ple Class 1, one sample late Class 1, duplicate
samples early Class 2, and duplicate samples early
Class 3. :

Table 1 lists the amount of ammonia reported
in the crabmeat samples in ug NHs/g crabmeat.
On the basis of the 2-tailed ranking test for 9 labo- -
ratories and 6 materials (6), results from Collabo-
rators 3 and 6 may be eliminated. The means of
ammonia content for the various classes of de-
composition with their standard deviations, cal-
culated from the data of the remaining 7 collabo-
rators, are shown in Table 2.

The mean values of ammonia content for the
different classes of decomposition may be com-
pared with respect to the significance of their dif-
ferences from each other by a substitute ¢-test (7).

Table 3 depicts calculated M values for pairs
of decomposition classes which are compared, and
the values for each pair that must be exceeded to
show a significant difference. It may be seen that
the M value for the pair Class 1 and late Class 1
(0.192) exceeds the critical value for the 1-tailed
test (0.174), indicating that the means for these
2 classes are significantly different from each
other. The M value for the 2-tailed test (0.213) is
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Table 1. Collaborative results of ammonia content
in 6 samples, ug NH3/g crabmeat
Late Early Early Early Early
Class Class Class Class Class Class
Coll. 1 1 2 2 3 3

1 248 32 455 428 1323 961
2 276 366 720 678 694 1729
3 108 236 226 236 1007 818
4 188 222 kED 452 79 936
5 342 29 503 645 1778 2292
6 143 143 258 182 1014 770
7 264 )8 727 570 1578 1628
8 275 £ 593 518 1352 1279
9 137 366 619 628 1572 1326

JOURNAL OF THE A0AcC (Vol. 56, No. 3, 1973)

Table 3. Significance of difference between means of
classes of decomposition, according to 1-tailed
test and 2-tailed test®

Critical value

M values ———
Classes compared calcd®  1-tailed test 2-taiied test
land late 1 0.192 0.174 0.213
Late 1 and early 2 0.489  0.128-0.148 0.155-0.181
1and early 2 0.474 0.094 0.114
Early 2 and early 3 0.408 0.094 0.114

% Critical values obtained from Bauer (7): l-tailed
test, Py = 0.05; 2-tailed test, P2 = 0.05.

bM = % ~ §/Rx + Ry, where Xand § = means and R,
and Ry = ranges of classes being compared.

Table 2. Ammonia content of crabmeat, according Tabie 4. Range of ammonia content of crabmeat,
to its stage of decomposition according to its stage of decomposition
Mean, ug NHa/g
Ciass ug NHa/g Std dev.
Class Mean =+! std dev. Mean 2 std dev.

Ciass 12 247 67

Late Class 1° 314 49 Class 1 180-314 113-381
Total Class 1* 281 66 Late Class 1 265-363 216~412
Early Class 2 568 114 Total Class 1 215-347 149-413
Early Class 3 1376 433 Early Class 2 454-682 340-796

Early Class 3 943-1809 510-2242

¢ Mean of 7 determinations.
b Mean of 14 determinations.

not exceeded, however, indicating that both
means come from the same population.

For the 3 remaining pair comparisons, both the
critical values for the 1-tailed test and for the
2-tailed test are exceeded, indicating both a sig-
nificant difference between their respective means,
and that the means arise from different popula-
tions.

Of particular interest is the difference in the
means between all of Class 1 (Class 1 and late
Class 1) and early Class 2, because here the deci-
sion whether crabmeat is actually decomposed
must be made. Comparison of these 2 classes
shows both a significant difference in means and
means arising from different populations.

Table 4 lists the ranges of ammonia content
values obtained between =1 standard deviation
(68% of the population) and =£2 standard devia-
tions (95% of the population). The cut-off point
between Classes 1 and 2 may be selected, depend-
ing on the importance of rejecting Class 2 samples
or passing Class 1 samples. For example, if a
value of ammonia content of 450 ug/g is selected
as a cut~ofl point, since 413 pg/g is the upper
limit of 2 standard deviations for Class 1, more
than 97.5% of the population of Class 1 would be
passed as undecomposed. Since 454 pg/g is the

lower limit of 1 standard deviation for Class 2,
about 849, of the population of Class 2 would be
rejected as decomposed. If the cut-off point is
lowered, rejections of both Class 1 and Class 2
are increased.

When the data of all 9 collaborators are used in
computing means and standard deviations, it is
found that the means are lowered about 109, and
the standard deviations are increased. Neverthe-
less, application of the substitute i-test still shows
significant differences between the mean values of
ammonia content for the various classes of de-
composition and that the means do not come
from the same population.

Recommendations

Since the modified methodology of this col-
laborative study has given results that show sta-
tistically significant differences in the ammonia
content of crabmeat at various stages of decompo-
sition, it is recommended that this method be
adopted as official first action for the determina-
tion of ammonia in crabmeat. It is also recom-
mended that the study be continued to further
improve precision and reproducibility.

The recommendations of the Associste Referec were ap-
proved by the General Referee and by Subcommittiee C and
were adopted by the Association; see (1973) JA0AC 56, 398.
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FOOD ADDITIVES

Gas Chromatographic Determination of Brominated
Sesame Oil in Orange Drinks: Collaborative Study

H. B. 8. CONACHER

Research Laboratories, Health Protection Branch, Otiawa, Ontario, Canade K14 OL2

A gas-liquid chromatographic method for
the determination of brominated vegetable
oils in soft drinks was collaboratively studied,
using a commercial orange drink spiked with
known amounts of brominated sesame oil.
Initial results based on calculations involving
total peak arca measurement were considered
erroncously high, since drink components
cocluted with the Cyg and Cis methyl esters, es-
pecially at low Jevels of brominated oil. A modi-
fied calculation, based only on brominated
ester content, showed recovery values (6 col-
laborators) of 94.6, 95.3, and 96.0% for drinks
containing 3.10, 5.22, and 10.66 mg/10 fluid oz.,
respectively, with corresponding standard de-
viation valves of 0.40, 0.46, and 0.64. The
method with the modified calculation incorpo-
rated bas been adopted as official first action.

In 1969, a gas-liquid chromatographic (GLC)
method was reported for the determination of
brominated vegetable oil (BVO) in soft drinks (1).
Since then, permitted levels of BVO in Canadian
drinks have been lowered from 150 ppm (ca 42
mg/10 fluid 0z.) to 15 ppm (ca 4.2 mg/10 fluid
oz.). The GLC procedure has been revised and
studied collaboratively, using an orange-flavored
beverage.

Collaborative Study

Ten fluid oz. bottles of a commercial orange
drink containing all normal ingredients except
BVO were spiked at 3 levels (4, 3.10; B, 5.22; C,
10.66 mg/10 fluid oz.) with known amounts of
brominated sesame oil (BSO) in acetone solution.

Collaborators received 9 bottles of drink, com-
prising 3 bottles containing no BSO, and 3 test
samples in duplicate—A,, Az, By, B2, C1, and Ca.
They were also provided with a copy of the meth-
od and the following standards: methyl dibromo-
stearate (DBS, about 200 mg), methyl tetra-
bromostearate (TBS, about 200 mg), methyl
pentadecanoate (MPD, about 100 mg), and
brominated sesame oil (BSO, about 2 g).

The collaborators were requested to prepare
relevant standard solutions and io determine re-

sponse factors. for DBS and TBS, relative to
MPD, and also the correction necessary for the
overlapping peaks of DBS and TBS; to use these
response factors to determine BSO directly at the
5 and 10 mg levels; to determine BSO at the same
levels in the presence of drink extract, using 2 of
the blanks provided; to determine BSO in 6 un-
known samples (3 duplicates). Collaborators were
advised to use the entire contents of each bottle
for analysis, using the first 100 ml diethyl ether to
rinse each bottle prior to extraction. They were
also advised to use 1 mg MPD with samples A;,
As, By, and Bs, and 2 mg with samples C; and C.

METHOD
Brominated Vegetable Oils
Gas Chromatographic Method—Official
First Action
(Caution: Sce 46.011, 46.018, 46.034, 46.039,
46.040, 46.045, 46,054, and 46.066.)
20.C07 Principle
Extd brominated oil is methylated and detd by
GLC, using internal std.

20.C08 Apparatus and Reegents

(a) Gas chromatograph.—Varian Model 1740-10,
or equiv., with flame ionization detector, strip chart
recorder fitted with disk integrator, 3’ X ¥" od
stainless steel column packed with 3% JXR or SE-
30 (Supelco, Inc., Bellefonte, PA 16823) on 80-90
mesh Anakrom ABS. Operating conditions: temps
(*)—injector 260, detector 270, column programmed
from 150 to 270 at 10°/min; He carrier gas 40 ml/
min.

(b) Solvenis.—Ether, distill before use; anhyd.
benzene, distill from Na wire; anhyd. MeOH, prep.
as follows: Place 5 g clean, dry-Mg turnings and 0.5
g resublimed I in 2 L r-b Pyrex flask fitted with
double surface reflux condenser. Add 5075 ml com.
anhyd. MeOH thru condenser and warm mixt. on
100° 120 bath until I disappears. As H is vigorously
evolved, remove flask from H20 bath. If vigorous
evolution of H does not take place, add 0.5 g more 1

This report of the Associate Referee was presented at the
86th Annual Meeting of the AOAC, Oct. 9-12, 1872, at Wash-
ington, D.C.
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and heat mixt. until all Mg is converted to methox-
ide. Add 900 ml MeOH and boil 30 min under reflux.
Distill mixt., with exclusion of moisture, discarding
first 25 ml distillate.

(¢) Sedtum in anhydrous methanol—Clean ca 1 g
Na metal in hexane, dry with filter paper, and dis-
solve in 100 ml anhyd. MeOH in 250 ml conical
flask fitted with silica gel drying tube.

(@) Methyl 9,10-dibromosicarate (DBS) std soln.—
2.0 mg/ml. Prep. DBS by dissolving 500 mg Me
oleate (Applied Science Laboratories, Inc.) in 15 ml
distd ether in 100 ml erlenmeyer held at 0°. Stir
magnetically and add 0.15 ml Br dropwise over 20
mia. Stir addnl 10 min at 0°. Transfer soln with
addnl 30 ml ether to 250 ml separator contg 50 ml
10% aq. Na,S;0;, shake, let layers sep., and discard
aq. layer. Wash ether layer successively with two 10
ml portions 2% aq. Na»S,0; and two 10 ml portions
H20. Dry ether layer over anhyd. N2,SO4 and evap.
on rotary evaporator at 40°.

Dissolve 200 mg DBS in anhyd. benzene in 100
m} vol. flask and dil. to vol. with anhyd. benzene.

(e) Mecthyl 9,10,12,18-lcirabromostearate (T'BS)
sid soln.—2.0 mg/ml. Prep. TBS as in (d), except
use Me linoleate (Applied Science Laboratories, Inc.)
and 0.30 ml Br. Prep. std soln as in (d).

(f) Brominated vegetable oil (BVO) std soln.—1.0
mg/ml. Dissolve 50 mg BVO (Abbott Laboratories,
14th St & Sheridan Rd, N. Chicago, IL 60064) in
acetone in 50 ml vol. flask and dil. to vol. with ace-
tone. '

(g) Melhyl peniadecancate (MPD) inlernal sid
soin.—1.0 mg/ml. Dissolve 100 mg MPD (Applied
Science Laboratories, Inc.) in anhyd. benzene in 100
ml vol. flask and dil. to vol. with anhyd. benzene.

20.C09

(a) Methyl 9,10-dibromostecarate and methyl
9,10,12,13-tetrabromostearale std solns.—Pipel 3, 5,
and 10 ml (6, 10, and 20 mg) DBS std solns into 3
sep. dry conical flasks and add 3, 5, and 10 mi (3,
5, and 10 mg) MPD std solo to each. Similarly prep.
TBS-MPD solns. Treat each soln as follows: Fvap.
solv. with N at 40°. Add 25 ml 1%, Nain MeOH and
12 ml anhyd. benzene, and reflux 1 hr. Cool, and
transfer to 125 ml scparator contg 50 ml H:O.
Acidify with 2V H2SQ4 and ext with three 30 ml
portions ether, using first 30 ml to rinse flask. Com-
bine ether exts in second separator, wash with two
10 ml portions H20, dry over anhyd. Na,S0,, filter,
and evap. solv. on rotary evaporator at 40°. Dis-
solve residue in 3 ml ether.

(b) Brominated vegetablc oil.—Pipet 5 and 10 m]
BVO std soln (5 and 10 mg) into sep. dry conical
flasks, add 1 and 2 ml MPD std soln (1 and 2 mg),
resp., and evap. solv. with N at 40°. Proceed as in
(a), beginning "*Add 25 ml 1% Na in MeOH . . ."

Preparation of Standards

603

TBS

DBS

TBS
+
DBS

FIG. 20:C1—Gas chromatograms of TBS, DBS, and
TBS + DBS.

20.C10 Preparation of Sample
Decarbonate and mix by transferring several
times from 1 beaker to another. Transfer 280 ml
sample to 500 ml separator, thoroly sat. with NaCl,
and add 1 ml MPD std soln (1 mg). Ext with three
100 ml portions ether. Combine exts in second sepa-
rator and wash successively with 50 ml 2N NaOH,
50 ml 2NV HCl, and two 25 ml portions H0. Dry
ether layer over anhyd. Na,30,, filter, and evap. on
rotary evaporator at 40°. Quant. transfer residue
with ether to clean, dry conical flask, and evap.
ether with N at 40°. Proceed as in 20.C09(a), begin-
ning “Add 25 ml 19, Nain MeOH .. "
20.C11 Determination
Inject duplicate portions methylated DBS, TRBS,
BVO std, and sample solns. Det. peak arcas (PA)
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with disk integrator. Correet apparent areas of both
TBS and DBS for area of common peak a (Fig.
20:C1) as follows: Assume PA, in TBS chromato-
gram is 5% of PA, and apparent PAyss and PArss
are 100 and 200 units, resp.

True DBS PA = 100 — 1/20 (200) = 90 units

True TBS PA = 200 4+ 1/20 (200) = 210 units
Det. av. response factors (RF) for each soln.
RFpps o e = (mg DBS or TBS

X PAyrp)/(mg MPD X true PApus or Ths)

(a) Brominaled vegetable oil (no drink) calculaled
from lotal peak areus.—(Use for checking response
factors, recoveries, and B, required for (b).)

mg BYO = ({PA g + PAs + (irue PA X RF)pps
+ (true PA X RF)rps} X mg MPD)/PAurp

where PA;q and PA,s = areas of Cis and Cys Me
esters, resp.

(b) Brominated vegetable oil in drink calculated
Jrom brominated derivatives only.—
mg BYO = [(true PA X RF)ups

+ (true PA X RF)ruy X mg MPD)/(PAurn X BB)
where B = 9, (DBS + TBS) in BVO found bydjrect

analysis (a).

Results and Discussion

Of the 12 collaborators asked to participate in
the study, 7 reported results. One set of results
was climinated because of the extreme variability,
probably because this collaborator did not have
a disk integrator and measured peak areas man-
ually. Of the 5 collaborators who did not com-
plete the study, 3 experienced instrumental
problems and one had no disk integrator.

The response factors obtained by collaborators
for the DBS and TBS derivatives are summa-
rized in Table 1. Variations from laboratory to
laboratory are probably due to different GLC
mstruments and shght differences in operating
conditions. The Associate Referec has also ex-

Table 1. Response factors® for methyl dibromo-

stearate and tetrabromosiearate

Coll. RDBS RTBS
1 1.72 2.25
2 1.56 1.99
3 1.61 2.30
6 1.82 2.08
9 1.51 1.95

12 1.57 2.16

° RDBS and RTBS are weight response factors for
methyl dibromostearate and methy! tetrabromostea-
rate, respectively, relative to methy! pentadecanoate.
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Table 2. Recoveries of brominated sesame oil (BSO)
trom drinks spiked by coilaborators

Direct analysis® From drinks

Added, Rec., Rec., Added, Rec., Rec.,

Coll. mg mg % mg mgt %
1 4.75 4.8 102.5 4.80 5.03 104.8
9.50 9.91 104.3 9.50 9.04 952
2 4.99 515 103.2 4.9 5.4 108.6
9.99 9.89 93.0 9.99 10.41 104.2
3 4.90 5.15 105.1 4.90 4.5 9.8
9.80 9.66 98.6 9.80 9.21 94.0
6 5.15 5.09 98.7 5.15  5.54 107.5
10.30 10.11 97.8 10.30 10.60 102.9
9 5.17  4.97 9.2 5.17 5.06 97.8
10.34  10.23  93.9 10.34  9.78  94.6
12 5.22 5.14 985 5.22 5.3 101.8
10.66 10.30 9.6 10.66 10.80 101.3

2 BSO weighed directly by collaborators—no drink
used.

v Each figure represents the average of duplicate
GLC determinations.

Tabie 3. Collaborative results for determination of
brominated sesame oil in test samples®: ¢

Rec., mg Rec. ‘mg Rec., mg

Coll. Ay Az B B2 Ci Cy

1 2.98  2.98 4.99 5.09 10.85 11.15

2 3.0 32 5.13 5.27 9.59 9.72

3 3.45 3.31 5.44 5.57 10.20 10.66

6 3.29 3.20 5.32 5.3¢ 10.40 10.80

9 2.94 3.20 5.00 4.76 .77 9.79
12 3.10 3.30 5.45 5.50 10.60 11.00
Mean 3.17 5.24 10.39
Range:

high 3.45 5.57 11.15

low 2.94 4.76 9.59
Std dev.© 0.14 0.25 0.55
Coeff. of

var., % 4.42 4.77 5.29
Av.rec.,

% 102.2 100.4 97.5

@ Calculations based on total peak area measurement.

b Samples analyzed in duplicate A, Az (3.10 mg BSO);
B, B2 (5.22 mg); Ci, C; (10.66 mg).

¢ Average values used.

perienced some variation when 2 different instru-
ments were used (ci. (1) and (2)).

Satisfactory collaborative results were obtained
for the determination of BSO without drink and
also in the presence of drink extract (Table 2).
In the direct determination, average recoveries
were 100.7 and 99.2% at the 5 and 10 mg levels,
respectively, and 102.1 and 98.7% at correspond-
ing levels of BSO in drinks spiked by collabo-
rators.
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Table 4. Compaosition of brominated sesame oil found Table 5. Collaborative resuits tor determination of
by collaborators in test samples brominated sesame oil in test samples® ¥
Fatty acid composition, %° Rec., mg Rec., mg Rec., mg
Coll.  Sampie Cis Cis DBsS TBS Coll. Ay Az B: B; C C;
1 BSO 6.7 5.7 a7.7 40.0 1 2.43  2.43 4.37  4.48 10.27  10.68
A 12.6 16.8 38.6 32.0 2 2.55 2.55 4.80 4.47 9.22 9.35
8 10.8 12.4 43.9 32.9 3 3.5¢  3.45 5.36 5.69 10.70  11.00
(o} 1.6 8.9 48.3 35.2 6 320 3.19 5.30 5.3 10.45  10.60
9 2.80 3.02 4.80 4.47 9.57 9.58
2 BSO 6.4 5.0 4.7 43.9 12 2.98 3.06 5.45 5.13 10.50 10.80
A 11.9 14.4 38.3 5.4
B 8.4 9.6 40.0 42.0 Mean 2.93 4.98 10.23
[+ 1.3 7.3 43.9 41.5 Range:
high 3.54 5.69 11.00
3 BSO 6.7 4.6 43.6 45.1 low 2.43 4.37 9,22
A 4.7 3.1 44.4 47.8 Std dev.© 0.40 0.46 0.64
B 6.3 4.4 42.8 46.7 Coetf. of
c 5.0 1.7 46.3 47.9 var,% 13.5 9.2 6.3
6§ 850 6.6 39 a0 mg  Avree
. . . . 94.6 95.3 9%.0
A 8.2 4.3 47.4 40.1 %
8 1.2 4.1 48.6 40.1 @ Based on brominated ester determination only.
[ 6.9 4.1 48.7 40.3 b : 3
* * : < Samples analyzed in duplicate A;, Az (3.10 mg BSO);
9 8BS0 5.2 51 458 429 B B2(5.2me); G, C; (10.66 mg).
A 6.1 9.7 42.7 41.5 Average values used.
B 6.5 8.0 43.9 41.6
[ 6.8 6.2 44.9 42.1 g
ages were apparent in the A test samples of most
iz asg ;’1" ;g :z-; :é; other collaborators.
B 6.4 7.0 5.1 5 Subsequent analyses of several blank orange
c 5.7 5.8 45.0 43.5 drinks in the Associate Referee’s laboratory re-

¢ Average compositions from direct determination of
BSO and from duplicate determinations Ay, A3, etc.

Results for BSO determination in test samples
are presented in Table 3. On first inspection these
results appear satisfactory at all 3 levels with
average recoveries of 102.2, 100.4, and 97.5%, at
the 3, 5, and 10 mg levels, respectively. However,
comparison of the true fatty acid composition of
BSO with that found by some collaborators in
test samples A, B, and C (Table 4) indicates that
some results may be erroneously high (Table 3).
For example, both Collaborators 1 and 2 re-
ported total (Cig+Cis) values about 12% in
the direct determination of BSO whereas in test
sample A, total (Cie+Cis) contents were ap-
proximately 25~-30%,. Similarly, with test sample
B, the total (Ci6+Cis) values were approxi-
mately 18-23%, whereas in Sample C, the total
amounts (15-17%,) were closer to the true values.
These results would appear due to an incomplete
extraction of BSO accompanied by an enhance-
ment in peak areas of Cy¢ and Cyg by some drink
components—the latter effect being more pro-
nounced at low BSO levels. Similar, although
smaller, enhancements of ‘Cys and Cys percent-

vealed’ components eluting with retention times
similar to those of Ci¢ and C;5. The content of
these components was variable and ranged from
approximately 0.1 to 0.4 mg/10 fluid oz.

Accordingly, the Associate Referee felt that
more meaningful recovery data on the test sam-
ples would be obtained by a calculation based
only on the total (DBS+TBS) content of BSO
(20.C11(b)). This method of calculation has been
used in the Associate Referee’s laboratory for the
analysis of several commercial samples of citrus-
based drinks which appear to contain nonbromi-
nated vegetable oils.

The collaborative results obtained by such cal-
culations are given in Table 5. Recoveries of BSO
were 94.6, 95.3, and 96.0% for 3.10, 5.22, and
10.66 mg/10 fluid oz. levels, respectively, and
according to the ranking test (3), all collabo-
rative results (average values) were within allow-
able score limits.

Components of variation for duplicate samples
are presented in Table 6.

Recommendations
1t is recommended that the GLC method for
the determination of brominated vegetable oils in
soft drinks, using calculations based on total
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Table 6. Within- and b labaratory com of variance {S2) and coefficient of variation for test sampies*
Total Within lab. Between lab.
BSO Mean
added, found, Coetf. of Coeff. of Coeff. of
mg mg S4 var., % §2 var., % 2 var., %
3.10 2.93 0.158 13.5 0.004 2.1 0.154 13.4
5.22 4.98 0.212 9.2 0.037 3.9 0.175 8.4
10.66 10.23 0.405 6.3 0.035 1.8 0.371 3.6

28,2 = (X - X)!/2n
sl:’ = S,{’ - Srz
Sqa? = §7 + §.%.

brominated ester content, be adopted as official
first action.

It is also recommended that a further cor-
roborative technique, possibly based on bromide
determination, be developed and used in con-
junction with the GLC technique.
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Corrected Fluorescence Spectra of Polynuclear Materials and

Their Principal Applications

THOMAS J. PORRO, ROBERT E. ANACREON, PAUL S. FLANDREAU, aud

IRVING S. FAGERSON*

The Perkin-Elmer Corp., Main Ave., Norwalk, Conn. 06862
* Department of Food Technology, University of Massachusetls, Amherst, Mass. 01002

Corrected fluorescence spectra are presented
for 20 polynuclcar aromatic compounds. The
applications of corrected spectra, as well as
instrumentation and techniques for providing
these spectra, are described.

Luminescence spectroscopy has made great
strides over the last number of years in the solu-
tion of chemical problems, primarily because of
its fundamental properties of sensitivity and
selectivity.

This progress has been aided by the availability
of instrumentation capable of precision and sta-
bility approaching those of ultraviolet (UV) and
visible absorption spectrophotometers. Much of
the utility of fluorescence measurements has been
in the quantitative analysis of trace components
of mixtures in the 1076-10~° g range, which is
usually below the threshold level of sensitivity of
UYV absorption measurements. Fluorescence spec-
troscopy has also been an invaluable adjunct in
the elucidation of biochemical reactions at the
molccular level, particularly because of its
greater sensitivity compared with UV and also
because of the direct excited state information it
provides.

The majority of fluorescence spectrophotom-
cters in use do not provide accurate or “true”
fluorescence spectra. Although the instruments
are precise and stable, they still record spectra,
for most part, which reflect the non-constant out-
put of the excitation source vs. wavelength and
the variation in spectral response of the photo-
multiplier.

The need for obtaining true fluorescence excita-
tion and emission spectra and methods for cor-
recting spectra were described in the literature as
early as 1957 by Weber and Teale (1) and in 1958
by Parker (2). Several instruments have been
constructed to record fluorescence spectra di-
rectly, either in energy units or in units of

Received November 10, 1972.

quanta/unit spectral bandwidth. The latter units
are more useful for physical interpretation of
molecular behavior and for determination of
quantum efficiency.

The purpose of this paper is to (1) identify and
illustrate & number of the principal uses of “cor-
rected” or ‘“true” fluorescence spectral data,
(2) describe available equipment that provides
these data conveniently and accurately, and
(8) provide a compilation of corrected flucrescence
spectra of 20 polynuclear aromatic compounds of
direct interest to workers in the fields of air pollu-
tion and food and agricultural sciences.

Application of Corrected Fluorescence Spectra

The primary advantages of directly obtaining
correct excitation and emission spectral data, in
units of relative quanta, are the following:

(1) Apparent shifts in excitation and emission
wavelength peaks, distortions in bands and
shapes, and changes in relative band intensities
introduced by the detector and xenon source are
eliminated by correcting the spectra.

(2)  Interfering narrow lines of the xenon source
which oceur in many uncorrected excitation spec-
tra are cancelled in the corrected spectra.

(8) The “corrected” excitation spectrum can
be used in place of the absorbance spectrum for
identification of unknown materials at concentra-
tion levels far below minimum detectable levels
of absorption.

(4) The “corrected” emission spectrum is re-
quired in the determination of fluorescence quan-
tum efficiencies of pure materials. The quantum
efficiency of a material is a measure of its ability
to fluoresce and this is useful in predicting its
minimum detectable concentration.

(6) The dissimilarity between aun absorbance
vs. an excitation spectrum, or the non-constancy
of the quantum efficiency of a substance with
wavelength, can be an indication of one or a num-
ber of the foliowing: (a) the presence of an im-
purity or impurities, (b)) molecular association
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(dimers, trimers, etc.), (c) tautomerism, and
(d) the transfer of electronic energy among rhole-
cules. ) ]

(6) The routine availability of “correct,”
“true,” or “accurate” fluorescence spectra data in
relative quantum units is not only required to
elucidate chemical structure and reactions but is
important to good fluorescence analysis for the
same reasons that accuracy is important to UV
absorption analysis. In other words, “truc” fluo-
rescence spectral data are not only useful to solve
an immediate problem but can be exchanged from
imstrument to instrument and laboratory to labo-
ratory. The compilation of such information is
extremely useful for many analytical probiems,
which will reduce the need to continually rerun
spectra. In a recent review by Sawicki (3), the
need for true excitation spectra for identification
of polynuclear compounds in air pollution re-
search was identified. '

Experimental
Materials and Methods

Polyeyclic aromatics were obtained commer-
cially from sources indicated in Table 1. Although
no attempts were made to purify the samples, an
assessment of purity was made by thin layer
chromatography as well as by correlation of the
excitation and absorption spectra of each sample.

Two systems, as described by Halaby and
Fagerson (4), were used for thin layer chroma-
tography. The compounds were screened for im-
purities; those compounds were rejected that
showed more than a faint fluorescence for spots
other than the main compound.

Luminescence spectra were obtained for the
compounds retained: Unless correlations were ob-
served between the corrected excitation and ab-
sorption spectra, the compound was rejected.

Solutions of the compounds retained were pre-
pared ii: redistilled ACS grade methanol (w/v)

and serially diluted with redistilled methanol or’

with commercially available absolute ethanol to
the appropriate concentration.

Luminescence and absorption spectra were oh-
tained from $olutions in quartz cells of 10 mm
pathlength.

Instrumentation
Figure 1 is a block diagram of an excitation and
emission correction system as an accessory to the
Perkin-Elmer Models MPF-24 and MPF-3 fiuo-
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rescenee spectrophotometers. The excitation spec-
trum is corrected by recording the ratio of the
sample detector output signal to that of a refer-
ence detector which monitors the emission of the
quantum counter, Rhodamine B, which has the
property of maintaining a constant ratio of
quanta absorbed from 200 to 600 nm to quanta
emitted at 630 nm (5). After the beam exits from
the first monochromator it strikes a lens, and
then a beam splitter which reflects & small per-
centage of the light to a triangular cell filled with
the quantum eounter. The detected signal is fed
to the reference amplifier. The sample fluores-
cence s directed through the tmisston mono-
chromator and then to the sample photomulti-
plier. The amplified sample signal is electronically
ratioed to the reference signal and recorded. A
25-tap preprogrammed potentiometer is coupled
to the wavelength drive of the excitation mono-
chromator to alter the sample amplifier gain to
compensate for the non-constant reflectance of
the beam splitter. .

The emission correction produces a“flat re-
sponse curve for the detector output by pread-
justment of another 25-tap potentiometer coupled
to the emission monochromator between 300 and
600 um.

Figure 2 shows the spectral output of the xenon

Table 1. Source of polycyclic aromatic compounds

Compound Fig. No. Source
Anthanthrene 10 K&K Laboratories,
Plainview, N.Y.
Anthracene 3} Aildrich Chemical
Co., Milwaukee,
Wis.
3,4:9,10-Dibenzprene 12 K&K’
3,4:8,9-Dibenzprene 13 K&X
Benz(a)pyrene 14 K&K
1,2:3,4-Dibenzprene 15 K&K
1,2:5,6-Dibenzacridine 16 Aldrich
m-Quaterpheny! 17 Aldrich
tminodibenzy! 18 Aldrich
5,6-Benzoquinoline 19 Aldrich’
n,p-Bitoly! 20 K&K
Coronene 21 Aldrich

Ptaltz & Bauer,
Fiushing, N.».

1,2:5,6-Dibenzanthracene 22

9-Vinyl anthracene 23 Alorich

Azuiene 24 K&K

2,3-Benzofluorene 25 K&K

112-Benzoperylene 26 Aldrich

Pyrene 27 Koch-Light, Coin-
brook, Bucks,
England

.Chrysene 28 Aidrich

Fluoranthene 29 Koch-Light
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FIG. 2—Spectral energy output—xenon source.

source which is the muin parameter that the cor-
rection system compensates for in obtaining cor-
rected excitation spectra. Note the sharp lines
around the peak emission.

When the excitation system is properly re-
adjusted, the excitation spectrum of a sample of
Rhodamine B is run against the Rhodamine B
reference cell. A-plot, as shown in Fig. 3, is flat to
within £5%,.

380 440
WAVELENGTH (am)

FIG. 3—Compensation for source, Rhodamine B vs.
Rhodamine B.

. The main parameter to be compensated for in
obtaining corrected emission spectra is the non-
flat detector response, shown for a R-136 type
cathode in Fig. 4.

Oune method of preadjustment of the emission
system utilizes an externally mounted NBS-cali-
brated vungsten lamp whose output is measured
directly through the emission monochromator.
Figure 5 shows the uncorrected output of the
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FiG. &—Detector response, R-136 photocathode.

lamp, which is adjusted to match the calibrated
values by using the 25-tap compensator. When the
instrument is adjusted one can routinely obtain
corrected or uncorrected emission and excitation
spectra data.

Figure 6 shows the corrected and uncorrected
excitation spectra of an ethanol solution of an-
thracene (6). Note the large change in relative
band intensities and the shift of the wavelength
maximum of the 250 nm band. Figure 7, showing
the corrected vs. uncorrected excitation spectrum
of a fluorescence dye used in the antibody-antigen
analytical technique, illustrates quite well the
ability of the correction system to eliminate the
sharp xenou lines (labeled with asterisks) which
would otherwise be impossible to remove by filter-
ing alone.

Tigure 8§ shows the corrected and uncorrected
cmission spectra of a phosphor powder. It illus-
trates very dramatically the error of about 13 nm
in the wavelength of the emission maximum that
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FIG. 8—Phosphor powder, corrected vs. uncorrected
emission spectra.

is incurred in this portion of the spectrum if the
spectrum is not corrected for the photomultiplier
response.

The ratio of light emitted to that absorbed by a
molecule is called its quantum efficiency, a mea-
sure of its ability to fluoresce. The determination
of quantum efficiencies is important because they
are measuees of a fundamental constant of a fluo-
rescing compound. For the most part these mea-
surements have been very tedious and require
special equipment. If the integrated areas of the
corrected emission spectra of an unknown and
also of a standard material (we used an electronic
integrator) are measured under the same instru-
ment conditions and if the absorbance of each is
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determined at the wavelengths of excitation, the
efficiencies of materials can be determined effi-
ciently and accurately (7).

¢2 = ¢1 X (areag/area;) X (1 — e — 2.34,)/
(1 — Xe — 2.342) X (E:/E2) (1)

Equation (1) was used to calculate the quantum
efficiency of a substange (¢2) relative to a given
standard (@) ; the integrated areas under the cor-
rected emission curves are areas and area,, re-
spectively. The absorbances of the unknown and
standard solutions measured at the corresponding
wavelength of excitation are A2 and 4, while the
relative energies of excitation of the standard and
unknown are given by E; and E,. The E values
cancel out, if both the standard and the unknown
solutions are excited at the same wavelength.

Table 2 summarizes the relative quantum effi-
ciencies determined in this way, using a solution
of quinine sulfate as a standard (¢ = 0.55) and
calculating the relative quantum efficiency for
anthracene in ethanol. Both solutions were ex-
cited at 250 nm so that E1/E2 = 1 in the formula.
The calculated value of 0.31 agrees closely with
the value of 0.30 reported by Parker (8). A minor
correction factor should be applied for the differ-
ence in-refractive index between ethanol and
0.1N HJ80,.

Similarly the relative quantum efficiency of
perylene in ethanol was calculated, using anthra-
cene in ethanol as o reference. These data are
summarized in Table 3. The calculated value of
0.82 agrees within 6%, with the published value of
0.87.

In the measurement of relative quantum effi-
ciencies, the bandwidth of the excitation mono-

Table 2. Relative quantum efficiency of anthracene vs. quinine sulfate solutions
Compd Solv. Aex, NM Absorbance Area units @
Anthracene, 0.25 ug/ml Ethanol 350 0.015 3620 0.31 (caicd)
Quinine suifate, 1 ug/ml 0.1N H2804 350 0.010 4946 0.55 (known)

9 See equation (I) in text.

Table 3. Relative quantum efficiency of perylene vs. anthracene solutions
Compd Solv. Aea, M Absorbance Area units ¢
Perylene, Ethanol 250 0.031 22.466 0.82
0.10 ug/ml
Perylene (8) Ethanol 360 0.87
Anthracene, Ethano! 250 0.090 23,283 0.30 (8)
0.08 ug/mi (known)

@ See equation (1) in text.
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chromator must be the same as that for the ab-
sorption spectrophotometer which was used for
the absorbance measurement.

Another example of the utility of corrected
excitation spectral data is the ability to detect
chemical effects, such as the presence of impuri-
ties, molecular associations, and energy transfer.
In Tig. 9 the excitation and absorbance spectra
of a naphthalene solution in cyclohexane are

compared. The lack of correspondence of the 2-

spectra, particularly at 288 nm, is a direct indica-
tion of an impurity which, in this case, we know
to be the presence of a small amount of naphtha-
cene. Since the impurity level is low, it is not
reflected in the absorbance spectrum.

Probably the single most important use of
corrected excitation data is in place of an ab-
sorbance speetrum when solution concentrations
are below absorption thresholds. For a pure
compound having a single fluorescing group, the
corrected fluorescence excitation spectrum of a
dilute solution should be identical to its absorb-
ance spectrum. Since many compounds fulfill this
condition, the ability to gencrate easily and
accurately corrected excitation spectra will be
extremely useful to those requiring an accurate
UV absorption spectrum for comparison with the
large compilation of reference spectra for qualita-
tive identification of an unknown substance. In
addition, it is always important to be able to com-
pare spectral data in a quantitatively accurate
way, not only from instrument to instrument, but
also within the same instrument over a period of
time. This capability has been generally available
with UV absorption spectrophotometers for many
vears, but only recently has standard equipment
been introduced that produces corrected spectral
data on a routine and convenient basis.

Since we had on hand a number of aromatic
polynuclear compounds relating to the fields of
food and agricultural science, as well as air pollu-
tion, we felt that it would be useful to compile
their corrected fluorescence specira to be used as
reference data and to correlate the corrected
excitation spectrum of each compound with its
absorbance spectrum. From a choice of over 50
compounds, we were able to meet the above con-
ditions on 20 whose spectral data are shown in
Tigs. 10 through 29. The data from the remaining
compounds were not included, primarily becausc
a good corrclation between excitation and absorp-
tion could not be made, thereby causing their
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FiG. 3—Naphthalene in cyclohexane, excitation and
absorbance spectra.

purity to be suspect and the quality of the fluo-
rescence data to be questionable. Although the
purity of the compounds studied was known to
be high, we are including the supplier (Table 1),
since the materials were not purified further. Also
shown in each spectral illustration is the linear
absorbance spectrum of each compound, using
the same spectral band-pass as for the corrected
excitation spectrum. (The fluorescence spectra
were obtained on a Perkin-Elmer Model MPF-3
fluorescence spectrophotometer with a corrected
spectra accessory. The absorbance spectra were
obtained on a Perkin-Elmer Model 124 absorp-
tion spectrophotometer.)

To compare the corrected excitation spectra
with the linear absorbance spectra, the ratio of
peak intensity of one band in the corrected excita-
tion spectrum is compared to the intensity of the
corresponding peak at the same wavelength in the
linear absorbance spectrum. Several ratios were
taken for different bands in each compound. If
the correspondence to absorbance is true, then the
ratio should be the same for each set of peaks.
The average ratio for all the corresponding peaks
was calculated and the standard deviation of.
these averages was then determined. The error
in the measurement of true excitation spectra
compared to the absorbance spectra was 5% or
less. The coefficient of variation, (standard devia-
tion/average value) X 100, was used as the mea-
sure of the accuracy of the correlation.

Comparison of spectra of 1,2-benzanthracene in
cthanol shows good correlation (Fig. 30). In Fig.
31, the excitation spectrum of 1,2-benzanthracene
(2) is compared with onc obtained on our equip-
ment; the corresponding ratios of the & bands at
253, 268, 278, 288, and 342 correlate to £4%.
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FIG. 30—1,2-Benzanthracene in ethanol, excitation and
absorbance spectra—comparison of literature data (2).

FIG. 31—1,2-Benzanthracene in ethanol, excitation and
absorbance spectra—comparison of Parker's data (2)
and MPF3 data.
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Users of the 11th Edition of Official Methods of Analysis

When using the AOAC Ofiicial Methods of Analysis, have you found errors, noted
any methods that are obsolete, poorly written, or confusing, or noticed the lack of

proper indexing?

Although the 11th Edition has just been published, we are already taking steps to
start preparation for the 12th Edition (1975). Please help us to make the next edition
as error-free as possible. Mail all comments and suggestions (a formal letter is not
necessary) to Dr. William Horwitz, Executive Director, AOAC, Box 540, Benjamin

Franklin Station, Washington, D.C. 20044.
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Nitrate, Nitrite, and Dimethylnitrosamine in Cured Meat Products

THAVIL PANALAKS, JAGANNATH R. IYENGAR, and NRISINHA P. SEN
Rescarch Laboratories (Foods), Health Protection Branch, Department of National Healti and Welfare,

Ottawa, Ontario, Canede K/A OL2

Nitrate, nitrite, and dimethyinitrosamine
(DMN) were determined in 197 samples of
various kinds of meat products. Nitrate and
nitrite were determined by the metbod of
Kamm et al. (1965}, and DMN was estimated
semiquantitatively by a GLC mecthod using a
Coulson electrolytic conductivity detector
(pyrolytic mode). The average levels of nitrate
and nitrite were 181 ppm (range, 0~3467 ppm)
and 28 ppm (range, (-252 ppm), respectively.
Trace amounts (2-12 ppb) of DMN were present
in 57 samples; others were negative. As no
mass spectrometric confirmation of the iden-
tity of DMN was carried out, the results should
be considered as only tentative and not as an
absolute proof of the presence of DMN. Except
in a few types of meat products, the concentra-
tions of nitrate or nitrite did not correlate with
that of DMN detectied in the samples.

Since the discovery of the carcinogenicity of
dimethylnitrosamine (DMN) in rats by Magee
and Barnes (1) in 1956, various reports (2-5) have
been published regarding the carcinogenicity of
DMN and other N-nitrosamines, their metabo-
lism and mode of action, and occurrence in food-
stuffs. The first evidence that DMN could be
present in the environment came from the work
of Norwegian researchers (6, 7) investigating a
liver disease in {arm animals that were fed nitrite-
preserved herring meal. Subsequent studies (8, 9)
established that the toxicity of the meal was due
to the formation of fairly large amounts (30-100
ppm) of DMN from the added nitrite and the
amines which occur naturally in the fish. Recent
work from various laboratories has established
that trace amounts of DMN are present in ceriain
types of fish and meat products used for human
consumption (10-12; Wasserman, A. E., Fiddier,
W., Doerr, R. C., Osman, S. F., and Dooley, C. J.,
USDA, Philadelphiz, Pa, 1972, personal com-
munication).

Both sodium nitrate (500 ppm or more) and
sodium nitrite (up to 200 ppm) are permitted as
food additives in meat products in many coun-

Received September 3, 1872,

tries of the world (13-15). 1t was thought, there-
fore, that a comparisen of the levels of these
additives with that of DMN in various commodi-
ties of meat might provide us with valuable data
on the nature and extent of the distribution of
these chemicals in this important source of human
food. Here we wish to report the result of such a
survey carried out at the Health Protection
Branch Laboratory at Ottawa.

Experimental

Collection of sampies.—Meat samples were pur-
chased from commercial outlels located at 5 main
centers (Vancouver, Winnipeg, Montreal, Toronto,
and Halifax) and sent by air freight to this labora-
tory. Upon arrival the samples were comminuted in a
meal mincer, and stored in polyethylene bags at
—10°C until further use.

Determination of nitrate and nitrile.—These sub-
stances were determined by the method of Kamm
et al. (16).

Determination of DM N .—The method used is very
similar to that reporied earlier (17). The only differ-
ence was that the amount of DMN in the final ex-
tract was semiquantitatively estimated by a gas-
liquid chromatographic (GLC) method using a
Coulson electrolytic conductivity detector (pyrolytic
mode). The method can be described briefly as foi-
lows: 100 g sample was extracted with methylene '
chioride at an alkaline pH, and the extract was dis-
tilled over 3N KOH until all the methylene chloride
was removed. The aqueous residue was distilled, and
the distillate was made alkaline with 209, K,CO;
and re-extracted with methylene chloride. 1nterfering
amines were removed by washing the extract with
glycine-hydrochioric acid buffer (pH 2.1). After fur-
ther purification of the extract by chromatographiz
cleanup on a basic alumina column the solution was
concentrated 10 1.0 ml. A 15-20 ul aliquot of the
final methylene chioride extraci was analyzed by
GLC as described earlier (18).

Results and Discussion
Table 1 summarizes the resuits of the study.
The average values for nitrate and nitrite were
181 ppm and 28 ppm, respectively. The concen-

This paper was presented at the 86th Annua! Meeting of tie
AOAC, Oct. 9-12, 1972, at Washington, D.C.
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Table 1. Nitrate, nitrite, and DMN contents Table 1. (Conlinued)
of various meat products
Sam-

Sam- ple Nitrate, Nitrite, DMN,
ple Nitrate, Nitrite, DMN, No. Variety ppm¢ ppm®  ppb
No. Variety ppm® ppm®  ppb

Meat loaves®
Shelt-stable. canned cured meat
1 Beef-ham meat spread 80 2% N :; ;l::r ;ci‘l:‘ez‘:ilr:::no é u H
2 Beef-pork chicken spreac N 4 N loa; ' 43 N N
3 Ham spread 69 4 N 55 Meat, macaroni, &
f Ham spread Bf 1 3 cheese loat 70 7 N
% Luncheon meat 1z ¢ o 60 Smoked beef luncheon
6 Luncheon meat 122 14 N ieat 112 7 2
7 Luncheon meat 124 4 2 61 Beef luncheon meat 13 N N
8 Pork luncheon meat 9 4 N 62 Luncheon meat 124 7 N
9 Meat loaf 9 7 N 63 Luncheon meat 84 N N
10 Meat loaf 159 4 N 64 Luncheon meat 4 4 N
i1 ‘Meat loaf a2 N N 65 Luncheon meat 13 N N
12 Corned beef loaf £ 18 N 66 Mock chicken loat 222 310
13 Ham 1“? i N 67 Mock chicken loaf 185 14 2
16 Ham 3 7w 66 Mock chicken loat 108 7 2
15 Ham 8 N N 69 Mock chicken loaf 147 4 3
16 Ox tongue a ? 3 70 Mock chicken loaf 175 39 N
Pasteurized, canned cured meat 71 Meat loaf 48 4 2
72 Meat loat 203 118 N
17 Ham 185 148 3 73 Pork turkey loaf 289 1 N
Sausages, smoked and unsmoked 7¢ Barbequed meat loaf 90 4 3
75 Ham 63 4 N
18 Wieners 309 21 2 76 Cooked ham 17 N N
19 Wieners 151 14 3
2 Wieners 2 1 3 Salami, European-type sausages, etc.
21 Wieners 138 14 2
22 Wieners 255 18 2 77 Belitalia 339 7 N
23 Wieners 154 7 N 78 Pepperoni sausage 374 29 N
24 Wieners 83 18 N 79 Ukranian sausage 251 3 10
25 Wieners 23 i N 80 Skinless sausage 83 N N
2% Wieners 26 N 2 81 Tyrola sausage 2 4 N
27 Wieners 56 11 3 82 German-style sausage 97 25 N
28 Wieners 93 14 N 83 Beer sausage 35 40 N
25 Wieners 50 7 N 84 Summer sausage 185 14 N
30 Beef wieners 151 14 N 85 Tradition ham sausage 17 99 N
31 Beef wieners 69 N N 8 Garlic ring sausage 42 18 N
32 Smoked sausage 202 N N 87 Polish sausage 8? 56 3
33 Smoked sausage 269 14 N 88 Salami 32 21 3
34 Smoked sausage 326 77 N 89 Salami 163 1 N
35 Smoked beef sausage 156 N N 90 Salami 203 51 N
91 Salami 46 14 5
Bologna 92 Salami 54 4 N
35 Bologna 75 7 5 93 Salami 7 7 4
37 Bologna 201 11 3 94 Salami 147 7 N
38 Bologna 154 4 3 95 Beef salami 8¢ 40 N
39 Bologna 98 14 N 96 Beef salami 233 39 3
40 Bologna Iy 4 N 97 Beef salami 74 72 H
41 Bologna 154 7 3 98 Beef salami 50 7 N
42 Bologna 278 1 2 92 Polish cooked salami 123 4 N
43 Bologna 336 108 8 100 Dry cured salami 5 18 N
44 Bologna 88 14 N 101 Beet trankiurters 22 2 4
45 Bologna 15 44 7
46 Bologna 52 18 2 Unpackaged cured meat products®
47 Bologna 112 4 5
48 Bologna 125 84 3 102 Pastrami 154 40 N
43 Bologna 88 77 4 103 Pastrami 106 6¢ N
50 Bologna 63 58 N 104 Pastrami 189 10 2
51 Bologna 13 4 N 105 Onion (pork & beef) loaf 65 58 N
52 Bologna 5 4 N 106 Spiced beef 359 7 N
53 Garlic bologna 70 56 N 107 Aged & cured Hungarian
54 Garlic bologna 265 136 5 salami sausage. 384 N N
55 German bologna 178 216 N 108 Cured beef (uncooked
56 Italian sausage 49 N N and unsmoked) 2z N N
(Continued) {Continued)
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Tabie 1. (Continued)

Table 1. (Continved)

Sam Sam
ple Nitrate, WNitrite, DMN, ple Nitrate, Nitrite, DMN,
No. Variety ppm¢ ppm? ppb No. Variety ppm* ppme ppb
Unpackaged cured meat products® (cont'd) Picnics (shoulders) (cont'd)
105 Cured beef (uncooked 163 Picnic pork shouider 3 108 2
and unsmoked) 17 N N 164 Picnic pork shouider N 25 N
110 Smoked meat 155 10 2z 165 Picnic pork shoulder 379 7 N
111 Westphaiian ham 407 47 N 166 Cottage roll 86 58 N
112 Westphalian ham 156 N N 167 Cottage roll 70 85 N
113 Cooked ham 122 4 N 168 Smoked picnic pork
114 Smoked ham 192 44 N shoulder 191 90 N
115 Smoked pork loins 22 90 2z 169 Smoked picnic pork
116 Smoked European bacon 310 4 N shoulder 167 7 N
170 Smoked picnic pork
Bacon shoulder &0 7 N
171 Smoked picnic pork
b s R R
119 Bacon 17 7 3 172 Smo_ked ccma_ge ‘roll 142 7 V3
120 Bacon 3 64 N 173 Semi-cured picnic ham 172 4 N
121 Bacon s 123 2 174 Uncooked cured cottage
roll 2831 14 N
122 Bacon 216 21 N
123 Back bacon 223 10 N Corned beef products
124 Back bacon 99 14 N
125 Side bacon 2% 67 N 175 Corned beef 165 14 N
126 Side bacon 168 7 N 176 Corned beef 50 7 N
127 Side bacon 87 14 N 177 Corned beef 97 7 N
128 Side bacon 108 2 N - 178 Corned beef 24 10 N
129 Side bacon 2% 10 N 179 Corned beef 75 7 N
130 Side bacon 67 21 3 180 Corned beet 191 4 N
131 Side bacon i 4 N 181 Corned beef 668 7 N
132 Side bacon 440 4 N 182 Corned beef 376 21 N
133 Side bacon 86 7 3 183 Corned beef 15 N N
134 Bacon 199 14 N 184 Comed beef 18 10 N
135 Peameal bacon end cut ¥ 56 2 185 Cured corned beef 3467 39 12
136 Smoked bacon 64 14 N 186 Corned beef round 2 4 N
HEHS 187 Corned beet loaf v 4 N
188 Corned beef brisket 3 [ N
137 Ham 88 127 N 189 Corned beef brisket 159 7 7
138 Ham 65 60 N 190 Corned beef brisket 4 4 N
139 Ham 223 N N 191 Corned beef brisket 79 N N
140 Ham N 56 3 192 Corned beef brisket 139 N N
141 Ham % N N 193 Corned beef brisket 45 4 N
142 Mam N 21 N. 194 Pickled corned beef
143 Chopped ham loat 3% 14 N Drisket m N 3
144 Srmoked ham 500 205 N 195 Pickied cured corned
145 Smoked ham 06° 90 N beet 82 % 3
146 Smoked ham 250 29 N 196 Pickled cured corned
147 Semi-cured ham 104 52 2 beef 168 2 3
148 Semi-cured ham 17 4 N 197 Pickled beef 21 84 Ny
149 Semi-cured ham 18 7 N
150 Semi-cured ham 3% 104 N @ Results expressed as the sodium salt.
151 Uncooked cured ham 1946 7 3 b N = none detected (detection limit for DMN is 2 ppb
152 Cooked ham 371 72 N and for nitrate and nitrite, 1 ppm).
153 Cooked ham 74 25 N ¢ Products such as packaged luncheon meat slices,
154 Cooked ham 272 4 N sliced ham, mock chicken, and macaroni and cheese
155 Cooked ham g 32 N luncheon meat slices.
156 Cooked ham 25 45 N 4 Pastrami, smoked meat, dried uncooked ham, etc.
157 Canned cooked ham 60 7 N
158 Cooked boneiess ham 3 45 N
158 Cooked boneless ham o N N trations of nitrate in 5 samples were over 500 ppm
Picnics (shoulders) and that of nitrite in 4 samples exceeded the
160 Cornad pork shoulaer S ; N officially permitted levels. 1t is interesting to {xotc
161 Picnic pork shoulder 89 2 N that although some of these samples contained
162 Picnic pork shoulder 9% 7 N over 1000 ppm nitrate the corresponding values

(Contmued)

for nitrite were quite low. This may indicate that
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only slow conversions, if at all, of nitrate to nitrite
took place during storage or processing.

Of 197 samples analyzed, 57 contained detect-
able amounts (2-12 ppb) of DMN; the rest were
negative (detection limit = 2 ppb). The recov-
eries of added DMN at 10 ppb and 20 ppb Jevels
ranged between 70 and 80%. Figure 1 shows a
few typical gas chromatograms obtained in this
study.

The semiquantitative estimation and identifi-
cation of DMN was based solely on GLC analysis
using the Coulson detector (pyrolytic mode).
Under such conditions (Tig. 1) the detector is
highly specific for uitrosamines (18), and it is
therefore highly likely that these data represent
a true measure of DMN and not of the inter-
fering materials. It would probably be extremely
laborious and time-consuming to confirm each of
the low positive results by GLC-mass spectrom-
etry. 1t should be pointed out that in a previous
study (11) we have uneguivocally confirmed the
presence of DMN in a few meat samples by
GLC-mass spectrometry.

The resulis reported here are in general agree-
ment with our previous data and those reported
by others (10-12; Wasserman ¢t al.) that the
concentrations of DMN, if present, in cured meat
products are normally very low. Only in 3 in-
stances have relatively high levels of DMN been
confirmed; one salami examined by us contained
about 60-80 ppb DMN (11) and two frankfurters
analyzed by the USDA Laboratories were found
to contain 48 and 84 ppb DMN, respectively
(Wasserman et al.). )

By comparing the data in Table 1 it would
appear that there is no clear-cut correlation be-
tween the levels of DMN and that of nitrate or
nitrite. Of the 9 samples (Nos. 13, 55, 117, 144,
151, 174, 181, 182, 185) that contained excess
levels of nitrate or nitrite, only one (No. 185)
contained significant amounts (12 ppb) of DMN;
others contained either none or trace quantities
(2-3 ppb). Similarly, of 9 samples (Nos. 36, 43, 45,
47, 54, 66, 79, 91, 185) that contained 5 ppb or
more of DMN, only 2 (Nos. 43, 54) contained
high levels of nitrite and one (No. 185) contained
a high level of nitrate. These findings agree well
with those of Wasserman et al. (personal commu-
nication) who found no correlation between the
levels of DMN and those of nitrite in commer-
cially processed samples of frankfurters.

The data were statistically analyzed by Ken-
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FIG 1—GLC analysis of DMN. (a)"ZD ul aliquots of final

extract from sample No. 175; (b) 20 ul aliquots of same

sample spiked with DMN and DEN (diethyinitrosamine)

at 10 ppb levels; (c) 20 ng each of DMN and DEN stan-

dard; (d) 5 ng DMN standard; and (e) 20 ul aliquots
of extract from sample No. 188,

109, Carbowax 1540 on 80-100 Chromosorb W (HMDS/
AW), 6’ X Y ” stainless steel column, carrier gas (He)
flow rate 30 m!/min. A Varian gas chromatograph,
Model 2700, connected to a Couison electrolytic con-
ductivity detector (furnace 400-450°C, pyrolytic mode)
was used. Detector voltage 30, attenuator at 2.

For (2) to (c) column temperature was 105°C for first
3 min, then programmed to 170°C at 20°C/min. For
samples (d) and (e) the analysis was carried out under
isothermal (150°C) conditions. The effiuent trom the
column was aliowed to vent in the air for first 3 min in
each case.

dall’s rank correlation test (19), and the results
are presented in Table 2. Significant positive cor-
relations (P < 0.1) seem to exist between the
following pairs of variables: nitrate-DMN and
nitrite-DMN in corned beef; nitrate-DMN in
meat loaves; nitrate-DMN in bologna. Negative
correlations are observed between nitrate and
DMN levels in bacons. Although no definite ex-
planation of this negative relationship can be
presented at the moment, it is possibie that the
manufacturers of these bacons used a combination
of either high nitrate + low nitrite or low nitrate
+ high nitrite as the ciring agent. This may
explain why the concentrations of DMN in these
samples were inversely proportional to those of
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Table Z. Kendall’s rank correiation test tor difterent
variables in various groups ot meat products”

Kendall's 7 tor

Type ot Sample
meat product size Nitrate-DMN  Nitrite-DMN
Sheit-stable 16 0.014(0.93)  0.232(0.20)
meat
Sausages 18 0.026(0.88)  0.196(0.25)
Bologne 21 0.292(0.06)  0.254(0.11)
Meat loaves 20 0.320 (0.05) 0.252 (0.12)
Salami 25 0.100(0.48)  0.196(0.17)
Unpackaged 15 —0.098(0.62)  0.271(0.16)
cured meats
Bacons 20 —0.445(0.01)  0.148(0.36)
Hams 23 0.048(0.75)  0.049(0.79)
Picnics 15 0.230(0.23)  0.250(0.19)
Corned beef 23 0.249(0.10) 0.280¢0.07)

“ Values in parentheses represent approximate sig-
nificant probabilities for 2-tailed test.

nitrate. Since we do not know the exact input
levels of nitrate and nitrite in these sampies, it is
difficult to say whether this was the case. Other
equally good explanations may be possible.

The mechantsm of formation of DMN in meat
is a complex process. 1t depends not only on the
concentration of nitrite but also on'the avail-
ability of various amines such as dimethylamine,
trimethylamine, and trimethylamine oxide, as
well as some quaternary ammonium compounds
(20). 1t 1s possible that some of the high nitrite
samples did not contain enough of the necessary
amines, and as a result were low in DMN. Other
factors, such as the effect of various additives,
bacterial flora in the meat, processing and storage
conditions, etc., might influence the formation of
DMN. If all the meat products were of the same
type (same processing) and manufactured from
the same batch of meat (same amine compo-
nents), then it might have been possible to ob-
tain a direct correlation between the levels of
nitrite and of DMN. Recently, Fiddler et al.
(Fiddler, W., Piotrowski, E. G., Pensabene, J. W,
Doerr, R. C., and Wasserman, A. E., 1972, per-
sonal communication) have carried out such a
study with frankfurters and noticed an increase
in DMN formation with an increase in either the

.concentration of nitrite or the processing time.

The results of this study indicate that ex-
tremely low levels of DMN may be present in
meat products. However, the biological effect of
such low amounts of DMN in humans is not
known. DMN has been shown to be carcinogenic
to rats when fed in the diet at 2 ppm, and a
no-effect level has not been established (21). Until

such information is avaiiable 1t will not be pos-
sible to set tolerance guidelines for DMN in meat
products or any other foods.
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SPICES AND OTHER CONDIMENTS

Detection of Turmeric in Foods by Rapid Fluorometric
Method and by Improved Spot Test

ALBERT B. KARASZ, FRANE DE COCCQ, and LINDA BOKUS
New Yori: State Food Laboratory, 1220 Washington Ave., Albany, N'.1'. 12226

The rapid test for turmeric is based on the
fluorescence of curcumin, the principal pig-
ment of turmeric. In a water-saturated n-
butanol solution, its excitation maximum is
435 nm and the emission maximum is 520 nm.
In the test described, which was applied 1o
pickles, salad dressings, and baked goods, a
sample is shaken with the butanol solvent and
the filtered extract is scanned for a 520 nm
peak on a spectrophotoiluorometer that has
been adjusted to give 1009 scale dcfiection for
a standard curcumin solution. Extracts of
pickles and salad dressings arc scanned di-
rectly. Extracts of cenriched baked goods are
treated to remove riboflavin fluorescence by
partitioning both riboflavin and curcumin
from butanol into a selution of 0.1N NaOIl-
15% NaCl, acidifying the latier with CH;COOI,
reducing the riboflavin with NazS20,, and re-
extracting curcumin from acid solution into
butanol for fluorometric scanning. No inter-
ference is caused by annatto, carolenc, lar-
trazine, or cgg yolk solids. A spot test may be
performed on the butanol extract. The solu-
tion is evaporated to dryness, the residue is
dissolved in a few drops of ethanol, and the
spot test is performed with a boric acid reagent
of considerably improved sensitivity.

The use of turmeric by bakers to color bread
and rolls yellow, in semblance of the color im-
parted by egg volk, has become widespread re-
cently. In the course of the examination of bread
samples for this fraud, the official boric acid test
for turmeric (1) was found to be unsatisfactory.
Results were often inconclusive, as co-extractives
appeared to cause interference. Similar difficulties
were also encountered in applying the boric acid
test to other commodities, such as salad dressings
and pickles.

An alternative test reported here is based on
the fluorescent property of turmeric. This prop-
erty is due largely to the fluorescence exhibited
by curcumin, the principal pigment of turmeric.
A spectrophotofiuorometer is used to isolate the

specific excitation and emission wavelengths. De-
tails of the method and some of its applications
are described.

A modified boric acid reagent is also described.
This reagent affords a considerable improvement
in the spot test for turmeric.

METHOD
Reagenis and Apparatus

(a) Butanol solution.—Thoroughly shake 850 m]
n-butanol with 170 ml water in separatory funnel.
Discard excess water.

(b) Curcumin reference solution.—3 ' ug/ml. Dis-
solve 30 mg curcumin in 100 ml ethanol. Dilute 5 ml
of this solution to 500 ml with butanol solution.

(c) Sodium hydrozide solution.—Dissolve 150 g
NaCl and 4 g NaOH in 1 L water.

(d) Sodwwmn hydrosulfite.—Na»S8,04, powder.

(e) Boric acid reageni—Dissolve 1 ¢ HzBOs and
5 ml HC! in 95 ml ethanol. Dry over anhydrous
Na»80, and filter.

(f) Spectrophotofiuoromeier.—Aminco-Bowman, or
equivalent, with recorder.

(g) Filter aid —Hyfio Super-Cel.

Preparation of Extract

(a) Salud dressings and pickles.—Mix 2 g salad
dressing or comminuted pickles in beaker with 3 g
filter aid to uniform mixture. Add 50 ml butanol
solution and stir thoroughly. Let stand 15 min with
occasional stirring, filter through Whatman No. 42
paper, and scan. For spot test, purify 20 ml extract
as described in (b).

(b) Bread and rolls.—Add 10 g comminuted bread
in flask containing 50 ml butanol solution, stopper
flask, shake well, and iet stand 15 min. Reshake and
filter extract as above. Transfer 20 mi extract to
separatory funnel, add 10 m] NaOH solutior, and
shake vigorously 1 min. Draw aqueous phase into
second separatory funnel, including any red drop-
lets that may coliect at interface. Add 1 mil giacial
acetic acid and 200 mg Na2S20;. Swirl to dissvive
sali, add 20 ml butanol solution, and shake vigor-
ously 1 min. Filter butanol extract and scan within
15 min.
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Fluorometric Test

Set fiuorometer excitation scale to 435 nm and
emission scale to 520 nm. Fill cuvet with curcumin
reference solution and adjust slits, meter multiplier,
and sensitivity to obtain 1009, full scale defiection
on recorder. Replace reference solution with sample
extract. Keep excitation scale at 435 nm and record
emission spectrum of sample extract. In presence of
turmeric, emission maximum appears at 520 nm.

Spot Test

Evaporate portion of butanol extract to dryness.
Dissolve residue in few drops ethanol and spot suf-
ficient amount on Whatman No. 1 paper to produce
distinct yellow spot. Dry paper in 100°C oven 2 mir,
and, using micropipet, add 3-4 small drops of boric
acid reagent to yellow area. In presence of turmeric,
red color develops within 2 min at room temperature.

Results and Discussion

The fluorescence of turmeric in ether or alcohol
has been previously reported by others (1, 2). For
the analytical utilization of this property it was
necessary to establish the excitation and emission
maxima. As shown in Fig. 1, these were found to
be 435 and 520 nm, respectively, in butanol. It
was also necessary to provide a reference standard
for setting the instrumental parameters suitable
for the expected fluorescence range.

Curcumin was selected as a reference material
in preference to turmeric. Turmeric is a product
of variable composition, while curcumin is avail-
able in pure form. Further, its fluorescence maxi-
ma are essentially identical with those of tur-
meric. A solution containing 3 pg curcumin/ml
butano} was found to have a fluorescence inten-
sity in the range exhibited by the extracts ob-
tained by the proposed method from samples
colored with turmeric; thus this solution was
suitable as a reference to adjust the instrument.

Application of the proposed method to pickles
and salad dressing is simple and rapid. The sam-
ple extract can be scanned without any further
treatment. The sample taken is small enough to
keep the fluorescent background less than 109,
relative intensity, but it is sufficiently large to
yield a distinct peak for the amounts of turmeric
customarily added to these products for coloring
purposes. :

No interfering fiuorescence was produced by
carotene, tartrazine, eggs, paprika, mustard, and
annatto. Interfering fluorescence, however, was

Received September 11, 1972.
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FIG. 1—Fluorescence spectra of turmeric sampie: A,
excitation; B, emission.

caused by the riboflavin present in enriched
bread and rolls, and additional treatment was
required for its elimination.

Dilute NaQH solution was found to extract both
riboflavin and turmeric from the butanol solution.
After acidification of the aqueous phase, the ribo-
flavin present was reduced with sodium hydro-
sulfite, and from the acid solution turmeric was
partitioned back into butanol solution, freed from
riboflavin interference. The solution was scanned
without undue delay, as in some cases turbidity
developed in about 15 min.

It is worth noting that in the course of the first
partitioning step, the alkaline solution turns pink
in the presence of turmeric and this can be con-
sidered a first indication of its presence. This color
is transient and gradually changes to light brown.

Application of this method for the quantitative
estimation of turmeric in food appeared a pos-
sibility only if the fluorescence of turmeric were
found to occur within a narrow range. To investi-
gate the probable range, 7 commercial samples of
turmeric were extracted with butanol and exam-
ined for fluorescence intensity. The apparent
curcumin content of the various samples was then
estimated from a curve that had been prepared by
plotting known curcumin concentrations against
relative intensity. The values obtained were vari-
able: 13, 12, 13, 4, 14, 14, and 8%,. The quantita-
tion of an unknown product, consequentiy, is not
feasible.

1t appeared desirable, however, to test the
efficiency of the purification process described for
enriched bread by spiking the extract with tur-
meric. A 10 g sample of enriched bread, spiked
with 0.62 mg turmeric, was processed by the pro-
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FIG. 2—Recovery of turmeric added to enriched bread:
A, unspiked bread; B, bread plus 0.62 mg turmeric/10
g; C, curcumin reference solution, 3 ug/mi.

posed method and the fiuorescence of the butanol
extract was measured. An equal amount of tur-
meric was added to 50 ml buianol and its fiuores-
cence was compared with that obtained for the
bread. Recovery for 3 trials averaged 90-:2%,.

The emission curves obtained for the unspiked
enriched bread and for one of the spiked samples
are shown in Fig. 2. The low relative intensity for
the unspiked enriched bread demonstraies the
effectiveness of the quenching of riboflavin fluo-
rescence. Iortification at 0.62 mg/10 g, or 62
ppm, produced a reading of 80% relative inten-
sity. This turmeric concentration is in the lower
range of commercial usage. Extracts from more
highly colored products may require dilution
prior to scanning.

The emission curve of the curcumin reference
solution was also included in Fig. 2. This was the
solution used to calibrate the instrument. Its
emission curve, compared with that of turmeric,
demonstrates an apparent identity of the 2 spec-
tra.

1n the course of the current work, improvement
of the AOAC spot test for turmeric (1) was also
sought. The approach to improve the test was
based on 2 considerations. The first considera-
tion was that the red color, presumably rosocy-
anin, develops only after thorough drying of the
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spot. Henee the use of an anhydrous reagent ap-
peared to offer an advantage. The second con-
sideration was that turmeric has been reporied to
form rubrocurcumin by reacting with boric acid
and alcohol (2). An alconolic reagent therefore
seemed preierable to an aqueous solution. The
snhydrous alcoholic reagent (e) described in this
paper did prove 1o be considerably more sensitive
than the AOAC reagent.

The sensitivity of the 2 reagents was com-
pared. Two series of spots were placed on paper,
using varying amounts of an alecholic extract of
turmeric. The amount of turmeric represented in
the spots in each of the series ranged from 0.2 to
30 ug. Both papers were dried at 100°C. The
spots in one series were then treaied with the
AOAC reagent and those in the second series
with reagent (e).

When the AOAC reagent was used, 20 pug
turmeric was required to provide an orange color,
2 doubtiul positive. Reagent (e) produced with
1 pg turmeric a magenta red color, a distinct posi-
tive. These results show that reagent (e) is more
than 20 times as sensitive as the AOAC reagent.

The improvement in the sensitivity permits the
presence of a larger amount of interfering im-
purities in the sample extract. These co-extrac-
tives can be largely eliminated for maximum
sensitivity of the test by use of the double-par-
titioning process described under Preparation of
Extract. }

The time required for either the spot test or the
fluorometric test is about 1 hr. An advantage of
the fluorometric method is that it provides a
graph as & permanent record. This test has been
empioyed for the anpalysis of well over a hundred
samples in the past year.
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EXTRANEOUS MATERIALS

Collaborative Study of a Method for the Extraction of
Light Filth from Prepared Horseradish

JOHN S. GECAN and PARIS M. BRICKEY, Jr.
Division of Microbiology, Food and Drug Administration, Washington, D.Cr 20204

A mctbod has been developed for the extrac-
tion of light filth from prepared horseradish.
The method involves a direct flotation from
40% isopropanol with a mineral oil-n-heptane
mixture. Collaborative study showed the
method to be rapid and easy to perform, and
to yield good recoveries and clean extraction
papers. The metbod has been adopted as offi-
cial first action.

There is no published AOAC method for the
extraction of light filth from prepared horse-
radish. A method was developed involving a di-
rect extraction of the product. The light filth is
fioated with a light mineral oil-n-heptane flotation
liquid from a distilled water-HCI system.

METHOD

Prepared Horseradish—Official First Action
40.Co4 Determination

Weigh 100 g sample into 600 m] beaker. Add 200
ml H»0 and transfer to 2 L trap flask with H»O. Dil.
to 1 L, add 50 ml HCI, and stir few sec. Add mag-
netic stirring bar, 40.002(s), and 50 ml flotation
mixt., 40.C01(d), and stir magnetically, 40.004(b),
3 min. Slowly fill fiask with distd HO by running
liq. down stoppered rod while stopper is maintained
just above flask contents. After filling flask, gently
stir settled material 5-10 sec with stoppered rod.
Let stand undisturbed 5 min; then trap off. Add 35
m! flotation mixt., 40.C01(d), stir gently by hand 30
sec, and let stand 10 min. Repeat trapping. Wash
flask neck thoroly with isopropanol and transier
washings to beaker contg trappings. Filter onto
ruled paper and examine microscopically.

Collaborative Study
Six collaborators each examined a total of 6
subsamples of prepared horseradish. Each sub-
sample was spiked with 20 insect fragments
(0.25%0.25 mm), 20 rodent hairs (1-2 mm), &
Tribolium sp. adulis, and 5 Tribolium sp. larvae.

This report of the Associatc Referee, J. S. Gecan, wus
presented &t the 86th Annual Meeting of the AQAC, Oct. 9-12,
1972, at Washingtioe, D.C.

Tabie 1. Collaborative resulls for per cent recovery
of added insect and rodent filth spikes from
prepared horseradish®

insect Rodent Adult Larval
Coll. tragments ~ hairs Tribohum  Tribolium
A 100 8 100 100
90 95 100 100
90 90 100 100
90 90 100 80
85 95 100 100
95 75 100 100
B 85 80 100 100
100 95 100 100
90 90 100 100
80 90 80 80
90 85 100 100
80 100 100 100
(¢ 100 80 100 100
100 65 100 100
100 25 100 100
100 40 100 100
100 45 100 100
100 45 100 100
D 100 100 -t -
100 L - -
95 85 - -
9 90 —_ -
106 80 — —
100 85 -— -
E 100 90 100 100
95 90 100 100
95 80 100 100
95 90 80 100
100 1% 80 100
100 90 100 100
F 100 90 100 100
100 9 100 100
85 100 10¢ 10¢
95 9 100 100
100 95 . 100 100
100 100 100 100
Av. rec. 95 83 98 98
Caeft. of
var., % 6 21 € 5

% Each subsample was spiked with 20 insect trag-
ments, 20 rodent hairs, 5 adult Tribolium, and § larvai
Tribolium.

b Spike accidentally omitted from sample.



630

Kesults und Recommendations

Table 1 shows the collaborators’ recoveries of
spike materials. Collaborative study of the meth-
od resulted in the following average per cent
recoveries and coefficients of variation: inseci
fragments, 95 (6%); rodent hairs, 83 (21%);
adults, 98 (6%) ; and larvae, 95 (5%). All collabe-
rators reported the method to be rapid and easy
to perform, and to result in clean filter papers.

The recommendution of the Associate Reieree was approved
by the Relerec and Subcommittee F and was adopted by the
Association; sec (1973) JAOACL 50, 408.

a
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The Associate Referec recommends that the pro-
posed method be adopted as official first actior.
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Coilaborative Study of an Enzymatic Digestion Method for the
Isolation of Light Filth from Fresh Pork Sausage

JOHN 8. GECAN and PHILIP ALIOTO*

Division of Microbiology, Food and Drug Admanistration, Washington, D.C. 2020/
* General Laboratory Division, Wisconsin State Departinent of Agriculture, Madison, Wis. 63705

An alternative method bas been developed
for the isolation of light filth from fresh pork
sausage. The method involves particle size
reduction, enzymatic digestion, wet sieving,
deaerating, and floating with n-heptane-min-
eral oil from cooled 40% isopropanol. Collabo-
rative study of the method showed the extrac-
tion papers and the recovery of light filth ele-
ments to be comparable to or better than those
obtained for 40.B07. The method has been
adopted as official first action as an alternative
to 40.B07.

The present official AOAC method for the iso-
lation of light filth from fresh pork sausage,
40.B07, involves mechanical dispersing in a sur-
factant, wet sieving, solvent dehydrating and
defatting, deaerating, and fioating with an n-hep-
tane-mineral oil mixture from cooled 40%, iso-
propanol. The collaborative study, carried out in
1971, showed the method to yield good recoveries
and clean filter papers; however, the mechanical
dispersion and solvent defatting operations
proved to be quite time consuming. The object of
this study was to develop an alternative method
for product dispersion and defatting that is less
demanding of analytical time.

A method has been developed that greatly re-
duces the actual analytical time required for
product dispersion and solvent deiatting; addi-
tionally, the method provides the option for either
direct transfer of filth from the sieve or flotatior,
depending upon the amount of spice tissue in the
product. The method invoives mechanical par-

ticle size reduction, optional rapid or overnight .

enzymatic digestion, wet sieving, deaerating, and
either direct transfer of small amounts of sieve
retainings or flotation with n-heptane-mineral oil
from cooled 409, isopropanol.

Experimental
The modified method utilizes a standard meat,
grinder to reduce particle size in order to present
a greater surface area for enzymatic activity. Be-
cause of the high fat content of the product, an

acid-stable emulsifier (1gepal CO-730) was added
to improve the efficiency of digestion. The method
specifies the use of either of 2 grades of pepsin.
Both grades give comparable results when used
as specified; however, if either type has been
improperly stored, the efficiency of the digestion
may be greatly reduced. The authors found that
magnetic stirring, using air- or water-powered
submersible stirrers, further improved the diges-
tion; however, this specification was not incorpo-
rated into the method in order to limit the equip-
ment requirements and fo maintain simplicity.
The extensive solvent defatting used in the official
method was eliminated by the use of more effi-
cient defatting agents, Igepal CO-730 and Triton
X-114, in conjunction with wet sieving. The pro-
posed alternative method, after the wet sieving
operation, is identical to the present official meth-
od. Since intralaboratory trials by the proposed
method resulted in equivalent recoveries of spikes
and comparable extraction papers, as compared
to the official method, a collaborative study was
initiated.

METHOD

40.C01 Reagents

(a) Igepal CO-730.—Nonionic surfactant, nonyl-
phenoxypoly{ethyleneoxy) ethanol (GAF Corp., or
equiv.).

(b) Pepsin.—1:10,000 activity (Difco Laborato-
ries, or equiv.), or NF.

(c) Triton X-114.—Alkylaryl polyether alcohol
(Rohm and Haas Co., or equiv.).

(d) Flotation oil.—n-Heptane, 40.003(q), and
light mineral oil, 40.003(w), (3+17).
40.C02 Determination

Grind sausage, using meat grinder with end plate
having %" holes. Weigh 225 g sample into 1.5-2 L
beaker. Add 980 m! warm H,0 and 20 ml Igepal CO-
730, (a); stir 5 min. Add 20 mi HCI and stir 1 min.
Proceed with overnight digestion, (a), or rapid d-
gestion, (b}.

(a) Overnight digestion.—Add 0.5 g 1:10,000 pep-
sin or 2.0 g NF pepsin and stir 1 min. Digest in 50°
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1120 bath 18 hr. Add 5 ml Triton X-114, and stir 1
min. Keep all samples at digestion temp. in bath
until ready to sieve. Sieve portionwise on No. 230
sieve. Transier to ruled filter paper ii small amt
residue remains on sieve or proceed with flotation,
(c).

(b) Rapid digestion.—Add 2.0 g 1:10,000 pepsin
or 10 g NT pepsin and stir 1 min. Digest in 62° H.0
bath 2 br. Add 5 ml Triton X-114, and stir 1 min.
Keep ull samples at digestion temp. until ready to
sieve. Sieve portionwise on No. 230 sieve. Proceed
with fiotation, (c).

(¢c) Flotation.—Wet residue on sieve with 409,
isopropanol. Transfer quant. to 2 L trap flask, using
409, isopropanol. Bring vol. to 1 L with 409 iso-
propanol and add 50 m] HCL. Add magnetic stirring
bar and, with gentle stirring, boil 10 min on mag-
netic stirring hot plate. Cool to room temp. in cold
H-0 bath and add 40 ml flotation oil. Stir 3 min with
magnetic stirrer at speed al which no splashing oc-
curs and stirring bar is just visible at bottom of vor-
tex. Let oil phase sep. 1 min, and slowly fill flask with
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40 9, isopropanol by letting liq. iow down sloppered
rod while top of stopper 1s maintained just above
flask contents. After filling fiask, gently stir settled
plant material with stoppered rod 5-10 scc. Let siand
undisturbed 5 min and immediately trap ofi. Add 25
ml light mineral oil, stir gently by hand 30 sec, and
let stand 10 min. Repeat trapping. Wash flask neck
thoroly with isopropanol and transfer washings to
beaker contg trappings. Filter onto ruled paper and
examine microscopically.

Results and Recommendation

Five collaborators each examined a total of 6
samples by the proposed method, 3 samples each
of bulk and link sausage. The spike material for
each sample consisted of 20 elytral fragments
(0.3-0.5 mm), 20 rat hair fragments (2-3 mm),
5 Tribolium sp. larvae, and 5 Tribolium sp. adults.

Table 1 shows recoveries of spiked filth ele-
ments from both types of sdusage by the proposed
method. Rodent hair recoveries were slightly

Table 1. Collaborative resuits for per cent recovery of added fiith elements b'omi bulk and link
fresh pork sausage®

Coll. 1 2 3 4 5 [ 1 2 3 4 5 6
Adult Tribolium (5 added) Larval Tribolium (5 added)
1 100 100 100 100 100 100 100 100 100 100 100 100
2z 100 100 100 100 100 100 80 80 80 100 100 80
3 100 100 100 100 100 100 100 100 100 100 100 100
4 100 - 100 100 100 100 100 80 100 100 100 80 80
5 100 100 100 100 100 100 100 100 100 100 100 100
Av. rec 100 94
Coefi. ot var., % 0 9
Insect tragments (20 added) Rode_nt hairs (20 added)
1 100 9% 100 90 95 90 65 60 60 90 80 65
2 80 85 85 80 80 50 80 75 85 85 95 25
3 5 80 90 100 90 90 85 90 100 100 95 95
4 90 80 75 85 85 90 75 75 80 80 80 85
] 90 90 80 100 100 95 80 85 75 85 80 75
Av. rec 88 80
Coetf. of var., % 11 18

¢ Sampies 1-3 are bulk-type sausage and 4-6 are link-type sausage.

Table 2. Comparison of average per cent recovery and coefficient of variation tor added filth elements
from fresh pork sausage by the proposed and official metnods
insect tfragments Rodent hairs Adult Tribolium Larvai Tribolium
Statistic oftt. Prop. Off. Prop. Oﬁ: Prop. Off. Prop.
Av. rec., % 83 8¢ 73 80 86 100 84 94
Coefl. ot var., % 12 n 24 16 26 0 28 9
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lower and more variable than those obtained

during intralaboratory trials. All collaborators
obtained clean extraction papers for the link
sausage; however, 3 obtained extraction papers
containing more plant debris than expected for
the bulk sausage. One collaborator reported that
the digested sausage was permitied to cool before
sieving and that fat droplets were subsequently
observed in the sieve retainings. The extraction
papers obtained from the analyses of these cooled
subsamples contained excessive amounts of plant
tissue. A note of caution has been inserted in the
method regarding this point.

Table 2 shows a comparison of the average per
cent recoveries and per cent coefficients of varia-
tion obtained by collaborators for the proposed
and the official methods. These date show that
the average per cent recoveries and coefficients of
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variation by the proposed method are equivalent
10 or better than those by the official method. In-
dividual recovery data for the official method for
spiked " filth .elements obtained during the 1971
collaborative study appear in (1972) JAOAC 55,
66-68.

The proposed method is recommended for
adoption as official first action as an alternative
to 40.B07, (1972) JAOAC 55, 441.
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Collaborative Study of the Extraction of Light Filth
from Canned Whole and Cream Style Corn

RUSSELL G. DENT

Division of Microbiology, Food and Drug Adminisiration, Wushington, D.C. 2020/

An improved method has been developed for
canned wholc and cream style corn to replace
40.104. The proposed method is unique because
the microscopic and macroscopic examinations
can be conducted almost concurrently; in the
official mecthod the macroscopic examination
is dependent upon completion of the micro-
scopic examination. The proposed method is
shorter and it eliminates the use of viscous
castor oil by specifying extraction in a perco-
lator with paraffin oil from hot 40% isopropa-
nol. Glassware is casily cleaned up after perco-
lator cycles wilh isopropanol and water rinses.
The proposed mecthod yiclded improved recov-
erics of insect and rodent filth spike clements.
The mecthod has been adopted as oflicial first
action.

The official AOAC method for filth in corn,
40.104, involves a trapping procedure which must
be performed first in order to proceed into the
macroscopic examination. The 40 min extraction
must be carried to completion before the macro-
scopic examination can be started. The proposed
method has a rapid oil separation that permits
almost concurrent microscopic and macroscopic
examinations.

The objectives of this studv were to shorten the
official method and to eliminate the use of castor
oil as a fiotation liquid. Castor oil was undesirable
because its high viscosity impedes filtration of the
oil-extracted filth and necessitates the use of hot
aleohol in the cleanup of glassware. In addition,
castor oil is a nonstandardized reagent that de-
teriorates during extended storage.

In the proposed method, castor oil has been
replaced with paraffin oil, a stable standardized

reagent, which is not adversely affected by stor-

age. The cleanup procedures are also simplified to
alternate rinses of isopropanol and water.

Collaborative Study
Six collaborators were requested to analyze 5
samples of cream style corn and one of whole
kernel by the proposed method. In addition, 2
samples of cream style and 1 of whole kernel corn:
were to be analyzed by the official method. A

coliaborator was also selected from the Division
of Microbiology to analyze 11 cream style and 7
whole kerne] corn samples by the official method
only.

The filth elements added-to each sample con-
sisted of whole insects or equivalent, insect frag-
ments, and rodent hairs as outlined below:

1. 1 adult house fiy
. 1 corn earworm larval head
. 1 corn earworm larval posterior terminal end
. 10 corn earworm larval abdominal sections
. 10 rodent guard hairs exceeding 5 mm

[SAN S VR o)

METHOD
Canned Whole and Cream-Style Corn—
Official First Action
and Micr p
Exarnination

40.C03 Macroscopi

Place 200 g well mixed sample in 1.5 L beaker and
add 1 L 40 % isopropanol. Bring to boil, stirring mag-
netically, 40.004(b), add 50 ml mineral oil, 40.003(w),
and boil and stir 3 min more. Transfer immediately
to Corning percolator contg ca 100 ml 40%, isopro-
panol and glass or metal rod for forcing corn thru
spout. Retain surring bar in beaker. Rinse bar with
undild isopropanol. Add ca 900 ml 40 % isopropanol
to beaker, stir, and add to percolator. Reserve beaker.
After ca 5 min standing, drain percolator to within
3” of bottom onto 8” Nou. 20 sieve nested in large
white enamel tray of ca2 L capacity. Use rod to force
corn thru percolator drain spout. Withdraw rod
after removing corn from percolator and wash with
small amt undild isopropanol into reserved beaker.
Discard isopropanol collected in tray. Leave sieve in
place with retained corn material. Using reserved
beaker, add ca 1.5 L hot wap H20 (50-70°) to perco-
lator. Let phases sep. ca 3 min and meke final drain.
Discard all but last 2” oil-aq. phase. Drain into 600
m] beaker. Wash sides of percolator with alternaie
isopropanol and H.O rinses, and collect in same
beaker. Add rest ol corn from can to corn retained
un sieve, sieve portionwise if necessary, and wash
with tap H20 to remove starch and fine particies.
Reverse sieve into .white_cuamel tray. Wasb corn
into tray with forceful spray of 1,0 (ca 22°% to 1”
depth in tray. Let corn settle and examine under
H20 for worni-eaten or rotten kernels and whoie
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worms, heads, or large fragmentis. Add these vo trap-
pings previously obtained from percoiator. Tip tray
and slowly decant Ho0 while carefully observing
flowing H-0 for insect fragments. Refill tray with 17
H20 (ca 22°) and repeal decantation, examining
closely for objectionabie material. Discard pan con-
tents. Filter beaker conients thru ruled filver paper
and examine microscopically. If filtration is impeded
by excessive starch material, proceed as in 40.004(d).

Results and ilecommendation

For stauistical purposes, all insect elements
were considered together in determining the av-
erage recovery. Recoveries of the above filth
elements are shown in Table 1.

All 6 collaborators thought the method in gen-
eral was easy to perform. The average analytical
timc was 77 min per sample, although the Asso-
ciate Referee was abie to perform the proposed
method in about 50 min.

Filth papers werc heavier in the proposed meth-
od than the official method because no screen was
used to filter excess corn tissuc. However, the
corn tissue that floated in the proposed method
was primarily silk and husk and this did not
interfere with the microscopic observation of the
natural filth elements.

Some difficulty was experienced by 4 of the 6
analysts in filtering the trappings by the proposed
method. The Associate Referee suggests that
when this occurs, the technique for removing
starchy material, 40.004(d), should be followed.

Each analyst was asked to examine one
sample for familiarization before carrying out the
analysis on the test samples by the proposed
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method. This sample was spiked with the same
clements as the collaborative study. The objective
was to determine if the analysi could detect the
elements in the macroscopic examination as well
as to provide information on the time required to
read the filter plate. Average time to read a plate
was 22 min.

The Associate Referee has found that if both
the percolaior cycles and macroscopic examina-
tion are performed in 2 sink, spillage problems
and manipulative difficulties are alleviated, there-
by expediting the analysis.

Extractions by the proposed method are ac-
complished by 2 percolator cycles requiring a
total of 8 min. By performing the macroscopic
examination concurrently with the extractions,
the entire method is shortened. Recoveries are
also improved. The Associate Referee recom-
mends that the proposed method be adopted as
official first action to replace 40.104 for deter-
mination of filth in canned whole kernel or cream
style corn.
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THRASHER: TLC OF URINE ON WHEAT

Thin Layer Chromatographic Test for Mammalian Urine on Wheat

JOEL J. THRASHER

Division of Microbiology, Food and Drug Administration, Washington, D.C. 20204

Foliow-up experimental work of the 1971
preliminary method study revealed the need
for a change in sample size, an improved ex-
tract clcanup technique, and the identification
of a urine-specific mectabolite. A modified
method colluboratively tested in 1972 is capable
of handling a larger sample in the Soxhlet
extractor. The extract is cleaned of interfering
substances by chromatography with an appro-
priate solvent prior to 2-dimensional TLC.
The indicator metabolites, urea, allantoin, and
indican, are detected by sequential sprays. The
collaborative study resulted in 90% correct
positive determinations with no false positives.
The minimum detection level is approximately
2 ul urine/9 g wheat. The method has been

"adopted as official first action.

This is the second report on this topic (1). The
objectives of the original study were to develop a
simple qualitative test for urine beyond the mere
presence of urea (I, see Fig. 1) and a simple test to
identify the source of the urine. The first objec-
tive was apparently achieved when we found that
allantoin (11, 5-ureidohydantoin) is the second
highest amount of material in the urine of most
mammals. As a result of the 197} preliminary
studies and additional research, we realized that
changes in the method and sample size were
necessary.

Experimental

The major changes of the 1972 collaborative
study were: increased sample size, modified clean-
up, and detection of an additional metabolite.
The cleanup procedure presented in the 1971 re-
port was modified to handle a larger size sample
extract. 1n lieu of the multiple solvent cleanup in
a test tube, the wheat extract was cleaned di-
rectly on the TLC plate, using an appropriate
solvent system prior to chromatography.

As a result of the improved cleanup technigue,
both urez and allantoin were detected in all
wheat samples analyzed. The finding of allantoin
in cleaned wheat prompted an additional search
of the literature. A 1931 article reported finding
allantoin as a naturally occurring constituent in
2 varieties of wheat (2): This finding forced the

o (9
i pp oY NoH ‘E
H,N-C~NR, H,N/C\.l'—r"j‘o I lig_s
oF—N—H ]
I II m o
FIG. }—Structures: |, urea; Il, aliantoin; I, indican.

Associate Referee to seek another urine compo-
nent recoverable from small amounts of urine
residue. Two possibilities were found: creatine/
creatinine and indoxyl sulfate, more often called
urinary indican.

Creatine/creatinine levels in human urine are
influenced by sex, according to Kilbrick (3), and
levels in mice are also sex-dependent (4). Attempts
to recover creatine or creatinine' from small
amounts of urine residue on wheat gave erratic
results.

Mouse urine contains about 0.005% urinary
indican (4). Thus, 2 ul mouse urine should con-
tain about 0.1 ug indican (II1, shown as the free
acid, 3-indoxylsulfuric acid). This amount was
detected routinely after proper spraying tech-
niques were developed.

The R, value of indican is very sensitive to the
relative humidity of the chromatographic tank
and/or previous handling of the chromatographic
plate. At low relative humidity, the indican has a
lower R; value than allantoin. In high relative
humidity the R, value of indican is such that the
compound may be completely obscured by a
large amount of urea.

Ideally, indican, the smallest of the 3 spots,
should be centered between the trailing edge of
the large urea spot and the ieading edge of the
smaller allantoin spot. The center should be about
R, 0.60 with the urea at about 0.75 and 0.55 for
allantoin. These R, values are obtained at aboui
55%, relative humidity, a condition that may be
produced by using NaHSO, solution in presence
of excess solid phase in the chromatographic tank.

An intralaboratory study indicated indican
may be recovered from small amounts of urine on
wheat. An interlaboratory collaborative study
was then initiated.
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FI1G. 2—Suggested spotting guide: 1 ul standard solu-

tions spotted at A, tryptophan; B, allantoin; C, urea;

D, indican; and E, sampie along 25 mm band. Measure-
ments in mm.

Collaborative Study

Seven collaborators analyzed wheat extracts
consisting of 2 blanks, 4 low level spikes (2 ul/9 g),
and 2 high level spikes (4 pl/9 ). They aiso re-
ceived u suggested spotting guide (Fig. 2).

Sequential sprays were used ‘to detect urea,
allantoin, and indican after 2-dimensional thin
layer chromatography. Each collaborator indi-
cated on the reporting forms the approximate
positions of the spots found after each step in the
spray sequence.

The collaborators were asked to determine
whether the samples were positive or negative
for urine. For the positive determinations, they
were asked 1o distinguish between the high and
low levels of contamination.

METHOD
40.C05 Apparatus
(@) Thin layer apparatus.—~See 29.006 and
29.007(c).

(b) Blender —High speed, with stainless steel
semimicro jar (Arthur H. Thomas Co., No. 4282-F,
or equiv.).

(c) Sozhict cxtractor—250 ml extn flask; extn
chamber 39 mm id X 115 mm with top joint §
45/50 and bottom joint T 24/40; 35 X 90 mm
thimbles; condenser joint § 45/50 (Arthur H.
Thomas Co., No. 4406-E34, or equiv.).

(d) Kuderna-Danish concentrator.—Sec 29.005(e).

40.C06
(a) Urea soln.—20 mg/m! 11,0
(b) Allantoin soln.—2 mg/ml H.0.
(c) Indozyl sulfale (sndican).—Approx. 0.1 mg/ml
H-0 (Sigma Chemical Co., PO Box 14508, St. Louis,
MO 63178). Store in dark.

Reagents
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(d) Tryplophan.—) mg/m} 50 %, ag. acetone (used
as longwave fluorescent marker with & approx. that
of urea in developing solv.).

(e) p-Dimethylwmninobenzaldehyde (pDADB) spray.
—NMix 75 ml MeOH and 25 m! HC), and cool to 70°.
Add 2 g reagent grade pDAB to cooled mixt. and
dissoive with stirring. (Caution: Spray reagent is
toxic and corrosive. See 46.017.)

(f) Sodiwm acetate spray.—Satd aq. soln.

(g) Developing  solveni. — n-BuOH-HOAc-H20
(10-+5+5); prep. fresh daily.

(h) Celiulose powder—TLC grade, MN 300
(Brinkmann Instruments, Inc.).

40.C07 Extraction of Sample
(Caution: Sce 46.011, 46.039, and 46.046.)

Prep. plates for overnight drying, and equilibrate
TLC tank before Soxhiet extn of sample (ca 1 hr).

(a) Sozhlet extraction.—Ext 18 g sample with 60
ml acetone 1 hr at 34 min/siphon. Transfer ext to
100 m! g-s graduate, dil. to vol., and take aliquot
equiv. to 9 g sample. Conc. as below.

(b) Allernatwe cztraction.—Place 18 g sample in
50 ml beaker or erlenmeyer. Add 1 ml acetone/g
sample and boil gently 5 min,: avoiding excessive
loss of acetone. Decant thru glass wool pad into 100
mi g-s graduate. Repeat acetone boil and decanting
3 addnl times, and dil. to 100 ml. Conc. aliquot
equiv. to 9 g as below.

Conc. aliquot to ca 0.2 ml in Kuderna-Danish
concentrator as in 29.012; or, alternatively, place
empty 13 ml graduated conical centrf. tube in beaker
of boiling H20. When tube is hot, slowly transfer
portions exi, using syringe fitted with long needie,
to evapn tube. Let eachi portion evap. before next is
added. Evap. to ca 0.20 ml. Chromatograph without.
appreciable delay.

40.C08 Thin Layer Chromatography

Prep. TLC tank as follows: Add ca 150 ml satd
NaliSO; soln to lined tank; then add ca 15 g addnl
solid NaHS0; to botiom of tank. Piace empty solv.
trough in bottom of tank and cover tank.

Prep. plates as follows:

(a) Brinkmann-DeSuga.—Add 15 g cellulose to
100 ml H-0 in biender operating at ca 90 v setting
of variable transformer. Use small spatula to work
powder into H2O. Turn variable transformer o 120
v (line voltage) and blend > 1.5 min. Apply slurry as
0.375 mm layer to 5 piates and air-dry plates over-
night.

(b) Quickfit plate leveier and spreader.—Add 12 g
cellulose to 75 ml H:0.in blender operating at 90 v
setting of variable transiormer. Use small spatula wo
work powder into H:0O. Turn transiormer to 120 v
(line voltage), add 15 ml 1i,0, and blend >1.5 min.
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Using 0.50 cm slot, spread slurry on & plates and
air-dry plaies overnight.

Spot sample conc. as band cu 25 mm Jong on line
15 mm up and 15 mm in from edge of plate. Wash
sides of evapn tube with ca 50 ) acetone and trans-
fer wash to sample band area. Repeat 50 ul washings
and transfers until last transfer is colorless (ca 4
transfers). Spot I ul each of std solns (a)-(d) ca 10
mm apart along line 15 mm to left of center of plate
and 15 mm from edge of plate.

Place plate in trough contg ether in lined tank
presatd with ether. Let ether travel to top of plate.
Remove plate and let air-dry. Immediately draw
intersecting lines to divide plate in 4 equal sgs. Dry

plate 5 min in 80° forced-draft oven. Remove plate”

from oven and promptly place in dry solv. trough in
TLC tank with spotted band down. Close tank and
let stand 20 min. Slide top aside just enough to intro-
duce long stem funnel into solv. trough. Slowly add
20 ml developing solv. to trough. Close lid and de-
velop to line of first direction. Dry plate 5 min in 80°
forced-draft oven.

Rotate warm plate to place chromatographed stds
in upper left quarter of plate and promptly place in
dry trough in tank. Let stand 20 min without touch-
ing any lig. in closed tank. Then slide cover aside
just enough to introduce long stem funnel into solv.
trough and slowly add 20 m} developing solv. Let
front move to line in this second dimension. Dry
plate 5 min in 80° forced-draft oven.

Spray plate with pDAB reagent until distinctly
moist but not shiny wet and again heat 5 min in 80°
forced-draft oven. Strong yellow-to-orange area at
Ry 0.75-0.80 is urea. Pale yellow smaller spot at R,
0.45-0.50 is allantoin. Mark each area as color de-
velops, since colors fade from one step to next. Place
under longwave black light, 29.007(c), in darkened
room and check for pale yellow fluorescent area be-
tween ures and allantoin. Spray satd NaOAc soln
(ca 1-2 ml/plate) in space between urea and allan-
toin until yellow of both has faded. Let plate air-dry
ca 10 min in hood (do not heat), and check plate un-
der longwave black light. Weak fluorescent pink-to-
orange color against very pale blue fluorescent back-
ground confirms presence of urinary indican.

Results and Recommendations

Most collaborators felt that the method was

capable of detecting small amounts of urine resi-
due; however, 2 collaborators reported that they
were unable to distinguish between the 2 levels of
spiked samples. Several reported that the use of
one plate per sample was a limitation to the use-
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Tablel. Collaborative results for the TLC examination
of wheat extracts for rodent urine®
Spiking leve!
Coll. Low " High
A Lttt HH
B Letet (B) (B)
(o} LLLH HL
o] LLLtL L L
E LLt LL
F LLet (B) (B)
G LLLtL b b

e |, low level positive result; H, high level positive;
B, incarrectly reported as blank; b, not compieted. All
collaborators examining 8 extracts, A-F, correctly re-
ported the 2 blanks received.

fulness of the method for regulatory purposes. A
modification is being developed which will permit
spotting more samples per plate with 1-dimen-
sional chromatography for 10 em, but this re-
quires more manipulations and time. This change,
once it has been proven reliable, may be incorpo-
rated as an option in the method reported above.

Table 1 shows the results of the collaborative
determinations for the presence of urine indicators
in extracts of wheat; 90% of the contaminated
sample extracts were reported as positive. No
false positives were reported in the blank sample
extracts.

1t is recommended that the method be adopted
as official first action, and that the study be ex-
tended to other food seeds and food packaging
materials.
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Method for Determining Direction of Insect Boring Through

Food Packaging Materials

PARIS M. BRICKEY, Jjn., JOHN S. GECAN, and ALBERT ROTHSCHILD*
Division of Mucrobiology, Food and Drug Admanistration, Washinglon, D.C. 20204

* Petitions Control Branch

Insect chewing on food packaging materials
has been characterized in order to dificrentiate
between centrance and e¢xit bore holes. The
characteristics specific to various types of
packaging are presented as a method in the
form of a descriptive “key’’ that permits de-
termination of the direction of boring. A col-
laborative study of the method resulted in 92%
correct determinations of boring direction.
The method has been adopted as official first
action.

A number of court litigations during the past
few vears have indicated the need for a method
for determining the direction in which insects
bore or chew through food packaging materials.
This-is especially important in determining when
and where a product became contaminated with
whole insects.

Insect infestation of foods may occur before or
during processing, while in storage, during tran-
sit, or on the dealer’s shelf. I there are no holes
or tears in the package and all seams appear to be
tightly sealed, it is reasonable to assume that the
infestation originated before or during processing.
When inseci-bored holes are present in the pack-
aging, the source of the infestation is more difh-
cult to determine. However, if the direction in
which isects bored into the material can be
determined, the origin of the infestation may be
ascertained. For example, if the hole in the pack-
ape indicates that insects egressed, then the
infestation had to occur before packaging. 1f the
hole indicates entry into the container, then the
infestation had to occur after packaging.

The authors initiated a study to characterize
insect chewing and to determine the direction of
boring from the chewing characteristics.

Experimental
Twelve species of insects were used: Tribolium
confusum, T. castaneum, Stlophilus oryzac, S.

This report of the Associate Reieree, F. M. Brickey, Jr., was
presented at the 86th Annual Mecting of the AOAC, Oct. 9-12,
1972, at Washington, D.C.

granarium, Oryzaephilus mercator, 0. surino-
mensts, Trogoderma nclusum, Atiagenus piceus,
Rhyzoperthe dominica, Lasioderma serricorne,
Ephestia cautella, and Piodia tnterpunctellc.

Packaging materials consisted of Kraft paper
bags, Cellophane, plastic, foil, and combination
laminates. Each type of material was sandwiched
between 2 glass vials. Ten to twenty insects of one
species were placed in the top vial and food was
placed in the bottom vial. Upon penetration
through the layer of material the insects fell into
the bottom vial and therefore were unable to bore
back into the top vial. Packaging material was
removed for examination when boring was evi-
dent. If the insects in a vial died before penetra-
tion was accomplished, another group of the same
species was placed in a sealed bag constructed of
the testing material. The bag was then placed in
a glass jar containing uninfested culture media.
The bag was removed for.examination as soon as
boring was evident. The controlled boring experi-
ment yielded packaging materials with specific
chewing characteristics that enabled the authors
to develop a key of chewing characters for deter-
mining the direction of insect boring. Since intre-
laboratory trials using the boring characteristics
key resulted in a high percentage of correct deter-
minations, a collaborative study of the identifica-
tion method was initiated.

METHOD

40.C09 Direction of Insect Penetration
into Food Packaging

{a) Entrance Characteristics

(1) Kraft paper, paper box.

(a) Surjace fraying.—Consists of paper fibers cut
and lifted from surface of packaging material by
mandibular activity. Represents first activity of
hole formation. May occur at randem on “entrance’’
surface of packaging materials. Sec Fig. 40:Ci (B).

(W) Terraced depression.—Consists of ‘‘step ef-
fect'’ formed when secondary depression is superim-
posed on tnitial depression; sec Fig. 40:C1(D). This
terracing may be present around entire perimeter of
final hole or at one or more points around it.
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(c; Tapercd hole.—Diam. of hole is greater on
entrance side than exit side. This feature is most
obvious on thicker packaging materials. Sec Fig.
40:CI(E).

(2) Foil, Celiophane, polyethylenc plastic, wazed
paper.

(a) Mandibular scraiches.—Found on A} foil,
Cellophane, and polyethylene plastic. Consist of
small, short surface scratches or grooves formed by
pincer-like action of mandibles. Frequently ob-
served around perimeier of hole or in localized
groups at random on entrance surface. See Fig.
40:C1(F).

(b) Upturned edges.—Present around perimeter
of holes in Al foil and polyethylene plastic materials.
Appear as continuous irregularly upturned edge in
foil (Fig. 40:C1(G)) and generally as upturned fray-
ing of plastic (Fig. 40:C1(H)) in polyethylene mate-
rials. Not observed on waxed paper and Cellophane
materials.

(c) Roughened surface.—Qbserved around perim-
eter of holes or randomly on surface of polyethylene
plastic and waxed paper. Consists of surface fraying
or pulled up tufts resulting from mandibular action
on material. Distinct mandibular scratches may be
observed around or in roughened areas.

(8) Foil/paper, foil/plastic, or other laminaies.

(a) Entrance characteristics.—See specific mate-
rials.

(b) Terracing of laminates.—Quite common on ex-
trance side of these materials. Observed as larger
hole bored in laminate material on entrance surface
and smaller hole in exit side of material. See Fig.
40:CK(I).

(b) Exit Characteristics

All types of packaging mazerials.

(1) Ciean-cut hole perimeter.

(2) Diam. of hole smaller than on entrance side.

(3) No surface fraying, scratches, or depressions
(sec Fig. 40:C1(E)).

Results and Recommendation

Eight collaborators each examined a totai of 5
pieces of insect-bored packaging material. Each
piece of packaging material was marked with the
letter A on one side and B on the other. Using the
key of chewing characteristics for entrance and
exit holes, the collaborators were asked to deter-
mine the direction of boring.

Table 1 shows the results of the collaborators’
determination of direction of boring. Five of §
collaborators made 1009, correct determinations.
The collaborators generally agreed that the chew-
ing characteristics key was & simple and rapid aid
for determining boring direction. The Associate
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Table 1. Collaborative results for the determination of direction af insect boring ir food packaging materials®
Aluminum
foil/poly- Aluminum
Heavy Poly- Kratt ethylene toil/paper Wax
Coli. paper ethylene paper laminate laminate  Cellophane paper

i = + + +

-+
2 4 - + +

+

3 + + +

+
4 =+ + %

+
5 + + + +

+
6 + + & =
7 + + + s

+
8 + + + +

+

¢ 4+ = Correct determination of boring direction; —
cates coltaborator did not receive this sample.

Referee recommends that the proposed key of
insect boring characteristics be adopted as official
first action.
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MYCOTOXINS

Preparation of *C-Labeled Aflatoxin B;

GRANT L. SCHOENHARD!, RUSSELL O. SINNHUBER, and DONALD J. LEE
Department of Food Science and Technology, Oregon State University, Corvallis, Ore. 97831

A successful method to obtain 14C-labeled
aflatoxin B, from Aspergillus parasiticus
ATCC 15517 was developed. The nitrogen-free
resting culture contained mycelia from a 72
br primary culture, 0.02M glucose, 0.005M
(1 mCi/mmole) acetate-1-14C, salts, and trace
metals. 1t was incubated 12 hr at 30°C. Afia-
1oxin B,;-14C was isolated from chloroiorm ex-
tracts of the' resting culture by column chro-
matography on silica gel H cluted under
pressure with a continuous gradient of chloro-
form to chloroform-methanol (98+42). The
ultraviolet spectrum of the *C-labeled afla-
toxin was examined. The ratios of the absor-
bances at 220/265 and 362/265 nm compared
to established values and a reference standard
were used as criteria of chemical purity. Label
integrity was verified by chromatography,
hydrogenation 1o the tetrabydrodeoxoaflatoxin
B, and conversion to the hemiacetal and the
cpimeric acetates. After purification, 1.37 mg
HC-labeled aflatoxin B, of specific activity 744
uCi/mmole was obtained from 2 mCi acetate-
1-14C of specific activity 1 mCi/mmole.

Aflatoxin B;-14C has been obtained by the
addition of labeled precursors to mold culture
after mycelial growth (1), to mold mycelia in ni-
trogen-free resting culture (2-6), to rice culture (7,
8), or by catalytic tritium exchange (9). Ayres,
Lee, and Sinnhuber (7, 8) reperted that the above
resting cell preparation yielded a highly radio-
active impurity with chromatographic character-
istics similar to aflatoxin B;. Labeled afiatoxin B,
produced on rice culture had a low specific ac-
tivity. The labeled precursor was presumably
diluted in the complex rice culture.

This communication presents a successful
method for the preparation of 4C-labeied afia-
toxin B, from resting cultures of 4 spergillus para-
siticus. The ratios of the absorbances (nm) of
aflatoxin B, at 220/265 and 362/265 compared

1 The material presented herein is taken in part irom a thesis
itved by G. L. Sci hard in partial fulfiliment of the re-
quirements for the degree of Master of Science in 1972.

to the published values (10) and a reference stan-
dard were used as criteria of chemical purity. La-
bel integrity was verified by chromatography,
hydrogenation to the tetrahydrodeoxoaflatoxin
B; (THDB,), and conversion to the hemiacetal
and the epimeric acetates.

METHOD
Reagents

(a) Silica gel.—MN-silica gel H (Brinkmann In-
struments, Inc., Westbury, N.Y.).

(b) Acetate-1-4C.—2 mCi of specific activity 25
mCi/mmole (Calbiochem, Los Angeles, Calif.).

(c) Primary culture stock solutions.—(I) Glucose.—
50 g/250 ml. (2) Salts (g/100 ml).—(NH,)aS0q, 4.0;
KH,PO,, 10.0; MgS04.7H:20, 2.0. (3) Trace metais
(mg/100 ml).—NazB407.10H20, 70; (NHA)@NIO’/-
024.4H:0, 50; Fex(S04)3.6H20, 1000; CuSO,.
5H,0, 30; MnS0,. H20, 11; ZnS0,.7H:0, 1760.

(d) Resting culture stock solutions.—(I) Glucose.~—
9.0 g/250 ml. (2) Sodium acetale.—Anhydrous,
0.3936 £/100 ml. (3) Nitrogen-free salts (g/100 ml).—
KH.PO,, 5.0; MgS04.7H,0, 0.5; KCi, 0.5. (4)
Trace metals.—See (c)(3).

(e) Liquid sciniillaiion counting fluor solution.—
1 L toluene, 4 g 2,5-diphenyloxazole, and 40 mg
1,4-bis(2-(5-phenyloxazolyl)}, or above plus 40 g
Cab-0-Sil (Godfrey L. Cabot, Inc., Boston, Mass.).

Apparatus

(a) Rotary shaker.—Model
Corp., Ann Arbor, Mich.).

(b) Circulator—Lauda, Model K2/R (Brink-
mann Instruments, Inc.), to maintain temperature
in water bath attached to rotary shaker.

(c) Blender—Kenmore, Model 600 (Sears, Roe-
buck and Co., Chicago, IiL.).

(d) Fiash evaporator.—Model PF-10DN (Buchier
Instruments, Fort Lee, N.J.).

(e) Metering pump.—Cheminert, Model CMP-I
(Chromatronix, Inc., Berkeley, Calif.).

(f) Liquid scintillaiion spectromeler —Nucieas-
Chicago.

(g) Column and column accessortes.—12 X 500
mm id column with 12 X 1000 mm id -extender
(Kontes Glass Co., Vineland, N.J., No. K-422430).

75-732 (Eberbach
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Primary Culture

Tor 4 cultures of 100 mi each, combine 50 mi stock
salt solution and 0.5 ml stock trace metal solution
in 1 L Erlenmeyer flask. Add water to 230 mi, stop-
per with cotton plug, cap with aluminum foil, and
sterilize 15 min at 121°C and 15 psi. Prepare and
steriize 125 ml glucose stock solution in 500 mi
Erlenmeyer flask. Add 34 of volume of above fiasks
to 4 separate sterile 500 ml Erlenmeyer fiasks.
Inoculate each medium with 1| ml A. parasiticus
ATCC 13517 spores (2 X 105/ml). Dilute contents
of each flask to 100 ml with sterile water to give
following  concentrations:  g/L—glucose,  50;
(NH4)2804, 4.0; KH.PO,, 10.0; MgS0,.7H.0, 2.0;
mg/L— NAQB4O7 & ]0}’120, 0.7; (NH4)01\’107014 .
4H,0, 0.5; Fex(S04)3.6H,0, 10.0; CuS04.5H.0,
0.3; MnSO,.H:0, 0.11; and ZnS0,.7H.0, 17.6.
Measure pH. If necessary, adjust pH to 4-5 with
either sterile dilute HCl or NaOH.

Incubate flasks in 30°C water bath on shaker ro-
tating at 144 rpm for first 24 hr and at 200 rpm for
48 hr more.

Harvest of Mycelia

Collect mycelia from each fiask on cheesecloth
over Buchner funnel attached to suction flask
equipped with trap. Rinse well with distilled water.
Place mycelia in blender, add 100 mi distilled water,
and chop 10 sec on “blend’’ setting. Collect mycelia
as before on fresh cheesecloth. Rinse well with dis-
tilled water. Place 5.0 g mycelial cake in clean in-
dented 500 ml Erlenmeyer flask.

Kesting Culture

Add 50 ml each of resting culture stock glucose,
acetate, and nitrogen-free salts and 0.5 ml stock
trace metal solution to 500 m! Erlenmeyer flask;
dilute to 375 m! with water. To 4 separate Erlen-
meyer flasks containing mycelia add 75 ml above
mediun: and 0.5 mCi acetate-1-14C (25 mCi/mmole).
Dilute contents of each flask to 100 ml, resulting in
following concentrations: glucose, 0.02)f; acetate-
1-4C, 0.0050 (1 mCi/mmole); KH:PQ,, 5.0 g/L;
MgS0,.7H.0, 0.5 g/L; KCl, 0.5 g/L; and trace
metal concentration equal to that in primary culture.

Incubate flasks in 30°C water bath on shaker ro-
tating at 200 rpm in a well ventilated hood. Cease
incubation between 12 and 20 hr and before pH de-
creases below 3.

Extraction

To obtain crude toxins, filtter medium contained
in each flask through separate cheesecloths in Biich-
ner funnel fitted to suction fiask with trap attached.
Rinse each flask and mycelial cake with 100 ml
CHCls.

Received August 28, 1972.
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Combine fltrates in 2 L separatory funnel. Add
300 ml CHCl;, mix, and let phases separaic. Draw
off lower CHCl; phase a little at a time and concen-
trate in flash cvaporator al room temperature.

Column Chromatography
Prepare slurry of 10 g activated MN-silica gel B
in 200 m} CHCl;. Pour slurry into column with ex-
tender attached to top. Remove extender after pack-
ing column and connect column to metering pump.
Pump solvent through the column at ca 60 ml/hr
until height of packing material remains constant.
Detach pump connection from top of column, add
scid-washed and fired sand to height of 10 mm above
silica gel, and remove CHCl; to surface of sand.
Carry out remaining operations in subdued incan-
descent light. Carefully apply sample in 1 ml CHCl;
to sand layer, forcing it onto siiica gel with pressure.
Attach 1 L Erlenmeyer flask with stirrer, contain-
ing 600 m! CHCls, to metering pump. Add 600 m!
CHCls-methanol (98+2) to second 1 L Erlenmeyer
flask and join it to first fiask with glass siphon. Ap-
ply solvent to column at fiow rate of 60 mi/hr.
Collect 10 ml fractions during elution in region of
MC-labeled aflatoxin B;. Determine tubes contain-
ing By by quick examination with hand-held ultra-
violet light. Determine exact composition of tubes
by analytical thin layer chromatography (TLC)
and combine center fractions of 4C-labeled afia-
toxin B).

Thin Layer Chromatography

See 25.020 (11, 12).

For 2-dimensional TLC, spot in corner of TLC
plate as above. Develop first with CHCls-acetone
(941); then, after air-drying, turn plate 90° and de-
velop with CHClj-acetone (9+5). Scrape afiatoxin
spot into counting vial, add toluene gel, and count
sample in liquid scintillation spectrometer, using
optimum gain setting.

Determination of Concentration and Purity
by Ultraviolet Spectroscopy

Determine concentration and purity of 4C-labeled
afiatoxin by comparing ratios of absorbances (nm)
of sample-at 220/265 and 362/265 to established
values (10,12}, 1.77, and 1.76.

Hydrogenation of Aflatoxin B;
Proceed according to Ayres, Lee, and Sinnhuber

(8).

Preparation of Aflatoxin It; Dertvatives:
Hemiacetal and Epimeric dcetates

Prepare hemiacetal and epimeric acetates of 4C-
labeled afiatoxin B, as described by Pohland et al.
(13). Scrape each derivative from TLC piate into
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counting vial and count as above (9). In addition,
serape remaining portion of plate above and below
individual derivatives and count.

Results and Discussion

The specific activity remained constant and no
other spots were observed in the TLC determina-
tion of purity. Examination of the ultraviolet
spectrum indicated that the ratios of the ab-
sorbances were in close agreement with the estab-
lished vaiues (10) and a pure reference standard
analyzed in the same manner. In the case of one
preparation, 1.37 mg pure 4C-labeled aflatoxin
B; was isolated from four 100 ml cultures. The
specific activity was 744 uCi/mmole.

Over 999, of the original radioactivity was
found in the THDB; when the hydrogenation
products were subject to analytical TLC. Prepa-
ration of the hemiacetal and epimeric acetates
resulted in retention of specific activity. In total,
the evidence supports the chemical and radioac-
tive purity of the 4C-labeled afiatoxin B;.

The method described was based on the con-
cept that afiatoxin B, is a secondary metabolite
of Aspergilius parasiticus (14). 1ts metabolism was
considered to occur in 2 distinct phases (13, 16).
During the first stage, trophophase, cell growth
occurred. 1t required a medium of salts and trace
metals and an energy and nitrogen source. Idio-
syncratic (species peculiar) metabolites including
aflatoxin B; were produced in the second stage,
idiophase. At this time, cell growth and protein
synthesis no longer occurred. For this reason
nitrogen was not required in the medium.

A number of structurally similar aromatic com-
pounds have been hypothesized to be synthesized
from acetate in a manner similar to the formation
of fatty acids and are referred to as polyketides
(17). They are stabilized by cyclization and there-
fore are not as reduced as their fatty acid counter-
parts. For example, the synthesis of alternariol
(18), a polyketide, is favored over lipid synthesis

by NADPH, deprivation and the ionic strength’

of the medium. Lipid synthesis increases with the
addition of NADPH;. The level of NADPH; and
the ionic strength could perhaps be an integral
part of the control of the transition from tropho-
phase to idiophase. 1t is at this time (15, 16) that
the proteins for aflatoxin B; synthesis are pro-
duced.

1t is necessary to determine whether the leve!
of NADPH; and ionic strength control the transi-
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tion from trophophase to idiophase and to verify
that aflatoxin B, is produced solely during the
idiophase. Most recently aflatoxin synthesis has
been reported (2) to occur with growing cells.
This finding is in contrast to earlier reports (6, 19)
and this communication. Furthermore, lipid syn-
thesis has been reported to occur primarily during
the growing culture (5). Increasing the pH above
5.0 resulted in a 7-fold increase in lipid synthesis
and a subsequent sharp decrease in aflatoxin
synthesis in the resting culture.

1t should be recognized that yields of crude
toxin obtained by various culture parameters are
only a preliminary indication of the actual afla-
toxin B; present. Other aflatoxins and chloro-
form-soluble materials may also absorb at 360 nm
to give spurious results. Consequently the crude
toxin should be subjected to further purification
and establishment of identity before the yield is
determined.
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ASSOCIATE REFEREES—Have you conducted a successful collaborative study,
and do you want your method adopted by AOAC at the next annual meeting? Please
be sure to observe the following points:

1.

[ SN

Submit five copies of your report to the AOAC Business Office for evaluation by
the Subcommittee members.

. IN ADDITION, send one copy of the report direct to your General Referee so

that he can prepare his own recommendations in time for consideration by the
Subcommittee.

. Be very specific in your recommendations. If the method you propose for adoption

is to replace a method currently in effect, say so, and recommend that the older
method be deleted. If your method is to be adopted for alternative use with
another official method, state this specifically. If you are recommending that only
certain portions of an official method be revised, write out the sections involved
so that no misunderstanding can oceur.

. For more specific details, write or call the AOAC Editorial Office.
. Deadline for 1973 AOAC Associaie Referee reports to be received in the AOAC

office: August 17, 1972.
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DRUGS

Semizutomated Colorimetric Determination of Methenamine and

Methenamine Mandelate in Tablets

MATTHEW L. DOW

National Cenier for Drug Analysis, Food and Drug Administration, St. Louzs, Mo. 63101

A semiautomated chromotropic acid colori-
metric procedure was collaboratively studied
by 6 laboratories, both as a composite as-
say and as an individual tablet assay method.
Results agreed well with the USP and NF
methods. T'he coefficients of variation ranged
from 0.54 1o 2.48%. The mecthod has been
adopied as official first action for the analysis
of coated and uncoated tablets of mcthena-
minc mandelate, methenamine, and methen-
amine with sodium biphosphate.

The compendial titration procedures for me-

thenamine (1, 2) and methenamine mandelate (3)
are adaptable to individual tablet analysis (ITA)
but not to semiautomation using conventional
equipment. The latter is necessary when. large
numbers of assays must be done. There are few,
if any, specific colorimetric reactions for methena-
mine as such, but the very sensitive chromotropic
acid (CTA) test (4) has long been used for formal-
dehyde (HCHO), one of its hydrolysis products.
An automatic analyzer procedure based on this
reaction was devised (C. E. Wells, private com-
munication, 1970) and found to be applicable to
uncoated, sugar coated, and enteric coated tablets
found on the market today.

Validation

The intensity of the violet color obtained was
found to be dependent upon the concentration of
HCHO, CTA, and H,SOs in addition to tempera-
ture and reaction time. In very dilute solution
and under the reproducible conditions attainable
in an automatic analyzer it was found possible to
make the concentration of HCHO the governing
variable. This was true in spite of the fact that
the reaction does not go to completion in this
procedure.

Commercial samples of uncoated 325 mg me-
thenamine tablets, coated 500 mg methenamine
mandelate tablets, and coated tablets of 325 mg
methenamine plus 500 mg sodium biphosphate
were ground to pass a 60-mesh sieve and mixed

in & mechanical tumbler. Portions of each were
withdrawn and analyzed by the CTA procedure
concomitantly and by separate determinations
over a period of days. Portions were also analyzed
by the official compendial methods. The results
summarized in Table 1 were promising enough to
recommend collaborative study of the method.
Solutions representing a range of concentra-
tions of standard methenamine and methenamine
mandelate were carried through the proposed
procedure. All absorbances were linear for values
from 40 to 80 mg/L, as methenamine. In addi-
tion the methenamine mandelate values con-
verted to methenamine content also fell on the
straight line plot for standard methenamine. Be-
cause of this, methenamine can be used as the

Table 1. Preliminary validation results for CTA
colorimetric procedure

Compendial

method

Automated method (NF XHi
Concomitant Individual Individual
assays, % assays, % assays, %

Statistic of declared of declared of declared
Methenamine, 325 mg/tablet
Av. (10} 100.4 101.2 99.8
Std dev. 0.45 1.28 .77
Coeti. of var.,
% 6.45 1.26 0.78
Range, % 1.3 4.7 2.0

Methenamine Mandelate, 500 mg/tablet

Av. (10) 100.2 101.8 99.3
Std dev. 0.8% 1.38 0.66
Coeff. of var.,

% 0.83 1.35 0.66
Range, % 2.8 3.6 2.1

Methenamine pius Sodium Biphosphate
300/500 mg/tablet

Av. (10) 97.0 99.¢ 100.7
Std dev. 0.95 1.00 0.9
Coefi. of var.,

% 0.95 1.01 0.8
Range, % 3.0 3.3 2.3
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standard material for all determinations. The
advantages mclude the ease and accuracy of the
titration procedure for standardizing methena-
mine (2) and the commercial availability of a very
pure product, which, after analysis, may be used
as a reference standard material.

Standard HCHO solutions carried through the
CTA procedure also gave linear absorbances.
The slope of the line indicated that the hydrol-
ysis of methenamine was less than half complete.
The degree of hydrolysis was accurately deter-
mined by the following experiment: An aliquot of
standard methenamine was completely hydro-
lyzed with dilute HC! under reflux, cooled, and
diluted to onc hali of the original concentration.
Portions of hydrolyzed and unhydrolyzed methe-
namine solution were then carried through the
CTA procedure. From the relationship, 9% hy-
drolysis = 100 (absorbance unbydrolyzed stan-
dard)/2 (absorbance hydrolyzed standard), val-
ues of 47.3 and 47.6%, were obtained. A similar
experiment with standard methenamine man-
delate solution gave a value of 47.4%. These
values were found to vary with the temperature
of the heating bath and the efficiency of the water-
jacketed coil used to cool the emergent stream.
To avoid the possibility of erratic results the
water flow rate and temperature should be per-
mitted to equilibrate before proceeding with an
analysis. )

The analytical peaks obtained in this method
approximate 86% of the steady state signal (Fig.
1). The viscosity of the developed color soiutions
is such that turbulence and schlieren result if
abrupt changes in flow rate occur in the flowcells.
The internal diameter of the inlet and outlet

JOURNAL OF THE 40AC (Vol. 56, No. 3, 1973)

tubing should be matched approximately to avoid
this.

This method does not discriminate between
hydrolyzed and undecomposed methenamine or
methenamine mandelate. The decomposition
product, gaseous HCHO, is also the analyticaliy
significant moiety. If any HCHO released by de-
composition has become entrapped in the tablet
matrix, it will be determined along with the drug
present. Most free HCHO will probably volatilize
out of the tablet. The official compendial methods
(1-3) are likewise deficient in this respect, because
they also determine either HCHO or the equally
volatile ammonia content of the drugs.

Interferences

Lactose, sucrose, cornstarch, glucose, stearic
acid, and magnesium stearate (500 mg each) were
carried through the sample preparation step and
the CTA colorimetric assay procedure. The only
discernible departure from the baseline observed
was that of 0.002 absorbance units for sucrose.
In addition a commercial methenamine sample
was spiked with 200 mg each of sucrose, lactose,
glucose, and cornstarch. A recovery of 101.0% of
declared” was obtained compared to 101.9%, for
the unspiked sample. A similar comparison using
standard methenamine solution gave absorbances
of 0.444 and 0.442, respectively. Duplicate por-
tions of the methenamine sample were also spiked
with 500 mg of sodium biphosphate, water was
added, and the solution was allowed to stand for
1.5 hr. An aliquot of each gave recoveries of
101.9 and 101.2%, of declared, indicating that
NaH,P04.H20 has little, il any, effect on this
determination.
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FIG. 1—Steady state signal tor standard mothenamine sojution.
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METHOD

Methbenamine and Methenamine Mandelate—
Automated Method

306.C32
Methenamine is hydrolyzed to HCHO and NH,*
in acid soln. Free HCHO condenses with chromo-
tropic acid in strong acid soln to form colorless
hydroxydiphenylmethane derivative which is fur-
ther oxidized to colored p-quinoidal compd with
max. 4 at 570 nm. Method is applicable to meth-

enamine, methenamine mandelate, and methena-
mine with Nal,PO,.

Principle

36.C33 Reagents and Apparatus

Use dsionized H20 or equiv. thruout.
(a) Dilute ammonia.—Dil. 5 m! NHsOH to 1 L
with H20.
(b) Dilute sulfuric acid.—72 %. Slowly add H,S0,
to 600 ml H,0 to total vol. of 1.5 L (when cool).
(c) Chromotropic acid (CTA) color reagent.—Sus-

pend 500 mg CTA, di-Na salt (K&K Laboratories, -

Inc., Eastman Kodak Co., or equiv.) in 20 ml H,0
and slowly add 30 ml H2SO, in small portions (over-
heating produces deep violet color and inactivates
reagent). Cool, and mix into 1.5 L 72% H2S0s.

(d) Methenamine sld soln.—Dissolve enough
methenamine, previously dried over P20; and stdzd
(NF XIII), in dil. NH,OH to give concn of std
appropriate for dosage level analyzed (Table 36:C1).

(e) Automatic analyzer.—AutoAnalyzer with fol-

To

649

lowing modules (Technicon Instruments Corp., Tar-
rytown, NY 10591): Sampler II with 20/br (2:1)
cam; proportioning pump 1; heating bath set at 90°
with two 40’ coils, 1.6 mm id; colorimeter with 15 mm
tubular flowcell and matched 570 nm filters; re-
corder with semilog paper; manifold (Fig. 36:C2).
Wire down all tube connections carrying H,S04.

36.C34

Disintegrate uncoated tablets contg equiv. of 250~
500 mg methenamine by intermitient shaking in 100
mi dil. NH4OH. Crush coated tablets and hard un-
coated tablets before addn of solv. Ultrasonic bath
may be used to hasten soln. Dil. 1.0 ml sample soln
to 50 ml with dil. NH,OH.

Samples of all dosage levels can be prepd in 4 oz
glass, snap-cap vials provided with Parafilm seal if
appropriate sampling pump tube is used (sec Table
36:C1). A 1450 diln may be accomplished with 1.00
m] Thomas-Seligson vac. diln pipet mounted be-
neath automatic 50.0 ml delivery pipet. Est. increase
in vol. resulting from dissolving 1 tablet in 100 ml
solv., using vol. flask and graduated pipet.

Preparation of Sample

36.C35 Analytical System

See Fig. 36:C2 and Table 36:C1. Sample solns are
withdrawn from sample cups, segmented with air,
and dild in manifold with H20. CTA soln is added
and stream is passed thru beaded coil into 90° heat-
ing bath for color development. Stream is cooled in
HaO-jacketed coil and equilibrated at room temp.

Jurren
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FIG. 36:C2—Flow diagram for automated analysis of methenamine and methenamine mandelate.
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Table 36:Cl. Sample pump tube sizes and
methenamine std concns for various
tablet dosage levels

Pump
Dosage, tube Std,
mg/ size, mg/100
Product tablet ml/min m!
Methenamine mandelate 250 1.0 2.50
Methenamine mandelate 500 0.60  5.00
Methenamine 300, 325 0.66  6.00, 6.50
Methenamine 500 .23 5.00
Methenamine mandelate 1000 0.23 10.00

in mixing coil. Stream is debubbied and passed into
colorimeter equipped with 570 nm filters and 15 mm
tubular floweell for A measurement. 1nlet and outlet
tubing of flowceell should be ca same id.

36.C36
Turn on heating bath (3 hr), cooling H20 in jack-
eted coil (30 min), and colorimeter (30 min) in ad-
vance. Prewash system 5 min with H20 and then
pump all reagents thru their resp. lines. Let equili-
brate 20-30 min and adjust colorimeter and recorder
to produce steady baseline. To shut-down system,
fiush 10-15 min with H20 and pump all lines dry.

Start-Up and Shui-Down. Procedures

36.C37

Fill 8.5 ml sample cups with prepd solns and aspi-
rate thru 0.034” stainless steel probe at 20/hr with
sample-to-wash ratio of 2:1. Include 1 sid soln be-
tween each 5 sample solns, and insert 3 std solns at
beginning and end of each 10-30 samples. Draw line
between baseline at beginning and end of run. Sub-
tract av. baseline 4 from max. 4 to obtain net 4
(a4) for each peak. Caic. av. A4’ for std solns, dis-
regarding first and last 2 std peaks. Calc. mg meth-
enamine)/unit dose = (a4/A4") X C X D, where
C = mg methenamine/ml std soln and D = diln
factor.

Determination

Colluborative Study

Commercial samples of uncoated 325 mg me-
thenamine (A), coated 500 mg methenamine man-
delate (C), and coated 325 mg methenamine +
sodium biphosphate tablets (D) were each ground
to pass a 60-mesh sieve and mixed on a mechani-
cal tumbler. A fourth sample (B) was prepared
from standard methenamine and magnesium
stearatc by geometrical dilution and contained
97.38% of drug (325 mg per 0.3337 g). Portions
of thesc samples were sent to 5 collaborators with
instructions to anaiyzc 10 single tablet portions
from cach and to report the individuai determina-
tions. Appropriate standard materials were also
furnished cach participant. The results reported
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by the collaborators are summarized in Tables
3-6. Those obtained by the Associaie Rejeree are
listed in column 1. The averages of the reported
results for Sumples A, B, C, and D were 100.3,
99.7, 97.7, and 100.6%, of declared or added drug,
respectively. The corresponding coefficients of
variation for the determinations were 1.39, 0.98,
1.22, and 1.029;.

Assay of the methenamine tablet composite by
the NF XIII titration procedure (2) yielded an
average result of 325 mg drug/tabiet. The
methenamine mandelate composite assayed 493
mg/tablet by the USP XVIII method (3). No
atiempt was made to determine methenamine in
the product containing sodium biphosphate by an
official method.

Conclusion and Recommendation

The first in the series of 10 results for methena-
mine and methenamine mandelate reported by
Collaborator 6 was considerably lower than the
subsequent 9 results. This was probably due to
the use of an insufficient number of cups of
standard solution preceding the sampling pattern.
In usual practice, if a sampie solution yields &
low peak near the beginning of a pattern, the
solution is resampled at the end of the run. This
would confirm either s correct low result or in-
sufficieni equilibration prior to the sample run.
The collaborators were not instructed to rerun a
sample if such a result occurred.

Other than this only a few minor mechanical
difficulties were reported by the collaborators.
None of these prevented the participants from
getting satisfactory results.

It is recommended that the method be adopted
as official first action.
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Table 3. Summary of results® for methenzmine tablets

Coll. Coll. Coli. Coll. Coll. Coli.

1 2 3 4 5 [ Av.

330 322 317 332 32z 30¢

322 333 321 328 328 320

32¢ 329 328 33 330 32

32 33 32 333 316 325

330 32 321 333 322 328

320 324 328 333 318 328

322 33 37 333 336 32

321 332 321 33¢ 317 333

324 33 321 3313 32 329

324 330 321 336 324 328
Av. 3% 329 322 332 323 324 (326) 326 (100.7% of declared)
Std dev. 3.6 4.5 4.0 1.8 5.3 8.0 (4.1)
Coett. ot var.,, % 1.09 1.3 1.24 0.54 1.65 2.48(1.27) 1.39(1.18)
Range, % 2.8 3.6 3.4 2.2 4.3 9.0 (4.0) 4.2(3.49)

¢ Individual results are in mg/tablet.
b vajues in parentheses are calculated atter dropping first result of Coliaborator 6.

Tabie 4. Summary of results® for authentic methenamine

Coll. Coll. Coll. Coll. Coll. Coll.

1 2 3 4 5 [ Av.

322 325 2 322 325 320

321 325 315 3 325 314

325 321 315 330 324 319

325 324 322 328 323 314

324 322 330 330 330 323

21 326 323 330 325 320

321 321 331 329 325 320

32 326 322 330 324 320

325 322 328 331 319 323

325 324 328 331 319 326
Av. 324 324 324 329 328 320 324 (99.7% recovered)
Std dev. 2.1 1.8 5.6 2.7 3.0 3.8
Coeft. ot var., % 0.64 0.57 1.74 0.84 0.93 Ly 0.98
Range, % 1.5 1.5 4.9 3.0 3.4 2.8 2.8

¢ Individual results are in mg/tablet.
Table 5. Summary of results® tor methenamine mandeiate
Coll. Coli. Coll. Coli. Coli. Coll.

1 2 3 4 5 [ Av.

a78 483 510 476 493 458

480 479 4% 472 494 483

482 485 4% 480 4% 486

493 485 510 466 433 490

483 490 505 . an 493 493

483 483 510 468 487 493

430 488 510 481 500 492

479 485 513 474 487 492

492 486 513 480 494 493

491 489 4% 480 493 492
Av. 484 485 506 476 493 487 (490 488 (97.7% of deciared)
Std dev. 5.6 3.3 1.2 5.3 3.4 10.5 (3.6)
Coeft. ot var., % 1.1 0.67 1.42 1.1 0.80 2.15(0.73)  1.22(0.98)
Range, % 2.9 2.3 3.4 3.1 2.6 7.0(2.0) 3.62.7)

° indivioual results are in mg/tabiet.
b values in parentheses are calculated after dropping tirst result of Collaborator 6.
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Table 6. Summary of resufts® ‘far methenamine and sodium biphosphate
Coll. Coil. Coll. Coii. Coll. Coli.
1 2 3 4 5 3 AV,
EX ] 330 319 330 330 32¢
328 33 Y 326 322 323
329 130 317 3 32 32
331 330 323 326 328 325
331 322 317 323 324 325
333 325 322 29 332 324
324 328 323 33 334 32¢
325 33 317 330 i3 330
331 323 317 32 338 326
324 330 318 334 331 330
Av. 328 328 318 330 330 328 327 (100.6% ot declared)
Std dev. 3.3 3.4 2.9 3.1 5.0 2.5
Coeft. of var., % 0.99 1.04 0.9 0.95 1.51 0.75 1.02
Range, % 2.7 3.0 1.8 3.3 5.2 2.1 3.0

® individual results are in mg/tablet.

He also thanks Thomas G. Smith and Larry K.
Thornton, NCDA, for their participation in the
original validation of this method and Clyde E.
Wells and William B. Furman, also of NCDA, for
their advice and suggestions during this study.
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BLAKE & SHUMAKER: TITRATION OF ACETAMINOPHEN AND SALICYLAMIDE

Differentiating Nonaqueous Titration of Mixtures Containing

Acetaminophen and Salicylamide

MARTIN 1. BLAKE and LINDA B. SHUMAKER
Department of Pharmacy, University of Illinois at the Medical Center, P.0. Box 6996,

Chacago, IUl. 60680

A differentiating nonaqueous titration pro-
cedure is described for the determination of
mixtures of acetaminophen and salicylamide.
Tetrabutylammonium hydroxide is the titrant
and a Fisher titrimeter equipped with a calo-
mel-glass clectrode system is used. The tech-
nique is applied to the individual components,
synthetic mixtures, and complex dosage forms.

Acetaminophen is a commonly used analgesic-
antipyretic, alone or in combination with other
similar drugs in liquid or solid dosage forms. The
analysis for acetaminophen conient has been the
subject of numerous studies. The NF aceta-
minophen elixir is assayed (1) by a column chro-
matographic procedure developed by Levine and
Hohmann (2). The column is prepared with
Celite buffered to pH 10.1 with carbonate. When
chloroform is used as the eluting solvent, aceta-
minophen is separated from basic and neutral
components and substances having weaker acid-
ity. Acetaminophen is then eluted with ether and
determined spectrophotometrically. The authors
point out that acetaminophen may be “sharply”
separated from other drugs with which it may be
combined in dosage forms by proper selection of
buffer pH and solvent systems. Salicylamide and
barbiturates, also weak acids, are typical drugs
combined with acetaminophen. This procedure
was subjected to & collaborative study, reported
by Hohmann (3), in which several solid and
liquid dosage forms and 2 synthetic tablet mix-
tures were analyzed for acetaminophen content.
Salicylamide was an ingredient in 2 synthetic
tablet mixtures and in a commercial tablet.
Hamilton (4) reported a collaborative study of
the analysis of acetaminophen and salicylamide
in tablets and capsules based on the use of strong-
Iy acidic and basic Celite columns. Both the
Levine-Hohmann and the Hamilton methods
were adopted as official by the AOAC. Hall and
Levine (5) described a procedure jor the separa-
tion of barbiturates in combination with salicyi-
amide, using partition chromatography. Only the
barbiturate was recovered. Alber,. Overton, and
Smith (6) used gas-liquid chromatography ior the

separation and determination of salicylamide,
acetaminophen, and caffeine combinations. In the
NF assay (1), acetaminophen is analyzed by UV
spectrophotometry and the tablets are assayed
similarly after extraction of the powdered tablet
mass with a chloroform-alcohol (3+1) mixture.

Salicylamide, according to the NF assay pro-
cedure (1), is analyzed by visual nonagueous
titration using sodium methoxide as the titrant,
dimethylformamide as the titration solvent, and
thymol blue T.S. as the indicator. This is based
on a procedure reported by Fritz and Keen (7).
The tablets are analyzed similarly using an ali-
quot of the powdered tablet mass. Prior separa-
tion of the salicylamide is not required. However,
for the NF oral suspension (1) the salicylamide is
determined by UV spectrophotometry after pre-
liminary extraction with ether.

Previous reports (4, 8) have reviewed the litera-
ture on-the analysis of acetaminophen as the free
compound, in simple dosage forms, and in com-
bination with other drugs as complex dosage
forms.

In the present study combinations of aceta-
minophen and salicylamide are analyzed by a
potentiometric differentiating nonaqueous titra- .
tion procedure using tetrabutylammonium hy-
droxide as the titrant and a Fisher titrimeter
equipped with a calomel-glass electrode system.
The method is applied to the individual compo-
nents, synthetic mixtures, and complex dosage
forms.

METHOD
Apparatus and Reagents

(Al chemicals and soivents emploved were reagent
grade and were used without further purification.
All dosage forms were obtained from commerciai
sources.)

{a) Turimeter—Fisher Model 35, equipped with
glass electrode (Fisher No. 13-639-3) and porous
plug-type calomel electrode (Fisher No. 13-639-51).

(b) Standard solution—0.1N solution of letrabulyl-
ammonium hydrozide in benzene-methanol.—Prepare
according to method of Cundiff and Markunas (9}
and standardize potentiometrically against reference



standard benzoic acid dissolved in dimethylorma-
mide. Restandardize standard soluiion each day of
use.

Preparation of Sample

(a) Swnthetic miztures.—Prepare mixtures of ace-
taminophen and salicylamide contatning following
ratios for each component: 140, 141, 1+2, 143,
and 1+4.

(b) Desagc jorms.—Weigh 20 tablets and grind to
fine powder in mortar, or remove contents of 20 cap-
sules of & dosage form as completely as possible and
weigh combined contents.

Procedure

Acelaminophen and salicylamide—Transler 0.5-]
meg {75-150 mg) salicylamide or acetaminophen
powder, accurately weighed, to 150 ml beaker. Dis-
solve powder in 50 ml dimethylformamide. Stir
solution maguetically and titrate potentiometrically
with calomei-giass electrode system, using 0.1N
tetrabutylammonium hydroxide as titrant. (Typical
titration curves are shown in Fig. I (curves A and
B).)

Acctaminophen und salicylamide miztures.—Trans-
fer mixture containing > 40 mg each component, ac-
curately weighed, to 150 ml beaker. Dissolve in 50
m!} dimethylformamide. Titrate solution as above.
(IRatios of components in mixtures analyzed are
listed in Table 1; typical differentiating titration
curve is shown in Fig. 1 (curve C).)

Dosage forms.—Transfer aliquot of powder mass
containing 79-150 mg each component, accurately
weighed, to 150 ml beaker. Dissolve in 50 ml di-
methylformamide and titrate as above. (Capsule
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and dosage forms analyzed are listed in Table 2;
typical titration curve for a dosage form is shown in
Fig. 1 (curve D).)

Calculations

Prepare titration curves by plotting ml titrant
against mv. Determine end points in titration from
inflections in curve. Calculate per cent recoveries for
acetaminophen and salicylamide in mixtures with
fallowing equations:

% Acetaminophen = (ml titrant

X normality titrant X 151.17 X 100)/seample wt
% Salicylamide = (ml titrant
X normality titrant X 137.14 X 100)/sample wt

HResulis and Discussion

Previous reports from this laboratory have con-
cerned the differentiating potentiometric titration
of weak acid mixtures, both as simple combina-
tions and as complex mixtures in dosage forms.
These have included salicylic acid and benzoic
acid (10), aspirin and barbiturates (11, 12), aceta-
minophen and aspirin (13). In each case the
difference in pKa values was sufficiently great to
permit a successful differentiating titration.

Acetaminophen and salicylamide are both very
weak acids and both appear frequently in anal-
gesic-antipyretic preparations. According to Bar-
lin and Perrin (14), the calculated pKa values for
salicylamide and acetaminophen are 8.31 and
9.92, respectively. This difference in pKa value
does permit differentiation in the nonagueous
system employed in this study. Typical curves

500 [
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FIG. }—Typical titration curves: A, acetaminophen; B, salicylamide; C, salicylamide
and acetaminophen mixture (1+1); and D, tablet dosage form (tabiet A, Table 2).
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for the titration of the individual compounds and
for synthetic mixtures of the 2 compounds are
shown in Fig. 1 (curves A, B, and C). The curves
have been displaced for better demonstration of
the infiections. 1n curve C the first inflection is
for salicylamide and the second is for aceia-
minophen. Recovery daia are presented in Table 1.

Several commercially available dosage forms
containing acetaminophen and salicylamide in
addition to other active ingredients were analyzed
by the proposed procedure. The composition of

Table 1. Analysis of mixtures of acetaminophen and
salicylamide by differentiating nonaqueous titration

1)
Per cent recovery and
standard deviationt

Ratio® Acetaminophen Salicylamide
140 100.740.3 —
0+1 . - 100.140.3
1+1 101.342.1 101.4£1.6
142 101.3x1.6 101.1£1.6
241 100.7 £1.0 100.242.1
143 102.1£0.5 99.8+1.5
3+1 102.4%2.2 100.9+2.7
1+4 109.6 4.5 93.7x1.1
441 99.00.7 101.542.2

A inophen to salicylamid

b Standard deviation based on >4 determinations.

Table 2. Analysis of dosage forms by
proposed method

Label
claim/unit  tabel claim
Dosage form dose, mg found, %*
Tablet A
Salicylamide 250 99.54+1.3
Acetaminophen 250 100.6£1.7
Ascorbic acid 25
Tabiet B
Salicylamide 250 98.9+2.0
Acetaminophen 250 99.742.6
Ascarbic acid 25
Prednisone
Tablet C
Salicylamide 250 97.4£1.0
Acetaminophen 250 98.1+2.6
Hyoscyamine sulfate 0.0518
Atropine sultate 0.0097
Hyoscine HBr 0.0032
Phenobarbital 8
Capsule A
Salicylamide 250 99.6+1.3
Acetaminophen 250 96.841.7
Pentobarbital 25
Capsule B
Salicylamide 150 99.8+2.6
Acetaminophen 178 99.440.9
Cafteine 15
Phenylpropanolamine 18

the dosage forms and xecovery data are listed in
Table 2. Per cent recoveries are reported only for
the acetaminopben and salicylamide, and are
based on label claim values. A typical titration
curve is shown in Fig. 1, curve D for dosage form,
tablet A of Table 2. The initial inflection in the
titration curve is for the ascorbic acid component.
The ascorbic acid, and tgxe barbiturates indicated
for tablet C and capsule A, did not interfere in
the titration of the respective dosage forms. Since
they have somewhat lower pKe values than
salicylamide, they titrated first and permitted
suitable differentiating titration curves for the
active ingredients analyzed. Basic components,
salts, and excipients did not apparently interfere
in the titration. Preliminary extraction of the
active components was not necessary.
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Separation of di-2-(3-Phenoxyphenyl) propionic Acid
(Fenoprofen) From lis Iniermediates by Thin Laver

Chromatography

RAFIK H. BISHARA

Analytical Development Departmeni-Physical, EE Lilly and Co., Indionapolis, ind. 46206

Fenoprofen and its synthetic intermediates
are resolved on silica gel F25 TLC plates devel-
oped with chloroform-acetic acid (9842). The
interrelationship between the chemical con-
stitution and the R, values is discussed. The
lower limit of detecting the intermediates in
Fenoprofen raw material is 1%.

Several aryl- and alkyl-substituted carboxylic
acids have heen shown to exhibit anti-inflamma-
tory properties (1-8). A new compound of this
series developed in our research laboratories (9)
is Fenoprofen, dl-2-(3-phenoxyphenyl)propionic
acid. This compound exhibited anti-inflammatory
and analgesic activities in experimental animals
(4) and in man (8, 10-12). The synthesis of
Fenoprofen as reported by Marshall (9) is shown
in Fig. 1.

This paper describes a thin layer chromato-
graphic (TLC) developing solvent system for the
complete resolution of Fenoprofen from its inter-
mediates on precoated silica gel plates. Applica-
tion of this system to estimate the presence of
any intermediate at the level of 19, m Fenoprofen
raw material is discussed.

Based on past experience in resolving mixtures

of closely reiated steroids (13-15) and chiorinated
pesticides (16, 17), we used commercially avail-
able precoated plates in this study.

METHOD
Apparatus

(a) TLC plates.—Precoated silica gel Fzsq, 20 X
20 em, 0.25 mm adsorbent layer (E. Merck, A. G.
Darmstadt, Germany, available from Brinkmann
Instruments, Inc., Westbury, N.Y.).

(b) Spotting pipets.—Disposable, calibrated to
contain 1 or 10 ul (Drummond type, distributed by
Ace Glass Co., Louisville, Ky.).

{c) Developing tank.—Rectangular glass tank
(Brinkmann Instruments, 1nc., Westbury, N.Y.).
External measurements 30 X 10 X 2§ cm.

(d) Ultraviolet light source.—Chromato-Vne with

Received September 30, 1972.

_phenyl)propionitrile

shortwave (ca 254 nm) lamp (Ultra-Violet Produets,
Inc., San Gabriel, Calif.).

Keagenis
(a) Fenoprofen and ils inlermediates.—m-Hy-
droxyacetophenone (1), 3-phenoxyacetophenone
(I1), a-methyl-3-phenoxybenzyl alcohol (II1), 3-(1-
bromoethvl)diphenyl ether (IV), 2-(3-phenoxy.
(V), and di-2-(3-phenoxy-
phenyl)propionic acid (Fenoprofen) (VI). Structures
of above compounds are shown in Fig. 1.

(b) Developing “solvent.—Chloroform-acetic acid
(98+2). Mix just before use.

Thin Leyer Chromaiography

Prepare chloroform solution containing 1 mg each
‘ntermediate/ml. Weigh 100 mg fenoprofen sample
-nd transfer to 10 ml volumetric fiask. Dissolve and
dilute to volume with chloroform. )

Score adsorbent layer across TLC plate 15 em
from starting line which is 2.5 em from the bottom
of the plate. Divide plate into 4 equal sections and
spot 1 and 10 ug infermediates mixture on section }
and 3, respectively. Spol 100 ug fenoprofen sample
n section 2. Section 4 i plate blank. Place 100 ml
Jdeveloping solvent in TLC tank lined with What-
man No. | paper and let equilibrate 30 min before
use. Develop plate at room 1emperature (25°C) until
solvent reaches scored line. Remove plate and let
solvent. evaporate en 3 min al room temperature.
View chromaiogram under shortwave UV light and
mark quenched spots.

Resuilts and Discussion

At the same concentration for each of the 6
compounds shown in" Fig. 1, the amount of
guenching appeared in the following order: Com-
pound I>II>III>VI>IV>V. If we assume
that the efficiency of quenching is related to the
amount of UV absorption by the compound,
m-hydroxyacetophenone (1) should be the most
efficient quencher because of the presence of the
auxochromic hydroxyl group (18).

The R, values for Compounds I, I1, III, IV, ¥,
and VI are 9, 54, 22, 60, 59, and 13, respectively.
A typical thin layer chromatogram is shown in
Fig. 2.
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FIG. 1—Synthesis of Fenoprof

The 6 compounds examined chromatograph-
ically in this'study aré generally separated into 2
groups. In the first group are the slow-moving
polar compounds which contain & hydroxyl group
(Compounds I and III) or a carboxyl group (Co.n-
pound VI). The noupolar compounds (JV and V)
move faster and form the second group. However,
the mobility of Compound II is close to the fa st~
moving group. This behavior is due to the pres-
ence of the less polar carbonyl group (19) relative
to the hydroxyl and carboxyl groups.

The structure of Fenoprofen and its 4 ji.z2r-
mediates, 1I-V, contains the diphenyl ether n.oi-
ety (see Fig. 1). On the other hand, the starting
material, Compound I, contains a phenolic hy-
droxyl group. The powerful influence of the free
phenol group on the adsorption affinity of com-
pounds to the silica gel thin layer explains the
low R, value of the starting material in compari-
son to the other 5 compounds. This is also in good
agreement with Stahl (19) who reporied that
phenol ethers showed distinct lower adsorption

657

SF-
@) 14
o ¥

bis
@] m
0 bsi
@) 1

- m —

FIG. 2—Thin Jayer chromatagram of a mixture of Feno-

profen and its inter (10 ug per d) on
silica gel Fz5,-d ] with tic acid
WFZyT POR—poi '3 lication; SF, sol front.
R is of d d t Fig. 1.

affinity; hence they move faster than the corre-
sponding phenol. )

The mobility of the compounds containing the
diphenyl moiety is mainly influenced by the char-
acteristics of the functional groups they contain.
Fenoprofen, being the only carboxylic acid in
this group of compounds, has the lowest mobility
because of the highest adsorption affinity of the
carboxyl group (19). Compound III has a hy-
droxy! group which follows the carboxyl group
in order of polarity and adsorption affinity (20).
This explains the higher mobility of Compound
III in relation to Compound V1. The intermediate
mobility of Compound II has been previously
discussed and is mainiy attributed to the less
polar carbonyl group. The nitrile group has been
reported to be less polar than the hydroxyl and
carbonyl groups (19). This justifies the higher B,
value of Compound V. Compound IV is the
fastest moving of all 6 compounds. This high
chromatographic mobility is enhanced by the
presence of the nonpolar bromine s:0m, by the
absence of any polar group, and by :he presence
of one€ carbon atom less than in Compounds V and
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V1. The preceding discussion serves the purpose
of shedding some light on the interrelationship
between the chemical constitution and R, values
of Fenoprofen and its intermediates.

To determine the chromatographic purity of
Fenoproien raw material, any extra spot(s) in
section 2 other than the main compound is com-
pared with the spot having the same mobility
(R, value), intensity, and size in sections 1 and 3.
Confirmation is positive il the R, value of the
extra spot in the sample lane matches the E;
(£5%) of the standard spot. When the sample of
Fenoprofen raw material is between 2 levels of
intermediates, nameiy 1 and 10%, the semi-
quantitative determination of its chromatograph-
ic purity is greatly facilitated. This TLC method
detects 1%, of any intermediate in Fenoprofen.
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Minicomputer—Automatic Analysis System for Pharmaceuticals

LARRY L. ALBER, MACK W. OVERTON, and DONALD E. SMITB”
Food and Drug Admanastration, 433 W. Van Buren St., Chicago, Ill. 60607
Department of Chemistry, Northwestern University, Evanston, [U. 60201

Software has been developed for reduction
of automatic analyzer data both for on-linc
and off-lin¢ modes, using & PDP-12 minicom-
puter with 8K core memory, magnetic tape and
disk storage, a multiplexer and 16 channel
10-bit analog-to-digital converter, and a cath-
ode ray tubc. The on-line system performs
data-loggink onto magnetic tape of 16 instru-

ments asynchronously, displaying any 2 ana-

log-to-digital conversion channels on the
cathode ray tube in real-time. Spectrophotom-
eters are interfaced to the computer, using
economically constructed operational ampli-
fier circuits. Data reduction is aided by a
bardware floating-poini processor, using an
8-point least-squares fitting algorithm to
digitally smooth the data array and determine
each peak maximum. Computer results of 3
different systems operating simultaneousiy
are compared to values obtained manually.
The off-line system was writien using FOCAL-
12 conversational language and will accept
digital values by Teletype, peak detector paper
punch, or TWX; the latter makes the program
available to other laboratories through the
Federal Telecommunications TWX System.

With the USP (1) and NF (2) requirements for
content uniformity testing on many pharmaceu-
tical preparations, regulatory laboratories were
faced with an enormous amount of additional
assays due to individual tablet analyses (ITA).
As clinical laboratories found long ago, large num-
bers of chemical tests of the same type can be
automated. In order to perform these ITA tests,
pharmaceutical laboratories have adapted Tech-
nicon AutoAnalyzers, with ultraviolet, visible, or
fiuorescence spectroscopy as the determinative
step. In each case, the detector output may be
displayed in the form of a recorder trace, ab-
sorbance, per cent transmission, or fiuorescence
units versus time, in which samples and stan-
dards appear in a predetermined order. As a re-
sult, substantial analytical time is required to
interpret graphs, subtract baseline and/or system
drift, perform arithmetic operations on calcula-
tors, and write reports. Efficient use of analytical
{ime demands some form of automated data

manipulation and report handling. The on-line
minicomputer is an appealing means to this end
(3-5).

Although the major portion of our laboratory
computer programming thus far has been directed
to gas chromatography (6), as a temporary mea-
sure, an off-line program for ITA calculations was
written for the minicomputer, using FOCAL-8
language (7). The program performed caleula-
tions from net absorbances predetermined manu-
ally and entered via Teletype.

A better utilization of the computer hardware
and peripherals available involves direct inter-
facing of the spectrophotometric output for on-
line data acquisition and reduction. The feasibil-
ity of this approach was tested with a labora-
tory computer and a conversational language,
FOCAL-12 (8, 9).

In addition to mathematical routines, FOCAL-
12 provides instructions for performing anaiog-
to-digital conversions (ADC), dispiaying on &
cathode ray tube (CRT), and storing data or
subroutines on magnetic tape or disk.! Without
expanding the disk storage, the system could be
used only in a dedicated manner, e.g., it was
limited to one instrument at & time.

By modifying an existing GLC program, we
developed an on-line system capable of processing
data from 16 automatic analyzers simultane-
ously. The final calculation and report printing
routine was written using FOCAL-12. By only
slight modification of the latter program, an off-
line version to accept digital data by Teletype,
peak detector paper punch, or TWX made the
program available to instruments not directly in-
terfaced and also to other laboratories connecied
to the TWX system.

This writing is a qualitative report of the sys-
tem, software, flow charts, and interfacing, and
includes tables of computer results versus manual
determinations for 3 different on-line sysiems
running at the same time.

1 FOCAL-12 disk routines require 2 minimum of two 32K
disk upits or onc 250K disk unit.
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Apparatus

(a) Compuler hardware.—A PNP-12A digital com-
puter (Digital Equipment Corp., Maynard, Mass.)
includes 8K of 12-bit 1 wsec core memory, 2 mag-
netic tape units, one 32K disk storage device, 6
DPDT relays, 6 sense switches, a multiplexer and
32 channel 10-bit ADC, CRT, programmable clock,
and Teletype. The system also utilizes a hardware
floating-point processor (FPP-12), which carries all
calculations 1o 28 bits of precision. The numbers
can range from 2+2047 to 2-2048,

(b) Interfacing.—On most modern laboratory in-
struments, the detecior analog output can be amph-
fied as needed for the ADC input to insure maximum
computer precision. These circuits have been eco-
nomically constructed for less than $100 each, using
operational amplifiers, and are easily assembled
using prewired manifolds? (6). These circuits provide
high input impedance which prevents detector load-
ing probiems and permits normal operation of the
recorder without influence by the amplifier. Figure
1 shows the interface schematic of the Technicon
fluorometer.

For UV and visible determinations, Beckman
DXK-2A spectrophotometiers were utilized. We mod-
ified the gear assembly to provide a continuous scan
at constant wavelength. The photomultiplier output
was linear only in %, T mode; therefore, a 10-turn
precision re-transmitting slidewire was mounted on
the pen pulley so the absorbance mode could be

(8). i
{c) Automati ly equipmeni.—Technicon
AutoAnalyzer equipment consisting of a liquid sam-
pler I1 and proportioning pump I (Technicon Corp.,
Tarrytown, N.Y. 10591) was used with a Beckman
DE-24 spectrophotometer with 10 mm flowcell
(Arthur H. Thomas, No. 9120N05). The Technicon
fluorometer II system consisted of a flowthrough
cell, liquid sampler II, continuous filier, proportion-
ing pump I, and recorder.

On-Line Software

-(a) Overall operation.—The total on-line system
is operated in 2 modes: “‘data-logging’’ until all
automated analyses are finished, and then “‘batch-
processing’’ each sample one at a time. The data
array of each sample is stored on magnetic tape, the
location of which is printed on Teletype before pro-
ceeding to the next sample run. When all automated
systems are finished, the batch-processing is per-
formed with FOCAL-12, using the FPP program as
a subroutine. This was accomplished by modifying
FOCAL-12 to allow overlay of the FPP program
stored on disk. When the FPP completes the storage
of peak z and y values on tape for the sample run,
FOCAL-12 is returned to core by disk overlay, per
cent declared calculations are performed, and resulis
are printed.

(b) Data-logging.—A program to sample up to 16
analog instruments asynchronously had already been

2. Mnnifold Mode! No. 603. Operational amplifier No. 3057 /01
{Burr-Brown Research Corp., Tucson, Ariz. 85706).

The use of equipment described herein does not constitute an
cndorscment by the Food and Drug Administrazion.
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developed (10). The program allows ADC rates up
to 1 B C and stores data on contiguous magnetic tape
blocks for later processing. Sampling rates of 1 data
point. every millisecond can be achieved, but for the
typical automated pumping system, the most con-
centrated portion of the solution being determined
tukes about 15 sec to pass through the cell; there-
fore, sempling each ADC once every 3 sec yields
about 5 data points at each peak maximum.

{c) FPP peak delection.—Because the concentra-
tion of the solution being determined by spectropho-
tometry is directly proportional to the net absor-
bance of the peak (maximum absorbance hd baseline),
programming is considerably easier than determining
peak arca as in'gas chromatography. An additional
advantage is that every peak, samples and standards
alike, has approximately the same peak shape. In
the approach reported here, the only instrumental
values required for;calculations are the initial base-

line, the = and y coordinate of each peak, and the

final baseline.

The data are first digitally smoothed by an 8-point
least-squares fitting algorithm, using the FPP (11).
The symbolic instructions are combined to examine
8 successive 12-bit data words stored anywhere in
32K core, float the value,? fit to the best quadratic
for the 8 points, smooth the 6 center points to meet
the function, fix* the floating resultant back to a
12-bit word, and restore into their original core loca-
tion, advancing by one data point through the array.

The program invokes the standard least-squares
fit technique (12) whereby the A, B, and C coeffi-
cients of the least-squares quadratic are-obtained by
simultaneous solution of the equation set:

¥ =A+Bx+Cx
A% 4 Bx + CX
Ty = A 4+ BT + C

=

where 7, %, X7, X3, etc., designate average values of
the respective quantities associated with the 8-point
data array. Rather than require the FPP to perform
2ll operations associated with simultaneous solution
of the 3 equations, the determinant expansion was
performed by hand in the interest of conserving
processor time. Relative x coordinate values of 1-8
are assigned the 8 data points involved in each quad-
ratic fit-smooth operation. This allows assignment’
of numerical values to X, X%, X3, and ¥* so that the
solutions to A, B, and C can be expressed in terms
of 3 remaining unknowns, §, ¥, and x?y. One ob-
tains:

3 To floata ber in mini ter logy is to convert
a 12-bit dava word into three 12-bit dais words conssting of ¢
12-bit signed binary exponent and a 24-bit signed binary man-
tisse (mantissa X 2Exponeat)

4 To fix a floating point number is the reverse operation, e.g.,
to reduce a 30-bit data word to a 12-bit word.
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A = 155714 ¥ — 7.2857) Xy + 0.7)4286 x%y
B = —7.28571F + 4.04762 Xy — 0.428571 X¥y
C = 0.714286 ¥ — 0.428571 Xy + 0.0476190 X3y

Consequently, the FPP is simply assigned the task
of calculating ¥, Xy, and X%y for a data set, applying
the foregoing equations to obtein A, B,.and C, and
smoothing the data by assigning values on the
guadratic to 6 central data points in the 8-point
array.

After all the date have been smoothed, the FPP
begins looking for each peak maximum. The average
of the first 8 data points is stored as baseline 1. Ad-
vancing through the smoothed data, the FPP looks
for § consecutive positive going points and then
checks to see if the first and last of the 8 points ex-
ceed a preassigned threshold value. This subroutine
compensates for noise peaks on the baseline. After
the threshold test, the peak maxima are determined
where the first derivative of the 8-point array passes
through a slope of zero.

Since the function dy/dx = 0 is also satisfied at
peak minimum, parameter C of the quadratic fit
must be negative to be oo peak maximum. The X
and Y positions are stored in separate files in proper
cup order. The slope must pass through zero before
the 8 positive going points test subroutine is re-
entered. At the end of the array, the last average of
8 points is used as baseline 2. See fiow diagram,
Fig. 2.

The table of X-axis values is written onto one tape
block while the table of Y-axis values is written onto
the neighboring tape block. For example, location 1
of File X is retention time of cup No. 1, while loca-
tion 1 of File Y contains the total absorbance (milli-
volts) of the peak for cup 1.

Since the FPP-12 has its own processor, the PDP-
12 CPU can be performing other functions. While
the smoothing and peak detection are in progress,
the CRT is displaying the data array and the Tele-
type begins printing the report heading. The whole
process takes only 2 iew seconds, but allows the ana-
lyst to observe the automatic analysis output before
and after treatment by digital filtering. A glance at
the CRT will detect any malfunction in the hard-
ware, instrument, plumbing, or interfacing.

(d) Calculations.—The software for 16-channel
asynchronous ADC with data-logging onto magnetic
tape and the FPP peak detection were written in
symbolic LAP6-DIAL language which uses all 3
modes of the PDP-12/FPP-12 system. They are the
8-mode (13), the LINC mode (14), and the FPF
mode (15).

Although the svmbolic language programming is
extremely versatile in the types of operations it can
implement and in making efficient use of core mem-
ory {only 4K used}, it is difficult to master and pro-
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e

1550

o)

FPP SMOOTHING!

F

SECONDS NET PKHT CODE

@ 165-0--76-93 s

121 167.0--77-24 S
24¢ 168+p=~77.55 S
349 167 @--77.83 U
481 177.0--78+17 U
604 182-P=-7B-49 v
718 172.0--78-77 Y
846 183-0--79-1€ u
952 162:9=-79-3% 5
1982 173.0--75.72 ¢
1202 171.8--86.083 U
1303 166-0--86-29 u
1428 158.0--80-61 U
1561 165.0--80-95 U
1686 165-2--81.28 c
1791 164+2--8i+55 S
1911 178.9--81+86 S

AVE ¢ 1®)

STD DEV OF TABLETS

COEFFICIENT OF VARIANCE
AVE DEV FROM DECL

FORMUL: .SA/ST X CO X DIL X
INIT BSLN=- 76.9387

FINAL BSLN=- 75.1250

X AT FINAL BSLN= 2616-0000
STD CO X DIL X 1/UNITS =
AVE TAB WT./COMP WT.=
DECL =  3.5ppM

| X

RECALC, Y OR N?:N
SPL NO.?7:EXHIBIT
DATE?:18AUG72
ANALYST?:AUTHORS

FOUND X OF DECLARED
3+513 100.3683
3+662 194622
3-738 106-802
3-599 182-820
3.761 187462
3.627 183.618
3602 1p02-924
3448 9§-521
3.424 - 97833
3530 190843
3592 182636

3.599 162.583
0.112 3.209
3.129
3-672
1 /UNITS = FOUND
3+4938

eae2

FIG. 3—~Computer printout of 10 tabiet assay.

gram writing takes much longer than that for
higher level languages. Consequently, as a tempo-
rary expediency, the data manipulation routines
were written in FOCAL-12 language. Most of these
routines had already been developed (16).

It is this laboratory's routine practice to sequence
the order of cup solutions as follows: 3 standards, 5
individual tablets, standard, 5 tablets, etc., com-
posite, 2 standards. The composite consists of a
weighed portion of 20 tablets ground to & fine pow-
der, equivalent to one tablet weighi. For a 10 tablet
assay, there are 17 peaks. For a 30 tablet assay, there
are 41 peaks. The program corrects for system drift
by calculating the slope between the first and last
valid standard reading (the first 2 standards and the

last standard are not considered valid). By a linear
regression slope correction, each cup reading is ad-
justed respectively. Additionally, the initial baseline
is subtracted from all peaks.

To determine the amount of active ingredient in
each tablet, an average of the standard preceding
and the one following the tablet cup is used as the
standard reading. That resultant is divided by the
label declaration and multiplied by 100 to yield per
cent of deciaration. Once the mean has been deter-
mined on the first pass through the date, the pro-
gram reuses the data on a second pass to calculate
the deviation, standard deviation, and coefficient of
variance. The resulting computer printout is shown
in Fig. 3. ‘
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FOCAL-12 INPUT FOR 10-TABLET ASSAY

A. USER INPUT

tandard Concentration
Sample Dilution Factor
Composite Weight
Ave. Tablet Weight
Declared in MG or GR?
Amount Declared

Total No. Peaks

No. ITA's

Comp. Cup No.
No. Standard Cups
Standard Cup Order

HFHOWD IO WK
e e s e e 4 e e e e

ey

B. AUTO-ANALYZER DATA INPUT

0. 1Initial Baseline 1
1. First Standard
2. Second Standard
3. Third Standard

4. Tablet No. 1
5. Tablet No. 2
6. Tablet No. 3
7. Tablet No. 4
8. Tablet No. 5
9. Fourth Standard

10. Tablet No. 6
1l. Tablet No. 7
Tablet No. 8
3. Tablet No. 9
14. Tablet No. 10
15. Composite
16. Fifth Standard
17. Sixth Standard
18. Baseline 2

ON-LINE OFF~-LINE
0.6250 Same

10 Same

G.1906 Same

0.1907 Same
MG 1 or 64.8
g.25 Same

17 14

10 10

15 13

6 3
Y;2,53,9-16,11 1,7,14
{Millivolts) (Absorbance)
by FPP-12 by teletype,

TWX or Peak
Detector Punch

-179.78 050

116.0 Not Entered
123.0 Not Entered
141.0 .552

112.0 .510

127.0 531

122.0 .523

140.0 .556

145.0 .562

140.0 .553

117.0 .517

140.0 .553

124.0 .533

125.0 .527

142.0 .557

131.0 .543

135.0 .546

132.0 Not Entered
-175.0 Not Entered

FIG. 4—FOCAL-12 input for 10 tabiet assay.

Of -Line Software

The original FOCAL-8 ITA program (17) demon-
strated that computer calculations and printing of
results in worksheet form was the major portion of
analytica) time saved. Only 2 small portion of the
total time was needed to manually determine the net
absorbance of each analytical peak.

The off-line FOCAL-~12 calculation routine is
identical to the on-line system except for the manner
in which the ITA data get onto tape memory. In
the latter, the FPP performs the operation auto-
madtically; in the former the Teletype input of ITA
data is required. Furthermore, FOCAL-12 input
was found to be fast enough to accept data by paper
tape reader, making the TWX system already in use
between laboratories a means of transmitting auto-

mated absorbance data to the minicomputer and re-
turning the completed worksheet without any addi-
tional hardware or phone-connections.

" This system assisis analysts using instrumentation
not directly interfaced. It was also determined that
peak detector paper punch output is in acceptable

“tape input format. Initial user input is needed for

both systems as shown in Fig. 4, items 1 through 11.

Results and Discussion
Although the data-logging software can sampie
as many as 16 instruments, only 3 automatic
analyzers are available in our laboratory at pres-
ent. The results reported in Table 1 were obtained
while sampling: A, which was operaiing in the
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TJable i. Results of individua! tabiet analysis by on-iine automatic analyzer system vs. off-line sysiem
in per cent of declared
SYSTEM A SYSTEM B SYSTEM C
Jablet On-line Off-line On-line Off-line On-iine Off-line
1 108.7 109.5 91.] 9L.5 88.2 98.2
2 103.5 104.1 95.8 85.7 100.8 100.0
3 107.0 106.9 94.2 94.1 94.8 94.8
4 102.6 103.0 95.8 100.7 99.0 9.5
5 100.7 100.2 101.4 102.0 99.5 99.1
6 106.2 106.7 93.6 93.6 99.4 98.¢
7 103.6 103.3 88.9 89.2 99.4 98.4
8 95.3 94.0 90.% 90.9 95.8 95.2
9 109.8 109.9 93.¢ 94.3 93.5 92.2
10 103.5 104.0 97.0 97.1 80.0 89.6
11 96.7 97.2 92.7 81.7
12 9.7 96.8 100.6 99.6
13 94.5 94.4 95.8 95.3
14 94.5 95.1 9.7 96.C
15 95.8 96.5 100.0 99.6
16 95.0 95.1 97.8 95.8
17 9.8 97.3 100.5 100.0
18 90.8 90.8 97.3 97.2
19 97.8 98.3 95.4 95.3
20 93.4 93.4 95.8 95.5
21 96.5 9.8 93.4 92.9
22 92.1 92.8 97.4 96.5
23 94.6 95.0 93.7 93.3
24 89.9 90.7 94.6 94.7
25 96.5 96.3 9%4.6 94.3
26 94.4 94.3 92.7 81.5
27 101.7 101.5 100.0 99.6
28 9.7 97.6 9.4 95.8
29 97.0 9.4 100.3 99.7
30 102.4 102.4 97.2 96.5
Composite . 101.8 101.3 98.9 99.7 9.8 95.8
Av. 104.1 104.1 95.3 95.6 9.8 96.2
a 1.261 1.398 0.009 0.008 0.003 0.003
Coetf. of var. 4.036 4.473 3.526 3.501 3.054 2.986
UV range, analyzing sodium pentobarbital; B, Conclusions

which was analyzing reserpine in the visible re-
gion by an acid-dye complexing method; and C,
which was operating in the fluorescence mode for
reserpine analysis (18).

The table shows that absolute differences in per
cent of declared units did not exceed +1%, ex-
cept for 2 tablets which varied less than £29,.
These differences are within the uncertainty levels
normally associated with the automated systems
used in our laboratory. The results of Table 1
show that coefficients of variance range from 2.9
to 4.5 for the 3 samples. However, the coefficient
of variance of the system is usually less than 2.0
as determined by analyzing 10 portions of the
same composite solution. Consequently, there is
no evidence for degradation of data fidelity due to
utilization of the on-line computer system. Lin-
earity of the operational amplifier inieriace and
the ADC data acquisition has been previously
reported (8).

With a minicomputer hardware system costing °
less than $50,000, software has been developed to
process data from 16 automatic analyzers oper-
ating simultaneously. In addition, the calculation
routine has been made available to many other
laboratories and analysts in an off-line mode by
using an already established TWX communica-
ticn system. Calculation time for a 30 tablet anal-
ysis, including standard deviation and coefficient
of variance, is reduced from a 2 hr manual opera-
tion to 8 min for the offi-line mode. A further
reduction to 2 min is realized by using the on-line
system, most of which is the time necessary for
the Teletype to prini the report.

There are several limitations with the present
minicomputer system, some of which can be over-
come by software modification, others by hard-
ware additions. With only 8K core memory, the
program is restricted to 4K core to allow a data
bufier of 4096 points (10) in the second 4K mem-
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ory bank. Using FOCAL-12 for the caiculatior
steps also restricts the system from operating on
a time-sharing basis, i.e., o be abic to data-log
from several instruments while processing data
from another. 4 time-sharing system for auto-
matic analyzers can be achieved by writing the
calculation steps in symbolic language so that the
sampling program and calculation program can be
swapped from the disk between ADC interrupts.
Expanding the corc memory could even aliow
foreground/background system operations.
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Determination of Propoxyphene and Aspirin in Combinations

CATHERINE G. CUNNINGHAM and SUSAN BARKAN
Dwision of Drug Chemustry, Food and Drug Admanzsiration, Washington, D.C. 20204

Propoxyphene is assayed by a partition
chromatographic method in which it is eluted
as the ion pair with CHClL; from a sulfamic
acid-Celite column and determined spectro-
photometrically. Napsylate anjon present in
some formulations is retained on a NaHCO3-
Celite trap column.

The official method of assay for propoxyphene
HCI and “aspirin capsules in the National Formu-
lory XIII (1) makes use of a conventional extrac-
tion procedure to separate the 2 drugs. The con-
centration of each is then determined by IR
spectroscopy.

Recently, propoxyphene napsylate and aspirin
tablets have appeared on the market. We report
here a fast, simple separation by partition chro-
matography. The concentration of each com-
pound is then determined by UV spectrophotom-
etry.

A definite number of coated tablets are dis-
solved in chloroform, filtered, diluted, and chro-
matographed through sodium bicarbonate-Celite.
Aspirin is retained on the column, and propoxy-
phene is converted to the free base. This com-
pound is trapped on a sulfamic acid-Celite layer,
eluted as the ion pair with chloroform (2), and
determined spectrophotometrically.

Aspirin in capsules may be determined by elu-
tion of the column with acetic acid-CHCl; as
previously described (3). A separate, smaller ali-
quot on another bicarbonate column is necessary
for determination of aspirin in tablets, due to
interferences caused by either the film coating or
other excipients.

METHOD
Apparatus and Reagents

(a) Sodium bicarbonate.—1M.

(b) Sulfamic acid.—5 9, aqueous solution.

(¢) Acid-alcohol.—Concentrated  HCl-methauol
(14-49).

(d) Sulfuric acid.—0.1N.

(¢) Solvents. — Chioroform  (water - saturated),
ether (water-saturated), anhydrous ether.

{f) Chromatographic columns.—250 X 25 mm id.

(8) Diatomaceous earth.—Celite 545, acid-washed.

(h) Propozyphenc HC! ' siandard solution.—0.50

mg/ml. Dissolve 50 mg, accurately weighed, USP
Reference Standard in 100 ml 0.1N H.SO,.

(i) Aspirin standard solution.—0.05 mg/ml. 1m-
mediately before use, dissolve 100 mg, accurately
weighed, USP Reference Standard in CHCl; and
dilute with 1%, glacial acetic acid in CHCl; to proper
concentration.

Preparation of Column

Place small wad of glass wool in base of 250 X 25
mm column. Lower layer.—Mix 3 g Celite with 2 ml
5% sulfamic acid, transfer to column, and tamp
firmly. Upper layer—Mix 4 g Celite with 3 mi
freshly prepared 14/ NaHCO;, transfer to column,
and tamp firmly. Place wad of glass wool on top of
column. Wash column with 50 m] water-saturated
CHCIs, let drain, and wash with 50 mi water-
saturated ether.

Preparation of Sample

(a) Propozyphene HCl and aspirin in capsules.—
Remove as completely as possible the contents of 20
capsules and determine average net contents. Mix
powder and pass through 60 mesh sieve. Transfer to
100 ml fiask containing 2 mi acid-aicohol, an accu-
rately weighed portion of powder equivalent to cn
130 mg propoxyphene HCl. Add 60 m! CHCI;, and
mix thoroughly by shaking. Dilute 1o volume with
CHCl;, and mix.

(b) Propozyphenc napsylatc with aspirin in tab~
lets.—Place 5 tablets (equivalent to 500 mg propoxy-
phene napsylate) in 250 ml glass-stoppered Erien-
meyer flask. Cover tableis with CHCls and let stand
until coating swells (ca 10 min). Using glass rod,
puncture coating so that CHCls ean come in contact
with inner core. Place stoppered fiask on mechanical
shaker until cores are completely disintegrated. Quan-
titatively wash conients through fiuted fast filter
paper into 250 m} volumetric flask containing 5 ml
acid-alcobol. Rinse flask and filter with several por-
tions CHCl; and dilute to volume with CHCI;.

Separation of Propoxyphene from Aspirin
Dilute 10.0 ml sampie preparation with 30 mi
water-saturated ether in 100 ml beaker. Transfer
solution to column. After all solution has passed into
column, rinse beaker with four 5 mi portions water-
saturated ether, letling each portion pass into col-
umn before adding next portion. Rinse tip of column

Received September 12, 1672
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and discard cluate. Elute propoxyphene with 75 i
water-saturated CHCIz into 250 mi separaiory fun-
nel. Proceed without delay with determinavion of
aspirin beiow.

Dilute CHCly in funnel with ca 150 ml anhydrous
cther and extract propoxyphene with ¢, 9, aud 4 ml
portions 0.1N H,80,, eollecting the portions in 25
ml volumetric fiask. Dilute combined extracts to
volume with 0.1N H,80,, mix, and deiermine ab-
sorbance of this solution and of standard solution at
maximum at c¢a 257 nm, using 0.1V 11,504 as biank.

mg Propoxyphene HCI/10 mi aliquot of sampie
preparation = (A/4.) X € X 25, where A, and
A, = absorbance of sample and standard solutions,
respectively; C = concentration (mg/ml) of propox-
yphene HC] standard solution. For propoxyphene
napsylate, multiply by a factor of 1.5.

Determination of Aspirin

Sample preparation (a).—Immediately elute as-
pirin from column with solution of 1 ml glacial acetic
acid in 10 ml CHCl;, followed by ¢a 90 ml 19, glacial
acetic acid in CHCls, into 100 ml volumetric flask.
Dilute to volume, and mix. Transfer 5.0 ml this solu-
tion to 50 mi volumetric flask, and dilute to volume
with 1% acetic acid in CHCls. Determine ab-
sorbance of sample and standard selutions at maxi-
mum at ca 280 nm, using CHCls as blank.

Sample preparation (b).—Determine aspirin as
soon as possible after preparation of sample solution.
Use 5.0 ml aliquot of sample preparation (b) and
proceed as directed in the U.S. Pharmacopeia XVIII
for the assay of aspirin In tablets (4).

Discussion and Results

Initially in the determination of propoxyphene
HCl and aspirin in capsules, the sulfamic acid
layer was placed above the bicarbonate layer.
The sample preparation, diluted with ether, was
chromatographed, and the propoxyphene was
eluted with chloroform as its sulfamate ion pair.
However, we found that propoxyphene napsylate
is highly extractable with chioroform. Significant
amounts of propoxyphene were eluted as the
napsylate, rather than suliamate, ion pair, with
the result that the UV spectrum was essentialiy
that of napsylatc. By reversing the acid-base

JOURNAL OF THE Aoac (Vol. 56, Ne. 8, 1973)

layers, the napsyiate was readily removed by bi-
carbonate from the less polar ether-chioroform
solvent; propoxyphene free basc passed through
this laver but was retained by the sulfamate col-
umn. 1t was then eiuted free of napsylate by
chloroform. This procedure worked equally well
with propoxyphene HCL

Standard mixtures of (1) propoxyphene HCI
and aspirin and (2) propoxyphene napsylaie and
aspirin were assayed using this method. Recov-
eries were (/) 99.9, 101.0% for propoxyphene
HC, 99.8, 95.3% for aspirin; and (2) 99.7, 99.8%,
for propoxyphene napsylate, and 99.0% for aspi-
rin on a separate aliquot.

Two commercial samples of propoxyphene HCI
and aspirin capsules were analyzed by the meth-
od. The results were 98.9 and 96.5%, for propoxy-
phene HC! and 97.8 and 96.4%, for aspirin. One
commercial sample of propoxyphene napsylate
with aspirin tablets was assayed by the method,
using 2 different sample preparations of 5 tablets
each. The results for propoxyphene napsylate
were 92.9 and 94.6%,. Aspirin determined on
separate aliquots from the ‘2 preparations was
97.0 and 93.09%, (aspirin partly hydrolyzed—95%,
was calculated as the total).
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Nuclear Magnetic Resonance Analysis of Pharmaceuticals.
IX. Methenamine and Methenamine Mandelaie in Tablets

JOHN W. TURCZAN and BRUCE 4. GOLDWITZ
Food and Drug Admimistraison, 850 Third Ave., Brookiyn, N.Y. 1123¢

An NMR procedure is described by which
methenamine and mandelic acid are simul-
tancously determined in methenamine and
mecthenamine mandelate tablets. Maleic acid
was chosen as the internal standard and di-
methylformamide-acetone-acetonitrile (104
25-+65) as the solvent. The solvent sysiem was
selected to resolve the problems of solubility
of methenamine and its salt with mandelic
acid, overlapping of the resonuance signals of
the components, and potential decomposition
of methenamine. KRnown standard and com-
mercial preparations were analyzed and the
results were compared to those of official USP
and NF procedures. The NMR techniquc, when
applied to the determination of methenamine
and methenamine mandelate in tablets, is
rapid, simple, and specific and can provide an
assay with an.accuracy of 1-2%.

Methenamine (I) and its salt, methenamine
mandelate (II), are both useful as urinary anti-
bacterials. Unique among official therapeutically
active salts, Il derives its activity from both of
its constitutive ions, the protonated methenamine
and the mandelate. Assay procedures for both ]
and II are available from the literature.

The most widely discussed technique for the
determination of I is based on its hydrolysis to
formaldehvde and ammeonia in aqueous solutions
of strong acids (1-3). The reaction is quantitative
and 1s the foundation for numerous methods of
analysis (4-9). The formaldehyde can be removed
by several hours of heating (7) and the excess
acid may be back-titrated with alkali (6), or the
formaldehyde itself may be determined by using
Nessler's reagent (4, 9).

Other techniques employed in the determina-
tion of I are argentimetric (10) and nonagueous
titrimetry (11, 12), polarography (13), complexa-
tion with subseguent titrimetry (14, 15), and col-
orimetry (16-19) using the chromotropic acid
technique (20, 21).

An alternative indirect method of analysis for
I1 relies on the measurement of mandelic acid
(III). The oxidation of the c-hydroxy function of
III by Ce* species has been reported. Helm-

staeder (22) applied the Verma and Paul cer-
metric titration of III'(23) to the analysis of II,
a procedure which required refluxing with excess
ceric sulfate 1n sulfuric acid. The method proved
to be nonspecific for II1 in that formaldehyde
liberated from methenamine base was also oxi-
dized. Chafetz and Gaglia (24), noting that the
reaction rate of the oxidation of mandelic acid by
Ce** was relarded by bisulfate and hydrogen ion
(25), used cerium ammonium nitrate in dilute
nitric acid and found that at room temperature
only IIT was oxidized.

Methods for the determination of both 1 and IT
in combination dosage forms include titrimetry
(26-31), gas chromatography (32, 33), and col-
umn partition chromatography (34). Baum and
Goodman (35) reported a nuclear magnetic reso-
nance (NMR) method for the assay of I in ther-
mosetting molding compounds, utilizing an initial
extraction with chloroform.

The official approaches to the measurement of
I (as such and as II) vary in the Naiional Formu-
lary and the U.S. Pharmacopeia. The NF XIII
assay (36) for I in tablets involves the hydrolysis
of 1 with excess standard sulfuric acid (to pro-
duce formaldehyde and ammonium sulfate), fol-
lowed by titration of the residual acid. The USP"
XVIII procedure for methenamine mandelate
(37) is based on hydrolysis to produce formalde-
hyde which is then reacied with a modified
Nessler reagent to yield metallic mercury. The
latter 1s oxidized with excess standard iodine (to
yield the Hg*? species), followed by titration of
the residual iodine with thiosulfate. In the mono-
graph for pure I1, the USP XVIII requires a
further analysis. A separate specification for the
I1] content of I1 requires that a sample be ti-
trated with standard base which is actually the
titration of the protonated I. Thus the III con-
tent is deduced rather than directiy measured.
Interierence from other acidic materials is ob-
vious.

As has been demonstrated previousiy, NMR

Received August 24, 1972.
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spectroscopy is an advantageous technique ior the
determination of many high desage pharmaceu-
ticuls. With the addition of an internal standard
ant subsequent extruciion with a propitious
solvent, both } and IJ can be rapidly assaved by
this technique. In addition to guantitative re
sults, the NMR spectrum furnishes an identifica-
tion of the active ingredient, thereby contributing
to the specificity of the method.

Expertmental
Apparatus and Keagents

(a) Apparatus.—Varian A-60 NMR spectrometer
equipped with V-603! variable temperature probe
having G-turn insert. All spectra were scanned at
probe temperature of 42°C.

(b) Standards.—Methenamine (hexamethylene-
tetramine) and methenamine mandelate, K & K
Laboratorics, Inc., Plainview, N.Y.

(c) /nternal standard. —Maleic acid, Eastman
Organic Chemicals, Rochester, N.Y.

(d) Selvent. — Acetonitrile - acetone - dimethyl-
formamide (65+25+10). )

(e) Semples.—Methenamine and methenamine
mandelate, 250, 500, and 1000 mg tablets from
various commercial sources.

Procedure

Weigh and fincly powder >20 tablets in mechani-
cal grinder and pass through 60 mesh sieve. Accu-
rately weigh portion of powder containing ca 70 mg
methenamine or 150 mg methenamine mandelate
into glass-stoppered centrifuge tube. Add ca 350 mg
aceurately weighed maleic acid internal standard.
Fill tube to ca 3 ml mark with solvent mixture. Stop-
per, shake ca 2 min, and centrifuge.

Transier ca 0.4 ml clear solution to analytical
NMUR wbe. Place in spectrometer and record spec-
trum, adjusting spin rate so that no spinning side-
bands oceur between 4.7 and 5.3 ppm, 6.] and 6.5
ppm, and 7.1 and 7.7 ppm, on delta scale. Reference
all peak field positions to tetramethylsilane at 0
ppm. Integrate peaks of interest at least 5 times.

Calculate amount of 1, II, and III as follows:

mg Methenamine/tablet = (/Vy X 11.68 X-mg
IS X av. tab. wt)/(IV ;s X 58.04 X sample wt)

Methenamine mandelate can be caleulated from
methenamine content by a simple formula weight
conversion: 292.3/140.19.

mg Mandelic acid/tablet = (/¥4 X 30.43 X mg
IS X av. tab. wi}/(/V 15 X 56.04 X sampie wt)
where [V, IV 4, and IV s = integral value of sig-
nals representing methenamine, mandelic acid, and
maleic acié; 11.65 = formula weight of methena-
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mine/12, 30.43 = formuls  weight of mandelic
acid/s, 68.04 = formulz weight of maleic acid/2;
and IS = internal standard (maleic acid).

Results and Discussion

Initially, the logical choice of soivent for I and
11 appeared to be water, since both the solubility
and stability of I and II in this solvent are very
good. However, water presented a probiem be-
cause 1ts resonance sigual oceurs at approximately
the same chemical shift as that of the methviene
protons of I, and it interfered with the integration
of the peak of interest. Attempts to overcome this
problem with a shift of the water signal further
downfield by acidifying the aqueous solution
proved unsuccessful because the stability of I
rapidly decreases with decreasing pH.

To overcome these difficulties, a ternary sol-
vent mixture was evolved: ‘acetonitrile-acetone-
dimethyliormamide (65+25+10). Although ace-
tone and dimethylformamide individually ap-
peared to dissolve the solutes, the use of & mix-
ture presented advantages. Acetone increased the
maleic acid internal standard solubility, whereas
the dimethylformamide aided the solubility of 1
and I1. Also, the slightly basic nature of dimeth-
ylformamide provided a medium in which I
would be stable. Finally, the presence of aceto-
nitrile, the major solvent component, caused a
desirable separation of the singlet due to I from
the singlet ascribable to the III methine proton.
The 1 resonance signal is shifted upfield an addi-
tional 7 cps relative to the separation of the 2
signals obtained by solubilizing II in an acetone-
dimethylformamide (90+10) soivent mixsure.
This effect thus permits a more accurate integra-
tion of the signals. The combination proved to be
satisfactory for the assays of 1 and II in both the
pure powder and in the tablet dosage form.

The stabilities of solutions of I and II in the
solvent mixture were observed for 2 hr under the
experimental conditions described above. No
noticeabie changes i the shapes of the resonance
signais due to I and Il were observed, nor were
there any significant changes in the recoveries of
either the pure standards or the tablet dosage
forms. On this basis, it may be concluded that
drug stability should be no problem in the de-
scribed procedure.

A single internal standard, maleic acid, was
found to be satisizctory for both I and II in that
it 1s easily solubie in the selecied solvent system,
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FIG. 1—NMR spectrum of methenamine mandelate in dimethylformanide-acetone-acetonitrile (104-25465): IV,

tetramethyisii A

and it provides a single resonance signal at a
convenient downfield position.

A 60 MHz NMR spectrum of II obtained in the
analysis is exhibited in Fig. 1. The resonance
signals used in the actual calculations are the
singlet at about 4.90 ppm due to the 12 methylene
protons of I, the multiplet at about 7.35 ppm
resulting from the 5 phenyl protons of III, and,
finally, the singlet at about 6.30 ppm ascribable
to the 2 olefinic protons of the maleic acid internal
standard.

Other peaks are noted in the spectrum. A small
fumaric acid impurity present in the maleic acid
exhibits & singlet at about 6.73 ppm, downfield
from the maleic acid signal. However, this im-
purity presents no problem since the total integral
value for maleic and fumaric acids can be used in
the calculations or & purity correction for maleic
acid can be substituted. The other signals in the
spectrum are the singlet at about 5.15 ppm due
to the methine proton of I1i and the broad region
between 0.7 and 3.2 ppm resulting from the soi-
vent mixture. Dimethylformamide also exhibits

2 broad singlet at about 7.95 ppm attributed to .

its formyl proton.

A group of known 1 and II standard mixtures
were analyzed by this technique and the results
are summarized in Table 1, along with those ob-
tained by the NF XIII for 1 and by the USP
XVIII for II. ln additior, the relative propor-

itrite; V1,

; VIL, di nide.

yltor

" tions of I and II to the maleic acid internal stan-

dard show no significant bearing on the accuracy
of the determination for the range of prepara-
tions. The procedure proved to be both accurate
and precise with a mean of 99.3% and a standard
deviation of £0.7, and compares favorably with
the mean from the USP procedure.
Approximately 9 commercial tablet. formule-
tions of 1 and II have been determined, imple-
menting the above method with no evidence of
interference from excipients present. The results

Table i. Determination of methenamine mandelate

in standard mixtures by NMR

Malieic Methenamine mandelate Mandelic

acid  ———~——————————— acid found
int. std, Added, Found® Rec., ———

Sto mg mg mg % mg %

1 355.0  153.4 152.2 99.7 84,5 55.1
? 329.4 143.0 1427 99.5  79.¢  55.¢
3 352.7 148,01 146.9 99.7 78.% 5.3
4 200.4 152.} 151.2 99.4 80.5  52.¢
5 356.1  145.3  144.9 997 713 532
6 346.7 138.7 139.4 99.8 5.0 53.7
7 502.2 151.4 150.9 99.7 8L} 837
E 355.%  148.3 145.7 97.9 776 B3
g 347.1 147.7 145.3  98.4  BO.E 54,6
10 3447  147.8  146.3 99.0 78,0 52
Av. 99.3 53.¢
Std dev. 0.7 1.1
usp 98.8 52.8

¢ Based on methenamine content.
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Determination of methenamine and methenamine mandeiate in commercial tabiets by NMR

NMRY Otficiat procedure’  Mandelicacid by NMR
Declarec,
Sample mg/tab. mg/tac. Ge mg/tab. % mg/tab. %
Methenamine mandelate
) 500 479 95.8 490 98.0 256 51.2
2 1060 94¢ 94.0 954 95.4 488 49.8
3 500 486 97.7 452 98.4 256 51.7
4 250 245 85.¢ 248 9.2 130 52.0
5 1000 992 99.2 988 9g.8 526 52.6
b 500 494 98.8 492 98.4 238 47.6
Methenamine
1 500 483 9.6 478 95.6 - -
? 500 489 97.¢ 491 98.2 - -
3 500 492 98.4 490 98.0 - -

¢ Based on methenamine content.

® USP XVill tor methenamine mandelate sampies and NF XIll for methenamine sampies.

presented in Table 2 are in good agreement with
both the declared dosages and those results ob-
tained by the official NF and USP procedures.
The NMR results are, on the average, within
1.0% of the USP assay figures and within 0.6%
of the NI method values.

Another useful combination of I and II results
when sodium dihydrogen phosphate is included
in the formulation. The procedure as described
can also be used for determination of I and II in
this mixture since the phosphate in no way inter-
feres.

Acknowledgment

The authors are grateful to Thomas Medwick,
Science Advisor, Food and Drug Admuustration,
New York, and Professor of Pharmaceutical
Chemistry, Rutgers University, New Brunswick,
N.J., for many valuable discussions and en-
couragement in the preparation of this manu-
seript.

REFERENCES
Duden, P., & Scharfl, M. (1895) Ann. Chem.
288, 218-252
Brochet, A., & Cambier, R. (1895) Bull. Soc.”
Chim.. 3(13), 395, 534
Defrance, D. (1921) J. Pharm. Belg. 3, 605608
Gros, R. (1935) J. Pharm. Chim. 22, 241-244
Slowick, ., & Relley, R. (1942; J. Amer.
Pharm. Ass. 31, 15-19
Kapine, M. (1943 Ann. Chim. Anal. 25, 113
Walker, J. (1944) Formaldehydc, Keinhold Pub-
lishing Corp., New York, p. 302
Bordeiann, C. (1929) Ann. Sci. Univ. Jassy 15,
380-383

(1)

—
&

3)
(4
6

—_—
-~

[t

<

(9) Grifiiths, B. W., & Logan, J. E. (1959) Anal.

Chem. 31, 1882-1884

(10) Miko, G. (1933) Pharm. Zentralhalic 74, 642-
643

(11) Strupinskii, V. A., & Zaidenberg, M. A. (1967)
Plast. Massy 12, 66-67

(12) Georgievskii, V. P. (1966) Med. Prom. SSSE
20, 62-64

(13) Zhantalai, B. P., & Rucheva, N. 1. (1966) Zi.
Prikl. Khim. 39, 2339-2343

(14) Blazek, A., & Biro, Z. (1968) Rev. Med. 14, 70~
72 '

(15) Gaglia, C. A, Jx., Gosser, L. A., & Chafetz, L.
(1972) Anal. Chem. 44, 16901692

(16) Engst, .., Prahl, L., & Jarmats, X, (1969)
Nahrung 13, 417-426

(17) Amato, F., & Gripps, C. (1968) Boll. Soc. lial.
Farm. Osp. 14, 362-365

(18) Vercillo, A., & Grossi, M. C. (1966) Boll. Lab.
Chim. Provinciali 17, 413-421

(19) Dias de Plaze, I'. M. (1951) An. Iteal Soc.
Espan. Fis. Guim. 47B, 135-142

(20) Knight, V., Draper, J. W., & Altmore, E. A.
(1952} Antibiol. Chemother. 2, 615-635

(21) MacFadven, D. A., Watkins, H. D., & Ander-
son, P. R. (1945) J. Biol. Chen:. 158, 107-133

(22) Helnstaeder, G. (1959) Dewl. Apotheker-2tg.

99, 584-592
3: Vermu, M. R., & Paul, 8. D. (1953) J. Sci. Ind.
Fes. 12B, 178-180

(24) Chaietz, L., & Gagha, C. 4., Jr. (1966, J.
Pharm. Sci. 55, 854-856
(25) Lrishna, L., & Tewari, K. C. (1961) J. Chem.

Soc. 3057-3100

Schulek, E., & Gervay, V. (1933; Muagy.
Gyogyszeresziud Tarsasay Ertesildje 9, 26-3¢
Yokheison, D. B. (1935) Farm. Zk. 5, 172-175
Korostishevs’ka, L. (19403 Farm. Zh. 13, 23-27



TURCZAN & GOLDWITZ: NME OF METHENAMINE AND) METHENAMINE MANDELATE 678

(29) Shutman, A. A., & Baganova, E. F. (1943}
Farmwetziva &, 32-3%

(30) Paulms, 1. (1942) Hull. Sci. Pharmacol. 49,
193-147

(31) Andonatos, S. (1967) Pharm. Deli. Episten.
Ekdosis 7, 4-9

(32) Scapimi, G., Tam, M. E., & Cingi, M. (1966)
Gazz. Chaim. 1tal. 96, 1230-1240

(33) Rader, B. ., & Aranda, E.S. (1968) J. Pharm.
Sci. 57, 847-851

(34) Woodson, A. L. (1970) JAOAC 53, 514-823

(35) Baum, D. E., & Goodman, K. D. (1970) Bri.
Poiym. J. 2, 81-82

(36) The National Formulary (1970) 13th Ed., Amer-
ican Pharmaceutical Association, Washington,
D.C.

(37) U.S. Pharmacopeia (1970) 18th Rev., Mack
Publishing Co., Easton, Pa.

This paper was preaented at the 86th Anoual Meeting of the
AOAC. Oct. 9-12, 1872, at Washington, D.C.

D G~

ATTENTION

Abstracts of papers or reports to be presented at the 87th Annual Meeting of the
AOAC, Oct. 9-12, 1973, MUST be submitted on standard, preprinted forms. The
forms are available, on request, from the AOAC Editorial Office.

Since 1971 the Abstract Bulletin has undergone two changes. The abstract sub-
mitted by the author is now reproduced directly by.a photographic process; it is no
longer edited and retyped in the Editorial Office. This new procedure makes it impera-
tive that authors provide an informative, carefully prepared abstract typed on the
special form, plus 2 additional copies (carbon copies or photocopies). This form in-
cludes general rules for preparing satisfactory abstracts. Abstracts not fulfilling these
requirements will be returned to the author for correction, if time permits. Improperly
prepared abstracts received too late to allow this will not appear in the Abstract
Bulletin. The Abstract Bulletin itself is a new size—4 X 9”, the same size as the

AQAC program.

In addition to the abstract, five copies of all contributed papers and Associate
Referee reporis must be submitted to the AOAC office. The manuscripts should be
double-spaced throughout. Unless otherwise specified, all manuscripts received will be
considered for publication in JAOAC, pending satisfactory review. Each Associate
Referee should also send one copy of his report to his General Referee.

PLEASE COOPERATE!!

Write for standard abstract forms (one required for each presentation). Mail vour

abstract in early.

DEADLINE for receipt of abstracts—August 17, 1973.



674

JOURNAL OF THE Aoac (Vol. 56, No. 3, 1973)

Collaborative Study of a Spectrophoiometric Method for the
Determination of Dienestrol in Pharmacenticals

JOSEPII H. GRAHAM

Division of Drug Ciemastry, Food and Drug 4dministraiion, Washingion, D.C. 20204

A highiy specific, sensitive, and rapid method
for the determination of dienestro) was studied
by 13 colluborators. Dienestrol is separaied
from excipient matter, degradation products,
and other drugs present by column partition
chromatography, converted to a substituted
indene by acid-induced isomerization, and
determined by ultraviolet spectrophotometry.
Standard deviations obtained for the 4 sampics
uscd in the study, containing approximately
0.1 and 0.5 mg dicnestrol, ranged from 1.81 to
3.04. The most critical step in the method is
the use of suitable ether. This method has been
adopted as official first action.

A method for the determination of dienestrol in
pharmaccuticals was presented at the 1971 meet-
ing of the AQAC (1). The method was shown to
be highly specific, sensitive, and rapid, presenting
several advantages over the current official meth-
ods in the National Formulary (2). Because of
these advantages, it was recommended that the
method be subjected to a collaborative study.

Collaborative Study )

Thirteen collaborators were each supplied with
4 samples and a suitabie quantity of dienestro]
reference standard. Samples A, B, and C were
commercial coated tablets declared to contain 0.1,
0.5, and 0.5 mg dicnestrol/tablei. Sample D wasa
specially prepared uncoated tablev declared to
contain 0.1 mg dienestrol/tablet.

The collaborators were requested to perform &
single assay on cach sample, but, if time per-
mitted, multiple assays could be periormed pro-
vided that all results were reported. The collabo-
rators were also given the option to deviate from
the requirement to use an amount of sample
equivalent 1o 400 g dienestro!; they could take
any amount from 100 pg to 10 mg dienestrol pro-
vided that (a) the sample weight did not exceed
1.3 ¢ and (b) the assay preparation was diluted
to the 7.5 to 15 pg/ml range. Due to the possible

Thus report of the Associate Reicree wus presented at the
86th Annual Meeting of the AOAC, Oct. 9-12, 1972, at Wash-
ington, D.C.

deterioration of ground tablet composites, the
collaborators were urged to prepare them as ciose
to the time of assay as practical. The risks stem-
ming from the use of impure ether were pointed
out and an ether suitability test was provided.
All raw data and spectra were requested from the
collaborators, as well as their comments and sug-
gestions.

METHOD
Dienestrol—Official First Action

(Caution: See 46.011, 46.018, 46.045, 46.054,
46.062, and 46.066.)

36.C10

(a) Dienestrol sld soln.—Approx..15 pg/ml. Accu-
rately weigh NF Ref. Std Dienestrol, dissolve in
MeOH, and serially dil. to concn. Store in low-
actinic vol. flask.

(b) M ethanolic sulfuric acid. —Carefully add, with
swirling, 50 ml H280: to 50 ml cold MeOH, while
continuously chilling mixt. in ice-F20. Use reagent
at room temp. Reagent is stable 3-4 daysin g-s flask.

(c) Ethyl ether.—Test as follows on day of use:
Evap., with geatle heat and air stream, mixt of 10.0
m} dienestrol std soln in ca 200 ml H,0-washed
ether. Dissolve residue in 10.0 ml MeOH. Proceed
as in 36.C13, using this soln and 5.0 ml dienestrol
std solu. Resulting solns should be clear and exhibit
single max. at ca 303 nm, and corrected 4, 36.C14,
should difier <39,

(d) Diatomaceous earth.—Celite 543, acid-washed.

Reagenis

36.C1}

Trap column.—Mix 4 g Celite and 3 ml 0.26M
KOH and transier to 200 X 22 mm giass chromatgc
tube contg giass wool plug. Tamp mixt. tightly and
wop with glass woo! pad. Prewash column with 25
ml H20-washed ether, followed by 25 ml benzene.

Sampie column.—Accurately weigh freshiy ground
sample contg ca 400 ug dienestro! into 150 mi
beaker. Add 3 mi 0.84 K3P0; and wet sample
compleicly. Add 5 g Celite .and mix thoroly with
spatiis.

Quant. transfer sample mixt. 1w 200 X 22 mn
glass chromatge wube contg giass wool pad in 2 equal
portions, tamping each portion moderately tght.
Dry-rinse beaker with 1-2 g Celite and add rinse to

Preparation of Columns
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columni. Wipe tamper, spatula, and beaker with
glass wool pad and add pad to top of column.

36.C12

Arrange columns so that eiuate from sample col-
umn passes o trap column. Add 25 ml benzene to
trap column; then add 175 m] benzene-isooctane
(9+1) to sample colummn, using several portions to
rinse sample beaker. Maintain layer of eluant over
trap column. (To maintain this reservoir in trap
column, connect the 2 columns with air-tight stop-
per, i.e., hollow No. 4 Nalgene stopper with hole
drilled to accommodate stem of sample column.)
Discard sampie column when elution is compleie.
Wash trap column with addnl 25 ml benzene-iso-
octane (Y41) and discard eluates.

Elute dienestrol from trap column with 225 ml
H:0-washed ether into 250 ml g-s conical flask contg
10 mi absolute alcohol. Without delay evap. to near
dryness, using air stream and gentle heat. Rinse flask
walls with small amt absolute alcohol and evap. soln
to dryness. Pipet 25 ml MeOH into flask, stopper
tightly, and let stand several min with frequent
vigorous swirling.

Chromatograph~

36.C13 Isomerization

Into sep. 25 ml g-s conical flasks pipet 5 ml di-
enestrol std soln, 5 ml sample prepn, and 5 ml MeOB
us reagent blank. Add 5.0 ml methanolic H2S04 to
each flask with swirling (solns will become warm).
Stopper flasks tightly and shake vigorousiy; then
let cool >25 min at room temp.

676

36.C14

Det. 4 of sample and std soins between 400 and
240 nm in 1 cm cells against reagent blank. Correct
A at cu 303 am by subtracting 4 at 360 nm.

mg Dienestrol/tablet = [(4/4°) X C X ¥V X W)/
Q, where 4 and £’ reier to sample 2nd std solns,
resp.; C = exact conen of std in mg/ml; ¥V =m)
sample diln (25 ml); W = av. tablet wt (g);and Q =
sample wi (g).

Determination

Results and Recommendation

No collaborator reported any serious difficulty
in following the method except that of finding
suitable ether. Several collaborators found it
necessary to test several brands and grades of
ether before they found 2 lot that did not either
cause distortion of the spectrum of the isomerized
dienestrol or produce an excessive background.
Freshly opeped reagent grades as well as the
popular distilled-in-glass variety commonly used
in pesticide analyses were found to be unsuitabie.
One collaborator’s comment in this regard called
attention to the fact that due to the possible
rapid deterioration of ether upon exposure to air
it 1s necessary to reconfirm the suitability of the
ether on the day of use and not allow the ether
eluates to stand overnight.

Some comments were received in regard to the
clarity of some of the phraseology employed.
These suggestions and those with reference to the

Table 1. Collaborative results for the determination of dienestrol (mg/tabiet)
0.1 mg/tabiet 0.5 mg/tablet
Sampie A Sample D Sampie B Sample C
Coll. found % of Decl Found % of Decl. fFound % of Decl. Found % of Decl.

1 0.0875 87.5 0.0974 97.4 0.467 93.5 0.494 98.8

2 0.0955 95.5¢ 0.1061 106.12% 0.492 98.4¢ 0.510 102.2¢

3 0.0914 91.4 0.0990 99.0 0.482 96.4 0.491 98.2

4 0.0950 95.0 0.0950 95.0 0.467 93.4 0.478 95.6

5 0.0876 87.6 0.0941 93.1 0.474 94.¢ 0.482 96.3

6 0.09032 90.2 0.0992 99.2 0.475 95.¢ 0.482 9.4

7 0.0913 91.3 0.099¢8 99.8 6.481 96.2 0.473 94.6

8 0.0890 89.0 0.0770 77.00 0.447 89.4" 0.456 91.2

L] 0.0842 84.2 0.0948 94.8 0.460 92.G 0.473 9.6

10 0.0880 88.0 0.1010 101.0 0.484 96.¢8 0.46% 93.8

1 0.0850 85.0 0.0936 93.6 0.438 87.6 0.43¢ 87.6°

12 0.0883 88.9 0.0995 99.5 0.487 97.4 0.49 99.0

Av. 0.0889 88.9 0.0973 97.3 0.475 95.C 0.482 9%.¢
Std dev. 3.04 2.72 1.8] 1.9
Coetf. of var. 3.42 2.7¢ 1.9¢ 1.98

¢ Result not inciuded in statistical treatment due to excessive error in standard.
b Sampie spectrum distorted; result not included in statistics.

¢ Rejected as outlier (3).
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ether problems were incorporated into the above
method.

The analytical results reported by 12 collubo-
rators and the statistical treatment are presenied
in Table 1.

In view of the desirable features of this method
in comparison 1o the current official N ational
Formulary procedures (2), its precision and accu-
racy as established in the initial report of the
method, and the results of iis interiaboratory
durability as shown in this study, it is recom-
mended that this method be adopted as official
first action.
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Collaborative Study of 2 Column Chromatographic Method
for Chjorothiazide. Methvclothiazide, and Polythiazide

F. RAYMOND FAZZARI

Division of Drug Chemistry, Food and Drug Administration, Washington, D.C. 20204

Chiorothiazide is eluted fromi a KHPG,
column with acid-etber solvent and
extracted from the organic phasc into HCI
for the spectrophotometric determination.
Methyclothiazide and polythiazide are eluted
from a NallCO; column with CHCl; and mea-
sured djrectly. The method was collaboratively
studied by 10 analysts. The average per cent
recovered and standard deviations for prepara-
tions of chlorothiazide and methyclothiazide
were 100.22-0.67 and 99.841.64, respectively.
The method for chlorothiazide and methycio-
thiazide has been adopted as official first
action.

acetic

A method for the determination of some thi-

azide compounds have been previously reported
(1). This presentation is a meodification of that
method. The-original method used NaOH as the
immobile phase in the pariition chromatographic
step. This cannot be used in the assay of chloro-
thiazide, methyclothiazide, and polythiazide be-
ca se they degrade quite rapidly in strongly alka-
Lne solution: Chiorothiazide and polythiazide
degrade to 4-amino-6-chloro-1,3-benzenedisulfon-
amide and methyclothiazide to 4-amino-6-chlo-
ro-N3-methyl-1,3-benzenedisulionamide. As altes-
natives ic NaOH it was found that K,HPO, was
satisfactory for chiorothiazide and NaHCO; was
satisfactory for methyclothiazide and polythi-
azide.
* The official National Formulary X111 methods
for chlorothiazide and methyciothiazide are very
similar polarographic procedures. Such proce-
dures are very susceptible to interferences, not all
of which can be satisfactorily explained.

The NF XIII procedure for poivthiazide in-

volves separation by thin layer chromatography
and spectrophotometric measurement of the iso-
lated material. Standards and blanks are treated
similarly to the sample.

Other methods involve hydrolysis and colori-
metric measurement after diazotization and cou-
pling with compounds such as thymol blue or
chromotropic acid (2-5). Titrimetric methods
have also been applied to these compounds.

The method reported here is simpier, more
direct, more specific, and free of the analytical
problems associated with the aforementioned
methods. Chlorothiazide is eluted from a 0.2M
K,HPO,-Celite column with acetic acid-ether,
extracted from the organic phase into 0.2N HCI,
and determined by UV spectrophotometry.
Methyclothiazide and polythiazide are eluted
. from a 0.1M NaHCOs-Celite column with CHCly
and measured directly by UV spectrophotometry.

To test the validity of the method & collabo-
rative study was initiaied. Chlorothiazide and
methyclothiazide were used in the study. Because
of the close similarity of methyclothiazide and
polythiazide we did not feel it was necessary to
include both compounds.

The collaborators received simulated and av-
thentic commercia] preparations of both com-
pounds. The commercial chlorothiazide prepars-
tion was labeled to contain 250 mg/tablet while
methychlothiazide was labeled to contain 2.5
mg/tablet. The synthetic mixes of methyciothia-
zide and of chiorothiazide contained 1.25 and
67.5%, respectively, in tablet excipients, simu- .
lating the commercial products.

Ten collaborators assayed the samples; 6 col-
laborators made duplicaie assays while 4 made

¢
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tripiicate assavs. Resulis were reporicd on o per
cent basis.

For uniformity and convenicnee the method
studied this vear is combined with the officiai
first action method for benzthinzide, hydrochloro-
thiazide, aud hydroflumethiazide, 36.B27-36.B31.

METHOD:
36.C38
Benzthiazide, hydrochlorothiazide, or hydrofiu-
methiazideis eluted from 0.2 NaOTi-Celite coiumn
with HHOAc-cthyl ether, extd into 0.2\ NaOli, and
detd by UV spectrophotometry. Chiorothiazide is
eluted from 0.287 K;HPO,-Celite column with
HOAc-ethyi cther, extd into 0.2\ HCI, and detd by
UV spectrophotometry. Methyclothiazide is eluted
from 0.1M NaHCO;-Celite column with CHCl; and
measured directly by UV spectrophotometry.

Principle

36.C39

(a) Chromalographic tube and tamping rod.—See
36.015(a) and (b).

(b) Diatomaccous earth.—Celiie 545, acid-washed.

(c) Dipotassium phosphate solns.—0.2 and 0.1M,
35.64 and 17.42 g K,HPO,/L, resp.

(d) Benzlhiazide, hydrochlorathiazide, and hydro-
Situmethiazide std solns.—Prep. with ether-satd 0.2V
NaOH. (1) Benzthiazide.—3.0 mg NF Ref. Std/200
ml. '(2) Hydrochlorothiazide.—2.0 mg USP Rel.
Std/200 ml. (3) Hydroflumethiazide—2.0 mg NF
Ref. 8td/200 ml:

(e) Chlorothiazide std solns.—(1) Stock soin.—1.4
mg/mi. Accurately weigh ca 70 mg NF Rel. Std
Chlorothiazide into small beaker, add 2 ml dimcthyl-
sulfozide (DMSO), and mix with glass rod until dis-
solved. Transfer quani. to 50 ml vol. flask, using
0.2M K,HPO;, and dil. to vol. with same solv. (2)
Working soin.—0.0}4 mg/ml. Dil. 2.0 ml stock soln
to 200 m} with 0.2N HCI.

(f) M ethyciothiazide std solns.—(I) Stock soln.—
0.2 mg/ml. Accuralely weigh 20 mg NT Ref. Std
Methyclotiazide into 100 ml vol. flask and dil. to
vol. with MeOH. (2) Working soin.—0.0] mg/ml.
Dil. 10 ml stock soln to 200 ml with CHCls.

Apparatus and Reagents

36.C40

Fincly powder to pass No. 60 sieve.

(a) Benzthiazide, hydrochlorothiazide, or lydro-
Slumetiiazide.—Transfer portion contg 75 mg benz-
thiazide or 50 mg hydrochlorothiazide or hydro-
flumethiazide to 50 ml vol. flusk, using 0.2V NaOH.
‘Shake to dissolve completely and dil. to vol.

(b) Chlorotiiazide.—Transfer portion contg ca 70

Preparation of Sample

! The method does not inciude analyses for polvthiazide. The
procedure for this drug is the same as that ior methyclothiazide.
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mg to small besker and add 2.0 m} DMSO. Mix
thoroly 2-3 min with glass rod to dissolve com-
pletcly. Transfer 16 50 m] vol. fiask, using 0.2M
K.HPO,, and dil. w vol. with same solv. Mix
thoroly.

(c) Methyclothiazide.—Transier portion contg ca
% mg to 150 ml beaker. Add 2 ml MeOH and mix
thoroly. Add 2 mi 6.1 NaHCO; and mix.

36.C41

(a) Benzthiazide, chlorothiazide, hydrochlorothio-
zide, or hudroflumelhiazide.—(1) Lower layer—Mix
2 g Celite with 1 ml10.28 NaOH (1 ml 0.1 K HPO;
for chiorothiazide) in 150 ml beaker, transfer to
tube, and tamp to uniform mass.

(2) Upper layer —Mix 3 g Celite with 2 ml sample
soln, transier to tube, and iamp. Dry-wash fiask
contg sample mixt. with 1 g Celite and 2-3 drops
H,0; transier to column and tamp. Add glass wool
plug to column.

(b) M ethyclothiazide.—(1) Lower layer—Mix 3 g
Celite with 2 ml 0.147 NaHCO; in 150 ml beaker,
transfer to tube, and vamp to uniiorm mass.

(2) Upper layer—Proceed as in (2)(2), except use
4 g Celite.

Preparation of Columns

36.C42 Determination
(Use H20-satd solvs thruout.)

(a) Benzthiazide, hydrochlorothiazide, and hydro-

Aumethiazide—Pass 50 ml CHCI;, followed by 50

ml ether, thru column; discard eluate. Using 250 m!
separator as receiver, elute column with 0.1 mil
HOAc in 100 ml ether. Wash tip of column with

" ether. Add 65 ml isooctane to eluate and ext org.

phase with three 50 mi portions 0.2N NaOH; com-
bine NaOR soln in 200 mi vol. flask and dil. to vol.

Det. 4 of sample and std soins in 1 cm cells with
spectrophtr against 0.2V NaOH as ref.

(b) Chlorothiazide.—Proceed as in (a), except use
0.25 ml HOAc in 100 mli ether, 50 ml isooctane, and
0.2N HCL. Use 0.2N HCI as ref. solv.

(c) Methyclothiazide.—Pass 75 ml isooctane-ether
(9+1) thru column; discard eluate. Use 200 vol. fiask
as receiver and elute column with 100 mi CHCls.
Wash tip of column with ether. Add 10 ml MeOH
and dil. to vol. with CHCls. Use CHCi; as ref. solv.

Wavelength of max. 4 and a of individual compas
are as follows:

Compd A Max., am Absorptivity
Benzthiazide 295 29.¢
Chiorothiazide 278 32.4
Methyclothiazide 268 51.¢
Hydrochlorothiazide 272 48,3
hydroflumethiazide 273 45.4
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36.C43 ldentification

() Benzthigzide, hydrochlorothiazide, and hudro-
Sawm cthizzide.—Acidify portion sample soin with 1N
HC) and ext with 30 m) ether. Evap. ether to drv-
ness, add 5 ml alcohol, and evap. again. Compare IR
spectrum in KBr matrix of residue with that of ref.
std previousiy reerystd irom alcohol.

(b) Chiorathiazide.— Transier 5 ml prepd sample,
36.C40(b}, to 125 ml separaior, add 10 m} H.C,
acidify with L\ HCI, and ext with 75 ml ether. Evap.
ether to dryness. Add 5 m! aleohol to residue and
evap. to.dryness. Compare IR spectrum in KBr
matrix of residue from 400 to 600 em™! with that of
vef. std previously recrysid from alcohol.

(c) Methyclothiazide.—Transfer portion sample
contg ca 4 mg active ingredient to 125 ml separator,
add 20 ml 0.1M NaHCO;, and ext with ca 75 ml
ether. Proceed us in (b).

Hesults and Discussion
The results of the collaborative study are
presented in Tables 1 and 2. Statistical treatment

1s also summarized in these wables. As previousiy
stated, thie study did not include polythiazide.
However, a limited collaborative study on poly-
thiazide performed by 4 analysts in this labo-
ratory produced an average recovery of 99.8=
1.45% for 12 analyses of 2 simulated mix.

The method is rapid, reasonably specific, and
employs well established techniques of quantita-
tive separation and determination. 1t is a simple
modification of the thiazide method previously
reported (1). As previously mentioned these com-
pounds will degrade quite rapidly in strongly
alkaline solvent (0.1¥ NaOH). 1t was therefore
necessary to select an agueous immobile phase
that would not degrade the compounds, yet
would retain them on & Celite column.

In the case of chlorothiazide, 0.2M K, HPO,
at pH 10 was found to be highly satisfactory. At
higher pH (10-11) some degradation begins to
occur, and at lower pH the compound is not

Tabie 2. Caollaborative results of analysis of

Table 1. Collaborative results of analysis of
chiorathiazide methyciothiazide
Sample A® Sample 8 Sample C° Sample D

Coll.  Found, mg Recd, % Found, mg Coli. fFound, mg  Found. mg Recd, %

1 67.2 99.6 68.5 1 1.2 1.23 98.4

66.8 98.5 68.3 1.2 1.22 97.6

7 86.5 98.5 67.2 2 1.28 1.27 101.6

67.5 100.0 67.3 1.31 1.28 102.0

3 67.7 99.6 66.9 3 1.2 1.25 100.0

67.7 100.3 67.4 1.28 1.24 99.2

67.3 99.6 67.7 1.27 1.25 100.6

4 67.7 100.3 66.6 4 1.27 1.24 9.2

67.7 100.3 67.2 1.27 1.24 99.2

67.3 99.6 68.0 1,24 1.2 100.¢

5 68.3 101.2 66.8 5 121 1,19 95.p

68.% 101.2 68.9 1.2 121 9.8

3 68.0 100.7 66.8 3 1.2 1.2¢ 99.2

67.6 100.) 67.4 1.2% 1.26 100.8

67.4 99.9 67.4 1.27 1.2¢ 99.2

7 67.4 99.9 67.5 7 1.23 1.2 9.8

67.6 100.) 68.0 .24 1.2 9.8

& 68.0 100.7 68.5 £ 1.26 1.2 100.¢

68.5 101.4 68.6 1.24 1.25 99.7

9 68.0 100.7 67.5 5 1.28 1.25 100.6G

67.8 100.4 67.5 1.30 1.24 99.2

67.3 99.6 67.3 1.29 1.2 100.¢

16 67.7 100.3 67.7 10 1.33 1.27 101.¢

67.7 100.3 67.2 1.3¢ 1.2¢ 103.7

Av. 67.6 100.1 67.6 Av. 1.27 1.2¢ 99.¢
Coeti. of var. 0.7 0.67 0.96 Coet!. ot var. 2.4 1.E 1.6
Std dev. 6.48 0.67 0.62 Std aev. 0.031 0.02¢ 1.60

@ Synthetic chlorothiazide, 67.5%.
¢ Commercial chlorothiazide, 250 mg/tablet.

¢ Commercial metnyclothiazide, 2.5 mg/tablet.
b Syntnetic methyciothiazide, 1.25%.
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retained on the coiumn. Methyciothiazide and
polyvthiazide showed some degradsation, even 1n
0.2} I,HPO,. Therefore slightly basic (pB §)
0.14 NaoHCO; immobiic phase was used.

The stability of these compounds under the
condiiions of the assay was studied by asseying
for the disulionamide decomposition product.
Solutions of the thiazides in acid (0.1N HCI) and
alkali (0.28/ K.HPG,) were uliowed to stand
overnight. Examination by 2 modification of the
test for diazotizable substances described in the
NF XIII detected approximately (.19 diazo-
tizable material. This same percentage was de-
tected in the pure standard. Hence, we conclude
no decomposition is taking place during the
analysis.

Recommendations

1t is recommended that the proposed method
for the determination of chiorothiazide and

Ther dations of the A Referee were approved
by the General Referec and Subcommittec B (except for the
adoption of the method jor polythiazide) and were adopted by
the Association; see (1973) JAOAC 56, 395. Subcommittec B
recommended additional study of the interierence of vanillin
excipient in the determination of polythiazide.

This report of the Associate Referee was presented at the
86th Annual Mecting of the AOAC, Oct. 9-12, 1972, at Wash-

ington, D.C.
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methvelothiazide be adopted as official first ac-
uon. Furthermore, in view of the close similarity
betwecn these compounds and polythiazide it is
recommended that the method also be adopied
as official] first action for polythiazide.
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Collaborative Study of & Colorimetric Determination of
Benztropine Mesylate in Tablets and Injections

MARSHALL C. STRICKLIN

Food and Drug Administration, 50 Fulton St., San Francisco, Calif. 94102

A collaborative study was conducted on
simulated tablet and injection preparations at
2 concentration Jevels each and a 20 wablet
composite of s tablet simulating presently
marketed dosage forms of benztropine mesyl-
ate. Analysis involves the extraction of benz-
tropine from .2V H,SO, with bromophenol
blue in CHCly. Absorbance of the dye complex
formed is measured at about 410 nm. Average
recoveries and standard deviations submitied
were: 98.942.54 and 99.2+2.58, 100.1+2.78 and
100.0£2.19, 100.1+2.23%, respectively.
The method has been adopted as official first
action.

and

Previous work by Stricklin and Smith (1) in-
volved ion exchange chromatography for separa-
tion and direct spectrophotometric measurement
of benztropine mesylate. The purpose of this
study was to develop a colorimetric method to
mncrease sensitivity of measurement and to de-
velop a method suitable for tablets and injeciions.

Averbach (2) suggesied a general method for
determination of various alkaloids by reaction
with dyes containing sulfonic acid groups. Other
analysts have used dyes with tropane alkaloids
to form sali-like addition products which are
extractable into water-immiscible solvents. Du-
rick et al. (3) determined tropane alkaloids by
using bromocresol purple. Bromophenol blue was
similarly used by Booth (4) to determine reser-
pine. The study consisted of 2 simulated tablet
preparations, as powders, 2 simulated injections
of different concentrations, and a composite of 20
tablets from a total of about 1900, prepared by
the University of North Carolina. The powders
had the foliowing excipient matter composition:
96.2 ¢ NT dibasic calcium phosphate, 6.5 g Solka
Floc (dev. 2030), 19.1 g USP lactose, 6.5 g USP
starch, 1.3 g USP magnesium stearate. The meth-
od, preparations and reagents, bromophenol biue,
and benztropine mesylate standard were sub-
mitted to 11 collaborators. The composition of
the benztropine mesylate preparations is shown
in Table 1. The simulated tablet powder was
taken as a portion equivalent to 1 mg bensz-

tropine mesylate, 36.C22(b), and 2.0 m! injection
was the appropriate aliquot afver dilution to 200.0
ml, 36.C23(b).

METHOD
Benztropine Mesylate—OQfficial First Action
(Not applicable in presence of compds reacting
with bromophenol blue, e.g.,
quaternary ammonium compds)
36.C21

Benztropine.is extd from acid soln by bromo-
phenol blue-CHClI; soln, forming dye complex with

max. 4 at ca 410 nm.

Principle

36.C22 Reagents and Apparatus

(a) Dye soln.—Weigh 100 mg reagent bromo-
phenol blue into 1 L vol. fiask, add ca 750 ml CHCl;,
stir mech. 10 min to dissolve, and dil. to vol. with
CHCls. Filter thru small pad of glass wool. Dil. 50
ml to 500 ml with CHCls. Prep. fresh daily.

(b) Benztropine mesylale sid soin.—1 mg/100 ml.
Weigh 100 mg Ref. Std into 100 ml vol. flask and
dissolve and dil. to 100 m} with 0.2V H2S0,. Dil. 10
ml aliquot to 100 ml with 0.2V H2SO4 and further
dil. 10 ml dild soln to 100 mi with 0.2N H,S0,. Prep.
fresh daily.

(c) Spectropholometer.—Recording, with & cm
matched cells.

36.C23

(a) Tablets.—Transier accurately weighed ground
portion contg ca 1 mg benztropine mesylate to 100
mi vol. flask, using ca 70 ml 0.2 HsS0:. Shake
meck. 15 min and filter thru Whatman No. 541
paper wetted with 0.2\ H,SO; inte 100 ml vol.
flask. Rinse flask and filter with three 5 ml portions
0.2\ H,80,, rinse filter with several small portions
0.2\ H,S0,, adding rinses to solu, and dil. to vol.
with 0.2\ H,S0;.

(b) Injections.—Transler aliquot contg c¢a ) mg
benztropine mesylate to 100 ml vol. flask and dil.
to vol. with 0.2\ HzSO,.

Preparation of Sample

36.C24 Determination

Perforn: dety on swne day sample and std soins
are prepd. Place 25 ml each sample soln and std soin
and 0.2 H.S0; for blank into sep. 250 mi separn-
tors and treat stmilarly. Add 50 ml dye soin and
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shake vigorouslhy ! min. Let sep. and drain lowe:
laver into 124 mi separator contg 25 ml 0.2N B,S0,.
Wash by inverting 5 times and let stand ca 20 min.
Filter lower CHCly laver thru glass wool wetied
with CHCl; into 100 m} vol. fask, covering funnel
with watch glass. Re-ext ag. soln in 250 md separator
with 50 m] dye soln, shake vigorously 1 miu, drain
into same 125 ml separator, and wash and filter as
before, rewetting giass woul with CHCI; if necessary.
Dil. te vol. with CHCl;, mix, and place in dark 40
min.

Record spectra of std and sample solns against

JOURNAL OF THE a0Ac (Vol. 56, No. 3, 1973)
blank in matched b ¢m cells, and det. 4 4l max. ca
4310 nm.

mg Benztropine mesylate/100 ml = (4/4') X C,
where 4 and 4’ refer 1o sample and std solns, resp;
and ¢ = concn std soln in mg/100 ml.

Results and Recommendation
Table 2 lists resuits of collaborators. The per
cent recovery and standard deviation of the
tablet composite, C, were caleulated {rom the
mean value of duplicate assays by the proposed
method, on each 20 tablet composite sent for
collaboration: 0.539£0.012 mg/tablet. The re-

Table 1. Composition of benztropine mesylate sults of 9 individual tablets assayed by the USP
preparations _ ) _
method (5) averaged 0.5269£0.0215 mg. Results
‘a;‘::':)'::ve:er of 2 collaborators were discarded because of
mg " 20 Tablets, Simulated procedural errors. One result was determined to
(250 mg g(0.5mg+ njection, be an outlier by the method of Dean and Dixon
excipients excipients/ mg/mi % P % s
added) wblet)  (in 0.9% NaCl) (6), and it 1s _nop included in f,he mean value and
c c D - standard deviation caleulation.
. A £ .
© B The data tabulated show mean percentage
1 0.900 1.28 2.6701 0.867  1.217 recoveries of 98.942.54 and 99.24:2.58 for the
2 0.914 115 2.6265 0.8424 1.221  simulated tablet powder, 100.1:2.23 for the
: ﬁ:f; ii:“ ::g';z g::g ;:ﬁ tablet, and 100.122.78 and 100.022.19 for the
! X ; ; k L L o7 0
5 0.9 1318 26256 0.8 122 sxmumped.u'uectlons. As ’60—73. 70 average 649,
6 0.800  1.171 2.5812 0.832 1221  of the individual results fall within one standard
7 0.908 1.177 2.6561 0.832 1.221 deviation of their mean assay values and all
8 0.965  1.166 2.6532 0.82 1221 results except one are withintwo standard devia-
2 - A -
$  se Lz 26253 0.8 L2  piong of their mean assay vaiue, results adhere to
10 0.8857 1.202 2.6575 0.832 l.221 i ) Riasidlts 664 colisborato
1 0.8 1.4 2.6815 0.8 1221 © normalierror/curve.. eSS 0 - collaborators
show a trend to vary from mean values positively
Table 2. Results of collaborative study on benztropine mesylate, per cent recovery
Simulated tablet powder Tablet Simuiated injection
A B ce D £
Coll. mg % mg % mg/tablet % mg/ml % mg/m! %
1 0.90¢  100.4 1.262  93.6 0.534, 0.543  99.1, 106.7 0.879  101.4 1200 99.C
2 0.90¢  99.3 L1791 0.547, 0.541  101.5, 100.¢ 0.85¢  10i.4 1223 100.2
3 0.668%  77.0 L2060 9.4 0.530, 0.55¢  98.3, 102.0 0.842  101.2 1.230 100.7
4 0.821  101.1 1135 99.6 0.53. 0.331  95.1. 3.5 0.825  99.7 1.208  99.0
5 0.985 991 1261 95.7 0.537, 0.537  99.6, 99.6 0.721°  81.4 1.200 9.3
6 0.844  100.5 1192 101.8 0.540, £.532  100.2, 98.9 0.847  100.8 1.225  100.3
7 0.92  101.8 1173 9.7 0.560, 0.558  103.5, 103.7 0.852  102.4 1.23% 1012
8 0.871  %.2 1136 97.4 0.521, 0.526 9.7, 9.0 0.79% 9.4 1170 9.8
g 0.88  $.1 1.266  103.6 0.531, 0.567  98.5, 105.2 1.3¢ 1613 1.268  103.8
10 0.835  94.1 1.166 9.9 0.524, 0.52¢  §7.z, 98.] 0.7 95.5 1205 98.7
1 0.831 1001 115 1017 0.551, 0.53¢  102.2, 100.0 0.853  102.5 1.25¢  102.7
Mean, % 98.9 9.2 100.3 100.3 100.¢
Std dev., % 2.56 2.58 2.23 2.78 2.18
Coetf. of
var., % 2.57 2.60 .2 2.78 2.18

@ Per cent recovery calculated trom mean assay value, 8.539£0.012 mg/tablet.

! Results discarded, procedural error.
¢ Quilier result.
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(Coliaborarors 7 and 9), or negauively (Coliabo-
rators § and 10j, indicating wntralaboratory bias
possibiv due to systematic error. Overall results
indicave reproducibility over o considerable range
of benztropme mesylaie present in the 3 prepara-
tions.

The majority of vollaborators expressed the
opinion thal the method was straightiorwarc
and/or convenient and was performed with ease.
Suggestions and/or questions regarding proce-
dural magters were noted and considered. The
collaborative study of this method has indicated
its efiectiveness in the assay of benztropine
mesylate in tablets and injections. 1t i1s recom-
mended the method be adopted as official first
action.
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Gas Chromatographic Determination of Ethanol and

Isopropanol or Acetone in Drugs

NICHOLAS FALCONE

Food and Drug Administration, 2nd and Chestnul Sts., Philadelphia, Pa. 19106

A gas-solid
using fiamc ionization detection and a Porapak
Q column, ix presented for the identification

chiromatographic techmiquc,

and determination of ethanot and isopropanol
or accione in pharmaceutical products. The
technique involves direct injection of an aque-
ous dilution of the product and is thercfore
simplc and direct. The commercial products
and 3 simulated mixtures, at various concen-
tration levels, were analyzed by 9 collaboratiors.
Recoveries and standard deviations for all 3
components were satisfactory. The method has
bcen adopted as official first action.

The present official AOAC methods for acetone,
ethanol, and isopropanol are qualitative (1). The
standard technique jor identifying these com-
pounds involves the determination of the physical
constants of the compounds and the preparation
of a suitabie derivative. The isolation in a pure
state of each of the components of a dilute aque-
ous solution containing acetone, isopropanol, and
ethanol is time consuming. A quick, reliable, and
convenicnt method was needed for the quantita-
tion of the 3 components. Although the literature
contains a number of reports and gas-liguid chro-
matographic methods for alcohols, nonc met all
the desired requirements; many are limited to
only onc componeni, e.g., Tarlin (2) and Wells
C. W. (1970, private communication;.

The official compendia (3, 4) include gas chro-
matographic techniques for the quantitative de-
termination of ethanol or isopropanol and
specific gravity quantitative determination for
acetone. However, the above methods are appli-
cable only to the determination of one component
in the absence of the other 2. The 2 compendia
specify chromatography on 20% polyethylene
glveol on calcined silica packing material.

Piechocki (5) presented a comparison study be-
tween Porapak @ and Carbowax 400 gas chro-
matographic packiog materials {or the quantita-
tive determination of ethanol. Porapak Q bas &
number of very significant advantages over com-
monly coated columns for gas chromatography.
For example, watcr is not adsorbed by the poly-

- 36.C01

mer beads of Porapak; therefore, water can be
separated quickly and easiiy from other compo-
nents, and it can also be used as solveni. The
study showed that, for a variety of products,
Porapak Q and Carbowax 400 give comparable
quantitative results for ethanol and, in addition,
ethano! is separated from methanol. A study was
therefore initiated in our laboratory to develop a
method that would guantitatively determine any
of the 3 components in pharmaceutical products
and would replace the current AOAC qualitative
tests (1).

The gas chromatographic technique with flame
ionization detection and Porapak Q packing ma-
terial was investigated and found to be very
satisfactory. The packing beads (available com-
mercially from Waters Associates as Porapak Q)
more easily solved the problem of separating low
molecular weight alcohols, acids, and glycols.
Porous polymer beads have many advantages:
They need no liquid phase, they are hard and do
not break during packing, they require no pre-
treatment, they have a large number of theoreti-
cal plates per unit volume, and they are condi-
tioned in a relatively short time.(approximately
1 hr). Porapak Q does not retain water. When an
aqueous solution is injected, water will be eluted
in the solvent peak or will be the first compound
eluted from the Porapak Q column.

METIIOD
Ethyl Alcohiol, Isopropanol, and Acetone—
Ofiicial First Action

(Applicable to lig. prepns conig ethanol with

isopropanol or acetone or individual compds)
Reagernits and Apparotus

(a) Etiyl alcohoi std stock soin.—(1) 2%, (v/v}.—
Dil. 5.0 mi absolute alcohol to 250 m} with HaO.
(2) 0.02%, (v/v)—Dii. 10.0 m} soln (1) to 100 m!
with H20.

(bj isopropanol sld stock soln.—29% (v/v). Dil.
5.0 m} isopropanoi to 250 m! with Hz0.

{c) Acetone std stock soln.—~2F. (v/v}. Dil. 5.0 m]
acetone to 250 mi with H2Q.

(d) Acelonitrile tniernal sid stock soin.—2% (v/v;.
Dil. 5.0 ml CHaCN to 250 ml with H20.
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(e) Gas chromaiograph.—With 6 X 4 mm id glass
columt, packed with 80-100 mesh Porapak Q
(Waters Associates, 61 Fountain Si, Framingham,
MA 01707 and H flame ionization detector. Approx.
operating conditions: temps (°)—column 133, detec-
tor 155, iection port 165; N earrier gas fiow rate
120 mi/mir.. CH3CN peak should elute in & min.
Adjust H and air flow rates and electrometer sensi-
tivity so that § ul 0.29% T4OH std soln gives 50-70 9,
scale deflection.

36.C02

Carefully ptug column exit with small suft of glass
wooi. Appiy vac. 10 exit and slowly add packing ma-
terial thru inlet, tapping very gently to pack firmly.
Pack to within 1 cm of area heated by injection port.
Plug with glass wool and condition overnight at 235°
with slow N stream.

Preparation of GC Column

36.C03

(a) Ethyl aicohol.—Prep. soin contg cu 2% (v/v)
alcohol by stepwise diln with H.O. Proceed as in
36.C04.

(b) Isopropanol.—Prep. soln contg ca 2% (v/v)
isopropanol by stepwise diln with H20. Proceed as
in 36.C04.

(c) Acetone.—Prep. soln contg ca 2% (v/v) ace
tone by stepwise diln with 0. Proceed as in
36.C04.

If acetone concn is unknown, prep. 509, diln of
product with H»O, prep. acetone std soln, and inject
sample and std as in 36.C04. To del. amt acetone,
adjust product and std dilns to give comparable
peak hts; 9, internal std added to the 2 solns should
be equal to %, acetone present in std soln.

Preparation of Sample

36.C04 Determination

Pipet 10 m! sample soln into 100 ml vol. flask.
Pipet 10 ml each std stock soln needed into sep. 100
ml vol. fiask. Pipet 10 mi internai std stock soin into
each flask and dil. to vol. with H0.

Inject 5 ul sample and std solns, each in duplicate,
using 10 ul syringe. Approx. retention times of peaks
relative to CH3CN internal std peak are as follows:
alcohol, 0.76; acetone, 1.32; isopropanol, 1.40.

Cale. %, EtOH, acetone, or isopropanol in sample
as 9, C=C" X (H/H') X (I'/T) X f, where C and
C' = %componentinsample and std, resp., H = av.
sample peak hi or area in sample chromatogram,
H' = av. std peak ht or area in std chromatogram,
I and I'= resp. values for internal std, and f = sam-
ple diln factor.

Experimental
The experimental work was conducted on an
F&M Scientific 5730 gas chromatograph. Pure
specimens of the 3 components were chromato-
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graphed in order to determine optimum condi-
tions. Thirteen different commercial products
containing declarec amounts of ethanol or ise-
propano] were analyzed. The results are shown
Table 1.

Since commercial products containing a com-
bination of either ethanol and isopropanol or
ethanol and acetone were not available on the
market, simulated mixtures were prepared by
adding known difierent concentrations of the
components to the commercial products. Table 2
shows the recoveries obtained for commercial
products containing a deciared amount of ethanol
and fortified with difierent amounts of isopropa-
nol, ranging from 2 to 70%,. Table 3 shows the
recoveries obtained for commercial products con-
taining ethanol fortified with known amounts of
acetone. The detection limit of the method was
determined and a solution containing any of the
3 components as low as 0.002%, can be analyzed
successfully. .

The commercial products analyzed ranged from
free-flowing to viscous liquids. Direct-dilution of
these products in waier and analysis of the water
solution showed no difficulties. An internal stan-
dard was used to compensate for variations in
injection volume and instrument response, for
greater accuracy in the determinations.

Coliaborative Study
Six unknown solutions were prepared for the
collaborative study. The unknowns were desig-
nated A to F. Of these, 3 were commercial prod-
ucts and 3 were simulated products, all containing

Tabie 1. Analysis for ethano!l in commercial products
containing ethanol or isopropano!

Ethanol
tabel Found,® % of De-

Product type deci.. % % clared
Brown mixture 10 8.75 87.5
Diphenhydramine 5 5.0 100.0
B-G Phos. 17 17.¢ 100.¢
Cheralin 3 3.8 1153.3
Freezone 20 .3 %.5
Tincture opium camphorate  44-46 44.% 98.¢
3-Bromide elixir 4 410 102.%
Kay Ciel elixir & 4.25 106.2
Elixophyllin-K1 1€ 9.8% 98.5
Elixir butaian 7 7.0¢  100.3
Phenobarbitai elixir USP 14 13.75 98.2
{pecac sirup USF 2z 2.07 103.%
Druco isopropyl alcahol 0 67.5 96.4

¢ Average of 2 analyses.
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Table 2. Anaiysis of commerciat products containing ethanol and fortified with isopropanoi
Isgpropano! £thanol
Procuct Deci., % round® % Rec., % Decl,, % Found? % Rec., %

Druco isopropy! alcohoi 70" 67.% 9.t 29° 29.7 102.4
Brown mixture 42 41.80 99.¢ 10" 8.75 §7.5
B-G Phos. L 34.62 98.¢ o n 100.0
Cherahrn a0 20.90 99.¢ 3.0¢ 3.2 113.2
Kay Ciei elixir 1.8 14.20 98.¢ 4.0 4.25 106.2
Phenobarbitai elixir 7.8 7.5¢ 100.2 14.0% 3.7 98.2
tpecac strup 2.2 2.16 92.0 2.0¢ 2.07 103.5

@ Average ot 2 determinations.

b Deciared.

° Fortiiied.

Tabie 3. Analysis of commercial products containing ethano! and iortified with acetone
Acetone Ethanol
Product Added, % Ffound % Rec., % Deci., % Found®*% Rec., %

Diphenhydramine 2.5 2.48 98.3 5.0 5.0 100.0
Tincture opium camphorate 13.5 13.35 98.9 44-46 -44.5 98.¢
3-Bromide elixir 25.0 24.8 99.2 4.0 4.10 102.5

® Average of 2 determinations.

known or declared amounts of each of the compo-
nente. The unknowns were prepared in such a
way as to contain a wide range of concentrations
of the 3 components. Two unknowns were forti-
fied with tracc amounts of acetone and isopropa-
nol for identification of contaminants by retention
times.

Unkuown A: A commercial product which con-
tained a declared amount of ethanol, fortified
with a small amount of isopropano!. The ethanol
was determined quantitatively and the isopropa-
nol was simply identified.

Unknown B: A commercial product containing
3 declared amount of ethano!, fortified with 4

~known amouni of acetone. Both components
were determined quantitatively.

Unknown C: A commercial product containing
a declared amount of isopropano! which was de-
termined quantitatively.

Unknown D: & simulated mixture containing a
known amount of ethanol and a small amount of
acetone. The ethanol was determined quantita-
tively and the acetone was simply identified.

Unknowns E and F: Simulated mixtures con-
taining known amouuts of ethano! and isopropa-
nol; both were determined quantitatively.

Ten collaborators were supplied with the 6 un-
knowns, a copy of the method, and instructions
for the study. They were instructed as foliows:
Obtain and submit a linearity curve in order we

determine instrument response; use pure ana-
lytical grade solvents available in the laboratory
as reference standards and internal standards;
perform a trial run of the method by analyzing
solutions with known amounts of ethanol and
acetone and repori the recoveries.

Results

The resulis ranged from 98.4 to 101.69, recov-
ery with a mean of 100.2% and & coefficient
variation of 0.9969; for ethanol. The range for
acetone was 97.6 to 102.0%, recovery with &
mean of 100.0% and a coefficient variation of
1.20% »

All collaborators used 6’ X 4 mm id columns.
Collaborators 1, 2, and 5 used Packard instru-
ments; 3, 7, and 8 used F&M instruments; 4, 6,
and 9 used Barber-Coiman instruments. Col-
laborators 5 and 7 determined peak height by an
electronic integrator; the rest determined peak
height manually.

One collaborator reporied probiems with the
gas chromatographic columi and consequently
could not finish the study. Results from the other
G coliaborators are reported in Tubles 4 and 3.
Table 4 snows the results obtained for the deter-
minaiion of ethanoi, isopropanol, and acetone.
"Tabie 5 shows the per cent recovery obiained for
the simuiated mixtures of ethanol, isopropano.,
and acetone. The 9 coliaborators successfully
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Table 4. Coliaborative results tor anaiysis of 5 unknown commercial products and simulated mixtures®
Acetone,
Ethanol, % tsopropanol, % %
Coli. A B D E: Fri c Eu - R Br
1 3.8¢2 44.30 3.8% 40.0% 35.86 67.65 4.61 66.28 4.3
z 3.39 44,35 3.8% 40.13 35.74 67.3) 4.25 64.50 .17
3 3.44 43.4¢ 3.7 40.20 34.90 67.30 4.55 64.7C 4.32
4 3.64 43.61 3.7 40.6¢ 34.10 69.15 4.62 64.83 4.28
) 3.50 44.36 3.8 39.89 35.05 67.4; 4:47 64.00 4.28
3 3.57 45.70 3.9¢ 41.10 36.10 69.80 4.41 67.00 4.00
7 3.57 44.40 3.18 40.6¢ 35.06 68.40 4.38 64.50 4.2
3 3.65 43.60 3.8¢ 40.10 35.40 67.40 4.69 66.40 4.40
S 3.52 43.8¢ 3.9 42.33 34.37 67.76 4.61 64.38 4.32
Mean, X 3.5 44.17 3.8 40.57 35.18 68.02 4.51 65.18 4.25
Range, % 3.39-3.65 43.40-45.70 3.75-3.92 39.89-42.33 34.10-36.10 66.39-69.80 4.25-4.69 63.40-67.00 4.00-4.40
Std
dev., %  0.080 0.691 0.072 0.766 0.671 0.906 0.142 1.07% 0.117
Coeff. of
var., % 2.27 1.57 1.87 1.89 1.91 1.33 3.15 1.66 2.75
¢ Subscripts reter to samples in which Z components were determined quantitatively.
Table 5. Calculated recoveries based on the simulated solution, with a known concentration®
Ethanol isopropanol Acetone
D (3.80%) E1(40.0%) F11(35.0%) En (4.60%) F1(65.0%) B (4.40%)
Found, Rec., Found, Rec.,, Found, Rec., Found, Rec., Found, Rec, Found, Rec,
Coll. % % % % % %o %o % % % % %
1 3.83  100.5 40.05 100.1  35.86 102.5 4.61 100.2  66.28 102.0 4.3 98.0
? 3.85 1013  40.13 100.3 3574 102.1 4.25 92.4  64.5 99.2 417 94.8
3 R/ 99.7 40.20 100.5  34.90 99.7  4.55 98.9 64.70 99.5 4.3 98.2
4 3.75 98.7 40.69 101.7  34.10 97.4 4.62 100.4 64.83 9.7 4.4 9.4
5 3.85 101.3  39.82 99.7 35.05 100.1 4.47 97.2  64.00 98.5 4.28 97.5
[ 3.92  103.2 41.10 102.8  36.10 103.1 4.41 95.9  67.00 103.1 4.00 90.9
7 .19 99.7 40.68 101.7 35.06 100.2 4.38 95.2  64.50 99.2 4.20 95.%
8 3.89 102.4 40.10 300.3 35.40 101.1 4.65 102.0 60.40 102.1 4.40  100.0
8 3.97 1045 42.33  105.8 34.37 98.2 4.6) 100.2  64.3¢ 99.0 4.32 98.2
Mean, X 101.2 101.4 100.5 98.0 100.3 9.6
Std dev., % 1.9 1.91 1.92 3.0¢ 1.670 2.66
Coeff. ot var., % 1.88 1.8¢8 1.91 3.15 1.67 .1
° Subscripts reter to samples in which 2 components were determined quantitatively.
identified the 2 unknown contaminants in Solu- Recommecendations

tions A and D, and reported no difficulties m
interpreting the method during the course of the
analysis. Two collaborators reported thai they
had to change the carrier gas flow rate in order
to obtain better separation. Figure 1 shows the
chromatographic separations used for quantita-
tive purposes io this method; acetone and iso-
propanol can be clearly discriminated.

No change or correction in the method was
reported by the collaborators.

The results were statisticaliv evaluated on the
basis of the laboratory ranking test as described
by Youden (6), Total scores of all laboratories are
within the limits of acceptance.

The overall results clearly demonstrate the
applicability of the method to the assay of ethanol
in combination with isopropanol or acetone. This
‘method is recommended for adeption as official
first action.
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The second joint symposium of the Society of Cosmetic Chemists (SCC) and the
Association of Official Analytical Chemisis (A0OAC) will be held at the Marriott Motor
Hotel in Washington, D.C. on Oct. 9, 1973.

We are currently seeking papers to be presented at this svmposium. These papers
should consist of original (15 min maximum) or review {30 min maximum) papers on
various analytical technigues in the analysis of cosmetic products, both finished products
and raw ingredients.

Please call or write if you are interested 1 presenting & paper at this symposium,
giving its tentative title, a briel abstract of the subjeci, and 1ts approximate length.
Formal details can be submitted at a later date if your paper is accepted for presenta-
tion.

Sal Di Biancy, Program Chairman
The Mennen Co.

E. Hanover Ave.

Morristown, New Jersey 07960
{201) 538-7100, Ext. 374



BRUNNER. TLC OF TRISULFAPYRIMIDINES

685

Collaborative Study of the Method for the Analysis of
Trisulfapyrimidine Preparations by Thin Layer Chromatography

CHARLOTTE A. BRUNNEE

Division of Drug Chemastry, Food and Drug Adwminisiraiion, Washington, D.C. 20204

The TLC method for trisulfapyrimidine
preparations reported earlier has been collabo-
studied. Fifteen collaborators re-
ported tesulis for 10tal trisulfapyrimidine as

ratively

well as individual results for suliadiazine,
sulfamerazine, and sulfamethazine for 3 sam-
ples (commercial composite, commercial sus-
pension, and simulated tablet mix). The co-
cfficients of variance for the total sulfur
conlent of the 3 samples were 1.65, 1.25, and
1.55. For the determination of the individual
sulfur components, the coefficients of variance
ranged from 0.76 to 1.66. The method has been
adopted as official first action.

A collaborative study has been performed on
the assay of trisulfapyrimidines by the TLC pro-
cedure which was presented at the 85th Annual
Meeting of the AOAC ((1972) JAOAC S5, 194~
196). Three samples, 2 composite of ground com-
mercial tablets, a known mixture simulating the
commercial tablets, and a commercial suspension,
were sent to 15 collaborators. Each collaborator
was asked to perform a single analysis. However,
several collaborators reported duplicate results.
In the preparation of this report the first set was
considered to be a trial run and the second was
used in the staiistical analysis. The reports of
several of the coliaborators indicated that the
instructions were not entirely clear it several
areas. This resulted o the use of an incorrect
sample dilution in one stage of the assay, neces-
sitating another analysis when the obvious error
was poted. The method, edited to clarify these
points, is described below:

METHOD
Trisulfapyrimidines—Qfficial First Action

Total Trisulfapyrimidines
36.C44

Total tnsulfapyrimidines in sample are detd by
coupling with N-1-naphthyl ethylenediamine.2HC
(NED), recording spectra of sampies and stds be-
tween 660 and 480 nm. 1ndividual sulionamides are
sepd by thin layer chromatography and their ratios
detd spectrophtic after couphng with NED.

Frinciple

36.C45

(a) Ammonia-methanol soin.—Dil. 5 m! NH,OH
to 100 mi with MeOH.

(o) Sulfamerazine std soln.—Approx. 6 ug/mi acid
soln. Accurately weigh caled amt USP Ref. Std Sul-
famerazine previously dried and dissolve in NH,0B-
MeOH soln; dil. quant. and stepwise with MeOH to
obtain soln contg ca 120 pg/ml. Transier 5.0 ml io
100 mil vol. flask and dil. to vol. with 0.12N HCL
Acidic soln is stable >1 month.

(c) Dilute ammonia soln.—Dil. 400 m! NH,OH
to 1 L with H,0. -

(d) N-I-naphthul cthylenediamine dihydrochloride
(NED) soln.—0.1%. Prep. fresh before use.

Reagenis

36.C46

(a) Tableis—Accurately weigh finely powd por-
tion contg ca 180 mg total sulfonamides and transfer
to 50 ml vol. flask, using 10 m} dil. NH,OH, (c). Let
stand ca 15 min, mixing occasionally, dil. to vol.
with MeOH, and centr{. portion to clarify (Soln I).
Dil. 5.0 ml clarified soln to 250.0 m] with H»0; dil.
4.0 ml of this soln to 50.0 ml with B,0 (Soln II).

(b) Suspensions.—Shake in original container to
ensure homogeneity, let stand long enough ior en-
trapped air to rise, and invert carefully just before
removing portion for weighing. Det. sp gr by weigh-
ing 100 ml in tared 100 ml vol. flask. Thoroly mix
and weigh portion contg 180 mg total sulfonamides
and proceed as in (a).

Preparation of Sample

Deiermination

36.C47

Pipet, 5.0 ml aliguois sulfamerazine std soln and
prepd Soln I1 into sep. 10 ml vol. flasks. Add 1.0 ml
HCI (141) to each flask, mix, and cool. (Soins must
be &t room temp. ior quant. results.) Add 1.0 ml
0.1% NaNG,, miy well, and let stand 2 min. Add
1.0 ml 0.59, NH, suljamatc, and mix. After 2 min,
add 1.0 NED soln, (f). Mix and adjust to vol. with
H20. Record spectra of samples and stds against

. H20 between 660 and 430 nm (peak ca 545 nm) with-

in 15~60 min. Correci A by subtracting 4 at 660 nm
from peuk A4 ai ca 545 nm.

Calc. wt total suliapyrimidines in sampies as mg
iotal suliapyrimidines = (4/4") X 31.25C, where
4 and A’ = correcied 4 of dild assav soln and sulfa-
merazine std soli, resp.. and C = pg sulfamerazine/
mi std soin.
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Ratio of
Sulfadiasine:Sulfamerasine:Suijamerhasine
16.C48

(a) Ciromaiographic wientificaiton  staniiards—
sep. solns of USP Ref. Sud Suifadiazine, Sulfa-
and Sulfamethazine in NHOB-MeOH
soln, 36.C45{a), 10 contain ca 1 mg/mi each.

(b) Deveioping  solvent. —CHCla-MeOH-NH.OH
(30+12+1j.

(¢) Thwm layer plate.—20 X 20 cm, coated 0.25
mm thick with silica gel GF (Brinkmann Insuru-
ments, Inc.. Divide into 2 approx. equal parts by
seraping thin vertical fine thru coating.

Reagenis and Apparatus

36.C49

Line stutable chromatge tank with blotting paper.
Wet bettor of tank and paper with developing solv.,
seal tank, and let equilibrate 30 min. Apply ca 50 gl
centrfd Soln I to starting hine of thin layer plate 1o
streak ca 8 em long (not o extend within 1 em of
plate edge or center line), using N stream. (It is not
necessary 40 spot accurately measured vol.) On
other half of plate, spot sep. 10 ul chromatge identi-
fication suds, evenly spaced. Develop plate in tank
equilibrated 13 hr, letting solv. migrate 10-15 ¢m
above starting line. Air-dry plate, locaic bands
under shortwave UV light, and circle with stylus.
Remove silica gel from cach band by seraping ontwo
glazed weighing paper, and transfer into sep. 50 ml
g-s centrl. tubes. Add 10.0 ml 0.1 NaOH to each
tube, shake 3 min, and centr{. Transfer 5.0 mi ali-
quots of cach supernate to 10 mi vol. flasks. Add 1.0
ml HCl (141) to each flask, mix, and cool. (Soln
must be at room temp. for quant. results.) Develop
color and record spectra as in 36.C47.

Thin Layver Chromailography

36.C50

Caic. fraction of each suliapyrimidine o toial
sulfapyrimidines as follows:

Calcuiaiions

Suliadiaziue fraction = 0.94744/7

Suliamerazine fraction = 4,/T

Suliamethazine fraction = 1.0534./7,
where Ay, Ar, and A, = corrected A of the sulfa-
diazine, sulfamerazine, and sulfamethazine bands,
resp., and 7' = 0.9474q + 4, + 1.0534 .

Results and Discussion
Previous chromatographic assays of trisulia-
prrimidines required the application of measured
volumes of sampie solution to the chromate-
graphic piate. In this procedure, the chromato-

Tiis report of the Associnie Releree was preseated ai the
B6th Anaual Meeting of the AOAT, Ocv. 9-12, 1072, at Wash.
ingron, D.C.
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grami s used oniy to deiermine the relative
amounts of the individual compounds. The vota!
content is determined in a separate analysis. The
origing! instructions o the collaboravors may not
have made this entirely ciear, since several cor
iaborators applied the precise volumes, thereby
missing ont of the major advantages of this
micthod. This point has now been ciarified.

Several collaborators suggested that the chro-
matogram should be developed 15 rather than 10
cm in order w increase the separation. However,
this also increases the time for plate development.
The results obtained using either distance were
satisfactory; thereiore, the instruciions have been
changed t¢ specify a development distance of
10-15 em.

Commercial plates were used in some instances
but most of the collaborators used laboratory-
made plates. One collaborator who used com-
mercial plates reported he achieved only fair
separation. '

There were no outliers among, the data re-
ported; thercfore, all were used.and none was dis-
carded in the statistical evaluation (except the
trial runs as noted above).

LEven though the total sulfa assay has no bear-
ing on the success or failure of the individual sulfa
determination by TLC, the coliaborators were
asked o perform both procedures. The collabo-
ravive results for the total sulfapyrimidines are

‘found in Table 1. The reported results for the

Table 1. Collaborative results for total
sulfapyrimidine content
Simulated Com. Com.
com. mixt.,, composite, suspension,
Colt % rec. % of label % of labei
1 101.& 100.1 100.2
2 1002 103.5 105.C
3 103.6 100.8 101.7
4 100.6 100.8 103.7
5 101.2 99.7 102.0
[ 99.3 99.¢ 103.¢&
7 101.¢ 101.6 102.¢
g 97.5 100.¢ 101.7
S 100.5 100.2 103.0
10 102.0 102.8 103.4
it 102.¢ 101.5 104.2
iz 102.7 100.¢ 102.7
13 102.1 101.06 9¢.¢
4 102.2 102.0 104.2
1t 9%.6 99.1 94.¢
Av. 100.¢
Std dev. 3.57
Coefl. ot var., % .00
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Tabie z. Collaborative results tor the rafio of
sultapyrimidines
Suita- Sulta- Sutlta-
Colt. diazine merazine methazine
Simulated commercial mixture

1 0.343 0.347 0.310

? 0.343 0.347 0.312

3 0.34¢ 0.348 0.306

4 0.345 0.346 0.308

5 0.350 0.34¢ 0.302

5, 0.35] 0.342 0.308

7 0.354 0.343 0.303

& 0.346 0.346 0.308

9 0.343 0.353 0.302

10 0.358 0.341 0.301

11 0.356 0.345 0.305

12 0.343 0.348 0.308

13 0.345 0.34% 0.309

14 0.346 0.346 0.308

15 0.341 0.348 0.311
Av. 0.3468 0.3462 0.306%
Actual composition 0,346 0.347 0.302
Std dev. 0.0048 0.0029 0.0034

Coeff. of var., % 1.41 0.840 1.10

Commercial composite

1 0.327 0.330 0.343

2 0.338 0.330 0.332

3 0.333 0.332 0.33

q 0.332 0.331 0.33

5 0.329 0.331 0.340

[ 0.341 0.336 0.323

7 0.333 0.332 0.335

8 0.332 0.330 0.338

4 0.322 0.341 0.337

16 0.33? 0.333 0.335

11 0.332 0.333 0.334

12 0.32¢ 0.333 0.339

13 0.33 0.334 0.333

14 0.324 0.333 0.343

15 0.337 0.328 0.335
Av. 0.3317 0.3325 0.3359
Label composition  0.333 0.333 0.332
Std dev. 0.0050 0.0031 0.0045

Coefi. of var., % 1.5 0.92z 1.44

(Continued)

ratio of the sulfapyrimidines are presented in
Tabie 2. The 3 columns in the table represent the
fraction of individual sulfapyrimidine found.

Recommendation

1t is recommended that the proposed thin layer
chromatographic method for the analysis of tri-
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Table 2. (Continued)
Sulta- Sulta- Sulfa-
Coll. diazine merazine methazine
Commercial suspension

3 0.334 0.339 0.327

H 0.33: 0.336 0.332

3 0.34: 0.320 0.337

4 0.334 0.337 0.328

] 0.330° 0.340 0.325

3 0.33 0.33¢ 0.330

7 0.32% 0.340 0.33

8 0.328 0.340 0.332

S 0.322 0.344 0.33

0 0.328 0.339 0.333

11 0.332 0.337 0.331

12 0.332 0.336 0.332

13 0.332 0.337 0.332

14 0.330 0.340 0.33¢

15 0.322 0.384 0.334
Av. 0.331 0.3375 0.3316
Label composition 0.333 0.333 0.333
Std dev. + 0.0052 0.0056 0.0025
Coefi. of var., % 1.57 1.66 0.763

suliapyrimidine preparations be adopted as off-
cial first action.
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Collaborative Study of 2 Semiantomated Method {or the
Analysis of Sodium Warfarin and Dicumarol Tablets

RICBARD L. KOLINSKI

National Center for Drug Anelysis, Food and Drug Administraivon, 1114 Markel 8.,

St. Louis, Mo. 6310/

A semiautomated extraction and UV deter-
minalion for sodium warfarin and dicumarol
tablets was collaboratively studied by 7 fubora-
tories. Colluborators were supplied with 4 com-
posites of wblews of different dosage levels (3
sodium warfarin composites and 1 dicumarol
compaosite). Results agreed weli with the USP
mecthod. For sodium warfarin, coeflicients of
variation ranged from 0.35 to 2.10%. For di-
cumarol, cocllicients of variation ranged from
0.39 10 2.19%. The method has been adopted as
official first action.

The semiautomated method described here is
an adaption of the compendial assay for sodium
warfarin and dicumarol (bishydroxycoumarin)
tablets (1, 2). 1t is designed to save time and
labor in both potency assays on tablet composites
and individual tablet assays.

A series of validation tests was performed on
the system as constructed in Fig. 1. The response
of the system was linear when tested with 5 con-
centrations of warfarin standard from 0.02 to 0.2
mg/ml. A standard solution containing 0.1 mg
warfarin/ml gave reproducible peaks which were
approximately 1009, of the steady state signal
(Figs. 2 and 3). Twenty individual tabiet portions
of composites were assayed. The composiies pre-
pared from commercial sampies of each drug were
not the same composites sent to collaborators.
The data in Tabic 1 show the automated system
to be precise.

Portions of tabiet composites equivalent to
singie tablets were analvzed by the proposed

semiautomated method and the USP XVIII pro-

cedure. These composites were not the same oues
used for collaborative sampies. Ten determina-
tions were performed using the semiautomated
method, one on each of 10 consecutive davs. Ten
consecutive determinations were performed by
the USF XVIII method. The data iv Tabie 2
show close agreement between methods.
Mixwres of common tablet excipienis were
prepared to test for interference in the proposed
method. Aliquots of standard soiution were

added to an amount of excipient mix equivaieni
to a single tablet, and this simulaied sampie was
subjected Lo the sample preparation and the auto-
mated procedure. A 99.29, recovery of sodium
warfarin was obtained at the 10 mg/tabiet level
with lactose, starch, magnesium siearate, and
stearic acid as excipients. Recovery of dicumarol
ab the 50 mg/tabiet level was 100.19, with corn
starch, magnesium stearate, and dibasic calcium
phosphate as excipients. The above results indi-
cate that there is no interference from tablet
excipients, based on recoveries from simulated
mixtures.

METHOD
Dicumarol (Bishydroxycoumarin) and
Sodium Warfurin—Oflicial First Action
36.C25
Basic soln of drugis acidified and extd with CHClz
ior Na warfarin or CHCls-pyridine-propyicne glyco]
(90+5+5) for dicumarol, and 4 of extd material
is read in floweell at 308 nm.

Principle

36.C206

(a) Automalic analyzer.—AutvAnalyzer with foi-
lowing modules (Technicon Instruments Corp., Tar-
rvtown, NY 10591} Sampier 11 with 20/hr (2:1)
cam; Proportioning Pump 1; manifold (Fig. 1).

(b) Speciropiotometer —Double-beam spectrophur
which records 4 at fixed wavelength, equipped with
10 mm floweell (Arthur B. Thomas Co., No. 8495-
L10) for Na warfarin and 2 mm flowcel] (Beckman
Instruments, No. 565411) for dicumarol.

(c) Ultrasonic gencralor.—Nodel 11, 150 watt
(Heat Systems-Ultrasonic, 1nc., Plainview, NY
11803;.

(d) Friter —Fill 50 mm X 5 mm i¢ glass tubing
completely, but loosely, with glass wool.

Apparatus

36.C27

(a) Chioroform.~—H20-washec and filtered thru
pape:. Prep. fresh for use in Na warfarin assay.

(b} Chiorvjorm-pyridime-propylenc  glycol soin.—
Mix 50 ml pyridine with 50 mi-propylene giycol and
dii. to 1 L with CHCI;. Use iu dicumarol assay.

(c) Warjarin std soin.—0.] mg/ml. Accuraiely
weigh ¢u 25 mg USP Rel. Sta Wariarin into 250 ml

Reagents
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FIG. 2--Reproducibility curves for wartarin, 0.1 mg/mi.
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(d) Dicumaro! (bishydrozycoumarin) std soln.—
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FIG. 3—Steaay state curve for wartarin, 0.1 mg/ml.

Std Bishvdroxycoumarin in 100 ml vol. fiask. Dis-
solve in ca 50 ml 0.01N NaOH with aid of ultrasonic
generator and dil. to vol. with same solv. Prep. fresi

daily.
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36.C26

(&) Sodeuni individual
tablet or disperse weighed composite i accurately
measured vol. 0.0\ NaOIi te give drug conen of
0.1 mg/ml. Use ultrasoric generater > 1 min 10 assure
tablet disintegration. Let suspension stand 1.5 hr
with occasional mixing.

(b) Dicumarol.—Disintegrate individual iablet
and capsule or disperse weighed composite In aceu-
rately measured voi. 0.01N NaOH 1o give drug
conen of 0.25 mg/ml. (Most tablets and capsules re-
quire 15-20 min of ultrasonic treatment for com-
plew disintegration.) Let suspension stand 1.5 hr
with occasional mixing.

Preparation of Sempie

warfarin.—Disintegrate

36.C2¢
Sample 1s withdrawn, segmented with air, and
acidified with 0.2\ H,504. Org. solv. is added,
mixed in beaded coil, and phases are sepd in BO
fitting. Org. phase contg extd drug is debubbled,
and 4 of soln at 308 nm is measured in 10 mm flow-
cell for warfarin and 2 mm floweel! for dicumarol.

Analytical System

36.C30 Start-Up and

Shut-Down Procedures

Pump alcohol thru org. solv. line 10 min; then
pump org. solv. (a) or (b) thru line 5 min. Place re-
maining tubes in their resp. solns and let svstem
equilibrate’ 20-30 min. Calibrate recorder to spec-
trophtr at 2 or 3 absorbances. Adjust mask in ref.
compartment of spectrophtr o set desired baseline.

Piace acid, basc, and sampling lines in H,0, leave
org. solv. line in its reservoir, and pump 5 min. Re-
move acid, base, and sampling iines from H:0 and
continue pumping 5 min to purge system of H.0.
Place org. solv. line in alcohol and pump & min.
Remove line and pump system dry.
Delermination

36.C31

Fill sample cups in following order: 4 cups std
soln, 5 cups sample solr, 1 cup std soln, 5 cups sam-
ple soln, ete. Place 2 cups std soln at end of each run.
(Extra cups of std solns at start and end of sampling
pattern are used to overcome carryover effect in
transitions from wash soln to std soln and vice versa.
Three extra cups at beginning and 1 extra cup at end
should suffice, but det. exact number needed ior
equilibrium by experiment. System should give uni-
form response for at Jeast final pair of extra sid cups
before sample patiern is started.) Start Sampler 1i.
After last cup has been sampied, let sysiem operate
until steady bascline is obtained. Draw tangent o
initini and final baselines. Subtract baseline o det.
net A and A’ for each sample and std peak, resp.
Discard values for first 2 and last std peaks and calc.
av.std A'. Calc. N2 wariarin in portion taken as mg

7 N
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Tabie 1. Precision data tor proposed

automated methad

Dicumaroi,
2% mg/tablet

Sodium wariarin,

Siatistic 10 mg/tablet

Mean (20} 10.05 26.95
Std oev. £.075 0.32
Coeti. civar.,, % 0.75 8.5¢

¢ Results of mean in mg/tabief.

Jable 2. Comparison of automated method with
USP XVill method

Sodium warfann, Dicumarol,

10 mg/tablet 25 mg/tablet
Auto- usp Auto- use
Statistic mated  XVill mated  XVIH
Mean (10)" 10.25 10.24 2473 2475
td dev. 0.11 0.06 0.14 0.30
Coett. ot var.,, % 1.11 0.5¢ 0.56 1.20

4 Results of mean in mg/tabiet.

Table 3. Resulls of compasite assays at individua!
tablet levels by automated method

Sodium wartarin Dicu-
e ———— marol,
2.5mg 5.0 mg 10.0 mg 50.0mg

2.5 508 9.8 50.4

2.% 4.98 9.8 50.9

2.55  5.08 © 5.8 50.%

2.53  5.08 9.8 50.8

2.51 5.05 9.8% 50.1

2.50  5.03 9.8 50.7

2.5 505 9.83 50.7

2.53  5.06 9.8 51.0

2.50 5.06 9.7z 5l.1

2.53  5.03 9.7z 50.7

Mean 2.53  5.0% 9.81 50.7
Std dev. 0.0143 0.0320 0.0544 0.280
Coett. of var., % 0.566 0.634 0.554 0.55
Na  wariarin = 1.071 X (4/4") X C X D, where

1.071 = ratio of molecular wts of Na warfarin to
warfarin; C = concn of std in mg/m!, and D = diln
iactor. Calc. dicumarol in portion taken as mg
dicumaro! = (4/4") X C X D.

Coliaborative Study

Three dosage levels of sodium warfarin were
sciected: 2.5, 5, and 10 mg/tablel. The dosage
level selecied for dicumarol was 50 mg/tabiei.
Two hundred fifty tablets from each dosage level
were ground, sieved, and mixed. Each composite
was analyzed 10 iimes by the semisutomated
method. Each determination was performed on a
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weighed portion of composiie equivalent to one
iablel to strulate an individual tablet assay. See
Table 5. Each composive was aiso assaved by the
USP XVIII methods for sodium warfarin and
dicumarol in tabiets. Resulis for the 2.5, 5, and
10 mg sodium warfarin ablets were 2.57, 5.06,
and 9.97 mg/wablet. Assay for the 50 mg dicu-
marol tabler was 49.5 mg/tabiet.

Composttes and standards were sent to 7 coi-
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faborators with assay instructions as described
sbove. Collaborators’ results are tabulaied in
Tables 4 and 5. Collaborator 6 reporied 5 resutis
per composite instead of 10. The collaborative
results from each collaborator were combined o
give a total of 65 results for each composite. The
mean, siandard deviation, and coefficient of vari-
ation were calculated for each group and are
iisted m the tables.

Table 4. Collaborative results of analysis of sodium wartarin®
Collaborator
Combined
1 2 3 4 5 6 7 results
2.5 mg/tablet composite
2.43 2.51 2.47 2.43 2.52 2.4 2.56
2.48 2.56 2.4% 2.48 2.50 2.47 2:51
2.46 2.52 2.48 2.45 2.50 2.54 2.51
2.45 2.52 2.51 2.45 2.48 2.5} 2.53
2.55 2.48 2.4% 2.56 2.50 2.4% 2.5
2.60 2.51 2.49 2.44 2.48 2.52
2.48 2.55 2.581 2.42 2.46 2.52
2.50 2.50 2.52 2.42 2.42 2.53
2.52 2.52 2.51 2.44 2.45 2.52
2.45° 2.48 2.50 2.43 2.46 2.51
Mean 2.48 2.51 2.50 2.45 2.48 2.48 2.52 2.4%
Std dev. 0.052 6.020 0.016 0.042 0.030 0.035 0.015 0.03Y
Coettf. ot var., % 2.10 1.03 0.63 1.71 L2 1.40 0.60 1.5
5 mg/tablet composite
4.78 5.0 5.01 4.89 4.98 5.00 5.00
4.78 5.03 5.04 4.71 4.97 5.11 5.00
4.76 5.02 4.99 4.7 5.05 5.14 4.98
4 5.08 5.00 4.81 4.95 5.11 5.05
4.89 5.07 5.01 4.81 4.95 5.11 5.03
4.85 5.10 4.93 4.90 4.9 5.03
4.83 5.01 4.99 4.8 4,90 4.98
4.92 4.97 5.00 4.84 4.9 5.04
4.88 5.06 5.00 4.88 4.92 5.0
4.85 5.01 4.9 4.90 4.9 5.0¢
Mean 4.82 5.03 4.9% 4.83 4.9 5.11 5.0 4.9
Std dev. 0.066 0.040 0.030 0.073 0.040 0.018 0.021 0.10
Coett. ot var., % 1.3 Q.79 0.60 1.47 0.81 0.3% 0.42 2.10
10 mg/tablet composite
8.51 9.7¢ 9.69 9.55 .60 9.83 9.81
9.47 9.65 9.72 9.70 9.58 9.83 8.n
9.60 9.81 9.64 9.46 9.56 9.89 §.77
9.7C 9.83 9.67 9.4 9.55 9.85 9.85
9.62 9.7¢ 9.6¢ 9.51 9.5% 9.93 9.9z
9.51 9.76 5.60 9.48 9.712 9.87
9.45 9.82 9.69 9.68 9.46 8.95
8. 9.80 9.66 9.52 9.56 9.9
9.53 9.90 9.7% 9.52 9.53 9.92
9.58 9.84 9.64 9.2¢ 9.56 9.86
Mean 9.57 8.7¢ 9.6 .53 9,57 9.87 9.87 9.67
Std dev. 0.0%0 0.070 0.052 0.12¢ 0.06% 0.043 0.081 0.16
Coetf. ot var., % 0.9¢ 0.71 0.53 1.3 0.68 0.44 0.33 62

® Results in mg/tablet. .
b Five results received trom Collaborator 6.
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Tabie 5. Collaborative resu!ts of znalysis of dicumaro!®
(5C my/tabietl composite)
Collaborator
Combined
1 2 2 L 5 [ 7 results
47.7 502 5G.5 5e.7 45.3 51.1 49.%
51.3 50.4 50.4 49.2 49.6 31.3 45.7
49.5 S0.0 SC.& 506.2 49,2 51.6 42.6
50.1 49.7 51.¢ 50.2 49.5 51.5 49.%
50.4 50.6 49.€ 56.7 49.6 Si.b 50.0
49.2 50.0 50.5 514 49.6 49.%
56.2 50.0 5G.6 49.9 49.5 50.2
51.3 50.7 50.¢ 5.1 49.0 49.8
48.9 50.0 51.0 50.0 48.8 49.6
49.8 50.2 50.5 §0.1 48.7 49.2
Mean 49,8 50.7 50.5 50.3 49.3 51.4 48.7 50.31
Std dev. 1.08 0.31 0.38 0.61 0.34 0.20 0.28 0.77
Coeff. of var., % 2.19 G.62 0.76 1.2 0.65 0.3% 0.56 1.53
¢ Results in mg/tablet.
b Five results received trom Collaborator 6.
Discussion and Recommendation accurate. Considering the variations in construe-
Some collaborators had to modify their sys- tion of the system and use of various spectropho-

tems because of lack of certain equipment. One
coliaborator did not have a 7-turn settling coil
and had to substitute a 14-turn coil. Another
collaborator did not have a K2 fitting and used a
combination G3 and DO. A third collaborator
had to use No. 18 gauge Teflon tubing instead of
0.034” id polyethyiene tubing. Collaborators
used a variety of spectrophotometers such as the
Beckman DK-2A, Hitachi-Perkin-Elmer 124,
Perkin-Elmer 402, and Cary 14.

One coilaborator suggested that the construc-
tion of the glass wool filter be described i the
metnod. The method has been changed to include
assembly of the filter.

Two collaborators stated that the C3 debubbier
fitting and the 2.03 ml/min Acidfiex pump tube
can be eiiminated since the system works as well
without it. This is true and was not realized at
the time the system was validated. The C3
debubbier and waste line have been marked as
optional on the fiow diagram (Fig. 1).

Analysis of the data submitted by the coliabo-
rators indicates the system to be precise and

tometers, the semiautomated sysiem has been
shown to give useful resuits. It is recommended
that the semiautomated method for analysis of
sodium warfarin and dicumarol be adopted as
official first action.
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FLAVORS AND NONALCOHOLIC BEVERAGES

Collzborative Study of the Quantitative Determination of
Ethanol by Gas-Solid Chromategraphy

GLENN E. MARTIN and DONALD M. FIGERT
Burcau of Alcohol, Tobucco and Firearms, U.S. Treasury Department, Washington, D.C. 2022}

The determination of ethanol by gas-solid
chromatograpby was collaboratively studied
for nonbeverage aleohol sumples by 10 collabo-
rators representing 0 laboratories. In one sami-
ple, the alecohol was determined by pyenom-
eter, hydrometer, fluid densitometer, and gas-
solid chromatography and the results obtained
by these procedures compare favorably. The
standard deviation for the 7 samples range be-
tween 0.133 and 1.311. This method is simple
and fast, and the interference from other com-
pounds is essentially eliminated. The pro-
posed procedure for the quantitative determi-
nation of ethanol has been adopted as official
first action.

We studied the use of gas-solid chromatog-
raphy for the determination of ethanol in flavors
and extracts. The major advantages of gas-solid
chromatography over hydrometer are: (1) distil-
lation is not required; (2) the efficiency obtained
by gas chromatograpby allows ethanol to be de-
termined as a single entity; (8) after simple distil-
lation the specific gravity obtained by hydrometer
represents the composite of all volatiie materials;
(4) the formation of azeotropes with ethanol as
carried out in simple disiiliation is elimmated;
(5) the extraction and re-extraction of the sample
with an organic phase, as described in U.S. Phar-
macopeia (1), is eliminated and thereby the Joss
of ethanol due to these manipulations is avoided.

Seven samples of nonbeverage alcohol were
analyzed including hop extract, chloroform lina-
ment, perfume, proprietary solvent, lemon ex-
tract, ethano! standard, and sauterne flavor,
ranging from approximately 4 to 85%, ethanol.
These samples were sent to 10 collaborators repre-
senting 6 laboratories. Collaborators were asked
to analyze each sample in triplicate. In addition
each coliaborator was asked to determine the
slope of the line from the area of ethanol divided
by the area of 1 ml n-propanol as the ordinate and
per cent ethanol as the abscissz.

METHOD

The foliowing method for the gas-solid chro-
matographic determination of alcohol was adopied
official first action for flavors, and as an aliernative
first action method for lemon, orange, and lime ex-
tracts and flavors, 19.050 (oil, alcohol, and water
only); almond extract, 19.091 and 19.092; cassia,
cinnamon, and clove extracts, 19.102 and 19.103;
peppermint, spearmint, and wintergreen extracts,
19.110 and 19.111; and other extracts and toilet
preparations:

19.C01

(a) Gas chromatograph.—With fiame ionization
detector (F&M Model 400, or equiv.). Column
4'X 2 mm id glass packed with 100-120 mesh
Chromosorb 102; column temp. 160° (isothermal},
detector and inlet 200°; He fiow rate 50 ml/min;
relative retention times: EtOH 1.00 (<100 sec),
n-propanol 2.06, and tetrahydrofuran 3.04.

(b) Integrator.—Hewlett-Packard Model 33704,
oT equiv.

(c) Alconol sid solns—Dil. 5, 10, 15, and 20 ml
absolute alcohol at 60°T to 100 ml with H,0, ad-
justing final vol. at 60°F, to prep. 5, 10, 15, and 20%,
solns.

Apparatus and Reagents

Determination

19.C02

Pipet 25 mi of each EtOH std soln into sep. fiasks
or bottles and add 1.00 mi n-propanol internal std.
Cap immediately with rubber stoppers, shake 3 mir,
and let stand JO min at room temp. Inject 0.) ul
portions from 1 wl microsyringe. Det. peak areas
with integrator, calc. ratio (K) oi aress of EtOH w
n-propanol, and plot % EtOH as abscissa against &
as ordinate. Siope should be 0.19520.006.

Perform detn on sampie as above but shaking 10
mir. Ii sample containe >209;, EtOH, pipet & m!
sample, 20 m! tetrahydrofuran (Fisher Secientific
Co.), aud 1 ml n-propanol wio fiask or bottie. Ana-
Ivze >1 std EtOH-n-propanoi soln daily as check on
periormance.

% EtOH = (ELOH peak area/n-propanul peak
area) X (1.00/slope) X F, where F = | for undiid
samples and & or dild sampies.
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Table .. Per ceni ethanol ahtained by 10 coliaborators with gas-solid chromaiograpnic methoc
Coii. Semple ! Sampie ¢ Sample > Sample 4 Sampie & Sampie t Sample 7
1 4.7 a6.74 75.90 86.71 8540 20.0% 1L.1t
i 4.7t 47.18 7.3 81.44 84.5¢ 15.9¢ 11.2¢8
3 477 7477 80.10 84.7¢ 108,88 11,14
4 4.8 75,08 80.73 83.40 19.95 1i.1
L 4.66 72.8¢ 80.2¢ 8.3t 18.12 10.8:
& 4.57 76.2¢t 75.0¢ 83.77 15.83 10.89
i 676 76,58 79.3¢ 86.21 18, 1.17
¢ 4.38 75,48 78.46 84.77 2C. 16.1¢
¢ T 77.8¢C 75.7 8i.C 19.87 11.37
16 4.63 75.91 78.98 86.0¢ 19, 11.22
Av 4.68 46.64% 75.65% 79.82 85.02 15.86 11.04
Std dev. 0.133 1.172 L. £.924 0.812 0.266 0.346
_ resulting interference. One coliaborator per-

—\

FIG. i—Typical chr
and tletrahydroturan, respectively.

—]

gram of et 1

n-pr

Diseussion
We sclected tevrahvdrofuran as & soivent be-
cause it could be used as ¢ diluent m botk polar
and nonpoiar solutions. In addition, tetrahyvaro-
furan eluted after etnanol and »-propanc! with ne

formed o series of determiuations of ethanol. The
analvses were repeated 5 times with each stan-
dard solution. He obiained & straight line for the
plot. of ethanol peak area: n-propanoi peak area
versus per cent ethanol for the range studied,
2-209, ethaunol. The deviation between exper-
ments averaged 0.2%,. The mean value of the
slope for the 9 standard solutions was 0.193, and
the average deviation from this value was
+0.0002.

Results and Kecommendation

The retention times for cthanol, n-propanol,
and tetrahvdrofuran, relative to ethanol, are
1.000, 2.062, and 3.038, respectively. A typical
chromatogram is shown in Fig. 1. The average
value obiained for the slope by the 10 collabo-
rators is 0.195, while the standard deviation is
0.0041. If the slope is divided by 1.000, the factor
18 5.12.

The average per cent ethanol found in samples
1-7 was 4.6S, 46.64, 75.66. 79.88, 85.02, 19.86,
and 11.04, respectiveiy; the standard deviation
for these samples was 0.133, 1.172, 1.31%, 0.924,
0.612, 0.26G, and 0.346, respeciively (sec Tabic 1).

The per cent ethanoi obuained by gas-solid chro-
matography compares javorably with the caleu-
lated values of the formulated samples 1 through
7 (sec Tabie 2j. In sampie 6 the per cent cthanol
was determined by 4 different procedures: pye-
nomeier (2}, hvdrometer (3;, fiuid densitometer,
and gas-solid chromatography; the resulis were
19.94, 19.80, 10.8C. and 19.869,. respectiveiy.

The recommendsatior. convained in shis paper was approved
by the (reneral Ieferee anc by Subcommitter D sud was
adopied by whe Association: see (1973) 4 A0AC 50, 402.
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Tabie 2. Descriptian and compaosition of

samples 1-7

Ethanol,

Sampie

Composition

%

1 Hop extrac:

2 Soap ‘tnament

3 Lemon extraci

4 Pertume

§ Special industrial
solvent

6 Standard

7 Sauterne flavor

4.7% ethano!
1.0% hop extraci
94.3% water

70% soap linament
(67% ethanol)
30% CHCis

75%, ethano!
2% lemon oil
23% water

80% ethanol
20% oit

86% ethano!

3.5% methanol

9.0% isopropanoi

1.5% methy! isobuty!
ketone

20% ethano!
80% water

11% ethanol
1% sauterne flavor
88% water

4.7

4.9

7

8

20

1

The method is fast and reproducible and elimi-
nates interferences from other compounds. It is
recommended that the proposed method for
ethanol be .adopted as official first action for
flavors; and as an alternative method for ex-
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extracts, 19.050, 19.09i-19.09z. 16.102-16.102,
19.110-19.111.
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COLOR ADDITIVES

Uncombined Intermediates in FD&C Red No. 40

DANIEL M. MARMION

Aliied Ciiemical Corp., Specialty Chemicals Division, P.0. Box 1069, Bufialo, N.¥. 14240

The results of a collaborative study are re-
ported. Nine colluborators from industry and
government analyzed 3 samples cach. The
intermediates were separated from FD&C Red
No. 40 and from cachi other on a celiulosc col-
umn, using 40 and 20% aqueous ammonium
sulfute as cluants, and were quantitated by UV
spectrometry. Cresidinesuifonic acid, Schaef-
fer's salt, and 6,6’-oxybis(2-naphthal¢nesul-
fonic acid) were recovered at an average level
of 99.7%. Between-laboratory standard devia-
tions ranged from 0.007 to 0.072% when the
intermediates were present at jevels of 0.03 1o
1.00%. The method has been adopted as offi-
cial first action.

FD&C Red No. 40 (Allura’ Red AC) is 2 new
color additive listed in 1971 by the Food and
Drug Administration for use in foods and drugs.
The colorant is & monoazo dve formed by cou-
pling diazotized 5-amino-4-methoxy-2-toluene-
sulfonic acid (cresidinesulfonic acid; CSA) with
6-hydroxy-2-naphthalenesulfonic acid (Schaefter’s
salt).

Allure Red AC, like most color additives, fre-
quently contains small amounts of the interme-
diates used to prepare it. In addition, the colorant
may contain traces of 6,6-oxybis(2-naphthalene-
sulfonic acid) (DONS), an impurity shown by
Marmion et al. (1, 2) to be present in commercial
Schaeffer’s sait and in color additives made from
it. In 1971 Marmion (3) reported & method for the
determination of each of these colorless impurities
in FD&C Red No. 40. This method has since been
collaboratively studied and the results of that
study are reported herc.

The samples used for the study consisied of &
sample whicti had been analyzed many times in
the Associate Referee’s laboratory by the pro-
posed procedure, and 2 portions of the same ma-
teria) spiked with the impurities to be determined.
(A purified sample of FD&C Red No. 40 was not
used as a base sample since we felt that any steps

! Aliura is o trademark of Allied Chemical Corp.

taken to purify the colorant would render the
sample nonrepresentative of commercial material

‘by removing from it subsidiary dyes, morganic

salis, ete. normally found in certified colors.) The
spiked samples were prepared by dissolving por-
tions of the base sample and the impurities in
distilled water, drying them at 50°C under vac-
uum, and grinding the products. The CSA,
Schaeffer’s salt, and DONS added to the base
sample werce laboratory-purified materials as-
sayed by elemental analysis, spectrophotometry,
and, m the case of CSA, nitrite titration.

The base sample had an historical average of
0.039, CSA (as free acid), 0.08%, Schaeffer’s salt
(as Na salt), and 0.47% DONS (a5 di-Na salt).
The spiked samples were prepared to contain:
0.203%, CSA, 0.290%, Schaeffer’s salt, and 1.00%
DONS:; 0.1649%, CSA, 0.2319, Schaeffer’s salt,
and 0.806% DONS. CSA was added as the free
acid while Schaeffer’s salt and DONS were added
as the mono- and di-Na salts, respectively. A por-
tion of each sample and a copy of the proposed
method were distributed to each collaborator,
with a request that he provide one result for each
unknown.

The method provided was as follows:

METHOD
Intermediates in FD&C Red No. 40—
Official First Action

34.C01 Principie

FD&C Red No. 40 (C.I. No. 16035) is more
strongly adsorbed on celiuiose from concd (NH4)280,
soln than are dye intermediates. >-Amino-4-methoxy-
2-toluenesulfonic acid (CSA) and Schaefier’s salt
elute sep. with 409 (NH;)280;; 6,6'-oxybis(Z-naph-
thulenesuifonic acid) (DONS) elutes with 20%
(NH4j2S0,. Each intermediate is detd by UV
spectrophotometry.

34.C02 Apparatus
Sec 34.B02.

34.C03 Reagenis
See 34.B03.



MARMION: FD&C RED NO. 40

34.C04 Preparation of Chromatographic

Column

See 34.B04. Prep. and elute simiiar colume as

biank. Biank need be repeated only when new re-
agents are introduced.

34.C0% Separation of Intermediates
Weigh 0.100 g sampie into 50 mi beaker. Add §
m! 120 und siir to dissolve. Proceed as in 34.B0S,

beginning “add 2 g celluiose powder . . ."", except
elute with ca 1.5 L 209, (NH,).80,.
34.C06 Calculations

Sec 34.806. CSA normully elutes in fractions 4-6,

Table 1. Collaborative results for uncombined
intermediates in FD&C Red No. 40

Schaettfer's

Coll. CSA, % salt, % DONS, %
Sampie 1
1 0.03 0.05 0.46
2 0.02 0.08 (0.04)" 0.44
3 0.02 0.08 0.46
¢ 0.02 0.02 0.46
5 0.04 0.11* (0.04) 0.46
6 0.05 0.11 (0.08) 0.45
7 0,02 0.05 0.46
8 0.02 0.04 (0.03¢ 0.45
¢ 0.03 0.05 0.45
Mean .0.028 0.072 0.454
Sample 2¢
1 0.20 0.30 1.05
7 0.16 0.24 (0.20)* 0.96
3 0.21 0.3 0.99
4 0.2z 0.3C 0.87
5 0.21 0.26° (0.19)* 0.93
6 0.21 0.28(0.21) 1.00
7 0.17 6.27 0.94
8 0.18 0.25 0.95
9 0.10 0.30 1.00
Mean 0.19 0.283 0.966
Sample 3¢
1 0.16 0.26 0.8
2 0.14 0.22(0.17y 0.77
3 0.16 0.23 0.80
4 0.17 0.2¢ 0.74
5 0.17 0.28" (0.19F° 0.83
[ 0.17 0.21(0.15¢ 0:84
7 C.15 0.20 c.7¢
g 0.16 0.22 0.84
9 0.15 0.1¢ 0.64
Mean 0.15¢ 0.233 0.792

¢ Result reportec by collaborator using 232 nm as
analytical wavelength.

b Result calculated by Associate Reteree trom spec-
tra submitied by collaborator.

¢ Sample ¢ = Sample 1 + 0.173% CSA, 0.210% Schaef-
ter's salt, and 0.533% DONS.

4 Sample 3 = Sample 1 + 0,134 CSA, 0.151% Schael-
ter's salt, and 0.336% DONS.

70i

Schaefier's salt in iractions &1G, and DONS in
fractions 16-30.
T CSA (as free acid, mol. wt 217.2)

= (.186 X Z[{41 — Az)asz — (A3 = Ad)aso]
%, Schaefier’s sait (a¢ Na salt, mol. wt = 246.2)

= 0.395 X =|(&) — A2)ssr = (A3 — Adjse)
%, DONS (as di-Na salt, mol. wt 474.4)

=0.0585 X S[{41 ~ A2)2s0 — (Az — As)aso)
Efiective sample conen-is 2 g/L; 53.8, 25.5, and
171 = a (L/g-cm) of CSA, Schaefier’s salt, and
DONS, resp; sec 34.B06 for calen of constants.

Results and Recommendation

Results are tabulated in Tables 1-3. Collabo-
rator 5 submitted values for Schaeffer’s salt based
on its absorpiion at 232 nm only, but since the
collaborator submitted his spectra with his re-
sults, the Associate Reieree calculated the
Schaefier’s salt content at 282 nm.

The proposed procedure stated that, for greater
sensitivity, Schaeffer’s salt may be calculated at
the absorpiion maximum near 232 nm rather than
at the weaker absorption band at 282 nm (see

"Fig. 1). Several collaborators reported Schaeffer’s

salt based on calculations at both wavelengths.
In all cases the results reporied using the 232 nm
absorption peak were erroneously low and were
not considered further. The reason for the low
results is not clear, but it is probably related to
the fact that the spectral reference does not truly
represent the eluant composition during the time

Table 2. Per centrecovered® for intermediates
and impurities
Compound Sample 2 Sample 3
CSA 97.1 97.8
Schaefter's salt 100.5 106.0
DONE 96.1 100.4

¢ 9, Recovered = (mean % found — mean % found in
sampie 1) X 100/% added.

Tabie 3. Summary of between-laboratory variations
in collaborative study®
Schaetter's

Csa sait DONS
Sam- Std % Std % Std %

ple dev. Error dev. Error dev. Error

] 0.011 39.3 0.03¢ 4z.0 0.007 1.60

2 0.026 10.3 0.0 12.4 0.052 5.3t

3 0.011  6.63 0.03% 15.2 £.072 9.13

99, Error = (std oev./mean) X 100% = coefficient ol
variation.
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Schaefier’s salt elutes, since elution is based on a
stepwise gradient.

One collaborator reporied that the calculations
were not clear enough and should be explained in
more detail. A third collaborator pointed out that
the factor for calculating Schaffer’s salt should
be 0.395, not 0.396 (as indicated in the collabo-
rated method).

Based on the data obtained in this study, it is
recommended that the method for uncombined
intermediates in FD&C Red No. 40, modified as
indicaied according to collaborators’ comments,
be adopted as official first action.
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FIG. l—Absorption spectra of cresidinesultonic acid (ca 12 ppm), 6,6'-oxybis(2-naphthalensasulfonic acld

{ca S ppm), and Schaeffer’s sait {ca 35 ppm) in 1 cm fused quartz ceil. 0% aqueous (NH4)?S0. used as
solvent and reference, except for DONS (20%). A and B reter to spectra ot sample and blank, respectively.
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Separation and Determination of FD&C Red No. 4 and
FD&C Red No. 40 in Maraschino Cherries by

Column Chromatography

RONALD E. DRAPER

Food end Drug Administraiion, 1560 E. Jefferson Ave., Detroit, Mich. 48207

FD&C Red No. 4 and FD&C Red No. 40 are
extracted from a sample-Celite mixture in a
chromatographic column by elution with a 5%
solution of Amberlite LA-2 liquid anion ex-
change resin in n-butanol. The colors are ex-
tracted from the resin with dilute ammonia
and then extracted into n-butanol. After
evaporation to dryness, the colors are scpa-
rated by Celite chromutography, using pH 1.5
HCI buffer as immobile phase. Red No. 4 is
eluted with n-butanel-CCls (14+1) and Red No.
40 is eluted with a 5% solution of Amberlite
LA-2 resin in hexane. The compounds are
measured spectrophotometrically. Results on
a commercial sample (5 trials) ranged from
74 10 76 ppm Red No. 4 and 72 to 81 ppm
Red No. 40. Spike recoveries at various levels
averaged 98% for FD&C Red No. 4 and 95% for
FD&C Red No. 40.

The use of FD&C Red No. 4 in foods in this
country is limited to Maraschino cherries at a
level not exceeding 150 ppm. The lack of an offi-
cial method for this product prompted an investi-
gation to find a suitable means of analysis.

Graichen and Molitor (1) have determined
color additives in various foods, including Mara-
schino cherries, using Amberlite LA-2, a liquid
anion exchange resin. Dolinsky and Stein (2)
initially investigated the use of this resin for the
extraction of colors from foods. The Graichen and
Molitor method, with slight modification, was
found suitable for determining FD&C Red No. 4
in Maraschino cherries when present as the only
color additive.

However, with the recent approval of FD&C
Red No. 40 as a new color additive, some manu-
facturers began using a mixture of Red No. 4 and
Red No. 40 to color their cherries, This entailed
developing & means of separation to determine
the Red No. 4 content.

Various methods have been reported for sepa-
rating FD&C colors (3-5), including chromatog-

This report of the A iate Ref ‘Was pri i at the
86th Annual Meeting of the AOAC, Oct. 9-12, 19872, at Wash-
ington, D.C.

raphy on cellulose and alumina. Silk (6) separated
D&C colors, FD&C Yellow No. 5, and FD&C
Red No. 3 in lipsticks by Celite chromatography.
No other reference to the separation of FD&C
colors by Celite chromatography was found.

In the proposed procedure, Red No. 4 and
Red No. 40 are extracted from a sample-Celite
mixture in 2 chromatographic column with a 5%,
solution of Amberlite LA-2 resin in n-butanol.
The colors are_extracted from the resin with
dilute ammonia and then extracted into n-buta-
nol. After the solvent is evaporated to dryness,
the colors are separated by Celite chromatog-
raphy, using pH 1.5 HC! buffer as the immobile
phase. Red No. 4 is eluted with n-butanol-CCl,
(141) and Red No. 40 is eluted with a 5%, solu-
tion of Amberlite LA-2 resin in hexane. The
compounds are measured spectrophotometrically.

Results are reported for one commercial sample
and fortified samples at various levels.

METHOD
Apparatus
(a) Chromalographic columns.—300 X 23 mm id.
(b) Glass wool.—Silanized, available from Applied
Science Laboratories, State College, Pa.

Reagents

(a) Solvents A and B.—Add 500 ml 5% Amberlite
LA-2 resin (Rohm & Haas Co., Philadelphia, Pa.) in
n-butanol, 200 ml water containing 7.5 ml acetic
acid, and 12.5 ml saturated (NH,)sS0, solution to
separatory funnel. Shake vigorously 1 min and let
phases separate. Lower layer is solvent A; upper
layer is solvent B.

(b) Hydrochloric acid.—0.75% (1+49).

(c) Buffer solution.—pH 1.5. Mix 50 m} 0.2 KC|
(14.911 g KCl/1 L water) and 41.4 ml 0.2¥ HCl in
200 m) volumetric flask and dilute to volume with
water. Check with previously calibrated pH meter to
ensure pH of 1.50:0.02.

(d) Solvents C and D.—Add 400 ml n-butanol-
CCls (1+1) and 200 ml buffer solution (c) to separa-
tory funnel. Shake vigorously 2 min and let phases
separate. Lower layer is solvent C; upper layer is
solvent D. Prepare fresh daily.
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(e) Resin-n-hczanc.—Add 500 ml 5%, Amberlite
LA-2 resin in n-hexane and 100 ml HCI (1+49) to
separatory funnel. Shake 1 min. Discard lower phase.

(f) Adsorbent.—Celite 545, acid-washed, rinsed to
neutrality, and dried.

Determingtion of Purity of Standards

(@) FDd:C Red No. 4.—Finely powder ca 500 mg
standard, to pass No. 60 sieve. Accurately weigh ca
100 mg into 1 L volumetric flask. Dissolve in 0.01N
NH,C:H30. and dilute to volume. Dilute 10 ml ali-
quot of this solution to 100 ml with 0.01N NH,C»-
H30.. Determine 4 from 650 to 480 nm, maximum
ca 502 nm, using 1 cm cells and 0.01N NH,CzH;0-
as blank. Calculate purity of standard, using absorp-
tivity value of 54.0 L/g-cm for pure FD&C Red No.
4(7).

(b) FD&C Red No. 40.—Proceed as for FD&C
Red No. 4 above except dissolve standard in water
and determine 4 from 650 to 480 nm, maximum ca
500 nm, using water as blank. Caleulate purity of
standard, using absorptivity value of 53.6 L/g-cm
for pure FD&C Red No. 40 (8).

Preparation of Standard Solutions

‘(a) FD&C Red No. 4.—(1) Stock solution.—1
mg/ml. Dissolve 100 mg FD&C Red No. 4 in 100 m]
water. (£) Working solution.—4 ug/ml. Transfer 1 ml
stock selution to 100 ml beaker and evaporate to
dryness on steam bath. Dissolve residue in 1 ml HC]
(14-49), add 2 g adsorbent, and mix. Transier to
chromatographic column containing small plug of
glass wool and packed with mixture of 3 ml solvent D
and 5 g adsorbent. Dry-wash beaker with 0.5 g ad-
sorbent and add wash to column. Wipe beaker with
piece of glass wool and add wipe to column. Rinse
beaker with two 5 ml portions solvent C and add
rinses to column. After rinsings have entered column,

elute column with 240 mi solvent C, collecting eluate

in 250 ml} volumetric flask. Dilute to volume with
solvent C. Prepare fresh daily.

(b) FD&C Red No. 40.—(1) Stock solution.—1
mg/ml. Proceed as in (a)(1). (2) Working solution.—
10 ug/ml. Proceed as in (a)(2), except rinse beaker
with two 5 ml portions resin-n-hexane, and elute with
40 ml resin-n-hexane, collecting eluate in 100 ml
volumetric flask. Dilute to volume with resin-n-
hexane (solution is stable).

Preparation of Sample

Drain packing liquid as completely as possible
from cherries and chop cherries 15 min in Hobart
84141 food cutter, or equivalent. Mix thoroughly
while chopping. Transler to Mason jar with tight-
fitting lid.
Procedure

Weigh 5.0 g sample into 8 oz glass mortar, add 3
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ml solvent A, and carefully grind with pestle 2 min.
Add 15 g adsorbent and carefully grind additional 2
min. Scrape ofl pestle and thoroughly mix sample
with spatula. Transfer mixture to chromatographic
column containing small plug of glass wool and firmly
pack with tamping rod. Wipe off mortar, pestle, and
spatula with piecc of glass wool 2nd add wipe to col-
umn. Rinse mortar with 10 ml solvent B and add
rinse to colurnu. After rinse has entered column, elute
column with 90 ml solvent B, collecting eluate in 125
ml separatory funnel containing 1 ml water. Add 30
ml hexane, shake, and let separate. Discard lower
layer. Add 10 m! water (carefully rinsing around
stopper and neck of separatory funnel) and 2 ml
NH,OH. Extract color by shaking 2 min. Let sepa-
rate and drain lower layer into second 125 ml sepa-
ratory funnel, rinsing stem with small portion water.
Completely extract color from first separatory funnel
with additional 10 ml water and 1 ml NH,OH and
add lower layer to second separatory funnel. Rinse
first funnel with 5 ml water and add rinse to second
separatory funnel. Wash combined aqueous ex-
tracts with two 25 ml portions CHCl;, discarding
CHCl; completely each time. Make acid with 2 ml
HOAc and extract color with 50 ml n-bitanol. Con-
tinue extraction with 10 ml portions n-butanol until
color is visually completely extracted (3-6X are
usually sufficient). Combine butanol extracts in 150
ml beaker, rinsing each separator with 2 ml butanol.
Add 15-25 ml ethanol, mix with stirring rod, and
evaporate just to dryness on steam bath under cur-
rent of air.

Mix 5 g adsorbent and 3 ml solvent D in 100 ml
beaker and transfer to chromatographic column con-
taining small plug of glass wool. Pack with tamping
rod. Dissolve color residue in 1 ml HCI (1+49), be-
ing sure to dissolve color on sides of beaker. Add 2 g
adsorbent, thoroughly mix, and transfer to prepared
columr. Pack with tamping rod. Dry-wash beaker
with 0.5 g absorbent and add wash to column. Wipe
beaker with piece of glass wool and add wipe to col-
umn. Rinse beaker with three 5 ml portions solvent
C and add rinses to column, allowing each to enter
column before next one is added. Completely elute
FD&C Red No. 4 with additional 180-235 mi solvent
C, depending on amount of color in sample, but not
exceeding 250 m! total. Collect in either 200 or 250 m)
volumetric flask. Dilute to volume with solvent C. If
necessary, dilute sample and/or working standard
solution with solvent C to about the same concentra-
tration. Determine A of sample and standard solu-
tions from 6350 to 480 nm, ca 502 nm maximum, using
solvent C as blank.

FD&C Red No. 40 can alsq be determined as fol-
lows: After complete elution of FD&C Red No. 4,
pass 20 ml n-hexane through column and discard.
Elute FD&C Red No. 40 with 50 ml resin-n-hexane,
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collecting eluate in 100 ml volumelric flask. Dilute to
volume with resin-n-hexane. If necessary, dilute sam-
ple and/or working standard solution with resin-n-
hexane to about the same concentration. If sample or
standard solution is cloudy, filter through small
piece of glass wool. Determine A of sample and
standard svlutions from 650 to 480 nm, ca 500 nm
maximum, using resin-n-hexane as blank.

Calculate amount of FD&C Red No. 4 or FD&C
Red No. 40 in sample as:

ppm Color = (4/4") X C X (d/SW)

where 4 and A’ = absorbances of sample and stand-
ard solution, respectively, C = concentration of
standard in ug/ml (corrected for purity), d = dilu-
tion factor, and SW = sample wt in g.

Results and Discussion

Five trials on the same composite of a commer-
cial Maraschino cherry sample gave the following
results: 75, 76, 76, 75, and 74 ppm for Red No. 4;
and 72, 75, 77, 81, and 78 ppm for Red No. 40.

Table 1 shows recoveries of various fortification
levels of Red No. 4 and Red No. 40 added to a
commercial Maraschino cherry sample. Recov-
eries range from 90 to 1039, for FD&C Red No. 4
and from 88 to 103%, for FD&C Red No. 40.

The initial extraction of the color additives
from the cherries with resin-n-butanol solution
proceeds slowly, but it appears to be the most
efficient means of extraction available. Elution
with a resin-n-hexane solution proceeds quickly,
but the colors are not completely extracted.

Extraction of the colors is also enhanced by
using HOAc as the immobile phase, as opposed
to HCI or water, and by equilibrating the HOAc
with the resin-n-butanol. However, the use of
HOAc poses & problem. If the ammoniacal ex-
tracts are evaporated to dryness, a viscous,
crystalline residue is obtained, probably caused
by formation of ammonium acetate. When this
residue is dissolved and put on the pH 1.5 buffer
column, the separation is poor. Extraction of the
color from the acidified ammoniacal extracts with
n-butanol alleviates this problem, apparently by
leaving the inorganic salts in the aqueous phase.
Depending on the concentration of color in the
sample, more than 3 extractions with 10 ml buta-
nol may be necessary to.completely remove the
color. A total of six 10 ml butanol extractions was
needed to completely remove the color at the
higher fortification levels.
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Table 1. Recoveries of various fortification levels of
FD&C Red No. 4 and FD&C Red No. 40 added to
Maraschino cherries

Recovery,* %

FD&C  FD&C
Red Red
Level No. 4 No. 40
200 ppm Red 4 + 200 ppm Red 40 100 100
200 ppm Red 4 + 100 ppm Red 40 101 103
100 ppm Red 4 + 200 ppm Red 40 103 94
100 ppm Red 4 4+ 100 ppm Red 40 94 91
50 ppm Red 4 + 50 ppm Red 40 90 88

¢ Amount of color from sample based on average of
results as listed in text

The separation of the colors on the pH 1.5
buffer column is good. Red No. 4 elutes first in a
wide band while Red No. 40 moves slowly down
the column in a fairly tight band. There is a small
amount of diffusion from the Red No. 40 band
but by limiting the elution to a maximum of 250
ml n-butanol-CCls (14-1), all of the Red. No. 40
remains on the column.

Combinations of Red No. 4 with FD&C Red
No. 2 and FD&C Red No. 3 have also -been en-
countered ‘in Maraschino cherries. We are pres-
ently studying methods to separate these com-
binations by Celite chromatography.

It is recommended that the separation and
determination of FD&C Red No. 4 and Red No.
40 be studied collaboratively.
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ANTIBIOTICS

Oxytetracycline Residues in Milk Following

Intramammary Infusion

STANLEY E. KATZ, CAROL A. FASSBENDER, ARTHUR J. HACKETT, and

RALPH G. MITCHELL

* College of Agriculture and Environmental Science,' Rulgers University—The State University of

New Jersey, New Brunswick, N.J. 08903

An intramammary infusion of oxytetracy-
cline was used to study the potential of resi-
dues occurring in milk from a recommended
usage program. Residues from the treated
quarters persisted as long as 5.5 days. Residues
in milk from the rear quartiers disappearcd in
3.5-4.5 days; residues in the milk from the
front quarters persisted 5.0~5.5 days. In any
case, residucs persisted longer than an interval
consistent with the recommended 4 day with-
drawal period. Residues in the milk of the
untrcated quarters appcared to arisc from
transfer via the circulatory system and not
from septal transfer.

1t is' recognized that the prime source of anti-
biotic residues occurring in milk is a result of
treatment of lactating cows for mastitis (1, 2).
Antibiotic residues occur from mastitis therapy
in 2 general ways: (1) failure to withold the milk
from marketing for the prescribed time interval
after intramammary infusion or parenteral injec-
tion; (2) residues resulting from accepted use even
though withholding periods were adRered to
strictly. Milk from cows treated for mastitis is
unsatisfactory for marketing for 2 basic reasons:
(1) The milk comes from infected animals, and
(2) the milk contains antibiotic residues which
are unwanted and illegal.

Oxytetracycline is one of the drugs commonly
used to treat mammary infections of lactating
cows. 1t is suppliedgor intramammary application
in self-contained applicator tubes to be infused
into the infected quarter(s) after milking. The
milk from the animal is not to be marketed for
96 hr after treatment of the infected quarter(s).

We report the results of a study, using oxy-
tetracycline as a pilot antibiotic, to examine the
premise that antibiotic residues in milk can occur

' Authors Katz and Fassbender arc with the Department of
ioch i Y and Mi biol ,nulhorn Hack and Mitchell
are with the Department of Animal Sciences.

after prescribed usage. The study utilized meth-
ods of a greater degree of sensitivity (3) than
those recommended for use in the FDA methods
and .protocols (4).

Experimental

Animals

Two Holstein Friesian cows were used in this
study. Cow A was 5 years old, weighed 1395 1b, and
milked between 25 and 40 1b milk per day during
the experiments. Cow B was 6 years old, weighed
1673 1b, and milked 25 Ib per day. Both cows were
kept in loose housing and were'fed corn silage ad
libitwm and grain according to milk production. Dur-
ing trial periods, they were kept in box stalls. In all
trials, a control sample was taken from the evening

-milking; then the appropriate quarter was infused by

using a tube holding 14.2 g of 'a formulation contain-
ing 30 mg oxytetracycline hydrochloride per gram, a
total treatment of 426 mg oxytetracycline. To ob-
tain individual samples from each quarter of the
udder, a quarter milking machine was used, with the
milk from each quarter being collected in individual
canisters. To prepare the cow for milking, the udder
was washed with a warm solution of a disinfectant
and a few streams of milk were taken from each teat.
The quarter milker was then put on and removed
when milk ceased to flow.

Methods of Analysis

(a) Milk.—Milk from each quarter was placed im-
mediately in bottles and stored in a refrigerator until
analyzed. Milk was analyzed daily (it was never
stored for more than 18 hr before analysis) for oxy-
tetracycline activity, using procedures developed for
chlortetracycline (5) and adapted for oxytetracycline
(3). The following dilutions were used for the treated
guarter:

Days Dilution
0.0 Standard
0.5 1:250
1.0 5:150
1.5 10:150
2.0 50:150
2.8 Standard
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The standard 100 ml sample was used for the analy-
ses after 2 days and for all the milk samples from the
untreated quarters.

(b) Blood.—The procedure was based upon those
previously mentioned (3). Blood was sampled from
the appropriate veir, mammary or jugular: 25
mi samples were taken and sodium citrate was added
to prevent coagulation. A 20 ml aliquot of blood was
diluted with 40 m! pH 4.5 buffer, blended, centri-
fuged, and assayed for oxytetracycline activity.

Results and Discussion

The analytical parameters are defined as fol-
lows: The procedure (3) utilized is capable of
detecting 0.02-0.03 pg oxytetracycline/ml milk
in laboratory “spiking” studies. Analytical mea-
surement is routinely possible above 0.02 ug/ml
milk. In these studies, measurable residues are
defined as those greater than 9.5 mm in diameter;
trace zones are those 9.0 to 9.5 mm in diameter;
zones 9.0 mm or less are not considered as indi-
cating the presence of oxytetracycline.

To illustrate, Fig. 1a shows a typical negative
plate where there is no zone of inhibition or where
inhibition is slightly above the diameter of the
cylinder, 8.5 mm; Fig. 1b shows slight inhibition
around the cylinder but less than 9.5 mm in di-
ameter; Fig. lc shows analytically measurable
zones greater than 9.5 mm in diameter and
ranging as high as 25 mm, depending on the dilu-
tion taken.

A 9.0-9.5 mm zone is used as a trace designa-
tion because blank fresh milk from cows generally
gives slight inhibitory zones approximately 8.5
mm in diameter. The trace designations were‘es-
tablished to eliminate possible errors in defining
measurable zones. Spiking studies of 0.02 and 0.03
ug oxytetracycline/ml milk yielded zones of inhi-
bition 9.0-9.5 mm in diameter. Zones of 9.5 mm
and greater are in the analytically measurable
category because the 0.025 ug/ml standard con-
sistently yielded zones 9.5 to 10.0 mm in di-
ameter.

By comparison, the procedures suggested in the
FDA methods, reports, and protocols (4) were
able to detect and measure consistently 0.10 to
0.12 pg oxytetracycline/ml milk. Although Myers
(6), summarizing the tentative procedures of
Kirshbaum et al- (7), reported a sensitivity of
0.025 ug oxytetracycline/ml milk, less than 10 ug
oxytetracycline/100 ml milk could never be de-
tected in the authors’ laboratories when the
recommended dilutions were used.

Oxytetracycline residues disappeared from the
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treated quarters of cow A in accordance with
first-order-type kinetics for approximately 2.5
days at which point there was a significant change
in slope. Disappearance of residues again con-
tinued to follow first-order-type kinetics for an
additional 2.5 to 3.0 days. Measurable residues
were found after as long as 5.5 days; the shortest
interval was 3.5 days (Fig. 2). During the same
studies blood was taken from the mammary and
jugular veins at 4 hr intervals to examine the
contribution of the circulatory system to removal
of the antibiotic. Blood levels in the mammary
vein were found within 4 hr; they reached 0.09 ug
oxytetracycline/ml at 8 hr and remained rela-
tively constant for 20 hr, when the antibiotic was
no longer detected. Blood levels in the jugular
vein appeared after 8 hr and could only be mea-
sured for a total of 16 hr. The levels in the blood
taken from the jugular vein remained constant at
0.088 pg/ml.

The first part of the disappearance curve ap-
pears to show both the physical removal of the
oxytetracycline from the infused quarter via the
milk and physiological removal by the circulatory
system. The second part of the curve shows the
removal of mechanically occluded drug from the
quarter itself and a lessened contribution from the
circulatory system because of the lower concen-
trations of the drug in the udder.

The levels of oxytetracycline found in milk
from the front quarters were much higher than
those found in the rear quarters (Table 1). This is
not unexpected because production of milk from
the rear quarters accounts for some 60% of the
total versus 409, for the front quarters. Assuming
that the drug could be applied in absolutely the
same concentrations to each quarter which had
exactly the same internal geometry and relation-
ship to the circulatory system and that milk pro-
duction followed precisely the 60:40 ratio, the
concentration in the milk of the front quarter
should be 1.5 times that of the rear quarters. The
actual ratio here was 1.8 at the first milking after
treatment without consideration of the actual
milk yield from the individual quarters.

- Figures 3a and b show the disappearance irom
the front and rear quarters separately. The only
differences are quantitative. The changes in slope
in the front quarter appear at 2.5 days versus
2.1 days for the rear quarters. Measurable resi-
dues were found in the front quarters from 4.5 to
5.5 days and in the rear quarters from 3.5 to 4.5
days.
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FIG. 1—Plates showing zones of infiibition produced by oxytetracycline: a (top left), typical negative plate; b (top
right), slight inhibition ( <3.5 mm in diamourg; and c (bottom), analytically measurable zones (>3.5 mm to 25 mm
in diameter, depending on dilution taken).

Table 1, in addition to showing & decrease in
antibiotic residues in the milk from the treated
quarter, shows the appearance of residues in the
milk from the untreated quarters. The question
as to whether these residues are a result of septal
transfer cannot be answered unequivocally, but it
would appear that the major mechanism of trans-
fer is via the circulatory system. This was shown
when 20 ml of a 50 mg oxytetracycline hydro-
chloride/m! preparation was injected intrave-
nously and the relationship between blood levels
and milk residues was investigated (Fig. 4). As
can be seen, blood levels drop within 28 hr to a
level below the analytical ability (3) to detect
antibiotic presence while measurable residues
appear in milk up to 48 hr after injection. The

additional 20 hr in which residues occur refiect the
fact that biood levels are indeed present but not
measurable and the antibiotic can be concen-
trated by the alveoli.

The appearance of antibiotic residues in the
milk of untreated quarters after mastitis treat-
ment has been previously noted. Siddique and
co-workers (8) reported the phenomenon of trans-
fer of antibiotic residues to untreated guarters
with penicillin, neomycin, and dihydrostrepto-
myecin and felt that much of the variability in
such data was a result of the inadequate sensi-
tivity in the analytical methods utilized. Schipper
and Petersen (9) postulaied that such transfers
occurred via the blood stream, aithough they felt
that there was some degree of direct diffusion
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FIG. 4—Disappearance of oxy ycline from blood

and miik after intravenous injection.

across the membranes. Randall et al. (10) re-
ported that chlortetracycline could be transferred
to the milk of untreated quarters but that oxy-
tetracycline transfer could not be detected. This
observation is undoubtedly a case where ana-
lytical sensitivity was the major factor, since
chlortetracycline is more easily detected and mea-
sured than oxytetracycline by at least a factor of
3. Baumgartner and Muelier (11) reported the
presence of tetracyclinc residues in milk after
intramuscular injection. This report indicated
that the circulatory system contributed signifi-
cantly to the distribution of antibiotics in the
milk.

To insure that the observed phenomena (anti-
biotic residues persisting longer than expected in
the milk after mammary infusion and low level
residues appearing in the milk from untreated
quarters) was not unique to this test animal, the
experiment was repeated, using an additional
lactating cow. Figure 5 and Table 2 show a
profile similar to the results obtained with cow A.
Measurable residues persisted in the treated quar-
ter for 4.5 days with the trace designation con-
tinuing 1 additional day. Measurable residues in
the untreated quarters appeared for 3.5 days.
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FIG. 5—Disappearance of oxytetracycline from milk of
leftfront quarter after intramammary infusion of cow B.

From these experiments, it should be noted
that residues of antibiotics can occur from a pre-
scribed usage. If these data are reviewed in light
of the sensitivity of 0.10-0.12-pg oxytetracy-
cline/ml that these investigators could achieve
with the FDA suggested procedure (4), residues
would have disappeared in about 3.5 days. Al-
though this does not allow for a full additional 24
hr safety period, it is in reasonable agreement
with the 4 day withdrawal period. In light of the
sensitivity of the FDA suggested procedure, the
original requirements related to the intramam-
mary infusion are not incorrect. However, based
on the data from these studies and accepting a
5 day average for residues to disappear, a 6 day
withdrawal interval is in order; based on the
longest time measurable residues were found (5.5
days) a 6.5 day withdrawal period is in order.
These withdrawal time suggestions are based
upon the results found from within these studies
and should be interpreted in light of the very
limited number of animals used. Obviously, a
larger number of animals should be studied and
recommendations made from these larger studies.
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Table 1. . Disappearance of oxytetracycline residues from treated and untreated quarters®
D:'Ys Oxytetracycline in milk from treated rear quarters, ug/m!
after
treatment  R.R.? L.R. R.F. L.F. R.R. LR R.F. L.F.
v
0.0 N.D.¢ "N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0.5 58.20 0.054 0.067 0.058 0.054 54.00 0.054 0.125
1.0 15.12 0.047 0.040 0.040 0.054 6.10 0.057 0.079
1.5 2.20 T T T T 1.13 T 0.065
2.0 0.%0 T T T N.D. 0.15 N.D. N.D.
2.5 0.54 0.061 0.04 T N.D. 0.083 N.D. N.D.
3.0 0.25 T T T N.D. 0.072 N.D. N.D.
3.5 0.14 T N.D. N.D. N.D. 0.050 N.D. N.D.
4.0 0.10 T N.D. N.D. N.D. T N.D. N.D.
4.5 0.04 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
5.0 Té N.D. N.D. N.D. N.D. N.D. N.D. N.D.
5.5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
6.0 N.D. N.D N.D. N.D. N.D. N.D. N.D. N.D.
6.5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1.0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
7
Oxytetracycline in milk from front quarters, ug/mi
R.R. L.R. R.F? L.F. R.R. L.R. R.F L.F?
0.0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0.5 0.061 0.050 115.00 0.050 0.072 T 0.065 97.00
1.0 0.046 0.048 28.80 T T 0.054 0.054 15.30
1.5 T T 9.90 N.D. 0.043 0.043 0.045 4.50
2.0 N.D. N.D. 2.10 N.D. T T T 1.3
2.5 N.D. N.D. 0.%0 N.D. N.D. N.D. N.D. 0.54
3.0 N.D. N.D. 0.40 N.D. N.D. N.D. N.D. 0.23
35 N.D. N.D. 0.27 N.D. N.D. N.D. N.D. 0.15
4.0 N.D. N.D. 0.12 N.D. N.D. N.D. N.D. 0.070
4.5 N.D. N.D. 0.068 N.D. N.D. N.D. N.D. 0.060
5.0 N.D. N.O. 0.052 N.D. N.D. N.D. N.D. 0.046
5.5 N.D. N.D. 0.040 N.D. N.D. N.D. N.D. T
6.0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
6.5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
7.0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

% R.R. = Right Rear Quarter; L.R. = Left Rear Quarter; R.F. = Right Front Quarter; L.F. = Left Front Quarter.

® Treated quarter.

€ N.D. = Not Detected; zone approximately 8.5 mm in diameter.
4T = Trace; zones 9.0-9.5 mm in diameter.

Table 2.

i 2

of oxytetracy r
from treated and untreated quarters®

Days Qoxytetracycline in
after

milk from front quarter,

frant. ug/mi magnitude found in these studies are a potentially
ment  R.R. R.F. L-R. L.F} serious health hazard is difficult to say unequivo-
o — R KB, HiE. cally. N onethele.ss, it is apparent that a review of
05  0.046 0043  0.046  97.50 current usages is reasonable to assure minimal
1.0 0.043  0.047 0.043 18.80 exposure of the public to antibiotic residues.
1.5 0.041 0.045 0.041 4.90 " i nats o
Y e 0. 058 i 063 i 16 In ndc%ltlon t.o thg health ramifications, oxy-
2.5 0.043 0.045 0.051 0.15 tetracycline residues in the range 0.05-0.10 pg/ml
3.0 0.051 0.049 0.043 0.12 were shown by Feagan (12) to cause a 30%, reduc-
3.5 0.045  0.046 0.046 0.095 tion in acid production i . b tarte
4.0 T T 0.045 0.057 on in acid production in various cheese starters.
4.5 N.D. N.D. T 0.046 Cogan (13) noted that residues in milk from
:-g :g- : :'g- z'g- ; mastitis therapy may be an important cause of
6.0 N.D. N.D. N.D. N.D. delayed lactic acid production during cheese and
6.5 N.D. N.D. N.D. N.D. yogurt manufacture.

-4 See footnotes, Table 1.

However, the original premise concerning the
possibilities of unwanted residues from prescribed
use is valid. Whether or not the residues of the

Received August 24, 1872.
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This paper was presented at the 86th Annual Meeting of the
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o~

Pharmacognosy Meeting

The American Society of Pharmacognosy and the Pharmacognosy and Natural
Products Section of the Acadamy of Pharmaceutical Sciences announce & joint meeting
to be held July 15-20, 1973 at the Atlantic Carriage Inn, Jekyll Island, Ga. Three days
will be devoted to a Symposium on Biotransformations and Fermentations.

The deadline for submission of abstracts of original research for presentation at the
scientific sessions of this meeting is June 1, 1973. For further information write to
Dr. S. J. Stohs, College of Pharmacy, University of Nebraska, Lincoln, Neb. 68508.
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PESTICIDE RESIDUES

Gas Chromatographic Determination of Residues of
Methylcarbamate Insecticides in Crops as Their 2,4-

Dinitrophenyl Ether Derivatives

EDWARD R. HOLDEN

Agricultural Research Service, U.S. Department of Agriculture, Belisville, Md. 20706

A general procedure was developed for deter-
mining mecthylcarbamates in plant materials.
The residue is extracted from crop matcrial
with acetonitrile, and the extractive is purified
by partitioning with petroleum ecther and
coagulating with phosphoric acid-ammonium
chloride solution. Phenolic impurities are
largcly eliminated by partitioning a methylene
chloride extract with 0.1V potassium hydrox-
ide. Carbamate residues are then treated with
1-fluoro-2,4-dinitrobenzene to form the ether
derivative without a prior hydrolysis step.
Efficiency in the conversion of the phenolic
moicties to the phenyl cthers is essentially
100%, thus providing for good reproducibility.
Residues may be determined at levels as low
as 0.05 ppm. Recoveries generally range be-
tween 90 and 110%.

A multiresidue method for determining carba-
mate pesticides is needed that can be incorporated
into the existing system for determining chlori-
nated and phosphated pesticides (1). With capa-
bility extended to the carbamates, a considerable
number of all 3 general classes of organic pesti-
cides might be determined by the use of aliquots
of an acetonitrile extract from 2 single crop sam-
ple.

The present paper describes a multiresidue
method based on the conversion of the carba-
mates to their 2,4-dinitrophenyl ether derivatives
for determination by electron capture gas chro-
matography. The method has greater specificity
than that of the earlier 2,4-dinitroaniline method
(2). Moreover, Jess work is required, and no sig-
nificant interference is introduced by impurities.

METHOD
Reagents :

(a) Boraz.—59, aqueous solution.

(b) Celute 645.—Johns-Manville Co. Wash thor-
oughly with acetone, and dry 2 hr at 110°C.

(c) Coagulating solution.—Dissolve 20 g NH,Cl
and 40 ml H3PO, (85%) in 360 ml water-to prepare

stock solution. Dilute 100 ml stock solution to 1 L
for coagulation.

(d) I-Fluoro-2,4-dinilrobenzenc.—Eastman Kodak
Co. Redistill at 128°C and 1 mm pressure. Dissolve
1.5 ml in 25 ml acetone.

(e) Pesticides.—Best quality obtainable from
manufacturers, analytical grades when available.
Compounds tested are identified by chemical name
in Table 1.

(f) Potassium hydrozide soluti
solution.

(g) Sodium chioride solution.—Saturated agueous
solution.

(h) Solvenis.—Acetone, CH2Cl;, and isooctane
(all redistilled in glass); acetonitrile (pesticide grade,
Matheson, Coleman & Bell); petroleum ether (tech-
nical grade, redistill over dispersed sodium);
acetophenone and methanol (analytical grade).

—0.5N

9

Gas Chromatographic Apparatus

A Packard Model 802 gas chromatograph
equipped with tritium electron capture detector was
used. The 18” X ¥{” od glass column contained 109,
DC-200 (12,500 cst) on 60-70 mesh Anakrom ABS
(Analabs, Hamden, Conn.). Porous Tefion end plugs.
for 1{” od glass tubing (Chemical Research Services,
Inc., Addison, I11.) are preferable, but glass wool can
be used at outlet and omitted at inlet if necessary.
(Glass wool at inlet tends to adsorb derivatives
gradually and to release them later, giving rise to
“‘ghost images'’ of the compounds.) Equilibrate col-
umn 2 days at 250°C and 2 weeks at 212°C. Operai-
ing conditions: column 212°C, detector 218°C,
standby temperatures 190 and 200°C, respectively;
nitrogen carrier gas 60 ml/min; sensitivity setting
1 X 107* amp full scale; and detector potential
either 25 or 50 v, depending on response level needed
(34 to 24 full scale peak height with injections equiv-
alent to 4 ng carbamate).

Extraction of Pesticides

Place 100 g sample and 200 ml acetonitrile in
square screw-top jar, and macerate in blender oper-
ated 2 min at moderate speed. Filter with suction
into 500 ml round-bottom fiask through rapid paper
in 11 cm Biichner funnel. Transfer aliquot equiva-
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Table 1.
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Chemical ldentity of pesticides studied

Common name

Chemical name

Aminocarb
Bay 32651
Bay 78537
Bux®:
Major isomer®
Minor isomer
Carbanolate
Carbary!
Carbotfuran
Ciba C-9643
Decarbofuran (Bay 62863)
Hercules 5727

4-(dimethylamino)-m-tolyl methylcarbamate
4-(methylthio)-m-tolyl methylcarbamate
2,3-dihydro-2,2-dimethyl-7-benzoturanyi acetylmethylcarbamate

m-(1-methylbutyl)pheny! methylcarbamate
m-(1-ethylpropyl)phenyl methylcarbamate
6-chloro-3,4-xylyl methylcarbamate

l-naphthyl methyicarbamate
2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate
o-(4-methyl-1,3-dioxolan-2-yl) phenyl methylcarbamate
2,3-dihydro-2-methyl-7-benzofuranyl methylcarbamate
m-cumenyl methylcarbamate

Hercules 9007
Landrin®:

Major isomer®

Minor isomer
Mesurol® (Bay 37344)
Mexacarbate (Zectran®)
Mobam
Promecarb
Propoxur

m-cumenyl (chloroacetyl)methylcarbamate

3,4,5-trimethylphenyl methylcarbamate
2,3,5-trimethylphenyl methylcarbamate
4-(methylthio)-3,5-xylyl methylcarbamate
4.(dimethylamino)-3,5-xylyl methylcarbamate
benzo{b]thien-4-yl methylcarbamate
m-cym-5.yl methylcarbamate
o-isopropoxypheny! methylcarbamate

% Ratio between major and minor active isomers in Bux is 3:1, which in total represent 65% of the product.
® Ratio between major and minor active isomers in Landrin is 4:1.

lent to 40 g crop, e.g., 112 ml filtrate of crop contain-
ing 859% water!, to 250 ml separatory funnel, and
shake sample 10 sec with 25 ml saturated NaCl solu-
tion. Drain and discard aqueous phase. Repeat once
with fresh NaCl solution. Add 100 ml petroleum
ether, and shake 30 sec. Drain acetonitrile phase into
1 L separatory funnel. Strip petroleum ether phase
by shaking 20 sec with 50 and then with 10 ml ace-
tonitrile, draining each into the 1 L separatory fun-
nel. Add 300 ml water, 25 ml saturated NaCl solu-
tion, and 50 ml methanol. Extract mixture with 100
and with two 25 ml portions CH,Cl,, shaking each
20 sec, and drain lower layer into 500 ml round-
bottom flask. Add 2 drops acetophenone, and evap-
orate in rotary cvaporator connected tg water as-
pirator pump. During evaporation, keep water bath
within 40-50°C range and remove flask from water
bath when extract volume has been reduced to few
ml, so that final evaporation to dryness takes place
at low temperature.

Add 5 ml acetone, and swirl flask to dissolve resi-
due. Add 50 ml coagulating solution, mix by swirl-
ing, add 1-2 g Celite, and swir] again for few mo-
ments. Pour solution into 150 ml suction filter of
medium porosity packed with }{” Celite, and collect
filtrate in 500 ml round-bottom flask. Break vacuum
immediately after liquid is drawn into Celite layer.
Rinse sides of flask with 5 ml acetone, swirl, and re-
peat coagulation procedure. Rinse flask with 20 ml
coagulating solution, and add rinse to filter just
after liquid of second coagulation is drawn into

Celite layer. After filtration is complete (ca 5 min),
transfer filtrate to 250 ml separatory funnel. Extract
carbamates by shaking 20 sec with three 25 ml por-
tions CH:Cl;, rinsing filter flask with each portion
before adding to separatory funnel. Drain CH.Cl:
(lower) extract into another 250 ml separatory fun-
nel. Add 40 ml water and 10 ml 0.5N KOH, mix
briefly by gentle swirling, and shake 20 sec. Drain
CH2Cl. through granular anhydrous Na;SO4 sup-
ported by glass wool in filter funnel, and collect fil-
trate in 250 ml Erlenmeyer flask. Add 10 ml CHsCl,
to separatory funnel, swirl gently, and drain organic
phase. Repeat once. Rinse filter with two 10 ml por-
tions CH2Clz. Add 2 drops acetophenone, and evap-
orate with same technique used in first evaporation.

Determination

Add 100 m! water, 2 ml 0.58 KOH, and 1 ml
1-fluoro-2,4-dinitrobenzene solution. Stopper, and
mix 20 min at high speed on mechanical agitator.
Add 10 ml 5% borax, swirl to mix, and heat on steam
bath 20 min. Cool to room temperature by placing
flasks in shallow water bath for 10 min. Add 5 ml
isooctane, stopper, shake at high speed 3 min, and
pour into 250 ml separatory funnel. Drain aqueous
phase, and rinse twice with water. Drain isooctane
solution into glass-stoppered test tube, and inject 10
ul sample into gas chromatograph. If necessary,
dilute sample and rechromatograph. Recovery,
ppm = ng from standard curve X 0.0125 X dilution
factor.

1 g crop = g sampic extracted X ml aliquot/total volume.
Total volume = ml water in sample + acctonitrile added -5
mi jon for volume ion (3).

This report of the Asaociate Refcrce was presented at the
86th Annual Meeting of the AOAC, Oct. 8-12, 1872, at Wash-
ington, D.C.
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FIG. ) P to carb recovered from kale at

0.05 ppm (broken lines) superimposed on chromato-

gram from unfortified kale sample (solid lines). a, pro-

poxur; b, Landrin, minor isomer; c, Landrin, major
isomer; d, carbanolate.
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FIG. 2—See Fig. 1 caption. a, Hercules 5727; b, Bay

78537; c, mobam.
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FIG. 3—S

Fig. 1 capti

a, pr b; b, Bux, major

isomer; ¢, Bux, minor isomer; d, Mesurol.

Preparation of Standard Curves

Dissolve 50 mg of each carbamate in 100 ml ben-
zene and store in brown bottles. Combine 5 ml ali-
quots from these solutions in groups as shown in
Figs. 1-3, dilute to 50 ml with benzene, and store in
brown bottles. Transfer 50 ul of each group to 250
ml Erlenmeyer flask, and derivatize as under Deter-
minalion. After extraction of derivatives, solutions

will contain the equivalent of 0.5 ng each carba-
mate/ul. Chromatograph 4, 6, 8, and 10 ul and plot
mm response versus ng carbamate.

This paper reports the results of research only. Mention of
an insecticide or proprietary product in this paper does not
i ion or an end of this product
Agriculture.

ar 1
by the U.S. Department of



716

RESPONSE

MINUTES

Fig. 1 i a, H S007; b, carbo-
furan; c, carbaryl.

FIG. 4—S

Table 2. Recoveries of 13 carbamate insecticides
from kale fortified at levels indicated

% Recovery at:
Insecticide 0.2 ppm*  0.05 ppm
Bay 78537 9 98
Bux:
Minor isomer 0 80
Major isomer 89 88
Carbanolate 99 102
Carbaryl 97 107
Carbofuran 98 103
Decarbofuran 88 105
Hercules 5727 90 94
Hercules 9007 87 b
Landrin:
Minor isomer 95 94
Major isomer 98 100
Mesurol 100 103
Mobam 173 108
Promecarb 95 97
Propoxur 95 100

® In these determinations, the solvent was evaporated
without the aid of a keeper to reduce pesticide losses.

Results

The response to carbamate residues is illus-
trated in Figs. 1-5. Residues were extracted from
kale fortified at 0.05 ppm. As shown by the blank
determination (solid lines), the background was
negligible.

Recoveries of 13 carbamates (including those
of each active isomer of Bux and Landrin) from
kale are listed in Table 2. The values at the 0.2

JOURNAL OF THE Aoac (Vol. 56, No. 3, 1973)
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FIG. 5—See Fig. 1 caption.

ppm level, although generally acceptable, were

probably lowered somewhat by small losses in the
evaporative steps. Such losses became more evi-
deat at the 0.05 ppm level, and the use of a
keeper (acetophenone) was instituted to minimise
volatilization. Recoveries of 4 carbamate pesti-
cides (including those of both isomers of Landrin)
from 9 vegetable crops fortified at 0.05 ppm are
given in Table 3. Average recovery for the 45
values was 102.5%,, range, 88 to 115%,.

Discussion

The method described is generally suitable for
the determination of aromatic methylcarbamates
that do not contain an amino group. The only
exception found in this category was Ciba C-9643,
which was not recovered in the cleanup proce-
dure. The phenol of Bay 32651 was found to form
the phenyl ether derivative, but the parent carba-
mate was not available for recovery tests. Carba-
mates containing a p-dimethylamino group, nota-
bly aminocarb and mexacarbate, were not re-
covered in cleanup. Dimetilan, dimetan, and
Pyrolan (dimethylcarbamates) and aldicarb (an
oxime) did not form satisfactory derivatives.

The 2,4-dinitrophenyl ether derivatives of car-
bamates are stable compounds with good chro-
matographic characteristics. At the relatively
high column temperature required in gas chro-
matography, impurities tend to elute well in
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Table 3. .Recoveries of 4 insecticides from various vegetable crops fortified at 0.05 ppm

Recovery, %
Landrin, Landrin,

Crop Propoxur minor isomer majorisomer  Carbanolate Carbaryl
Asparagus 102 103 103 95 97
Carrots 102 88 107 101 100
Cucumbers 108 104 104 104 106
Eggplant 104 92 102 99 102
Green beans 108 96 115 115 95
Lettuce 94 96 93 95 100
Spinach 108 108 108 105 109
Squash 108 100 103 104 106
Tomatoes 106 98 104 105 112

advance of the carbamate range, thus minimizing
interference. Solvents and reagents, when avail-
able in analytical grades, required no further
purification. At levels as low as 0.05 ppm, back-
ground was negligible in all recovery tests, and no
blank determinations were needed for data cor-
rection.

Recommendation
The method described has been constructed
within the framework of the AOAC objectives for
multiresidue determinations, and it appears to be
well suited to such purpose. It is therefore recom-

mended that the method be studied collabo-
ratively.

" REFERENCES
(1) Official Methods of Analysis (1970) 11th Ed.,
AOQAC, Washington, D.C., Chapter 29
(2) Holden, E. R., Jones, W. M., & Beroza, M.
(1969) J. Agr. Food Chem. 17, 5659
(3) Mills, P. A., Onley, J. H., & Gaither, R. A.
(1963) JAOAC 46, 186-191

dati

Ther of the A Referee was approved
by the General Referee and by Subcommittee E and was ac-
cepted by the Association; sec (1073) JAOAC 56, 404-405. -

Ao
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Factors Relating to Completeness of Solvent Extraction of

Dieldrin from Milk

CATHARINA Y. W. ANG! and LEROY R. DUGAN, Jr.
Department of Food Science and Human Nutrition, Michigan State University,

East Lansing, Mich. 48828

Milk containing added dieldrin was scpa-
rated into 2 lipid fractions by differential sol-

vent extraction. Fraction 1 was extracted with -

nonpolar hydrocarbon solvents and Fraction 2
with the same solvent system after mixing
with sodium oxalate and ethanol. Three sol-
vent systems were compared. Dieldrin concen-
trations in Fraction 1 of all 3 solvent systems
were much higher than in Fraction 2 on a fat
basis. Less than 50% of thec dicldrin was recov-
cred in Fraction 1, probably because of the low
rocovery of hydrocarbon solvents from fluid
milk or factors that depressed the separation
of solvents from milk. Factors possibly in-
volved were the adsorption of solvents and
pesticide to the hydrophobic groups of mem-
branc proteins and/or serum protcins or the
penetration of solvents and pesticide into the
fat globules of milk.

The extraction from milk of chlorinated hydro-
carbon pesticide residues and lipids usually re-
quires the use of alcohol or other agents to disrupt
the fat globule membrane before extraction with
hydrocarbon solvents. Beroza and Bowman (1)
reported that several nonpolar pesticides added
to milk were also poorly recovered by a solvent
mixture of hexane and ethyl ether. In the present
study the problem of solvent extraction of diel-
drin from milk was investigated further.

Milk fortified with a known amount of diel-
drin was extracted with nonpolar hydrocarbon
solvents. The residual portion was mixed with
ethanol and sodium oxalate before further extrac-
tion with the same solvent system. The amounts
of lipids and the concentrations of dieldrin in
these fractions were determined. Three solvent
systems were compared.

Experimental
Reagents
(a) Solvents.—Ethy] ether, hexane, and petroleum
ether, nanograde; acetone, spectrophotometric

grade; ethanol, 200 proof, USP grade.

1 Present address: Food Science Aseocistes, Inc., Dobbs
Ferry, N.Y. 10522,

(b) Dicldrin—99% HEOD (1,2,3,4,10,10-hexa-
chloro-G,7 -epoxy - 1,4,4a,5,6,7,8,8a-octahydro- 1,4-
endo - ezo - 5,8 - dimethanonaphthalene); Applied
Science Laboratories.

Apparatus

Gas chromatograph.—A Beckman - GC-4 gas
chromatograph equipped with electron capture de-
tector was used. Column: 4’ X 14" od packed with
11% of a mixture of QF-1 and OV-17 (3+1) on 60-80
mesh Gas-Chrom Q. Column temperature, 220°C;
carrier gas, helium; fiow rate, 30 ml/min. The peak
heights of dieldrin in samples were compurixi
standards for quantitative evaluations.

Procedure

One ml acetone solution containing 500 mg dieldrin
was added dropwise to 100 ml commercial pasteurized
homogenized milk with stirring (at a 5 ppm level on a
weight basis). The mixture was allowed to equilibrate
for 45 min at room temperature with occasional
stirring. .

Three solvent systems were compared for extrac-
tion. System 1 was hexane-ethyl ether (1+1, v/v)
(1). One hundred ml milk was mixed thoroughly
with 100 ml of this solvent mixture in a separatory
funnel. The milk and solvent. mixture was then
transferred to a centrifuge bottle and centrifuged at
2000 X g for 15 min. The separated solvent layer
was removed with a pipet and the remaining portion
was re-extracted 2 more times with the same solvent
system. The solvent extracts -were combined, the
volume was measured, the extract was concentrated
under a stream of nitrogen gas on a steam bath, and
the resulting lipids were weighed.

The second lipid fraction was obtained from the
residual portion of milk by adding 100 ml ethanol
and 1 g sodium oxalate and then extracting 3 times
with the same solvent mixture. The combined ex-
tracts were washed with 100 ml 59 NaCl solution
and dried over a column of anhydrous NasSO, (2.5
c¢m). The volume of this combined solution was
measured before concentration.

Solvent systems 2 and 3 were petroleum ether and
ethyl ether-petroleum ether (141, v/v), respec-
tively. The amounts of_solyents used and the tech-
niques involved were those referred to in the FDA
Pesticide Analytical Manual (2), except that lipid
Fraction 1 was extracted with nonpolar hydrocarbon



ANG & DUGAN: SOLVENT EXTRACTION OF DIELDRIN RESIDUES

solvents only, and Fraction 2 was extracted from the
residual portion of milk as described above.

The extracted lipids of each fraction were cleaned
upsby 2 Florisil-Celite column technique described
by the Shell Chemical Company (3) and dieldrin was
determined by gas chromatography.

Results and Discussion
Results in Table 1 show that only a small per-
centage of the milk lipids was obtained in Frac-
tions 1 by any of the 3 solvent_systems used.
Slightly higher recovery of lipids was provided by

solvent system 3. Fractions 1 contained relatively .

greater concentrations of dieldrin on a lipid basis
than Fractions 2 did. It is thus apparent that
added dieldrin was more readily extracted with
hydrocarbon solvents than were the milk
lipids. However, all residue was not extracted
unless all lipids were extracted, as indicated in
Table 1, since the total recoveries of dieldrin in
Fractions 1 were only 40.6-47.4%.

The present results on the recoveries of lipid
Fractions 1 from milk were somewhat lower than
those reported by Beroza and Bowman (1) with
solvent system 1. However, the recoveries of
dieldrin with the nonpolar hydrocarbon solvents
were higher than Beroza and Bowman indicated.
The concentration of dieldrin in the total ex-
tracted lipids was higher with solvent system 1
than with the other 2 systems. The total amounts
of lipids extracted by solvent system 1 were very

Tabie 1. Distribution of lipid and dieldrin in
solvent-separated milk fractions®
Dieldrin & %
Solv. Frac- % Lipid concnin % Rec. Approx.
sys- tion of lipid, of rec. of
tem® no.t milk ppm  dieldrin  solv.
1 1 0.11 1878.0 40.6 20
2 2.5 97.5 47.6 100
Total 2.67 168.3 88.2
2 1 0.09 2353.0 43.4 20
2 kR Y 87.7 52.0 100
Total 3.2 151.8 9.4
3 1 0.84 285.5 47.4 43
2 2.45 . 91.8 45.0 100
Tota! 3.29 141.3 92.4

¢ Commercial pasteurized homogenized milk fortified
wlth 5 ppm dieldrin on a weight basis.
Y L h thyl ether; sy 2,
petmleum ether; system 3, ethyl ether petroleumn ether.
¢ Ether-extractable lipids and aicaholic ether-extract-
able lipids tor the first and second fractions, respec-
tively.
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low; therefore the total recovery of dieldrin was
still lower by system 1 than by the other 2
solvent systems. Lawrence and Burke (4) also
observed. that the residue levels tended to be
higher on a fat basis when only a portion of the
total fat was extracted from milk and analyzed.

The less than 1009, total recovery of dieldrin
might be due to the cleanup and evaporation, and
only a small percentage, if any, of the loss would
be due to inefficient extraction. This study sup-
ports the concept that the distribution of dieldrin
in lipid fractions extracted differently would be
variable and it is very important to extract all of
the lipids from milk if the subsequent residue
analysis is to be based on the isolated lipid
fraction. :

Since butterfat is enclosed within the fat glob-
ule membrane, milk fat as well as physiologically
incorporated lipophilic pesticide cannot be. to-
tally extracted by hydrocarbon solvents unless
the fat globule membrane is disrupted with etha-
nol or other agents. Beroza and Bowman (1)
found that the recovery of added nonpolar pesti-
cides with the solvent mixture of hexane-ethyl
ether was very low unless alcohol was used. They
thought that the low recovery was due to the
adsorption of pesticides onto the fat globules
rather than to their penetration into the fat body.
They also stated that the binding of nonpolar
residues with the aqueous phase appeared to be
important when the cream was removed. How-
ever, they did not report the recovery of the non-
polar solvents used.

It was observed during the course of this study
that the nonpolar hydrocarbon solvents or the
combined solvents were very difficult to separate
completely from the fluid milk once they were
mixed. Approximate recoveries of the solvents
were 20-43%, as shown in Table 1. Separations of
the solvents from the skim milk phase were also
poor. On the other hand, when ethanol and oxa-
late were added, recoveries of added solvents im-
proved significantly. The solvent volume col-
lected this time accounted for approximately all
the solvent added for the second extraction and
the remaining solvent from the first extraction.
This finding implied that the low recovery of
dieldrin, and possibly milk fat as well, might be
due in part to low recovery of solvents, or to

Station Journal Article
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factors which depressed the recovery of solvents
from milk, c.g., adsorption of solvents and pesti-
cidc onto the hydrophobic groups of the mem-
brane proteins and/or serum proteins. Alcohol is
needed to break up the emulsion between the
solvents and the milk components, as well as to
disrupt the fat globule membrane.

It is also possible that the added nonpolar
hydrocarbon pesticide and nonpolar solvents have
penetrated into the fat globules, as suggested by
the concept of Swope (5) that the milk fat globule
membrane appeared to be composed of aggre-
gates of particles instead of intact layers. Another
study conducted in this laboratory showed that
most of the added dieldrin was recovered in the
butteroil fraction after separation (6); this recov-
ery could be due to either the penetration of
pesticide through the fat globule membrane or an
altered deposition during the separation proc-
esses.

Numerous factors may be involved in the
distribution and recovery of pesticides in the

milk system. The roles of adsorption, mutual-

solubility, solvent release, and other factors are
yet to be fully assessed.

C—
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Users of the 11th Edition of Official Methods of Analysis

When using the AOAC Official Methods of Analysis, have you found errors, noted
any methods that are obsolete, poorly written, or confusing, or noticed the lack of

proper indexing?

Although the 11th Edition has just been published, we are already taking steps to
start preparation for the 12th Edition (1975). Please help us to make the next edition
as error-free as possible. Mail all comments and suggestions (a formal letter is not
necessary) to Dr. William Horwitz, Executive Director, AOAC, Box 540, Benjamin

Franklin Station, Washington, D.C. 20044.
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Determination of Several Chlorinated Pesticides by the
AOAC Multiresidue Method with Additional Quantitation of
Perthane after Dehydrochlorination: Collaborative Study

RICHARD T. KRAUSE!

Food and Drug Administralion, 240 Hennepin Ave.,

The AOAC multiresidue metbod for chlori-
nated pesticides, 29.001-29.017, was studied
collaboratively by 7 laboratories. Perthane,
beptachlor epoxide, mirex, and dieldrin were
determined in apple and caulifiower samples
fortified at 2 levels, and Perthanc was deter-
mined in butterfat samples fortified at 2 levels.
Pertbane was quantitatively measured before
and after a simplified debydrochlorination pro-
cedure. Average recoveries and coefficients of
variations for pesticides in the apple samples
for both levels were: Perthane 100:10%, hep-
tachlor epoxide 102+14%, mirex 96+9%, di-
eldrin 101 +14%, and Perthane (after dehydro-
chlerination and recalculation to the parent
compound) 100+9%. Average recoveries and
coefficients of variation for pesticides in the
caulifiower samples for both levels were:
Perthane 105+9%, heptachlor epoxide 103+
15%, mirex 10347%, dieldrin 98+11%, and
Perthane (after dehydrochlorination and re-
calculation) 100:£10%. The average recovery
for both levels of Perthane (after dehydro-
chlorination and recalculation) in the butter-
fat samples was 91+10%. For a spinach sample
with field-incurred residues the collaborators
found an average of 4.47 ppm Perthane before
debydrochlorination and 5.09 ppm Perthane
as the olefin after dehydrochlorination., In
most instances, the identities of all the resi-
dues were confirmed by TLC. The debydro-
chlorination technique has been adopted as
official first action. '

A collaborative study for Perthane, heptachlor
epoxide, mirex, and dieldrin residues was con-
ducted, using the AOAC method for multiple
pesticide residues, 29.001-29.017 (1). The study
also included the quantitative measurement of
Perthane as the olefin after dehydrochlorination
by the method previously described (2). The
AOAC method utilizes the extraction and Florisil
cleanup procedures reported by Mills et al. (3),
with quantitative determination of the residues

1 Present address: Divigion of Chemistry and Physics, Food
Drug Admini ion, Washi D.C. 20204.

Minneapolis, Minn. 55401

by gas-liquid chromatography (GLC) (4) and
qualitative confirmation by thin layer chroma-
tography (TLC) (5). The AOAC multiresidue
method has previously been collaboratively
studied with a number of pesticides (1). This
paper extends collaborative data on the method
to include Perthane, heptachlor epoxide, mirex,
and dieldrin in nonfatty foods and Perthane in
fatty foods. The 6%, eluates of the various sam-
ples were also subjected to the dehydrochlorina-
tion procedure (2) to enable quantitation of
Perthane as the olefin to which the electron cap-
ture GLC detector is more sensitive.

Instructions to Collaborators

The collaborators were instructed to subject 17
pg Perthane to the dehydrochlorination proce-

‘dure (2) and to calculate the per cent of theo-

retical yield of the Perthane olefin which they
obtained. This familiarized the collaborators with
the dehydrochlorination procedure and provided
data on the conversion of Perthane to its olefin.
The collaborators were next instructed to analyze
the various products which were provided. Each
collaborator was sent one homogenized sample
each of apples and cauliflower, a sample of canned
spinach, and 3 samples of butterfat. Four am-
poules containing acetonitrile solutions of the 4
pesticides were provided for fortifying the apple
and cauliffiower samples. The canned spinach
contained field-incurred residues of Perthane and
2 of the butterfat samples had been previously
fortified with 3.00 and 0.54 ppm Perthane. The
collaborators were instructed to analyze a por-
tion of both the apple and the caulifiower sam-
ples “as is” for a crop blank and to fortify two
100 g portions of each with the designated solu-

_tion. The levels of pesticides in the fortified

samples are given in Table 1. The tolerance levels
for Perthane, heptachlor epoxide, mirex, and
dieldrin in or on apples or caulifiower are 15, 0,

This report of the Associate Referee was presented at the
86th Annual Meeting of the AOAC, Oct. 9-11, 1972, at Wash-
ington, D.C.
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Table 1. Pesticide levels (ppm) in fortified
collaborative samples

Hept.

Sample Perthane Epoxide Mirex Dieldrin
Apple, A 17.0 0.150 0.121 0.150
Apple, B 1.00 0.0540  0.0452 0.0722
Caulifiower, A 15.0 0.120 0.0905  0.120
Cauliflower, B 0.700 0.0540 0.0452  0.0540

0.01, and 0.1 ppm, respectively. The tolerance
level for Perthane in meat and milk is 0. The 3
samples of butterfat and the canned spinach were
to be analyzed “as is.”

The collaborators were instructed to use the
appropriate extraction and cleanup procedures
specified in 29.009 for each product analyzed.
Pesticides were to be quantitatively measured by
electron capture GLC, using a 10% DC-200 col-
umn and conditions described in 29.017. If sepa-
ration of pesticides found in the sample was
inadequate, a 109, DC-200/15% QF-1 (6) and/or
3% DEGS column (2) could be used as pre-

viously described (2). Retention times of 46-

pesticides with the DC-200, QF-1/DC-200, and
DEGS liquid phases are given in reference 2.

Collaborators were to quantitate the pesticides
found in the 6 and 15% mixed ether eluates, and
then subject the 6% eluate to the dehydrochlo-
rination procedure (2). They were then to reinject
the sample into a gas chromatograph with a 10%
DC-200 column and electron capture detector
and, from the amount of Perthane olefin found,
calculate the ppm Perthane originally in the
sample.

Standard solutions were to be freshly ptepared,
using EPA/FDA Pesticide Reference Standards.
The Perthane olefin standard used in this study
was prepared and purified by the author. The
final purity of the Perthane olefin standard was
determined to be 994+% by GLC.

Collaborators were instructed to use TLC pro-
cedure 29.018 or 29.024 for identity confirmation
of pesticides found in the fortified samples. They
were given the ‘option of not purifying the alu-
mina when high purity grade alumina was avail-
able. The collaborators were also furnished with
an adaptation of the TLC method of Fehringer
and Westfall (7) for identity confirmation of the
pesticide residues found in the canned spinach.
The original procedure employed 2-dimensional
TLC on silica gel with n-heptane as the mobile
solvent for the first dimension, and 2%, acetone
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in n-heptane for the second dimension. The pro-
cedure provided the collaborators is given below;
chromatography is in one dimension only.

METHOD
Reagents

(a) MN-Kieselgel G-HR.—Adjusted for aflatoxin
separation (Machery, Nagel & Co., distributed by
Brinkmann Instrument Co., Cantiague Rd., West-
bury, N.Y. 11590).

* (b) Chromogenic agent for chlorinaled pesticides.—
See 29.003(c).

(c) Developing solvents.—(1) n-Heptane and (£) 19,
acetone in n-heptane. Both solvents are “distilled in
glass” (Burdick and Jackson Laboratories, Inc.,
Muskegon, Mich. 40442).

Apparatus
Sec 29.006.

Preparation of TLC Plates

Before coating, wash plates in hot soapy water and
thoroughly rinse with distilled water. Prepare slurry
of 30 g MN-kieselgel G-HR and 50 m10.2%, silver
nitrate, freshly prepared in water, and shake >30 sec
to insure proper mixing. (Slurry is enough to spread 5
plates at thickness of 250 gm.) Dry plates 20 min at
80°C and store in desiccator cabinet. Note: Wash
spreader immediately after use to prevent silver
nitrate from reacting with metal spreader.

Spotting

Proceed as in 29.020. Spot 0.2 ug pesticide to be
identified in sample as well as 0.2 ug standard and
0.2 ug p,p-TDE to be used to calculate Rrpg. Pro-
ceed as in 29.021. Use 1%, acetone in n-heptane for
6% eluate not subjected to dehydrochlorination. For
exposure of plates, proceed as in 29,026.

Results and Discussion

Table 2 gives the results for the conversion of
standard Perthane to its olefin by the dehydro-
chlorination procedure. The per cent of theo-
retical yield varied from 96 to 105, with an
average of 100%,.

Florisil chromatography used by Collaborators
1, 2, and 4-6 resulted in separation of Perthane,
heptachlor epoxide, and mirex into the 6%, eluate
and dieldrin into the 15%, eluate. Collaborator 3
did not achieve separation of the pesticides into
the proper eluate. By using 150 ml 3%, mixed
cthers and 240 ml 15% mixed ethers he separated
Perthane and mirex into the 3% cluate and di-
eldrin into the 15% cluate. Approximately 95%
of the heptachlor epoxide was recovered in the
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Table2. Conversion of standard Perthane to its olefin
by the dehydrochlorination procedure

Per cent of

Coll. Trial theoretical yield
1 A 103
8 100
2 A 100
B 100
3 A 103
B 105
4 A 9%
B 102
5 A 9
B 100
6 A 9
B 100
7 A 98
B 9%
Av. 100

3% eluate. The remainder was eluted with the
15% ethers. No separation of the pesticides was
obtained by Collaborator 7. All pesticides eluted
in the 6% eluate. This collaborator reported that
the adsorptive capacity of his Florisil, based on
the lauric acid value as described by Mills (8),
was very low.

Collaborators 3 and 6 operated their gas chro-
matographs at 2 and 5 times, respectively, the
sensitivity specified in 29.017(b), “at which 1 ng
heptachlor epoxide produces recorder response of
40-50%, full scale deflection.” All other collabo-
rators operated their instruments at the sensi-
-tivity directed.

All collaborators except Collaborator 7 used
the 109, DC-200 column to determine those pes-
ticides added to the apple, caulifiower, and but-
terfat samples. Collaborator 7 used a 109, DC-
200/15% QF-1 column for all heptachlor epoxide
and mirex determinations and a 10% QF-1 col-
umn for all dieldrin recoveries. He used a 3%
DEGS column for the measurement of Perthane
as its olefin. The parent Perthane could not be
calculated by this collaborator for any of the
GLC columns because of the interferences of
heptachlor epoxide or dieldrin.

Collaborator 7 calculated the amount of pesti-
cide found from a linearity curve determined on
the day of the analysis. Collaborator 2 reported 4
results that were not used in the statistical analy-
ses of this study. These results were probably
affected by use in quantitation of sample and
standard GLC peak heights which were widely
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different and which probably exceeded the linear
range of response. All other collaborators had
“residue and std peaks . . . of similar size” as
stated in 29.017 "for most accurate measure-
ment. . .."”

Four collaborators reported from 0.09 to 0.177
ppm dicalfal (Kelthane) in the apple crop blank.
The other 3 collaborators also detected the di-
calfal peak but did not identify it. Three collabo-
rators reported a trace of DDE, 2 collaborators
reported a trace of DDT, and one collaborator
reported traces of dieldrin and the Perthane ole-
fin. Another collaborator also reported a trace of
heptachlor.

Fortification levels and recoveries of the pesti-
cides added to the apple samples are given in
Table 3. The average per cent recoveries for the
2 levels A and B, respectively, were Perthane 99
and 101, heptachlor epoxide 99 and 104, mirex
94 and 97, and dieldrin 101 and 101. The amount
of Perthane olefin found after dehydrochlorina-
tion was calculated to the parent compound with
average per cent recoveries of 101 and 100, re-
spectively, obtained for the 2 levels.

Some low level residues were reported in the
caulifiower crop blank. Three collaborators re-
ported trate to 0.006 ppm dieldrin, 2 collabora-
tors reported a trace of endrin, one collaborator
reported traces of DDE and TDE, and one
collaborator reported a trace of TCNB. The di-
eldrin found in the crop blank was subtracted
from the amount found in the fortified caulifiower
samples.

The 2 fortification levels and the recoveries
obtained for those pesticides added to the cauli-
flower samples are given in Table 4. The average
per cent recoveries for the 2 levels were Perthane
106 and 104, heptachlor epoxide 100 and 106,
mirex 99 and 107, and dieldrin 92 and 105. The
amount of Perthane olefin found after dehydro-
chlorination was recalculated to the parent com-
pound with average per cent recoveries of 99 and
101.

Two collaborators reported residues in the
butterfat blank. One collaborator reported traces
of heptachlor epoxide, p,p-DDE, BHC, and di-
eldrin. A second collaborator reported 0.01 ppm
heptachlor epoxide, 0.02 ppm p,p’-DDE, 0.018
ppm dieldrin, and traces of »,p-DDT and
Perthane (as the olefin).

Recoveries of Perthane added to the butterfat
samples are given in Table 5, along with the 2
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Table 3. Recovery (ppm) of pesticides added to apples, using the AOAC multiresidue method and
additional Perthane quantitation as the olefin
Perthane
Perthane as olefin Heptachlor
before DHC® after DHC epoxide Mirex Dieldrin
Coll. A B A B A B A B A B
1 173 1.1 18.0  1.13 0.166  0.0663 0.114  0.0508 0.168  0.0795
2 15.4  0.897 15.2  0.808 6.121  0.0491 0.106 0.0368%¢ 0.140  0.0716
3 16.1  0.943 16.8 0.972 0.136  0.0552 0.113  0.0420 0.135  0.0711
4 18.4 110 17.6 1.00 0.140  0.05%5 0.118  0.0469 0.162  0.0620
] 19.0 0.951 17,7 1.03 0.17¢  0.0588 0.122  0.0367 0.155  0.0797
6 15.1  1.00 180 1.11 0.160  0.0636 0.110  0.039%0 0.112  0.0641
7 ‘ d 17.0  0.977 0.137  0.0448 0.118  0.0480 0.183  0.0843
Added, ppm 17.0 1.00 17.0  1.00 0.150  0.0540 0.121  0.0452 0.150  0.0722
Av. rec., ppm 16.9 1.01 17.2 100 0.148  0.0562 0.114  0.0439 0.151  0.0732
Std dev. 1.6 0.10 1.0 o0l 0.019  0.0076 0.005  0.0055 0.024  0.0084
Av.rec., % 99 101 101 100 99 104 94 97 101 101
Coeff. of var., % 10 10 6 11 13 14 5 13 16 1
¢ DHC = dehydrochlorination.
® Results not included in statistical lysis; validity of quantitation was in question b of di il |

and standard peak heights.
¢ Peak heights of 18 and 106 mm, respectively.

4 Could not be calculated. Perthane and dieldrin eluted in 6% eluate.

Table 4. Recovery (ppm) of pesticides added to cauliflower, using the AOAC multiresidue method and
additional Perthane quantitation as the olefin
Perthane
Perthane as olefin Heptachior
before DHC* after DHC epoxide Mirex Dieldrin
Coll. A B A B A B A B A B
1 17.5°  0.655 15.8  0.747 0.143 .0.0597 0.0966 0.04% . - 0.127  0.0533
2 13.2 0.894¢ 12,8 0.633 0.0879 0.0439 - 0.0800 0.0380 4 0.0981 0.0568
3 4.6 0.710 15.0 0.792 0.117  0.0579 0.0919  0.0459 0.110  0.0560
4 18.4  0.812 13.5  0.632 0.114  0.0537 0.0880  0.0544 0.100  0.0550
5 6.9 0.7% 16.6  0.6% 0.122 0.0629 0.0976  0.0497 0.0895 0.0597
6 15.0 0.678 16.0  0.795 0.135  0.0702 0.0876  0.0467 0.113  0.0360¢
7 4 ! 14.7  0.642 0.118  0.0531 0.0852  0.0453 ©0.141  0.0598
Added, ppm 15.0  0.700 15.0  0.700 0.120  0.0540 0.0905  0.0452 0.120  0.0542
Av. rec., ppm 15.9  0.729 14.9  <0.705 0.120  0.0573 0.089  0.0482 0.111  0.0568
Std dev. 2,0 0.069 1.4 0.073 0.018  0.0083 0.0063  0.0034 0.018  0.0026
Av. rec., % 106 104 99 101 100 106 99 107 92 105
Coetf. ot var., % 12 9 9 10 15 14 7 7 16 -
. b See footnotes, Table 3.
€ Peak heights of 12 and 156 mm, respectively.
4 Peak heights of 9 and 55 mm, respectively.
¢ Result is an outlier on the basis of the Q-test (3) and is not included in naly

/ Perthane could not be calculzted because of interference from dieldrin or heptachior epoxude

fortification levels. Of those collaborators who
made an initial GLC injection of butterfat repre-
senting 3 mg sample, only one reported a trace of
Perthane at the high spiking level prior to de-
hydrochlorination. At a 5 mg injection level and
a higher GLC sensitivity, Collaborator 3 was able
to quantitate the unreacted Perthane. Perthane
olefin found after dehydrochlorination, calculated
as the parent compound, averaged 88 and 94%,
of the fortified 2 levels.

Collaborators 1-6 used TLC to confirm the
identity of the pesticides-reported in the spiked
samples. Collaborator 7 did not attempt TLC
confirmation. Collaborators 1-4 and 6 correctly
identified Perthane, heptachlor epoxide, mirex,
and dieldrin in each of the apple and caulifiower
samples. They also identified the Perthane olefin
after dehydrochlorination in the apple, cauli-
flower, and butterfat samples. Collaborators 3, 4,
and 6 identified Perthane in the butterfat sample
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before dehydrochlorination. Collaborators 1 and
4 used Camag D-5 alumina for TLC without
priqr purification. Collaborators 3 and 6 used
alumina which they purified prior to coating their
TLC plates. Collaborator 5 used commercially
prepared alumina TLC plates for the fortified

Table 5. Recovery (ppm) of Perthane from buttertat,
using the AOAC multiresidue method and additional
*  Perthane quantitation as the olefin

Perthane Perthane as olefin
betore DHC® after DHC
Coll. A B A B
1 Trace® None 2.87 0.530
2 None None 2.39 0.342¢
3 4 0.560¢ 4 0.527
4 None None 3.13 0.485
5 None None 2.18 0.466
6 2.40 Trace 2.84 0.310/
7 None None 2.39 0.524
Added, ppm 3.00 0.540 3.00 0.540
Av. rec., ppm 2.63 0.506
Std dev. 0.37 0.029
Av. rec., % 88 94
Coeff. of var., % 14 6

@ DHC = dehydrochlorination.

® Trace = peaks <3% full scale deflection.

© Result not included in statistical analysis; validity
of quantitation was in question because of dissimilar

le and dard peak heights (30 and 163 mm, re-
spectively.
¢ Sample lost.
¢ Larger t of le injected at a higher GLC

sensitivity that than used by the other coliaborators.
/ Result is an outlier on the basis of the Q-test (3) and
is not included in the istical

s
ySis.
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samples. Sensitivity with the commercial plates
was not as good as with those prepared in the
laboratories. Collaborator 5 was unable to iden-
tify Perthane in the fortified samples due to the
poorer TLC sensitivity. However, he did identify
heptachlor epoxide, mirex, dieldrin, and the
Perthane olefin in the fortified apple and cauli-
flower samples and the Perthane olefin in the
fortified butterfat samples. Collaborator 2 used
silica gel adsorbent for the TLC confirmation of
the pesticides in the fortified samples.

The spinach sample with field-incurred residues
was included in the collaborative study as repre-
sentative of the type of sample that residue ana-
lysts ‘may encounter in their daily work. This
sample was chosen to provide information on the
collaborators’ utilization of the 3 GLC columns
(10% DC-200, 10%, DC-200/15%, QF-1, and/or
3% DEGS) for determining qualitatively and
quantitatively the residues in the sample. The
sample was also used to obtain information on the
practical use of the TLC procedure adapted from
that of Fehringer and Westfall (7).

The GLC results obtained from the spinach
sample are given in Table 6. All 7 collaborators
found Perthane in the sample prior to dehydro-
chlorination. Collaborators 1, 3, 4, and 6 used the

3% DEGS column to measure Perthane. The

average ppm Perthane found by Collaborators 1,
3, and 4 was 4.74 (range of 4.42 t0 4.92). The re-
sults of Collaborator 6 were not used in deter-

Table 6. Pesticides (ppm) extracted from d spi h ining field-incurred residues
Residues found after
Residues found before dehydPochlorination dehydrochiorination
Perthane p.p'-TDE
Coll. Perthane p,p’-DDE p,p’-TDE  p,p’-DDT HCB olefin® p.p'-DDE olefin®
1 4.42 0.026 0.03% Trace Trace 5.45 0.028 0.047
2 6.05° 0.031 0.053 4.69 Not detd Not detd
3 4.92 0.033 0.042 Trace 5.00 0.030 Not detd
4 4.89 0.025 0.035 4.89 Not detd Not detd
5 ¢ 0.032 5.66 0.026
69 6.80 0.042 0.070 Trace 7.48 Not detd Not detd
7 L 0.024/ 0.047 4.83 Not detd Not detd
Av., ppm 4.74 0.029 0.043 5.09 0.028
Std dev.? 0.0037 0.0070 0.38

¢ Calculated back to parent compound.
® Result not used to calculate average b
column.

of interference from p,p’-DDE with use of 109% DC-200/15% QF-1

€ 10% DC-200 coiumn used. Perthane was found but could not be measured quantitatively because of interference.

¢ Results not used to calculate averages b of

loss ot moisture from sampies.

¢ 10% DC-200/15% QF-1 column used. Perthane was found but could not be measured quantitatively because of

interterence from p,p’-DDE.

/ Result not used to calculate average because of interference from Perthane with use of 10% DC-200/15% QF-1

column.

¢ Calculated only for those pesiicides with >5 valid values.
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mining the average levels of Perthane or other
residues reported. This collaborator lost the first
100 g portion of sample, but analyzed the remain-
ing 35 g approximately 2 weeks later; the high
results obtained are probably due to a loss of
moisture from the second portion of sample.
Collaborator 5 used the 109, DC-200 column and
did not quantitate the Perthane in the sample
due to electron capture response interference
from p,p-TDE. Collaborator 7 used the 10%
DC-200/15% QF-1 column and did not quanti-
tate Perthane in the sample due to interference
from p,p’-DDE. Collaborator 2 also used the 10%,
DC-200/15% QF-1 column for Perthane and he
reported 6.05 ppm Perthane, which includes some
interference from p,p’-DDE.

After dehydrochlorination of the 6%, eluate, all
collaborators reported and quantitated the Perth-
ane olefin found. The amount of Perthane olefin
found was calculated back to ppm parent com-
pound. Collaborators 1, 3, 6, and 7 used the 3%,
DEGS column and Collaborators 2, 4, and 5 used
the 109 DC-200 column for the quantitative
measurement of the Perthane olefin as the parent.
Based on the results of Collaborators 1-5 and 7,
the average amount of Perthane as the olefin was
5.09 ppm with a standard deviation of 0.38.

All 7 collaborators quantitated p,p-DDE be-
fore dehydrochlorination. Collaborators 1, 2, and
5 used the 109, DC-200 column, and Collabora-
tors 3, 4, and 6 used the 3% DEGS column.
Collaborator 7 used the 109, DC-200/15% QF-1
column and encountered interference from Per-
thane. Based on the results obtained from Col-
laborators 1-5, the average p,»’-DDE folind prior
to dehydrochlorination was 0.020 ppm with a
standard deviation of 0.0037. The data obtained
for p,p’-DDE with the 109, DC-200 and 3%
DEGS columns are comparable.

Only Collaborators 1, 3, and 5 quantitatively
measured p,p-DDE after dehydrochlorination.
Collaborator 1 used the 10% DC-200/15% QF-1
column, Collaborator 3 used the 3% DEGS
column, and Collaborator 5 used the 109, DC-200
column. The average p,p’-TDE was 0.028 ppm
with a range of 0.026 to 0.030 ppm.

All collaborators except Collaborator 5 identi-
fied and quantitated p,»-TDE in the spinach.
Collaborators 1, 3, 4, and 6 used the 3%, DEGS
column, while Collaborators 2 and 7 used the 10%,
DC-200/15% QF-1 column. From the results
obtained from Collaborators 1—4 and 7, the aver-
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age amount of p,p’-TDE found was 0.043£0.0070
ppm. The data obtained for p,p’-TDE with the
3% DEGS and 10% DC-200/15%, QF-1 columns
are in fair agreement.

Only Collaborator 1 quantitated p,p’-TDE as
the olefin after dehydrochlorination. He used the
109 DC-200/15% QF-1 column and reported
0.047 ppm p,p’-TDE.

Collaborators 1 and 3 reported a trace of p,p’-
DDT, and Collaborators 1 and 6 reported a trace
of hexachiorobenzene prior to dehydrochlorina-
tion.

Collaborators 1-4 and 6 identified Perthane
and p,p"-DDE in the spinach sample, using the
TLC procedure described. Collaborators 4 and 6
also identified p,p’-TDE by this procedure. Col-
laborator 5 used commercial silica gel plates but

" obtained poorer sensitivity. Perthane was not de-

tected; however the Perthane olefin and p,p’-
DDE were detected.

Comments of Collaborators

Coliaborator 1 stated that the method showed
the value of the dehydrochlorihation reaction in
confirming the initial result as well as increasing
the sensitivity for Perthane.

Collaborator 2 used a 400 ml beaker containing
2 small amount of pareffin oil for the oil bath
for the dehydrochlorination reaction. The reac-
tion tube was placed in the beaker and, because
of insufficient cooling of the upper part of the
tube, there was some loss of the. Perthane olefin
due to volatility. Use of & 100 ml beaker filled to
within 3{” of the top with paraffin oil eliminated
the problem. )

Collaborator 4 suggested the use of & Kuderna-
Danish type collection vessel and & micro-Snyder -
column as an alternative to the centrifuge tube for
the dehydrochlorination reaction. This arrange-
ment has been used by others (10) and would
probably be satisfactory. This collaborator
thought that the TLC procedure with a silica gel
adsorbent was faster and superior in separations
than 29.018 and 29.024, which employ alumina.

Collaborator 5 commented that he found the
dehydrochlorination procedure to be fast, con-
venient, and reliable.

Conclusions and Recommendations
Satisfactory interlaboratory recoveries were
obtained for Perthane, heptachlor epoxide, mirex,
and dieldrin with the AOAC multiresidue method
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Comparative Extraction of Chlorinated Hydrocarbon
Insecticides from Soils 20 Years After Treatment

RALPH G. NASH, WILLIAM G. HARRIS, PETER D. ENSOR, and

EDWIN A. WOOLSON

Agricultural Environmental Qualily Institute, Agricultural Rescarch Service,
U.S. Department of Agriculture, Bellsville, Md. 20705

Three methods, shake, Soxhlet, and column,
were compared for cfficiency of extraction of
certnin chlorinated hydrocarbon insccticides
from a Congarec sandy loam soil which had
been treated 20 years carlier. Column cxtrac-
tion had a tendency o be less cfficient than
the other 2 mcthods, but statistically there
were no differences in cxtraction cfliciencies
among the 3 mcthods for aldrin, dicldrin, hep-
tachlor, chlordanc, isodrin, endrin, toxaphenc,
or Dilan and their residuce products. However,
shake extraction was significantly more cffi-
cicnt for the BHC isomers than Soxhlet extrac-
tion and the latter was significantly more
cfficient than column extraction.

Numerous experiments have been reported on
the extraction of chlorinated hydrocarbon insec-
ticides from soils (1-10), and the literature has
been reviewed (11, 12). Some of the results re-
ported are based on extraction immediately or
within a few months after treatment (3, 6, 7). A
few extraction experiments have been conducted
on soils that were exposed to considerable weath-
ering after treatment (1, 8, 9).

Two common extraction methods are Sxhiet
(1, 3-10) and shake or blend (1, 3, 5-8, 10). Both
have proved satisfactory in short-term experi-
ments, using a variety of solvents, provided that
the soils were moistened before extraction (1-3,
6,7,9,10).

Nash and Harris (3) developed a column extrac-
tion procedure to limit conversion of DDT to
DDE during extraction of highly alkaline soils.

Column extraction was more rapid than Soxhlet -

or shake and did not require heat as does Soxhlet
extraction. However, column extraction was less
efficient than Soxhlet extraction for DDT resi-
dues.

This is a report on the comparative efficiency
of Soxhlet, shake, and column extraction tech-
niques for aldrin, dieldrin, heptachlor, chlordane,
isodrin, endrin, BHC, toxaphene, Dilan, and their
residue products from a Congaree sandy loam 20

years after treatment (Table 1). Gas-liquid chro-
matography (GLC) is used as the determinative
step.

Experimental

The soil was a Congaree sandy loam with a pH of
6.2, organic matter content of 2.2%, and & 0.33 bar
moisture content. of 14.5%. Plots were treated in
1951 (13) at the extremely high rates of 56, 112, or
224 kg insecticide/hectare (14). In 1971, 5 cores (38
em deep) were taken per plot and composited. The
composite was stored at —5°C at the field moisture
condition. The soils were screened through a 2 mm
sieve immediately before sampling for extraction and
moisture content determination.

METHOD
Apparatus

(a) Sozhlel extraction.—Use fritted glass thimbles.

(b) Shake extraction.—Reciprocdl shaker.

(c) Column extraction.—Chromatographic tubes,
400 X 20 mm id, with fritted glass disk.

(d) Kuderna-Danisk conceniralor.—500 ml ca-
pacity.

(e) Gas-liguid chromalograph.—Electron capture
63Ni detector; 1.8 m by 4 mm id glass columns
packed with (1) 5% SE-30 on 60-80 mesh Chromo-
sorb W (acid-washed, dimethylchlorosilane treated;
AW, DMCS), nitrogen flow 40 ml/min, and injec-
tion, column, and detector temperatures of 210, 200,
and 250°C, respectively; (2) 15% QF-1 + 109 DC-
200 (141) on 80-100 mesh Chromosorb W (AW,
DMCS), nitrogen flow 60 ml/min, temperatures of
210, 200, and 250°C, respectively; (3) 5% OV-225 on
60-80 mesh Chromosorb W, 5% methane/argon
fiow 60 ml/min, temperatures of 250, 250, and 330°C,
respectively; and (4) 1.5% OV-17 + 2% QF-1 (1+1)
on 80-100 mesh Chromosorb W (AW, DMCS), ni-
trogen flow 40 ml/min, temperatures of 190, 180, and
250°C, respectively.

Menti ry prod does not imply endorsement
or approval by the U.S. Dcpartment of Agriculture to the
exclusion of other suitable products.

This report of the Associate Referee, E. A. Woolson, was
presented at the Annual Meeting of the AOAC, QOot. 8-12,
1972, at Washington, D.C.
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Tabiel. C and chemical s of
insecticide residues
Gommon Chemical
Aldrin 1,8,9,10,11,11-hexachioro-2,3-7,6-endo-2,1-

7,8-exo-tetracyclo[6.2.1.1>-¢.03:7)dodeca-
4,9-diene

Dieldrin 1,8,9,10,11,11-hexachloro-4,5-exo-e poxy-
2,3-7,6-endo-2,1-1,8-exo-tetracyclo-
[6.2.1.13-4.02-7Jdodec-9-ene

Isodrin 1,8,9,10,11,11-hexachtoro-2,1-7,8-endo-
2,3-7,6-endo-tetracyclo[6.2.1.13-2.02:7}.
dodeca-4,9-diene

Endrin 1,8,9,10,11,11-hexachloro-4,5-exo-e poxy-
2,1-7,8-endo-2,3-7,6-endo-tetracyclo-
[6.2.1.1%-4,02-7}dodec-9-ene

Heptachlor 1,3-exo-7,8,9,10,10-heptachloro-2,3-6,5-
endo-tricyclo[5.2.1.02-¢]deca-4,8-diene

Chiordane  1,3-exo-4-exo(or endo)-7,8,9,10,10-octa-
chloro-2,3-6,5-endo-tricyclo[5.2.1.02-4)-
dec-8-ene (cis-exo,exo and trans-
exo,endo)

Toxaphene 67-69% chiorinated camphene

BHC a,B,7,5, and e isomers of 1,2,3.4,5,6-
hexachlorocyciohexane

Dilan 1,1-bis(p-chlorophenyl)-2-nitrobutane

: (Bulan®) and 1,1-bis(p-chiorophenyl)-2-
nitropropane (Prolan®)

Endrin 1,8,9,9,10,11-hexachioropentacyclo-

ketone [6.3.0.12-5.03.7 0¢. %) dodecan-12-one

Endrin 1,8,9,9,10,11-hexachlorohexacycio-

alcohol [6.3.0.12.3,03.7 04,10 p' . 12)dodecan-12-0l

Endrin 1,8,9,9,10,11-hexachloropentacyclo-

aldehyde  [6.3.0.02:1.0%7.06.V% undecan-12-
carboxaldehyde

Heptachlor 1,3-ex0-7,8,9,10,10-heptachioro-4,5-exo-

epoxide epoxy-2,3-6,5-endo-tricyclo[5.2.1024} -
dec-8-ene

Nonachlor  1,3-exo-4-endo-5-exo-7,8,9,10,10-nonachioro-
2,3-6,5-endo-tricyclo[5.2.1.0* %) dec-8-ene

DDT 1,1,)-trichioro-2,2-bis[p-chiorophenyljethane

Reagents

(a) Solvenis.—Hexane, acetone, methanol, and
petroleum ether (bp 30-60°C), all redistilled in glass.

(b) Florisil.—60-100 mesh PR grade activated 3.5
br at 1250°F (Floridin Co., 3 Penn Center, Pitts-
burgh, Pa. 15235).

(c) Sodium sulfale.—Anhydrous granular.

(d) Sand.—20-30 mesh, acid-washed and water-
and acetone-rinsed.

(e) Ammonium chloride—0.2M solution.

Extraction

Sozhlet extraction.—Place 5 g Florisil in Soxhlet
thimble, add 5 g moist soil, and cover with 1.5-2 cm
sand (3). Extract sample 12 hr with hexane-acetone-
methano! (HAM) (8+1+1). Transfer extract to
Kuderna-Danish concentrator and reduce volume to
ca 10 ml. Concentrate successively again with two 25
ml portions of hexane, reducing volume to ca 10 m}
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after each addition. Dilute to appropriate volume
with hexane for GLC analysis.

Shake extraction.—Place 10 g moist soil in 250 ml
glass-stoppered Erlenmeyer flask. Add 7 ml 0.2
NH,Cl solution and let mixture stand 15 min to as-
sure thorough saturation of soil. Then add 100 ml
hexane-acetone (HA) (141), stopper flask, and
shake 17 hr (overnight is convenient). Decant super-
nate into separatory funnel, add 500 ml distilied
water, and shake 1 min. Let layers separate and draw
off lower layer into second separatory funnel. Add
100 ml hexane to second funnel, shake, let layers
separate, and discard lower layer. Combine the 2
hexane layers in first {funnel. Add 500 ml water to
funnel, shake, let layers separate, and again discard
lower layer. Dry extract by adding 5 g anhydrous
NasSO, to separatory funnel. Dilute dry extract to
appropriate volume with hexane for GLC analysis.

Column extraction.—Place 8 g Florisil in column,
add 5 g moist soil, and cover with 2 cm sand (3). Ex-
tract with 200 ml HAM (4+3+3) and collect eluate
in separatory funnel. Add 500 ml water and 20 ml
saturated NaCl to funnel. Shake funnel 1 min, let
layers separate, and draw off and discard lower
layer. Add 500 ml water to funnel, shake, let layers
separate, and discard lower layer. Dry extract by
passing through 1-2 cm column of anhydrous
N2a,S04, Dilute to appropriate volume with hexane
for GLC analysis.

Moisture

Take sample of soil (1015 g) for moisture deter-
mination during subsampling for extraction. Weigh
moist soil, heat 24 hr in 104°C oven, and reweigh to
determine moisture content.

Determination

GLC peak heights were used for quantitative
analysis of all pesticides except toxaphene, for which
peak areas were also used. Thin layer chromatog-
raphy (TLC) on alumina plates was also used for
analysis of chlordane residues. The heptachlor
epoxide area on the TLC plate was scraped off and
eluted for mass spectrometric determination.

Results and Recommendation

Soil colloids may be expanded or collapsed,
depending upon the cations in the soil solution.
When solutions of water, 0.2M CaCl;, NH,Cl,
KCl, and 0.5M NH,Cl were used as saturation
agents prior to extraction of heptachlor and
heptachlor epoxide by shaking, the relative re-
coveries were 75, 91, 100, 85, and 82%,, respec-
tively. The 0.2M NH,Cl gave the highest re-
coveries for a single extraction. Water alone
improved the extraction efficiency of the shake
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method by 129, for total DDT residues. Typical
recovery values for the Soxhlet and column meth-
ods have been reported previously (3).

The shake procedure was subjected to spiking
and recovery on Lakeland sandy loam and Chris-
tiana clay loam. Recovery, standard deviation,
and coefficient of variation are given in Table 2.
Results from the Christiana soil were more
variable than those from the Lakeland soil; how-
ever, the values are satisfactory.

The data from the comparative extractions
were subjected to an analysis of variance. The
statistical analyses are available from the authors.
Results from the aldrin- and dieldrin-treated
plots were analyzed together, as were those from
isodrin and endrin and heptachlor and chlordane
treatments because of common residues in these
plots.

The results of Soxhlet, shake, and column ex-
traction of aldrin, dieldrin, isodrin, endrin, hepta-
chlor, chlordane, BHC, toxaphene, and Dilan
from Congaree sandy loam 20 years after treat-
ment are given in Tables 3-8. Soxhlet and shake
extraction appeared to be more efficient than col-
umn extraction although, statistically, there were
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extractions were combined for statistical analysis.
The greater number of degrees of freedom (119 vs.
59) for the 2 extractions provided a more scusitive
test. When this was done, the shake extraction
was still the most efficient method and column
extraction was the least efficient method. The
differences were significant at the 99%, level.
Difierences between the first and second assays
were not significant.

The Soxhlet and shake extraction methods used

‘herein recovered nearly identical quantities of 9

chlorinated hydrocarbon insecticides. Column ex-
traction, although less efficient, required less ex-
pensive apparatus and was less time-consuming,
but total labor was about equal to that for the
other 2 methods.

In the shake method 7 ml 0.2M NH,Cl is used.
This 18 equivalent to nearly a 1:1 soil-water ratio
when the soil moisture content is near 0.33 bar
tension for the Congaree soil. The excess moisture
presented no problems on this soil. With a high
clay soil, a significant amount of clay-water sus-

Table3. Comparative extraction af?aldrin and dieldrin
from Congaree sandy loam

no differences’among the 3 methods except for Treat-
BHC. The less than quantitative recoveries with ':‘:t:t
the column meth_od were rt.aported previously (3). (1951), Residues  Residues (1971). ppm
Shake extraction was significantly more effi- °°"‘;’ “S‘/h"' (1952), AR
. i . oun are m oxhiet - aKe olumn
cient than Soxhlet or ‘column extraction of the ! i
BHC isomers. Consequently, soil from the BHC- Aldrin (Pure)
treated plots was extracted again. Data from both  Aidrin 56 19.8% 009 0.9 0.07
Dieldrin 2.66 2.5 2.4
Table 2. Recovery of insecticides from fcrtiﬁgd soil Total 2.3 2.65 2.5
by the shake flask method Aldrin 224 9.5 0.21 0.18 0.15
Dieldrin 1270 1.2 .4
Added, Recovered, Total 12.91 1140 9.5
ug/l0g ug/l0g Std Coeff.
Insecticide soil soil dev. of var. Aldrin (Technical)
Lakeland Sandy Loam Aldrin 56 30.3 0.02 0.03 0.02
Dieldrin 507 5.28  4.53
Heptachlor 47.3 4.2 1.4 3.0 Total 5.00 5.31 4.55
Aldrin 4.0 4.1 1.0 2.3
Dieldrin 41.0 42.4 2.0 4.7 Aldrin 224 143.5 0.12 0.11 0.09
Endrin 43.0 43.6 1.8 4.1 Dieldrin 21.16 16.38 19.84
DOT 55.0 51.0 2.1 4.1 Total 21.28 16.49 19.93
Mean 5.8 5.5 17 3.6 Dieldrin
— Aldrin 56 23.5 0.10 007 0.08
Christiana Clay Loam Dieldrin 3.00 241 .M
Heptachlor a3 s 15 35 ot 34 24 2.2
Aldrin 43.0 2.5 1.2 2.8 Aldrin 224 105.5 0.2 0.2 0.19
Dieldrin 41.0 41.4 2.3 5.6 Dieldrin 15.16  13.44 12,10
Endrin 43.0 46.6 2.8 6.0 Total 15.44  13.66 12,29
DDT 55.0 51.0 2.4 4.7
—_— —_— — —_ ¢ Determined by total chlorine content of treated
Mean 45.8 45.6 2.0 4.5 plots less control plots (14).

b All values are the average of duplicate plots.
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Table 4. Comparative extraction of isodrin and
endrin residues from Congaree sandy loam
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Table 5. Comparative extraction of heptachlor and
chlordane residues from Congaree sandy loam

Treat- Treat-
ment ment
fate Residues (1971), rate _ Residues (1971),
(1951), Resi- ppm (1951), Resi- ppm
kg/ dues —m8e0m8  — kg/ dues —0o—
hec- (1952),° Soxh- Col- hec- (1952).° Soxh- Col-
Compound tare ppm let Shake umn Compound tare  ppm let Shake umn
Isodrin Heptachlor
Isodrin 50 33.5%  0.09 0.09 0.08 Heptachlor 112 80.3% 0.38 0.35 0.38
Dieldrin 0.31 0.28 0.26 Heptachlor epoxide .19 3.7 3.0
Endrin 1.93 1.84 1.75 trans-Chlordane 4.77 6.54 4.67
Endrin aldehyde,® 0.28 0.49 0.52 Nonachlor 1.2 1.04 1.58
Endrin aldehyde;¢ 0.14 0.19 0.13 Total 9.36 11.70 9.65
Endrin alcohol 0.52 0.3 0.28  yopiachior 24 243 206 1.68 1.9
Endrin ketone 4.4 422 3.4 Heptachlor epoxide 6.64 6.55 6.50
Total 751 7.45 642 yrans.Chiordane 16.66 16.72 16.48
Isodrin 224 1547 0.71 0.68 0.55  Nonachlor 4.57 7.25 4.5
Dieldrin 1.07 111 097  Total 29.93 32.20 29.5
Endrin 6.22 4.52 4.8
Endrin aldehyde, 0.5 0.80 1.01 . Chlordane
Endrinialdehydes 0.6 0.23 0.18  yepiachior w2 w0 0.07 0.08 0.07
Endyiniaicohol 1.60  1.43 121  peprachior epoxide 0.3 0.31 0.3
Endrin‘ketong 28.45 21.06 25.66  yruns.Chiordane 1.2 128 1.29
Jotal 38.84 29.83 3.4  cis.Chiordane 123 L3 12
Endrin Total 2.90 '2.9% 2.94
Heptachlor o224 81.5 0.12 0.13 0.1
Isodrin 5 3.5 0.00 001 0.0  yeptachior epoxide 0.12 013 0.12
Dieldrin 0.35 0.38 0.3 traps.Chiordane 318 3.67 3.32
Endrin 5.9 5.81 5.67  cjs.Chlordane 219 2.5 2.23
Endrin aldehyde; 0.59 0.30 0.31 Total 5.61 6.44 5.78
Endrin aldehyde; 0.23 0.23 0.16
Endrin alcohol 0.28 0.24 0.24 . b See Table 3.
Endrin ketone 2.3 2.4 1.91 ¢ Verified by injecting onto a 15.24 m SE-30 SCOT
Total 9.76 8.91 8.63 column in a gas-liquid chromatograph/mass spectrom-
: eter combination. At 80 eV, the fragmentation pattern
lslodm'\ 24 109.0 018 013 0.14 in the extract spectrum was identical to that of standard
Dieldrin 0.65 0.8 0.6 heptachlor epoxide. Both had molecular ion at m/e 38,
Endrin 21.70 24.06 20.65 ) '
Endrin aldehyde, .21 1.37 0.9
Endrin aldehyde; 0.99 1.04 0.74 Table 6. Comiparative extraction of BHC residues
Endrin alcohol 1.17 0.90 0.8 from Congaree sandy loam
Endrin ketone 20.57 19.41 19,33
Total 46.41 47.59 43.26 Treat-
ment
8 See Table 3. rate  Resi-
¢ Endrin aldehyde, standard (14). Endrin aldehyde; is (1951),  dues Residues (1971), ppm¢
believed to be the true endrin aldehyde (13). Both kg/hec. (1952)° —0——————————
compounds are estimated amounts. isomer tare ppm  Soxhlet Shake Column
Alpha 112 46.3 0.4 0.4 0.1
. . Gamma 0.82 0.88 0.68
pension may be present. If this occurs, the organic  Beta 0.69 0.68  0.60
layer should be decanted carefully and passed Delta 0.2 0.%  0.76
i Epsilon 0.10 0.12 0.11
through a 2-3 cm column of Florisil. Both the g, 241 272 2.2
flask and the column should be rinsed with the Alpha 224 92.8 0.57 0.55 0.45
extracting solvent. Gamma 27 2.5 189
Occasionally a soil extract requives cleanup g:}fa ;:L ;23 ;;5;
prior to GLC analysis, especially high organic gpsiion 030 0.3 0.2
matter soils. In this case, the official AOAC Total 6.79 .24 6.3

Florisil cleanup method for pesticide residues,
29.014, should be used.

Only heptachlor, heptachlor epoxide, and cis-
and trans-chlordane were measured in the hepta-

4. Sge Table 3.

¢ Average of 2 extractions. Shake extraction was sig-
nificantly greater than Soxhiet extraction and Soxhlet
was significantly greater than column extraction at the
99% statistical level.
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Table 7. Comparative extraction of toxaphene
residues from Congaree sandy loam
Treat-
ment
rate
(1951), Residues Residues (1971), ppm
kg/hec-  (1952)°
tare ppm Soxhlet Shake Column
112 55.8 24.24 28.08 21.61
224 137.0 §7.29 61.19 50.44
. b See Table 3.

chlor- and chlordane-treated plots. However, by
both GLC and TLC, other halogen components
were present in the chlordane-treated soils when
high concentrations were analyzed. These ap-
peared to be compounds typical of technical
chlordane, but were present in much lower
amounts than the 4 compounds measured.

To verify the heptachlor epoxide residue from
the chlordane-treated plots, a large quantity of
soil was extracted and cleaned up on Florisil col-
umns; the chlordane components were separated
on alumina TLC platés. The heptachlor epoxide
area from the TLC plates was extracted and con-
centrated for mass spectrometry. The mass spec-
trum from the soil extract corresponded exactly to
that from standard heptachlor epoxide.

The total amount of residues (%) remaining in
the Congaree sandy loan after 20 years was as
follows: technical aldrin—15.1, pure aldrin—13.2,
dieldrin—12.8, isodrin—22.3, endrin—35.5, hep-
tachlor—13.5, chlordane—7.7, BHC—6.6, toxa-

" phene—45.1, and Dilan—7.3. These values are
based on the pooled means of Soxhlet and “shake
extraction recoveries from both treatment rates.

It is recommended that the shake flask proce-
dure be studied collaboratively.
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Table 8. Comparative extraction of Dilan residues
from Congaree sandy loam
Treat-
ment
rate
(1951),
kg/ Residues Residues (1971), ppm
Com- hec- (1952)f ——
pound tare ppm  Soxhlet Shake Column
Unknown® 112 4.5  0.68 0.62 0.8
Bulan 4.45 3.2 2.10
Total 5.13 3.87 2.9%
Unknown 224 173.5 1.51 1.64 1.2
Bulan 5.89 5.94 3.62
Total 1.4 1.58 4.83
. b See Table 3.

¢ Estimated value; compound is not Prolan.
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An Isolation and Cleanup Procedure for Low Levels of
Organochlorine Pesticide Residues in Fats and Oils

MILDRED L. PORTER and JERRY A. BURKE
Division of Chemastry and Physics, Food and Drug Administraiion, Washington, D.C. 2020/

An isolation and cleanup is described for low
levels of organochlorine residues (about 0.005
ppm) in fats and oils, prior to electron capture
gas-liquid chromatography. The fat or oil is
distributed on a column of unactivated Florisil
and the residues are partitioned into an eluant
of 10% water in acetonitrile. Florisil column
chromatography with an elution solvent sys-
tem comprised of mixtures of methylene cho-
ride, acetonitrile, and bhexane is used for the
final cleanup. Extracts prepared in this manner
are sufficiently free of fatty extractives to per-
mit injection of the equivalent of 50-60 mg fat
sample for GLC. The procedure should be espe-
cially useful in determination of low levels of
organochlorine pesticide residues in the fat of
certain dietary composites. )

Multiresidue methodology (1, 2) normally em-
ployed by our labaratories to analyze fatty foods
for organochlorine pesticides provides for cleanup
of & maximum of 3 g fat. Restriction of sample
size due to inefficiency of cleanup limits the lower
level of residue detection attainable. In some
analyses, particularly with certain dietary com-
posites, quantitative determination is desired of
residues present at 0.01 ppm and below in the
isolated fat. With a sample size limited to 3 g
and the degree of cleanup attainable with avail-
able procedures it is often difficult and time-con-
suming to prepare fatty samples for analyses at
the desired level. Our objective was to develop 2
cleanup procedure capable of handling fat and
oil samples large enough to permit electron cap-
ture gas chromatographic (GLC) determination
of organochlorine pesticide residues at approxi-
mately 0.005 ppm in the fat or oil. Such a proce-
dure is desirable for use in the analysis of fat-
containing dietary composites in the Food and
Drug Administration’s “total diet” program (3).
To attain this objective and to maintain the
electron capture detector sensitivity previously
employed (1, 2), it is necessary to inject approxi-
mately 50 mg equivalent of the fat or oil sample
for GLC determination.

Received January 15, 1973.

METHOD
Apparatus

(a) Gas chromalograph.—Equipped with electron
capture detector and 6’ X 4 mm id glass column
packed with either (1) 10% DC-200 on 80-100 mesh
Chromosorb W (HP) or (£) 15% QF-1 + 10% DC-
200 (141) on 80-100 mesh Chromosorb W (HP).
Operating conditions: nitrogen flow rate, 120 ml/
min; column and detector temperature, 200°C;
concentric design electron capture detector operated
at dc voltage to produce 34 full scale recorder deflec-
tion for 1 ng heptachlor epoxide when full scale de-
flection is 1 X 10~° amp.

(b) Chromalographic column.—Plain, 22 mmid X
250 mm (Kontes Glass Co., Vineland, N.J., No.
K-420300, size 21, or equivalent).

(c) Chromalographic column.—For Florisil column
cleanup (4); 22 mm id X 300 mm, with Teflon stop-
cock and coarse fritted disk (Kontes Glass Co., No.
K-420140, size 233, or equivalent).

(d) Kuderna-Danish conceniralor.—500 ml ca-
pacity with Snyder column. and volumetric or grad-
uated receiving tube (Kontes Glass Co., Nos. K-
621400 and X-570050, or equivalent).

(e) Micro evaporative concentralor column.—To fit
Kuderna-Danish receiving tube (Kontes Glass Co.,
No. K-569251, or equivalent).

(f) Spatula.—34" width (Arthur H. Thomas,
Philadelphia, Pa., No. 8339-M 10, or equivalent).

Reagents

(a) Florisi.—60/100 PR grade (Floridin Co.,
3 Penn Center Blvd., Pittsburgh, Pa. 15235). Im-
mediately transfer from bulk container to glass con-
tainers with glass-stoppered or foil-lined screw top
lids and store in dark. (1) Unactivaled for partition
chromalography.—Use as received from manufac-
turer. Do not heat. (2) Activaled for Florisil column
cleanup (6).—Heat >5 hr but preferably overnight
at 130°C before use. Store at 130°C in glass-stop-
pered or foil-covered bottles. Alternatively, store

. stoppered container in desiccator at room tempera-

ture and reheat at 130°C after 2 days.

(b) Solvents.—Hexane, CH2Cl;, petroleum ether,
and CH;3CN; distilled in glass; free from electron
capturing substances. (Suitable products available
from Burdick and Jackson Laboratories, Muskegon,
Mich.)

(c) Sedium sulfale.—Anhydrous, granular.
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(d) Waler in acclonitrile.—10%. Add CHaCN to
100 ml water, let reach room temperature, and ad-
just to 1 L with CH,CN.

(e) Eluant miztures.—For Florisil column cleanup
(5). (1) Eluant A.—209%, CH,Cl>-hexane (v/v). Add
200 ml CH:Cl: to hexane, let mixture reach room
temperature, and adjust volume to 1 L with hexane.
(2) Eluant B.—50% CHaCl,-0.35% CH3CN-49.65%
hexane (v/v/v). Pipet 3.5 ml CH;CN into 500 ml
CHaCl, and .dilute with hexane. Let reach room
temperature and adjust to 1 L with hexane. (3) Elu-
anl C.—50% CH3Cl:-1.5% CH3;CN-48.5%, hexane
(v/v/v). Pipet 15 ml CH3;CN into 500 ml CH.Cl,
and dilute with hexane. Let reach room temperature
and adjust to 1 L with hexane.

Cleanup

(Fat or oil sample must be free of all traces of
organic solvents.)

Weigh 8 g fat or oil into 250 ml beaker. Add 25 g
unactivated Florisil (a)(f) to sample and stir with
spatula until all lumps are eliminated and thor-
oughly mixed, free flowing powder remains. Place
glass wool plug in bottom of 22 mm id X 250 mm
chromatographic tube and add 3 g unactivated Flori-
sil (a)(1). Completely transier oil-Florisil mixture
to chromatographic tube while settling column bed
by tapping tube sharply after addition of increments
of Florisil. Place glass wool plug ca 15 mm thick on
top of Florisil to hold it in place. Place 1 L separa-
tory funnel under column to collect eluate. Elute
column with 150 ml 10% water-acetonitrile, letting
cluant pass through column at its own rate. Before
eluting, rinse beaker used for mixing sample and
Florisil with few ml eluant and add rinse to column.
When elution is complete, add exactly 100 ml
petroleum ether to separatory funnel angd shake
vigorously 2 min. Add 10 ml saturated NaCl
solution and ce 600 ml water to funnel and mix
vigorously 1 min. Let layers separate and discard
aqueous layer. Wash petroleum ether layer with 2
successive 100 ml portions of water. Discard wash-
ings and transfer petroleum ether to 100 ml stop-
pered graduate and record volume (P). Addca 15 g
anhydrous Na,SO, and shake vigorously.

Determine weight of sample represented in eluate
as follows:

Wt sample in eluate = wt oil or fat sample X [P
{ml petroleum cther recovered)/100 (ml petroleum
ether added)]

Complete cleanup on a column of activated Flori-
sil (a)(2), using methylene chloride-acetonitrile-
hexane eluants as described by Mills et al. (5). Con-
centrate eluates from Florisil column chromatogra-
phy to suitable definite volumes for determination
of organochlorine residues by electron capture GLC.
Use micro cvaporative concentrator column for
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concentration to volumes <5 ml. (Note: Concentra-
tion of eluate to 1 ml for analysis by electron capture
GLC with sensitivity described under Apparatus
permits limit of detection of ca 0.005 ppm.)

Results and Discussion

Experimentation with the partition chroma-
tography residue isolation procedure of Giuffrida
et al. (4), in combination with the improved
Florisil cleanup column chromatography eluant
system of Mills ef al. (5), showed a marked im-
provement in cleanup of lipid extractives. Further
investigation of the partition chromatography
procedure indicated the possibility of increasing
the capacity for sample size above the 2 g fat or
oil previously used (4).

This procedure utilizes a -partitioning column
chromatographic process in which the oil or fat
sample is distributed along a-column of inert
support and the nonpolar organochlorine residues
are removed by a moving liquid phase. Unacti-
vated Florisil is used as the support and 10%
water-acetonitrile is the moving liquid. Elution
of the pesticides is a function of solubility rather
than chromatography. The relative distribution
of pesticides between the sample fat or oil and the
109, water-acetonitrile phase follows the p-values
reported by Bowman and Beroza (6). The Florisil
cleanup column chromatographic system recently
reported by Mills et al. (5) uses an eluant system

Table 1. Weight of fatty residues after partition
chromatography and after Florisil column
adsorption chromatography: 8 g original sample

mg Eluted
10%
water/ Eluant Eluant
Sample CHyCNe  Abc B 4
Corn oil 131 0.3 1.3
Butterfat 2n 0.5 19.5
Cod liver oil 187 0.1 0.7
Chicken fat 3 6.0 0.5
Dietary composite 244 0.6 15.0
(dairy products)
Dietary composite 83 0.9 5.2
(meat, fish, poultry)
Dietary composite 131 0.0 1.5

(oils, fats, shortening)

s Residue from 8 g fat atter partition chromatography.

b Residue after Florisil column adsorption chroma-
tography: cleanup of fat weight remaining atter parti-
tion chromatography.

¢ Eluant A—20% CH3Ci2-nexane.

4 Ejuant B—50% CH,Cl;—0.35% CH3CN—49.65% hex-
ane. :
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Table 2. Elution of pesticides from partition chromatography column®
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Vol. 109 water/CH3CN added to column, mi

Pesticide 0-50 50-75  75-100  100-125 125-135  135-145  145-155  155-165  165-175
Lindane + + 0 0 0 0 [} 0 0
p.p-DDE + + + + + + +* +° 0
p.p'-TDE + + +° 0 0 0 0 0 0
p.p'-DDT + + + + + 0 0 1] 0
Mirex + + + + + + + + +

¢ 28 g unactivated Florisil, 8 g corn oil; see Method.
b Amount <1%.

of mixtures of methylene chloride-acetonitrile/
hexane instead of petroleum ether-ethyl ether
mixtures to significantly improve the cleanup of
lipid extracts.

Our investigations were aimed at scaling up the
procedure of Giuffrida ef al. to accommodate
significantly larger samples. Many experiments
were conducted with varying amounts of unac-
tivated Florisil and volumes of 109, water-
acetonitrile, weights of oil and fat samples, and
representative organochlorine pesticides in order
to arrive at optimum parameters for good recov-
ery of pesticides with minimum elution of lipids.
No attempt was made to change the basis of the
earlier approach, i.e., unactivated Florisil column
material and 109, water-acetonitrile eluant. In-
stead of adding the sample to the column in petro-
leum ether solution (4), the fat or oil sample was
thoroughly mixed with Florisil to produce a free-
flowing powder prior to addition to the column
(7). One partition with 100 ml petroleum ether
was used to extract the pesticides from the water-
acetonitrile eluate; the sample weight represented
in the petroleum ether phase was calculated using
the approximation, volume of petroleum ether
recovered divided by 100, as has been done pre-
viously (2). The Florisil adsorption column chro-
matography cleanup was used as previously de-
scribed (5). Fat was extracted from dietary
composites (dairy products; fish, meat, and poul-
try; and oils, fats, and shortening) by procedures
previously described (2, 8).

The removal of fatty substances from 8 g sam-
ples of representative fats and oils by the method
described above is shown in Table 1. Approxi-
mately 96.5% (butterfat) to 99% (chicken fat) of
the original sample was retained during the parti-
tion chromatography residue isolation step
(column 2 in Table 1). The fats and oils extracted
from dietary composites were handled as effec-
tively as the individual fats'and oils.

Table 3. Recoveries of pesticides and Aroclor 1254
added to 8 g corn oll®

Added,
Chemical® S ppm Rec., %
Lindane 1 0.05 97, 100
2 0.005 106
3 0.0025 107
4 0.0005° 9
p.po'-DDE 1 0.1 100, 98
2 0.010 174
3 0.005 10
4 0.002¢ 93
p.p'-TDE 1 0.13 98, 9%
2 0.013 104
3 0.0065 112
4 0.0013 97
p.p'-DOT 1 0.4 96, 102
2 0.04 100
3 0.02 107
4 0.004° 105
Mirex 1 0.5 58, 56
2 0.05 49
3 0.025 54
4 0.005¢ 93
Heptachlor epoxide 1 0.1 105, 104
2 0.010 103
3 0.005 13
4 0.001° 105
Endasulfan | 1 0.2 98, 103
2 0.02 93
3 0.01 109
4 0.002 93
Dieldrin 1 0.13 102, 102
2 0.013 106
3 0.065 102
4 0.0013¢ 103
Endosulfan | 1 0.08 88, 102
2 0.008 103
3 0.004 9
4 0.0008° 86
Endosultan sultate 1 0.5 105, 106
2 0.05 108
3 0.025 97
4 0.005¢ 8
0.1 85

Arocior 1254

o |solation and cleanup described under Method.

b All pesticides added in admi .
¢ Reagents fortified; no oil present.
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The partition chromatography procedure pro-
vides a more efiective cleanup of § g fat than
petroleum cther-acctonitrile partitioning (1, 2)
achieves with a 3 g sample. In experiments con-
ducted with 3 g portions of butterfat, the weight
of fatty substances partitioned from petroleum
ether to acetonitrile, 29.011 (2), ranged from 373
to 541 mg and averaged 433 mg for 15 samples.
Fatty residues from 8 g butterfat of 244 to 272 mg
were eluted from the partition chromatograpby
column. Less than 1 mg residue from fatty sam-
ples appeared in the first eluate from the Florisil
adsorption cleanup column. Fatty residues in the
second eluate from this column were generally of
the order of 2 mg, but up to 20 mg was eluted
from butterfat. Butterfat was the most difficult
of the fats studied to clean up through the com-
plete method. The per cent retention of fatty
substances by Florisil adsorption chromatog-
raphy was essentially the same with butterfat,
the dairy products dietary composite, and the
fish, meat, and poultry dietary composite.
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Butterfat and corn oil behaved differently on
the partition column. The volume of aqueous
acetonitrile cluant secmed to be the determining
factor in the amount of butterfat eluted from the
column. Increase of eluant volume from 150 to
300 ml resulted in an increase in fatty residue
from about 280 to 550 mg, regardless of the
amount of Florisil used for the column (1545 g)
or the amount of butterfat (5-10 g). The primary
factor in the cleanup of corn oil was the ratio of
weight of oil to weight of Florisil. Additional
Florisil resulted in improved cleanup of corn oil.
Rice oil was not cleaned up effectively by the
described method.

Table 2 shows the elution behavior of 5 organo-
chlorine pesticides on the partition chromato-
graphic column. The fractional elutions were
made with an 8 g sample of corn oil on the
column. Lindane and mirex were chosen to repre-

‘sent divergent behavior as judged by their parti-

tioning values between hexane and acetonitrile.
An eluant volume of 150 ml was chosen as the

B

MIRUTES H ]

15 20 25

FIG. 1—Electron capture GLC chromatograms from eluate A. GLC conditions given under Apparatus; injection

equivalent to 57 mg for all chr

grams. A, 8 g corn oil fortified at following ppm: a. lindane 0.005, b.

p,p'-DDE 0.01, c. p,p’-TDE 0.013, d. p,p’-DDT 0.04, e. mirex 0.05; B, 8 g corn oil fortified at one-half levels in A; C,
reagents (no oil) fortified equivalent to one-tenth levels in A; D, 8 g corn oll (not fortified); E, reagent blank.



PORTER & BURKE: ISOLATION AND CLEANUP OF ORGANOCHLORINE RESIDUES

most favorable for recovery of representative or-
ganochlorine pesticides with minimum elution of
fat. We wish to reiterate the usefulness of parti-
tioning values for hexane-acetonitrile (6) in esti-
mating compound behavior on this column.

Table 3 gives recoveries of 10 representative
organochlorine pesticides and Aroclor® 1254 from
corn oil. The overall fortification levels ranged
from 0.0005 ppm lindane to 0.5 ppm endosulfan
sulfate and mirex. Corn oil was chosen for recov-
ery experiments because of the general presence
of low levels of organochlorine pesticide and/or
polychlorinated biphenyl (PCB) residues in ani-
mal fats and oils. With the exception of mirex,
recoveries of all compounds were good. The low
recovery of mirex was predictable from partition-
ing values (6). Likewise the 85%, recovery for
Aroclor 1254 would be predicted to be lower for
higher chlorinated PCB and higher for PCB of
less chlorination (9).

Figures 1-3 show the electron capture GLC
chromatograms obtained from samples carried
through the complete method. Chromatograms of
the 10 representative organochlorine pesticides
and metabolites (lindane, p,p’-DDE, p,p"-TDE,
2,p-DDT, heptachlor epoxide, dieldrin, endo-
sulfan I and II, endosulfan sulfate, and mirex)
and PCB (Aroclor 1254) chosen for this study are
included in the figures. The lowest fortification
levels, around 0.001 ppm (Figs. 1 and 2), were
carried through the method in the absence of oil
sample in order to avoid any exaggeration of the
response due to low residue levels in the oil. A
chromatogram of the unfortified corn oil js shown
for comparison. These chromatograms show the
suitability for electron capture GLC of extracts
prepared as described in this paper.

Dietary composites (dairy products; meat, fish,
and poultry; and oils, fats, and shortenings) (3)
have been analyzed as described under Method
(J. Underwood and Kansas City Total Diet
Analytical Laboratory, Food and Drug Adminis-
tration (1973) private communication). Levels of
the organochlorine pesticide residues determined
compared well with those found when petroleum
ether-acetonitrile partitioning and Florisil column
chromatography with ethyl ether-petroleum ether
eluants (1, 2) were used for cleanup. The im-
proved cleanup obtained with the described meth-
od permitted the recognition and/or measure-
ment of residues sometimes not determinable
after cleanup by the usual procedure.
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FIG. 2—Eiectron capture GLC from
eluate B. GLC conditions given under Apparatus; injec-

tion equivaient to 57 mg ple for all g!
A, 8 g corn oil fortified at following ppm: a. heptach
epoxide 0.01, b. end 1 0.02, c. dieldrin 0.013,

d. endosulfan Il 0.008, e. endosulfan suifate 0.05; B, 8

g corn oil fortified at one-half levels in A; C, reagents (no

oil) fortified equivalent to one-tenth leveis of A; D, B g
corn ol (not fortified); E, reagent blank.
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BRICOUT: 1SOTOPIC ANALYSIS OF FRUIT JUICES

FRUITS AND FRUIT PRODUCTS

Control of Authenticity of Fruit Juices by Isotopic Analysis

JACQUES BRICOUT

Institut de Recherches Appliquées auz Boissons, 87 rue de Paris, 98 Montreuil, France

In order to differentiate a natural fruit juice
from a dilute concentrate, we have investi-
gated the isotopic composition of their water.
We have chosen the stable isotopes deuterium
and '20. The water of orange juices is strongly
enriched in heavy isotopes, as compared to
rain water. This enrichment is much lower for
French apple juices and seems to be due to
evapotranspiration. The relationship between
deuterium and %0 observed for meteoric water
is modified in the fruits. If a fruit juice is con-
centrated and then rediluted with natural
water, the isotopic composition of its water
would be very similar to the original deuterium
and '%0 content of the dilution water. Isotopic
analysis allows a very confident distinction be-
tween patural fruit juices and reconstituted
Jjuices.

The fruitjuices, particularly citrus, in the Com-
mon Market are mostly imported from southern
areas, and in order to reduce the transport cost
they are usually imported as concentrates. The
French law distinguishes & natural fruit juice from
a dilute concentrate; therefore it is necessary to
have an analytical method to detect the less ex-
pensive reconstituted juices.

It is known that vacuum concentrafion with
aroma recovery does not affect the chemical com-
position of fruit juices (1); therefore we have only
considered the water content. In order to differ-
entiate the water of the fruit from tap water, we
analyzed the stable isotopes of hydrogen and oxy-
gen. The different stable isotopic species found in
natural water are as follows (2): H, 99.985; D,
0.015; 190, 99.759; 170, 0.037; 180, 0.204 atom
per cent.

Experimental

The relative abundances of stable isotopes were
measured by mass spectrometry. For the deter-
mination of deuterium, the water was reduced in
a 600°C uranium furnace directly connected to
the inlet system of a mass spectrometer specially
designed for the isotopic analysis of hydrogen (3).
The ratio of the intensity of the peak at m/e =

3 (HD*) to that at m/e = 2 (H:*) was deter-
mined and the atom per cent deuterium in the
hydrogen sample was calculated.

For oxygen we considered only the 120 isotope,
which was determined indirectly (4). The water
was equilibrated with carbon dioxide in a closed
vessel at constant temperature and pressure:.

Hz*0 + 0180, = Hy'60 + 10120

The same operation was performed with standard
water of known 180 content. The 180 in carbon
dioxide was analyzed by mass spectrometry
(Varian Mat CH7 with a double collector and 2
inlet systems). The relative difference between
the ratio of the peaks at m/e = 46 (C'®01%0*)
and m/e = 44 (C'%0,*) for the standard and for
the sample was measured. The 180 content of this
standard water was previously determined
against the international standard SMOW (Stan-
dard Mean Ocean Water) as defined by Craig (5).

The results are expressed as the difference per
mil (5 180) between the 180/180 ratio in the sam-
ple and in the standard SMOW.

6180 = 1000 X

[*80)/[*%0] (sample) — [#0}/[**0) (SMOW)

[#0)/['*0] (SMOW)
It is then convenient to express the results of the
deuterium analysis in the same unit with [D}/[H]
(SMOW) = 155.76 X 107¢.
6D = 1000 X
[D)/(H] (sample) — [D)/[H] (SMOW)
[DJ/[H] (SMOW)

Results and Discussion
The analysis of 180 can be performed directly
on the fruit juice, or on the water extracted by
total distillation under vacuum in a closed vessel,
as in the deuterium analysis. The results of 4
analyses of the same apple juice are given in

This paper was presented at the 86th Annual Meeting of the
AOAC, Oct. 9-12, 1972, st Washington, D.C.

Received August 24, 1072.
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FIG. 1—Deuterium and '*0 content in rain water and in orange juice water. Rain water: Corsica (C); Brazil (A);
Paris (P). Orange juice water: Corsica (E); Brazil (B); other origins (O). Reconstituted orange juice (H).

Table 1. The results show that the distillation
does not introduce any isotopic fractionation,
within the limits of the analytical accuracy.

We have analyzed the isotopic composition of
different tap waters and different orange and
apple juices. The natural variations of the isotopic
composition of water have been extensively
studied by different authors and particularly by
Craig (6). Rain water is lighter than ocean water
but there is a correlation between D and 180 con-
tent for oceanic rain water: § D = 85 180 + 10.

Table 1. Isotopic compesition of water trom
apple juice sample
Sample 3D, °/oo 8'%0, °/o0
1st distn —28.0 -3.8
2nd distn -28.0 -3.6
3rd distn -28.0 -3.7
No distn - -3.6

For Mediterranean rain water the correlation is
slightly modified (7): § D = 86 180 + 22.

Figure 1 shows the results of the isotopic analy-
sis of rain waters and orange juices of different
origins. It appears that orange juices are en-.
riched in heavier isotopes, as compared to rain
water. We have estimated this enrichment in 2
cases: (a) For Corsica, we observed an enrich-
ment between the irrigation water (C) and the
orange juice (E) of 9.5°/00! in 180 and 40°/c0 in
deuterium; (b) for Brazil, the enrichment between
irrigation water (B) and orange juice (A) is
12.6°/40 for 180 and 55°/00 for deuterium.

If an orange juice is concentrated and then re-
constituted, its isotopic content is close to the
original content of the water used for dilution.
For example, a concentrate (65 Brix) was diluted

1¢/,, = parts per thousand.



BRICOUT: ISOTOPIC ANALYSIS OF FRUIT JUICES

741

§*o .

a NATURAL JUICES
o RECONSTITUTED JUICES

§n Z

FIG. 2—Deuterium and '*0 content in apple juices.

with tap water (P, Fig. 1) up to 12 Brix. The
water of this reconstituted juice was determined
at point H. This method of analysis allows a very
good distinction between natural juices and re-
constituted juices and even of their mixtures in
equal parts. It also seems possible to detect the
addition of water to orange juice of known origin
by this method.

We have also investigated the isotopic compo-
sition of the water extracted from French apple
juices from different parts of ‘the country. The
results are represented in Fig. 2. We have ob-
served that all these waters are enriched in heavy

isotopes, as compared to rain water. The enrich-

ment factor is much lower than for orange juice.
For example, we have compared the main rain
water of Paris (P) with an apple juice of the same
origin (K). The enrichment factor is 5°/o0 for 180
and 14°/,. for deuterium. The heavy isotopes en-
richment in fruit is probably due to evapotrans-

piration, and this phenomenon is not so intense:
in France as in citrus-growing areas.

When an apple juice is obtained by dilution of
a concentrate, its isotopic composition is very
similar to the deuterium and 80 content of the
dilution water. On Fig. 2 the positions are indi-
cated of the points representative of the isotopic
composition of different apple concentrates di-
luted with different waters. The origin of the
concentrate has no effect and these reconstituted
juices show no heavy isotopes enrichment in their
water, as compared to the oceanic rain water used
for the dilution.

In the control of fruit juices we must consider
separately citrus fruit juices and apple juices. The
isotopic content of citrus fruit juices is much
higher than the isotopie content of reconstituted
juices, while no rain water in" Europe has an
isotope value near SMOW. So it is generally
sufficient to measure the relative abundance of



742

either deuterium or *8Q. We preferably measure
deuterium because this analysis is performed with
an entirely automated mass spectrometer (3)
which allows 32 determinations per day. For
apple juices it is necessary to measure the relative
abundance of deuterium and *80 in order to calcu-
late the deviation of this isotopic composition
from the regression equation of rain water.
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Symposium on Forensic Toxicology

The-European Symposium of the International Association of
Forensic Toxicologists will be held at the State University of Ghent,
Belgium on August 31-September 1, 1973. The language of the
Symposium, as at previous meetings, will be English.

For further information, contact Prof. A. Heyndrickx, Depart-
ment of Toxicology, State University of Ghent, Hospitaalstraat 13,

9000 Ghent, Belgium.
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Analytical Constituents of Strawberry and Raspberry and

-Their Change in Jam Production

JOHN J. RYAN and JO ANNE DUPONT

Research Laboratories (Foods), Health Protection Branch, Ottawa, Onlario, Canada K14 OL2

The constituents of strawberry and rasp-
berry bave been studied in order to regulate
the fruit content of jams made from these
fruits. Four constituents, potassium, insoluble
solids, amino acids, and phosphorus, were
examined to ascertain the variation, means,
and minimum acceptable values. From data
taken after about 1950 from these laboratories
and from the literature, the variation of the
first 3 constituents was less than 30% and
acceptable, while that of phosphorus was too
large and rejected. Strawberry and raspberry
fruit samples of known constituent content
were processed into jams and the amount of
fruit in jam was estimated by using the con-
stituent values. There was little or no differ-
ence between the per cent fruit in jams found
by using potassium and insoluble solids and
the true values determined by weighing. The
percentage of fruit using total amino acid
values was unreliable and could not be used.
Minimum and mean values determined for
strawberry jam containing 52% fruit are, for
potassium, 45 and 77 mg/100 g and, for insolu-
ble solids, 0.49 and 0.87 g/100 g.

One of the issues which has confronted food
chemists over a number of years is the estimation
of the amount of fruit in processed fruit products.
To date there has been no satisfactory solution
to this problem, even though considerable effort
has been expended to this end. The most success-
ful method in estimating ingredients in fruit
products, e.g., the amount of fruit in jam, has
been to analyze a large number of samples for
one or more constituents which are intrinsically
present in the fruit. If there is no change of the
constituents on processing, a statistical treatment
of the data as first explained by Steiner (1), com-
bined with the percentage used in the processed
food, enables an assignment to be made on the
probable limits of the value of these constituents
in the food. These limits, calculated so that there
is only a small probability that a value will lie
outside, are the basis for judging the acceptability
of a sample under test for that constituent. This
approach is necessary as it is impossible to assign

a precise value to most food constituents due to
the natural variation which exists from sample to
sample. This variation, caused by multiple fac-
tors such as cultural practices, varieties, and
countries usually comprises a normal distribution.

In order to define the particular constituents
which characterize a fruit, it is imperative that
the relative variation of constituent values be less
than about 30% of the mean. Otherwise the in-
terval of the limits chosen will be so large that
many adulterated samples will be included within
the chosen limits which are, in fact, not accept-
able, as illustrated in Table 1. This table shows
that, if there exists a population of constituent
values of relative standard deviation of 20%
which are then all decreased by, for instance, 309,
(as would be the case in dilution), 58%, of these
new values would overlap with the old. That is to
say—589%, of new diluted values would be passed

‘as satisfactory, using the old limits, when in fact

they are not. Hence a compromise must be chosen
between narrow limits and the per cent dilution
which can be readily detected. The disadvantages
of this approach are that () a considerable
amount of data must be amassed to give a rigor-
ous statistical treatment, (2) many constituents
show such wide natural variation that they can-
not be used, and (3) the constituent must not be
readily altered by simple addition. For instance,
the total acidity of strawberries is not a useful
criterion, since organic acids are cheap and regu-
larly used in jam production; & jam deficient in
this constituent due to low fruit content could be
brought up to standard by simple addition.
Food and drug regulations in Canada state the
amount of both strawberry and raspberry which
are to be contained in jam made from these fruits.
Using the approach outlined, we have studied
various constituents of fruit with a view to using
them for regulatory purposes. This paper gives
constituent values of strawberry and raspberry
fruits taken from our recent investigations and
from our unpublished data accumulated over the
years plus values compiled from the literature.
The effect of processing conditions on the selected
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Table 1. Proportion of deficient fruit products likely Table 2. Reproducibility of determinations on
to be passed as satistactory, using a tolerance singie samples of strawberry
level of 95%
Std Rel. std
Rel. std dev. Component Mean® dev. dev., %
% Deficient 10% 20% 30% Potassium,
mg/100 g 153.1 4.8 3.1
10 76 %0 93 Insoluble solids,
2 3 0N 89 g/100 g 1.28 0.06 44
30 3 58 82 Amino acids,
40 0 u 0 mequiv./100 g 6.18 0.43 7.8
50 0 4 48

constituent is also assessed. From these data, the
best estimate of the lowest acceptable value for
constituents of these 2 fruits in jams is then
calculated.

Expecrimental
Material and Methods

Fruit samples were purchased at local markets
either as fresh fruit or as unsweetened frozen packs
and kept frozen (—10°C) until used. The country of
origin was known for each sample.

Jam was made by an open kettle method to a de-
sired soluble solids content reading by refractometer
(usually 66 %). The exact percentage of fruit in jam
was determined by measuring the weight of fruit and
finished jam. °

Analysis

(a) Potassium.—Fruit (34 g) or jam (67 g) was
blended, boiled 1 hr in 50-75 ml distilled water,
cooled, and diluted to 100 ml with distilled water.
The solution was filtered and 50 ml was collected.
Potassium values were then determined by using
flame emission photometry at 767 nm.

(b) Insoluble solids.—These values were deter-
mined by Official Methods of the Food and Drug
Laboratories (FO-36, 1956), Ottawa, using 25 g
aliquots for jams and 12.5 g aliquots for fruit.

(c) Amino acids.—Blended jams and fruits were
extracted as in 22.003 (2). The water extract (250
ml), corresponding to 100 g jam or 50 g fruit, was
clarified by filtering through Celite and titrated to
pH 8.4 with NaOH as in 22.114. Then 100 ml 37%,
formaldehyde was added so that the ratio of extract
to formaldehyde was 2.5:1. The resulting solution
was retitrated to pH 8.4 with 0.1V NaOH.

(d) Phosphorus.—This element was determined
by ashing blended samples and using the molybdenum
-blue colorimetric method described by Vandercook
and Guerrero (3).

Results and Discussion

Of the many chemical constituents which could
be measured in fruit, only potassium, insoluble

¢ Six determinations.

solids, amino acids, and phosphorus were con-
sidered likely to fulfill the desired criteria as out-
lined. However, from earlier data, it appeared
that the natural variation of phosphorus would
be large and therefore this element was studied
less. The precisions of the methods used to deter-
mine values for the other 3 constituents were
satisfactory (Table 2). Two of the constituents,
potassium and insoluble solids, can be measured
with less than 5% error while the amino acid
variation is less than 10%. This experimental
error is included in the total variation as mea-
sured on the various samples of diverse origin.
Of these 4 methods, considerable difficulty was
experienced in obtaining reproducible values for
the amino. acid content by formol titration
(22.114). In this method, a water extract of the
fruit is titrated to pH 8.4, formaldehyde is added,
and the solution is retitrated to the same pH. We
found that the water extract of fruit had to con-
tain a certain percentage of fruit, the ratio of
added formaldehyde to water extract had to be
kept constant, and the titration had to be carried
out without delay in order to obtain reproducible
results. :

In selecting analytical values of constituents
from the literature it was decided that only indi-
vidual values and not averages would be used as
these lead to a more rigorous statistical treat-
ment. In addition, there is evidence available that
most analytical values for strawberry have de-
creased in the last 20 years due to a greater water
content in berries. Because of this change (asso-
ciated with cultural practices) all literature values
and our own values prior to approximately 1950
were discarded. The data in Table 3 are compiled
from our laboratories and the published work of
Boland et al. (4) and Zubeckis (5) and include
fruit from Canada, United States, and Mexico.
These results show that potassium has the lowest
relative deviation from the mean and phosphorus
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. Table3. C of tit t values in strawberry and raspberry
Rel. std
Constituent X dev., % n® Range Tolerance®
Strawberry
Potassium, mg/100 g 149 20 39 100-198 8
Amino acids, mequiv./100 g 1.05 31 n 0.43- 2.37 0.40
Insoluble solids, g/100 g 1.68 2 117 0.76- 2.74 0.94
Phosphorus, mg/100 g 13.1 £ 36 7.4 -23.1 33
Raspberry
Potassium, mg/100 g 166 16 37 121-236 110
Amino acids, mequiv./100 g 2.19 27 3 1.13- 4.00 0.9
Insoluble solids, g/100 g 4.93 28 81 2.52- 9.37 2.05
Phosphorus, mg/100 g 15.0 k] 21 10.2 -26.9 4.1

% n = pumber of samples.

b 959, of population greater than or equal to this vatue with P = 0.05.

2~

NUMBER

255

165
VALUE

% 105 135 195 225 295

FIG. 1—Histogram for insoluble solids in individual

strawberry samples (mg/100 g); n = 117.

10 —
8
x 64
w
o
b3
2 4
2k
1] 1 1
120 140 160 180 200 220 240
VALUE
FIG. 2—Histogram for potassium in individual rasp-

berry samples (mg/100 g); n = 37.

the highest. The tolerance value states that, in
the case of potassium, 95% of the population will
have a value equal to or greater than 87 with &
certainty of 95%. Because of the high scatter of
the individual values for phosphorus this con-
stituent was not studied further, since its toler-
ance value would include too many unacceptable
values, e.g., the samples could be diluted 50,
and over half of these would still fall within ac-
ceptable limits. Histograms for insoluble solids in
strawberry and potassium in raspberry (Figs. 1
and 2) show that these values approximate a
normal population with most values near the
mean.

With these data, both the correlation and
linear combination of values were studied. If 2
constituents are highly positively related (correla- ;
tion coefficient r ~ 1) then nothing is to be gained
by measuring both, since they are related by a
constant factor. There was also the possibility
that the correlation could be used to construct a
linear combination of components, X, = X; +
KX3, such that the variation of this new variable
was less than either of its components according -
to the method of Steiner (6). The results in Table-
4 show that potassium and insoluble solids are
positively correlated and potassium and amino
acids less so. Linear combination of any of these
constituents gives only a slight reduction in the
relative standard deviation in some cases and, in
others, none at all. Due to the high positive corre-
lation this statistical treatment of linear combins-
tion of variables could not be used in setting
narrower tolerance limits.

The change of the chosen constituents, potas-
sium, insoluble solids, and amino acids, on
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Table 4. Correlation and combination of
analytical values
Constituent,
x/y Vx/Vy* nb r 75

Strawberry

Potassium 20.0 i

Insoluble solids  25.1 S 134

Potassium 15.3

Amino acids 22.0 17 0.2 14.4
Raspberry

Potassium 1.3 c

Insoluble solids  17.9 & 0.6 1.5

Potassium 11.3

Ash 1.4 16 +0.90° 11.4

@ Relative standard variation of variables x, y, and c.
® n = number of samples.
¢ Significant at P > 0.05.

Table 5. Differences between experimental and
actual values for per cent fruitin jam
Strawberry Raspberry
Std Std
Constituent d®  dev. nb @ dev. n
Potassium +1.8 36 6 -4.5 3.7 4
Insoluble
solids +4.7 3.6 9 -1.0 85 4
Amino
acids +7.7 1.3 9 -4.3 35 4
Phosphorus -10.1 9.7 5 -5.4 0.7 3

¢ Difference between experimental and actual fruit
content.
b n = number of samples.

Table 6. Minimum and mean values for potassium
and insoluble solids in jams
Strawberry Raspberry

Component Mean Min.® Mean Min.?
Potassium,

mg/100 g 7 45 75 50
Insoluble solids,

g/100 g 0.87 0.49 2.2 0.9

¢ Based on 95% tolerance and strawberry and rasp-
berry jams of 52 and 45% truit, respectively. :

processing into jams was then studied. Nine inde-
pendent samples of strawberry and 4 of raspberry,
whose analytical constituents had previously been
measured, were processed into pure fruit jams by
standard methods. These jams, containing a
known percentage of fruit determined by weigh-
ing, were then analyzed for the 3 constituents of
interest. The small amounts of both pectin and
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acid used in the jam process were shown not to
affect the constituent values. The differences be-
tween the per cent fruit in jam determined from
the constituent values and the per cent fruit in
jam calculated by weighing were determined
(Table 5). The fruit content calculated from the
potassium values of strawberry differ the least
from the actual values and the scatter of differ-
ences is not large even though, in the case of
some Canadian fruit with low total amounts of all
constituents, the differences were high. With the
insoluble solids the differences were again on the
positive side, although the deviation, particularly
with Canadian fruit, is larger. This difference in
percentage of fruit of the jam calculated by using
the insoluble solids was not caused by interference
from pectin, precipitation of a substance from the
juice, use of a small aliquot, or the amount of
extracting liquid.

The fruit content calculated from the amino
acid values in Table 5 for strawberry is higher
than the preceding 2 constituents and shows a
larger deviation. In addition, the ;method used in
this determination is suspect, particularly when
the titer values are small. This poor reproduci-
bility was not due to anything inherent in the
jam meking, such as the size of aliquot taken,
pectins, acids, or heat treatment. A mixture of
standard amino acids similar in kinds and levels
to those which occur naturally in these fruits (7)
was prepared and titrated as in the formol meth-
od. Erratic and non-reproducible values were ob-
tained which did not correspond to the known
amino acid content. Part of the discrepancy was
traced to the dilution of water with the formalde-
hyde (2.5:1 ratio) which produced an acidity
which was definite but not consistent. Subtraction
of a blank value did not give true results. Because
of the erratic effects of the method and large
deviations from true values the total amino acid
value could not be used for estimating percentage
of fruit in jam. Moreover, these results cast doubt
on use of this method in berry fruits. Some repre-
sentative values for phosphorus are included in
Table 5 but the differences are markedly low.
Much the same trend of results was shown with
raspberry fruit although the number of samples
was small and the results are not as reliable.

The only work available for comparison of
these values is that of Osborn (8) who reported
analytical values for potassium and phosphorus
in a serics of fruits and jams. The actual per cent
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composition of jam is not stated but the values
found by using potassium were close to or equal
to those found by other criteria while the results
obtained by using phosphorus were low; both are
in agreement with the results here. Becauss the
changes in processing fruit into jam for both
potassium and insoluble solids are small and with-
in experimental error, it is believed that the
minimum amount of fruit in a jam can be esti-
mated by direct comparison of the 2 constituent
values found in a jam with those minimum values
known to occur in a series of fruit without any
correction for processing. In Canada, where the
minimum amount of fruit in strawberry and rasp-
berry jam is 52 and 45%, respectively, the mini-
mum and mean values for potassium and in-
soluble solids so calculated are shown in Table 6.
Thus it can be said that, from the available data,
strawberry jam prepared to contain 52% fruit
will contain a mean potassium value of 77 mg/
100 g for a series of samples and the minimum
value with 95% confidence is 456 mg/100 g. A
very small fraction of authentic samples will fall
below this minimum value but a large portion of
- genuine samples can be substantially diluted and
still have constituent values greater than the
minimum. It is believed that these minimum

47

values represent the best that are available with
the present techniques and data. It is realized
that a greater number of samples with a wider
selection’ of years, countries, and seasons would
be desirable as well as constituents with less
natural variation but these 2 requirements can
not be met at the present time.
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VITAMINS AND OTHER NUTRIENTS

Use of Heat to Saponify Xanthophyll Esters and Speed
Analysis for Carotenoids in Feed Materials: Collaborative Study

FORREST W. QUACKENBUSH

Department of Biochemistry, Purdue University, W. Lafayette, Ind. 49707

Twelve collaborators analyzed 4 pairs of sam-
ples to compare a 20 min bot (56°C) saponifica-
tion technique with the overnight cxtraction
technique at room temperature in the official
first action method for analysis of carotenoids
in fecd materials, 39.018-39.023, with a view to
(a) make the mcthod applicable to products
which contain xanthophyll esters and (b) speed
up the analysis. In general, the colluborators
were in good agrecement, with saponification of
esters essentially complete after the 20 min
heating of samples that contained marigold
mecal. While the sum-of extragted pigments
from corn gluten and alfalfa mehl tended to be
slightly higher with the longer (overnight)
contact with the solvent than with the hot
cxtraction, the diffcrences were not statisti-
cally significant. Significant differences be-
tween hot and cold trcatments werc absent
also in alfalfa pigment fractions, but hot
saponification significantly lowered monohy-
droxy pigments and increased dihydroxy pig-
ments in extracts from corn gluten. The re-
sults showed good precision with either extrac-
tion technique. The method, modified to
include hot saponification as an alternative
step, is now applicable to all dried feed ma-
terials, including those which contain xantho-
phyll esters (e.g., marigold meal); the modifi-
cation bas been incorporated into the official
first action method, 39.018-39.023.

The current official first action method for
carotenoid analysis in feed materials, 39.018-
39.023, has now been in use with good satisfaction
for a 3 year period. The chief advantages of the
method over others are (a) its applicability to
both corn gluten and alfalfa meal and to mixed
feeds which contain these products and (b) exclu-
sion of non-pigmenting polyoxy pigments. Its
measurement of dihydroxy pigment (DHP)
equivalents has shown good correlation with bio-
logical effectiveness in - skin pigmentation of
broilers (1). Disadvantages of the method are
that (a) the avernight extraction technique pre-
cludes its use in some industrial laboratories

where a quick result is desired, and (b) while the
cold extraction technique saponifies chlorophylls
it does not effect saponification of xanthophyll
esters which are present in such materials as mari-
gold meal and citrus by-products. Esterified xan-
thophylls behave like monohydroxy pigments
(MHP) or carotenes on chromatography. A study
in the Associate Referee’s laboratory (2) indicated
that a 20 min treatment at 56°C could effect
saponification of the xanthophyll esters and elim-
inate the necessity of overnight extraction, with-
out significant reduction in pigment yield. This
modification, which should extend the usefulness
of the method substantially, now has been sub-

‘jected to collaborative study.

Collaborative Study

Eight test samples and a sample of the dye for
instrument standardization were delivered to each
of 13 collaborators. A ninth sample which con-
tained a mixture of feed materials, including mari-
gold meal, was included as a practice sample.
Sample I was corn gluten from a lot currently
in use by a local feed manufacturer. Sample II
was the same fresh corn gluten blended with 109,
of an older sample. Sample IV was a commercial
dehydrated alfalfa meal, received April 24, 1972.
Sample IIT was the same sample of alfalfa meal
blended with 30% of an older sample of com-
mercial dehydrated meal. Sample V was a com-
mercial marigold meal, received May 8, 1972.
Sample VI was the same marigold meal blended
with 209, of an older sample. Sample VII was a
commercial poultry supplement blended with
10% of Sample IX. Sample VIII was the same
commercial poultry supplement with 20%, of
Sample IX. Sample IX, the “practice sample,”
was a blend of Samples I, IV, and V. Instructions
to collaborators are summarized as follows:

Refrigerate the 9 samples immediately. All
samples were ground to pass a No. 40 sieve and
are ready for analysis.“Aftef™ checking spec-
trophotometer with dye, analyze Sample IX to
assure methodology is well in hand; the mixture
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should yield (mg/Ib) approximately 55 carotenes,
20 MHP, and 275 DHP. Then make one analysis
of each of the 8 other samples, using the hot
saponification technique. Using silica gel G col-
umn, analyze for total carotenes, MHP, and
DHP. Repeat analysis of samples I-IV, with
overnight saponification as the only change. To
minimize variations due to carotenoid losses dur-
ing storage, complete analyses on June 1 or as
close to that date as possible. Specific procedural
instructions are enclosed (see Recommendalions).

Results and Discussion

Twelve collaborators reported. All completed
the analyses as requested (Tables 1 and 2), within
approximately a 2 week period prior to and after
June 1, 1972.

In general, the results from the different col-
laborators agreed quite well, and no collaborator
was sufficiently divergent from the others to re-
quire that his data be discarded as a whole. Some
outliers were clearly evident, however. Tech-
niques applied in the decision to: discard data as
unreliable were (a) the ranking test of laboratories
(3), (b) the 2-sample plot (3), and (c) the Dixon
test (4). For apparent outliers as observed from
these approaches, first scrutiny was on the sum of
the 3 fractions (carotenes, MHP, and DHP)
which should be a measure of pigment deteriora-
tion and efficiency of extraction but should not
reflect effectiveness of saponification of xantho-
phyll esters. A preliminary test, using all data,
showed no significant differences between the sum
‘of reported values for hot saponification and those
for overnight extraction.

Rank test results (range limits, 12 to 144)
showed that, while the results of Collaborator 3,
with a score of 22, were usually higher and those
of Collaborator 12, with a score of 130, were
usually lower than the others, neither was suffi-
ciently biased to be classed as a consistent outlier
on total pigments reported. However, 2-sample

plots indicated results of the following to be out’

of acceptable range: Collaborator 1 for Sample
IV; Collaborator 3 for Sample I; Collaborator 9
for Sample VIII; and Collaborator 12 for Sample
I. All data for these specific cases (underlined
values in Table 1) were finally discarded on the
basis of the Dixon test. Suspected values for indi-
vidual pigment fractions were then subjected to
the Dixon test and those which failed (P <0.05)
were underlined and excluded from subsequent
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statistical evaluation. A special case was the re-
sults of Collaborators 2 and 3 for Samples VII and
VIII in which the carotene values proved to be
outliers. It was reasoned that, since the sum of
their reported pigments was within acceptable
range, the fractionation was inadequate and that
the MHP and DHP values therefore were also
unreliable. The values were discarded accord-
ingly.

When a value was discarded for any reason the
collaborator’s result for the other sample of the
same material was automatically excluded from
statistical treatment, since all results were calcu-
lated on & paired-sample basis. This experimental
design, using sample pairs, provides & more re-
liable evaluation of precision than is obtainable
with duplicate analyses of the same sample (3).

The standard deviations (Tables 1 and 2), al-
though relatively high when compared to values
for more stable components, are considered ac-
ceptable for labile substances such as the carot-
enoids. They reflect primarily collaborator bias
rather than lack of precision as shown in Table 3.
Coefficients of variation of AAFCO alfalfa meal
check samples are usually much larger than those
reported in Table 1.

In this study of alfalfa meals, collaborators
showed less bias (5,2 and F-ratio, Table 3) than
in the earlier study with the official method (5).
For the corn gluten data they showed slightly
more bias than in the earlier study. There is no
apparent pattern of differences in either precision
or systematic error between hot and cold treat-
ments.

Mean values for overnight extraction tended to
be slightly higher than those for hot saponifica-
tion. This tendency toward higher results with &
longer extraction period had been observed earlier
(6) and may reflect a more exhaustive solubiliza-
tion of pigments during extended contact with the
solvent mixture. However, the differences in sums
of pigments reported were not statistically sig-
nificant for either the corn gluten or the alfalfa
meal pair. Furthermore, in the alfalfa pair, none
of the pigment fractions differed statistically.

. However, in the corn gluten pair, the hot saponi-

fication treatment gave lower MHP values
(P<0.01) and higher DHP values (P <0.05)
than the overnight treatment. This evidence that
a small percentage of corn xanthophylls occurs in
ester form is consistent with an earlier observa-
tion (7) in which the mean value as ester in 5
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Table 2. Collaborative test results with hot saponification hniques, using pl t: 9
xanthophyli esters®
Marigold meal — sample V Com. feed — sample VII

Coll. Car. MHP DHP Sum Car. MHP DHP Sum

1 0 0 5948 5948 9.1 2.2 27.6 39

2 41 59 6603 6703 25 5 n 47

3 66 85 6422 6573 15 8 2 50

4 6300 6300 10.5 2.1 29.5 42

6 0 0 6640 6640 10 2 32 44

7 0 37.7 6630 6668 8.9 3.2 30.4 42

8 120.8 6130 6251 8.2 2.0 31.6 42

] 0 0 5985 5985 9.6 8.9 14.4 33

10 10.4 60.5 6200 6271 8.4 1.9 29.7 40

11 0 87.7 6723 6811 8.9 2.2 2.5 44

12 0 276 5720 5996 10.8 8.2 21.1 40

13 0 144 6160 6304 9.9 8.5 22.4 q

Mean - —_ 6288 6371 9.4 4.1 27.1 42

Marigold meal — sample V| Com. feed — sample VHII

1 0 0 6253 6253 17.2 4.0 60.8 82

2 2 62 6000 6089 50 10 2 81

3 a 106 6362 6509 a 9 EE] 89

4 5771 5771 15.6 2.7 56.5 %

6 0 0 6180 6180 16 4 57 n

7 0 18.8 6046 6065 16.6 1.2 58.2 76

8 115.0 6030 6145 14.6 3.6 57.5 76

9 0 0 6080 6080 15.5 12.2 3.2 61

10 11.4 56.7 5700 5768 14.3 3.4 54.8 1

11 0 87.7 6177 6265 15.2 3.2 60.2 79

12 0 268 4910 5178 18.8 4.9 4.0 78

13 0 162 5520 5682 17.5 17.6 41.5 n

Mean - - 5919 5999 16.2 6.1 54.5 78
Std dev. - - - 39.5 1.6 6.1 1.5 5.1
- Coeff. of var. - - - 0.6 12.1 112 18.1 8.5

s. b See footnotes, Table 1, for further detail.
Tabie 3. Variances of the data from 4 pairs of samples
2-sample Precision Std dev. Systematic
Pair Extn Pigments mean, % §2 S42 Sp? F-ratio

Corn gluten hot Carotenes 26.6 1.4 3.0 0.8 0.6
Corn gluten hot MHP 20.8 1.6 8.1 3.2 2.0
Corn gluten hot DHP 123. 10.9 19.2 4.2 0.4
Corn gluten hot Sum 170. 11.8 62.4 25.3 2.1
Corn gluten cold Carotenes 29.4 1.3 10.6 4.6 3.6
Corn gluten cold MHP 25.8 1.9 10.8 4.4 2.3
Corn gluten cold DHP 119. 4.5 3.2 14.4 3.2
Corn gluten cold Sum 174. 6.2 51.6 22.7 3.7
Alfalta meal hot Carotenes 84, 11.6 15.0 1.7 0.2
Alfalta meal hot MHP 8.0 0.9 5.4 2.2 2.4
Alfalfa meal hot DHP 130. 8.6 112.6 52.0 6.0
Alfalfa meal hot Sum 222. 20.9 198.0 88.0 4.2
Alfalfa meal cold Carotenes 85. 19.6 21.5 4.0 0.2
Alfalfa meal cold MHP 8.8 2.0 15.2 6.6 3.3
Alfalfa meal cold DHP 136. 7.9 45.1 18.6 2.4
Alfalfa meal cold Sum 228. 34.3 336. 151, 4.4
Marigold meal hot Sum 6186. 616. 1560. 472. 0.8
Com. feed hot Carotenes 12.8 0.6 2.4 0.9 1.5
Com. feed hot MHP 5.4 5.7 3. 15.6 2.7
Com. feed hot DHP 41.5 6.8 57. 25.1 37
Com. feed hot Sum 60. 5.4 26.3 10.4 1.9
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inbreds was 5% of the total xanthophylls, or
equivalent to about 25% of the monohydroxy pig-
ments. The difference in the MHP 2-sample mean
per cent, 25.8 (overnight) vs. 20.8 (hot saponi-
fication), apparently reflects this (Table 3). As
pointed out by Collaborator 11, this represents
an inaccuracy when the official method is applied
to corn products. The calculated DHP equivalent
for corn gluten samples in this study is 1.1%
higher when derived from the hot saponification
data than when derived from the overnight data.
This known error is probably small in relation to
unknown errors in carotenoid methodology. It
can be avoided by using the hot saponification
step.

Marigold meal presents a special annlytlcal
problem because the esterified DHP fraction con-
stitutes over 90%, of the carotenoids present (2).
A 50 mg sample, an appropriate size for analysis
of this fraction, provides only trace amounts of
other pigments. The reported data for carotenes
and MHP, therefore, are not meaningful. Values
from the different/laboratories for DHP and sum
of pigments were in good agreement.

The sum of pigments extracted by the different
analysts from the commercial feed samples was
quite consistent, despite the relatively low pig-
ment concentration in these materials. The frac-
tionation data suggest that some collaborators,
especially 2 and 3, did not have optimal condi-
tions for saponification, although the majority
agreed well in all respects. Control of time and
temperature is undoubtedly quite critical.

In the absence of differences in precision and
systematic error, and without statistically sig-
nifigant differences in the sums of pigments ob-
tained from the different materials, one concludes
that either technique, hot or cold, is usable for
samples which do not contain substantial
amounts of xanthophyll esters. The hot extraction
must be used when esters predominate as in
marigold meals or feeds that eontain them.

Comments of Collaborators

Collaborator 1, and several others, commented
thatthe method is straightforward and procedural
details were followed without difficulty. Collabo-
rator 2 selected all aliquots to give 4 values of
0.35 to 0.725. He felt that his laboratory had a
low bias for MHP. Collaborator 3, and several
others, commented that carotene and MHP bands
were not visible on the columns of Samples V and
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VI. He connected a water-cooled condenser to the
volumetric flask with Tygon tubing. Collabo-
rator 6 did not receive the dye, and hence did not
calibrate his instrument on the day of analysis.
He thought that the column of adsorbent should
be longer and that a larger volumetric flask should
be used for MHP. Collaborator 10 preferred a 50
ml flask for collection of DHP and commented
that room temperature extraction for 1 hr appears
to be adequate. Collaborator 11 commented
(a) that hot sapanification of alfalfa meal pro-
duced large losses of MHP, perhaps due to
isomerization and incomplete extraction; (b) that
hot saponification of corn gluten lowered MPH
and tended to raise DHP, probably reflecting the
presence of esters and,that, if so, the AOAC
method is inaccurate for corn products; (c) that
the collaborative study lacked a basis for deter-
mining whether hot saponificationt may have pro-
duced losses in the marigold meal, mixed feed, or
practice sample; (d) that the alfalfa meal samples
were not typical good quality dehydrated meal
“samples, and that generally alfalfa ;meals do not
glve a sharp MHP band on silica gel G; (e)that in
view of these comments the hot saponification
method is unsatisfactory for alfalfa, corn gluten,
or mixed feeds. Collaborator 12 used 2 different
lots of adsorbent, stating that one gave sharper
separation of bands than the other. Collaborator
13 increased. the ratio of Super-Cel to silica gel G
to allow faster analysis. For a 56° bath, flasks
were placed near the perimeter of a-pie plate in
which 3{” water was heated with & small hot
plate.

Recommendations

It is recommended—

(1) That Section 39.020 of the official first ac-
tion method for carotenes and xanthophylls in
dried plant materials and mixed feeds, 39.018-
39.023, be modified to read as follows:

39.020 Preparation of Sample

Grind sample to pass No. 40 sieve. Accurately
weigh sample (2 g corn gluten or alfalia ieal; 50 mg
marigold meal; 4 g mixed feed) into 100 ml vol.
flask. Pipet 30 ml extractant into flask, stopper, and
swirl 1 min. For low moisture samples, e.g., marigold
meal, dehydrated alfalfa, or corn gluten (not air-
dried samples), also pipet 1 ml H20/2 g sample into
fiask, stopper, and swirl L.min. For high mmsture
(air-dried) samples, omit addn of H,0.

(a) Hot saponification.—(For rapid extn and for
samples contg xanthophyll esters.) Pipet 2 ml (4 ml
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for 4 g sample of mixed feed) 40% methanolic KOH
into flask, swirl 1 min, and place flask in 56° H,0
bath 20 min. Attach air condenser or cool neck of
flask to prevent loss of solv. Cool sample, and let
stand in dark 1 hr. Pipet 30 ml hexane into flask,
swirl 1 min, dil. to vol. with 109, Na,SOy, and shake
vigorously 1 min. Let stand in dark 1 hr before
chromatgy. Upper phase is 50 ml.

(b) Cold (overnight) saponification.—(For samples
not contg xanthophyll esters.) Let mixt. stand in
dark ca 16 br. Pipet 2 ml 40% methanolic KOH into
flask and swirl 1 min; let stand in dark 1 hr; then
proceed with hexane addn as in (a).

(2) That attention be given to newer methods
for carotenes in plant materials with & view to-
ward improvement of 39.014-39.017.
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Calculation of Turbidimetric Microbiological Vitamin Assay
Results, Using an APL/360 Computer Program

GREGORY V. BROLUND, ETHELBERT W. HASKINS, and GEORGE A. HUDSON
Division of Nutrition, Food and Drug Adminisiration, Washington, D.C. 20204

An APL-360 computer program is described
for the calculation of results from micro-
biological vitamin assays. The results are com-
pared to manual calculations specified in
official AOAC mcthods. This comparison
shows the validity of the computer program
for these calculations.

Computerized calculation of microbiological as-
say results offers an objectivity and degree of
accuracy that may be lacking when manual curve
plotting and visual interpolation are performed.

Application of computers to perform this task
has been described by T'suji and coworkers (1) by
calculation from a linearized standard response
curve. This method may not be generally appli-
cable to all possible curves. Berg and Behagel (2)
have also reported the use of a computer to obtain
results of ‘microbiological assays. Punch cards
were used to enter data into an IBM 360/50 com-
piter. Details of their program were not pub-
lished.

In writing the following program we have in-
corporated all criteria of acceptability specified in
39.084 of Official Methods of Analysis (3). The
program is written in Applied Programming Lan-
guage (APL). A flow chart and a complete listing
of the program are shown in Figs. 1 and 2
respectively.

Five standard dose levels are required. The
computer program is designed to accept a varied
number of replicates within each dose level. The
average per cent transmittance of each standard
level is then calculated and treated as a point on
a point-to-point curve.

The sample is set up at 4 dose levels in dupli-
cate. The program requires 8 transmittance read-
ings for each sample. If, for any reason, a reading
is missing, a zero must be substituted for the miss-
ing reading in the input. Per cent transmittance
of each sample tube is matched to the appropriate
segment of the standard curve. Equivalent stan-
dard concentration per tube (Del (1)) is calculated
by the formula:

Del (1) = (T (I) — Sa)/(Ss — Sa),

where T (I) is the per cent transmittance of sam-
ple tube (1), and S, and S, are the 2 points on the
standard curve that describe the segment on
which T (I) is located.

Del (I) for each tube is then checked to deter-
mine if it is equivalent to less than 0.5 or more
than 4.5 ml standard response. Values outside
these limits are discarded, as prescribed in Official
Methods of Analysis.

The values between 0.5 and 4.5 ml standard

, response are converted to vitamin content/ml
+ assay solution and averaged. According to Official

Methods of Analysis, values that vary by more
than 109, from this average are discarded. A new
average is then taken from the final remainjng
values and the potency of the sample ‘s calcu-
lated.

The calculation of 3 turbidimetric cyanoco-
balamin assays performed as prescribed in Official
Methods of Analysis is used to demonstrate the
application of this program. Turbidity as per cent
transmittance at 550 nm was read for each tube,
using & Bausch & Lomb Spectronic 20 spec-
trophotometer. Readings for standard tubes,
standard identity, and potency and, in turn, sam-
ple identification numbers, sample tube readings,
and dilution factors were manually transmitted
to an IBM 360 computer. Transmission was via
an IBM 2741 Communications Terminal (Ar-
monk, N.Y.) equipped with a Bell System Date
Phone.

Figure 3 is a printout of an assay with all 8
tubes acceptable under AOAC criteria. Figure 4
shows an assay with some tubes discarded for
failure to meet the +210% of the average require-
ment. In Fig. 5, readings were rejected for being
equivalent to less than 0.5 ml of the. standard.
Discarded tubes are represented in the printout
as a zero under “ml equiv std conc of tubes
used.” The number of tubes used to calculate
potency is also specified in the printout. An ac-
ceptable assay is defined as one in which at least
two-thirds of the tubes arevithin AOAC limita-
tions.

Received September 22, 1072.
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FIG. 1—Flow chart of the APL-360 program.

The printout also includes all input data, the
average equivalent standard concentration/ml,
the prescribed 109, limits, the standard concen-
tration/ml of each tube used, and the assay
potency with the appropriate units. -

Table 1 shows the results of each assay calcu-
lated manually and by the' computer program.

-The results of the 2 methods of calculation are

within 0.17-0.33%.

The described program parallels each step that
is performed in manual calculation of microbio-
logical results. Although this program has been
described for turbidimetric assays, with modifica-
tion it would be equally applicable to those per-
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v TEST [50) <((DELAUI)}<(AVE-TENLIM))V(DELALI]>(AVE+TENLIN)))/L11
(1)  S1+(+/541)+(pSA1) [51) =L12
(2)  §2-(+/5A2)+¢(p5A2) (52) L11:DELALI)+0
(3)  S3«(+/543)1(pSA3) (53] Li2:F«I+1
(4]  Su~(+/5A4)+(pSAu) (54) =(Is8)/GCBY
(5]  S5-(+/545)4(pSAS) [55) SUMA«(+/DELA)
(6] DEL+18 (56) JI+Jj+1
(7] I-1 [57) GBS:+(DELALII=0)/L13
(8] GR1:=(T(I)=0)/L20 [58) =<Liu
[9) ~(T(r)esu)/Ls [59] L13:JvJt1
(10 ~((T(I)<S3)a(T{II25u))/Lu [60) Liv:J«I+a
(11) ~((T(I)<S2)a(T[1]253))/L3 [61) +(Is8)/GBS
[12) +((T(I)<S1)a(T(I}252))/L2 [62) Jes-2
[13) ~(T(r)251)/L1 (63) FAVE+SUMA+J
[1v]) L3:DEL(I)+|(TLI)-100)4(51-100) (64) ANS~FAVExDFxC
[18) ~Lb [65) °'MICROBIOLOGICAL ASSAY---*
%15% L2:DELLI)~|((P(I)-51)+(S52-51))+1 E66§ d NATIONAL CEATER FOR NUTRIENT ARALYSIS';'
17) ~L6 67)] ' ¢
(18] L3:DELLII+1((P(I)-52)4(53-52))+2 (68) TB~ & 2 pr
(19 =i6 [69) 'TEST VALUES'
[20) Lu:DELLI)+|((T[I)-S3)4(54-53))+3 [70) TE
(21) L6 (713 ¢
(22) LS:DELLI)=1((TLT)-54)4(55-54))+u [72) 'DILUTION FACTOR:';DF
(23] ~L6 [73) °'THE STANDARD IS ';STD
[24) 120:DEL(I)+0 ()
(25) L6:I«T+1 [75) *STANDARD VALUES'
(26] ~(Is<8)/GB1 [(76] SA1
{27) I« [77) SsA2
(28) GB2:+(DELII)=0) /LB (78] sa3
[29) <(DFEL[I)<0.5)/L7 [79] SAu
[(30) =(DELLI)>4.5)/L7 [80) sas
[31) =Ls [(e1]
[32) L7:DEL(I)+0 (82) 'SAMPLE NUMBER: ';SNO
[33) L8:IeI+1 (83) J:' TUBES USED IN THIS ASSAY'
(4] <(I28)/CB2 (84)
(38) DIV~ 112233 4w [85] AVEA«(L0.54AVEx1000)#1000
(36) DELA+18 [86) TLL~(L0.5+(AVE-TENLIM)*1000)+1000
(37) DELA~DEL+DIV [87) TLH<(U0.5+(AVE+TENLIN)*1000)+1000
(38) SUM-(+/DELA) (88) 'AVERAGE ';AVER;' ViTLL; =" ;TLK
[(38) I«J+1 [89] '
{40) GB3:~(DELA(I)=0)/LS [90) 'STD CONC/ML OF TUBES USED'
(w1l «Li0 (91) DELB+(L0.5+DELAx1000)¢1000
[82) L9:J+Jt1 (92) DELB
(%3] L10:I+f+1 (93} »
[s4) «+(Is8)/GR3 [94] ANSA+(L0.5+ANSx1000)41000
[(45) JeJ-1 [95] «{J26)/41
[46) TENLIN-(SUM3J)x0.1 [96) ‘'ESTINATE ANSWER ‘;ANSA;' ';UNITS:' ' ; NANE
(87) AVE«SUMWJ [(97] =0
(v8) Ie1 [98) AY:'OFFICIAL ANSWER ‘;ANSA;' ';UMITS;' ' NAME
[49) GPu:+(DELALI)=0)/L12 v
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FIG. 2—Complete listing of the APL-360 program.

MICROBIOLOGICAL ASSAY---

NICROBIOLOGICAL ASSAY---

RATIONAL CENTER FOR NUTRIENT ANALYSES AUG 16, 1972

NATIONAL CENTER POR NUTRIENT ANALYSES AUG 16, 1872

TEST VALUES
73

PEST VALUES
73

kL 47.5 85
8.5 L} 36.5 36
36.5 36 28.5 29
28.5 29

DILUTION FACTOR: 608
TAE STANDARD IS CYANOCOBALAMIN STD CONC .01 NG/NL

DILUTION FACTOR: 608
THE STARDARD IS CYANOCOBALANIR STD CONC .01 NG/ML

STARDARD VALUES

STANDARD VALUES % 70 69.5
7% 70 69.5 847.5 50 47
47.5 50 &7 36.5 36 35.5
36.5 36 35.5 29 29 28

29 29 28 24.5 24 24.5
24.5 2% 2.5

SAMPLE WUNBER: TEST 1
8 TUBES USED IN TRIS ASSAY
AVERAGE EQUIV STD CONC 0.987  0.889++1.086

NL EQUIV STD CONC OF TUBES USED °

0.802 0.936 1.027 1.088 0.986 1 1.01 0.989

OFFICIAL ANSWER 6.003 NCG/ML

SAMPLE HUMBER: TEST 2

7 TUBES USED IN THIS ASSAY
AVERAGE EQUIV STD COWC 0.963 ~ 0.866+-+1.059
HL EQUIV STD COWC OF TUSBES USED

0.902 0.936 1.027 O 0.986 1 1.01 0.989

OFFICIAL ANSWER 5.95 MCG/NL

' 3DATE

FIG. 3—Sample computer printout showing 8 acceptable
sample tubes.

FIG. 4—Sample computer printout showing an assay
with one tube rejected for failure to be within 10% of the
average.
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MNICROBIOLOGICAL ASSAY---
NATIONAL CENTER FOR NUTRIENT ANALYSES AVUG 16, 1972

TEST VALUES

[1] 8.5
71.5 76.5
66.6 66
57 58

DILUTION FACTOR: 608
THE STANDARD IS CYANOCOBALAMIE STD CONC .01 NG/ML

STARDARD VALUES
7% 70 69.5
50 w7
36 35.5
28
245

87.5
36.5

29 29
.8 2%
SAMPLE HUNBER: TEST 3

€ TUBES USED IN THIS ASSAY
AVERAGE EQUIV STD CONC 0.%  0.36~+0.4%

NL EQUIY STD CONC OF TUBES USED
0 0 0.9 0.%00 0.4 0.%08 0.404 0.392

OFFICIAL ARSWER 2.435 MCG/NL

FIG. 5—Sample computer printout showing an assay
with 2 tubes discarded for being equivalent to less than
0.5 ml of the standard.

formed titrimetrically. The system is valid and
rapid and, in additional, elicits a printed record
incorporating all assay data. It should be con-
sidered as an acceptable alternative means of
calculation.

757

Table 1. Comparison of results of vitamin assays
calculated manually and by the APL-360 program

Caicd potency

Computer
Assay Manual program % Diff.e
Test1 6.02 6.00 0.33
Test 2 5.96 5.95 0.17
Test 3 2.49 2.44° 0.20

¢ Manual determination used as reference.

It is also applicable to all microbiological vite-
min assays; the only changes that are necessary
between assays are the identity and the concen-
tration of the standard.

REFERENCES
(1) Tsuji, K., Elfring, G. L., Crain, H. H., & Cole,
R. J. (1967) Appl. Microbiol. 15, 363-367
(2) Berg, T. M., & Behagel, H. A. (1972) Appl.
Microbiol. 23, 531-542
(3) Offictal Methods of Analysis (1970) 1ith Ed,,
AOAC, Washington, D.C., secs. 39.083-39.092

. This paper was presented at the 86th Annual Meeting of the
AOAC, Oct. §-12, 1972, at Washington, D.C. ’
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DRUGS IN FEEDS

Determination of Sulfaquinoxaline in Feeds: Collaborative Study

CHESTER R. SZALKOWSKI!

Merck Sharp & Dohme Research Laboralories, Rahway, N.J. 07065

In the method developed, sulfaquinoxaline
is cxtracted from the feed sample with di-
methylformamide and separated from inter-
fering substances by chromatography on
alumina. The isolated sulfaquinoxaline is di-
azotized and coupled in the presence of zir-
conium. The color complex is then extracted
with butanol and measured at 550 nm. Recov-
eries of sulfaquinoxaline from fecds reported
by 13 collaborators ranged from 96 to 101%,
with a coeflicient of variation of 5%. This
assay method is suitable for determining sulfa-
quinoxaline at all levels and has been adopted
as official first action, to replace methods
38.139 and 38.140-38.141.

Numerous criticisms concerning the failure of
the official AOAC methods, 38.139 and 38.140-
38.141 (1), to recover guaranteed amounts of sulfa-
quinoxaline from feeds necessitated re-evaluation
of the official methods. The Associate Referee
re-examined all factors which influence the ex-
traction of the drug from the feed, separation
from impurities and interfering substances, for-
mation of color, and the photometric measure-
ment. As a result, a modified method for the
determination of sulfaquinoxaline at all levels,
given below, was developed and collaboratively
studied.

METHOD
Sulfaquinoxaline—OfFicial First Action
(Applicable in presence of arsanilic acid)

38.Co05 Principle

Sulfaquinoxaline is extd from feed with DMF and
sepd from interfering substances by column chro-
matography on Al;Os;. Isolated sulfaquinoxaline is
acidified, diazotized, and coupled in presence of Zr,
and colored complex is extd with butanol and
measured at 550 nm. Arsanilic acid remains in final
aq. soln and can be measured at 540 nm and com-
pared with std treated similarly.

! Retired. Present address: P. Q. Box 106, Hualock Creek,
Pa. 18621. Addreas reprint requests to C. R. Saalkowski, Merck
8Sharp & Dohme Rescarch Laboratories, Rahway, N.J. 07065.

38.C06

(a) Aluminum ozide. —See 38.023(b).

(b) Alkaline salt soln.—Dissolve 2.0 g NaOH and
100.0 g NaCl in 500 ml H,O.

(c) NED soin.—See 38.013(d).

(d) Zirconium soln.—Dissolve 5.0 g zirconyl chlo-
ride, ZrOCl..8H0 (Fisher Scientific Co.), in 100 ml
H0.

(e) Sulfaquinozaline sid solns.—(1) Stock soln.—
Weigh 40.0 mg Ref. Std Sulfaquinoxaline (available
from Merck & Co., Inc.) and dissolve in 50.0 ml
DMF. Soln is stable at legst 1 month if kept tightly
stoppered and protected from light. (2) Inlermediate
s0in.—80 ug/ml. Dil. 5 ml stock soln to 50 ml with
DMF. (3) Working soln.—8 ug/ml. Dil. 5 ml inter-
megdiate soln to 50 ml with DMF. Prep. from freshly
prepd intermediate soln just before use. ¢

- (f) Butanol miziurc.—Mix 100 ml n-hexane with
400 ml n-butanol.

Reagents

38.C07 Preparation of Sample

Weigh 4.00 g ground feed sample inté 100 ml vol.
flask. Add 50.0 ml DMF, stopper, and agitate by
magnetic stirrer or mech. shaker 60 min. Transfer
mixt. to 50 ml centrf. tube and centrf. 5 min at 2500
rpm.

38.C08

(a) Preparation of column.—Constrict end of 50—
60 cm length of 9-11 mm id glass tubing by rotating
in hot flame until opening is 4-5 mm.-Insert small
plug of Pyrex glass wool in lower end and compress
with glass rod to thickness of 2-3 mm. Transfer 5.0
g AlOs to dry tube and pack by gentle tapping
while applying vac.

(b) Separaiion.—Pipet 10 ml clear ext onto col-
umn and let pass thru by gravity. Do not let column
run dry; keep 5 mm head of liq. Wash inner walls
with two 5.0 ml portions CHCls. Let final washing
drain until no further liq. appears at tip. Discard
effluent and washings. Attach column tip to vac. and
draw air thru until Al2O; is dry, indicated by tube
returning to room temp. Elute column by gravity
with 25 ml alk. salt soln, collecting eluate in 25 ml
vol. flask. Add 1.0 ml HCI to eluate, _dil. to vol. with
H:0, and mix well.

Prep. reagent blank by transferring 10 ml DMF
onto fresh column and proceeding as for sample.

Chromatography
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Prep. std by transferring 10.0 ml sulfaquinoxaline
working std soln onto fresh column and proceeding
as for sample.

38.C09 Determination

Transfer 10 ml aliquois of each eluate to sep.
centrf. tubes. Add 2.0 ml Zr soln and mix. Add 1.0
ml 0.1 % NaNO; soln, mix, and let stand 2 min. Add
1.0 ml 0.6 % NH, sulfamale soln, mix, and let stand
2 min. Add 1.0 ml NED solr, mix, and let stand 10
min. Add 2.0 g NaCl and 10.0 ml butanol mixt.,
stopper, and shake vigorously until NaCl dissolves.
Centrf., carefully transfer portion of clear, colored
top solv. layer to 1 cm cell, and read A at 550 nm
against butanol mixt. Correct for reagent blank.

% Sulfaquinoxaline in sample = 0.01 X (4/4") X
W, where A and A’ refer to sample:and std, blank
corrected, resp., and W = g sample.

Collaborative Study

The 4 feed samples sent to 17 collaborators
were prepared from an unmedicated broiler
finisher feed. Sample 1S contained 0.0100%, sulfa-
quinoxaline, sample 28 0.0150%, sulfaquinoxaline,
sample AS 0.006% arsanilic acid and 0.0100%,
sulfaquinoxaline, and sample 1AS 0.010% ar-
sanilic acid and 0.0125%, sulfaquinoxaline. Each
collaborator was supplied with 50 g of each feed
sample, 2 g reference standard sulfaquinoxaline,
and a copy of the method. The collaborators were
requested to perform single assays on each feed
on 2 different days and to report the results.

Results and Recommendation

Table 1 gives the recoveries of sulfaquinoxaline
from the 4 feed samples reported by the epllabo-
rators. Table 2 shows the absorbance obtained
on 2 different days for 32 ug sulfaquinoxaline in
10.0 ml butanol. The data in Table 1 were
treated statistically according to the techniques
suggested by Youden (2). The ranking tech-
nique, Table 3, was used to identify collaborators
who had consistently high or low results. Table 4
summarizes the results of the statistical study.
The results indicate a satisfactory degree of preci-
sion for the method. The means and standards
of deviation were calculated for all collaborators.
‘The coefficients of variation on the 4 samples
ranged from 4.9 to 5.5%.

The Associate Referee feels that more precise
-and accurate results can be obtained when the
analysts are more familiar with the procedure.

. When properly performed, the proposed meth-
od has 2 advantages over the .present official
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Table 1. Collaborative results for the determination
of suifaquinoxaline (%) in feeds

Sulfaguinoxaline found, %

Sample Sampl!

< 1

S 1

Coll.  Day 15 2 AS 1S
11 0.0100 0.049 0.0102 0.0124
2 0.0099  0.0151 0.0100 0.0126
Av.  0.0100 0.0150 0.0001 0.015
2 0.009 00143  0.0105 0.0128
2 0.0098 0.0152 0.0105 0,012
Av.  0.0097 0.0151 0.0105 0.0128
311 0.009%  0.0145 0.0100 0.0121
2 0.0095 0.0147 0.0100 0.0121
Av.  0.00% 0.0M45 . 0.0100 0.0121
4 1 0.009  0.0142 -0.00% 0.0117
2 0.0095 0.0141 0.0034  D0.0116
Av. ' 0.009 0.042 0.0095 0.0116
5 1 0.009 0.0132 0.010 0.0115
2 0.0094 0.0132 0.0092 0.0112
Av.  0.0035 0.0132 0.0097 °0.0114
6 1 0.0088 0.0137 0.0091 0.0111
2 0.0085 0.0138  0.0094 0.015
Av.  0.0087 0.0138 0.0093 0.0113
7 0.0110 0.0173 0.0116  D.0140
2 0.0097 0.0148 0.0101 = 0.0122
Av.  0.0104 0.0161 0.0109 0.0131
81 0.0100 0.0140 0.0105 0.0125
2 0.0100 0.0139 0.014 0.0123
Av.  0.0100 0.0140 0.0104 ' 0.0124
s 1 0.0087  —  0.0094 0.0113,
2 0.0088 ~ —  0.009 0.0015
Av.  0.0088 —  0.0095 0.01M
1 0.0090 0.0140 0.009  0.0120
2 0.0090 0.0140 0.0100 0.0120
Av.  0.009 0.0140 0.0095 0.0120
n o1 0.009 - 0.0147 0.0103 0.01
2 0.0098 0.0149  0.0104 0.0125°
Av.  0.0097 0.0148 0.0104 0.01%
7 o1 0.0090 0.0048 0.0099  0.0121
2 0.0095 0.015% 0.0107 0.0130
Av. 00082 0.0152 0.0103 0.01%
SR 0.0099 0.0155 0.0106 0.01%
2 0.0092 0.014 ©0.009% 0.0113
Av.  0.009 0.0150 0.0102 0.012%
w1 0.0093  0.0137 0.014 0.0137
2 0.0095 0.0135 0.0098  0.0125
Av.  0.0094  0.013% 0.0106 0.0131




)

“able 2. Absorbances of sulfaquinoxaline standard
(32.0 ug) in 10.0 ml butanol

Cell

Absorbance
path, Daily
Coll. cm Day 1 Day 2 variation

1 1 0.481 0.504 0.013
2 1 0.467 0.466 0.001
3 1 0.535 0.510 0.025
4 1 0.539 0.524 0.015
5 1 0.312 0.320 0.008
6 1 0.485 0.485 0.000
7 1 0.388 0.492 0.104
8 2 0.520 0.520 0.000
9 1 0.486 0.480 0.006
10 1 0.505* 0.494° 0.011
11 1 0.510 0.510 0.000
12 1 0.469 0.405 0.064
13 1 0.425 0.490 0.065
14 % 0.346 0.389 0.043
Av. 0.035

¢ Standard contained 32.88 ug sulfaquinoxaline/10 ml
butanol.

methods, 38.139 and 38.140-38.141: it is more
specific and sulfaquinoxaline can be quantita-
tively determined in presence of arsanilic acid.

It is recommended that this method be adopted
as official first action to replace the present offi-
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cial final action methods, 38.139 and 38.140-
38.141, which should be repealed.
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Table 3. Ranked collaborator results®
Day1 Day 2 Av.
Sample Sample Sample
Coll. 1S 25 AS 1AS Score 1s 28 AS 1AS Score 1S 2s AS 1AS Score
b 25 35 65 7 19.5 2 3 7 3 15 2 4 7 4 17
2 6 35 35 4 16 35 2 3 2 10.5 4 35 3527 13
3 4 6 7 8.5 25.5 6 6 7 7 26 4 6 8 6 24
4 6 7 9 10 R 6 8 9 9 2 4 7 11 8 30
5 6 10 6.5 11 3.5 6 13 10 12 41 55 1 9 10 3.5
6 8 9 11 13 41 10 11 9 10 40 9 ] 11 10 39
7 1 1 1 1 4 45 5 5 6 20.5 1 1 2 1.5 5.5
8 25 85 4 6 21 1 10 4 5 2 2 8.5 3.5 5 19
9 9 - 1 12 31 9 - 8 10 27 8 - 1 10 29
10 7.5 85 12 ] 37 8 9 7 8 2 7 8.5 11 7 335
1 6 5 5 5 21 3.5 4 4 4.5 16 4 5 4 4 17
12 7.5 4 8 8.5 28 6 1 2 1 10 6 2 5 4 17
13 3 2 35 2 10.5 7 7 7 1 R 4 3.5 6 4 1.5
14 6 9.5 2 3 20.5 4.5 12 1 4.5 2 5.5 10 1 1.5 18

® The approximate 5% 2-tail limits for ranking for 14 collaborators and 4 materials are 8 and 52: 1 = highest

value, 14 = lowest value.

Table 4. Results of statistical analysis of the collaborative results for suifaquinoxaline (SQ)

SQ % Coeff. % Coeff. F Coeff. SQ
Sam- Added, Found, ofvar., Found, ofvar., Av. of var., Rec.,

ple % dayl dasyl day2 day2 found S S, S (SisHh % %
1S 0.0100 0.009% 6.2 0.0095 4.4 0.009% 0.000468 ©0.000322 0.000410. 2.11 4.9 96.0
25 0.0150 0.0146 7.1 0.0144 5.0 0.0145 0.000808 0.000554 0.000697 1.32 5.5 9.6
AS  0.0100 0.0102 7.4 0.0100 5.0 0.0101 0.000498 0.000545 0.000315 0.84 5.0 101L.0
1AS 0.0125 0.0124 6.4 0.0121 5.2 0.0123 0.000616 0.000622 0.000431 0.98 5.0 98.2
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Qualitative Identification of Furazolidone, Tylosin, and Zoalene

in Feeds

LEWIS A. BAREFIELD

Arkansas Slate Plan! Board, P. 0. Boz 1069, Little Rock, Ark. 72203

Rapid microscopic methods are described
for the identification of furazolidone, tylosin,
and zoalene in mixed feeds at levels normally
used for fceding. The drugs are identified by
the colors produced in solution: furazolidone—
intense blue in dimethylformamide and potas-
sium hydroxide, zoalene—bright green in di-
methylformamide and potassium hydroxide,
and tylosin-wpink-orchid in distilled water.
Collaborative results showed excellent agree-
ment, and the methods }mve been adopted as
official first action.

The 11th Edition of Official Methods of Analysis
(1) contains official final action quantitative
methods for determining furazolidone, 38.064-
38.065, tylosin, 38.223-38.226, and zoalene,

38.158-38.160. The methods for furazolidone and-

zoalene are spectrophotometric and the method
for tylosin is micrabiological. The method for
zoalene, however, is not applicable in the presence
of furazolidone, nitrofurazone, or nihydrazone.

Rapid and reliable qualitative methods are
needed as screening procedures for each of these
drugs; a method is also needed for the detection
of zoalene in the presence of other drugs. The
following spot test methods are offered as supple-
ments to the official quantitative methods cited.
These spot tests were subjected to collaborativé
study by members of the Methods Committee of
the American Association of Feed Microscopists
(AAFM) in 1972 and by a class of twenty collabo-
rators at the biennial Short Course in Feed
Microscopy, conducted by the AAFM at Kansas
State University in June 1971. The described spot
tests (2) depend on the intense blue color produced
locally by furazolidone particles (3) and the
bright green color produced by zoalene (4) as they
dissolve in a solution of dimethylformamide and
potgssium hydroxide, and the pink-orchid color
of tylosin (5) that is produced on standing 5 min
in- distilled water; each color can be observed
under & stereoscopic microscope.

This report of the A iate R d at the 86th
snaunl Meeting of the AOAC, Out 9-12 1972, at Washington,

METHODS

Furazolidone, Tylosin, and Zoalene—
Official First Action

38.C01 Apparatus
See 7.099.
38.C02 Reagents

(a) Dimethylformamide (DMF).—Reagent grade.
(b) Alcoholic potassium hydrozide soin.—4%. Djs-
solve 4 g KOH in 100 ml alcohol. If premixed with
DMTF (149), prep. fresh daily. )
(c) Ethylenediamine.—Use in hood.

38.C03 Preparation of Sample

_Gently grind pellet, cube, or crumble forms with
mortar and pestle. Sieve thru nest of Nos 10, 20, and
30 sieves with pan. Drugs usually are concd in por-
tion in pan.

38.C04 Identification

(a) DMF test.—Place 9 drops DMF and 1 drop
ale. KOH soln in each of 3 depressions of white spot
plate. Sprinkle ca 0.01 g fine feed material into each
soln from tip of spatula while observing reaction un-
der microscope. Furazolidone produces intense blue
color, easily detected at >0.0025%. Zoalene gives
bright green, easily detected at >0.0025%. Color of
minute particles of zoalene fades rapidly; color of
larger particles persists 3-5 min.

(b) Ethylenediamine test.—Place dry filter paper
at bottom of petri dish and sprinkle ca 0.5 g fine feed
evenly over paper. Dispense 24 ml ethylenediamine
under edge of paper so as to wet entire paper and
sample. Examine under stereoscopic microscope at
10X for particles developing bright purple, indicat-
ing zoalene, or deep red, indicating furazolidone.
(Blood meal, frequently used in livestock feed, also
gives deep red color with reagent.)

(c) Water test.—Place ca 0.3 g fine feed in petri
dish and add 4-5 ml Hz0 to moisten to paste-like
consistency. After 4-5 min, examine under stereo-
scopic microscope at 10X with white paper under
dish. Pink or orchid particles indicate tylosin.
(Shades of many colors may_be present in gelatin
carrier of tylosin but pink and orchid are least likely
to be confused with particles of other feed compo-
nents.) ’
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Collaborative Studics

Twenty students enrolled in the 1971 Short
Course in Feed Microscopy at Kansas State Uni-
versity were given 4 samples, as unknowns, to be
tested without consultation. Sample 1 consisted
of ground yellow corn with 0.011%, tylosin; sam-
ple 2, a blank (ground corn only); sample 3,
ground corn containing 0.022% zoalene; and
sample 4, ground corn containing 0.011% fura-
solidone. Nineteen - collaborators made perfect
scores. One collaborator identified zoalene and
furasolidone correctly but reported Terramycin
in sample 1 (tylosin) and tylosin in sample 2 (the
blank). He apparently did not read the instruc-
tions.

In a separate collaborative study, conducted by
the American Association of Feed Microscopists,
23 collaborators were asked to analyze each of 4
samples marked A, B, C, and D. The test samples
were 65% ground yellow corn, 20%, layer supple-
ment, and 15% soybean meal (44%) with the
following drugs added: A, 0.0055% tylosin; B,
blank; C, 0.0055%, furazolidone; and D, 0.0125%,
zoalene.

Test kits were assembled and distributed to 23
collaborators. The kits contained the 4 feed sam-
ples, identified as A, B, C, and D; reference sam-
ples of tylosin, zoalene, and furazolidone feed
grade concentrates; instructions and a report
sheet; and about 20 ml of each of 3 test reagents:
dimethylformamide (DMF); potassium hydrox-
ide (KOH), 4% in 100 m] 95%, ethyl alcohol; and
ethylenediamine (EDA).

The collaborators were asked to indicate the
presence or absence of zoalene and furazolidone,
using the DMF-potassium hydroxide reagent and
then using EDA. The presence or absence of
tylosin was to be determined also for each of the
4 samples. A total of 20 different determinations
were to be reported.

dation

Results and R
Of the 20 AAFM collaborators, all 20 respon-
dents reported zoalene in the sample (D) to which
it had been added both by the DMF-KOH
method and by EDA. Nineteen found furazoli-
done in the correct sample, using EDA, and 17
reported furazolidone, using DMF-KOH. Sixteen
respondents reported tylosin in the correct sam-
ple. Nineteen of the 20 correctly identified the
blank. (See Table 1.)
Each of the 40 collaborators made perfect
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Table 1. Collaborative results for the identification
of turazolidone (F), tylosin (T), and zoalene (Z)

Using EDA®
Coll. T Be F z F 4

Kansas State Short Course (AAFM)

1 ¢ T F Z

2 T B F z

3 T B F z

4 T B F z

5 T B F z

6 T B F 4

7 T B F z

8 T B F z

9 T B F z
10 T B F r4
11 T 8 F z
12 T B F z
13 T B F z
14 T B F z
15 T B F z
16 T B F z
17 T B F z
18 T B F z
19 T B F z
20 T B F z

Methods Committee (AAFM)

21 T B F z F z
2 T.B F z F 4
23 T B F z F z
24 T B F z F z
25 T B F z F z
26 T B F z F z
27 T 8 F z F z
28 T.B F z F z
29 T B,F z F z
30 T F z T,B,F.Z Z
3 T B F z F z
R T B F z F z
3 F B F Y4 F z
34 T F F b4 F z
3 T B T b4 F.Z F.Z
3% T B F b4 F z
37 T -] F z F z
38 B z F z
3 T T.B F z F z
40 T B F z F z
¢ Blank.

b Performed by Colls. 21-40 only.
¢ Terramycin reported.

scores on the qualitative analysis for zoalene; 37
identified furazolidone correctly; and 35 correctly
identified tylosin. Thirty-eight of the 40 collabo-
rators reported the blank correctly.

The Associate Referee therefore recommends
that these methods be adopted as official first
action.

The dation of the A te Referee was approved
by the General Referee and by Subcommittee G and was
adopted by the Association; sse (1972) JAOAC 56, 410-411.
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15th Annual CIPAC Meeting

The 15th Annual Meeting of the Collaborative
International Pesticides Analytical Council (CI-
PAC) was held in Washington, D.C., at the
U.S. Department of Agriculture, Oct. 4-9, 1971.1
This was the first time that the United States
was host for a CIPAC meeting, which made at-
tendance possible for a number of AOAC. Asso-
ciate Referees who have been participating in
collaborative work but who ordinarily have not
been able to go.to CIPAC meetings in Europe.
Also, the meeting was held in October, rather
than at the usual time in June, so that CIPAC
members could easily attend the 85th Annual
Meeting of the AOAC, held Oct. 11-14, the week
after the CIPAC meetings.

The CIPAC organization consists of official
government chemists representing their respec-
tive countries, along with correspondents, ob-
servers, and expert witnesses (the latter are in-
vited official and industrial scientists), as well as
representatives from WHO (the World Health
Organization) and FAO (the Food and Agricul-
ture Organization). The Chairman is R. de B.
Ashworth (Great Britain), the Secretary is J.
Henriet (Belgium), and the Treasurer is M. J. P
Harrington (Great Britain). The major aim of
CIPAC is to adopt standardized methods of
analysis for technical pesticides and their formu-

lations after international collaborative study.

The organization of CIPAC, the manner in which
it operates and develops methods, and its close
working relationship with the AOAC have been
described earlier, (1971) JAOAC 54, 846-848.
At the 15th meeting, reports from expert wit-
nesses, based on work by National Subcommit-

1 For previous reports, sec (1966) JADAC 49, 158-159;
(1967) 50, 153-154; (1968) 51, 421-422; (1969) 52, 357-358;
(1970) 53, 407-408; and (1971) 54, 412.

tees, Panels, or Groups were presented on the
following subjects: Cyclodienes, Malathion, Di-
thiocarbamates, Copper, Cross-Contamination,
the Check-Sample Series of the American Asso-
ciation of Pest Control Officials, Dimethoate,
Dinocap, Dicofol, Mercury, Urea Herbicides,
Methoxychlor, Standard Waters, Herbicides,
Azinphos, Propoxur, Evaluation of Formulations,
Wettability, Ethion, Endosulfan, Paraquat and
Diquat, Gas-Liquid Chromatography, Trifluralin,
Benefin, Compatibility, Identification of Pesti-
cides, Petroleum Oils, Dioxins, Triazines, Fen-
chlorphos, and Specifications for Pure Pesticides
and Reagents. In addition, at the technical
sessions, methods for virtually every pesticide of
any appreciable use were considered. Specific ac-
tions or decisions were taken on more than 70
pesticides, and 15 pesticides were assigned for
initiation of new work.

After discussion by officials of both organiza-
tions, a draft of a document covering the guide-
lines to be followed for collaboration between
AQAC and CIPAC was drawn up and is currently
being considered for adoption.

Since chemists from abroad can now become
members of the AOAC, steps were taken to have
CIPAC members become AOAC members.

At the 85th Annual Meeting of the AOAC, a
Symposium on the Analysis of Pesticides and
Their Formulations, (1972) JAOAC 55, 907-947,
jointly sponsored by the AOAC, the National
Agricultural Chemicals Association, and CIPAC,
was held on October 12, 1971. A very interesting
series of papers was presented, and the Sympo-
sium was very well attended.

In addition to the technical sessions of the 15th
CIPAC meeting, a number of social affairs were

This report was presented at the 86th Annual Meeting of the
AOAC, Oct. 9-12, 1972, at Washington, D.C.
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arranged, including a banquet sponsored by the
AOQAC, a reception by the National Agricultural
Chemicals Association, and a buffet reception
at-home given by Mr. and Mrs. Schechter and
Mr. and Mrs. Caswell. The members were also
taken on tours of the USDA Agricultural Re-
search Center at Beltsville, Md., of the Food and
Drug Administration laboratories in Washington,
D.C., and of major sights in Washington. Since
wives of many of the CIPAC members were pres-
ent, a program of additional activities was ar-
ranged for the ladies.

16th Annual CIPAC Mecting

The 16th CIPAC meeting was also somewhat
unusual, in that the first half of the meeting was
held in Stockholm, Sweden, June 19-22, 1972,
with Siv Renvall as hostess, and the second half
in Lyngby, Denmark, June 23-28, with H. H.
Povisen as host. Invited expert witnesses pre-
sented reports on Triazines, the Heat-Stability
of Diazinon Formulations, Methods for Testing
Emulsifiable Concentrates, Chlordane, Dicamba,
Thiometon, Dithiocarbamates, Lindane, BHC
and DDT, Herbicides, Compatibility, Phyto-
toxicity, Manocozeb, Diquat, Mercury, Evalua-
tion of Formulations, Cyclodienes, Preparation of
Pure Pesticides as Standards, Identification
Methods for Dichlofluanid, Fenitrothion, and
Propoxur, Methods of Analysis for Phosalone,

Vamidothion, Carbetamide, and Oxadiazon, Gas-

Liquid Chromatography, Copper, and Dimetho-
ate. :
A one-day CIPAC Symposium was held in
Stockholm June 21, under the chairmanship of
G. Widmark, at which a number of excellent
papers relating to the analysis of pesticides were
presented.

At the technical sessions in Sweden and Den-
mark, methods for most of the important pesti-
cides were reviewed, and decisions were taken on
necessary modifications, continuation of collabo-
rative work, adoption as provisional or full
CIPAC methods, or adoption as joint CIPAC-
AOAC or AOAC-CIPAC methods, as appropri-
ate. Thirty-four pesticides were assigned to vari-
ous countries for initiation of new work, New

JOURNAL OF THE A0AC (Vol. 56, No.-3, 1973)

assignments for the United States were Chloro-
propylate, Coumaphos, Crufomate, Dioxathion,
Methyl Bromide, Bromacil, Dichlofenthion, Len-
acil, Trifluralin, Naled, and Fenoprop (jointly
with Great Britain). One day was also spent on
matters of liaison with the FAO Working Party
of Experts on Official Control of Pesticides (Sec-
tion B, Specifications) and with the Groupement
des Associations Nationales de Fabricants de
Pesticides (GIFAP).

The CIPAC Handbook, Vol. 1, Analysis of
Technical and Formulaled Pesticides (1970) G. R.
Raw (Ed.) is published by W. Heffer and Sons
Ltd., Hills Rd., Cambridge, England (price £10).
It contains a compilation of CIPAC methods, as
well as special chapters on Infrared Analysis, Re-
agents, Indicators and Solvents, Miscellaneous
Techniques, and Pure Pesticides. CIPAC Hand-
book, Vol. 14, now being prepared, will contain
additional methods and information accumulated
since the publication of Vel. 1. A CIPAC Mono-
graph on Slandard Waters is also being rpadied for

>publication.

In keeping with CIPAC tradition, the hosts in
Sweden and Denmark, with their characteris-
tically outstanding hospitality, arranged some
delightful social functions to compensate for the
hard work carried out by CIPAC and for the
long, difficult sessions of its meetings.

It should be kept in mind that analytical meth-
ods for pesticides and their formulations, and for
impurities in the technical products, are be-
coming of increasing importance. One need only
consider the furor raised by investigations of the
dioxin problem. Another important point is that
CIPAC and AOAC methods are given preference
by the FAO committee working on specifications
for pesticides, which are now actively being
drafted and adopted by that organization. We are
therefore making a plea to those government,
industrial, or academic scientists who have an
interest in any aspect of analytical work on pesti-
cides to volunteer for consideration as associate

-referees or collaborators to aid in developing or

improving AOAC or CIPAC methods. Any who
are so interested should contact the authors of
this paper.
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Current Efforts of the Food and Drug Administration to Control

Mycotoxins in Food

HENRY FISCHBACH and JOSEPH V. RODRICKS
Bureau of Foods, Food and Drug Administraiion, Washington, D.C. 20804

Twelve years ago when public attention was
focusing more and more on the potential harm
from wide pesticidal use, a warning was sounded
in England about a completely different hazard—
aflatoxins in peanut meal (1). Mycotoxins are the
offspring of nature, produced by some fungi under
certain conditions of temperature, moisture, stor-
age conditions, and the like. The report from
England associated the death of about 100 thou-
sand turkey poults with the presence of aflatoxins
in an imported peanut meal. Considerable toxico-
logical work on warm-blooded animals was done
by the Weybridge Group of the Ministry of Agri-
culture, Fisheries and Foods in England and by
many others. The Tropical Products Institute,
Lever Brothers, workers at the Massachusetts
Institute of Technology, and others explored the
chemical aspects of the problem. Within a couple
of years aflatoxin was unveiled as the severest
hepatocarcinogen, to some experimental animals,
known to man. Qbviously practical standards and
reliable methodology were essential to determine
the scope of the problem and then to safeguard
the food and feed channels. In the early 1960’s no
practical standards were available and the meth-
odology was lengthy and cumbersome. In 1964
the Trace Substances Commission was estab-
lished by the Food Section of the Applied Chem-
istry Division in the International Union of Pure
and Applied Chemistry.

The first scheduled meeting was held in Paris
on July 1, 1965. The Commission was charged
with two major areas of concern to the Food
Section, namely, Mycotoxins and Smoke Con-
stituents in Foods. In both of these areas, the
major obstacle to determining whether a problem
existed, and if so, its magnitude, was the lack of
reliable methodology of appropriate sensitivity
and specificity. Obviously, without such tools
meaningful data could not be acquired and re-
sponsible monitoring for the safety of food sup-
plies could not be accomplished. Consequently,

the major thrust of the Trace Substances Com-
mission was to stimulate the development of such
methodology. It was decided that aside from
methods development, the aflatoxin group of the
Trace Substances Commission would conduct col-
laborative studies as needed. Today there is a
recommended IUPAC method for the determina-
tion of aflatoxin in peanuts and peanut products
and & method for determination of aflatoxin con-
centration and purity (2, 3). The Food Section
has broadened its interest in mycotoxins and is
currently concerned with ochratoxin, sterigmato-
cystin, aflatoxin M;, and transmission of afla-
toxins to meat tissues. -

Mycotoxins may well be among the world's
most significant food contaminants. The sources
of many of the unexplained diseases of man and
animals may lie in their exposure, through food,
to these chemicals. But as with so many other
food contaminants, the most serious health effects
of these chemicals are probably chronic in nature
and therefore very difficult to evaluate. Nonethe-
less when faced with the need to make decisions,
we will continue to base our judgments of food
contaminants on the principle of maximum safety
to the consumer. We also believe that it is
reasonable to think of these chemicals as food
pollutants not much different from the various
industrial chemicals which are sometimes found
in foods. Although mycotoxins are of natural ori-
gin!, we know for the most part what techniques
are necessary to prevent their appearance in
foods. Food pollution resulting from chemicals of
natural origin is probably a more serious problem
in the technologically developing nations, whereas
that resulting from various industrial chemicals is
perhaps a more serious problem in the techno-
logically advanced countries. The more techno-
logically advanced nation can afford to demand
that food producers maintain a high standard of
quality and safety in their products; however, in
those nations where the possibility of starvation

Presented by Heary Fuchbuch at the IUPAC d
symposium on Control Sweden,
August 21-22, 1972.

! Many other natural food toxicants are inherent in certain
foods, and are treated difierently under our law.
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is real, questions of food pollution are necessarily
of secondary importance. Ncvertheless, we hope
that eventually cfforts to improve the nutritional
state of the world's population will be accom-
panied by an equal concern with the problems of
food safety.

In general, mold contamination of foods is
considered a violation of a section of the U.S.
Food, Drug and Cosmetic Act which defines a
food as adulterated “if it consists in whole or in
part of any filthy, putrid, or decomposed sub-
stance, . . .” (4). However, toxic mold metaboliles
when present in foods, even in the absence of
demonstrable mold growth, can be considered as
food adulterants under another section of the Act
which defines a food as adulterated and therefore
in violation of a section of the law “if it bears or
contains any poisonous or deleterious substance
which may render it injurious to health. . . .” (5).
It is this last section of the Act which is now used
to bring legal charges against any food containing
aflatoxin; this same section of the Act could be
used in the future for other mycotoxins as well.

To eliminate mycotoxin-contaminated food
from commerce, we necd methods to determine
mycotoxins and a megns of deploying these meth-
ods to survey suspected foods on a massive scale.
(This latter operation is performed through 17
FDA district laboratories located throughout the
United States.) This effort is, at present, devoted
primarily to the aflatoxin group, although we
have devoted some surveillance effort to ochra-
toxin and will be conducting such surveys for
patulin in the near future. We wish to emphasize,
however, that the development of analyticab
methods and the use of these methods to locate
mycotoxin-contaminated commodities in our food
supply is only part of our effort. Simply stated,
our eventual goal is to identify agronomic and
manufacturing techniques which are necessary to
minimize the proliferation of toxigenic fungi on
foods and to use such information to enlist the
cooperation of industry to establish guidelines
for the proper handling of mycotoxin-susceptible
foodstuffs; thus, prevention is the key word and
the various food industries with which we have
come in contact because of the aflatoxin problem
seem to think along these same lines.

Until this ideal state is reached, we are en-
couraging affected industries to set up analytical
and control operations so that they themselves
can eliminate contaminated materials before
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these substances reach the marketplace and are
therefore subject to seizure by the FDA. This
approach to the aflatoxin problem has in several
important instances been extremely successful in
the United States.

All of these approaches must be supported by
research: for example, identification of potential
mycotoxin problems, development of analytical
methods for mycotoxins (both chemical and bio-
logical), chemical and toxicological characteriza-
tion of new mycotoxins, determination of the fate
of mycotoxins during various food processing
operations, determination of the conditions under
which toxin preduction can occur, determination
of the incidence of mycotoxin contamination of
foods, and determination of the extent of trans-
mission of mycotoxins to the edible portions of
food-producing animals. All of these activities are
underway to some extent in FDA, but we rely
heavily on research done in universities, the food
industry, and other government agencies. Much
mycotoxin research of great value.to FDA has
come from work in other nations; we collaborate
with workers in England, Japan, Denmark,
France, Turkey, Iran, the Philippines, South
Africa, Germany, Poland, India, Canada, Brasil,
and many others, the results of which have
greatly aided in reducing this threat to human
health. A

As a result of past and present surveillance
work we have concluded that the potential for
aflatoxin contamination is established for the fol-
lowing commodities: peanuts, cottonseed, copra,
corn, and various tree nuts (pistachios, almonds,
walnuts, Brazil nuts, and pecans). Consequently
our district laboratories operate continuing pro-
grams to ensure that any of these*products that
contain aflatoxin are removed from commerce.
We have also been able to encourage the develop-
ment of a variety of industry self-regulating sys-
tems of the type we have referred to earlier. For
each of the industries affected by our regulatory
programs we have instituted an educational pro-
gram in cooperation with the U.S. Department of
Agriculture so that the means can ultimately be
found to prevent aflatoxin contamination of foods
to an extent compatible with safety and the most
advanced technological facilities available to the
producers. For these types of interim control
operations a recent useful development is a rapid
minicolumn qualitative method for aflatoxin,
developed by the U.S. Department of Agricul-
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ture and extended to a wide variety of commodi-
ties by the Food and Drug Administration (6).
We are beginning to use this technique in our
district operations, and a number of industrial
control operations have incorporated it as a
rapid screening tool.

As is well known, aflatoxin B, is metabolized in:

dairy cattle and its metabolite, M;, can be ex-
creted in milk (1, 7). Aflatoxin can also be trans-
mitted to the eggs of laying hens and to various
tissues of animals which are used as food (7).
Since the presence of aflatoxin in milk, eggs, or
meat reaching the consumer would be an ex-
tremely unsatisfactory situation, this remains as
a less certain area in our program. We are espe-
cially concerned about such a prospect since the
discovery of the potential for aflatoxin contamina-~
tion of corn, copra, and cottonseed, all widely
used in animal feed. Accordingly we have devised
experiments to systematically study the rate of
transmission of aflatoxin to milk and meat; the
U.S. Department of Agriculture has undertaken

a similar project for eggs. The level of aflatoxin

that appears in milk, eggs, or meat can be con-
trolled by a careful control of the use of con-
taminated feed, and these studies, which are just
getting underway, are aimed at defining such
controls. These studies will be accompanied by a
survey for aflatoxins in various milk products
taken from those areas of the United States
where contaminated animal feed is a serious prob-
lem. Methods with sensitivities of the order of
0.1 pg/kg will be applied, and the very sensitive
confirmatory test recently reported by Stack et
al. (8) will accompany the assay. As in all our sur-
veillance work we consider confirmation an in-
tegral part of the assay. Results of such sur-
veillance activity will afford some reliable data
on the seriousness of this problem in the United
States.

One preliminary transmission study, the re-
sults of which are still tentative, has demon-
strated the transmission of aflatoxin to the milk
of dairy cattle when aflatoxin is present in feed at
a level of about 33 ug/kg (9). This same study

also demonstrated that ammoniation of cotton- -

seed to destroy aflatoxin may lead to a product
useful for feeding dairy cattle, since a method
sensitive to 0.1 ug/kg detected no aflatoxin in the
milk from cows fed such & material. To what
extent other toxic products might be formed dur-
ing the ammoniation process is an important but
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still unanswered question. We are attempting to
find an answer to this question through a study
in which tissues and milk from animals receiving
this feed will be toxicologically evaluated by
feeding studies using the rainbow trout.

Our approach to the problem of mycotoxins in
foodsin the future will most probably follow the
same general patterns that have proved so suc-
cessful for aflatoxin. At present our concerns
center on patulin, penicillic acid, sterigmatocys-
tin, and ochratoxin.

Methods for ochratoxins (10) and sterigmato-
cystin (11) have been developed in our labora-
tories and both have undergone successful inter-
national collaborative studies. The method for
ochratoxin has a sensitivity of 10 pg/kg and that
for sterigmatocystin a sensitivity of 50 ug/kg;
both methods determine these materials in grain
and include confirmatory techniques, as we rec-
ommend for all such collaborative studies. A
survey of barley for ochratoxin contamination
was carried out in our laboratories and low levels
(10-37 ug/kg) were found in about 13% of the
180 samples assayed; among those found con-
taminated was a sample of malting barley. Since
our primary concern is human food and since
earlier ‘'work in our laboratories showed that
ochratoxin carried through to the beer during the
production process, we conducted a survey for
ochratoxin in malted barley as used by beer pro-
ducers and in the beer they produced. Using a
method with a demonstrated sensitivity of ap-
proximately 10 ug/kg, we established the ab-
sence of ochratoxins A and B in samples of beer
and malted barley from every one of the 130
breweries in the United States. Future surveys
for ochratoxin in dried beans are now in the
planning stage, as are surveys for patulin in
various apple products. Methods for patulin re-
quire improvements in sensitivity, and our cur-
rent efforts to improve methods are centered on
the use of liquid-liquid chromatography. Pre-
liminary results appear very promising: as little
as 10 ng patulin can be detected. We are pursuing
some structural studies on the metabolites of
Stachybotrys atra and thus far have uncovered and
purified two potent toxins which have been par-
tially characterized (12). Because of the wide-
spread occurrence of Penicillium viridicalum we
are attempting to unravel the vast array of
secondary metabolites produced by this mold.

Another mold-related problem does not seem
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to be a mycotoxin problem, namely, the toxic
compounds produced in the sweet potato as a
consequence of mold invasion (Prof. B. J. Wilson
of Vanderbilt University has made some excellent
contributions to this area in recent years). Four
compounds have been identified, two of which
are liver toxins and two of which are lung toxins
(13, 14). These compounds, the major one of
which is the hepatoxic furanoterpene known as
ipomecamarone, are not present in sound sweet
potatoes, but are only present when the potato
is mold-infected or otherwise damaged. We are
currently developing the methodology for im-
pomeamarone.
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First International Congress on Mercury

The Instituto Technélogico Metaldrgico “Emilio
Jimeno"' of the University of Barcelona has an-
nounced the First International Congress on Mer-
cury, Sept. 2-7, 1973. Sessions as well as symposia
and panel discussions will be held on the topics of
history, geology and mining, extractive metallurgy,
physical metallurgy and metallography, uses (phar-
maceutical, metallurgical, and agricultural), tox-
icity, and miscellaneous. Sessions are planned to
stress world resources, the future of mercury, and its
wise use.

For further information write to Primer Congreso
Internacional del Mercurio, Instituto Technélogico
Metaldrgico “Emilio Jimeno” de la Facultad de
Ciencias, Universidad de Barcelona, Barcelons, 14,
Spain.

International Conference on Land for
Waste Management

The Canadian Society of Soil Science is organizing
an International Conference on Land for Waste
Management to be held in Ottawa, Canada, Oct.
1-3, 1973.

The purpose of the conference is to collect and
disseminate information on waste disposal and

waste utilization in soils,- to evaluate systems of -

waste management on land, and to identify

the problem areas requiring research and devel-’

opment. For achieving this purpose the 3-day con-
ference will be organized around the following
themes: (a) climate, vegetation, and soils as factors
in waste disposal, including special problems in the
North; (b) soil properties and processes in relation to
waste recycling and disposal; (c) hydrogeology and
geomorphology as factors in waste management;

m

(d) nature of wastes in relation to disposal on land;
(e) socio-economic and land use planning for waste
disposal, including health and legal aspects; and
(f) land waste disposal systems—present and future
designs.

The program will feature keynote speakers and
will include volunteered papers, discussion, and
printed proceedings which pertain to the above
themes. The conference will take place in the Ottawa
Conference Centre and will include simultaneous
translations in English and French.

Address requests for further information and in-
structions for submitting papers to Mr. M. K. Ward,
Executive Secretary, International Conference on
Land for Waste Management, National Research
Council, Ottawa, Ontario, Canada K1A ORS6.

Advances in the Analysis of Lipids and
Lipoproteins

The American Qil Chemists’ Society (AOCS) is
sponsoring & special summer conference entitled
‘“‘Advances in the Analysis of Lipids and Lipopro-
teins.”” The conference will convene at the Ramada
Inn, Champaign, Ill., June 17-20, 1973. Dr. E. G.
Perkins, Professor of Chemistry, Department of
Food Science, University of Illinois, is program
chairman. i

Registration fees for the conference have been set
at $110 for AOCS members and $140 for nonmem-
bers. More detailed information is available from the
Executive Director, AOCS, 508 South Sixth Street,
Champaign, Illinois 61820. Telephone (217) 359-2344.

1972 Meeting

The 86th Annual Meeting of the AOAC was held
October 9-12, 1972, at the Marriott Motor Hotel,
Twin Bridges, Washington, D.C. More than 230
papers were presented and about 1200 scientists
attended, representing Federal, State, and local
governments, Canadian organizations, and private
industry.

President L. L. Ramsey was given the Presidential
Plaque by Donald J. Mitchell, the 1973 President.
In his address,. “The Role of the Scientist in an
Era of Consumerism,” President Ramsey detailed
the books published, laws enacted, and other sig-
nificant events that reflect the power of the con-
sumer in the marketplace today. He also emphasized
the responsibility of the scientist to continue research
to expand man’s knowledge, to evaluate risks and
benefits to the public health, and to assist in con-
sumer education.

Also at the General Session on Monday morning,
Richard Meyer and Stanley Nesheim were pre-
sented with certificates in recognition of many years
of special contributions to the Association. Dennis
Martin, University of Nebraska, Lincoln, was
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1972 Fellows of the ADAC. From left to right: Paris M. ﬁrlckoy. Jr., Mike J. Deutsch, Mary Heckman, J. J. Mayer-
nick, M. Percy McKinley, Harolg Salwin, and Theron E. Strange.

announced as the 1972 scholarship award winner, the
7 scientists chosen as the 1972 Fellows were pre-
sented with their certificates, and Charles C. Clark
was honored as Associate Referee of the year.

Clyde L. Ogg delivered his Wiley Award address,
“The Human Element in Collaborative Studies,” at
the General Session. Dr. Ogg stressed the primary
importance of the collaborator in the methods vali-
dation work of the AOAC, and suggested ways in
which we can make better and more efficient use of
the experience, suggestions, and evaluations of the
collaborators. He also suggested that collaborators
and their work responsibilities be considered when
collaborative studies arc planned and sent out, and
that collaborators be promptly informed of the over-
all results of the study and the performance of their
particular laboratories.

Three symposia were held at the 1972 meeting:
the Joint AOAC-SCC Symposium on Cosmetic Ana-

Richard Meyer (lcft) and Staniey Nesheim, with special
certificates.
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lytical Techniques; the Symposium on Industrial
Chemicals as Food Contaminants; and the Forensic
Science Symposium.

Thanks to Reviewers

The journal system of publication relies heavily
on the services of manuscript reviewers—scientists
who serve without pay, with little or no recognition,
and often, because of deadlines and pressures of
publication, with no formal expression of thanks. A
good review of a manuscript is a difficult and time-
consuming task, and we wish It were possible to re-
ward our reviewers in some way. The following are
those who have reviewed manuscripts for JAOAC
during the past year. We hope that we have not
overlooked anyone, but if we have, please forgive us
and accept our sincere thanks for your services. -

I L. Adler, L. L. Alber, T. G. Alexander, R. Allen,
S. Ames, B. Armbrecht, B. L. Auerbach, S. Barkan,
W.F. Barthel, M. Beroza, A. Bevenue, F. E. Boland,
W. R. Bontoyan, A. Bracey, C. L. Bramlett, Jr.,
W. Brammell, R. F. Brown, R. L. Brunelle, C. A.
Brunner, M. Bueno,-J. A. Burke, L. I. Butler, A. D.
Campbell, A. A. Carlstrom, J. Caro, R. Carr, N. A.
Carson, G. G. Carter, R. L. Caswell, E. Christensen,
F. 8. Chu, D. E. Coffin, E. H. Cohen, R. H. Collier,
H. B. S. Conacher, R. A. Conkin, P. Corneliussen,
A.F. Cucully, C. G. Cunningham, H. Cunningham,
A. Curley, F. Czech, P. DeCamp, H. DeLuca, E. De
Ritter, M. Deutsch, M. Dow, R. H. Dougherty,
T. D. Doyle, L. R. Dusold, D. O. Eberle, P. Eisen-
berg, H. F. Enos, E. A. Epps, Jr., T.J. Farrell, F. R.
Fazzari, E. Fernandez-Flores, J. Fiorino, D. Fire-
stone, V. Folen, W. B. Furman, R. J. Gajan, W. M.
Gantenbein, A. M. Gardner, J. Gaul, C. W. Gehrke,
A. J. Gehrt, L. Gershman, M. E. Getz, M. E.
Getzendaner, C. Graichen, J. Grieb, L. Haddaway,
L. G. Hambleton, J. Hamilton, H. Hamménd, L.
Hankin, J. Harrell, M. Heckman, X. S. Heine, R. R.
Heinze, M. W. Heitzman, A. H. Hofberg, 1. Hoff-
man, E. R. Holden, W. L. Hoover, T. M. Hopes,
W. Horwitz, W. D. Hubbard, R.J. Hummell, H. K.
Hundley, O. Hutzinger, M. IThnat, M. C. Ivey, N. F.
Ives, S. Kahan, L. Kamm, L. Kamps, A. B. Karasz,
D. Kassera, R. Katz, S. Katz, J. M. Kauffman,
F..W. Kavanagh, J. A. Kawatski, P. C. Kearney,
J. R.Koons, T. Korbelak, T. C. Kram, R. T. Krause,”
B. Krinitz, G. Lakata, D. Larry, J. B. Leary, D. J.
Lee, J. Levine, A. Lietze, D. J. Lisk, P. Lombardo,
C. A. Luhman, A. J. Malanoski, D. M. Marmion,
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R. M. McCready, K. A. McCully, B. McMahon,
V. C. Midkiff, M. M. Millard, H. J. Miller, J. P.
Minyard, L. R. Mitchell, D. Moredock, F. J.
Mulder, B. M. Mulhern, R. K. Munns, J. Myrdal,
P. P. Nair, R. G. Nash, D. C. Nearpass, S. Nesheim,
R.J. Noel, S. M. Norman, M. S. Oakley, 1. Okuno,
0. E. Olson, J. H. Onley, B. Oser, D. E. Ott, J.
Pardue, N. R. Pasarela, G. Paulus, H. L. Pease, O.
Pelletier, C. Perrin, W. Plank, P. L. Poelms, A. E.
Pohland, W. A. Pons, R. H. Price, F. W. Quacken-
bush, H. L. Reynolds, G. H. Richardson, R. Rip-
pere, J. A. G. Roach, J. V. Rodricks, W. M. Rogers,
L. D. Rollins, A. Romano, D. Rosebrook, D: J.
Roseth, B. A. Ross, R. C. Rund, J. J. Ryan, J. G.
Saha, G. Sakell, H. Salwin, E. Sarnoff, R. M. Saun-
ders, R. L. Schoeneman, A. E. Schulze, G. Schwarts-
man, P. M. Scott, M. M. Sharpe, A. J. Sheppard,
0. L. Shotwell, M. Singh, E. Smith, D. M. Smith,
H. Smith, W. H. Stahl, D. L. Stalling, W. F.
Staruszkiewicz, Jr.; L. Stoloff, R. W. Storherr, C. R.
Szalkowski, S. Tannenbaum, C. W. Thorpe, G. H.
Tjan, J. C. Underwood, T. Urbanyi, J. F. Uthe, P.
Van Soest, A. E. Waltking, A. E. Wasserman, R. R.
Watts, R. S. Wayne, R. G. Webb, J. Weber, C.
Weeks, J. R. Wessel, D. West, R. W. Weik, G.
Wilamowski, P. Wilkes, C. H. Wilson, B. J. Wil-
liams, J. S. Winbush, A. L. Woodson, H. W. Wood-
son, J. Wragg, W. W. Wright, G. Yip, R. W. Young,
and 8. J. V. Young.

Special recognition, for reviewing 5 papers or
more in 2 single year, is due M. Beroza, R. L. Bru-
nelle, J. A. Burke, G. G. Carter, R. L. Caswell,
E. A. Epps, W. L. Hoover, D. Larry, J. Levine,
A. J. Malanoski, R. K. Munns, L. Stoloff, R. W.
Storberr, and G. Yip.

Award Fund

A contribution to the Harvey W. Wiley Award
Fund has been received from Dr. and Mrs. William
Horwitz in memory of Henry A. Lepper. Dr. Hor-
witz is Executive Director of the AOAC. The AOAC
also made a contribution in Mr. Lepper’s memory.

"The fund is used to support the AOAC scholarship

award for needy college students and to reward sci-
entists for outstanding contributions to analyticsl
chemistry. The Association matches each contribu-
tion to this worthwhile fund. Contributions may be
sent to: Luther G. Ensminger, Executive Secretary,
AOAC, Box 540, Benjamin Franklin Station,

.Washington, D.C. 20044.

0N
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NEW PUBLICATIONS

World Health Organization Technical Report Series.
Available through the American Public Health
Asscciation (APHA), Inc, 1015 Eighteenth St.,
N.W., Washington, D.C. 20036.

No 462, Evaluation of Food Additives: 14th Report of
the Joint FAO/WHO Expert Committee on Food
Additives, 1971. 36 pp. Price $1.00.

Various aspects of problems related.to the estab-
lishment of specifications are discussed, particularly
with respect to solvents used in food preparation and
to mercury. Recommendations for further action are
‘made.

No. 487, WHO Ezpert Commitiee on Specifications for
Pharmaceutical Preparations: 24th Report, 1972.
88 pp. Price $1.50.

Proposals for changes and additions to the I'nter-
national Pharmacopoeia are discussed, particularly
improved test procedures and ‘“‘good practices in
manufacture.” Also, 31 new monographs for drug
substances are included along with several reagent.
specifications and sest procedures.

No. 495, Opiates and Their Alternates for Pain and

Cough Reli=f, 1972. 19 pp. Price $0.75.

The effectiveness ‘of natural and semisynthetic
alkaloids iz reviewed, in view of the tremendous
abuse problem, by. 8 WHO scientific group. Specific
ailments are considered individually .and recom-
mendations are made. In addition, it was strongly
urged that further research be done on alternatives
and on opiate addiction. ¢

No. 498, International Drug Moniloring: The:Role of

National Centres, 1972. 48 pp. Price $1.00.

With the increasing problem of adverse reactions
to drugs, it is imperative that information be ob-
tained. The objectives and operations of national
centers are discussed. Some information is given on
the centers of 12 nations. Centers in Sweden-and the
United Kingdom are discussed in detail and the pro-
grams of the Food and Drug Administration are also
dexcribed.

No. 500, Oral Enteric Bacterigl Vaccines, 1972. 34 pp.

Price $1.00.

While oral vaccination had been generally con-
sidered 1o be an ineffective means of immunization,
the success of the live poliomyelitis vaccine has
caused attention to be directed to this more con-
venient means of administering medication. The

reader is brought up-to-date by means of a rather ex-
tensive 1 >view, particularly with respect to develop-
ments in enteric fevers, shigellosis, cholera, and E.

. colienteritis. Recommendations are made for further

research and specific topics are suggested.

No. 502, Pesticide Residues in Food, 1972. 46 pp.

Price $1.00.

Recent. developments in the establishment of ac-
ceptable daily intakes (ADI) of pesticides are dis-
cussed extensively. In addition, current recom-
mended ADI'’s are ronveniently tabulated. Recom-
mendations of the joint FAQ/WH() study group are
also presented.

No. 503, ‘Nutritional Anaemias, 1972. 29 pp. Price
$1.00.

Deficiencies of iron, folate, and vitamin Bjz are
discssed;-particularly with regard to-the occurrence,
and absorption cf hemopoietic nutrients. Recom-
mended daily intakes are presented.

No. 505, Evaluation of Cerlain Food Additives and the
Contaminanis Mercury, Lead, and Cadmium: 16th
Report of the Joint FAO/WHO Expert Commit-
tee on Food Additives, 1972. 32 pp. Price $1.00.
Sources of contamination by these metals plus

some food additives are discussed, along with means

of control and regulation.

The following publications are also available through
APHA.
Nutrition: A Review of the WHO Programme,

1965-1971, 1972. 36 pp. Price $0.50.

WHO programs are reviewed with particular em-
phasis on protein-calorie malnutrition, xerophthal-
mig, nutritional anemias, and endemic goiter. Pro-
posals for further action are also discussed.

Biological Substances: International Standards,
Refereace Preparations, and Reference Reagents,
1972. 56 pp. Price $1.00.

The pamphlet consists of tables listing substanees
available, units of measure, form in which dispensed,
yeaf of establishment, references, and addresses of
sources. An alphabetical index is included.

Toxicological Evaluation of Some Enzymes, Modi-
fied Starches and Certain Other Substances, 1972.
109 pp. Price $1.50.

Monographs are presented for 24 food additives,
each containing biological data and references.
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Vector Control in International Health, 1972. 144 pp.

Price $8.00.

This soft-cover book addresses itself to the prob-
lem of the spread of disenses by international trans-
portation of insects and rodents. Control in ports and
airports and on ships and aircraft is extensively dis-
cusved. The appendices contain illustrations on in-
sect annlomy, tables on pesticides, and information
on the safe use of pesticides.

Vocabulary of Surface Active Agent:, 2nd-'Ed.,
Secretariat, Comite International ' .les Derives
Tensio-Actifs, 64, Avenue Marceau, 75008-Paris.
135 pp. Price 20 FF ($4.01), plus shipping.  ~
Definitions of 213 terms are given in English,
French, and German. Typical terms are *‘ampholytic

" surface active agent’’ and “winding oil”’. An index is

provided. '

175

Official Publication : Association of American Pesti-
cide Control Officials Incorporated, 1972-1973.
109 pp. Price $4.00. (Order from Robert II.
Guntert, State Board of Agriculture, Topeka,
Kan. 66612).

The annual publication contains the proceedings
of the 26th meeting of the Association (addresses,
commitiee reports), reference material (model bills,
regulations), and directory of officials.

International Nonproprietary Names for Pharma-
ceutical Substances: Cumulative List No. 3. 1971.
189 pp. Price $6.00.

The proposed international nonproprietary names
and chemical names or moleeular formulas of 2733
compounds are listed in tabular form. Supplemental
information, in the back of the pamphlet, lists the
procedures for selection of recommended names and
also contains a2 molecular formula index.

CORRECTIONS

JAOAC 55, 984-985 (1972), “Revised Kjeldal Fotal.

Nitrogen Method -for Feeds and Premixes;”. by
Robert Odland (current address: Sec t~Pro Inc.,
P.0. Box 587, Scott City, Kan. 678.1), p. 984,
right column, reagent (f), line 2

Ibid., p. 985, left column, lines 5 and 9

JAOAC 55, 1168-1170 (1972), “Efiect of Maleic
Acid on the Ultraviolet Absorption of Some Anti-
histamine Maleate Salts,”” by James L. Hamilton,
Jr., Helen 8. Naviasky, and William M. Ment, p.
1168, left column, abstract, line 13

JAOAC 55, 1377-1387 (1972), “Subject Index to
Volume 55,” p. 1385, entry for Pesticide forjnula-
tions, chlorinated hydrocarbon contaminants in,
TLC

Change ““0.0263N"" to *‘0.028571N.""

Change as above.
Delete the word *‘sample.”

Change ‘381" to “851.”
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BOOK REVIEWS

Photometric Organic Analysis: Basic Principles
with Applications. Pt. 1. E. Sawicki. Wiley-
Interscience, New York, 1970. 679 pp. Price
$32.50.

This book is essentially a comprehensive literature
search, keying the reader to some 2,100 references.
The author’s viewpoint is that of a “life scientist,”
and he often draws examples of applications from
tissuc or cellular chemistry and from trace analysis
techniques. Sawicki avoids the use of quantum
mechanics in laying down the principles. Instead, he
relies on the extensive use of resonance hybrid struc-
tures and positive or negative resonance nodes to ex-
plain spectra, shifts in absorbance maxima due to
substitution or other reactions, how to move bands
toward the red and away from background inter-
ference, and how to intensify them for maximum
spectral sensitivity in derivative formation.

An excellent discussion is given, showing how ul-
traviolet-visible spectra may be used to infer whether
enol or keto forms are present in cases of complex
tautomerism. Sawicki’s treatment of electronicinter-
actions between nonconjugated groups is especially
interesting, making use of the spatial geometry of the
molecule (group overlap or lack thereof). A good
treatment on the effects of temperature on spectral
shifts and on solvent-solute interaction is also
presented.

The volume's greatest value lies in its explmatlons
of how colored reaction products may be formed to
analyze various classes of compounds. In an attempt
to assess the book’s practical usefulness, the reviewer

_ used it to look up information on 2 colorimetric re- -

.agents in daily use in our laboratory—the reactions
of alkaline picrate reagent with digitoxin, and 2-
thiobarbituric acid reagent with oxidized digoxin. ‘An
extensive amount of information was located on the
whole series of nitrated benzene reagents, including a
literature reference to the reaction of digitoxin with
2,2',4,4'-tetranitrodiphenyl. Even more pleasing, the
structure of the final color product between 2-
thiobarbituric acid and malonaldehyde (a product in
the oxidation of digoxin) was given with reference to
the literature.

In addition to this book’s obvious practical value
in designing new analytical methods or improving
old ones, its reader can count on the satisfaction of
knowing the chemistries of many colorimetric reac-
tions previously regarded as being ‘not too well
understood.”

WiLtian B. FURMAN
National Center for Drug Analysis
Food and Drug Administration
St. Louis, Mo.

Chemie der Pflanzenschutz- und Schidlingsbe-
kdmpfunds-mittel. R. Wegler (Ed.). Springer-
Verlag, New York, 1970. Vol. 1: 671 pp., price
$49.50. Vol. 2: 550 pp., price $40.70.

These 2 ambitious volumes deal with a very timely
subject—modern chemicals used to control life on
this earth. These chemicals are described in an or-
derly, documented, and detailed manner. This wealth
of information on the chemistry of pesticides fills a
real need in the scientific community and particu-
larly for the government scientists regulating these
chemicals. Even though the editor and many of the
contributors are from Europe, a considerable amount
of American literature is covered.

The book title indicates that chemistry is the main
subject but included with the chemistry is a wealth
of information on mode of action, synergists, resist-
ance, plant diseases, toxicity, and proper use of pesti-
cides. The purposes of these volumes are to give the
student a textbook, give the industrial chemist s
general view, and offer the specialist help and advice.
These it accomplishes very well. However, I feel that
the various chapters are so well documented by cita-
tions to the open literature that the book comes
closer to being. & reference work up through early
1969. Those interested in structure-activity rels-
tionships (toxicologists, entomologists; plant physi-
ologists, chemists, etc.) will find the compilations on
relative toxicities in each chapter of use because they
appear in one set of books. For the synthetic chemists
and applications scientists, the book offers a subject
covered generally only in patents, i.e., manufacture
and use of pesticide. Patents are often neglected in
both text and reference books. Thus, extensive
patent coverage is a definite advantage not found
elsewhere.

The German language offers a definite disadvan-
tage to those not familiar with it but the many chem-
ical reactions, figures, tables, etc. alone are almost
all self-explanatory. The technical words are often
identical or nearly so with the English equivalent.
The insights gained will more than make up for the
somewhat slower progress of some readers due to
this language barrier.

The last chapter by Helmut Frehae is exceptionally
well written but one will need to go to the original
literature for details on methodology. The laws he
discusses have since evolved and so have methods.
For example, new pesticide legislation has only re-
cently been enacted in the United States (1972).

Under techniques for the det.ermmstlon of resi-
dues, Table 5, p. 461, Vol. 2, mass spectrometry is
listed as not sensitive. This is not true today. When
8 mass spectrometer is combined with a gas chroma-
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tograph (for separation) and a minicomputer, (with
its many varied programs), pesticides can be meas-
ured with greater speed, specificity, and sensitivity
than by using almost any other technique.

Pesticide petition reviewers and pesticide analyti-
cal chemists in general will find the books useful be-
cause they can Jook at & set of compounds already
explored and transfer this knowledge to an unknown
or older pesticide. They may find questions answered
in the published data for the old compounds while
this same question may be unanswered in the litera-
ture presented for review for a structurally similar
compound. The high quality of the 12 main chapters
or headings is maintained throughout the 2 volumes.
The reader will have to go elsewhere for information
on the pesticides in the environment (se¢ Chapter
12). However, he will return to these 2 volumes for
the basic chemistry of most of the pesticides avail-
able before 1969.

WavTER R. BENSON
Division of Drug Chemastiry
Food and Drug Administraiion
Washinglon, D.C.

Computer Assistance in the Analysis of High-
Resolution NMR Spectra. P. Diehl, H. Kellerhals,
and E. Lustig. Springer-Verlag, New York, 1972.
96 pp. Price $15.30

The present work is Volume 6 of a 6-volume series
entitltd NMR—Basic Principles and Progress/
Grundlagen und Fortschrilte. Volume 5 of this series,
Analysis of NM R Spectra, see (1972) JAOAC 55, 902,
presented the chemist with a method for the rapid
analysis of an NMR spectrum without requiring the
use of & computer. Volume 6 goes one step further
and examines the role of & computer in the analysis
of high-resolution NMR spectra.

The volume is divided into 2 sections. The first,
consisting of 9 chapters, deals with the general pres-
entation of the subject; the second, consisting of 5
appendices, serves as a supplement to the first sec-
tion. The quantum mechanics which the reader will
need to follow the concepts throughout the text are
well covered in the first chapter. The heart of the
volume consists of ‘a description.of the basic_com-
puter methods in use as of late 1970 and a discussion
of various means used to improve these methods.
When the methods are compared, the authors con-
clude that the most convenient method, for prac-
ticing spectroscopists, is that of Castellano and
Bothner-By. Other topics in this section include the
analysis of spectra unaided by a computer, the calcu-
lation of parameter errors, rate studies, and double
resonance techniques. The second section covers
vectors and matrices, diagonalization of symmetrical

m

matrices, least-squares fitting, parameter errors from
Jeast squares fits, and density matrices.

The authors do not intend this volume to serve as
a textbook but more for a readership alresdy sc-
quainted with the fundamentals of high-resolution
NMR spectroscopy. Since the analysis of NMR spec-
tra is becoming more and more dependent on the
computer, this volume should be a welcome addition
to the serious spectroscopist. As the authors point
out in the text, “‘Analysis of spectra is rarely possible
without recourse to a computer. Exceptions are
spectra arising from systems consisting of & small
number of spins or possessing certain simplifying
features such as symmetry of weak couplings.” This
is & rapidly changing field; this volume will provide
the reader with the basic principles needed to take
advantage of the computer and its ever-changing
technology.

Enic B. SuEmN

Division of Drug Chemistry
Food and Drug Adminisiration
Washington, D.C.

Current Concepts in the Pharmaceutical Sciences:
Biopharmaceutics. James Swarbrick (Ed.). Lea &
Febiger, Philadelphia, 1970. xii + 304 pp. Price
$16.50.

This first volume in a contemplated series of re-
views in pharmaceutical sciences is a largely success-
ful effort to survey progress in the study of the
dynamics of drug-receptor site interactions. The 6

. chapters, each contributed by a recognized authority,

exhibit a uniformity in treatment and lack of overlap
which are unusual in such undertakings.

The initial chapter on pharmacokinetics intro-
duces the formulation and manipulation of the math-
ematical models necessary for any quaatitative
description of drug kinetics. This is followed by
chapters dealing with aspects of drug intake (gastro-
intestinal absorption), interaction at receptor sites
(the molecular orbital approach is emphasized), and
drug disposition and response (as controlled by
metabolism and excretion). An otherwise useful
chapter on the methods of analysis of drugs and their
metabolites is marred by the failure to include the
increasingly dominant technique of combined GLC-

~ mass spectrometry. A final chapter discusses in vitro

models of drug dissolution. References are adequate;
s useful overall index has been included.

None of the chapters attempt exhaustive review of
their areas; the emphasis is instead on critical dis-
cussion of the fundamental concepts, experimental
methods, and most significant results in this rela-
tively new scientific discipline. The result is an at-
tractive volume which will have broad appeal to
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mathematicians, chemists, biologists, and medical
scientists—a true reflection of the multidisciplinary
nature of biopharmaceutics.

Tunomas D. DovLe
Division of Drug Chemisiry
Food and Drug Administralion
Washington, D.C.

Thermomicroscopy in the Analysis of Pharmaceuti-
cals. Maria Xuhnert-Bradstitter. Pergamon
Press, New York, 1971. x + 409 pp. Price $28.50.

Thermomicroscopy involves the use of a micro-
scope to observe the behavior of & compound or mix-
ture of compounds as it is heated or cooled on a
microscope slide. The material on the slide may melt,
sublime, decompose, or exhibit other phenomena at
particular temperatures or temperature ranges. For
many years, the research efiorts of the late Ludwig
Kofler were directed toward demonstrating how in-
dividual compounds could be characterized and
identified by means of the changes they undergo un-
der the influence of temperature. Maria Kuhnert-
Brandstitter was a student and, later, a collaborator
of Professor Kofier, and in her book, she endeavors to
emphasize how thermomicroscopy may be used to
determine theidentity and purity of pharmaceuticals.

The main feature of the book is its ‘‘Identification
Table for the Hot Stage,”” which contains almost a
thousand pharmaceuticals and related compounds
listed by melting points. The melting points of the
eutectics obtained when these compounds are fused
with standard reference substances and the tempera-
tures at which the refractive indices of the melted
compounds match those of standard glass powders
are also provided. In a column labeled '‘Special Re-
marks,”’ miscellaneous data, useful for the identifica-
tion of particular substances, are tabulated. These
include information about the formation of sub-
limates, the phase transformations, the growth of
crystals from the melt, the decomposition of the
substance before its melting point, the loss of water,
and the evolution of gases. The colors, crystalline
forms, or odors of some substances arc described
when they are diagnostic, and a small number of
supplemental chemical tests are given when they are
considered necessary. For a number of the newer
pharmaceuticals, the ultraviolet maxima and minima
are included. The format of the table closely follows
that used by the Koflers in their Thermo-Mikro-
Mecthoden (Wagner, Innsbruck, 1954) and some of
the data appearing in the present book has been
taken from that.source.

Besides the above table, thic book has a number of

short introductory chapters which briefly describe ’

the available apparatus, the preparation of samples,
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the observations which can be made as the samples
are heated or cooled, and a number of special tech- .
niques. In other chapters, useful background infor-
mation concerning crystal morphology, phase dia-
grams, and polymorphism is presented. The Kofler
bot bench and its use are described and a table is
provided which gives melting points and eutectic
temperatures with standard substances as they are
obtained on the hot bench. There is, finally, a table
which lists alphabetically all the compounds appear-
ing in the hot stage and hot bench tables along with
their melting points as determined by either or both
methods.

This book is recommended as a convenient source
of melting point data for pharmaceuticals and re-
lated compounds. It should be useful to all who are
concerned with the identification and control of
drugs.

Josern E. KoLzs
Bureau of Narcotics and Dangerous Drugs
U.S. Deparimeni of Juslice
Washinglon, D.C.

Chelates in Analytical Chemistry, H. A. Flaschka
and A. J. Barnard, Jr.(Eds.). Marcel Dekker, Inc.,
New York. Vol. 3: 231 pp. Price $19.75. Vol. 4:
316 pp: Price $23.50.

Volume 3

In extending the series on the application of
chelation to analytical chemistry, the editors have
provided s useful addition with this volume. The
individual chapters have all been contributed by
members of the ‘Czech school,’ thus providing some
material and viewpoints not previously *readily
available in the English scientific literature. A.
Galik has examined the criteria requisite for success-
ful titrimetic use of a water-immiscible organic
chelate-containing solvent for visual, photometric,
and radiometric analysis of single or multiple metal
ions in solution. Examples of typical procedures for
inorganic and biologic specimens are provided. A
chapter by J. Dolezal, K. Stulik, and J. Zyka deals
with the basis of amperometric titrations and briefly
describes the nature of the requisite equipment and
general methodology. This is followed by a useful
review of specific applications to enumerated metal
ions with individuals sections devoted to 17 of the
more frequently used reagents. A final chapter by
M. Kopanica and J. Zyka provides a more broadly
based discussion of the study of chelate reactions
using potentiometric, polarographic, amperometric,
conductometric, and high frequency impedimetric
procedures. A significant section provides examples
of the application of these techniques to the study of
the mechanism and kinetics of chelation reactions.
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An index provides ready access to significant matters
in the text which is unfortunately marred (in the re-
viewer’s copy) by some poorly printed pages.

This slim volume will be useful to analytical
chemists in general and of special interest to those
working in the field,

Volume ¢

This volume is made up of 2 chapters. The first by
S. Shibata is a masterful summary of the present
status of the application of pyridylazo compounds in
analytical chelation chemistry. A thorough treat~
ment is presented of this important family of com-
pounds with many specific detailed examples of their
use. Much valuable information has been brought
together in a clearly presented form. The prepara-
tion of the reagents has also been included. Litera-
ture citations deal with the period prior to 1967 for
the most part. The second chapter by J. W. Robin-
son, P. F. Lott, and A. J. Barnard, Jr. is on the
application of chelates to flame analytical tech-
niques. The focus is on the use of various chelates to
eliminate the interferences of undesired metals.

The fourth volume of the series capably extends
the utility established by the previous books.

MarTiN RUBIN

Georgetown Universily Hospilal
Washington, D.C.

* Techniques of Chemistry. Vol. II, Organic Solvents,
3rd Ed. John A. Riddick and William B. Bunger.
Wiley-Interscience, New York, 1971. xiii + 1041
pp. Price §24.95.

In this third edition, the authors have added. 100

organic compounds, increasing the total number of -

solvents to 354, and the number ofepages has in-
creased to over 1000. These solvents are classified
according to their chemical structures into the fol-
lowing major classes: hydrocarbons, hydroxy com-

pounds, ethers, carbonyls, acids, acid anhydrides,

esters, halogenated hydrocarbons, nitrogen com-
pounds, sulfur compounds, and compounds with
more than one characteristic atom or group.

Each solvent compound is assigned a code number
for easy identifitation and reference. The same num-
ber appears in bold face type with each compound in
every tabulation of the solvents and use of the name
throughout the book. Over 5,000 references to the
original literature source of the information in the
tables and text is contained in a bibliography section
comprising 231 pages.

An alphabetically arranged index, of 30 pages,
cross-references the organic solvent compound with
the page number containing the tabulation of its
physical properties, and with the page number con-
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-taining information on the methods of preparation,

purification, criteria of purity, and safety in the
chapter on purification methods.

The tables of physical properties for these organic
compounds' comprise 445 pages and contain a listing
of 44 ‘physical properties, starting with molecular
weight, boiling point, etc. and ending with spectral
data (ultraviolet, infrared, Raman, mass, and nuclear
magnetic resonance). The physical properties re-
ported in the tables and the criteria for their selec-
tion are discussed in a chapter on physical properties
under the following headings: boiling point, vepor
pressure, density, refractive index, viscosity, surface
tension, heat of vaporization, critical constants, heat
capacity, optical activity, freezing point constant,
boiling point constant, acidity and basicity, electri-
cal properties (conductivity, dielectric constant,
and dipole moment), flash point, and spectroscopy.

In the chapter on physical properties the authors
give the definition of the physical property and the
basic equations used in the determination of the
value for the property from the experimental dats.
The discussion of the physical property and the eri-
teria for its selection and inclusion are of particular
importance to analytical chemists for evaluating the
purity, characterization, stability, etc. of these or-
ganic solvent compounds.

Highlights of the book are the concise summaries
with literature references, the broad coverage of the
literature,.and the selection for best values for the
tables from contributions of major laboratories work-
ing in the areas of preparation, purification, purity
evaluation, and physical property measurements of

those organic compounds. The third edition of

Organic Solvenis is recommended by the reviewer as
an excellent reference source for analytical chemists
in the selection and use of these organic compounds
as solvents in thin layer chromatography, prepara-
tive solvent extraction, etc.

Avcustus R. GLascow, JR.
Office of Pesticides Programs
Environmental Prolection Agency
Washington, D.C.

Methods of Air Sampling and Analysis: Intersociety
Committee. Published by American Public Health
Association, 1015 18th St., N.W., Washington,
D.C. 20036, 1972. 480 pp. Price $12.50 4+ 0.50
handling.

This volume contains 57 '‘tenlative’’ methods
proposed by the Intersociety Committee as useful
for air pollution control. Methods will become
“standard’’ upon completion of collaborative test
programs underway at present. The AOAC is repre-
sented on the Committee whose objective is to pro-
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duce standardized methods of sampling and analysis
for routine investigations of air pollution.

The methods are organized in 7 major divisions
(with some examples of substances of interest to
regulatory chemists in the agricultural and public
health fields in parentheses): (1) carbon compounds
(hydrocarbons, benzo(a)pyrene and related poly-
nuclears, formaldehyde, phenolics); (2) balogens
(chloride, fluoride); (3) metals (antimony, arsenic,
beryllium, iron, lead, manganese, molybdenum, se-
lenium); (4) oxidant and inorganic nitrogen com-
pounds (nitrate); (5) particulate matter; (6) radio-
activity (gross alpha and beta content, iodine-131,
lead-210, stroutium-89 and -90, and tritium); (7)
sulfur compounds (hydrogen sulfide, sulfur dioxide,
mercaptans).

Of general interest to most analytical chemists is
the 129 page Part I which contains general precau-
tions and techniques. Some particularly interesting
discussions include an extensive section of adsorp-
tion effects on container walls and connecting tubes
which can be read with profit by all analysts; ob-
gervational errors; care and use of volumetric. glass-
ware (presumably for completeness); preparation

JoURNAL oF THE Aoac (Vol. 56, No. 3, 1973).

and standardization of common standard solutions;
a scction emphasizing the use of a recovery series
for evaluating the applicability of a method to 8
particular sample which is a relatively unique but
important item in a methods handbook; & very in-
teresting section on handling interferences; an ex-
tensive section on photometric methods, including
atomic absorption, and short sections on gas chro-
matographic and radioactivity analysis,.and preci-
sion and accuracy;and an excellent section on safety,
particularly organized around unit operations in
analytical chemistry and instruments. -

Since the selection of methods was in the hands
of knowledgeable committees, they may well serve
as starting points for standardizing methods for
other types of analyses. The relatively low price of
this manual is welcome. Most analytical laboratories
will find it worth acquiring for the introduction
sections and the selection of methods alone.

WiLLiaM HorwiTz
Office of Sctences
Food and Drug Admanistration
Washinglon, D.C.

PROCEEDINGS
INTERNATIONAL SYMPOSIUM ON THE IDENTIFICATION
AND MEASUREMENT OF
ENVIRONMENTAL POLLUTANTS
OTTAWA, CANADA

JUNE 14, 15, 16, AND 17, 1971

ONE VOLUME BOUND, 448 PAGES
HARD COVER ILLUSTRATED

The printed volume contains three special plenary
lectures and some 80 specially invited papers by experts
from around the world. The topics include pollutants and
indicators of pollution in air, water, soil, food, and noise.

Copies of the Proceedings may be obtained on order
from Mr. M. K. Ward, Executive Secretary, ISIMEP, c/o
National Research Council of Canada, Ottawa, Canada
K1A OR6 at $35.00 Canadian funds.
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