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How ToUncover
The Hidden Co05ts
OfChromatography.

Dqyou realize how much Iowgr- uri
i

4 The cost to repeat separation proce-

Nts mi

dures because of solvent artifacts —
this wastes analytical labor and
valuable instrument time.

4 The cost to regenerate g water
deactivated column —this causes
Instrument "downtime” which re-

uires additional chromatographs to
gerform the same amount 0f work.

4 The cost to wash off a residue-laden
column —the residue decreases
column efficiency.

4 The cost of replacing columns, filters
and check valves clogged with parti-
%Ies —this can increase costs from

200-800.

4 The cost of isolating residue from
preparative peaks —this may cause
additional Intermediary separations
to remove unwanted contaminants.

4 The cost of maintaining an additional
inventory of several “grades” of

urity (HPLC, GC, Spéctro, etc.) —
ne (auahty of hlqh gurlty solvents
deteriorates while on a shelf.

4 The cost to fre(iuently evaluate the
less uniform solvents —this diverts
attention awa%/ from productive
analytical time.

Avoid these “hidden costs” and time-

consuming effects from using, lower
urity solvents. Switch to B&J Brand
High™Purity Solvents. Because, when
Ihcomes to cost and performance,

there's no comparison. B&J Brand

IS your best value.

A

HPLC
sider

Sure, less pure solvents might be
cheaper. But why jeopardize your
chromatography results wheri you
use them? Inthe long run, lower
Bunty solvents can cost you more,

ecause of their inconsistent quality.
Compare for yourself. Ifyou're cur-
rently using Iower_purltk/ HPLC
solvents, t[%the highes pur|t¥_sol-
vents — B&J Brand. You'll notice the
difference right away.
Then do this, _F|g¥re out your cost-
benefit equation for HPLC chroma-
tography. The answer will be pure
and simple, For lower costs and
petter results, it's B&J Brand High
Purity HPLC Solvents.
Write or call today for a free technical
bulletin about B&J Brand High Purity
HPLC Solvents, Well also send you
our distributor listing so you_can’con-
veniently order B&J Brand Solvents
from a distributor near you.

N COSS.
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LABORATORIES, INC.

1953 Sooth Harvey Street, Muskegon, Michigan U.S.A. 49442 (616) 726-3171



This Kijeldahl apparatus
has a micro-appetite
for nitrogen

determ inations.

Our unique rotary digestion apparatus is designed
for micro and semi-micro determinations* and offers
several advantages over conventional designs.

It eliminates troublesome cold-end flasks and fixes
all twelve flasks at equal distances ensuring even
heating. The entire apparatus occupies only

18 inches of bench space and it can be rotated to
position any flask “up-front” or, to agitate flasks.
A variable-voltage transformer may be used to
expand the temperature range.

A fume hood is available (as shown) to free your
laboratory hood for other purposes.

The Kontes Rotary Digestion Apparatus is
efficient, compact, and easy to use.

To satisfy your appetite for more product information
and applications of this and other Kjeldahl
apparatus, contact your Kontes man or send for
our product bulletin.

‘Application papers Include use with plant and hiological specimens.

SCIENTIFIC GLASSWARE/INSTRUMENTS
Vineland. N 08360 |609) 692 8500

Regorl Distibuiors: KONTFS CF ILLINOIS. Everston. il . KONTES GF CALIFCRNIA Sin Leado. Gl



Analytical Proceedings

Following the development and expansion of the former Proceedings of the
Analytical Division of The Chemical Society to include a wide range of topics of
general interest to analytical chemists, a change of title to

ANALYTICAL PROCEEDINGS
came into effect in January 1980.

Recent and forthcoming issues include the following:

* Lecture Summaries—
2-3 page technical papers based on lectures presented at meetings of the
RSC Analytical Division, describing research and development studies.
« Special Articles and Editorials—
Safety, recent legislation, controversial topics, etc.
+ Equipment News—
Information on the latest equipment, instruments and products.
« Conferences, Meetings and Courses—
Announcements of forthcoming meetings and courses of interest to
analysts.
+ Books—
The regular list of recent analytical books and publications now includes
mini-reviews.
¢« Correspondence—
Letters to the Editor appear regularly.
+ Biographies—
Information on and hiographies of medallists, award winners and
distinguished analytical chemists visiting the UK.
«  Diary—
Full details of all forthcoming meetings of the Analytical Division and its
Regions and Subject Groups are listed every month.
+ Advertising—
Advertisements are accepted in Analytical Proceedings: full advertisements,
classified, situations vacant, etc., are published.

For information on subscriptions and advertising rates, please return the form
below. PRICE FOR 1981: USA *70.50 (UK £30; elsewhere £31.50).

Analytical Proceedings

To: The Marketing Department*/Advertisement Manager*
("delete as appropriate) . .
The Royal Societ{\lof Chemistry, Burlington House, Piccadilly,
London, W1V 0BN, UK.

Please send me details of:
0 Subscriptions to Analytical Proceedings.
0 Advertisement rates.



_Every 'BAKER RESI-ANALYZED'® Solvent is glass 3IEn
distilled and use-tested to meet the exacting require- 1l
ments of organic residue analysis by gas chroma- [t}
tography (GC%.

All 17 solvents are full¥ characterized for key modes
of GC detection. Use tests include assessment of
orqanlc residues b¥ ECD, FID, FPD for P and S and
Hall detector for N. The solvents meet the requirements
of the EPA and AOAC for pesticide-residue analysis.

Specify 'BAKER RESI-ANALYZED'® -your assurance

of interference-free solvents for gas chromatography.
See J.T. Baker's new Catalog 80°for complete details.
Call Baker at (201) 859-2151 to order your copy today.
8 pt3.8 L) 3-9265
. ddentte
‘Baker Regi-Analyzed'® ST teet 0
For Pl e
‘BAKER ANALYZED' Reagent
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Test Protocols for the

ENVIRONMENTAL FATE AND MOVEMENT OF CHEMICALS

Proceedings of a 1980 AOAC Sympasium

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

B Tests for Physical and Chemical Properties

O

0o B Tests for Mobility: Soil and Water
B Tests for Metabolism, Accumulation, Degradation

B Studies of Field Dissipation

B Mathematical Modeling

$30 domestic, $33 foreign, incl. postage for book post., 336 pp. ISBN 0-935584-20-X

To obtain this book, please send order and check to
AOAC, 1111 N. 19th St., Suite 210-J, Arlington, VA 22209.
703-522-3032

Nutrient Analysis Symposium

Proceedings

Papers on the HOW, WHAT, and WHY of Nutrient Analysis

State of the Art « Glass Capillary Gas Chromatography « Reverse
Phase HPLC « Quality Control Through NBS Standard Reference
Materials « Automated Systems « Simultaneous Analysis of
Vitamins A & E « Inorganic Nutrients « A Regulatory Tool

118 pp. $9 + $1 hook post & handling in US.A,, $9 + $2 outside U.S.A.

Presented at the 93rd Annual Meeting Available from
of the AOAC, Washington DC AOAC, 1111 N, 19th St
October 15-18, 1979 Arlington, VA 22209



An invitation to contribute and
subscribe to

- o K

The International Journal of Pure
and Applied Chemist

r
Editor-m-Chief: R A CHXLMERS, Department of

Chemistry, University of Aberdeen

Talanta provides a forum for the rapid publication of
om{;mal_research papers, preliminary communications,
full reviews and ‘mini-reviews. Othier features are
annofations (critical commemanesg, analytical data
‘stabnn%( constants, etc.) and letters to thie editor.
n additjon to welcoming papers, in the traditional
fields of Pure and A_thed_AnaIch | Chemistry,
and In order to provide an interfdce between thase
doing research and those applying the results of
research in Analytical Chemistry, the editors wish to
encourage submission of reports on developments
and new techniques in fields such as:

Toxic Imé)_u_rities in Biological Systems
Additive

Eﬁgrdm Ceutic 1and_Dr Analysis
e_st_lclges ancl"f1 unglmcfé%
Clinical Chemistry o
Materials Science and Engineering
Geo_chem|strty _
Environmental Analysis

A further service to readers is an instrument review
golumn, containing critical reviews of new instruments
for analysis.

Subscription Information
Published monthly

Annual subscri t|0n}81982) US%280.00
Two-year rate (1982/83) US$532.00

Some Related Journals of Interest

PROGRESS IN ANALYTICAL ATOMIC
SPECTROSCOPY

Editor-in-Chief: C L CHAKRABARTI,
Department of Chemistry, Carleton University,
Ontario

Contains critical up-to-date reviews in the field of
analytical atomic spectroscopy and covers all major
?eev\éfslopments on both theoretical and practica
Subsé_ription Information

Four issues per year

Annual subscription /81982)
Two-year rate {11982 3)

ION-SELECTIVE ELECTRODE REVIEWS
Applications, Theory and Development
Editor-in-Chief: J D R THOMAS, Department
of Chemistry, UWIST, Cardiff

This journal is ?enerated by the enormous world-

W|de?rowth of Interest in 10n-selective electrochemical
sensors. It places progress in development and funda-

PERGAMON PRESS (&

mentals alongside applications of ion-selective
electrodes so as to emphasize their interdisciplinary
|mﬁortanc_e. )

Subscription Information

Two issues per annum

Annual subscription }81982) US%S
Two-year rate 51982 3) US$9

PROGRESS IN NUCLEAR MAGNETIC
RESONANCE SPECTROSCOPY

Editors: ) WEMSLEY, University of
Southampton, J FEENEY, National Institute
for Medical Research, London and

L H SUTCLIFFE, University of Liverpool
Since this is ong of the most rapidly expanding
branches of science, there is a coritinuous supply of
up-to-date authoritative reyiews of great value fo the
many active groups in the field.

Subscription Information

Published quarterly

Annual subscription }81982)
Two-year rate &982 3)

0.00
5.00

US% 90.00
US$171.00

SPECTROCHIMICA ACTA
PART A: MOLECULAR SPECTROSCOPY

Editors: Professor SIR HAROLD THOMPSON
FRS, Oxford University and Professor M KENT
WILSON, National Science Foundation,
Washington DC

This internatignal journal is intended for the rapid

publication of_onlgmal work dealing with molecular
Spectroscopy (including photoelectron spectroscopy).
Subscription Information
Published monthy
US%340.00
US$646.00

Annual subscription }81982)
Two-year rate F1982 3)

SPECTROCHIMICA ACTA
PART B. ATOMIC SPECTROSCOPY

Editor-in-Chief: P WJ M BOUMANS, Philips
Research Laboratories, Eindhoven

Intended for the rapid publication of original work
dealing with atomic spectrosc_oPy, with particular
reference to problems In chemistry, in all regions of
the electromagnetic spectrum.

Supscription Information

PuBFingé mon_t[\?y

Annual subscription }81982) US%ZO0.00

Two-year rate F1982 3) US§$380.00

Prices include Foslage and insurance.

Prices subject to c_hanFe without notice.

?eterlénP prices available to UK and Eire customers on
uest.

Joqurnal available in microform.

FREE SPECIMEN 1 OPY AVAILABLE ON
REQUEST

%\fi}» P&‘ﬁ%‘%ﬁ%ﬁ?’kﬁ?’&m , Rfe%v )(()%PMZ%SA

1890 11/81/5A/17

vrirniT!"



1S YOUR
AQAC LIBRARY
COMPLETE?

Official Methods of Analysis, 13th Edition.
1980. 1038 pp. Hardbound. $75 + $3 book
ostand handlmg inU.S., $75 + $6 outside
.S. ISBN 0-935584-14-5.
Compendium of over 1500 validated meth-
ods of analysis for foods, drugs, cosmetics,
plants, feeds, fertilizers, hazardous sub-
stances, water, and other products affecting
agriculture and public health and safety.

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

With the aid of this text, organizations can set

up their own in-house training.

Infrared and Ultraviolet Spectra of Some
Compounds of Pharmaceutical Interest.
1972. 278 pp. Softbound. $12 + $2 hook

ostand handlmgmU.S., $12 + $3 outside
.S. ISBN 0-935584-04-8. .

An expansion of an earlier compilation, with

supplements. More than 800 spectra.

Mgcotoxins Methodology. 1980. 22 pp. Soft-

ound, $11 + $1book post and handling in
U.S., $11 + $2 outside U.S. ISBN
0-935584-16-1.. N

Chapter 26 reprinted from Official Methods

of Analysis, 13th Edition. Approved meth-

ods for natural toxins in many commodities.

Micro-Analytical Entomologsy for Food
Sanitation Control. 1962. 576 ﬁp Hard-
bound $30 + $3 bookJ)ost and handling in
U.S., $30 + $6 outside U.S. ISBN
0-935584-00-5. S

A training and reference manual for identifi-

cation of Insect debris extracted from foods.

Optimizing Laboratory Performance
Through the Application of _Qualltty As-
surance .Prlnué)les—Proceedlngs of a
Symgosmm. 1981, 160 pF. Softbound. $25

+ $3book postand hand mg inU.S., $25 +
$6 outside U.S. ISBN 0-935584-19-6.

Eleven papers covering setting up and oper-

ating a quality assurance program.

FDA Bacteriological Analytical Manual
(BAM) 5th Ed. 1978. 448 pp. Looseleaf. $25
+ $2bookpostandhandlinginU.S., §25 +
$5 outside U.S. ISBN 0-935584-12-9.
Provides regulatory and industry laborato-
ries with methods for detection of microor-
ganisms. Updated by supplements.

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

A computer-hased compilation of 104 mass

Is_pe_ctra with alphabetic and molecular weight

Istings.

Newburger's Manual of Cosmetic Analysis
2nd Ed. 1977. 150 pp. Softhound. §13 + §2
book post and handlmg inU.S., $13 + §3
outside U.S. ISBN 0-935584-09-9.
Chromatographic techniques and spectros-
copty with analyses for various specific cos-
metics.

Statistical Manual of the AOAC. 1975. 96 pp.
Softbound. $12.50 + $1 book post an
handlmg inU.S., $12.50 + $2 outside U.S.
ISBN 0-935584-15-3. o

A do-it-yourself manual for statistical

analysis ofinterlaboratory collaborative tests.

Send check to AOAC, Suite 210-), till N 19th St., Arlington, VA 22209, 703/522-3032.
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AOQAC Methods Development—Challenge of the Next Decade
Alexander, Thomas G.: INEFOAUCEION covvvvvvrvsvcsmmsssnrsmsssssscsssnssessssnenes S
Horwitz, William:  Evaluation of Analytical Methods Used for Regulation ...
Tanner, James T.. Analytical Methods for Foods in the Next Decade ...
Feldman, John: Analytical Methods for Microbiology in the Next Decade ...
Zarembo, John E.: Analytical Methods for Drugs in the Next Decade. ...
Levine, Arthur N.: The Next Decade: Sound Methodology and Legal Actions ...

Industrial Chemicals _
Bush, Brian, Connor, Steven, & Snow, John: Glass Capillary Gas Chromatography for
Sensitive, Accurate Polychlorinated Biphenyl ANalySis ...

Flavorsand Nonalcoholic Beverages o . o
Sporns, Peter: Rapid High Performance Liquid Chromatographic Determination
of Monosodium Glutamate in Food ... s, s
Vora, Peter S High Pressure Liquid Chromatographic Determination of Glycyrrhizic
Acid or Glycyrrhizic Acid Salts in Various Licorice Products: Collaborative Study

THE ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS, INC.
Printed: The Mack Prmtmg Company, Easton, PA 18042
Published: 1111 N 19th St, Arlington, VA 22209

No. 3

PAGE

523-524
525-530
531-534
535-541
542-550
551-554

555-566

567-571
572-574

Copyright, 1982, bg the Association of Official Analytical Chemists, Inc. Published six times a year—January,

March, May, July,
offices.

eptember, November. Second class postage paid at Arlington, VA, and additional mailing



Peﬁtg)cuiﬁte Ev%ir%?# llf:,tiégq\/lsiles,Jaﬂes w.: Evalugtion of }S]ilic%and Polar Bonded Columns
o o o
k/lse"l']]od for Defermination 3F Lrer’ne||5l183 in ecﬁwnlceﬁ ané1 ormufatecfl E)lgogucts:
COlADOTALIVE SUAY .vvvvvvervvsrvrssvvsssrsssssssssssssrsssssssssssssssssssssssssssssssssssses

Alcohqlic Beverages . . . .
Cutaia!AnthVonY] : P/Ialt Bever%%;es and Brewing Materials:  Screening and Confir-
matory Methods Tor NItroSamings N BEEr .........cccvvrvvmsnmvmssmssmsssssmssssssssnnes

Prsser_vlatil\ses_andA\gvtificialcshweleteF?ers o Th Chromatoaraphic Deter
aniels, baniel 0., warner, Lnaries ., 10, .[haMas: . -
mination o# Eorbltoi, R/lannlto(i, and%flltol’ In Chewi r%a&um an(f1 go [)l%l m%hnts

Biochemical Methods . e .
Gill, Lillian J. F5rocedures for Measuring Accuracy and Sensitivity of Immunochemical
PrEQNANCY TESEKIES .vvvovrvvvsvsmssssssnssen vssssssssmssssssssssssssssssssco

Cosmetics . ) .
Wisneski, Harris H., Yates, Ropald L, & Davis, Henry M. GaSChromato?raph[c De-
termination of Synthetic Musk ('7-Acety|-6-EthyI-I,I,4,4-Tetramethy tetralin) in
FRAgIANCES ovvrirsissnis i

M iehiman s 1 Romaro. Aida, Atinson. Jo.C.. Aufsio Calin, Sand C
man, Ira J., ROMEro, Alda, Inson,.Jo , AUNSI0, Lalvin, sanagrs, Arvey G.
lgte tion 011 Invasiveness of l\}rammallan Ee(ils by Escherichia coli: &ollé})orcyxtlve

Sugarsand Sugar Products

Doner, Landis W.. & Bills, Donald D.:  IMass Spectrometri 12C Determipations to
of])eertect&1 li—li?;h Fructbs% Opﬁ gyrup m%raﬁge Juice: (%gﬁ)oranve tuoR/ .........

Dairy Products
Ric?;ardson, ary H., Brown, Rodney J., Case, Ron, Ginn, Roy E., Kasandjicff, Ted, & Norton,
ighsci:n §BLY%E%WI vefluatlon of RoIﬁngBaﬂVmcometer 0r Measuring Somatic

Doeyr, Robert.C.. Gatgs, Robert A, & Fi
Fitite i Nontat Dry Nk Fone

Vitamins and Other Nutrients
Santoro, Maria jnes I}

d
IS i,

M., Magalhaes, Jofio F., & Hackmann, Erika R, M.._ Simultaneou
tregmgr%%tl?g % Vltamn%sAand D In Dosage Forms by High Pressure |qun§
Th&mp on, Janqes %.,}'Jéa'i"é',"'c';'éa'r'g"e',"""aL'x'W"ii"”v'\iiiiiah%'.'é'.] """ 6]j'v'5|','.'éiji}iﬁh'é':“"l%p'gg

'\ﬁrﬁ)rnﬁﬁnce Liqui g r?matlg%rarﬁ ic Determination of Vitamin D In Fortifi
Ilks, Margaring, and INFANE FOMMUIAS........c.vvsvvvrssvsmsssssssssssssssssssssssssinns

Drug Residues in Anima] Tissues ) ) ) ..
Parks, Owen W.: Screening Test for Sulfamethazine and Sulfathiazole IP 8\>/(V]Jne Liver
Nclrre]ngﬁrege, Cllllrét%n, Tsina, Irene, & Matin, Shaikh: Ral 10Immunaassay 0 endazole

Lynch Malrotin 1. & BTrtoIacci S. Richarg: ~ identification arhd Confirmation of Pyrantel-
and Morant%l-g%ﬁ ate esWes.m Liver by Gas Chromatography-MasS Spec-
trometry with Selected 10n MONIOFING .....vcccvvvevvvsssvsssvenssesssmssssssssssssnnns

575-579

580-58a

584-587

588-591

592-597

598-601

602-607

606-610

611-615
616-618

619-623
624-631

632-634
635-639

640-646



Metals and Other Elements _ _ . _
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INFORMATION FOR SUBSCRIBERS AND CONTRIBUTORS

The Journal of the Association of Official Analrti@al Chemists is
€ubllshed by the Association of Official Analytical Chemists,

111N 19th St, Arlington VA 22209. The Journal is issued six times
a year in January, March, May, July, September, and November.
Each volume will contain a$p roximately 1500 '\Pa?es. Current sub-
scriptions are by volume, $62.00 prepaid in North America and
U.S. possessionis, and $70.00 to all other countries. Single current
issues are $12.00 each (813.00 foreign). The Journal publishes re-
search articles and reports of the dévelopment, validation, and
interpretation of anal%m_cal methods for agricultural commodities
(feeds, fertilizers, pesticides), food (including alcoholic beveraﬁes),
drugs, cosmetics, colors, the environment, and other areas that
affect {)_ubhc health and welfare and are subtject to government
re?ula ion and control. A limited number of invited reviews on
selected subjects are also Publlsh,ed.

Manuscripts should be typewritten, double-spaced, and care-
fully revised before submission; the original and two copies should
be submitted to AOAC, 1111 N 19th St Suite 210, Arlln(l;ton, VA

22209. "Instructions to Authors™ are available on request from the
Editorial Ogﬁce ]

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

Claim for copies lost in the mails will not be allowed unless

received within thirty days of the date of jssue for domestic sub-
scriptions or nlnetr ays for forelgn subscriptions. Claimants must
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address. Address requests for replacement copies to AOAC,
1111 N 19th St, Suite 210, Arlln?ton, VA 22209, For foreI?n sub-
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INSTRUCTIONS TO AUTHORS

Scope of Articles

The Journal of the AOAC will publish articles that
resent, within the fields of interest of the Association
Ea) unpublished original research: fb) new methods; (r
urther studies of previously published methods: (i
background work leading to'development of methods;
« com{)_llatlons of authentic data; (Q technical com-
munications, cautlonarny notes, and comments on
technigues, apparatus, and reaglents; SX? invited reviews
of methodology in special fiélds. ~All articles are re-
\_/|ewedI for sciéntific content and appropriateness to the
journal.

Preparation of Manuscript

Authors are required to submit three copies of the
complete manuscript, including all tables and all il-
|ustrations. The manuscript is to be typewritten on
one side only of white bond paper, s\é X 1. inches,
with minimum page margins of + inch, and must be
double-spaced hrou?hout (including title, authors'
names and addresses, footnotes, tables, references, and
captions for illustrations, as well as the text itself).
Tables are to be typed on separate sheets, not inter-
spersed through thie manuscript. Drawings and pho-
tographs should be mounted apart from"the text or
%H rtnlttted as separate items, not interspersed through

e text.

Style and Format

The text should be written in clear, concise, qram-
matical English. Unusual abbreviations should be
e,mploy(ed as little as possible and must alwa¥s be de-
fined the first time they appear. Titles of articles
should be specific and descriptive. Full first names
middle initial (if any), and last names of authors should
be given. The address of the institution (including zip
code) from which the paper is submitted should, be
given and should be in a form to which inquiries,
proofs, and requests for reprints can be sent. " Infor-
mation supplementing_the title and authors' names and
addresses should be given in footnote form,

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

Abstracts: Each manuscript should be accompanied
bg aconcise abstract (not more than 200 words). The
abstract should provide sPecmc information’ rather
than generalized statements. _

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

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

however, common reagents and apparatus (e.g., con-
centrated HCL, chloroform, ordinary glassware, qvens,
etc.), or those which require no special preparation or
assembly, need nof be listed separatel%. Hazardous
and/or Carcinogenic chemicals should be noted. The
steps of the procedure should not be numbered, but
should be grouped together to form a logical sequence
of two, three, or four operatigns. Any Very long, de-
tailed operation can he given in aseparate séction with
an appropriate heading (e.gp, Preparation of Sample:
Extraction and Cleanup; Preparation of Standard
Curve). Any necessary calculations should be in-
cluded. Caréshould be taken that the number of sig-
nificant figures trulx reflects the accuracy of the
method. Equations should be typed in one-line form.
Wherever possible, metric units should be used for
measyrements or quantities. .

_ Tables;_ All tables must be cited in the text consecu-
tively. Tables are numbered by arabic numbers, and
every table must have a descriptive title, sufficient so
that the table can stand by itself without reference to
the text. This title should be typed in lower case let-
ters, not capitals, with the exception of the word
"Table" and the first word of the descrgptlve,Fortlon
of the title, of which the first letter is capitalized.
Eve(rjy 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 bé explained in footnotes. Footnotes to both the
headings and the _bodY of the table are indicated by
lower Case letters in alphabetical order; these letters
should be underscored and raised above the line of
type. Horizontal rules should be used sparingly:
fiowever, they are used to bound the table at top and
hottom and fo divide the heads from the columns.
Authors should refer to recent issues of the Journal for
acceptable format of tables; tables should not exceed
the normal page width of the Journal, and authors
should attempt to revise or rearrange data to it this

pattern. , _

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

Drawings should be submitted either as the original
draw_ln% 0r a good glossy photograph; photocopies
multilihs, Verifax copies, Xerox copies, etc. are not
acceptable. Drawings should be done in black India
ink (ordinary blue o blue-black ink is not acce[)tab_le)
or with draffing tape on white tracing paper or racmﬁ
cloth or on "fade-out" graph paf)er_(ordmar grap
paPerruIedv,vlth reen or dark bluye ink is nof accept-
able). Lettennﬂs,ould be done with a Leroy lettering
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set, press-on leftering, or a similar device; freehand or



typewritten lettering is not acceptable. Values for
ordinate and abscissa should be given, with proper
identification conforming to journal style %exa_mple:
wavelength, nm), at the sides and bottom of the figure,
Lettering or numbering on the face of the figure itself
should be kept at @ minimum; supplementarY infor-
mation should be given in the caption. Several curves
on the same figure should be identified by simple
sgmb_ol_s, such as letters or numbers, and the proper
identification or explanation given in the captign.
Letters and numbers should be large enough to allow
reduction to journal Page or columnisize. JAOAC does
not publish straight line_calibration curves; this in-
formation can be stated in the text. The same data
should not be presented in both tables and figures.
Footnotes:  Footnotes are a distraction to the reader
and should be kept to a minimum. Footnotes to the
textare identified by arabic numbers set above the line
of type (not asterisks or similar symbols). Each foot-
note must be indicated by its number within the

text.

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

References: References to previously published work
should be collected at the end of the article under the
heading "References.” Each item in the list is preceded
by an arahic number in parentheses, Every reference
must be cited somewhere in the text in numeérical 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.) . Itis the author's responsibility to verify
all information given in the references.

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

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

The compendium of methods of the Association
should be listed as follows:  Official Methods of Analysis
(1980) 13th Ed., AOAC, Arlington, VA, with appro-
priate section numbers; the edition and year are, of
course, sutHect to change.

Symbols and Abbreviations
kg kilogram(s)

g gram(s)

mg  milligram(s)
fxg microgram(s)

ng nanogram(s)
L liter(3

mL milliliter(s)

fiL microliter(s
m meter(s)
cm centimeter(s
mm  millimeter(s ,
fim  micrometer(s) {not micron)

nm nanometer(s) {not millimicron)
A amPere(s)

V volt(s)

dc direct current

ft foot (feet)

—
—
~

in. . inch(es)

cu. in. cubic inch(es)

ﬂ)al. gallon(s
pound(s

0z ounce(s) . .

ppm  parts per million

ppb  parts per billion
psi pounds per square inch
specific gravity

bp boiling point

mp melting point

id inside diameter
od outside diameter
h hour(s)

min - minuté(s

S second(s

% percent

T standard taper
N normal

M molar

mM millimolar

(INote: Spectrophotometric nomenclature should
follow the rules contained in Official Methods of Anal-
ysis, "Definitions of Terms and Explanatory Notes.")
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AOAC METHODS DEVELOPMENT— CHALLENGE

OF THE NEXT DECADE

95th Annual Meeting of the AOAC, October 1981

This s?/mposium is being held in commemora-
tion of the 75th Anniversary of the enactment of
the Pure Food and Drugs Act and the Wholesome
Meat Inspection Act. We will look briefly at the
situation in 1906 with respect to regulatory
analysis. Then Dr. Horwitz will review the de-
velopment of the collaborative study. Three
subject area specialists, Drs. Tanner, Zarembho,
and Feldman, will discuss the challenges of the
1980s in their areas of chemical food analyses,
chemical drug analyses, and microbiological
analyses. Mr. Levine, an attorney, will speak on
the relationship of sound methodology and
regulatory action. .

In looking back a century, one finds reports of
confusion and frustration with respect to "offi-
cial" analyses of foods and drugs. In 1875, the
British Parliament passed the Sale of Food and
Drugs Act which made the appointment of ana-
lysts mandatory. Reportedly, “Endless disputes
unavoidably arose, friction with manufacturers
and traders ... Conflicting decisions came to
the various benches of magistrates upon similar
cases . .. rendered the position of the merchants
u_nsatlsfacto_r[y. It was not recognized by Par-
liament until almost a quarter of a century had
elapsed that it was not enough to compel local
authorities to get samples analyzed, but that it
was also the duty of the Parliament to lay down
sh)ecmg and clear instructions that m|?ht_enable
the officers to do their work." Thus, legislation
providing for the performance of testing must
also provide for standardization of the testing
methods.

At the turn of the century, Dr. Harvey W.

Wiley sensed the need for a means of standard-
izing tests and specifications to be used in reg?]g-

|-
cial Agricultural Chemists and the referee-col-

lation. His answer was the Association of O

laborative study concept whereby a proposed
method would be tested in every detail in several

independent laboratories reporting concordant
results. Such a collaborative study would con-
stitute the ultimate means for establlshln? the
scientific validity of an analytical method. [n his
autobiography, Dr. Wiley wrote of the AOAC,
"Up to the formation of this association the
methods used in the chemistry of agriculture
were crude, inconclusive and in many cases er-
roneous. An agricultural product analyzed by
two or more chemists would present very fre-
quently many important variations. If products
were sold on an analysis of this kind the pur-
chaser rr_n%ht be defrauded in one case and the
seller might be defrauded in another. In either
case chaos reigned. The work of the AOAC has
brought order out of this chaos." Certainly,
current standards for the uniformity of foods,
drugs, and fertilizers would be impossible
without the interlaboratory, collaborative
mechanism. _ _ _
In reviewing the five presentations of this
sKmpo_sLum, it becomes readﬂK afé)arent that
there is indeed a challenge of the 1980s. Mod-
ern, sophisticated instrumentation, |_ncIu_d|nﬁ
automatic data processing, will be required in a
three areas discussed. In both foods and dru%s,
there will be need to detect and identify mate-
rials at concentrations not previously possible.
Much of the equipment to be used requires spe-
cialized operator training and thus the old con-
cept of all chemists in alaboratory being able to
perform any official method is passe. Yet, the
concept of standardization through interlabo-
ratory collaborative study will continue to oc-
cupy a position of great importance. The dif-
ferent parties involved in regulation must each
be able to arrive at equivalent conclusions when
analyzing agiven sample. Asis pointed outin
the ‘symposium, where highly specialized
equipment is involved, gettln% a full comple-
ment of collaborators may be ditficult. Perhaps
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there should be more flexibility in the criteria
used for establishing the “official™ statuses.
The researcher at the bench will discern from
these paL)ers that he should keep U}Ig the impor-
tant work of developing methods. There should
be no hesitation in using elahorate equipment
when itis needed, but aquotation from the noted
analytical chemist 1. M. Kolthoff should be
heeded:  ..there are Ipotentlal drawbacks in
an approach to analytical problems in which too
much emphasis is placed on apparatus and data
processing and not enough on the chemical
principles behind the measurement .beln?
made." If measurements are no_t.meanmgifu ,
then the work isin vain. A specific example of
the truth of this admonishment can be found in
an occurrence with high molecular weight an-
tibiotics. For years, commercial amphotericin
was assumed to be composed of “A™ and "B"

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 3, 1982)

fractions, the "B" being the one of therapeutic
value. Commercial samples were tested for “A™
content and a limit imposed. With the advent
of greater chromatographic resolution, it was
found that the "B" fraction consists of 2 Principal
components (M. Margosis and A. Aszalos, Food
and Drug Administration, 1981). Thus, the
whole situation must now be re-examined, some
experimental work done, and new specifications
established. _ o
It is AOAC's opportunity and obligation to
continue its role of leadership in seeing that the
necessary methods are developed, properly
scrutinized, adopted, and publicized
Thomas G.Alexander

Food and Drug Administration _
National Center for Antibiotics Analysis
Washington, DC 20204



HORWITZ:

Evaluation of Analytical Methods Used for Regulation

WILLIAM HORWITZ

Food and Drug Ad?ninistration, Bureau of Foods, Washington, DC 20204

Regulatory analysis requires methods for analysis for
3purposes; surveillance, to detect problems; moni-
torm_g_, to follow trends: and comPllance, to enforce
specifications (standards, action levels, folerances).
-ach purpose requires a different weight to be as-
signed to_the relative importance of the scientific
characteristics of methods of analysis: systematic
error, repeatability, reproducibility, limitof deter-
mination, and spécificity. = Evaluation consists of
balancing the level of sciéntific requirements against
the practical considerations of cost, time, and level of
training required. In trace analysis, FDA utilizes
recovery limits of 80-110% at >0.1 Ppm and 60-100%
below. “The criterion for acceptable reproducibility
(total of between- and within-laboratories) of
methods of analysis can be re?rese_nte_d by a rela-
tionship between coefficient of variation and con-
centration. The results of collaborative studies show
that 10%outliers must be tolerated, but above 20%is
excessive. Other new, important criteria for evalu-
ation of methods at trace levels are %false positives,
false negatives, and the magnitude of the blank.

For almost 100 years the Association of Official
Analytical Chemists (AOAC) has been conduct-
ing collaborative studies to obtain information
on the reliability of analytical methods used to
support regulatory actions. The information
sought is the allowance to be permitted for dif-
ferences in assay results between laboratories in
determining compliance with a legal require-
ment. The design of such studies is deceptively
simple, as overseas organizations, in the process
of instituting similar programs, are discovering.
Considerable preparation is required to be sure
that a method is ready for a collaborative study.
The test parameters must be carefully chosen to
cover the range of samples and concentrations
of interest and to provide data amenable to sta-
tistical analysis for the required method attri-
butes. Then the results of the study must be
suitably interpreted. Despite the long history
of practical use of collaborative studies as the
basis for approval of methods of analysis for
regulated commodities, the AOAC has never
prepared a treatise to formalize procedures for
the design, conduct, and interpretation of in-

This paper was presented at the Symposium on AQA
th E;o“ il Tyg EZh RS20 290k
D(n:enugiij egt\{re]gog theeni\O%a ecq%o- ,1698 ,Xat acis |engton,
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terlaboratory studies. Recognizinﬁ this defi-
ciency, the President of the AOAC has now ap-

pointed a Committee on Collaborative Studies to
produce such amanual. -

~ Although we know intuitively what is desired,
it is difficult to express this knowledge in an
unambiguous way. Our first requirement is a
statement of the desired end product. The usual
answer is, "The best method possible—one that
is accurate, precise, specific, and rapid." As
practical chemists we know it is impossible to
maximize all of these characteristics simulta-
neouslﬁ. Nor do we need to. In regulatory
work there are usually three major purposes for
which we need analytical values: (1) to surve
a field to determine the extent of a problem; (2)
to monitor trends to determine if corrective ac-
tion is required; and (3) to determine compliance
with alegal or economic specification. Each of
these purposes requires that a different emphasis
be ﬁlaced on the various characteristics of
methods. In surveying a field, the normal
variability of a commodity and the vagaries of
bulk sampling are so large thata high degree of
accuracy and precision in the method is usually
unnecessary; speed is most likely the desired
attribute. In monitoring trends, or changes in
avalue with time, systematic error, as long as it
is constant, is unimportant, but the precision
must be good enough to detect the changes to be
measured. In compliance activities, accuracy
(lack of bias) and precision are important, but
only at the specification level, unless the speci-
fication is based on the method itself, in which
case accuracy is unnecessary by definition. Each
of these purposes requires a different mix of
characteristics, what is hest for one purpose may
not be best for another. Therefore, there is no
such thing as a "best method." Methods must
be evaluated with their purpose in mind. Usu-
ally the purpose is not known beforehand, so we
assume that a high degree of reliability (good
reproducibility and low bias) is needed, since it
is almost always easier to simplify a method by
ellmlnatlnﬁ steps not necessary for a desired
purpose, than it is to insert steps to eliminate
sources of errors. However, regardless of the
application, the method must be capable of pro-
ducing measurements that are in statistical con-
trol. By statistical control is meant (1) that the

o i o oA ey s i
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variability of data from a measurement process
is sufficiently stable that the process can be relied
on to produce results with a predicted variability
at astated level of confidence. It does not matter
whether the _error_ls_lar%e or small as long as it
consistently lies within the interval predicted by
the statistical parameters.

To determine if a measurement process, such
as an analytical method, produces results which
are in statistical control, it is necessary to make
asufficient number of measurements under the
conditions likely to be encountered in actual
practice. The method must be applied by a
number of laboratories, representative of those
thatwill eventua]l¥ conduct the routine analhls.es,
to anumber of different types of samples which
contain the range of concentrations to be ex-
pected. In other words, a collaborative study is
needed. The collaborative study is an invest-
ment of effort to provide for each method of
analysis a predicted ran?e within which we ex-
pect future analytical values will lie. The more
extensive the study, the better our predictions,
but at the expense of increased cost. The prob-
lem of how much of an investment in time,
samples, and collaborators can be afforded must
always be faced. The products of acollaborative
study should be an estimate of interlaboratory
precision (FGFI’OdUCIbIhty), which we define to
Include intralaboratory precision (repea_tablllt?/)
and an estimate of systematic error (bias). In
special cases, information on specificity (identi-
fication) and limit of reliable measurement is also
needed. Inalmost all cases, the interlaboratory
?reusmn is the most important product, since
requently it also determines the boundaries of
the other properties.

Interlaboratory Precision

From the point of view of determining com-
pliance with a regulatory specification or toler-
ance, the most important characteristic of a
method is the interlaboratory precision. This is
a measure of the variability ‘in results from dif-
ferent laboratories that examine presumably
identical test materials. In general, the answer
is a function of two primary factors: How good
is the data base and how sure do we want to be of
being right; or stated conversely, how much risk
do we wish to take of being wrong? If there is
no control over the number and quality of labo-
ratories that will be producing values, the data
base should include as large a representation of
laboratories as practicality will permit. 1f only
a few laboratories will be called upon to verify
the findings, these few laboratories can consti-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 3, 1982)

tute the entire population supplying informa-
tion, eliminating any error in the sampling of
laboratories for a collaborative study. The second
factor, the risk of bem%wrong, has to some ex-
tent been standardized by the statisticians. They
ordlnanIY accept a 5% risk of _bem? wrong as
reasonable. The next standardized level of risk
is usually 1%. 1fonly a few samples, say 3 or 5,
are run from a given batch or consignment, the
likelihood of being wrong (or being outside of
limits) is acceptably small when the risk is 1in 20
or greater: but if 20 samples are customarily run,
or 1f 20 laboratories customarily participate in a
proficiency trial, one of them will routinely be
expected to be outside of limits in each trial.
Thls_maY not be acceptable. In the latter case, a
1% risk level is more likely to be chosen, but at
the expense of a greater allowance for the ex-
pected variability between laboratories.

In determining what constitutes acceptable
precision, we can use the curve derived from
previous collaborative studies that relates be-
tween-laboratory precision, expressed as coeffi-
cient of variation, to concentration (2). This
curve, which is now a smoothed summary of
over 200 independent collaborative studies
covering numerous AOAC topics from pharma-
ceutical preparations and pesticide formulations
at the high end to trace elements and aflatoxins
at the low end of the concentration scale, is rep-
resented by the following equation:

CV =20-°-5l0s O

where CV is the between-laboratory coefficient
of variation expressed in percent and concen-
tration is expressed in negative powers of 10. An
easily remembered reference point, applicable
to pesticide residues and trace elements, is that
an interlaboratory CV of 16% (248 can be expected
at a concentration of 1 ppm (10-6). It is inter-
esting that this curve apf)ears to be independent
of the nature of the analyte, the matrix, and the
measurement technique. Itis possible that this
curve merges with physical measurements on the
high concentration end and with biological
measurements on the low concentration end, if
there were some way all of these measurements
could be expressed in the same units. _
_Since this curve is only an estimate of a statis-
tical parameter, it is bounded by an upper and
lower confidence limit, calculated from the fol-
lowing standard error function of the CV, ex-
pressed as a fraction (3):

SECQv = CV V(1 + 2CV2)/2u
The 95% confidence interval is approximately
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95% Confidence limits of the coefficient of variation (CV) taken from the general CV/concentration curve at

important concentration levels

Table 1.
Concn Analyte
100 ppm Drugs in feeds
1 BBm Pes%cide residues

Trace elements

10 ppb Affatoxins
Nitrosamines

100 ppt

l0Xin
Aflatoxin M

twice the standard error. Table 1 gives some
examples of the calculated confidence interval
for some important points on the general CV/
concentration curve forn = Land n = 10 studies.
From the table it is obvious that a single study
provides a ver)(] poor estimate of the reproduc-
hility of a method of analysis. . _

Because of the expense of collaborative studies,
we mar have to accept the fact that if the repro-
ducibility of a method in a collaborative study
approximates the general CV/concentration
curve, the method is acceptable. Numerous il-
|ustrations of the adherence of method parame-
ters to the general CV/concentration curve are
available and a number of patterns of interlabo-
ratory data superimposed on the general curve
are given in arecent paper (4). These examples
cover the macro concentration scale, from fat in
meat by gravimetric analysis and methyl esters
of fatty acids bY gas chromatography to the trace
concentration levels of pesticide residues by gas
chromatography, trace elements by atomic ab-
sorption spectrophotometry, and aflatoxins by
thin Iayerchromatograph?l. Considerable data
exist on the ﬁerformance of aflatoxin methods by
thin layer ¢ roma_tograph?/ at the low parts per
billion"concentration levels (5).

These data suggest that one criterion for the
acceptablllty of methods is conformity to the
general CViconcentration curve, with due con-
sideration to its confidence limits. There may
be occasions in the absence of better methods
where poorer performance than that derived
from the general curve must be accepted. This
Roorer performance, or performance at the

igher extreme of the confidence interval,
should indicate that the method could be im-
proved, at least to the point of matching the
general curve fairly well. Better performance
than that derived from the general curve would
suggest that attempts to improve the precision of
the method might not be profitable, although
there may be considerable room for improve-

95% Confidence limits of CV

v, .
% 1 Study 10 Studies
8 0-19 6-10
16 0-39 12-20
32 0-82 23-41
64 0-186 42-86

ment with respect to other characteristics such
as recovery, speed, and economy.

It must be emphasized that intra-laboratory
Frecmon must not be compared with the inter-
aboratory precision of the general curve. In-
traIabo_ratorK Prec_lsmn is usually one-half to
two-thirds that of interlaboratory precision (2).

Outliers

A characteristic which is not ordinarily ob-
served during the course of development or
routine use of a method is the propensity to
?roduce outliers. Outliers are values which are
ar removed from the main body of data. The
more isolated the point in terms of distance from
the main body of data, and the ?reater the num-
ber of points in the main body of data, the greater
the FfOb&bI“ty the isolated point is a true outlier.
Outliers are rarely reported in published papers
from a single laboratory since they are either
ignored or removed by repetition. “In interlab-
_orato.rr_ studies, however, values cannot be
identified as being either consistent with the
main body of data or as outliers until a consid-
erahle amount of data has been accumulated. At
this point, when outliers are Fresent they seem
to form a consistent, irreducible pattern of 5-15%
of the reported values, usuaIIP/ isolated individ-
ual values but occasionally all of the values on a
series of samples from a laboratory. "lrreducible
outliers™ here means outliers for which a
cause cannot be ascertained, since some
outliers, when called to the attention of the re-
porting laboratory, are found to be caused by
calculation errors or incorrect standards, and are
thus remediable. _

The outlier rate seems to be more or less in-
dependent of the acceptable working concen-
tration ranges, with perhaps aslight increase at
the lower levels. Then as the limit of determi-
nation approaches, outliers at the low side begin
to accumulate at zero as false negatives, a new
category of method evaluators.
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In AOAC collaborative studies the maximum
number of outliers which must be tolerated is
established bg the Youden rule of requiring a
minimum of 5 laboratories per study. If 1of 6
laboratories appears as a consistent rank outlier
and if no additional outliers aﬁpear in the data
from the other laboratories, the outlier rate is
automatically limited to 17%. It follows that a
study with a bare minimum of 5 laboratories is
risking the possibility that the method will be
rejected because of too many outliers among too
few laboratories. A minimum of 7 laboratories
would permit a buffer of 1 rank outlier and a
scattering of individual outliers without risking
the rejection of a method because of too few
laboratories for statistical analysis of the data. In
trace analysis, the production of a consistent
pattern of outliers b){ asingle laboratory is not at
all ususual, particularly in the early stages of
acquiring experience with a new technique, or
where standards are of variable quality and sta-
bility. Naturallfy, if a consistent pattern of
outliers appears from asingle laboratory, a dili-
gent search for the cause should be initiated, so
that this uncontrolled source of error can be
notedd and, where possible, precautions insti-
tutea.

At present, AOAC statisticians are ap.plying
the Youden ranking test (6) to laboratories an
the Dixon range test to individual values and
laboratory averages, but no systematic investi-
gation has been performed to determine the
relative value of these and the several dozen
(()7t)her statistical tests for outliers that are available

False Positives and False Negatives

Asamethod is studied close to its limit of de-
termination, the outliers at the low side begin to
accumulate at zero. When aknown amount of
analyte has been added, these zeros are definitely
false negative values (the analﬁte is known to be
present but is reported to be absent). This shift
In the distribution of interlaboratory results as
the limit of determination is approached is evi-
dent in the aflatoxin methods proficiency study
data of Friesen et al. (8). If the figures showmg
the distribution of reported values are arrange
in order from high to low mean concentrations,
it is seen that the frequency distribution of re-
ported values shifts from approximately a normal
distribution at the highest values through a bi-
modal distribution with one peak at zero and
another at aposmve value, to a single peak at
zero falling off sharply to positive values. There
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are no negative values (the blank greater than the
determination) because aflatoxin analyses re-
quire no blanks. (The clear ﬁlate_ is automatically
setatzero.) Inthe case of the bimodal distribu-
tion, it is not possible to assign a mean value to
the analytical determination because some lab-
oratories are reporting a definite value and others
are assigning a zero value. From the viewpoint
of each laboratory, there is no problem; each
laboratory has given an unequivocal result.
Only from the vantage of the entire study is it
seen that the result consists of two answers: zero
and apositive value. When the percent of zero
values from aflatoxin studies is plotted as a
function of concentration, the curve takes on the
appearance of the general CV/concentration
curve. This potential evaluation function is
being reviewed in greater detail with aflatoxin
and other anaIKte studies.

Similarly, when blank samples are analyzed,
positive values are sometimes reported; some of
these are obvmuslr outliers. They are also false
positives (the analyte is known to be absent but
Is reported as a positive determined value).
Here, too, the results from each laboratory's
viewpoint are unequivocal until they are exam-
ined as part of a total interlaboratory picture.

False positive values can appear in the blank
determinations from any method operatlnf; at
any concentration level.” False negative values
are rare at the higher concentration levels but
increase as the method approaches the limit of
determination and goes out of statistical control.
If the concentration levels are appropriately
spaced in an interlaboratory study, the limit of
determination of a method can be determined
merely by inspection of the trend of false nega-
tive values. This was demonstrated (9) in the
results of an EPA interlaboratory study of the
recovery of dioxin from standards, beef fat, and
human milk. Most of the false ne%atlve reports
occurred at 9 ppt and lower levels. No false
negatives were reported in the beef fat and
human milk samples above 9 ppt. There was a
very sharp distinction in the characteristics of the
values as a group above and below the 9 ppt
point. This same value of 9 ppt was arrived at in
an independent paper published by one of the
ﬂartlmpants in the study which discussed only
is own values, making "use of rigorous statis-
tical design and analysis of the data" (10).

Therefore an evaluation of the false positive
and false negative patterns of the data may pro-
vide a new characteristic of the performance of
metfgods delineating the limit of measure-
ment.
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Systematic Error

Systematic error or bias is usually determined
through recovery measurements of known
amounts of analyte added to a presumably .ne?-
ative matrix. This procedure is not entirely
satisfactory since some analytes do not behave
the same when added artificially as compared to
natural deposition. Nevertheless, the Food and
Drug Administration has proposed (11) that av-
er.aFe within-laboratory recoveries of 60-110%
will be acceptable at concentrations of less than
0.1 ppm and 80-110% at or above 0.1 ppm.
Naturally, better recoveries would be preferred,
but these figures seem to represent practical
values in trace analysis. Lower recoveries can
be accepted in special cases, provided they are
reproducible or the method utilizes internal
standards, particularly isotope dilution proce-
dures. Recoveries that differ between labora-
tories are obviously a part of the interlaboratory
random error; when this variability is too large
it |S|mP055|bIe to determine the true systematic
error of amethod. Currieand DeVoe {12) point
out that 15 observations are required merely to
detect a systematic error of the same magnitude
as the standard deviation. Therefore, to detect
recoveries that are systematically and signifi-
cantly less than 85% in the pesticide residue re-
gion {about 1 ppm), the experiment must contain
at least 15 independent observations. Obviously
the random error of precision limits the deter-
mination of systematic error. In general, if the
mterlaboratory.i)recmon is acceptable, the sys-
tematic error will also be acceptable.

Other Attributes

The specificity and limit of reliable measure-
ment are other attributes of analytical methods
which must be em_?.h_asu.ed under special cir-
cumstances.  Specificity is the pr_opertg of re-
spondm(]; exclusively to the material to be mea-
sured. It is especially important when struc-
turally similar chemicals may be present which
have considerably different biological properties.
Itis achieved in many methods of analysis by a
chemical or physical “cleanup™ step followed hy
a measurement step which may or may not be
sufficiently specific. Man|y5|m_|lar compounds
may be present at trace levels which may respond
like the material sought. In addition, so many
homologs and isomers must be dIStInFU_IShed
from the desired compound, particularly in the
low ppb and below level, that it is frequently
necessary to apply additional identification steps,
designated as “confirmation of identity." A
number of collaborative studies of methods for
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aflatoxins have been performed with specificity
as the particular objective. The ultimate decision
to accept a confirmation of identity method is
made on the basis of the same statistical param-
eters used for findin? the limit of determination,
I.e., observations for false positives (reportlng the
material as present when it is not) and false
negatives (not reporting the material when it is
present). o o

With extremely toxic materials such as dioxin
and aflatoxin, it is necessary to have methods to
cover all biologically 5|Pn|f|cant concentrations.
Despite the considerable literature on the limits
of measurement (13), there is little under-
standing or agreement on how to determine the
limit. The influence of the interlaboratory en-
vironment on measurements at the limit has
been entlr_elg ignored in this literature. The
limit of reliable measurement has been reached
when a method goes out of statistical control
within a laboratory and even sooner (in terms of
higher concentration) when there is disagree-
ment among laboratories as to the presence or
absence of the compound sought at any con-
centration, even though each laboratory is con-
vinced as to the correctness of its observations.
A method can be accepted for use only over the
range where there is substantial agreement
among laboratories. Therefore, interlaboratory
precision will determine the limit of measure-
ment.
_ Inthe special case where "none™ of the analyte
is permitted, the regulatory limit subsequently
set is often directly related to the level of ac-
ceptable performance of the method.

here also may be cases, particularly in the

early stages of an investigation, where there is a
real need to conduct analyses and make decisions
which cannot be postponed until a method is
available which meets all of the acceptability
criteria. Then the "best" method available must
be used, keeping in mind its limitations.

Summary

The following criteria may be useful for eval-
uating the acceptabllltr of methods of analysis
for compliance with a [egal specification or tol-
erance, which places the tlghtest requirements
on minimizing bias and and random error: (2)
an interlaboratory coefficient of variation in
percent which approximates, or is better than,
that given by the equation: CV (%) = 2exp (1 —
0.5 log C), where the concentration, C, is ex-
pressed in negative powers of 10; 82) recoveries
80-110% at or above 0.1 ppm and 60-110% at less
than 0.1 ppm; (3) an outlier rate within 5-15% but
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no greater than 20%, when at least 5 laboratories
participate in the collaborative study; and (4) no
more than an acceptable number, yet to be de-
termined, of false positives and false negatives.
In cases where potential interference or closely
related less toxic compounds may be present, a
confirmation of specificity at the specification
level may also be necessary.
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With each passing decade new problems arise for the
requlatory analytical chemist. The push for low
detection limits from percent to parts per million to
parts per billion brought the need for new and im-
proved analytical instrumentation followed b?;
questions of reliability at such low values. Eac
question has been met by new instruments or tech-
mgues and critical studies. The question for the
1980s is not how to achieve low detection limits but
how to reliably and rapidly perform analyses at low
values. During the 1960s the emphasis was on the
single component/element techniques. We seem
now to be entering the computer-controlled era. In
each analytical speciaItK, computer-controlled in-
struments are offered which greatly aid the analyst
in producing an accurate, reliable analysis in ashorter
time. The advantage of larger numbers of analyses
per unit of time with, in some cases, reduced per-
sonnel are no 63béoverlooked in this age of econo-
my. To the AC collaborative study this means a
reduction in the number of laboratories who can
participate. Italso means greater standardization of
methodology, and the chemist's IaboratorY ability
becomes less of a factor in producing reliable analy-
ses. Specific analytical examoples are discussed to
illustrate the trend for the 1980s.

The workday of an analytical chemist in the
laboratories of the 1980s is quite different from
that of the traditional analytical chemist of yes-
terday. We can trace this change over the past
several decades by looking at examples of in-
struments which coincide with this develop-
ment.

During the 1960s and before, analytical
chemistry was a combination of traditional “wet"
chemistry together with avariety of instrumental
methods for the final determinative step. The
emphasis was on the separation of the element
or compound to be determined by classical
chemical technigues—solvent extraction, ion
exchange, precipitation—and then the final de-
termination of that element or compound on
some suitable instrument. The results were then
calculated by hand, based on the readout from
the instrument. The determination was very
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time consuming, and frequently the accuracy and
precision of the value obtained was a function of
the skill of the laboratory analrst.

During the 1970s for several reasons the em-
phasis shifted from analyzing a few samples and
drawing conclusions to analyzing alarge number
of samples (surveillance).” The discovery of
contaminants such as mercury, DDT, polychlo-
rinated biphenyls, and lead in the environment
led to large surveys in which hundreds or thou-
sands of samples had to be assayed on a rapid
time scale. The traditional methods were inad-
equate to keep up with the demand, New in-
struments, some developed for specific analyses,
were introduced. The emphasis also shifted
from the single component to multicomponent
analyses, enabling the chemist to produce more
analyses per unit time. Some instruments began
to appear in which automatic processing capa-
bilities were built in, thereby speeding up the
analyses and eliminating some of the variability
of results due to differing laboratory skills.

In addition, the analyst was asked to lower the
limits of detection to less than part per million
levels. The public's concern with minute traces
of some contaminants and the necessity of ana-
lyzing large numbers of samples placed a con-
siderable burden on the analyst of the 1970s.

We are now in the 1980s and the question is,
what can we expect from the instrument pro-
ducers during this decade? | believe that this
will be the decade of automation. The instru-
ments of the 1970s will be continued, but they
will be controlled bY’ mini- or microcomputers.
Functions such as calibration, graphics, and data
reduction will be routinely done "on-line."
Consequently the t_h_roug_hf)ut will be increased
and analyst variability will be minimized.

To illustrate these trends, we will look at sev-
eral techniques and their development over the
years, and then examine what this will mean to
AOAC, the collaborative study, and incorpora-
tion of verified methods into Official Methods of
Analysis of the AOAC.

Neutron Activation Analysis

During the 1960s neutron activation analysis
(NAA) was used extensively for elemental
analysis. The emphasis was on a clean radio-
chemical separation of the element of interest
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followed by a count of the radioactivity with an
Nal(TI) detector coupled to either ‘a single
channel analyzer or a small multichannel ana-
lyzer. Peak integration was done by hand and
the results were calculated with asimple calcu-
lator. Few elements could be determined simul-
taneously. .

By the mid 1970s, a Ge(Li) detector had re-
placed the Nal(Tl) detector, and was connected
to a large multichannel analyzer with crude peak
integration capability. The higher resolution
Ge(Li) detectors made multielement analysis
common. Although these analyzers had crude
peak integration capabilities, most data reduction
was accomplished through the use of large
computers.  During this time, many complex
computer reduction programs were written and
were in common use. The hand calculators were
now athing of the past. _

In the late 1970s, multichannel analyzers with
large memories were introduced. Although the
larger memory was achievable elsewhere, the
large capacity coupled with highly developed
softwarewasama#_orbreakthrough. Also during
this time, the efficiency and resolution of de-
tectors had steadily increased. The combination
produced an analytical method which required
only that the sample be irradiated and placed in
frontof the detector. The analysis of the samples
and computation of concentrations could be
done virtually on-line, and a summary report
could be typed at the conclusion of the day.
Automatic sample changers had already been
introduced which allowed the operation of the
equipment on a 24-h-a-day basis.

The end result was that analytical personnel
could reliably perform large numbers of analyses
on a daily basis. This trend was duplicated in
other anal¥t|cal techniques. _

_For the 1980, I believe that we will see a con-
tinuation of automation with a gradual im-
provement in the software and detectors, but
_nothmi; as revolutionary as the breakthroughs
in the 1970s.

Inductively Coupled Plasma

The apPIication_ of emission spectros_coF for
elemental determination by the analytical labo-
r_atorr has been popular for over 40 years. A
simple way to excite atoms for emission spec-
troscopy is to burn the sample in a flame. Flame
emission is largely restricted to those elements
that are easily excited, such as thé alkali earths,
because of the reIatweIE low temperature of
flames (approximately 3000°C). A much higher
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temperature is needed to suitably excite elements
such as Zn, P, Si, V, and Cd to achieve emission
signals adequate for modern trace analysis.

Electric arcs or sparks are capable of producing
the higher temperatures necessary for determi-
nation of elements which cannot be achieved
with flames. Multielement determinations are
possible with arc/spark spectroscopy through the
use of direct reading spectrometers. Use of the
arc/spark with a direct reader greatly increases
the speed at which asample can be analyzed for
more than one element. Unfortunately, arc/
spark spectroscopy is not a procedure that works
well for a large variety of samples. It is espe-
cially useful for well characterized materials such
as alloys, but it is difficult to use for samples of
a variable matrix. _ _

A relatively recent development in multiele-
ment anaI)ésw is the use of inductively coupled
plasma (ICP). ICP offers many of the advantages
of the arc/spark while eliminating many of the
difficulties. The ICP is a hot |schar?e (ap-
proximately 10 000°K) which is a very efficient
excitation source for emission spectroscopy, so
that a wide range of elements can be excited.
This makes the ICP ideally suited as asource for
multielement analysis. _ o

Attachment of an ICP to a direct reader, similar
to those used in arc/spark spectroscopy, has
created a very convenient instrument for mul-
tielement analysis. Commercial instruments
(using direct readers or a scanning monochro-
mator% which are available today, can determine
in excess of 40 elements simultaneously.

Now that we have the ability to determine a
large number of elements per sample, a problem
of presenting the data in ausable form has been
created. For example, if 25 elements are deter-
mined in 100 samples, then 2500 individual el-
emental determinations must be organized in a
readily understood and readable manner. Such
a collating %roblem can easily be handled by
computer. nfortunately,J)resent commercial
ICP data reduction systems do not allow for such
organization. _
A second problem of data management is
simply "getting the numbers in the correct
units." For example, in determining copper in
a liver sample, the desired units are probably
micrograms of copper per gram (flg/g% of liver.
Currently, ICP data systems present the data as
My cop%er per mL diluted sample and the analyst
must then transpose fig/mL values to Mg/g by
hand calculation. Some commercial ICP data
sKstems present the data in units of ;tg/g, but
these systems require that the same sample
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weight and dilution factor be used for all sam-
ples, a situation that rarely exists.

Several "custom™ data reduction systems have
been developed to facilitate the calculation and
compilation of data. These systems have been
very beneficial to organizations analyzing a large
number of samples. In most cases, however, the
systems have been built around a second com-
puter and hard cop]y facility, the cost of which
can be excessive. The need for improved data
reduction is an area that many manufacturers of
ICP instrumentation should address in the fu-
ture.

Gas-Liquid Chromatography! High Pressure
Liquid Chromatography

Gas-liquid chromatography (GLC) has devel-
oped over the Past years in much the same way
as NAA developed. In the 1960s, columns
started with a crude liquid phase such as stopcock
grease and developed through Carbowax to
super Carbowax and to "polymer cages" such as
Texex. Atthe same time, detectors were devel-
oping from general detectors based on thermal
conductivity and flame ionization to more spe-
cialized detectors such as the nltro?en-phos-
phorus detectors and those based on flame pho-
tometry. There were also advances in temper-
ature control, purer carrier gases, and more ef-
ficient designs.  Finally, mlcro_i)_rpcessor con-
trollers and data reduction facilities were de-
veloped. _ o

An out%rowth and extension of liquid chro-
matography was high pressure liquid chroma-
togiraphy (HPLC). ImBrovements in columns and
column packing combined with detectors which
have ranged from the universal refractive index
detectors through ultraviolet (UV) and variable
UV fluorescence to electrochemical detectors
have made this technique extremeI[)]/ useful.
Again, microprocessor controllers for the pumps
and automated data reduction capabilities com-
bined with graphics have further advanced the
technique. N _

In each instance the addition of microproces-
sors and automated techniques have increased
sample throughput and aided in the interpreta-
tion of the results. Innone of these techniques
will the addition of automated features make a
poor analyst good, nor is it a solution to all
Broblems. However, itwill make a good analyst

etter and improve sample throughput. Com-
putersare only as good as the information going
Into them and as good as the software controlling
the process. As software gets better, the same
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analyst also gets better and more efficient, and
more information can be obtained reliably from
one analysis.

The Analytical M ethod

Many analytical techniques are incorporating
automated procedures as an integral part of the
instrument. What will this mean to the collab-
orative study and to the AOAC?

An analytical method may be divided into the
following steps: _

1) selection of a reﬁresentatlve sample;
_(2) preparation of the sample for determina-
tion by dissolution, etc.;

~ (3) determination of the element/compound
in question;

4) reduction of the data; and

5) use of high quality known standards.

uring the 1960s and into the 1970s, the skill
of the analyst in each of these steps had a direct
influence on the precision and accuracy of the
analysis. With the introduction of automation,
the determinative step was standardized. Late
in the 1970s and into the 1980s the automated
reduction of data became standard. The success
of the analysis became a function of sample col-
lection, preparation, and the adequacy of soft-
ware controlling the automated portions of the
analysis.

If we assume that the rules for obtaining a
representative sample have been well defined,
this leaves only the preparation of the sample for
the determinative step as an analyst variable. In
some cases even this step has been automated.
This does not mean that the automated answers
will be more correct, however; it only means that
the analyst variability will be reduced. .

During the 1980s we will see continuous im-
prrovements in the software controlling analyses.

hus several questions should be addressed rel-
ative to the AOAC standard methods. Does a
change in software mean that the stud%/ should
be redone? This would include any change in
the determinative step or the data-reduction step.
If the collaborative study was done using one
company's automated system, would the study
still be valid using a different company's auto-
mated srstem? .

Finally, there are the standards to consider.
For theg)ast few years Standard Reference Ma-
terials (SRMs) such as flour, spinach, oyster, and
bovine liver, which are certified for elemental
content, have been made available by the Na-
tional Bureau of Standards. There is still a need
for organic standards in food matrices, as shown
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in arecent conference on nutrient SRMsL. Many
groblems are involved in p_roducmg nutrient

RMs, but I believe that during the 1980s many
of these will be resolved and SRMs will be
available. Standards are an mtet]]ral part of the
analytical system because they allow checks on
the methodology and procedures.

Upcoming Methodology

In each area there is usually one method which
becomes the workhorse. I'have listed several
areas in which the FDA is currentIK working and
the method(s) which workers in those areas feel
will be the most useful. _

Nutrients.—HPLC will be used extensively
during this decade. Versatility and speed com-
bined with automated features and improved
columns ensure widespread applications for this
technique.

Elemental Analysis.—Clearly, the workhorse for
elemental analysis, both toxic and nutritional,
will be ICP. Ability to determine 25 elements at
one time and reduce the data almost on-line are
ve.rK attractive features. If NAA is combined
with ICP, the ability to determine about 40 ele-
ments including some overlap for checking
purposes makes this a very attractive combina-
tion.

Fats and Oils.—A combination of GLC methods
will be the preferred approach, with a trend

L T e

ington,

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 3, 1982)

toward capillary techniques combined with in-
strument automation.

Pesticides and Industrial Chemicals.—The use of
caﬁ)lllar GLC will continue, and it will be de-
veloped from a qualitative into a quantitative
technique. HPLC will receive widespread use
as more selective detectors are developed.

Mycotoxins.—The area of mycotoxins will use
avariety of techniques such as capillary GLC and
HPLC with improved detectors and capillary
chromatography. In addition, radioimmuno-
assay and enz%/m_e-lmked immunoassay will be
|m|oortan_t techniques. GLC-mass spectrometry
will continue to be useful.

Conclusions

During the 1980s there will still be a push for
lower and lower detection limits and for im-
proved accuracy at low levels. Improvements
will be made in"each of the analytical fields but
efforts will be concentrated on automated mi-
croprocessor-controlled and software-controlled
instruments and data reduction to conserve an-
alyst time and minimize analyst-to-analyst
variability.
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Asmicrobiologists develop and modify methods and
turn to automated equipment to decrease analysis
time, the precision and accuracy of the methods must
be ensured through collaborative study. Ragid,
validated methods are needed in many areas. Ste
rility testing and the use of biological indicators are
among subjects of interest to FDA and industry.
These groups are also studying particulate analysis.
The limulus amebocyte lysate test is being considered
for use in detecting endotoxins in drugs and medical
devices, in diagnosing illness, and in assessinP the
microbiological quality of foods and water. Reliable
methods are needed for detecting viruses in foods to
assure asafe food supply. Studies are needed on the
Vibrionaceae to better understand the mechanisms
of invasiveness and host resEonse. Methods must
also be developed to study pathogens in the water and
food supply.

The 1980s should bring microbiologists a new
challenge in method development, based on the
success of the past decade. Our progress, how-
ever, has been slow and a bit disappointing
compared to that of chemistry, for which in-
struments have been in use for some 20 years.
Microbiology is largely a labor-intensive activity.
This point isemphasized in the 75th Anniversary
issue of the FDA Consumer, which contains a
picture of bacteriologists in the old Bureau of
Chemistry laboratories about 1912. The picture
reveals analysts preparing tubes and tubes of
media. The startling fact is thatin our laboratory
just last month, our analysts were still preparing
tubes and tubes of media, only in a more modern
facility and in a more efficient manner.

Proqress has been slow. However, in that
same laboratory our analysts were usm(ly gas
chromatographs, computer terminals, AP sys-
tems, and electrical impedance equipment.
These instruments should lead to methods that
make the work of the microbiologist easier. We
must keep in mind that as we automate our
methods we must maintain the precision and
accuracy of manual methods. We must ensure

AR

this through the collaborative study approach
that the AOAC and other scientific organizations
have fostered for almost acentury. The goal of
the collaborative study is to ensure that methods
will perform with the necessary accuracy and
;%recmon under usual laboratory conditions.
hese methods must be reliable for requlatory
purposes. This aplproach has brought the vali-
dation of analytical methods to ahigh degree of
perfection. ~ _ _

This discussion will cover a wide variety of
areas currently of interest to the Food and Drug
Administration SFDA) and industry, including
sterility, particulate, pyrogen, pathogen, an
sanitation t_esth. AnY reference to specific
equipment is only for illustration and does not
represent an endorsement.

Sterility Testing—Biological Indicators

Sterility testing has been an official test in the
U.S. Pharmacopeia (USP) for determining if
;%roducts to be sterilized were, in fact, "sterile."

he concept of sterilization and, consequ_entl?/,
the definition of “sterile” have been seriously
questioned for the past decade by most experts
in this field. The destruction kinetics or steril-
ization death time of microorganisms is now
recognized as a probability function and subse-
quently leaves the old definition of sterile, which
was "the absence of viable microorganisms",
open to interpretation. In other words, when is
aproduct considered to be sterile, at 10~2,10-4,
or 10-6 probability of survivors? The sterility
test, although useful to determine gross con-
tamination, is_not adequate to determine the
degree of sterilization of product. The adven-
titious contamination rate during sterility testing
is generally considered to be one in a thousand,
Thus the reliability of determining the degree of
sterilization can never be greater than 10-3 and
maK/ be much less. o

more accurate determination of the probable
degree of sterilization is being accomplished
through the use of process control sterilization
cycles. Process control provides the manufac-
turer with the data to determine if a desired
sterilization process has been accomplished.
Some of the parameters that must be known in-
clude the following: (1) The bioburden on the
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product, that is, the number and type of micro-
organisms found. This in itself is useful infor-
mation. However, the sterilization Kinetics of
the bioburden should be known.

(2) The penetration rate of the sterilant into
the product, be it steam, dry heat, a gas such as
ethg/lene oxide, or aliquid sterilant. _

(3) The reliability of the equipment hein
used, such as the sterilizer itself, the gauges used,
or the gas concentration detectors in the case of
ethylene oxide.

(4) Physical parameters such as temperature,
steam quality, relative humidity, and gas con-
centrations, all of which may affect the pro-

cess.

(5) The effect of the sterilization process on
biological indicators.

When all the necessary parameters are known
for asterilization process, asterilizati ~n cycle can
be designed to accomplish any degree of micro-
bial destruction. When a steril_izationgrocess
has proven to be sufficiently reliable, FDA may
choose to allow "process release,” or release
without end product sterility testing. Process
release or dosimetric release is being accom-
plished on a routine basis by many of the radia-
tion sterilization facilities. - More recently pro-
cess release has been granted to certain facilities
doing ethylene oxide sterilization. _

Much of the process control is now being ac-
complished by computerized automated equip-
ment. The equipment provides a means of
precisely duplicating asterilization process, and
provides most of the quality assurance data.

The MSI (Microbial Survivor Index) is a con-
cept being promoted by the Canadian govern-
ment to indicate the degree of sterility of a
product. The MSI reflects the probability of
sterility; for example, a product that has under-
gone asterilization process adequate to have a
ﬁrobabll’l@/ of a survival of less than 10-6 will

ave an MSI of 6. S

There has been much discussion in this coun-
try about the effect of MSI, for example, on
products used in a hospital. Ifadevice having
an MSI of 3 were used on a patient instead of one
having an MSI of 6, what would be the liability
of the user? If it were found to be necessary
because of liability reasons for everything to
have an MSI of 6, the cost of man?/ products
would be greatly increased. The MSI, however,
would provide the user with more knowledge
concernln? the "sterility" of aﬁroduciyvhlch, In
turn, would allow him to make decisions con-
cerning the use of that product. Other questions
are whether a product sterilized to a 10~6prob-
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abilitz will truly maintain that probability and
whether the MSI number should reflect the
sterilization process or the probability of sterility
when used. .

Biological indicators (Bis) have heen used to
monitor a sterilization process for man_Y. years.
They demonstrate the ability of a sterilization
process to kill a certain number of resistant
microorganisms, usually spores. The_de%ree of
reliability of Bis has been questioned in the past
because of the variability encountered in this
resistance. More recently, methods and e.?mp-
ment have been developed to produce uniform
spore crops with known resistance and to pro-
vide the sterilization industry with a reliable tool
for monitoring a sterilization process.

When the resistance of a BI to a sterilization
process is known and the bioburden is known,
a process can be designed to maximize the ster-
ilization while minimizing the exposure of the
product to the sterilant. New Bisare being de-
veloped for steam sterilization processes that use
temperatures less than 118°C. This is necessary
because Bacillus stearothermophilus is usually not
killed below that temperature and consequently
makes a poor indicator.

Particulates

The FDA became interested in determining
numbers of particulates in large volume paren-
terals in the early 1960s, and in 1976 microbiol-
ogists from five laboratories in the field were
trained to perform particulate analysis. Initial
training consisted of microscopic detection and
enumeration and equipment cleaning and use.

Part of the cleaning procedure entailed use of
Freon as a final rinse.  The suspected build-up
of this h|gh|¥ volatile substance In the laboratory
and especially in laminar flow clean benches
posed a potential hazard to the analysts. Tests
were made to determine if the Freon was neces-
sary and ultimately showed that indeed it was
not. Datawere presented at the Parenteral Dru%
Association m_eetmgi to support the non-use o
Freon and ultimately this was accepted by the
USP. A change was made in the USP XIX, 2nd
Supplement.

FDA has evaluated the microscope procedure
for enumeration over the past 4 years to deter-
mine its repeatability and reliability. The
method, as described in USP XX, will provide
reliable data only when used by a hlghl?/ trained
analyst who does the work on a regular basis.
The microscopic method was tedious and time-
consuming and required total commitment by
the analyst. The use of the automatic electronic
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particle counter was investigated and was found
to be much faster and to provide more repeatable
counts. However, it was necessary to use the
microscope to calibrate the equipment. A study
by 4 laboratories comparing the electronic par-
ticle counter and the microscopic method re-
vealed what one would expect. Those who did
well with the microscopic method also did well
with the automatic counter. The FDA is pres-
ently working on me.thodolog?/ to calibrate the
automatic counter without relying on the mi-
croscope. The use of standard particles at first
appears to be a logical approach to calibration;
the difficulty lies with the numerous shapes and
sizes of the particles to be enumerated and the
type of electronic counters to be used. Some
counters size particles by light blockage, some by
light scattering, and some by displacement.
Spherical particles of latex material may be used
asastandard only if spherical particles are to be
analyzed in the product; otherwise the enum-
eration of particles of various sizes will not be
equivalent on various instruments because the
instruments will see Iong thin particles differ-
ently depending on the detection system. For
e_xamgle, a long thin particle will be seen by a
light blockage device as a surface area in refer-
ence to its orientation as it passes through a
sensor, the displacement device will see the same
particle as a volume, and the light scattering
device will see it dlfferent[y_dependln? on the
refractiveness and composition. All of the au-
tomatic counters will provide accurate data but
they must be calibrated with a particle standard
capable of simulating the types of particle to be
counted. . _

Particle enumeration has been in the forefront
of particle analysis, and identification of the
particles is becoming more important. Some
particles may not be dangerous even though the%/
are present in a product, for example, a starc
particle. On the other hand, a Bartlcle of ashes-
tos, which has been shown to be a carcinogen,
would be of much greater significance. Recent
studies showing particulates derived from glu-
cose in glucose solutions leave open to question
the extent to which particle enumeration should
be relied upon. .

The particulates problem with small volume
parenterals is somewhat similar in that the par-
ticle enumeration and identification need to be
evaluated. Itisunique, however, in the degree
of particulate contamination and the source of
the particles. Ampules, for instance, when
broken open tend to contaminate the contents
with glass particles. The type of glass and the
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way it is OPened_ si?nificantly affect the number
and size of particulates formed.

Standards have not been set for small volume
particulates primarily because the methods of
particle analysis quantitatively lack the accuracy
and rellab_lllty{] to provide the data base. FDA'is
wprk.mg in the laboratory and on committees
with industry to help solve some of the problems
associated with particulate analysis and to help
set standards cf excellence in both industries.

Limulus Amebocyte Lysate

Limulus amebocyte lysate (LAL) is a biologi-
cally active fluid derived from the amebocytic
blood cells of the horseshoe crab, Limulus poly-
phemus. The protein portion of the blood acts as
a pro-clotting enzyme, and in the presence of a
divalent cation such as a Ca2+ or Mg2+ and en-
dotoxin, a clot is formed. In 1956 while doin
research on the diseases of marine animals, F. B,
Bang observed that the blood of a horseshoe crab
clotted when it was injected with inactivated
Gram-negative marine bacteria. In 1968 J. Levin
and Bang determined that fluid from the rup-
tured amebocyte blood cells was the sensitive
portion of the blood. Unfortunately, the crabs
could only be bled at certain times of the year
because 0 the7product|on of an inhibitor in their
blood. By 1972 S. Watson had succeeded in re-
movmﬂ the inhibitors via chloroform extraction,
thus a owmﬂ the production of LAL reagent at
an¥t|meoft e year. In 1977 the first commer-
cial manufacturer was licensed by the Bureau of
Blolog;es to produce LAL. In the foI.Iowmg
years 7 more manufacturers have been license
and the sensitivity of the LAL test was increased
from the nanogram to the picogram level. These
and many more developments have aroused in-
terestin usm? the LAL test for avariety of anal-
yses ranging from the detection of endotoxin in
drugs and medical devices to the diagnosis of
Gram-negative meningitis or the determination
of the microbiological quality of foods and
water.

The impact of the LAL test on hoth the phar-
maceutical and medical device industries has
been considerable. It offers the elimination of
the expense of housing and feeding rabbit colo-
nies (it is only 1/15 to 1/30 as expensive), and
results are available after a 1 h incubation Berlod
rather than the 3-8 h needed for the rahbit py-
rogen test. Many drugs such as anesthetics and
radiopharmaceuticals that previously could not
be tested or that required considerable dilution
to be tested hecause of their lethal effects on
rabbits can now be tested for the presence of
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endotoxin with the LAL test. Many manufac-
turers now perform the LAL testin Farallel with
the rabbit test to obtain data that wil suEport the
replacement of the rabbit test by the LAL test.
One of the biggest problems facm%the har-
maceutical industry with the use of the LAL test
is_overcoming inhibition problems that occur
with some deE? (mostly small volume peren-
terals) and making them compatible with the
LAL test. In the medical device industry per-
haps a whole new approach can be used. No
longer will devices have to be rinsed with 20-40
mL of liquid to obtain asufficient amount to test;
the LAL test only requires 0.1 mL per test. What
is needed now is a procedure that is capable of
recovering the very sticky endotoxin molecules
from the surfaces of devices. Inhibition prob-
lems that may occur from substances being
leached out of the devices during the rinsing
procedure will have to be overcome.

The LAL testis also demonstrating that in the
future it ma Hlay an important role in the clin-
ical field. It has already been helpful in diag-
nosing several illnesses' such as Gram-negative
meningitis, mastitis, urinary infections, and en-
dotoxemia. Its rapid detection of endotoxin (and
therefore the sure knowled%e that Gram-nega-
tive bacteria were or may still be present) could
result in a patient receiving the correct treatment
sooner than if aphysician must wait 24-48 h for
abacterial culture to grow. It has proven useful
when working with cerebrospinal fluids. A
great deal of work is being done to adapt the LAL
test to detect endotoxin in human blood. In the
past its usefulness has been limited because of the
presence of inhibitors in human blood but sev-
eral methods are now being examined for their
ability to overcome these inhibitors. _

In the area of the microbiological quality of
food and water the LAL test is again proving to
be avaluable tool. Numerous comparisons have
been made between the direct serial dilution
method of detecting endotoxins and the Most
Probable Number (MPN) methods in meats. It
is possible that in the future, rather than the
minimum wait of 48 h for a coliform MPN, the
LAL test will be able to give a quantitative an-
swer in 2h and may prove to be more economical
by eliminating the need for hundreds of tubes of
tr?]edla and incubator space in which to keep

em.
~Itisclear that the LAL test is %oinlg to play an
important part in the future o mlgrob_lolo%y.
The FDA is expected to issue new guidelines for
replacing the rabbit pyrogen test with the LAL
test for the end product testing and release of
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drugs and medical devices. With these guide-
lines a tremendous increase in the use of the LAL
test for parenteral drugs is going to develop in
the next 2-3 years. Inorder to switch from the
rabbit to LAL test, manufacturers will only have
to prove that their product is not inhibitory and
through their quality assurance departments be
able to demonstrate that their laboratories and
personnel are qualified to do the test.

Pathogensand Viruses

According to the World Health Organization,
laboratories in only 12 countries have research
programs in food wr_ologg/. Trained microbiol-
ogists capable of doing food virology are few.
To address the problems of virus transmission
through foods, increased communications and
better coordination hetween researchers is
needed. The most Fressmg need is for the de-
velopment of reliable methods to detect viruses
in foods. Until reliable and acceptahle methods
are o!evelo,oed,_ it will be difficult to assess the
public health significance of such problems. In
1979 there were 460 reported outbreaks of food
poisoning in the United States and in 37% of
them etlolog was confirmed (1). What about
the other 63%? Were any, in reality, virus
?athoggens? Viral hepatitis is reported to account
or 29% of the outbreaks and other virus-asso-
ciated illness about 0.6%. Lack of data, due pri-
marily to lack of reliable methods, makes as-
sessment of the epldemlolo?y, infectious dose,
and contamination control” recommendation
difficult, and we need to better understand these
in order to assure the consumer a safer food
supply. .

Humans are one of the greatest pollution
sources through both excretions and secretions
(2). Recyclln% domestic wastes to improve the
environment, lower costs, and find suitable uses
has encourag_ed the use of treated sewage as fer-
tilizer. Studies show that the use of such fertil-
izer on vegetable crops presents hazards (3).
Methods are needed to remove, or inactivate,
heavy metals, parasites, and viruses in treated
sewage. o

The use of indicator organisms is another area
that has caused controversy; however, further
research isneeded (4, 5). The indicator organism
approach could result in low cost, rapid, and ef-
fective monitoring of the environment, partic-
ularly shellfish harvest waters.

Reports vary, but indicate that 1-20% of
shelltish contain human viruses. Viruses have
been detected in cow's and goat's milk; beef,
pork, and fish products; processed meats; vege-



FELDMAN:

tables; and fruits. Future studies need to address
the effects of processing and distribution on vi-
ruses in the final product. Currentvirus detec-
tion methods indicate that many foods contain
some human viruses. Human viruses do not
multiply in foods. Viruses require susceptible
living cells and appropriate temperatures to
multiply. These small accidental contaminants
?redvery difficult to separate from high protein
oods.

Some viruses do not replicate in the currently
used tissue culture systems. Itwill be necessary
to find additional susceptible cell-lines. Meth-
ods other than cell-line systems do provide al-
ternatives. The scanning electron microscope
is currently used to detect rotaviruses, a cause of
infant diarrhea. Enzyme linked immunosorbent
assay (ELISA) has heen used extensively for
bacteriological studies and may become equally
|m]portantto virology. .

he future will require time, equipment, lab-
oratory ﬁ)ace, trained microbiologists, and an
interested and sympathetic management to solve
the problems faced by the food virologist.
Vibrio

Vibrio cholerae non-01 was implicated in 5 cases
of food poisoning in 1979 (1). Some people refer
to these cholera organisms as non-agglutinable
or non-cholera vibrios. Five cases seems quite
asmall number; they represent 0.1% of the total
reported to the Centers for Disease Control
(CDC). Yet 1979 was the first year that this ill-
ness was reported in the United States Does this
mean we now have anew agent to look for or is
it one that has been overlooked in the past? An
outhreak of V. cholerae 01 was reported in 1978.
(This illness was once thought to be an African
and Asian exclusive.) These illnesses were as-
sociated with eating raw shellfish in the United
States. The shellfish consumed were traced to
harvest areas having elevated fecal coliform
counts. The incidence of cholera poisonings
will probably be kept low by the continued
monitoring of harvest areas by the National
Shellfish Sanitation Program. _

Vibrio parahaemolyticus was implicated in 12%
of the food poisoning outbreaks reported to CDC
in 1979 (1).  Very often more outhreaks occur in
the summer, but 1979 was an exception; all out-
breaks occurred in February and all shellfish
were consumed at home with no deaths reported.
All shellfish were cooked. This means that er-
rors in refrigeration, cooking, and food handling
hygiene were to blame. The small number of V.
parahaemolyticus food poisonings shows that most
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food handling at the commercial level is ade-
quate. Studies show that the organism is found
inall U.S. coastal waters. _

V. parahaemolyticus Is a very important cause
of illness in Japan, due primarily to the con-
sumption of raw fish (6). In this countrg_the
freezing of seafood in storage and our habit of
eating cooked fish have kept this potential food
Fmsonmg organism as a minor cause of illness.
ts constant presence should not be disregarded,
however. _

The Vibrionaceae, considered here, are spread
by contaminated water and food. If is the con-
valescent carrier or asymptomatic_individual
who pollutes the water supply. The illness is not
spread b){ person-to-person contact as long as
reasonable personal hlggmne.ls maintained. It
was found that 10s-2010organisms were required
tO}Froduce illness in volunteers (7?.’

[he present laboratory analytical methods are
reliable but cumbersome. ~Better methods
should aim at making analyses easier and faster
and reducing costs. Not all microbiologists
agree on what is the "best" method. Thereisa
need to do collaborative studies and studies that
will provide us with an understanding of the
mechanisms involved in invasiveness and host
response. By this means, better approaches to
prevention, control, and patient care will be
possible. Thiscould involve adherence studies,
plasmid mediation, and use of tissue culture in
Invasiveness studies or toxin production.

Pathogens/Parasites

The increase in land application of domestic
waste will increase the risk of exposure to many
parasites. The disposal of waste through dis-
charge to water %v_stems provided an initial pro-
tection th_rou%h ilution plus a period of natural
purification before suinlflcant human contact
was made with the polluted water downstream.
This protective barrier does not exist with land
apprhcatlon. _ _ _

he occurrence of bacteria and viruses in
wastewater, sludge, and receiving soils has cap-
tured the interest of many investigators. No
such interest has been stimulated in the occur-
rence of the larger pathogenic organisms; few
studies have included the study for protozoa and
helminths. This is a significant omission be-
cause some of these organisms can survive waste
treatment of land longer than any of the bacteria
or viruses. _ .

Secondary sewage treatment, including nor-
mal disinfection concentrations of chlorine and
ozone, is ineffective in destroying parasites. In
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fact, treatment conditions may encourage the
embryonation of helminth eggs. The heavier
eg%s of some parasitic species, €.., Ascaris, settle
out during sewaq_e treatment ‘and appear in
sludge, while the lighter cysts and eggs appear
in the effluent. Most cysts and ova are relatively
dense because the majority of the parasitic forms
are found in the sludge. _

The ﬁrotozoans appear in sewage in cyst form.
From the trophozoite stage in the intestinal tract,
the organisms round up to form a precyst, and
then secrete a tough membrane to become the
cyst. These cysts are excreted in the feces.

The protozoan of greatest interest in recent
years has been Giardia lamblia. As late as 1965 the
E{athogemcﬁy of this organism was questioned.

enewed interest was stimulated by a large
number of cases of giardiasis that occurred in
Americans returning from the Soviet Union. In
an Aspen, Colorado, outhreak, cysts were de-
tected In 2 of 3sewage lines serving the town. In
1979, an outbreak of foodborne giardiasis appears
to be the first documented case showing fecally
contaminated food to be a vehicle for the trans-
mission of giardiasis, even though the fecal-oral
lr_OHted of transmission has been well estab-

ished.

At least 15 different parasitic helminths may
be capable of producing a health problem from
sewage exposure. None of the intestinal ne-
matodes requires an intermediate host and most
produce prodigious numbers of eggs. The eggs,
particularly those of Ascaris and Trichuris, are very
resistant to environmental effects. _

The presence of protozoans and helminths as
mentioned earlier provides us with an excellent
reason for wanting to control or monitor the use
of sewage on agricultural lands. To accomplish
this, methods must be deveIoFed that can quan-
titatively check the sewage E aced on fields and
can sample crops grown on these particular fields
for the presence of parasites.

Ascaris eggs are the most resistant of all the
sewage pathogens to treatment and environ-
mental stresses. Therefore, Ascaris would appear
to be the limiting organism in deterr_nmln(}; the
health risk from sewage-treated soils. If de-
tectable numbers were present in raw sewage
the quantification of Ascaris eggs in_treafed
sludge or soil could po_55|bl¥ serve as an index of
the potential health risk of infection from any
Rﬂathogen originally present in the sewaqbe.

ethods for the recovery of Ascaris eggs must be
collaborated until a fast and efficient method is
found which can be used with confidence.

Itis going to become abig problem in the fu-
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ture when stricter laws are put into effect for
regulating the pollution of our rivers and
streams. Some people suggest using only pas-
ture land for sewage disposal. All this may do
is dela?/ the inevitable. Cattle, sheep, and other
animals used for human food can pick up dif-
ferent parasites and eventually pass them on to
the consumer. We must have control over the
sewage being used on the land and how the land
isused. Fifty percent of our sewage is currently
disposed of in various land af)p_llcatlon_ programs
and the amount is continually increasing. Now
is the time to develop methodology required to
ensure the health of the consumer.

Sanitation

At the beginnir_lgi, lalluded to the fact that our
laboratory was still preparing racks and racks of
tubes which will be predominantly used for the
detection of Escherichia coli and the coliform
bacteria. This analysis is conducted in con-
junction with the determination of Staphylococci
and aerobic plate counts in an effort to establish
microbial criteria for food. _
This analysis can be very costly. The spiral

Flatmg instrument has been successfully col-
aborated for use in the aerobic plate count area.
Although it costs about $6,000-$7,000, the sav-
ings in petri dishes and media may well make up
thisinitial outlay. Other techniques that could
be used for plate count are bioluminescence and
the radiometric method; however, the sensitivity
of the procedures at present leaves something to
be desired. With some modification of the
dilutions, the spiral plating equipment may be
adaptable to E. coli or Staphylococcus organisms.
This will naturally require more selective media
in concert with rapid biochemical identification
methods. In summary, the entire area of sani-
tation microbiology may lend itself to some form
of automation.

_In conclusion, although we have made con-
siderable strides in the development of micro-
biology methods in the past decade, we still have
quite achallenge before us.
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Analytical Methods for Drugs in the Next Decade

JOHN E. ZAREMBO

Revlon Health Care Group, Research and Development Division, Tuckahoe, NY 10707

Today's research for new drug substances is moving
toward molecules of much larger molecular weight
and complexity than the small, modern drugi mole-
cules, e.g., polypeptides, interferon, slow-releasing
substances, and blood and plasma components. The
complexity of natural products derived from human
or other animal bodies requires a new analytical
chemistry. Simple tests for drug stability, dissolu-
tion, and bioavailability will no longer suffice to
provide and ensure purity and structural identity of
such drugs. During the next decade, the demands on
analytical chemists will increase; more biological
organic and physical chemistry will be required by
analysts to perform their jobs. Criteria for purity
will require even greater ¢ romato?raphm involve-
ment but this will have to be complemented by nu-
clear magnetic resonance and mass spectrometry.
The demands made on AOAC to validate and approve
methods to assay drugs and determine their purity
will increase enormously in this next decade. The
understanding of drug purity will take on a new
meaning because of the complex nature of natural
products. Stability indication will be significant
only when chemical and biological tests can com-
plement and define the active components and the
impurities. AOAC will be required to play a.mag]or
role in assuring the manufacturer and the public that
their drugs are adequately tested, safe, and effica-
cious.

Since the enactment of the Delaney Clause and
the good laboratory and good manufacturing
requirements of the Food, Drug, and Cosmetic
Act, drug consumers have become newly aware
of the serious and possibly adverse effects and
potentially lethal dangers of poorly manufac-
tured, impure, and unstable drugs. ~ This reali-
zation has had a profound impact and has in-
creased demands that information about any
potential hazards be made known by regulatory
officers who review applications to test and
market new drugs and who insist that all such
information be included in the applications.
The result of this public awareness and demand
has influenced the research and development
philosophy of drug manufacturers and research

BB G RRCH

scientists, and has had a marked effect on drug
research, quality control, and quality assur-
ance.

D.rugi purity and drug safety would seem to be
equivalent terms. It might seem logical that the
purer the drug substance and dosage form, the
safer the dru% However, this can be determined
only through adequate safety tests on animals
and humans. In addition, d_rug_i}otency has been
equated with stability, availability, and efficacy.
This is certainly an important consideration be-
cause the consumer is the final test of drug effi-
ca%y and safety. . _ _

hese concerns will continue and intensify
during the 1980's as more sophisticated instru-
mentation and diagnostic test methods are in-
troduced and as we learn more about the _Ion?-
range effects of drugs, especially on chronically
treated individuals.  Most of us will eventually
suffer the pain and diseases of age and aging, and
it will become important to us to have drugs to
help us cope as painlessly as possible with the
increasing liabilities that old a%e brings to our
lives. Because of our demographic trend toward
an older and longer surviving population, we are
amassing data by which we can determine the
long-range effects of our wonder-working drugs.
Examples are osteoporosis, the development of
carcinomas, and mutagenic and teratogenic ef-
fects, which do not seem evident in the early or
limited stages of drug safety testm? and research.
Many of these adverse effects surface only after
many years, even after therapy or exposure has
terminated. Much of the information that can
be correlated with adverse drug effects and that
we need to help overcome these(j)roble.ms will
be derived from the sophisticated determinations
of purity, stability, and mte%rlty as well as the
kinetics and mechanisms of chemical change
(which may be detrimental or even lethal) made
In the analytical laboratory. _

Currently, one of the major assays used in drug
research is the stability assay, which assures the
consumer that the active componentin the dos-
age form will dissolve and be available so that the
body's biological system can do |tsAob. This test
also hel}os toensure the quality and safety of the
drug. t permits us to deal effectively with the
problems of establishing the composition of
drugs all through their shelf-life, during devel-
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opmentaswell as during use. Forsuch studies
and for drug surveillance, the assays used must
necessarily be stability-indicating.

A stability-indicating assay, therefore, not only
must be able to determine the Eotency of the
intact drug in the dosage form but, equally as
important, must be able to detect and quantita-
tively determine most of the decomposition
products, especially any potentially dangerous
ones. If there is any possibility that these de-
compaosition products can negate the assay re-
sults, it is |mf)er_at|ve that the analyst correct for
them. Equally important, the analytical stability
measurements must be able to determine the
occurrence of crystalline changes, such as poly-
morphic modification, hydration, or solvation,
which can change the availability and hence the
;ate of dissolution and efficacy of the dosage
orm.

An assay of this type is quite complex because
of the multitude of components making up a
drug preparation. In addition to the active
substance, a drug may contain excipients, sol-
vents, water, lubricants, dispersing agents, col-
orants, and flavors, etc. Certain drug formula-
tions may contain as many as 40 or 50 different
substances. The methodology used to obtain
meaningful and accurate data requires consid-
erable sample preparation, such as extractions
and isolations of the components being sought,
without alteration of the true drug composition.
This is a formidable assignment. ~

The determination of the physical changes,
such as polymorphism, requires other ap-
proaches, since polymorphism Is destroyed when
adrug is dissolved; solvation and hydration are
also affected by the sample preparation process
and might produce fictitious data. We therefore
have to resort to methods that do not decompose
or alter the physical condition of the drug sub-
stance; today's analytical sophistication is per-
mitting us to do that.

Polymorphism, for example, can now be de-
termined _b?/ avariety of techniques, such as x-ray
powder diffraction, infrared analysis, differential
thermal analysis, and chemical microscopy.
From the new technique of solid-state cross-
Folar!zanon nuclear magnetic resonance, we are
earning that different crystalline and poly-
mo_rlphlcformsexhlbltdlfferentfeatures thatare
easily detectable and in some cases can be quan-
titated. For the other aspects of drug integrity
and pur|t¥_, new detectors of gireater sensitivity
and specificity are either available or being de-
veloped. Examples are liquid chromatography
with its multitude of approaches and new de-
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tectors, and field desorption, MS/MS, and fast
atom bombardment mass spectrometry. lon
chromatography also appears promising for de-
termination of inorganic anions and cations and
some organic molecules and contaminants. In
some cases it is possible to detect and quantitate
compounds at.plco%ram levels.

_The validation of methodology for drug sta-
bility assays promises a major role for AOAC.
There is the need to establish that current and
future drug methodology is indeed stability-
indicating and does produce accurate results for
drug purlt%/. In many cases thin layer chroma-
togra h¥] as been used in combination with
liquid chromatography, and this aﬁproach to
fingerprinting and profiling dru?s as proved
to be invaluable. A neutral referee body is
needed to critique and test many of these meth-
ods to determine their suitability and value.
AOAC could play a major role In initiating,
coordinating, and directing such studies. Suc
information would enable us to handle the ana-
lytical problems of drug research and develop-
ment much more effectively in the 1980's.
_ During the next decade we can anticipate the
introduction of many new organic molecules of
higher molecular weight and greater complexity.
We are on the threshold of afamily of drugs that
treat not only the major killers such as cancer and
heart disease but also many of the genetic dis-
eases. At the last count, more than 2000 such
diseases have been described. ,

New drug substances are now emerging not
only from organic synthetic and natural product
laboratories but also from computerized auto-
matic molecule synthesizers and most especially
from genetic engineering and biological labo-
ratories. They are being isolated from human
plasma, blood, and tissue fractions, from aquatic
animals, and from isolates of the entire animal,
vegetable, and mineral world around us. The
number is uncountable. Molecules such as
human and animal insulins, gammaglobulins,
hormonal factors, human and animal calcitonin,
leukotrienes, slow-releasing substances, antibi-
otics, interferons, prostaglandins, blood com-
ponents like Factor VIII and Factor IX, ponpeP-
tides, oligosaccharides, and enzymes are merely
afew. Eachyear brings hundreds, if not thou-
sands, of new thera eutlcaIIY and biologically
active molecules. These molecules need to be
characterized chemically and b|olog|cally. Their
stabllltr and integrity will have to be determined
not only on the compound or mixture itself but
also on the final dosage form at manufacture and
during its shelf-life.
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Figure 1. Preliminary information required for determining safety and efficacy of new drugs.

Figure Loutlines the preliminary information
required for determining the safety and efficacy
that is eventuaIIDy filed in arequest for an Inves-
tigational New Drug (INDkand suhsequently for
aNew Drug Application (NDA). These data are
required not only for the reﬁulatory a%e_nc_y but
also for each of the research staff.” This infor-
mation helps to set the standards for drug ade-
quacy, purity, chemical and biological integrity,
and therapeutic efflc_lenc¥, and gives a more
complete understanding of the drug. We begin
analytically with structure, conformation,
methods of analysis, and stability. We also de-
termine solubility, dissolution rate, kinetics of
decomposition, and bioavailability in the blood
stream. From solubility data we can predict the
time for onset of drug action and determine
whether the drug will partition from the gastric
milieu and be available for absorption into the
blood stream. Dissolution rate, one of the major
factors in drug analysis and quality control, helps
in evaluatm_? the quallt)(] of the dosage form
throughout its complete shelf-life. The kinetics
of decomposition and the decomposition prod-
ucts provide information on drug action in the
body from the time the drug comes in contact
with highly acidic stomach fluids until it is dis-
solved, ahsorbed, and produces its action in the
biological system in the presence of avariety of
enzymes and other chemicals. Identification of
what is happening becomes a major analytical
and biological undertaking. The Scientist is al-
ways concerned with what is happening to the
molecule as well as to the consumer as chemical
chan?es occur. This must be determined com-
plete ﬁ/ and we always need to assure ourselves
that the chemical environment from all this re-

activity is safe and that the chemical changes
occurring do not yield chemical species that will
produce adverse effects. The question of toxicity
and the amounts of potentially toxic material
formed must be determined analytically. Since
we cannot completely equate laboratory animal
toxicity with human toxicity, the critical analysis
and drug safety must be determined by human
tests and the necessary analytical information
must be derived from them. _

Phgsmal changes are e%ualéy important. Itis
possible to convert asoluble drug into an insol-
uble concretous mass that simply passes through
the body and is comFIeteQ/ ineffective. Itisin-
deed important to follow drug integrity not only
in the body but also outside it to establish that
toxic impurities are not formed, that drU? po-
tency is maintained, and that the drug will dis-
i_olvte and be completely available to the pa-
ient.

“Figure 2 lists several of the analytical tech-
niques currently used in profiling and identi-
fying impurities. Some of the present and
emerging techniques mentioned here will
lighten the job ahead of us. Infrared spectros-
copy, combined with Fourier transform and
computer capability using enhancement and
subtraction techniques, provides spectral iden-
tification in complex mixtures and at nanogram
levels. The technique is useful for both quan-
titative and qualitative work. Polymorphism,
for example, can be determined not only on a
pure compound but even in the presence of ex-
cipients and other active components in the final
dosage form. The formation of hydrates, sol-
vates, and chelates can be determined by infrared
techniques. Chemical changes, such as oxida-
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METHODS IN IMPURITY PROFILING

CGHEMSIRY REACTIVITY-?  ANGERPRINT REACTIONS—?

Figure 2.

tion, reduction, isomerization, hydrolysis, and

Polymerlzation, can also be monitored by in-

rared spectroscodpy. . o

In this past decade, high pressure |I?Uld
chromatography (HPLC) has become one of the
most valuable tools in drug analysis and research.
It is used for drug assays, for determining im-
purities in drugs, and for determining chemical
Instability of drugs. Much of our energy now
and in the next decade will be devoted to refin-
ing this valuable technique into a completely
automated, machine-controlled, and integrated
system. With co.mplementa_rr instrumentation
tododrug an_al¥5|s, HPLC will probably provide
the bulk of information needed to determine
drug integrity and drug chemistry in routine use.
We anticipate greater speed, résolution, sensi-
tivity, and specificity. In conjunction with
double quantum NMR techniques, NMR will
permit us to look at molecules which contain two
carbon-13 atoms; itwill provide anew capability
to determine the structure of molecules in solu-
tion which will rival that of single-crystal x-ray
diffraction analysis. .

In the 1980's we can expect dramatic, new
NMR capabilities and uses in both drug analysis
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Methods in impurity profiling.

and drug research. We can expect more use of
NMR with biological and complex molecules of
high molecular weights. Sensitivity now is in
the picogram range for protons and in the mil-
ligram range for carbon-13. Information on
chemical structure of molecules is being pro-
vided most appropriately b%/. NMR and mass
is_F_ectrometry. and by combined techniques.
igh resolution NMR with multi-nuclei capa-
bility and solid-state NMR are making structure
determination less complicated. ~Complex
spectra can be reduced to first order spectra to
Permn easier interpretation of data. Using
elephone-computer connections, we are getting
longer and improved instrument operation,
quicker maintenance, and greater reI|ab|I|tg/.
High resolution instruments (greater than 250
MHz) provide high sensitivity and require only
aminimum of sample and a minimum number
of transients. Samples can be analyzed just about
as quickly as they can be prepared, and the
computer allows excellent quantitation. NMR
is both a qualitative and a highly specific and
precise quantitative technique. ~ Answers ob-
tained by NMR are unequivocal, unlike those
from chromatographic techniques, which have
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Figure 3. Typical analytical study to isolate, identify, and quantitate a drug and its impurities.

no real specificity hecause they depend on re-
tention time alone as the identifying param-

eter.

Probably the most exciting new area of ana-
lytical research and anal){tlcal power is mass
spectrometry; considerable progress is being
made. Three mass spectrometric techniques
electron ionization impact, field desorﬁtlon, and
chemical ionization, allow us to look at large
molecular weight molecules, up to approxi-
mately 1000 mass units. Field desorption es-
sentially provides one molecular ion peak plus
its isotope peaks, i.e., a cluster of peaks, for each
compound present, so that it is possible to de-
termine if impurities are present.  The spectrum
is uncomplicated. As a soft ionization tech-
nique, it does not break up the molecule into a
peak for each possible mass up to the molecular
lon. The next decade will see the development
and expansion of negative ion mass sFectrome-
try, tandem mass spectrometry (MS/MS), and
secondary ion mass spectrometry (SIMS). SIMS

sputters sample particles from a solid target
surface; these ejected particles are then mass
analyzed. Lower molecular welght nonvolatile
compounds may thus be successtully analyzed.
The laser desorption technique, which has not
been fully developed, appears to have promise
for the analysis of nonvolatile molecules that
now appear to be intractable. One of the most
Brommng mass sFectraI techniques is fast atom
ombardment. It may be a valuable tool for
looking at the large peptide molecules we expect
to encounter in drug research. At present, laser
desorption can be used to inspect and examine
molecules with molecular weights of 4000-6000.
Work in this area at some universities suggests
that compounds with molecular weights up to
15,000 or more produce molecular ions. Laser
desorption appears to be one of the hetter ways
in which we can study these high molecular
weight materials, for example, interferon,
slow-releasing substances, fragments of hPTH,
and small enzymes. When coupled with x-ray
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single-crystal analysis MS enables us to study the
integrity of these structures and the subtle
chemical changes they undergo that have a
profound effect on their t_heraBeut!c efficacy.
Another area of considerable interest and
value to the drug industry is the use of radio-
pharmaceuticals. Earlhf in adru% study, infor-
mation is needed on the bioavailability of the
new drug substance, the body areas in which it
accumulates, and the metabolic changes it
undergoes. Radiolabeled drugs can be used to
study questions of whether the molecule asso-
ciates with other molecules or tissues and
whether new species are formed which are then
therapeutically active. Analytical technology
is required to solve these problems. By cou IlnRg
radiochemical detectors with HPLC, MS, IR,
NMR, Fourier transform MS, and modern data
systems, we can monitor and establish the
structure, excretion, and disposition of these
components in the body organs and body fluids.
This helps us to establish their safety and efficacy
as well as the mechanisms and Kinetics of drug
action. The new radiochemical detectors with
their high degree of sensitivity are opening new
capabilities for the 1980's. Even extremely small
amounts of highly active drugs can now be

2
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©

Impurity profiling using gas chromatography and mass spectrometry.

studied and their action can be understood. The
use, study, and validation of radiochemicals can
present new possibilities for AOAC to design
procedures to validate analytical methodology.

One other area will still be of great concern
during the 1980's: the problem of impurities
present in commercial drugs. This very real
concern is often either ignored or only casually
investigated. We are learning more and more
of the toxic effects of extremely low levels of
drug after long, continuous exposure. This is
why drug purity and integrity must be studied
and understood'in |.I(Ii_h'[ of the advances in drug
preparation. Penicillin contamination can cause
serious problems and even life-threatening ef-
fects in sensitive individuals. N-Nitrosamines
at a few parts per million can produce hepatic
cancer in dogs; many drugs and their nitrosated
products may be a real concern for safety in hu-
mans. Another hazardous chemical class is the
symmetrical tetrachlorodioxins, which may be
formed when chloroaromatics, frequently used
as intermediates in drug manufacture, are con-
verted to dioxins under the appropriate synthetic
conditions. Symmetrical tetrachlorodioxin is
probably the most toxic small molecule known;
It produces death at parts per million levels and
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REACTION MECHANISMS FOR IMPURITIES FOUND IN CHLORPHENIRAMINE DISTILLED BASE
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Figure 5. Determination of origin of impurities in a drug.

even less. A chemically modified H2antagonist
that may be present in-drugs at a level of 0.01%
not only can cancel the therapeutic effect of the
drug but can even produce the exact opposite and
ag%ravatln effect.

esides these potential dangers, there is an-

other issue regarding impurities in drugs: the

case in which there are no dangers or pharma-

ceutical liability, yet excessive and unnecessary

demands are made on the pharmaceutical in-

dustry. The pharmaceutical industry recognizes
the problem of drug impurities and the need to

control their presence. There is a need, how-

ever, for guidelines on permissible impurity

limits so that excessive and unnecessary analyt-

ical time, m_anufacturi_n?,_ and purification steps
are not reciu!red.thatwn increase manufacturing
costs, result in higher drug prices, and even delay
the approval of much needed therapeutic agents.
Where the LD50and other druP safety tests show
no dangerous or adverse effects, a guideline
should be established and the regulatory agency
and the manufacturer should reach a general
consensus.

Figure 3 demonstrates the thoroughness and

completeness (and cost) of an analytical study of
a common antihistaminic drug, chlorphenira-
mine, which is present in many over-the-counter
and ethical d_ru% preparations. This work re-
quired many isolations and the use of a combi-
nation of analytical techniques and instruments.
Mass SEectrometry and NMR were employed
throughout. The study was carried out to dem-
onstrate the type of information on impurities in
drugs that can be obtained in a major effort to
establish drug safety. Figure 3 shows the TLC
Proflle of the drug followed by preparative TLC;
he number of components Increases as more
material is spotted. Thus each impurity itself
contains "impurities.” Theoretlcallf/ the
number of impurities in acompound could be o
large that such a study could go on ad infinitum.
Imagine the amount of effort and cost required
to isolate, identify, and quantitate each impurity
and to establish its structure and molecular
weight. . o
Figure 4 shows a typical example of |mﬁur|tg
profiling using GC and MS. Several of the M
techniques mentioned earlier were used, viz.,
electron ionization impact, chemical ionization,
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Figure 6. Additional stepsin chemical drug analysis.

and field desorption. _Final identification in
some cases required TLC and/or preparative
isolations and the use of NMR. This multitude
of instrumentation and technology (over $1
million worth) was required to resolve this
problem because no single method ever provides
all the required information. Certainly this
problem could be handled only by a highly so-
phisticated scientific staff with an array of in-
struments.

Figure 5 demonstrates the steps taken, once
structures are established. We now wish to de-
termine the origin of these impurities and de-
termine how we might prevent their formation
or remove them. Oxidation and hydrolysis are
common sources of difficulty. Some of the im-
purities result from earlier synthetic steps and are
carried through to the final Produc;, thereby
increasing the number of different impurities
present hecause of secondary reactions.

Figure 6 provides an extension of some of the
chemistry mentioned earlier. Oxidation and
combined oxidation and decarboxylation fol-
lowed b;{ dechlorination during the distillation
step explain some of the origin of these impuri-
ties. Impurities seem to arise from every possi-
ble chemical/physical reaction process, such as
heat, light, oxidation, and hydrolysis. Such

complexity in chemical drug analysis accounts
for some of the hl%h cost of drug development.

During the 1980's we can therefore look for
greater use of computers to speed this process
without diminishing the thoroughness that en-
sures the safety of our drugs and prevents the
tragedg of adverse drug effects such as the more
than 60 drug-related deaths due to selacryn (ti-
crynafen) reported in the press. Analytical in-
struments during the 1980's will become the ac-
cessories of the computer rather than the reverse
situation that exists today. Full automation and
even the use of robots to carry out repetitive,
routine, and dangerous or complicated analyses
isareality. Thisshould relieve the burdenand
ennui of routine work, improve precision and
accuracy, and enable many more analyses to be
carried out in nriuch less time.

We face one major problem that the computer
could help solve: “the problem of data handling,
storage, and mana?_ement. Final reports of wor
and recommendations to rework, reject, or re-
lease could be prepared automatically. At the
same time the possibility of omission, operator
error, transcrlfgthn error, and delays could be
reduced and eliminated.

Another area of concern is the development
of rapid methods and overnight or unattended
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instrument methods using computerized and
multisolvent and variable Bro rammable steps.
Such methods not only can be developed but also
can be optimized, validated, and statistically
evaluated without operator intervention, once
they aresetup. In the past few years AOAC has
provided a forum for evaluating methodoIO%y,
setting standards for performance, and enlight-
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ening the analytical community about progress
and requirements in our scientific discipline. In
the 1980's, AOAC should play amajor role in the
interface of industry, academia, the compendia,
and regulatory agencies to prepare adequate,
critical, and well tested and documented meth-
0ds and standards for the analysis of our food and
drug products.
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The Next Decade:  Sound Methodology and Legal Actions

ARTHUR N. LEVINE

U.S. Department of Health and Human Services, Office of the General Counsel, Rockville, MD
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Regulatory agencies become involved in numerous
“legal actions." Not only do these agencies initiate
legal actions to enforce laws, they promulgate rules,
issue statements of policy, and develop and define
statutory standards. Not surprisingly, these pro-
?rams are challenged in courts by members of requ-
ated industry, trade associations, consumergrours,
and individual citizens. Regulatory agencies also
initiate and respond to avariety of issues by admin-
istrative, rather than judicial, action. These too are
"legal actions" and frequently concern the adequacy
of laboratory and scientific methodologk. Where the
agency initiates action to enforce the law, it carries
the burden of proof. Where agency action or inaction
is challenged, the chaIIengin%part¥ carries the bur-
den of proof and the courts have frequently given
great deference to the views of the agency. However,
the courts will frequently evaluate for themselves the
scientific basis for the agency's decision, regulation,
or program. Examples of judicial reaction to scien-
tific questions in recent years will be discussed.

| would like to identify five forms of "legal
action.” _ . o

(11) One form is rulemaking. This is the pro-
cess by which a regulatory agency makes law by
proposing a rule, soliciting comments, and then
promulgating afinal order, which is codified in
the Code of Federal Regulations. Rules in the Code
of Federal Regulations have the force and effect of
law; they are binding and those subject to them
must comply. When an agency wants to make
a rule that is based on some assumption about
scientific reality, the scientific data and the
methodology tolsu[)port that rule must exist and
be carefully articulated. o

(2) A second form of "legal action" is called
"administrative adjudication;" however, it is not
decided (initially) in a court, but rather between
the proponents of some product or viewpoint
and the regulatory agency. The decision to ap-
prove or not approve a New Drug Application
(orasupplement) is an administrative adjudica-
tion. The agency acts like aTJudge. Its decision,
the adjudication, directly affects only the pro-
ponent. The impact of such a decision is usually
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individual and contemporary; the impact of rule-
making, however, is general and prospective
because it affects the future conduct of everyone.
Here too, regulatory agencies rely on scientists
to provide sound data, either to support the
agency's position or question a proponent's data

oranak/sm. o
~(3) Another form of "legal action" is Ieﬁlsla-
tion. Every year the Department of Health and
Human Services and other executive branch
agencies propose that.COn?ress amend one or
more of the statutes it enforces. Obviously,
chances of obtaining the desired amendment
exist only when there is valid scientific support
for the proposition or program proposed to be
enacted into law. _ _ _

(4) The forms of "legal action" with which we
are most familiar, and think of immediately, are
those brought before federal judicial courts to
enforce the law—seizure of products, proposed
injunctions of firms, prosecutions of persons.

(5) Finally, there are legal actions in which the
Department or the agency is the defendant.
These are suits against the government. Some
groups sue the government claiming that the
government doesn't do enough. Other groups
sue the government claiming that the govern-
ment does too much. Most of these suits chal-
lenge agency policies, programs, and regulations.
The agency promulgates a rule and someone
comes into court and says, “That's abad rule. It
won't stand careful scrutiny.”" The agency, in its
defense, will relv on the scientific data in what
is called the "administrative record" to support
the rule. Thus, rulemaking and defensive liti-
gation are frequently two sides of the same
coin.

The interaction of science with the courts is not
new. One benchmark in the modern relation-
ship between judges and scientists dates from the
1930's: acase involving achild labor law passed
by the State of Oregon. The statute was chal-
lenged by persons who argued that the State had
no rlqh_tto dictate how much achild could work,
and claimed that the Oregon statute prohibiting
excessive child labor was unconstitutional. The
State of Oregon hired a lawyer to represent it,
and that lawyer hired an assistant. The case
went to the Supreme Court. In those days, states

Ogngy%%a%ﬁgr%g% Inc.
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could pass laws if the laws were reasonable; that
was the legal standard. The brief that the law-
yers for the State of Oregon filed in the Supreme
Courthad 2 parts. The first consisted of a state-
ment that a state can do that which is reasonable.
The second section of the legal brief contained,
in essence, one sentence: “The State of Oregon
has acted reasonably.” And then, a footnote, of
many pages, went on to cite sociological studies,
medical treatises, psychological studies, and
other statistical and scientific data showing that
excessive work was detrimental to children. No
one on the Supreme Court was a sociologist,
psychologist, or pediatrician. Nevertheless, the
Court undertook to review those references to
the scientific literature and decided on that basis
that the State of Oregon had acted reasonably.
This kind of legal brief came to be named the
Brandeis Brief, after the primary lawyer for the
State of Oregon, Louis D. Brandeis, fater to be-
come a justice of the United States Supreme
Court, as did his assistant, Felix Frankfurter.
_1'have been asked to speculate on the rela-
tionship between sound methodology and legal
actions in the next decade. Iwould fike to start
with a disclaimer. 1am not talking about the
Wysmal sciences, but about social science.
hen we enter the realm of social science, only
social scientists believe that they can predict the
future. Lawyers know better. There are several
reasons why it is hard to anticipate what is going
to happen in the next decade in the relationship
between sound metho_do_IoPy and legal actions.

First, that relationship is arqely predicated on
the courts, and the personnel of the courts is
currently very much in flux. A statute passed
during the Carter administration significantly
increased the number of federal judges. The
perspectives of these new judges are substantially
unknown. President R_eagan has begun to ap-
point other new federal judges. Asaresult, the
Judicial arena in which science is evaluated is
changing noticeably.

Second, the Supreme Court, the court of last
appeal, is also in astate of flux, aswe are all well
aware. The Court has just installed one new
member and according to the news media, there
may be 3 to 5 new members within the next few
years, What those justices do will have a very
significant effect on the relationship between
science and law. .
~ Another factor is the United States Attorneys
in each of the 94 federal judicial districts
throughout the United States. When we talk of
FDA judicial actions, we are talking ahout a legal
action that occurs only with the approval of the
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local U.S. Attorney. FDA does not have the
power to file cases; only the Department of Jus-
tice can file FDA cases, and it does so through its
p[rlmary field agents, United States Attorneys.
hey report to the Attorney General of the
United States. The views of these U.S. Attorneys
very much determine what kinds of cases are
gomﬁ to be presented to the courts and with how
much vigor. One of the reasons.it is difficult to
predict the '80s is that there are about 90 new U.S.
Attorneys. _ o
~ Another factor adding some uncertainty is the
impact of the new era of federalism. Executive
branch agencies are beginning to cope with re-
duced resources. During this period it will be
hard to foretell how the relationship between
science and Iaw_mag_be altered. .

Finally, there isa bill currently pending before
Congress which would give Congress a legisla-
tive veto over the rules ﬁrom.ulgated_ by re%ula-
tory agencies. Should that bill Fassm one form
or another itwill significantly affect an agency's
independence in determining what is good
science. .

Those are some of the factors which we have
to keep in mind as we speculate about the '80s
and the relationship between sound methodol-
ogy and legal actions. _

“As alawyer, | deal in rules. Twould like to
discuss the rules that the courts api)ly to the dif-
]1:_erdent kinds of regulatory actions I have identi-
ied.

When an agency makes arule, and that rule is
challenged, courts ask the following question:
Was the rule arbitrary or capricious? ~Ifit wasn't
arbitrary or capricious, it stands; if it was, it falls.
A few passages from a recently decided case in-
volving EPA requlations for smelters should
provide a sense of what arbitrary and capricious
means.

"The reviev/ing court [the court reviewing the
regulation] is required to engage in a "substantial
inquiry,” 1.e., athorough, probing, in-depth re-
view. To determine whether the decision was
arbitrary or capricious, the court must consider
whether the decision was "based on a consider-
ation of the relevant factors and whether there
has been a clear error in judgment.” 1d. Al-
thougn the scope of inquiry is to be "searching
and careful” the ultimate standard of review is
narrow. "The court is not emﬂowered to sub-
stitute its judgment for that of the agency.” ...
A satisfactory explanation of agency action is
essential for adequate judicial review, because
the focus of judicial review is not on the wisdom
of the agency's decision, but on whether the
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process employed by the agency to reach its de-
cision took into consideration all the relevant
factors. ... The focal point of judicial review is
the administrative record already in existence,
"not some new record made initially in the re-
viewing court.” ... The EPA must Pr_oylde. a
reasoned basis for its actions, fully explaining its
course of conduct, i.e., that is its reasoning, its
anal*}sw, and its inquiry."

What do we glean from that passage? Courts
do not (are not supposed to) consider whether
the agency decided the issue the same as the
court. They ask: Whatwas the issue? What are
the factors that must be considered in demdlng
the issue? Did the agency look atall the factors
The courts do not decide the case based on what
the judges believe is the right answer; they do
not, in the legal rhetoric, "substitute their judg-
ment for that of the agency."

Second, as a general rule, the courts do not
hear new evidence. When an agency passes a
rule, it has before it a bOdF, of data, and it makes
its decision on the hasis of that body of data, the
"administrative record," asit is called. Decisions
are made on a fixed record so that everyone
knows what matters were or were net consid-
ered. Thus, even if I discover a great theory 4
months after the regulation was passed as to why
itisagood regulation, butno one considered that
theory when it was written, the court normally
will not consider my views. The regulation rises
or falls on the evidence in the administrative
record, not new evidence added later by agency
lawyers or by the courts themselves ~ As the
Supreme Court recently said in its Benzene deci-
sion:  "Because our review of this case involved
amore detailed examination of the record than
is customary, it must be emphasized that we have
neither made any factual determinations of our
own nor have we rejected any factual findings
made by the Secretary." The Supreme Court
looked at the preamble, which explains the final
rule, and references in that preamble to various
scientific data and evaluated OSHA's hasis for
acting as it did on that record.

The rules governing how courts look at rule-
making place great emphasis on the ability to
communicate. - Science cannot just sit on-the
shelf. Citizens, lawyers, and judges need to
understand each other. When scientists, requ-
lators, and lawyers write a regulation, :hey must
educate themselves so that they can explain the
rule to the public and so that it will be clear toa
potential reviewing court. Thus, communica-
tion skills are very important. Many readers
may recall the Monsanto case, a challenge to an
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FDA decision declaring that acrylonitrile, used
to make unhreakable beverage containers, was
an unsafe food additive. The "legal" issue be-
fore the court was the retention of residual ac-
rylonitrile monomer, which had not been poly-
merized in the manufacturln% process. The
court decided that it could not be sure whether
the Commissioner of Food and Drugs had ap-
plied what the court called the second law of
thermodynamics, which the court took to define
as the diffusion prmmPIe, or whether the Com-
missioner had extra?o ated the applicable data.
I'don't know the difference between ﬁroglectlon
and extrapolation, and I don't know whether the
second law of thermodynamics is synonymous
with diffusion or not. {Istudled history hefore
I went to law school.) While allegedly asking
only whether the agency considered the relevant
questions (the standard for the arbitrary and
capriciousness test), the court appears to have
engaged in considerable scientific evaluation. If
the agency carefully states what it is that it has
done, if it communicates clearly, then it can en-
courage courts to limit their review. Because the
court found that the Commissioner did not ex-
plain which theory he was applying, it was un-
able to affirm the rule. Thus, communication
and drafting skills are part of a court's rulemak-
mg% review process, and can affect how much
deference a court will give to the agency's sci-
entific decisions. . o
Let's move from rulemaking to administrative

adjudication. What's the legal standard for re-
view for administrative adjudication? The
Commissioner must have substantial evidence
supporting his position if, for example, he is
gromg.to withdraw the New Drug Application.
The difference between arbitrary or capricious
is becoming difficult to articulate. In a few re-
cent decisions, courts have suggested that the
two are more the same than they are different.
After all, assuming the agency has considered all
the relevant factors, and has a sound basis for
making one selection, even though another is
conceivable and even defensible, obviously there
is some substantial evidence In the agency's
favor. Regulatory agencies do not act unless
th(\eAyl have a substantial basis to do so.

hat "standard" of sound scientific method-
ology applies tc legislative proposals? I think
it is fair and acequate to say that it has to be
sound enough to withstand the questioning of
congressmen and congressional staffers, who,
like myself, are likely trained in the social, not
ph¥5|cal sciences.

or judicial enforcement the rules are easy,
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although lawyers, judges, and scholars have
filled rooms with writings on the subject. In an
FDA seizure orinjunction our science must pre-
vail by a preponderance of the evidence. What's
a preponderance? More than 51% and less than
95%. If it's a criminal case, our methodology
must be sound beyond a reasonable doubt.
That's the 95% degree of confidence area.
There is one simple requirement concerning
sound methodology and legal actions when we
are talking about enforcement cases. Valid
methods win cases; unverified methods don't.
In United States v. Mortcm-Norwich, one allegation
was adulteration of drugs due to lack of sterility.
The court said: "In proving adulteration, the
court is not limited to any particular manner of
proof. And is especially not limited to use of
tests conducted in accordance with the USP.
This court was able to review the analytical test
sheets and listen to numerous expert witnesses'
opinions with regard to the validity of those tests.
The court has concluded that those tests con-
ducted were valid and demonstrated that the
product was not stable.” In aseparate but related
motion, the defendants moved to exclude certain
of the government's sterility test results because
FDA did not "preserve and produce records re-
lating to the preparation and sterilization, by
autoclaving, of the culture medium used in the
testing." The Court denied the motion: "In
light of the use by the FDA analysts of both
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positive and negative controls, all of which in-
cluded results indicative of satisfactory testing
conditions, the court determines that the results
of the tests are accurate and relevant and, there-
fore, should not be excluded.” There are not as
many court opinions in FDA enforcement cases
as might be expected because, much like other
law enforcement cases, the great majority of them
are settled by a plea or consent. There is no trial.
Thus, not every example of sound methodology
is recorded.

What is the message? Courts are telling us
that if we want to rely on something scientific,
we must prove it. After we have proved it, we
must explain it. And when it comes to that form
of legal action called rulemaking, we must ex-
plain it in a certain way—on the record, at one
point in time. We can't pass a rule today and
develop the requisite data to substantiate it 6
months later. Therefore, regulatory scientists
must continue to emphasize method validation,
continue to use the appropriate controls, what-
ever they may be, and fulfill their obligation as
scientists working for regulatory agencies to be
able to explain their actions. Those communi-
cations skills may be just as important as the
science that was done; not to scientific colleagues,
who are capable of understanding scientific data,
but to people like me who work with the regu-
latory scientist and to other citizens we ulti-
mately work for.
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Glass Capillary Gas Chromatography for Sensitive, Accurate

Polychlorinated Biphenyl Analysis

BRIAN BUSH, STEVEN CONNOR, and JOHN SNOW
New York State Department of Health, Department of Laboratories, Albany, NY 12201

A'simple method is described for preparing Apiezon
L-coated glass capillary columns for polychlorinated
biphenyl (PCB) analysis. The mass represented by
each of 72 chromatographic peaks separated on this
column from a mixture of Aroclors 1221,1016,1254,
and 1260 was determined; the mixture could then be
used as a universally applicable calibration standard
for analysis of environmentally modified polychlo-
rinated biphenyl mixtures at the parts per billion
(ng/%level. Analytical sensitivity Is <10 ng/mL for
total PCBs and <0.1 ng/mL for individual PCB con-
geners.

Quantitative analysis of polychlorinated bi-
phenyls (PCBs) in the environment has been
performed, to date, almost exclusively on packed
gas chromatographic columns with electron
capture or Hall electrolytic conductivity detec-
tion. Because of the inability of the columns to
separate PCB mixtures into their individual
components, quantitation methods have been
empirical (1). Earlier methods in which patterns
for PCB residues did not closely match com-
mercial PCB-mixture patterns were obviously
unsatisfactory. A peak-by-peak method pro-
posed by Albro and Fishbein in 1972 (2) and
Webb and McCall in 1973 (3) was shown in a
collaborative study (4) to be superior to earlier,
more empirical methods and was adopted by
AOAC as official first action (5). However, the
present Federal Register method (6) has reverted
to an entirely empirical procedure.

The great majority of PCB congeners could be
separated on SCOT capillary columns (7), but
analysis times were long and modern microliter
injection systems were not then available, pre-
cluding routine trace analysis. As a result of
considerable developmental innovation during
the past 10 years (8), glass capillary columns are
manufactured simply and inexpensively, so true
compound-by-compound analysis is possible (9).
Retention times have been reduced by using
thin, wall-coated films and temperature pro-
gramming, and the resultant sharp peaks allow
sensitive quantitation.

Received July 13,1981, Accepted November 4, 1981

This paper describes a rapid, accurate analysis
for PCB congeners based on glass capillary
technology with Apiezon L as the stationary
phase. Apiezon L is the most selective phase for
PCB congeners (10, 11) and has the additional
advantage that peaks have been assigned struc-
tures by Sissons and Welti (10,12) and by Jensen
and Sundstrom (13) on a closely related packed
column.

The group of compounds addressed are the
chlorinated hydrocarbons separated by a simple
Florisil-based cleanup method (14) and found in
the northeast United States; PCB mixtures
Aroclors 1221,1242,1248,1254, and 1260 (man-
ufactured by Monsanto Co.), plus hexachloro-
benzene (HCB), octachlorostyrene, mirex, and
p,p'-DDE. The same method can be used to
quantitate o,p'-DDE and photo-mirex, but be-
cause these are rarely found in the environment
they were not included in the detailed study.

Seventy-eight chromatographic peaks were
measured in 30 min or less, and a PDP 11/45
computer was used to calculate the concentra-
tions.

Experimental

Apparatus and Reagents

(@) Gas chromatograph.—Hewlett-Packard
5840A with Hewlett-Packard 5880 capillary in-
jection system used in the splitless mode, auto-
sampler with 2 juL injection volume, electron
capture detector, extended memory, and ASCII
computer interface boards. Typical operating
conditions: column-head pressure 15-20 psi
helium; initial temperature 70°C; initial time O
min; program rate 10°/min to 130°C, 4°/min to
230°C, and hole for 10 min. Columns differ
slightly; vary conditions as needed to separate
mirex, HCB, and p,p'-DDE from all PCBs. This
normally results in linear gas velocity of 25-30
cm/s. Switch valve to purge at 0.5 min afterin-
jection. Other conditions; argon-methane (95
+ 5) make-up gas flow 30 mL/min; injection
250°C; electron capture detector 300°C; recorder
chart 1 cm/min.

0004-5756/82/6503-0555-12$01.00
© Association of Official Analytical Chemists, Inc.
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Table 1. Comparison of chromatographic peaks
Retention Sissons Jenson Authentic No. of Cl

time, Assigned & & sample atoms by
min structure Welti No. Sundstrom No. supplier3 MS
5.33 2 2 — A 1
6.59 2,2 3 - A 2
6.79 4 4 - A 1
7.86 2,5 5 - A 2
7.98 2,4 6 - A 2
8.10 2,3 7 - A 2
8.21 2,3 - - A 2
8.36 2,4 8 - A 2
9.37 2,2'5' 9 - A 3
9.62 2,2'4" 10 - A 3
9.79 2,2'3"+ 3,2'6" 11 - - 3
10.18 4,2'6' 12 - - 3
10.41 4.4 13 - A 2
11.09 2,2'4'6' 14 - - 4
11.32 3,2'5' 15 - A 3
11.39 2,35 16 - - 3
11.49 CI3 - - - 3
11.55 CI3 - - - 3
11.65 3,2'4 17 - R 3
11.85 3,2'3' + 4,2'4 18,19 - A 3
12.12 2,34 20 - -

12.62 25,2'5' 21 1 A

12.90 24,2'5' 22 2 A

13.07 23,2'5' 24 3 A

13.22 24,2'4" - - A

13.40 Cl4 - - -
13.56 23.2',3 27 - -
13.65 Elj - - -
13.82 - - -

14.52 CI5

25,2'3'6’ 29 6 R

15.03 23,2'3'6' 32 - -

15.45 25,3'4 33 - A

15.66 24,3'4" 35 - A
15.96 25,2'3'5' - 10 - -
16.03 4,2'3'4° 36 - - 5
16.13 236,2'3'6" - n A -
16.36 2524’5 39 12 A 5

(b) Apiezon L.—R.F.R. Corp., Hope, RI chromatographic (GC) system described here, no
02831. impurity contributed more than 1% to total

(c) Glass-drawing machine.—GDM-1, Shimadzu
Scientific Instruments, Inc., Columbia, MD.
Oven temperature 760°C; bent-pipe temperature
setting 64 for Pyrex glass tubing (7 mm od, 3 mm
id); gear ratio 80 for 0.34-0.35 mm id capillary ca
60 m long, or 100 for 0.29-0.31 mm id capillary
ca 80 m long.

(d) Microcolumn treating stand.—MCT 1A,
Shimadzu Inc. Used only to provide easy con-
nection to variable nitrogen pressure source.

(e) PCB standards.—Commercial mixtures
were provided by Monsanto Co. in 1971, except
for Aroclor 1016, which was provided in 1973.
No lot numbers were given. Individual PCB
congeners were obtained from suppliers shown
in Table 1. Although some samples contained
detectable impurities when examined by the gas

electron capture signal produced by the com-
pound.

(f) Pesticide standards.— Obtained from Envi-
ronmental Protection Agency Pesticide Reposi-
tory, Research Triangle Park, NC.

(g) Solvents.—Omnisolve grade (MCB, Inc.,
Cincinnati, OH 45212).

(h) Mercury.—RedistiIIed (Fisher Scientific
Co., Fair Lawn, NJ).

(i) Gases.—Ultra-high purity for GC; oxygen
traps maintained for helium carrier gas; hydro-
gen chloride (Matheson, East Rutherford, NJ).

Capillary Column Preparation

Wash glass tubing successively with acetone,
dichloromethane, aqueous KOH (1.0%), and
methanol before drawing into capillary. De-
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Table 1.
Retention , Sissons
time, Assigned ,
min structure We ti No.
6.68 24,2'4'5' 4
6.85 23,24 4
6.92 25,230 43
737 232'3'4 44
.66 25,2'3'5'6' —
797 237'35'6' —
8.16 234.2'3'6' 47
8.50 Ch —
8.78 236,2'3'5'6" 5]
895 34 745" 52
9.28 235,2'3'4'6 -
9.44 235.2'4'5' -
9.72 Cl5 —
1087 34.2'3'4' 52
20.06 245,7'4'5' 56
20.29 Cl -
20.46 b —
20.66 234,2'4'5 59
20.87 235.2'35'6" -
2101 245,2'35'6" -
2118 Cl7 —
2127 234,2'3'4' 52
2151 2356.2'3'5'6" —
21.79 2342306’ 55
22.13 245345 56
22.58 236.2'3'4'5'6' —
2313 34,7345 54
23201 235.2'3'4'' —
2363 245.2'3'4'5’ -
2427 2347'34'5" -
437 2345,2'3'5'6' -
24.56 Cl7 —
471 2345.2'3'4 6 -
24.86 245 7'34'5'' —
25.49 234'7'34'5'6' -
2121 34572'3'4'5" —

3 A= Analabs Inc.; R= RFR Corp.
b Not detected.

termine capillary dimensions by weighing one
turn before and after filling with water.
Straighten ends of remaining column, fill col-
umn with HC1 gas at 5 psi, and seal ends. Place
column in muffle furnace 3 h at350°C. Remove
from furnace and cool. Blow out HC1 gas with
nitrogen. Draw in hexamethyl disilazane to fill
half column length, and then expel it under ni-
trogen pressure (10 psi). Rinse column with one
volume of toluene under suction, and dry 2 h
with nitrogen.

Draw isooctane solution of Apiezon L (2%) into
column under suction until column is full; then
draw in plug of mercury, ca4cm long. Allow air
space to form, and then introduce second plug of
mercury. Force coating solution out of column
into secondary capillary ca 10 m long under ni-
trogen pressure sufficient to maintain coating
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speed of 2 cm/s. Second column is attached to
prevent coating solution from accelerating when
end of column is approached. Maintain nitro-
gen flow through column for 2hto evaporate
residual isooctane. Install column in the GC
apparatus, and condition at 0.5°C/min to 270°C.
Hold overnight

Method Calibration

Peak structure assignment.—Figure 1shows the
separation of 72 ?CBs (a mixture of Aroclors 1221,
1016, 1254, and 1260) on a typical column (20 m
X 0.29 mm). Aroclors 1242 and 1248 contain
3,4,3"'4'-tetrachlorobiphenyl in small proportion.
This congener is important toxicologically (15)
and is also available commercially; therefore, we
add it to the calibration mixture of Aroclors so
that it may be quantitated, and also used to in-
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Figure 1. Chromatogram of mixture of Aroclors 1221,1016,1254, and 1260 (2 /ig/mL each) on 29 m glass capillary column.

Integrator functions are shown;

conditions are given in text.
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Figure 2. Chromatograms of Aroclors 1242,1254, and 1260.

dicate the presence of residues of these 2 Aroclor

mixtures. Figure 2shows the chromatograms of
individual Aroclor mixtures. We assigned

structures by comparing both the retention times

and pattern of peaks with the Sissons and Welti

(10) chromatograms of Aroclors 1242, 1254, and
1260. We also assigned structures (Table 1) by

comparing retention times with those in another
study with Apiezon L, by Jensen and Sundstrom

(13), and with those of authentic samples of
synthetic PCB. In addition we determined the

chlorine content of each peak by mass spec-
trometry using aresolving power of 5000-7000

(Kratos MS-25 with Carlo Erba chromatograph

and jet molecular separator).

Where the previous authors were undecided,
we have simply named the peak Clnwhere n is
the number of chlorines in the molecule. When
there are several isomers they are also given a
letter, e.g., C1bA, C15B, etc., to make computer
treatment of the data possible.

Integrator operation.—Of the options available
with the Hewlett-Packard 5840 chromatograph
integrator, those used (Figure 1) were applied at
the time appropriate for each column. Their
locations on the standard PCB chromatogram are
always as shown The setting "9" indicates
“Inhibit bunching," which also renders inoper-
ative a particular Hewlett-Packard routine which
is unsuitable for this work. The setting "0" in-
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dicates “Set baseline now." The setting "1" in-
dicates "Set baseline at next valley"—a function
well suited to the complex chromatogram of PCB.
The setting "2" indicates "Reset baseline at all
valleys." At the pointshown, it compensates for
the sloping baseline, which is not apparent in the
Figure 1 chromatogram of a 2 |iig/mL solution,
but is apparent when more dilute solutions
(10-100 ng/mL) are run (Figure 3).
Determination of response coefficients. —Figure
4 shows the chromatogram of a mixture of 29
PCBs (Table 1) dissolved at a concentration of 1
ng/mL isooctane. The second chromatogram of
the same mixture is reproduced to illustrate the

Chromatograms of ( A), solvent blank; (B), 10 ng/mL of a mixture of Aroclors 1221,1016,1254, and
¢ concentrated 10 times:

), human milk sample concentrated 15.6 times.

great improvement in efficiency achieved with
the glass capillary column. A similar comparison
can be made by comparing Figure 1 with the
chromatogram in the report by Pastel et al. (14)
which specified the same packed column shown
in Figure 4.

Response coefficients for each PCB were cal-
cula:ed and plotted against chlorine number
(Figure 5). A quadratic curve was fitted to the
points by using a least squares fitting routine.

The complete mixture of commercial products
(Figure 1) was then analyzed; response coeffi-
cient derived from the regression curve were
used for peaks for which no standard sample was
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Figure 4. Chromatogram of the same mixture of 0.1 fig/mL ea
a

h of 29 authentic PCB congeners: (top), on

c
packed Apiezon L column (conditions in Ref. 13);and (bottom), on glass capillary column.

available. The results are given in Table 2, col-
umn 3, along with the quantities found in the
individual commercial products (columns 4-7)
and the sum of those quantities (last column).

Data Handling

The GC reports are transmitted to a cassette
deck (Silent 700) via the ASCII interface and
processed batchwise with the PDP 11/45 com-
puter program which applies the dilution factor
to the result for each congener and pesticide and
lists the results with the congener's structure. It
also sums the PCB concentrations, reports "Total
PCBs," and (where appropriate) prints sample
identification data.

Results and Discussion
Peak Assignments

PCB structures shown in Figure 1and in the
subsequent tables were deduced by 4 different
procedures. The first step relies heavily on the
work of Sissons and Welti (10). Their work with
an Apiezon L SCOT column is particularly reli-
able because it combined mass spectrometry and
nuclear magnetic resonance at 220 MHz with an
innovative use of retention index (V2 RI values)
to predict substitution patterns. The latter is a
development of the original theory of partition
chromatography of Martin and Synge (16),
which was exploited by I. E. Bush in steroid
structure determination by paper partition
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Figure 5. Response coefficient as function of num-

ber of chlorine atoms per molecule for 29 authentic

PCBs which occur in the environment (identified in
Figure 3, bottom, and Table 1).

chromatography (17). We have related our
chromatograms to those of Sissons and Welti first
by pattern matching and then by measuring re-
tention times relative to a prominent peak in
each Aroclor mixture (CI3A in Aroclor 1242,
2,45,2'4'5'-hexachlorobiphenyl in Aroclor 1254;
2,452'3,4'5'-heptachlorobiphenyl in Aroclor
1260) by using isothermal chromatography.
This process was started with packed columns in
1973 (18). The procedure was also applied to
Jensen and Sundstrom's work (13); they provide
additional structural data indicating o-chlorin-
ation by preliminary separation on carbon.

Once peaks had been assigned structures,
temperature programming was commenced for
analytical convenience. Analysis times were
drastically reduced and peaks were sharpened,
improving sensitivity of integration. The
overall pattern of peaks did not change with
programming. We have never observed a
change in elution order of the PCBs at different
temperatures. It is possible that the order
changes reported by Sissons and Welti could
have been the result of an adsorptive interaction
with the support material of the SCOT tube.
Molecules with a different carbon skeleton do
behave differently as predicted and observed for
steroid skeletons by I. E. Bush. This effectis used
in the present work for resolving mirex, HCB,
and p,p'-DDE.

The primary peak assignments were next
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checked by comparing retention times of 29
commercially available authenticated standard
materials. Finally, the chlorine substitution
numbers of the peaks in the programmed run
were determined, using a resolving power of
5000-7000.

Because peak structures were deduced by
empirical means, the confidence in each assign-
ment is different. It will be some time before
enough data are accumulated to assign structures
to all observed peaks by the stringent standards
normally laid down for synthetic chemical au-
thentication. However, the availability of syn-
thesized and characterized compounds is in-
creasing (19) and, although chromatographic
matching of retention parameters does not nec-
essarily constitute perfect authentication of a
peak assignment, several authors are reaching a
consensus on the structure of compounds sepa-
rated on Apiezon L (19, 20) and other phases (9).
We consider that the structures of the major
peaks are now well enough established to war-
rant reporting them quantitatively as described
here. This will enable the task of determining
the toxicological significance of residues of PCB
to be started, a hopeless task when results are
expressed in terms of Aroclor mixtures as has
been the practice hitherto.

Accuracy

The accuracy of the method can be assessed by
examining the totals in Table 2. Only 29 of the
72 values are based on true response coefficients.
Despite this, the totals for each component and
for each complete mixture are close to the ex-
pected totals, i.e., 2.0 /xg/mL for individual
Aroclors and 8§ pg/m L for all four. There is also
agreement between the calibrated amount in a
complete mixture and the sum of Aroclors de-
termined separately. Although repeating the
process one or more times and adjusting the es-
timated response coefficients slightly at each it-
eration would have produced greater exactitude,
this was considered unnecessary in view of the
accuracy normally accepted in PCB analysis.

The total for Aroclor 1221 is obviously too high
in view of the fact that this mixture contains
unchlorinated biphenyl. However, this Aroclor
mixture rarely occurs in the environment alone
and, when it occurs in a mixture, the only peak
unique to it (by which it can be estimated) is 2-
chlorobiphenyl. More effort to obtain an accu-
rate sum is thus unwarranted. Also the trace
contributions of peaks later than 2,4'-dichloro-
biphenyl are ignored for the summation.
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Precision

Because so many concentrations are summed,
it is possible that errors in the individual con-
centrations would cancel one another out.
Replicate analyses were therefore carried out
with a mixture of synthetic PCBs. Table 3 shows
the results for b repetitive runs. Theoretically,
the error in the total, obtained by summing the
27 results, should equal the square root of the
sum of the squares of the absolute standard de-
viations (21), or £0.06. The observed standard
deviation of 6 sums is +0.125—surprisingly good
agreement, considering the complexity of the
task the integrator performs.

Clearly, the less well separated peaks are in-
tegrated less precisely than the well separated
peaks. For 2-dichlorobiphenyl, the integrator
precision is at its worst, both because of baseline
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irregularities resulting from injection and be-
cause of the very rapid changes in signal this
early in this chromatogram.

Day-to-day reproducibility is illustrated in
Table 4.

Linearity

The response of most electron capture detec-
tors is not linear with concentration. In this
work, the response for 15 PCBs from monochlo-
rinated biphenyls through hexachlorinated bi-
phenyls was observed from Oto 4yg/mL. All
showed a common quasi-linear curve from 0 to
1/ug/mL and a second quasi-linear portion from
1to 4 /ug/mL. In the mixed solutions shown in
Table 2, all responses lie within the linear range,
even for 2-ch|orobipheny|, which has a particu-
larly low response coefficient (Figure 5). Clearly
all samples should be diluted, if necessary, so that

Table 2. Analysis of mixture and separate Aroclor mixture
Aroclor (2.0 /¢,g/mL)
Retention Calib. Sum of
time. min. Structure amt, Mg/mL 1221 1016 1254 1260 Aroclors
5.33 2 0+94 1.264 1.264
6.59 2,2 0.182 0.118 0.094 0.212
6.79 4 0.425 0.400 0.400
7.86 2,5 0.026 0.018 0.008 0.026
7.98 2,4 0.035 0033 0.008 0.041
8.10 2,3 0.092 0.069 0.034 0.103
8.21 2.3 0.047 0.030 0.026 0.059
8.36 2,4 0.323 0.213 0.166 0.379
9.37 2,2'5' 0.216 Ta 0.185 0.202
9.62 2,2'4" 0.074 T 0.065 0.073
9.79 2,2'3'+ 3,2'¢6" 0.096 T 0.094 0.102
10.18 4,2'6' 0.074 T 0.057 0.074
10.41 4,4 0.158 0.104 0.064 0.168
11.09 2,2'4'6' 0.018 T 0.015 0.018
11.32 3,2'5' 0.040 T 0.032 0.039
11.39 2,35 0.038 T 0.034 0.037
11.49 CI3 0.021 T 0.017 0.020
11.55 CI3 0.025 T 0.023 0.024
11.65 3,2'4' 0.167 T 0.149 0.166
11.85 3,2'3' + 4,24 0.267 T 0.238 0.271
12.12 4,2'3' 0.140 T 0.127 0.147
12.62 25,2'5' 0.233 T 0.115 0.133 0.268
12.90 24,2'5' 0.151 T 0.113 0.042 0.161
13.07 23,2'5' 0.166 T 0.105 0.067 0.179
13.22 24,2'4 0.057 T 0.047 0.011 0.063
13.40 Cl4 0.050 0.039 0.008 0.047
13.56 23,2'3" 0.049 0.039 0.011 0.050
13.65 Cl4 0.050 0.043 0015 0.058
13.82 Cl4 0.110 0.107 0.057 0.164
14.52 Cl5 0.165 0.115 0.081 0.196
15.03 23,2'3'6' 0.085 0.078 0.025 0.103
15.45 25,3'4' 0.134 0.105 0.013 0.118
15.66 24,3'4 0.042 0.032 0.006 0.038
16.03 4,2'3'4' 0.053 0.059 0.015 0.074
16.13 236,2'3'6" 0.086 0.041 0.056 0.097
16.36 25,2'4'5 0.181 0.136 0.072 0.208
16.68 24,2'4'5' 0.070 0.069 0.006 0.075
16.85 23,2'4'5' 0.080 Not integrated
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Retention
time, min.

16.92
17.37
17.66
17.97
18.16
18.50
18.78
18.95
19.28
19.44
19.72
19.87
20.06
20.29
20.46
20.66
20.87
21.01
21.18
21.27

3T = Trace.

Structure

2
2,2

4

2,5
2,4
2,3
2.4
2,2'5'
4.4
3,25
3,24
4,2'4'
25,2'5'
24,2'5'
23,2'5'

BUSH ET AL.: J. ASSOC. OFF.
Calib.
Structure amt, /rg/mL
25,2'3'4" 0.116
23,2'3'4" 0.269
25,2'3'5'6" 0.112
23,2'3'5'6" 0.029
234,2'3'6' 0.206
05 0014
236,2'3'5'6" 0.096
34,2'4'5' 0.058
236,2'3'4'6' 0.135
235,2'4'5' 0.032
05 0.051
34,2'3'4' 0.082
245,2'4'5' 0.369
06 0.025
06 0.045
234,2'4'5' 0.266
235,2,3'5'6' 0.051
245,2'3'5'6" 0.010
07 0.118
234,2'3'4' 0.053
2356,2'3'5'6' 0.193
234,2'3'4'6’ 0.068
245,3'4'5' 0.048
236,2'3'4'5'6' 0.026
34,2,3'4'5' 0.047
235,2'3'4'5' 0.029
245,2'3'4'5' 0.278
234,2'3'4'5' 0.120
2345,2'3'5'6" 0.064
07 0.033
2345,2'3'4'6’ 0.035
245,2'3'4'5'6’ 0.042
234,2'3'4'5'6" 0.033
345,2'3'4’5' 0.065
Total 8.238
Table 3.
Mean,
Mg/rmL SD RSD, %
0.375 0.031 8.26
0.215 0.005 2.33
0.484 0.021 4.34
0.140 0.006 4.28
0.104 0.003 2.88
0.085 0.002 2.35
0.175 0.006 343
0.253 0.008 3.16
0.149 0.008 5.37
0.316 0.009 2.85
0.148 0.004 2.70
0.228 0.007 3.07
0.319 0.007 2.19
0.119 0.003 2.52
0.117 0.003 2.56

Known 5.47 ftg/mL.

Table 2.
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1221

2.249
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(continued)
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65, NO.

Aroclor (2.0 pg/mL)

1016

2.044

Integrator precision for 6 replicates

Structure

24,2'4
23,2'3'
25,34
24,34
236,2'3'6¢"
25,2'4'5'
23,2'4'5'
25,2'3'5'6'
245,2'4'5'
234,2'4'5'
234,2'3'4'
2356,2'3'5'6’

Total3

1254

~

2.393

Mean,
Mg/mL

0.273
0.306
0.200
0.122
0.279
0.234
0.285
0.085
0.282
0.087
0.081
0.090

55

3,

1982)

SD

0.008
0.006
0.003
0.002
0.004
0.019
0.017
0.001
0.007
0.002
0.002
0.005

0.125

Sum of
Aroclors

0.173
0.338
0.124
0.033
0.228
0.020
0.105

RSD, %

2.93
1.96
1.50
1.64
143
8.12
5.96
117
2.48
2.30
2.47
5.55

2.25
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Table 4. Day-to-day reproducibility of total PCBs
Calibr.

Mixtures, amt. Day 1, Mean,

(Mg/mL) Mg/mL Mg/n-L Day 4, Mg/mL Mg/mL sD RSD, %
All 29 (5.8) 5.8 5.473 5.441 5.676 5.423 5.605 5.709 5.554 0.125 2.3
1221 (2.0) 2.0 2.145 1.99
1016(2.0) 2.0 2.083 1.919
1254(2.0) 2.0 2.392 2.548
1260(2.0) 2.0 2.339 2.494
Sum (8.0) 8.2 8.475 8.296 7.784 8.601 8.048 8.241 0.329 4.0

the concentration of each individual component
is <1 pg/mL.

Detection Limit

Defining the detection limit for this type of
analysis is not easy; it is probably not so much a
function of the GC instrumentation alone as of
the total analytical system. For example, as the
signal from the sample decreases, the integrator
fails to detect larger and larger peaks. Also small
peaks tend to be incorporated into larger peaks.

Often analytical sensitivity is determined in
practice by the residual impurities in the solvents
which was the case with Tessari and Savage (22)
whose practical detection limit was approxi-
mately 50 ng/mL for Aroclor 1254. Figure 3
shows the chromatogram of a solution contain-
ing 10 ng/mL of each of the 4 Aroclors treated
here, along with chromatograms of a solvent
blank and 2 samples of milk. The overall de-
tection limit lies in the region from 1to 5 ng/g
for the milk but is as low as 0.05 ng/g for indi-

1978
. o] Md
[ 1 L 1 1 1 1 |
0 70 30 10
MINUTES

Figure . Chromatograms of Aroclor 1254 (2 fig/mlgmhexane) obtained from Monsanto, Inc. in 1971 and
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vidual components. This high sensitivity is due
in large part to the rapid concentration changes
produced by the efficient chromatography, al-
lowing very small peaks to be detected.

Application

The method can be applied to purified PCB
residues from any matrix. Calibration can be
achieved as described here. Once the Aroclor
mixtures available for calibration have been an-
alyzed, the mass represented by each peak is
applicable until that batch of standard material
is exhausted, regardless of the chromatographic
equipment used. If resolution of various peaks
becomes impossible or if time is not available to
achieve it, the masses can be combined and the
peaks reported as mixtures, for a first approxi-
mation.

The method is also useful for quality assurance
for laboratories using packed-column technolo-
gy. This laboratory was recently called on to
explain systematic errors found between labo-
ratories participating in an assurance program.
Figure 6 illustrates the cause of this error quite
clearly: The manufacturer changed from a batch
to a continuous process during the 1970s (J. A.
Liddle; Private Communication) and a different
pattern of PCB congeners resulted.

The method can also be employed for chro-
matographic fractions containing a limited
number of other chlorinated xenobiotics com-
monly found in the biological matrices for which
this method is primarily designed. In our re-
gion, after the simple one-step Florisil cleanup
(14), those commonly found are HCB, p,p'-DDE,
octachlorostyrene (in Lake Ontario fish samples),
and mirex.
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BEVERAGTES

Rapid High Performance Li UId Chromatographic Determination of

Monosodium Glutamate in
PETER SPQRNS

The University of Alberta, Department of Food Science, Edmonton, Alberta, Canada T6G 2P5
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Monosodium glutamate (MSG) is an important
food additive. In the United States alone, in'
1979, the market for MSG was valued at about
fifty-five million dollars (1).

Both consumers and food processors have an
interest in monitoring levels of MSG in food.
The main consumer concern is a condition which
has come to be known as "Chinese Restaurant
Syndrome" (2). The U.S. Food and Drug Ad-
ministration Select Committee or GRAS Sub-
stances reported "there is no evidence in the
available information on .. . (all common forms
of glutamate). . . that demonstrates, or suggests
reasonable grounds to suspect, a hazard to the
public when they are used at levels that are now
current and in the manner now practiced." But
in the same report they go on to state that some
people will react to relatively small doses of MSG
and that further research to evaluate this reaction
is under way (3). The food processor is inter-
ested in adding MSG to food at levels which
provide the best flavor enhancement at the
lowest cost, usually levels from 0.2 to 0.8% MSG
(3).

Various methods for detecting MSG can be
found in the literature. A paper chromato-
graphic method (4) has been reported, which
requires overnight development cf paper chro-
matograms after extraction of MSG, followed by
an approximate estimation of MSG concentra-
tions by comparison with similarly chromato-
graphed standards. The AOAC official method
(5), originally reported by Fernandez-Flores et

(6), involves extraction of MSG followed by
a time-consuming ion exchange separation and
Sorenson formol titration. Coppola et al. (7)

Received May 26,1981, Accepted November 4, 1981,

suggested a modified, somewhat quicker method
using a shorter ion exchange column but re-
quiring fluorescamine derivatization before
subsequent fluorometric detection. Conacher
et al. (8) proposed a multi-step gas-liquid chro-
matographic method that requires anhydrous
conditions for preparing the trimethylsilyl de-
rivative of glutamic acid after an aqueous ex-
traction and ion exchange purification.

The following procedure is a rapid, accurate
HPLC method for determining MSG in food.

METHOD

Apparatus and Reagents

(@ HPLC system.—Beckman Model 110A
pump with 50 pL loop injector, Pharmacia RI
monitor cooled to 20°C with a constant temper-
ature ethylene glycol bath, and attached strip
chart recorder. Whatman 25 cm X 4.6 mm id
Partisil SAX column protected by 7cm X 2.1 mm
id guard column containing pellicular anion
exchanger and, before the injector, a 25 cm X 4.6
mm id precolumn (Solvecon) containing silica
gel.

(b) Evaporator.—Buchi Rotavapor-R with
water bath maintained at <60°C.

(c) Solvems.—HPLC water was purified by
reverse osmosis (Milli-RO) and further purified
by using a Milli-Q system. All other solvents
and reagents were reagent grade or better.

(d) Buffer —pH 4.0, 0.175M ammonium ace-
tate. Dilute 20 mL glacial acetic acid to just
under 2L with HPLC water and adjust to pH 4.0
with 5M NH40H. Make up to 2L with HPLC
water.

Charcoal.—Norit A (BDH Chemicals).
Celite.—Celite 545 (Fisher Scientific).

(&) Glutamic acid standard. —Dissolve ca 50 mg,
weighed to 0.1 mg, L-glutamic acid (A grade,
Calbiochem-Behring Corp., PO Box 12087, San
Diego, CA 92112) in 50 mL water. Prepare fresh
daily.

(n) Pyrogiutamic acid standard —Dissolve ca 50
mg, weighed to 0.1 mg, D,L-pyroglutamic acid
(Puriss, Koch-Light Laboratories Ltd, Poyle Estate

0004-5756/82/6503-0567-05$01.00
© Association of Official Analytical Chemists, Inc.
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Willow Rd, Colnbrook, SL3 0BZ, Burkshire, UK)
in 50 mL water. Prepare fresh daily.

()  lon exchange resin.—Dowex 50W-X8 acid
form, 20-50 mesh (J.T. Baker Chemical Co.).

Glutamic Acid Determination

Extraction step is similar to the procedure of
Fernandez-Flores et al. (6).

Into 150 mL beaker containing magnetic stir
bar,weigh ca5g (to Img)well mixed food sam-
ple and dilute to 35 mL with water. Stir 15 min,
and then add 3 g charcoal and 30 mL acetone.
Stir, let stand ca 15 min, and then filter through
Celite pad. Wash beakerand residue with 75 mL
acetone-water (1 + 1). Evaporate to small vol-
ume and dilute to exactly 50 mL with water.
Inject 50 pL sample into HPLC system, alternat-
ing with injections of standard (g) (sometimes
(h();) Chromatograph, with (d) as mobile phase,
at flow rate of L5 mL/min. Identify peaks by
retention time. Calculate glutamic acid (or py-
roglutamic acid), using area comparison (peak
height X width athalf height) with standard (std)
averaged before and after sample (sam).

% Glutamic acid = (area sam/averaged area
std) X (wtstd (mg)/10 X wtsam (g))

% MSG = % glutamic acid X 1.15

Acid Resin Purification

Fill 35 X 2.2 cm id column (fitted with stop-
cock) with 50 mL water, and pourin 15gion ex-
change resin with aid of another 50 mL water.
Letwater flow until itis level with top of resin.
Take exactly 10 mL of the 50 mL food extract
(from above determination). Adjustto between
pH 1.5and 2.0 with 1M HC1. Apply carefully
(donotdisturb resin) to column and again let this
slowly penetrate until liquid is level with top of
resin. Wash column with 50 mL water. Elute
basic compounds (mainly amino acids) with 250
mL5M NH40H. Forfirst25 mL eluate, run flow
rapidly, butslow down to about Ldrop/s for last
225 mL. Evaporate this eluate to dryness. Add
a few drops of formic acid and ca 10 mL water,
and evaporate to dryness again. Take up in ex-
actly 10 mL water.

Results and Discussion

Although the peak shape of glutamic acid
varied somewhatwith concentration, area mea-
sured as peak height times width at half height
gave alinear response (Table 1). A practical lim it
for easy gquantitation is about 0.1 mg glutamic
acid/mL formostsamples, using the above pro-
cedure or following modifications. Forsamples
containing material that causes a sloping baseline

CHEM. (VvOL. 65, NO. 3, 1982)

Table 1.  Area (average of 2 injections) found for
glutamic acid at different concentrations (correlation
coefficient = 0.9999)

Glutamic acid Area, Area (sq. mm)/

concn, mg/mL sg. mm concn (mg/mL)
3.078 2017 655
1.231 805 654
0.616 406 659
0.246 164 666
0.123 83 675

(soy sauce), avalue of 0.15 mg glutamic acid/mL
isamore reasonable limit, although lower levels
can be readily detected. Adjustments in the
procedure could be made forsampleshigh or low
in glutamic acid. For Chicken-in-a-Mug (high
in glutamic acid), a 1 g rather than a5 g sample
was taken. Forbacon-flavored croutons (low in
glutamic acid), the final sample was taken up in
25 mL ratherthan in 50 mL to further concentrate
the glutamic acid.

We felt thata dry sample low in glutamic acid
would best test the extraction and recovery of
glutamic acid. Because recovery using almost
exactly the same extraction had been studied by
other authors (6-8), we did not expect (or find)
it to be a problem. Eight replicate determina-
tions on bacon-flavored croutons gave an average
0f 0.144% glutamic acid (0.139, 0.147, 0.137, 0.146,
0.139, 0.151, 0.151, 0.144%) with a standard de-
viation 0f 0.0055%. Recovery of added glutamic
acid averaged 99.2% (Table 2).

To check for compounds that might be ex-
pected to interfere with the glutamic acid peak,
standards of several compounds were injected
into the HPLC system. These included organic
acids: citric, succinic, malic, lactic, quinic,
shikimic, and pyroglutamic; other amino acids:
aspartic acid, alanine, serine, lysine, and aspar-
agine; inorganic compounds: salt and phos-

Table 2. Recovery of glutamic acid added to 5 g bacon-
flavored croutons containing 7.2 mg glutamic acid

(0.144%)
Added, mg Total found, mg Recovery, %

4.8 12.3 106

9.7 175 106

14.4 21.0 97.9

19 25.1 94.2
26.7 33.9 95.9
28 34.7 98.2
37.1 44.2 99.7
39.7 46.9 95.5
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Figure L. Chromatog]ram of soy sauce extract (0.93%
lutamic acid), gl - glutamic acid: as = aspartic acid;
f/=prroqutam|c acid. Vertical scale: Rl units x
05. "Flow rate of buffer mobile phase 1.5 mL/min.

Table 3.  Glutamic acid (%) found before and after acid

resin purification

Before After

Food sample purif. purif.
Chicken-in-a-Mug 6.85 6.85
Soy sauce 0.93 1.00
Won ton soup mix 1.86 1.80
Bacon-flavored croutons 0.14 0.15

phoric acid. None of these compounds inter-
fered with the glutamic acid peak. All amino
acids tested except aspartic acid eluted nearor at
the solvent front.

ANAL .

1982) 569

CHEM. (vOL. 65, NO. 3,
8—.
w
w
z
o
a
4]
w
o
4 ]

TIME (MIN)

Figure 2. Chromatogram of soy sauce extract after

acid resin purification(1.00% glutamic amdg. Vertical

scale: RI'units x 105 Flow rate of buffer mobile
phase 1.5 mL/min.

o

To further check for interfering compounds,
4samples were analyzed for glutamic acid by the
HPLC procedure, and then were purified on acid
resin-and again analyzed by the same procedure
(Table 3and Figures 1-3). This purification re-
moves salts, sugars and other neutral com-
pounds, and acids, leaving only basic com-
pounds. The values for soy sauce (Table 3) are
particularly significant because of the variety of
possible interfering compounds in this food (9).
To further check ifany amino acids were inter-
fering in the glutamic acid determination, the
resin-purified soy sauce and won ton soup mix
sampleswere chromatographed by aprocedure
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Figure 3. Chromatogram of won ton soup mix ex-
tract %1.86%glutam|c audg. Vertical scale:” Rl units
X 105 Flow rate of buffer mobile phase 1.5 mL/
min.

similar to thatof Bailey and Swift (4). Instead of
a 40 cm strip with ascending chromatography,a
50 c¢m strip and descending chromatography
were used. By comparison with standards
spotted at a large variety of concentrations, we
estimated that the percentage of glutamic acid
was~1.0 forsoy sauce and ~2.0 for the soup mix.
These results agree well with values obtained
using the HPLC method (Table 3).

Because the glutamic acid in soy sauce was al-
ready dissolved in water,asample was prepared
directly by diluting 5 g of soy sauce to 50 mL.
This gave aslightly more colored solution (than
by the extraction procedure) but on injection

ANAL .
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Table 4. Area (average of 2 injections) found for
pyroglutamic acid at different concentrations (correlation
coefficient = 0.9999)

Pyroglutamic Area, Area (sq. mm)/
acid concn, mg/mL sg. mm concn (mg/mL)
2.947 1060 360
1.179 413 350
0.472 169 358
0.189 67 354

gave atrace virtually identical to Figure 1. This
suggests that the glutamic acid determination in
liquid samples could be made even faster, if
necessary, by eliminating the extraction step
entirely. This may necessitate cleaning the
HPLC column more frequently. Because this
was the only liguid sample examined, it is not
certain if this shortened procedure can be applied
to all liquid food samples.

Results for soy sauce also illustrate another
advantage of the HPLC method. Pyroglutamic
acid is well separated from glutamic acid (al-
though it overlaps slightly with aspartic acid)
(Figure 1). Thismeans that thiscompound can
also be detected inaglutamic acid determination.
Pyroglutamic acid has also shown flavor en-
hancement (10), and causes off-flavor (11) in
some food systems. None of the other methods
of analysis for glutamic acid mentioned in this
paperwould detectthe presence of pyroglutamic
acid. In the cyclization of glutamic acid or glu-
tamine to pyroglutamic acid, the basic nitrogen
is lost, so pyroglutamic acid isninhydrin-nega-
tive and isnotretained by acid resins. All other
glutamic acid analyses eliminate all non-basic
compounds. Moreover, prolonged heating of
asolution or mixture containing glutamine (12,
13) orthe higherconcentrations of glutamic acid
found in flavor-enhanced foods could lead to an
increase in pyroglutamic acid, which will most
certainly change the food's flavor. W ith the
HPLC method, such pyroglutamic acid produc-
tion can be checked.

Pyroglutamic acid also gave a linear response
forarea (Table 4). The average recovery of py-
roglutamic acid added to croutons was 104%
(Table 5).

In foods which contain a large amount of as-
partic acid, such as soy sauce (about 0.5% aspartic
acid), accurate quantitation of pyroglutamic acid
would be limited to levels of about 0.5 mg pyro-
glutamic acid/mL by the described procedures;
however, in the majority of food samples ana-
lyzed using this method (with little orno aspartic
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Table 5. Recovery of pyroglutamic acid added to bacon-
flavored croutons
Added, mg Found, mg Recovery, %
10 11.6 116
22.3 21.9 98.2
30.0 30.5 102
379 38.1 101

acid, Figure 3) much lower levels of pyroglu-
tamic acid could be quantitated.
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High Pressure Liquid Chromatographic Determination of
Glycyrrhizic Acid or Glycyrrhizic Acid Salts in Various Licorice

Products: Collaborative Study

PETER S. VORA

MacAndrews & Forbes Co., Third St and Jefferson Ave, Camden, NJ 08104
Collaborators: H, Estes; Dr Grigor; B. Hodge; W. J. Hurst; D. LeBlanc; C. Shuford;

K. Walker: M. Zimmermann

A collaborative study determining ?chyrrhiz_ic acid
or glyck/rrhmc acid salts content ot various licorice
F,rod,ucs has been conducted using high pressure
iquid chromatography (HPLC). Five samples con-
taining various concentrations of glgcyrrhmc acid
were analyzed in blind replicates by 8 collaborators.
The results indicate excellent repeatability and re-
groduublllty with coefficients of variation less than
5%. In addition, this method allows the determi-
nation ofglgc rrhizic acid in less than 15 min com-
pared with 3 days for the conventional gravimetric
and colorimetric methods. The method has been
adopted official first action.

Glycyrrhizic acid or glycyrrhizic acid salt is one
of the most important components of licorice
products that determines their quality and cost.
The current gravimetric and colorimetric meth-
ods (1, 2) are nonspecific, time-consuming, and
not applicable to all licorice products. An ac-
curate, simple, and rapid procedure for deter-
mining glycyrrhizic acid or glycyrrhizic acid salts
by high pressure liquid chromatography (HPLC)
(3) was reported in 1980. This paperis areport
on the results of collaborative study of the
method.

19. FLAVORS

The following liquid chromatographic method
for the determination of glycyrrhizic acid or
glycyrrhizic acid salts in licorice products was
adopted official first action:

Glycyrrhizic Acid or Glycyrrhizic Acid Salts
In Licorice

Liquid Chromatographic Method
Official First Action

19.C01 Apparatus

(@) Liquid chromatograph.—with  Model
M6000A solv. delivery system, Model UbK uni-
versal injector, and Model 440 UV absorbance
detector set at 254 nm, 0.2-0.1 AUFS range (Wa-
ters Associates, Inc.), or equiv.

(b) Recorder.—strip chart 1- or 2-pen recorder

(Houston Instrument Omni Scribe Model
B5Z17-1, or equiv.). Chart speed 0.2 in./min.
(c) CO|Umn.—/rBondapak Cis, 10 P particle
size, 30 cm X 4 mm id (Waters Associates, Inc.),
or equiv.
(d) Solvent and sample clarification kits.—org.

and aqg. (Waters Associates, Inc., or equiv.).

19.C02 Reagents

(a) Mobile phase.—uSe chromatgy grade re-
agents. H20-HOAc-CH3CN (61 + 1 + 38).
Filter and degas mobile phase with solv. clarifi-
cation kit. Flow rate 2.0 mL/min.

(b) Glycyrrhizic acid salt std soln.—o0.1 mg/mL.
Dissolve 10 mg monoammonium glycyrrhiz-
inate (available from MacAndrews & Forbes Co.,
Camden, NJ 08104) in 100 mL mobile phase.
Filter thru 045 PM filter, using org. sample
clarification kit. Prep, fresh std soln daily.

19.C03 Sample Preparation

Dissolve 50 mg licorice productin 50 mL H20.
Use mobile phase if not sol. in H20. Vortex-
shake until sample is completely dissolved.
Filter through 0.45 ~m filter, using ag. sample
clarification Kit.

19.C04 Determination

Warm up UV detector 15 min before start-up.
Run mobile phase thru column at specified op-
erating conditions >20 min before injecting first
sample. Using 10 pL syringe, inject accurately
measured vol. of std soln in duplicate. Inject
similar vol. of sample soln. If samples are ana-
lyzed in series, re-inject std soln at regular in-
tervals. Use peak ht (peak area in case of elec-
tronic integrator) to calc, concn of glycyrrhizic
acid or glycyrrhizic acid salt as follows:
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Glycyrrhizic acid monoammonium salt, %
p-s 3 co o 030

=(C'IC) X (PHIPH') X (V'IV) X 100 5, BoSHe s

RO T

where C"and C = concn of std and sample soln

in mg (dry basis)/mL, resp.;PH"and PH = peak /. g oo o oo

ht of std and sample, resp.; V' and V = vol. of std d a 1o G o pn i
and sample injected in fil, resp. & e
. . Q-

Results and Discussion wBe PO 0

'V pro PS ps CDrv cd

Samples of 5 licorice products (Ship SD, 'S" SD,
Forbex BS-CS, ammonium glycyrrhizinate, and
ammonium glycyrrhizinate CW) were sent to 8
laboratories. Samples were packed in plastic
bags to minimize exposure. Samples were sent
as blind duplicates and were numbered in away
that no participant analyzed the samples in the
same sequence nor were any duplicates analyzed
in sequence. Explicit instructions, a practice
sample, standard sample, and reporting forms
were provided. The standard sample was pre-
pared by 3 additional crystallizations of com-
mercially available monoammonmm glycyr-
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rhizinate from methanol and water. : E opuanr. s
The results of duplicate determinations of 5 § co i cf
samples by the HPLC method are presented in
Table 1. Data were examined to see if any labo- ° ﬁ_ QA g pe o
ratory shows consistently high or low values. - e e G\ o4 oM oM OM v M O
The sum of each replicate from Table 1is shown ¢ f re
ranked in Table 2. According to Duncan's range i "5
. S @ f wwo 0 €O «
test (4), all laboratories were within the range, - > CDCq M
indicating no outlying laboratory. Dixon's test o o oo an an an ar
(4) to determine the outlying individual results %
indicated Laboratory 1 for Sample 3 and Labo- ';)j . Q@@ Mo o
ratory 5 for Sample 1did not satisfy the criterion. < o Co mi "t 03 00 o PN 03
Statistical analyses have been carried out with TE
and without these outlying individual results. 7w
A one-way analysis of variance is used to I; 0] B ool hwe
compare precision within-laboratory and be- g ,'9 B & G v & o & om
tween-laboratories (Table 3). s "o
Results indicate that the precision of the N ’,fe 5 o o
technique is excellent within-labcratory as in- = Conoin ng
dicated by repeatability standard deviation and ks OV GM M Q4 OM GM &M oM
coefficient of variation. Precision between
laboratories is slightly lower, as expected; how- in coo M3 o COM
. - £ m COCD o g PS03 CO
ever, the reproducibility standard deviation and ER Ho.- 030 i
respective coefficient of variation of less than eoomn
7.5% indicate excellent precision. Variation in "
concentration of glycyrrhizic acid showed no ) s M
significant effect on either test repeatability or fe e o GOnn
reproducibility. Exclusion of 2 outlying indi- ‘;g
vidual results increased the precision of repeat- s;’ w0 M O 0w
ability and reproducibility, but not significantly. inn inonoininon i
Results obtained by collaborators matched well
with known results obtained in our laboratory. o Moo 0 00—
o

No major problems were indicated by collab-
orators. One collaborator requested a change in
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Table 2. Ranking of data from Table 1
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Total
Coll. Sum Rank Sum Rank Sum Rank Sum Rank Sum Rank rank
1 11.55 6 53.83 7 5.56a 8 66.66 6 16.27 8 35
2 11.38 5 54.93 8 4.99 7 67.95 8 15.31 7 35
3 11.67 7 51.44 6 4.92 6 67.28 7 14.99 6 32
4 11.02 3 49.73 4 4.83 5 60.88 2 13.86 2 16
5 9.94a 1 48.11 2 4.56 1 61.35 3 14.01 3 10
6 11.70 8 50.40 5 4.70 3 62.70 5 13.60 1 22
7 10.98 2 47.98 1 4.80 4 60.63 1 14.49 5 13
8 11.32 4 49.70 3 4.63 2 62.52 4 14.10 4 17
a Outlier (4).
Table 3. Statistical analysis of collaborative data
Statistic Sample 1 Sample 2 Sample 3 Sample 4 Sampe5
Including Outlying Individual Results
Mean 5.598 25.383 2.437 31.873 7.289
Std dev. 0.1021 1.6338 0.0279 2.7923 0.2437
F-Ratio 2.751 6.382 3.713 3.036 2.903
Repeatability std dev. 0.2447 0.7045 0.1146 1.2359 0.3798
Coeff. of var., % 4.37 2.78 4.70 3.89 5.09
Reproducibility std dev. 0.3353 1.3534 0.1758 1.7556 0.5134
Coeff. of var., % 5.99 5.33 7.22 5.51 7.11
Excluding Outlying Individual Results
Mean 5.687 25.383 2.388 31.873 7.289
Std dev. 0.0515 1.6338 0.0126 2.7923 0.2437
F-Ratio 0.635 6.382 0.799 3.036 2.908
Repeatability std dev. 0.2582 0.7045 0.1225 1.2359 0.3708
Coeff. of var., % 4.54 2.78 5.13 3.89 5.09
Reproducibility std dev. — 1.3534 — 1.7556 0.5184
Coeff. of var., % 4.54 5.33 5.13 5.51 7.11

the originally submitted results because of an
error in calculation. The use of an internal
standard was recommended by one collaborator;
however, based on overall results, it may not be
necessary. The use of reverse phase columns
manufactured by various suppliers or use of
electronic integrator vs. peak height measure-
ment showed no significant effect on results.

Recommendation

Based on the excellent precision obtained
within- and between-laboratories, with a coef-
ficient of variation less than 7.5%, it is recom-
mended that this method be adopted official first
action.
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Evaluation of Silica and Polar Bonded Columns for Liquid
Chromatographic Analysis of Temephos Formulations

DWIGHT L. MOUNT and JAMES W. MILES

Centers for Disease Control, Center for Infectious Diseases, Parasitic Diseases Division, Atlanta,

GA 30333

In the course of development of an HPLC method for
determination of temephos in technical grade teme-
phos and its formulations, a variety of columns and
solvent systems were evaluated, Three satisfactory
methods evolved and were evaluated for reproduc-
ibility, convenience, cost, and optimum resolution
of active ingredient from possible impurities. After
consideration of advantages and disadvantages of
each system, a method based on the use of asilica Sel
column eluted with ethyl acetate-hexane (10 + 0?
and p-nitrophenyl p-nitrobenzoate as interna
standard was selected for testing in an international
collaborative trial.

Temephos (0,0'-(thiodi-4,I-phenylene)fc;s-
(0,0 -dimethyl phosphorothioate) was intro-
duced in 1965 as a mosquito larvicide. The
compound is widely used in the United States for
mosquito control; it is the pesticide of choice for
control of Simulium damnosum in the World
Health Organization (WHO) Onchocerciasis
Control Program in West Africa where it has
been applied as a 20% emulsifiable concentrate
since 1974 (1).

Methods of analysis for active ingredient
content are required in specifications for the
purchase of temephos formulations used in
public health programs. In 1973, WHO adopted
an ultraviolet absorption method (2) based on the
work of Pasarela and Orloski (3) in which both
ultraviolet and gas chromatographic methods
were described. In the ultraviolet method, in-
terfering substances were removed on a silica gel
column. In the gas chromatographic method,
cleanup was accomplished on an acidic alumina
column. In 1979, WHO adopted a modified ul-
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traviolet method in which the silica gel column
was replaced by a silica gel thin layer plate (4).

Although these methods have been useful, it
was considered that a high performance liquid
chromatographic (HPLC) procedure might pro-
vide afaster and more precise analysis. In efforts
to develop a suitable HPLC method, 4 HPLC
columns and 2 solvent systems were tested for
their ability to resolve temephos from impurities
likely to be present in the product. Of the sys-
tems tested, 3 gave adequate resolution. A crit-
ical evaluation of the 3 selected systems was
based on the degree of resolution, reproducibil-
ity, availability, and cost of the column and re-
agents as well as the convenience of the proce-
dure.

Experimental

Apparatus and Reagents

(a) Liquid chromatograph.—Equipped with
Varian Model 5000 pump; Valeo loop injector;
LKB UVicord Model 2138 detector with mercury
discharge lamp, 254 nm filter, and flow cell with
a 2.5 mm optical path length; and Varian Model
CDS 111 data system.

(b) Columns.—(1) pPorasil (Waters Associates,
Inc., Milford, MA): stainless steel, 300 X 3.9 mm
id packed with 10 pm porous silica. (2) Part-
isil-10 (Whatman, Inc., Clifton, NJ): stainless
steel, 250 X 4.6 mm id packed with 10 pm porous
silica. (3) Micropak CN-10 (Varian Associates,
Sunnyvale, CA): stainless steel, 300 X 4 mm id
packed with aikylnitrile bonded to 10 pm Li-
Chrosorb. (4) Micropak NH2 (Varian Asso-
ciates): stainless steel, 300 X 4 mm id packed
with alkylamine bonded to 10 pm LiChrosorb.

(c) n-Hexane.—Non-spectro, distilled in glass
(Burdick & Jackson Laboratories, Muskegon, MI).
Dry over molecular sieve, 5A, 8-12 mesh beads
(Davison Chemical Co., Baltimore, MD) and filter
through 0.45 pm Millipore filter (Millipore
Corp., Bedford, MA).

(d) Tetrahydrofuran (THF).—uUV grade (Bur-
dick & Jackson Laboratories). Pack lower part

0004-5756/82/6503-0575-05$01.00
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of 75 X 2.5 cm id glass column with 100 g alu-
mina, neutral, Brockman Activity |, 80-200 mesh,
dried at 250°C; pack upper part with 100 g silica
gel, grade 950, 80-200 mesh, dried at 175°C. Fit
column into 2-hole stopper and place in 500 mL
flask containing 100 g 5A molecular sieve (8-120
mesh beads) dried at 250°C. Place drying tube
in other hole of stopper. Pass THF through
column. Filter THF through Millipore filter and
store under nitrogen.

(e) Ethyl acetate.—(Burdick & Jackson Labo-
ratories). Dry over molecular sieve, 5A, 8-12
mesh beads.

(f) Anthracene methanol.—Aldrich Chemical
Co., Inc., Milwaukee, WI.

(g) p-Nitrophenyl p-nitrohenzoate (NPNB).—
Prepare by reacting p-nitrobenzoyl chloride
(Aldrich Chemical Co.) with an excess of p-ni-
trophenol sodium salt (Eastman Kodak Co.,
Rochester, NY) in acetonitrile.

(h) Bis(p-chlorophenyl)  sulfone.—Aldrich
Chemical Co.

(i) Standards.—Temephos, 99.6% (American
Cyanamid Co., Princeton, NJ).

(j) Impurities.—See below.

1 (CHD)P(S)0<">
2. CHDYP (S»(Q)ci

3 (CHD)P(S)0<Tj)sCH3

4. (CHJO)ZP(S)O<C:>>S@)>OCHJ
5. (CH,,O);.P(S)O@S—S@OP(S)(OCHJ)J
6. (CH“O)(CH;;S)P(O)O@S@OP(O)(OCH_,)(SCH_;)

Determination of Resolution

For each of the experimental systems, the res-
olution of temephos from likely impurities was
determined by injecting a mixture of pure tem-
ephos and impurities into the liquid chromato-
graph. Structures of these impurities are shown
above. All impurities except 0,0-dimethyl
O-p-thiomethylphenyl phosphorothioate were
furnished by the American Cyanamid Co. This
latter compound was synthesized by first react-
ing 4-(methylmercapto)phenol (Aldrich Chem-
ical Co.) with sodium hydride (50% dispersion in
mineral oil, Aldrich Chemical Co.) in acetonitrile
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to form the sodium salt. This salt was reacted
with 0,0 -dimethyl chlorophosphorothioate
(Aldrich Chemical Co.) in acetonitrile to give the
desired product. With the exception of the
disulfide analog, all impurities were easily
separated from temephos by each of the sys-
tems tested. The S-methyl isomer of temephos
(structure 6, above) did not elute from any of the
columns tested.

Resolution of temephos from the disulfide
analog was determined by injecting a mixture of
comparable concentrations of each of the 2
compounds into the various systems. R-values
were calculated according to the formulaR = 2
At/(Wj + W2, where t = difference in retention
times of the compounds, and Wj and WZare peak
widths in units of time measurement at their
bases.

Method I; Silica Column Eluted with THF-
Hexane

Internal standard solution.—weigh 0.2 g an-
thracene methanol into 250 mL volumetric flask
and dilute to volume with treated THF.

Standard and sample solutions.—Accurately
weigh quantity of material equal to ca 60 mg ac-
tive ingredient into 50 mL volumetric flask.
Add, by pipet, 5 mL internal standard solution
and 15 mL treated THF. Shake flask to ensure
dissolution of temephos, and dilute to volume
with n-hexane.

Mobile phase.—Add, by pipet, 150 mL treated
THF to 1L volumetric flask and dilute to volume
with dry n-hexane.

Column.—Install silica gel column. To render
column essentially dry, pump 50 mL anhydrous
methanol through column, followed by 100 mL
treated THF. After this treatment, pump suffi-
cient mobile phase through column to equili-
brate system.

Liguid chromatography conditions.—Column
temperature ambient, flow rate 1.0 mL/min,
detector sensitivity 1.0 AUFS, injection volume
10 pL, retention times: temephos 10.6 min, in-
ternal standard 14.6 min.

Calibration.—cCalibrate system by injecting 10
pL aliquots of standard solution until relative
factors agree *2%. When this requirement is
met, system is ready for analysis of samples.

Analysis.—Analyze unknown samples by in-
jecting 10 pL aliquots of sample solutions and
measuring areas of internal standard and teme-
phos peaks. Quantitate unknowns by compar-
ison of relative factors of unknown and standard
solutions.
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Method II: Silica Column Eluted with Ethyl
Acetate-Hexane

Internal standard solution.— 1.5 g p-nitrophenyl
p-nitrobenzoate/250 ml dry ethyl acetate.

Standard and sample solutions.—Accurately
weigh quantity of material equal to ca 60 mg ac-
tive ingredient into 50 mL volumetric flask.
Add, by pipet, 5 mL internal standarc solution
and 25 mL dry ethyl acetate. Shake flask to en-
sure dissolution of temephos and dilute to vol-
ume with dry »-hexane.

Maobile phase.—Add, by pipet, 100 mL dry ethyl
acetate to 1L volumetric flask and dilute to vol-
ume with dry «-hexane.

Column.—Install silica gel column. To render
column essentially dry, pump 50 mL anhydrous
methanol through column followed by 100 mL
dry ethyl acetate. After this treatment, pump
sufficient mobile phase through column to
equilibrate system.

Liquid chromatography conditions.—Column
temperature ambient, flow rate 1.0 mL/min (1.5
mL/min for Partisil-10 column), detector sensi-
tivity 1.0 AUFS, injection volume 10 pL, reten-
tion times: internal standard 11.0 min, teme-
phos 13.3 min.

Calibration.—same as Method I.

Analysis.—same as Method I.

Method I1lI: Alkylamine Bonded-Phase
Column Eluted with EthylAcetate-Hexane

Internal standard solution.—weigh 1.5 g bis(p-
chlorophenyl) sulfone into 250 mL volumetric
flask and dilute to volume with dry ethyl ace-
tate.
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Standard and sample solutions.—Accurately
weigh quantity of material equal to ca 60 mg ac-
tive ingredient into. 50 mL volumetric flask.
Add, by pipet, 5 mL internal standard solution
and 25 mL dry ethyl acetate. Shake flask to en-
sure dissolution of temephos and dilute to vol-
ume with «-hexane.

Maobile phase.—Add, by pipet, 150 mL dry ethyl
acetate to 1L volumetric flask and dilute to vol-
ume with dry «-hexane.

Column.—Install alkylamine bonded-phase
column. To render column essentially dry,
pump 50 mL anhydrous methanol through col-
umn followed by 100 mL dry ethyl acetate.
After this treatment, pump sufficient mobile
phase through column to equilibrate the
system.

Liquid chromatography conditions.—cColumn
temperature ambient, flow rate 1.0 mL/min,
detector sensitivity 1.0 AUFS, injection volume
10 pL, retention times. internal standard 12.7
min, temephos 16.9 min.

Calibration.—Same as Method I.

Analysis.—Same as Method I.

Results and Discussion

Data obtained on a sample of technical grade
temephos, using the 3 different methods, are
presented in Table 1. The relative factors ob-
tained on the internal standard solutions used in
the analyses were calculated by multiplying the
weight of temephos in the solution (mg) by the
area of the internal standard peak divided by the
area of the temephos peak. Standard solutions
were injected in replicate on different days using

Table 1. Results of analysis of temephos, technical, obtained with 3 different HPLC systems
Std soin rel. factors Active ingredient found, %
Resolution
Method Av. + SD Rel. SD, % Av. + SD Rel. SD, % (R)a
1 Silica column,/iPorasil; X3=284.40 = 0.26 0.31 X4 =86.57 + 0.07 0.08
THF-hexane (15 + 85)
X6 =82.56 +0.27 0.33 X4 =86.04 = 0.92 1.07
X5=81.51 +0.07 0.09 1.9
X4=92.2 + 1.80 1.95
X4=102.07 = 1.77 1.73
Il. A Silica column, *Porasil; X4 =66.44 + 0.16 0.24 X4 = 86.16 £0.32 0.37
ethyl acetate-hexane X4 =66.09 +0.36 0.54 15
(10 + 90)
Il. B. Silica column, Partisil-10; X4 =66.63 £0.22 0.33 X4=86.14+0.24 0.28
ethyl acetate-hexane X4=66.40 = 0.40 0.60 15
(10 + 90)
Il Alkylamine bonded-phase X4=162.58 + 0.20 0.32 X4 = 86,12 +0.35 0.41
column, Micropak NH2;
ethyl acetate-hexane X4=62.22 +0.19 0.31 13

(15 + 85)

Resolution of temephos and temephos disulfide = R = 2 Af (W2 + W\).
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different preparations of mobile phase solution
to obtain the data presented in the second col-
umn of the table. The average values for active
ingredient were calculated from replicate values
obtained on separate weighings of the sample.
The R -values for the resolution of temephos and
the disulfide analog were calculated as described
in the text.

Chromatograms of a mixed standard (teme-
phos plus the 6 im purities) obtained on each of
the systems are presented in Figure 1. Those of
the technical product obtained with each of the
3 methods are presented in Figure 2.

Evaluation of Method 1L—oOf the 3 methods, this
method gave the best resolution between teme-
phos and its disulfide analog (R = 19). How-
ever, reproducibility of the method was depen-
dent on the quality of THF with respect to the
presence of peroxides. Temephos was very
sensitive to oxidation by peroxides when injected
onto asilica column. Thus, the response factor
for temephos depends on the amount of perox-
ides present at the time of injection. The re-
producibility of the system was acceptable (al-
though not as good as for the other methods)
when freshly prepared THF was used in pre-
paring the mobile phase. Severe problems with
reproducibility were observed when week-old
THF was used, even though it had beer, stored
under nitrogen. In addition, the retention time
(tr) of the internal standard (anthracene metha-
nol) was very sensitive to the activity of the col-
umn. However, this presented no major prob-
lem in the analyses once the system had stabi-
lized.

Evaluation of Method 1L—Two different silica
columns, /rPorasil and Partisil-10, were evaluated
for use in this method. The resolution of the
temephos and disulfide peaks was calculated to
be the same for both columns (R = 1.5). How-
ever, due to a larger tailing effect observed for
the Partisil-10 column, the pPorasil column ap-
pears to give a better separation of temephos
from the disulfide analog (see Figure 1). From
Table 1it can be seen that reproducible results
were obtained on both columns and both are

Figure 1. HPLC tracesof amixture of temephos and
6 possmle impurities.

XuPorasn eluted with THF-hexane: B-I, ¢;Porasi|
eluted with ethyl acetate- hexane B-2, Part|5|l 166euted
with ethyl acetate-hexane; C, MicroPak NH' eluted
with ethyl acetate-hexane: D, MicroPak CN- lOe luted
with etyl acetate- he>t<anet For peak identity see

structures.
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recommended for use in this system. A disad-
vantage of this system is that the internal stan-
dard, p-nitrophenyl p-nitrobenzoate, is not
commercially available and must be synthesized.
However, the stability and reproducibility of this
system and the convenience of preparing the
mobile phase, as compared with that in Method
I, far outweigh the minor inconvenience of
synthesizing the internal standard.

Evaluation of Method Il1l.—This method was
developed to compare the performance of
polar-bonded-phase columns and silica. A Mi-
croPak CN-10 column was first considered. This
column failed to separate temephos from the
disulfide analog and, therefore, was abandoned
early. The MicroPak NH2 column separated
these 2 compounds adequately (R = 1.3), al-
though not quite as well as the silica column.
The amino column gave results comparable to
the silica column in terms of reproducibility;
however, for some unexplained reason, a slow
systematic shift of retention times of the eluants
was observed in this system. The magnitude of
the shift was observed to be about 1-1.5 min over
a period of 3-4 h. This presented no major
problems in obtaining good results. An ad-
vantage of this method over Method 1l is the
commercial availability of the internal standard,
bis(p-chlorophenyl) sulfone.

In view of the stability, reproducibility, con-
venience, and universal availability and accept-
ability of silica columns, Method Il was the
method of choice for the determination of tem-
ephos in technical and formulated products.
This method was selected for testing in an in-
ternational collaborative study
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Figure 2. HPLC traces of mixture of technical grade

temephos and interpal standards. ,

A,é)Po_rasn eIFted with THF-hexane; B-|, pPorasil

eluted with eth){ acetate-hexane; B2, Partisil-10 eluted

with ethyl acetate-hexane; C, MicroPak NH2 eluted
with ethyl acetate-hexane.
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High Performance Liquid Chromatographic Method for
Determination of Temephosin Technical and Formulated Products:

Collaborative Study

JAMES W. MILES and DWIGHT L. MOUNT

Centers for Disease Control, Center for Infectious Diseases, Parasitic Diseases Division, Atlanta,

GA 30333
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An HPLC method for the determination of temephos
in temephos technical and formulated products has
been subjected to an international collaborative study
with 14 laboratories participating. Samples were
extracted with ethyl acetate and eluted on asilica gel
column with ethyl acetate-hexane (1 + 9); p-nitro-
phenyl p-nitrobenzoate served as the internal stan-
dard. Collaborators were furnished samples of
technical, 20 and 50% emulsifiable concentrates, 50%
water- dlsper5|ble powder, and 1% sand granules
The coefficients of variation of the values obtained
on the 5samples were 1.21,2.02,1.26,1.89, and 9.90%,
respectively. The method has been adopted official
first action.

Temephos is available in a variety of formula-
tions including water-dispersible powders, em-
ulsifiable concentrates, and granules. In view
of the increased interest in temephos in both
agriculture and public health and the lack of a
convenient method for analysis of temephos
formulations, Mount and Miles (1) studied high
pressure liquid chromatographic (HPLC) systems
which could be used for determining temephos.
Of 4 systems tested, a method based on the use of
a silica gel column eluted with ethyl acetate-
hexane was best suited for this purpose. Three
laboratories subjected the method to a prelimi-
nary collaborative trial. Results of this trial were
presented at the 25th Annual Meeting of the
Collaborative International Pesticides Analytical
Council (CIPAC) by Miles and Mount (2).

The method with minor modifications was
then submitted to 14 collaborating laboratories

R e
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including 5 from CIPAC member countries.
Samples of temephos technical, 50% emulsifiable
concentrate, 50% water-dispersible powder, and
1% sand granules were furnished by American
Cyanamid Co., Princeton, NJ. A sample of 20%
emulsifiable concentrate was furnished by Pro-
cida, Groupe Roussel UCLAF, Marseilles, France.
Each collaborator was furnished with a subsam-
ple of the technical material and each of the for-
mulations along with purified reference standard
temephos and the internal standard. Collabo-
rators were requested toweigh 2 aliquots of each
sample and analyze each aliquot in duplicate.
The experiment was designed according to sug-
gestions given by Youden and Steiner (3).

Temephos (0 ,0 ' -(Thiodi-4,l-phenylene)-
bis(0,0-dimethyl Phosphorothioate)

Official First Action

CIPAC-AOAC High Pressure Liquid
Chromatographic Method

(Method is suitable for tech, temephos and for-
mulations with temephos as only active ingre-
dient.)

Principle

Sample is dissolved in ethyl acetate, p-nitro-
phenyl p-nitrobenzoate is added as internal std
and, after diln with M-hexane, sample is injected
into ligq. chromatgc column. HPLC response
ratio of insecticide to internal std is compared
with response ratio of std to give temephos
content in sample.

Apparatusand Reagents

(@ Liquid chromatograph.—Able to generate
>2000 psi and measure A at 254 nm.

(b) Chromatographic column.—stainless steel,
300 X 3.9 mm id packed with 10 pm silica gel
(p-Porasil, Waters Associates, Inc., is suitable.)

R0 0RO IS |-
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(c) Ethyl acetate.—Burdick & Jackson Labora-
tories, Inc. Dry over molecular sieve, 5A, 8-12
mesh beads (Davison Chemical Co., Baltimore,
MD). Filter through 0.45 (im Millipore filter
(Millipore Corp., Bedford, MA 01730).

(d) n-Hexane.—Non-spectro, distd in glass
(Burdick & Jackson Laboratories, Inc.). Dry over
molecular sieve, 5A, 8-12 mesh, and filter
through 0.45 pm Millipore filter.

(¢) p-Nitrophenyl p-nitrobenzoate internal
std.—1.5 g/250 mL ethyl acetate. React p-ni-
trobenzoyl chloride (Aldrich Chemical Co.) with
excess p-nitrophenol sodium salt (Eastman
Kodak Co.) in CH3CN. Alternatively, prep. 1.1%
(w/v) dimethyl 4-nitrophthlate in ethyl ace-
tate.

(f) Reference std soln.—Accurately weigh ca 50,
60, and 70 mg temephos, anal, reagent (American
Cyanamid Co.) into sep. 50 mL vol. flasks. Add
by pipet 5 mL internal std soln and 25 mL dry
ethyl acetate to each flask. Shake flasks to ensure
dissolution of std, and dil. tovol. with «-hexane.
Designate solns as A, B, and C. Use soln B as
working std soln for lig. chromatgy; use solns A
and C to check linearity of lig. chromatograph
(see Linearity Check) and to guard against
weighing error in prepn of std soln. Supply of
soln B can be replenished from time to time
without prepg new supplies of solns A and C,
provided linearity requirement described under
Linearity Check can be met.

(g) LC mobile phase.—Add 100 mL dry ethyl
acetate to 1L vol. flask and dil. to vol. with dry
«= ane.

HPLC operating conditions.—Column temp,
ambient; flow rate 1.0 mL/min (ca 450 psi); re-
tention times: internal std ca 9.6 min, temephos
ca 115 min. Pump 50 mL anhyd. MeOH thru
column followed by 100 mL dry ethyl acetate.
Pump LC mobile phase thru column until system
is equilibrated (flat baseline). Inject 5pL aliquots
of std soln B until const, response is obtained. If
necessary, adjust instrument or injection vol.
(usually 3-6 pL) to give 50-60% FSD for internal
std peak. Use same injection vol. and instrument
settings for all samples and stds.

Linearity Check

Inject triplicate aliquots of appropriate vol. (as
detd above) of std solns A, B, and C into liqg.
chromatograph, det. response ratio for each in-
jection, and av. resulting ratios for each soln.
Divide av. response ratio for each soln by corre-
sponding content (in mg) and compare resulting
response factors. These factors should agree
within 2%.

Lig. chromatograph should be checked for
linearity at least once a week, and same check
should be carried out whenever new std solns are
prepd and whenever column, new or used, is
installed in instrument.

Sample Preparation

(a) Technical and emulsifiable concentrates.—
Accurately weigh amt sample contg ca 60 mg
temephos directly into tared 50 mL vol. flask.
For temephos tech., warm and thoroly mix before
sampling. Add by pipet exactly 5 mL internal
std soln and 25 mL dry ethyl acetate. Shake flask
to ensure dissolution and dil. to vol. with n-
hexane.

(b) Water-dispersible powders and sand gran-
ules.—Accurately weigh amt sample contg ca 60
mg temephos directly into 2 oz bottle fitted with
plastic screw cap. Add by pipet5mL internal std
soln and 25 mL dry ethyl acetate and shake 1 min.
Add 20 mL «-hexane, mix thoroly, and let parti-
cles settle. Filter portion of soln and hold for
HPLC analysis. (In some cases, centrifugation
may be sufficient to remove particles before
HPLC analysis.)

AnalysisofSample Solutions

Inject duplicate aliquots of std soln. B. Calc,
response ratios by dividing area (or ht) of teme-
phos peak by that of internal std peak. Response
ratios should agree within 2%. Average dupli-
cate response ratios obtained with std solns.

Inject duplicate aliquots of each sample soln.
Average duplicate response ratios for each sam-
ple soln. Note: After first injection of any
sample, let instrument run >30 min after emer-
gence of temephos peak to det. late-eluting peaks
due to impurities. Subsequent injections should
be timed so that late-eluting peaks from sample
injections do not interfere with internal std or
temephos peaks of subsequent samples.

Inject duplicate aliquots of std soln B. Average
response ratios of stds immediately before and
after sample solns, which should agree within
2%. Use this av. to calc, temephos content of
sample solns.

Calculations

For each injection, response ratio (R) = (area
temephos peak/area internal std peak).

Temephos, wt% = (R X W' X P)/{RI x W)
where R' and R = average response ratio for std
soln B and sample soln, resp.; W' and W = wt
(mg) of temephos std taken (for std soln B) and
sample, resp; and P= purity of temephos std
(%).
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Table 1. Data obtained in collaborative trial of HPLC method for analyzing temephos technical and formulations
Technical 20% EC 50% EC 50% WDP 1% SG
Coll. i 2 1 2 1 2 1 2 1 2
1 94.17 95.06 22.04 22.01 48.84 49.05 48.91 48.85 1.00 1.00
94.72 95.49 21.94 21.92 48.18 48.90 49.03 48.93 1.01 1.01
Av. 94.44 95.27 21.99 21.96 48.51 48.97 48.97 48.89 1.00 1.00
2 95.55 94.22 21.72 22.08 50.813 49.90 47.89 48.70 1.02 0.98
93.04 93.94 21.61 21.37 50.02 50.03 48.48 48.82 0.99 1.01
Av. 94.29 94.08 21.66 21.72 50.41 49.96 48.18 48.76 1.01 0.99
3 93.78 93.38 21.87 22.04 49.48 49.19 49.16 49.72 1.03 0.99
94.37 93.18 21.79 22.01 49.48 48.96 49.16 49.47 1.04 1.00
Av. 94.07 93.28 21.83 22.02 49.48 49.07 49.16 49.60 1.03 0.99
4 92.50 92.95 20.723 21.13 48.86 48.79 49.66 49.30 1.08 1.12
91.96 92.60 20.683 21.07 49.39 48.75 49.61 49.47 1.08 1.13
Av. 92.23 92.77 20.70 21.10 49.13 48.77 49.63 49.38 1.08 1.13
5 94.14 93.70 21.71 21.60 48.97 49.92 50.72 50.23 0.95 1.08
93.86 93.86 21.83 21.52 49.30 50.703 50.953 49.89 0.97 1.10
Av. 94.00 93.78 21.77 21.56 49.13 50.31 50.83 50.06 0.96 1.09
6 85.103 85.103 21.30 21.10 48.00 47.80 48.10 47.60 1.00 1.09
85.203 85.403 21.30 21.10 47.90 47.70 48.10 47.50 1.01 1.09
Av. 85.15 85.25 21.30 21.10 47.95 47.75 48.10 47.55 101 1.09
7 92.50 93.60 21.60 21.60 48.20 48.20 49.20 48.90 1.22 1.22
93.20 94.10 21.70 21.70 48.20 48.20 49.30 48.90 1.24 1.23
Av. 92.85 93.85 21.65 21.65 48.20 48.20 49.25 48.90 1.23 1.22
8 94.87 94.76 21.59 21.69 49.53 50.773 49.10 47.13 111 1.10
94.32 94.18 21.66 21.53 48.32 48.98 47.23 47.16 1.10 1.10
Av. 94.60 94.47 21.63 21.61 48.93 49.88 48.16 47.15 1.10 1.10
9 94.33 93.98 21.98 22.00 49.11 48.96 49.86 49.98 0.94 1.07
94.40 94.04 21.90 21.93 49.06 48.90 49.88 49.96 0.94 1.06
Av. 94.36 94.01 21.94 21.96 49.08 48.93 49.87 49.97 094 1.07
10 96.14 95.10 22.36 22.48 49.69 49.87 49.48 50.19 125 1.27
96.55 95.43 22.31 22.37 49.60 49.96 49.83 49 86 125 1.27
Av. 96.35 95.26 22.33 22.42 49.65 49.91 49.65 5002 1.25 1.27
n 93.50 93.50 21.60 21.30 49.40 49.90 48.10 48.00 1.23 1.24
93.20 93.80 21.40 21.40 49.70 50.00 48.10 49.00 1.23 1.22
Av. 93.25 93.65 21.50 21.35 49.55 49.95 48.10 48.50 1.23 1.23
12 93.80 93.80 22.60 22.60 48.40 48.80 50.00 49.80 1.01 1.00
94.00 93.80 22.70 22.70 48.20 49.00 49.80 49.70 1.01 0.90
Av. 93.90 93.80 22.65 22.65 48.30 48.90 49.90 49.75 1.01 0.95
13 92.20 91.07 21.93 22.05 49.66 49.57 47.97 48.79 1.08 0.97
92.30 91.29 21.95 21.76 49.76 49.80 48.02 48.59 1.08 0.97
Av. 92.25 91.18 21.94 21.91 49.71 49.69 48.00 48.69 1.08 0.97
14 92.99 93.02 22.86 22.95a 49.14 48.94 47.20 46.783 1.28 1.20
92.85 92.86 22.93a 22.993 49.16 48.98 46.79s 47.14 1.29 1.20
Av. 92.92 92.94 22.90 22.97 49.15 48.96 47.00 46.96 1.28 1.20
N 52 51 52 53
Mean 93.77 21.83 49.09 48.93 1.090
SD 1.13 0.44 0.62 0.93 0.108
cv, % 121 2.02 1.26 1.89 9.90

3 Observations outside 2 SD (95% confidence interval) omitted from calculations as described by Dixon and Massey (4).
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Results and Discussion

A complete set of data was received from each
of the 14 collaborators (Table 1). No serious
problems were reported by any of the collabo-
rators. One collaborator substituted isooctane
for hexane in the eluting solvent; another sub-
stituted heptane. One collaborator diluted
standard and sample solutions 1:10 before in-
jection. One failed to dry the column with dry
methanol before analysis of the samples. One
dried the solvents over sodium sulfate rather
than molecular sieve.

Participants used 10 brands of pumps, 8 brands
of injectors, 7 brands of columns, and 8 brands of
detectors in conducting their analyses. Eleven
participants used irregular silica gel, whereas 3
used spherical silica gel. Ten usee variable
wavelength detectors and 4 used filters; 5 used
an Hg source and 9 used a DZsource. Cell paths
of the detectors varied from 2.5 to 10 mm, volume
of sample injected varied from 5 to 20 pL, pres-
sures varied from 200 to 1600 psi, and flow rates
varied from 1.0 to 1.5 mL/min.

Eleven participants determined response ratios
with electronic integrators to measure peak areas
while 3 participants used peak height measure-
ments.

Excellent agreement among the collaborating
laboratories was obtained on the technical grade
sample and all formulations except the 1% sand
granules. The coefficient of variation for this
sample was 9.9%. It is our opinion that the
nonhomogeneity of this sample contributed to
the relatively large variance observed. The
coefficients of variation for the other samples
ranged from 1.21 to 2.0%, after eliminating all
values outside the 95% confidence interval.

One disadvantage of the proposed method is
the lack of a commercial source of the internal
standard p-nitrophenyl p-nitrober.zoate, al-
though it can be easily prepared in the laboratory
(1). Subsequent to the completion of the col-
laborative trial, dimethyl 4-nitrophthalate was
found to serve satisfactorily as an internal stan-
dard. Under the chromatographic conditions
described above, this internal standard emerges
in about 18 min as compared with 9.6 min for
p-nitrophenyl p-nitrobenzoate.

The HPLC method was adopted for temephos
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technical, water-dispersible powders, and
emulsifiable concentrates by CIPAC at its 25th
Annual Meeting in Gembloux, Belgium. It is
recommended that the method be adopted offi-
cial first action by AOAC.
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ALCOHOLIC BEVERAGES
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Malt Beverages and Brewing Materials: Screening and Confirmatory

Methods for Nitrosamines in Beer
ANTHONY J. CUTAIA

The Stroh Brewing Co., One Stroh Dr, Detroit, M 1 48226

Screening methods for nitrosamines in beer were
studied by 15 collaborators. Collaborators studied
4 extraction techniques and 2 calculation procedures.
All methods showed acceptable recoveries and no
significant differences between methods. Based on
accuracy, simplicity and Sf)eed, the Celite extraction
with internal standard calculation is recommended.
Fifteen collaborators also studied a distillation con-
fwmatorz method compared with a direct extraction
with dichloromethane. Because the former gives an
extract more suitable for mass spectrometric confir-
mation of nitrosamines, it is the recommended ref-
erence method. The screening and confirmatory
methods have been adopted official first action.

The American Society of Brewing Chemists
(ASBC) has released 2 extraction methods for
nitrosamines in beer to the Associate Referee,
who is also liaison between ASBC and AOAC, for
recommendation for adoption as official first
action. One method, recommended for screen-
ing purposes, involves Celite extraction of beer
followed by dichloromethane (DCM) elution.
The second method, recommended as a confir-
matory procedure, is adichloromethane extrac-
tion of abeer distillate—an operation requiring
considerably more time and effort.

Normally, ASBC collaboratively tests methods
of interest to the brewing industry and publishes
the standardized protocol in the ASBC Journal.
Assuming no untoward member reaction, these
methods are published in the ASBC Methods of
Analysis handbook. Under normal circum-
stances, such methods are presented to AOAC
after several years of industry usage. This pro-
cedure, however, has been changed in the
present instance because of the importance of the
analysis and the public health implications of the
class of compounds commonly known as nitro-
samines.

1eceived September 14, 1981. Accepted December 15,
éeﬂ‘u'éﬂﬁfﬁé’é%iﬁfgté‘FrﬁéSRSi{%,R AR Rt
The recommendations orI the A%sociate Referee were aP-

roved hy the General Referee an Commntlee D and were
%ﬁiolpm gthe ssoclation d§eethere ortaf the committee,
arc 2 Issue, for detarled recommendations.

The recommended screening method for ni-
trosamines in beer, using Celite 545 extraction
followed by dichloromethane elution, was col-
laboratively tested in 1980. Fifteen collaborators
participated, examining 4 extraction methods
and 2 calculation procedures for each method on
4 spiked samples. The 4 methods were distilla-
tion of beer followed by dichloromethane ex-
traction; direct dichloromethane extraction of
beer; Preptube® extraction of beer followed by
dichloromethane elution; and Celite 545 extrac-
tion of beer followed by dichloromethane elu-
tion. The 2 calculation procedures involved
external N-nitrosodimethylamine (NDMA)
standard addition curve, using the ratio of the
NDMA peak height or area to the Ar-nitrosodi-
propylamine (NDPA) (internal standard) peak
height or area.

For all methods, the dichloromethane eluate
was concentrated and injected into a gas chro-
matograph equipped with either aHall electro-
lytic conductivity detector modified for nitro-
samine analysis or a thermal energy analyzer.

The design of the study conformed to a com-
bined Youden unit block. Analysis of variance
on all beer data, with the exception of outliers,
showed no significant differences between
methods (P > 0.05). Significant differences were
noted between calculation procedures when
samples contained low NDMA amounts (1-2
ppb). Combined laboratory errors expressed as
coefficients of variation ranged between 7.2 and
22.8%. In general, however, the coefficients of
variation were lower for the distillation and the
Celite methods. The calculation procedure in-
volving the ratio of NDMA to NDPA (internal
standard) peak resulted in generally higher re-
coveries and values closer to theoretical than did
the external standard procedure. All methods
showed acceptable recoveries for the preferred
calculation method with results ranging from 88
to 113% of theoretical.

Based on a combination of favorable precision
(combined coefficient of variation range from 7.2
to 16.0%), reasonable accuracy (recovery range
of 88.3 to 98.4%), simplicity, and speed, the Celite

ol AL R
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method and the standard addition curve based
on the ratio of NDM A to internal standard is the
recommended screening method.

The recommended confirmatory method for
nitrosamines in beer, using distillation followed
by dichloromethane extraction of the distillate,
was studied in 1979 and 1980. Fifteen collabo-
rators participated in both studies. The distil-
lation methods examined in both collaborative
studies were identical with the exception that a
25 mL sample of beer was used in the first study
and a 50 mL sample was used in the second. The
1979 study examined 2 methods applied to each
of 6 spiked and 2 unspiked samples: distillation
of beer followed by dichloromethane extraction
of the distillate; and direct dichloromethane ex-
traction of beer. Two calculation methods were
used for the distillation method: external stan-
dard curve and external standard curve with
correction for internal standard recovery. Three
calculation procedures were used for the direct
extraction method: the 2 mentioned above and
a third procedure using a standard addition curve
based on the ratio of NDMA to NDPA (internal
standard).

The design of this study also conformed to a
combined Youden unit block. No significant
difference was seen between the 2 methods.
Results based on calculation procedures using
internal standards were consistently higher and
more accurate. For the low, medium, and high
spiked samples (about 2, 6, and 10 ppb), com-
bined laboratory errors expressed as coefficients
of variation ranged between 7.8 and 16.2%.
Recoveries for methods based on internal stan-
dards ranged from 95.9 to 106.6%.

The 1980 study applied the refined calculation
procedure involving standard addition based on
the ratio of NDMA to NDPA to the distillation
procedure. In this case, the combined laboratory
errors expressed as coefficients of variation
ranged between 7.9 and 14.8%. Recoveries for
this method ranged from 93.9 to 105.6%.

Thus, it was seen that the distillation method,
using the standard addition calculation proce-
dure, possessed adequate precision and accuracy
for recommendation as a nitrosamine detection
method. However, this method also results in
an extract which is more suitable for mass spec-
trométrie confirmation of the presence of nitro-
samines. Therefore, it is a preferred reference
method.

Recommendation

It is recommended that the following methods
for nitrosamine in beer be adopted official first
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action and that the official first action method for
moisture in barley (10.B01) be adopted official
final action.

N-Nitrosodimethylamine (NDMA) in Beer
Gas-Liquid Chromatographic Method
Official First Action
Method |
ASBC-AOAC Method

10.C01

NDMA is isolated by either adsorption on
Celite or distn and is detd by GLC with either
electrolytic conductivity or thermal energy an-
alyzer with N-nitrosodipropylamine (NDPA)
internal std.

Principle

10.C02

Nitrosamines are considered potent carcino-
gens. Exercise extreme care in handling nitro-
samines or solns of nitrosamines. Avoid skin
contact. Use mech. pipetting aids for all pi-
petting procedures. All samples contg nitro-
samines should be properly labeled as “spiked
with nitrosamines" or “not for consumption,” or
with other adequate warning.

Safety Precautions

10.C03 General Precautions

Thoroly clean all glassware used for nitrosa-
mine analyses with Chromerge, or equiv., and
thoroly rinse with H20 and CHZ2CI2.

Some nitrosamines degrade when exposed to
UV light. Avoid prolonged exposure to fluo-
rescent lights unless lights are covered with
yellow translucent shields to filter out UV light.
Alternatively, cover sample containers with foil
or other suitable material to provide protection
from light.

Store stds and CH2C12 exts in freezer in amber
bottles or foil-covered containers.

10.Co4 Reagents

(@ Celite 545.—Not acid-washed (Fisher Sci-
entific Go. No. C-212). Fire contents of each
bottle 16 h at 700° before use.

(b) Dichloromethane.—CH2cC12, distd in glass.
(Burdick & Jackson Laboratories, Inc., or
equiv.).

() Sodium sulfate.—Anhyd., granular.

(d) Ethanol.—Anhyd. (National Distillers and
Chemical Corp., New York, NY 10016, or
equiv.).

(© NDMA std soln.—100 /g NDMA/mL al-
cohol (Thermo Electron Corp., 115 Second Ave,
Waltham, MA 02154).
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(f) Internal std soln.—100 ng NDPA/mL alco-
hol. Dil. 100 pglmL soln (Thermo Electron
Corp.) and dil. aliquot with EtOH to 100 ng/
mL.

(g) Boiling chips.—Carborundum, small size,
or equiv.; Boileezers (Fisher Scientific Co. No.
B-365), or equiv.

h) Dry nitrogen.—Ultra-high purity.

?I) Aqueous ethanol.—4% v/v, prepd with
glass-distd H20.

() Water.—pistd in glass. H20 processed
thru deionizer may contain nitrosamines.

10.C05 Apparatus

() Distilling flasks. —Round-bottom, 1L with
connecting adapter and Graham condenser set
vertically.

Heating mantles—For 1 L flasks, with
variable transformers.

(c) Funnels.—Fritted glass, 60 mL.

(d) Evaporative concentrator.—Kuderna-Dan-
ish, 250 mL capacity, 24/40 ¥ column connection,
19/22 lower ¥ joint. Concentrator tube size 425,
19/22 ¥ joint, 4 mL capacity, graduated, with
19/22 ¥ stopper. Snyder distn column, 3 sec-
tions, size 121 with 24/40 ¥ joint (available from
Kontes Glass Co., SGA Scientific, and others).

(e) Tamping rod. —19 mm diam. disk.

(f) Glasswool.—Pyrex, or equiv.

(g) Chromatographic column.— Glass, 28 mm id
X 400 mm long with stopcock.

(h) Gas-liquid chromatographs.—Interfaced with
thermal energy analyzer (TEA), or with Hall
electrolytic conductivity detector and nitrosa-
mine kit. The following examples of columns
and conditions are suitable for nitrosamine sepn.
Variations in columns and conditions are ac-
ceptable; NDMA response for 0.5 ppb beer std
should be >5% FSD when recorder is used.

(i) Gas chromatograph interfaced with TEA
analyzer (Model 502, Thermo Electron Corp.): b
ft X 6 mm id glass column packed with 10%
Carbowax 20M + 5% KOH on 100-120 mesh
Anakrom AB; column 145°; injection port 200°;
He carrier gas 35 mL/min. TEA conditions:
furnace 475°; vac. with O, 1.0 torr; trap —120 to
-130°.

(If) Tracor Model 560/700A gas chromato-
graph equipped with electrolytic conductivity
detector and nitrosamine detector kit: 6 ft X 6
mm id glass column packed with 15% LAC-2R-
446 on 80-100 mesh Chromosorb W, acid-
washed; column 140° He carrier gas 20 mL/min;
injection port 200°; Hall inlet 250°; Hall reactor
700°; H flow 50 mL/min; electrolyte, 50% v/v
n-propanol; electrolyte flow 0.5 mL/min.
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10.C06 Calibration Samples

Prep, beer contg 0, 0.5, 1.0, 2.5, and 5.0 ppb
(pg/L) added NDMA as follows:

Decarbonate two 12 oz bottles of beer, contg
negligible NDMA content, according to 10.001,
without paper filtration. This is base beer.
Prep. NDMA dil. stds from 100 pg/mL std (e),
using EtOH for diln as follows:

Diln A =dil. 1.0 mL of 200pg/mL to 10 mL

= 10pg/mL
Diln B = dil. 5.0 mL of A to 100 mL

=500 ng/mL
Diln C.= dil. 5,0 mL of B to 10 mL

=250 ng/mL
Diln D = dil. 20 mL of B to 10 mL

=100 ng/mL
Diln E =dil. 1.0 mL of Bto 10 mL

=50ng/mL

Add 1 mL of the following to sep. 100 mL vol.
flasks: EtOH, diln E, diln D, diln C, and diln B;
dil. each to vol. with previously decarbonated
base beer. These samples contain 0,0.5,1.0, 2.5,
and 5.0 ppb (pg/L) of added NDMA, resp.

10.Co7 Celite Separation

Carry each calibration sample thru entire
procedure.

Weigh 25 + 0.1 g decarbonated beer (10.001,
without paper filtration) into tared 600 mL beak-
er. Add 1.0 mL internal std soln and 25 g Celite.
Stir mixt. until uniform (ca 30s). Mixt. will not
pour but will appear light and fluffy. Place
small glass wool plug in bottom of chromatgc
column and cover with 20 g Na2sc>4.  Place
tamping rod and powder funnel in column with
end of tamping rod extending into column thru
funnel. Transfer Celite mixt. to column thru
funnel and tamp, a little at a time, to depth of
8-10 cm. Place K-D evaporator with 4 mL con-
centrator tube under column. Add 75 mL
CH2C12 to beaker, swirl with spatula, and pour
thru funnel before removing tamping rod.
Adjust stopcock so CH2C12 flows at 1-2 mL/min
into evaporator. Let column run dry (ca 35 mL
CHZ2c12will be recovered). Add 3small boiling
chips, fit K-D app. with distg column, and cone,
toca4dmLin 60° H20 bath. LetSnydercolumn
drain, remove, and further cone. solv. to 1.0 mL
under gentle stream of N at room temp, (this
final concn should take ca 30 min). Injectaliquot
into gas chromatograph, using either GLC/TEA
or GLC/HECD conditions.
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Prep, reagent blank by substituting 4% v/v
EtOH in H 20 for beer, and carry thru analysis. |If
reagent blank shows peak for NDMA, check
CH?2c12 by concg 95 mL to 1 mL and chromato-
graphing. If CH2C12 does not show NDMA
peak, check other reagents. Do not use reagents
showing background nitrosamines.

10.C08 Distillation Separation
Carry each calibration sample thru entire
procedure.

Decarbonate ca 55 mL beer by 10.001, without
paper filtration. Transfer 50.0 mL beerto 1L r-b
distn flask contg 8 g Ba(OH)2 and Boileezers.
Add 1.0 mL internal std soln. Distill slowly
(variable transformer setting 60%), collecting ca
48 mL in ice-cooled 250 mL separator. Add 0.4
g Na2cC>3. Ext 4 times with 20 mL portions of
CHZ2c12, shaking each for 1 min. Pool exts in
second 250 mL separator. Pass ext thru 30 g
Na2s04 (held in 60 mL fritted glass funnel
prewetted with CH 2C12) into 250 mL K-D evap-
orator with 4 mL concentrator tube attached.
Wash Na2s04with 15 mL CH2C12and add wash
to evaporator flask. Add one Boileezer and
Snyder column and carefully cone, to4 mL in 60°
H2 bath. Remove Snyder column and further
cone, to 1.0 mL under gentle stream of N at room
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temp, (this final concn should take ca 30 min).
Inject aliquot into gas chromatograph, using ei-
ther GLC/TEA or GLC/HECD conditions.

Prep, reagent blank as in 10.C07.

10.C09 Calculations

Measure peak ht (or area) of NDMA and
NDPA (internal std) peaks on chromatograms
and det. ratio

_ peak ht (or area) NDMA
peak ht (or area) NDPA

Subtract R for 0 ppb calibration sample from
R values obtained for other calibration samples.
Prep, std curve by plotting ppb added NDMA vs
R values for each NDMA calibration level (after
subtraction of R for 0 ppb).

Calc, slope and intercept of regression line,
using method of least squares where X = NDMA
(/ag/L) and Y =R value.

Calcn of unknowns: Measure peak ht (or area)
for NDMA and NDPA peaks and calc. R as above.
Det. /ag/L in beer by calcn using regression
equation-and solving for X as follows:

Report results to one decimal place.
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PRESERVATIVES AND ARTIFICIAL SWEETENERS

Gas Chromatographic Determination of Sorbitol, Mannitol, and
Xylitol in Chewing Gum and Sorbitol in Mints

DANIEL H. DANIELS, CHARLES R. WARNER, and THOMAS FAZIO

Food and Drug Administration, Division of Chemistry and Physics, Washington, DC 20204

A method has been developed for determination of
sorbitol, mannitol, and xylitol in chewing gum and
sorbitol in mints. Chewing gum is partitioned be-
tween methylene chloride and water; the mint is
simply dissolved in water. The aqueous extract is
dried and the residue is derivatized with pyridine-
acetic anhydride to form the corresponding perace-
tates. The derivatives are quantitated by gas chro-
matography using a9 ft X 2mm column packed with
10% Silar 10C on Chromosorb W/AW. Average re-
ig\zlerles of these sugar alcohols ranged from 96 to
%.

In recent years, the need to quantitate D-manni-

tol (mannitol), D-glucitol (sorbitol), and xylitol
in sugarfree mints and chewing gum has been
recognized. Sorbitol is asweetener thatis gen-
erally recognized as safe for use in foods (l);
nevertheless, sorbitol content in food may not
exceed certain levels that are based on current
good manufacturing practice. Sorbitol is pres-
ently permitted at maximum levels of 98 and 99%
in soft and hard candy, respectively, and 75% in
chewing gum (2). Maximum allowable levels of
mannitol are 98% in pressed mints and 31% in
chewing gum (3). A preliminary survey in our
laboratory indicated that sugarfree mints contain
sorbitol as the exclusive sweetener at the highest
permissible levels, whereas sugarfree chewing
gums contain 50 to 75% sorbitol and approxi-
mately 5% mannitol. Xylitol is not currently
used in the United States; xylitol is found, how-
ever, in Canadian samples of chewing gum.
This paper presents asimple, rapid gas chroma-
tographic (GC) method for determination of
these 3 substances, which are known collectively
as sugar alcohols, in chewing gum and mints.
Several researchers have determined sugar
alcohols by gas and liquid chromatography (LC).
Solutions have been analyzed by GC after con-
version of the sugar alcohols to the correspond-
ing fully acetylated esters (4-6) or trimethylsilyl
ethers (7, 8). Sondack (9) and Brooks and

Received October 8, 198]. Accepted November 18, 1981,
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Maclean (10) utilized the n-butylboronic esters
for the GC determinative step. Samarco (11)
partitioned the sugarless chewing gum between
toluene and water. The aqueous solution was
analyzed by LC. Our objective was to develop
a method based on asingle GC separation, which
would permit quantitation of the sugar alcohols
commonly found in food.

In our work we partitioned the chewing gum
samples, using a methylene chloride-water
system, and extracted sorbitol from the mints
with water. After removal of water from an al-
iguot, we then formed peracetate derivatives,
using pyridine-acetic anhydride; the derivatives
were determined using a9 ft X Vin. od (2 mm id)
column containing 10% Silar 10C on Chromosorb
W/AW.

Experimental

Apparatus

(a) Gas chromatograph.—varian Model 3700
(Varian Associates, Inc., Instrument Group, Palo
Alto, CA 94303), or equivalent, equipped with
flame ionization detector (FID). Column: 9 ft
X Min. od (2 mm id) glass containing 10% Silar
10C on 60-80 mesh Chromosorb W/AW. Op-
erating conditions: column temperature, 200°C;
injector temperature, 250°C; detector tempera-
ture, 330°C; nitrogen flow rate, 20 mL/min.

(b) Syringe.—10 pL microsyringe (Hamilton
Co., Reno, NV 89510, or equivalent).

(c) Boileezer boiling chips.— (Fisher Scientific
Co., Pittsburgh, PA 15219) ground to a fine
powder. Isolate fraction which passes through
20 mesh screen but is retained by 40 mesh
screen.

(d) Oxford sampler.—50-200 pL range and
200-1000 pL range plus disposable tips (Fisher
Scientific Co.)

(e) Vials.—3 mL vials with Teflon-lined screw
caps (PGC Scientifics Corp., Gaithersburg, MD
20877, or equivalent).

(f) Heater-mixer.—Buchler Vortex-Evaporator
(Buchler Instruments, Inc., Fort Lee, NJ 07024),
or equivalent, equipped to hold 3 mL vials. This
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instrument must be capable of simultaneously
heating vial and subjecting it to vortex swirling
at 3-5 excursions/s.

(g) Centrifuge.—Sorvall RC-3 (DuPont In-
struments-Sorvall Biomedical Div., Newton, CT
06470), or equivalent, equipped to hold 250 mL
plastic centrifuge bottles and operate at 3000
rpm.

(hy Centrifuge bottles.—250 mL plastic (Fisher
Scientific Co., or equivalent).

(I) Vacuum oven.—National Appliance Co.,
Portland, OR 97204.

Reagents

(a) Methylene chloride.—Distilled in glass
(Burdick & Jackson Laboratories, Inc., Muskegon,
M1 49442).

(b) Acetic anhydride-pyridine (1 + 1).—In 50 mL
graduated cylinder add 25 mL acetic anhydride
(Fisher Scientific Co., or equivalent) and 25 mL
pyridine (Fisher Scientific Co., or equivalent).

(c) L-Inositol.—ICN Nutritional Biochemicals,
Cleveland, OH 44128.

(dy Sorbitol (97%), mannitol, and xylitol.—AI-
drich Chemical Co. Inc., Milwaukee, WI
53233.

(6) Sorbitol hexaacetate, xylitol pentaacetate, and
mannitol hexaacetate. —Chemical Standard Quality
(Supelco, Inc., Bellefonte, PA 16823).

Preparation ofStandard Curve

Chewing gum.—Quantitatively transfer to each
of three 25 mL volumetric flasks 0.5X, X, and 1.5X
mg of each sugar alcohol, where X is quantity in
mg expected in analytical sample. Add 20 mg
L-inositol as internal standard to each flask.
Dilute to volume with water. Continue as de-
scribed in Determination.

Mints.—Quantitatively transfer to each of
three 100 mL volumetric flasks 0.5X, X, and 1.5X
mg of each sugar alcohol except xylitol, where X
is quantity in mg expected in analytical sample.
Add 50 mg xylitol to each flask. Dilute to vol-
ume with water. Continue as described in De-
termination.

Plot relative response, R, vs mg sugar alcohol
of interest transferred to flask where R = peak
height of sugar alcohol of interest/peak height
of internal standard.

Sample Preparation

Chewing gum.—Thoroughly chop and dice 1
stick chewing gum with single edge razor blade.
Transfer 1.0 g finely divided chewing gum to 250
mL plastic centrifuge bottle. Add 50 mL meth-
ylene chloride and 25 mL water. Add 20 mg
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L-inositol as internal standard. Shake until
chewing gum is thoroughly dispersed. Take

known quantity of aqueous phase for analysis as
indicated under Determination. Centrifuge 20
min at 3000 rpm to separate aqueous and organic
layers. Proceed as directed under Determina-
tion.

Mints.—Break up mints by any convenient
process. Transfer an accurately weighed quan-
tity of pieces equivalent to ca 1 g to 100 mL vol-
umetric flask. Add 0.5 g xylitol as internal
standard. Add 75 mL water. Shake until ma-
terial is thoroughly dispersed. (Excipients will
still be visible in solution; however, sugar alcohol
will be dissolved.) Dilute to volume with water.
Also prepare blank sample (without xylitol in-
ternal standard) for GC analysis to ensure that
area corresponding to retention time of xylitol
is free from interferences. Continue as described
in Determination.

Determination

Using 50-200 pL Oxford sampler system with
disposable tips, transfer known aliquot (based on
estimated sugar alcohol content of sample) of
aqueous phase of sample to 3 mL vial and add 1
mg finely ground boiling chips. Evaporate
sample to dryness in 50°C oven under vacuum
of 10in. Hg. Cool to room temperature and add
400 pL acetic anhydride-pyridine reagent, using
Oxford sampler system with disposable tips.
Mix and heat 1 h at 80°C in Buchler Vortex-
Evaporator. Inject 0.5-3 pL solution into gas
chromatograph. Attenuation of GC system must
be accomplished by automatic or manual means
during chromatographic analysis to keep all
peaks on scale. (After more than 100 injections
the column showed no signs of deterioration.)

Calculations

Calculate relative response, R, of each sugar
alcohol of interest for sample, using equation
described for standard curve. From standard
curve determine quantity (mg) of sugar alcohol
present in sample. Calculate mg sugar alcohol/g
sample. Calculate % (w/w) sugar alcohol in
sample according to the following equation:

% (w/w) = (mg sugar alcohol/g sample)
X (100/1000)

Recovery Studies

Recovery studies were carried out by spiking
1 g chewing gum which was free of sorbitol,
mannitol, and xylitol but carried a label decla-
ration: sugar, gum base, corn syrup, natural and
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Table 1. Recovery of sugar alcohols added to chewing
gum

Sugar Level,
alconol % (wiw) Ree.3% CV %
Mannitol 0.5 99.8 0.92
1 100.8 0.65
_ 5 98.8 2.28
Sorbitol 5 100.8 0.71
10 10L.3 112
. 33 97.9 2.21
Xylitol 5 1015 1.32
10 99.1 1.90
33 9.3 133

i 3Each recovery value is the average of 8 determina-
ions.

artificial flavoring, and artificial colors. The
samples were spiked at each of 3 levels for xylitol,
mannitol, and sorbitol as indicated in Table 1
For example, the lowest spiking level, 0.5%
mannitol, 5% sorbitol, and 5% xylitol, was
achieved by adding 4 mL of an aqueous solution
containing 1.25 mg mannitol/mL, 12.5 mg sor-
bitol/mL, 125 mg xylitol/mL, and 5 mg L-ino-
sitol/mL (internal standard). To ensure an ad-
equate challenge for the method, the bottles were
shaken until the gum base was thoroughly dis-
persed in the solvents. The recovery studies
were completed as described under Determina-
tion.

Results and Discussion

Figure 1 illustrates the GC separation of a
standard mixture of the peracetate derivatives of
xylitol, mannitol, and sorbitol. As can be seen,
the sugar alcohol derivatives are well resolved.
No interferences were encountered with any of
the sucrose-containing chewing gum samples
selected for the recovery studies. These samples
contained sugar, gum, and corn syrup along with
spearmint and cinnamon flavorings.

The results given in Table 1demonstrate the
accuracy and precision with which this method
can be used to determine sugar alcohols in
chewing gum. To establish the identities of the
peracetates formed in the reaction mixture, the
retention times were compared to those of the
known peracetates. Each of the products had a
retention time identical to that of the corre-
sponding reference standard peracetate. For-
mation of the peracetate derivative was 98-113%
efficient as indicated by FID response relative to
equimolar amounts of the reference standard
peracetates.

Table 2 shows the amounts of mannitol, sor-

J a

40 30 20 1 0
RETENTION TIME (MIN)
Figure 1. GC separation of sugar peracetate stan-

dards £/ig, as su%ar alcohol on-column): 1, xylitol
(0.16); 2, mannito (0.16);(03,3520)rb|tol (0.32); 4, L-inositol

bitol, and xylitol in commercial sugarfree
chewing gums. In each case the mannitol con-
tent is below the legally permitted level of 31%
(3). The Canadian sample of Brand A is the only
chewing gum sample containing xylitol, which

Table 2. Sugaralcohols found in commercial samples of
sugarfree chewing gums
Found3
Gum sample Sugar alcohol  mglg % (w/w)
Brand A ,
Spearmint mannitol 18 18
_ sorbitol 717 717
Peppermint mannitol 16 16
Peppermint ?noarﬁlrg%l 7%% 7%%
(an%dian) solr_{)itlol ?%‘7‘ ?%471
xylito )
Brand B Y ,
Bubble gum mannitol 94 94
sorbitol 593 59.3
Brand C _
Fruit flavor mannitol 33 3.3
) sorbitol 691 69.1
Cinnamon mannitol 32 3.2
sorhitol 701 70.1

3 Sorhitol results are corrected for 97% purity of reference
standard.
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Table 3. Sorbitol found in commercial samples of
sugarfree mints
Sorhitol found 3

Mint sample mglg % (wiw)
BrandA

Peppermint 970b 97.0

Frui 980 98.0

Wmtergreen 970 97.0
Brand B

Wintergreen 1000 100.0

Cinnamon 1000 100.0
Brand C

Spearmint 975 97.5

aResults corrected for 97% purity of sorbitol reference
standard. Values are based on 2 deferminations.

6 Based on 8 determinations; CV, % = 0.861.

is not used in chewing gum produced in the
United States. Table 3 gives the results obtained
with sugarfree mints. The composition of the
mints proved to be mostly sorbitol with added
excipients and flavoring agents.

The methodology described in this report
gives accurate and precise assays of sugar alco-
hols in chewing gum and mints. The calibration
curves of response vs quantity of sugar alcohol
were linear with a coefficient of correlation
>0.99. Recovery studies (Table 1) were designed
to test the methodology at or below the levels
commonly found in chewing gum.

While developing a convenient and reliable
method, we evaluated the essential elements of
a number of other procedures. The n-butylbo-
ronate esters of mannitol and sorbitol produced
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skewed peaks with the columns we used. The
trimethylsilyl ethers could not be formed
reproducibly in the presence of moisture. In
many cases derivative/column combinations did
not give complete resolution of the sugar alco-
hols and the internal standard. The method
described above produces excellent results with
mints and chewing gum.

In summary, a method has been described
which permits the determination of sugar alco-
hols in chewing gum and mints. The method
utilizes peracetate derivative formation of the
sugar alcohol followed by GC analysis. We
found this method rapid and easy to use.
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BIOCHEMICAL METHODS

Procedures for Measurin%Accurac and Sensitivity of

Immunochemical Pregnancy Test

LILLIAN J. GILL

Its

Food and Drug Administration, 900 Madison Ave, Baltimore, M D 21201

Analytical procedures were used to measure the ac-
curacy and sensitivity of immunochemical pregnancy
test kits. Performances of all currently marketed
hemagglutination inhibition, latex agglutination
inhibition, and direct latex agglutination pregnancy
kits were evaluated.

Human chorionic gonadotropin (HCG) isagly-
coprotein that is secreted during pregnancy from
the time of the formation of the syncytiotro-
phoblast throughout the growth of the placenta.
The protein is secreted into the blood and ap-
pears in the urine after glomerular filtration,
reaching its highest level during the first tri-
mester (1). Qualitative analysis for HCG is used
primarily to detect pregnancy, whereas quanti-
tative analyses can indicate certain pathological
conditions and monitor the progress of therapy
in these conditions.

Four immunochemical methods are currently
available for measuring HCG: latex agglutina-
tion inhibition (LAI), hemagglutination inhibi-
tion (HAI), direct latex agglutination (DLA), and
radioimmunoassay (RIA). The LAl and HAI
procedures are based on antigen-antibody re-
actions in which latex particles (for the LAI
method) or erythrocytes (for the HAI method)
are sensitized with HCG antigen and used as the
test indicator. The DLA procedure, also based
on an antigen-antibody reaction, uses latex par-
ticles coated with anti-HCG. Biological tests (2)
as well as the RIA and the more modern radio-
receptor assays (RRA) (3) are also used in preg-
nancy testing. However, our study evaluated
only the immunochemical agglutination reaction
tests.

Recent studies have compared immuno-
chemical procedures with one another and with
other diagnostic techniques to determine their
quality and reliability. In comparing immuno-
chemical methods to RRA, Roy et al. (4) found
that although HAI was less sensitive than RRA
in detecting early pregnancies, its positive and
negative results were just as accurate. They also

Received April 15,1981. Accepted November 3,1981

showed that the clinical sensitivity of the LAI
was poorer than the HAIl and RRA. In astudy of
5 commercial immunochemical pregnancy Kits,
Horwitz et al. (5) concluded that the HAI kits
were more accurate and sensitive than the LA|
or DLA Kits.

In August 1977, the Food and Drug Adminis-
tration (FDA) began analytical evaluation of the
performance of various immunochemical preg-
nancy test kits used to detect HCG. The testing
included validation of consumer complaints,
evaluation of the performance of kits which had
been submitted by the manufacturer for release
approval, and development of laboratory pro-
tocols for possible future compliance programs.
The need for a standardized, transferable ana-
lytical method for evaluating kit performance
was reinforced by increased over-the-ccunter
sales of these products. The protocols developed
for testing the performance of these Kkits are
presented here along with data on the tests of
manufacturers' claims for 206 assorted lots of
these products.

Experimental

Principle

Antiserum (antibody) is produced in rabbits
that have been injected with HCG. For the HAI
reaction, erythrocytes used as an indicator are
coated with HCG (antigen). When the anti-HCG
serum reacts with the HCG-coated indicator
particles, agglutination (precipitation) occurs.
However, when urine from a pregnant woman,
which contains HCG, is mixed with the antise-
rum, the antiserum is neutralized by antigen in
the urine, and agglutination of erythrocytes is
inhibited. The erythrocytes then settle in a
doughnut pattern at the bottom of the round-
bottom testvial. Urine from anonpregnant fe-
male, which contains no HCG and therefore does
not inhibit agglutination, reacts with the eryth-
rocytes to form a brownish yellow homogeneous
solution.

The LAI reaction is also based on this anti-
gen-antibody principle, except that latex particles

onRnERG A i
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coated with HCG are used as the indicator in-
stead of erythrocytes. When antiserum is mixed
with asuspension of these coated latex particles,
agglutination occurs, indicating a negative re-
action. When urine from a pregnantwoman is
mixed with the antiserum, the antiserum is
neutralized by the HCG in the urine, and ag-
glutination with the latex particles is inhibited;
thus, no agglutination occurs and the result is

positive. This kit has both slide and tube vari-
eties.
Unlike HAIl and LAI, the DLA immuno-

chemical principle involves fixation of the anti-
body (as opposed to antigen) to the latex parti-
cles. In the presence of the HCG antigen (as in
pregnancy) these latex particles agglutinate. In
DLA testing, agglutination indicates the pres-
ence of HCG (pregnancy) and no agglutination
indicates the absence of HCG in the sample (no
pregnancy).

Apparatus

For HAI use a-c; for LAl use a b, and d; for
DLA use a b, and d.

(@ Filter paper.—whatman No. 4 or equiva-
lent, or centrifuge (IEC, clinical, or equivalent)
capable of 1000 X g.

(b) Precalibrated droppers (supplied in kit) or pi-
pets.—Capable of delivering 100 pL (for each
urine specimen) and 400 pL (for buffer). Pipets
can be fixed volume (e.g., Eppendorf) or gradu-
ated.

(© Mirrored rack.—Test rack must hold test
vials absolutely vertical over angled mirror (ca
30°) to facilitate reading of results without dis-
turbing rack or tubes.

(d) Glass or paper slide.—with circles outlined
on background for detection of agglutination
(precipitation).

Reagents

(@ Antiserum, antigen.—Both supplied in kit.
Materials may be premeasured liquids or
freeze-dried solids.

(b) Buffer.—Supplied in kit. Prepare ac-

cording to manufacturer's instructions.

(©) Primary stock solution.—International ref-
erence standard for HCG, 10 IlU HCG/mL ali-
quots (World Health Organization, obtained
through FDA, Bureau of Medical Devices, Silver
Spring, MD 20910). An international unit (I1U)
is defined as the biological activity of the hor-
mone in relation to an existing international
standard. In this study an IU is based on the
activity for HCG in 1.279 pJ of the second in-
ternational standard.
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(d) Positive and negative controls.—Filter or
centrifuge urine from clinically confirmed
pregnant and nonpregnant human females. If
controls are net supplied by manufacturer, use
negative pooled urine or physiological saline.
Analyze and confirm individual negative urines
from nonpregnant females before pooling.
Prepare positive controls by adding HCG to
urine or saline.

(e) Physiological saline.—8.5 g NaCl in 1L dis-
tilled water. Caution: Lyophilized reagents are
hygroscopic. Do not expose to atmosphere until
just before use. Do not use reagents which are
shrunken or hydrated. Do not freeze kits. Re-
agents are damaged by extremes of temperature.
Refrigerate kits at 2-8°C.

Accuracy Determination

Prepare a panel of urines consisting of 10
known positives and 10 known negatives. The
urines must be female patient specimens which
have been assayed for HCG content; they must
not contain protein or other substances which
could interfere with this procedure. Vary
specimens in panels so that positives and nega-
tives are from as many different sources as pos-
sible. Include some positive specimens from
patients in their first month of pregnancy. Filter
or centrifuge urines 5 min at ca 1000 X g. Use
only filtrate or supernate.

Sensitivity Determination

Prepare a series of dilutions of the reference
standard using known pooled negative urines
(collected from nonpregnant females and con-
firmed negative before pooling) as diluent
within the sensitivity range stated on kit. Pre-
pare dilutions fresh daily and include at least 2
concentration levels above and below the de-
clared sensitivity factor. If declared sensitivity
of kitis 1, <1-2, or >2, prepare HCG concentra-
tions in increments of 0.1, 0.2, and 0.3 IU/mL,
respectively.

Test Procedures

Perform test on urine panel and prepared
reference standard solutions exactly as stated in
instructions included with kit sample (informa-
tion insert). Use apparatus and reagents sup-
plied with kit. If sample is received in bulk form
or test instructions are not supplied, perform test
on urine panel and on prepared reference stan-
dard solutions.

HAL—Add 0.1 mL urine or appropriate ref-
erence standard dilution to round-bottom vial or
test tube containing manufacturer's premeasured
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Figure 1. Interpretation of results for HAI test. R-0 = solid small button cells (positive); R-I = thick ring

of cells with small clear area in center of tube (Eositiv_e).; R-2 = thick ring of cells with periphery of ring at
e (positive); R-3 = thinner but definite ring at half the ra

half or less than half the radius from center of tu

ius

(positive); R-4 = thin but definite ring closer to periphery of tube (inconclusive, repeat); R-5 = very thin or
indefinite ring at the periphery (inconclusive, repeat); M = smooth mat of cells with no ring (negative).

amounts of anti-HCG serum and HCG-coated
erythrocytes for lyophylized products, or anti-
HCG serum from calibrated droppers for liquid
reagent kits. Swirl gently to mix. For freeze-
dried reagents, promptly add 0.4 mL buffer to
each test vial. For liquid reagents, add 2 drops
of well mixed HCG-coated erythrocytes.

Rotate rack in circular motion ca 120 rpom. Let
rack stand undisturbed at ambient room tem-
perature; avoid vibrations and extremes of heat.
Read results after 2 h. Note: Positive results
may be read as early as 1 h after test has begun;
however, 2 h should expire before negative re-
sult is considered valid. No agglutination,
which is a positive reaction, is expressed by a
distinct red-brown ring at the bottom of the tube
(Figure 1). Negative samples show agglutina-
tion as a yellow-brown homogeneous solution.
Irregular, broken, or ill-defined rings are con-
sidered inconclusive and may be due to inad-
vertent disturbances of the rack, unclean glass-
ware, or presence of a foreign body. These
samples should be retested.

LAl (slides).—At 90° angle to glass or paper
slide and in center of circle, place 1drop (50 pL)
ofanti-HCG serum. Add 1drop (50 pL) of urine
or reference standard dilution to anti-HCG
serum. Use provided dropper or micropipet.
Mix with applicator sticks until mixture is ho-
mogeneous over entire area of circle. Slowly
rotate slide in circular motion for 30 s. Thor-
oughly mix latex suspension by gentle inversion
and add 1drop (50 fiL) of suspension to urine-
antiserum mixture. Gently rotate slide in cir-
cular motion for 2 min. Read results.

LAl (tubes).—Into 10 X 75 mm test tube con-
taining 2 mL antiserum reagent (supplied by
manufacturer) add 1000 filL urine or reference
standard dilution. Add 2 drops of thoroughly
mixed latex suspension with supplied dropper.
Cap tube with its fitted stopper and invert 4 times
to ensure proper mixing. Place tube in a 37
+ 2°C water bath or heating block. Read results
after 90 min of incubation. Lack of agglutina-

tion, which is a positive reaction, appears as a
smooth milky suspension on slides after 2 min
and after 90 min in tubes. Negative reactions
may display any degree of precipitation (+, ++,
or +++).

DLA.—Thoroughly mix latex suspension. At
90° angle to glass or paperslide and in center of
circle, place 1 drop (50 pL) of latex suspension.
Add 1drop (50 pL) of urine or appropriate ref-
erence standard dilution. Stir with applicator
sticks until mixture is homogeneous over entire
area of circle. Slowly rotate slide in circular
motion for 1 min. Read results. Positive reac-
tions show various degrees of precipitation (+,
++, or +++) (Figure 2). A negative reaction
shows no agglutination and is evidenced by a
smooth milky solution.

Results and Discussion

Table 1 presents a list of pregnancy kits sub-
mitted by 6 different manufacturers and tested
in our laboratory from January 1978 to April
1979. The products included samples of every
immunochemical pregnancy test kit marketed as
of December 30, 1978. The samples were re-
ceived in the form intended for clinical or hos-
pital laboratory use: Some kits were ready to
use; others were received in bulk form without

labeling, packaging, or apparatus. The analyz-
+ ++ +++ 0
Figure 2. Interpretation of results for LAl and DLA

tests. LAI: 0 = total inhibition, no agglutination,
smooth milky appearance (positive); + = tiny clumps
or fine precipitate at end of time period (negative);
++ = small clumps throughout (negative); +++ =
maximum agglutination (negative).  DLA: 0 = no
agglutination (negative); + = tiny clumps before or
afend of time period (positive); ++ = small clumps
throughout (positive); +++ ="maximum agglutina-
tion (positive).
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Table 1. Immunochemical pregnancy test kits on market as of December 30,1978
Range of
Stated stated
Type of Type of reagent reaction sensitivities

Product Manufacturer test (antigen-ant body) time (min) (IU/mL)
Placentex Hoffmann-LaRoche LAl tube liquid 90 125
Pregnosis Hoffmann-LaRoche LAl slide liquid 2 2.0
Gest-State Lederle/Fisher LAl slide liquid 2 2-4
Neogestic3 Organon LAl slide dried on slide 2 1-2
Planosec3 Organon LAl slide dried or si de 2 1-2
Dri-Dot Organon LAl slide dried or side 2 1-2
Pregnosticon Slide Organon LAl slide liquid 2 2
Gravindex Ortho LAl slide liquid 2 35
UCG-Slide Princeton LAl slide liquid 2 2.0
Pregna-B International Diagnostics LAl slide liquid 2 2
D.A.P. Test Princeton DLA slide liquid 2 2-1000
Pregnosticon Accuspheres Organon HAI tube lyophilized 120 0.65-0.7
Neocept Organon HAI tube lyophilized 120 0.2
UCG-Tube Princeton HAI tube liquid 120 0.5
UCG-Lyphotest Princeton HAI tube lyophilized 120 .
UCG-Titration Princeton HAI tube liquid 120 }g
UCG-Quiktube Princeton HAI tube liquid 120
Pregna-B international Diagnostics HAI tube lyophilized 120 0.7

3 Names on exported Dri-Dot kits.

ing capacity of the products ranged from 10 to  known negatives. These clinically confirmed

300 tests.

Of the kits submitted, 56% were LAI,

39% were HAI, and 5% were DLA. Of the 206
lots tested, 42% were LA, 55% were HAL and 3%
were DLA.

Results of the qualitative accuracy tests are
given in Table 2. A lot-by-lot breakdown of
defective samples is shown in Table 3. Each kit
was tested on a panel of 20 human urine speci-
mens consisting of 10 known positives and 10

specimens were randomly selected from more
than 4000 frozen specimens from approximately
200 different patients. The urines were frozen
in 3-5 mL portions to eliminate the possibility of
bacterial growth caused by refreezing or resam-
pling from the same container over a period of
days. A brief medical history accompanied each
specimen.

To minimize personal bias in interpreting re-

Table 2. Accuracy of LAI, DLA, and HAI kits
No. of No. of Positives Negatives
lots tests False False
Test Product tested3 performed No. % Correct No. % Correct positives negatives Inconclusives
LAl Placentex 18 360 180 100 180 100 0 0 0
Pregnosis 6 120 58 96.7 56 93.3 4 2 0
Gest-State 3 60 30 100 30 100 0 0 0
Dri-Dot 11 220 110 100 109 99.1 1 0 0
Pregnosticon Slide 1 220 104 94.5 101 91.8 7 6 2
Gravindex 13 260 130 100 130 100 0 0 0
UCG-Slide 22 440 219 99.5 216 98.2 3 1 1
Pregna-B Slide 3 60 30 100 30 100 0 0 0
Total LA 87 1740 361 99.0 852 97.9 15 9 3
DLA D.AP. Test 6 120 60 100 60 100 0 0 0
HAI  Accuspheres 33 660 330 100 330 100 0 0 0
Neocept 7 140 70 100 70 100 0 0 0
UCG-Tube 23 460 230 100 230 100 0 0 0
UCG-Lyphotest 23 460 230 100 230 100 0 0 0
UCG-Quiktube 10 200 100 100 100 100 0 0 0
Pregna-B Tube 2 40 20 100 20 100 0 0 0
Total HAl 98 1960 980 100 980 100 0 0 0

Each sample was tested on 10 known positive and 10 known negative urine specimens.
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Table 3. Accuracy study of defective LAI kits tested by lot
Specimens
No. of No. of correct False positive ~ False negative Inconclusive
lots lots Lot

Product tested3 defective No. No. % No. % No. % No. %
Pregnosis 6 1 14 70 4 20 2 10 0 0
Dri-Dot 11 1 19 95 1 5 0 0 0 0
Pregnosticon Slide n 2 A 10 50 4 20 4 20 0 10
B 15 75 3 15 2 10 0 0
UCG-Slide 22 2 A 18 90 1 5 0 0 | 5
B 17 85 2 10 1 5 0 0

a Each lot was tested on 10 known positive and 10 known negative urine specimens.

suits, the known urines were setup asa“blind"
panel. The numbered specimens were known
at time of selection to ensure an equal number of
positives and negatives, then rearranged so that
their identities remained unknown during the
testing. These 20 urines were tested as regular
unknown specimens; results were recorded and
compared with clinical results.

False positives were defined as those which
gave positive results on confirmed negative
urines; those which gave negative results on
confirmed positive urines were defined as neg-
ative. The guides used to interpret the results for
each of the 3 techniques are shown in Figures 1
and 2. Because the UCG-Titration kit is manu-
factured exclusively to quantitate HCG, the 15
lots received for evaluation were included only
in the sensitivity study.

None of the 98 FfAI kits tested gave false pos-
itive or false negative results. The LAI kits gave
24 false and 3 inconclusive results. The data
showed that the HAI kits were more accurate
than the LA kits. The data in Table 2 seemed to
favor DLA over LA kits; however, the DLA kits
have been reported to display the prozone phe-

Table 4. HCG sensitivity mean
Type of No. of lots
test Product tested
LAl Pregnosticon Slide 11
UCG-Slide 10
Placentex 10
Pregnosis 8
Mean
DLA D.AP. Test 8
HAI UCG-Titration 15
UCG-Lyphotest 10
UCG-Quiktube 10
Accuspheres 10
Mean

nomenon, i.e., lack of agglutination in the pres-
ence of excessive amounts of antigen or antibody
(1,5).

Nine products were tested further for sensi-
tivity of HCG detection. Although selection was
limited by the amount of sample available, a
representative number of each of the 3 types of
immunochemical kits was included from avari-
ety of manufacturers. Two additional lots each
of Pregnosis and DAP kits not evaluated in the
accuracy testing were included in the sensitivity
study (Table 4).

Each kit was subjected to a urine dilution
panel, ranging from 0.6 to 275U HCG/mL. If
the declared sensitivity was between 1.0 and 2.5
IU/mL, urine standards in increments of 0.2-0.25
IU/mL were used. If the declared sensitivity
was <1.0 IlU /mL, urine standards in increments
of 0.1 IU/mL were used. An example of the
latter scheme is shown in Table 5.

HAI kits with a declared sensitivity of 0.65
IU/mL gave a number of faint patterns. These
questionable reactions were not included in
calculating the mean sensitivity values. The
mean level of HCG detected by HAI kits was

and range of LAI, DLA, and HAI kits

Declared Av. Sensitivity
sensitivity sensitivity range
(IU/mL) (IU/mL) (IU/mL)
2.0 1.64 1.2-2.25
2.0 1.92 1.8-2.2
1.25 0.96 0.8-1.2
2.0 2.08 1.8-2.25
1.8 1.65 1.4-1.98
2-1000 1.98 1.8-2.2
1.0 0.93 0.7-1.25
0.7 0.65 0.5-0.8
1.0 0.93 0.8-1.0
0.7 0.56 0.5-0.6
0.85 0.77 0.63-0.91
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Table 5. Dilution scheme for HCG s e |t |ty testfor kits
with declared sensitivity of <1.0 IU/mLa
Concn Intermediate std Pooled negative
(lU HCG/mL) (mL) urine diluent (mL)
1.0 0.50 1.50
0.9 0.45 1.55
0.8 0.40 1.60
0.7 0.35 1.65
0.6 0.30 1.70
0.5 0.25 1.75
0.4 0.20 1.80
0.3 0.15 1.85
0.2 0.10 1.90
0.1 0.05 1.95

3 Intermediate standard: 2 mL of 10 IlU HCG/mL WHO
reference std + 3 mL pooled urine = 5 mL 0" 4 IU HCG/
mL.

below that obtained with LAl and DLA Kkits
(Table 4). Thus, the HAI detects pregnancy at an
earlier stage. Average sensitivity of all kits
tested was greater than or equal to that claimed
by the manufacturer. It was concluded that the
HAI kits provided a more accurate and sensitive
measurement of HCG in urine and easier inter-
pretation of test results than the LAl and DLA
kits.

The following points should be ncted in the
evaluation of pregnancy kit performance: (a)
Denaturation of the antisera may enhance the
sensitivity and give an increase of false positive
reactions (6). Therefore, both positive and
negative controls must be used to provide a check
on reagent quality, (b) Low concentrations of
HCG standard in dilute solutions, i.e., <10
IU/mL were unstable because of adsorption of
HCG on glass surfaces. Thus, dilutions must be
prepared fresh daily, (c) False positive results
may be caused by HCG secreted in pathological
conditions, e.g., hydatidiform moles, choriocar-
cinoma, and certain tumors (7). Low HCG titers,
as in ectopic pregnancy (7), may give false neg-
atives. Large amounts of protein in urine can
neutralize HCG antiserum, producing false
positives (8). Drugs, such as phenothiazines and
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methadone, can also give erroneous results (9).
False positive urine from menopausal women (8)
may be checked by retesting a 1:2 dilution of the
specimen, (d) Data from repeat analyses could
be misleading. Improper packaging, absorption
of moisture, and nonuniformity in mixing could
cause a reagent to give incorrect results on the
first analysis and correct results on subsequent
re-analysis; thus an analyst may wrongly con-
clude that the product was functioning properly.
All false and inconclusive results must be re-
ported. (e) Reagents should be visually in-
spected before use to detect bad reagents, as ev-
idenced, for example, by clumping of the latex
or erythrocyte suspensions. In the HAI test,
jagged rings which appear to contain particles
may indicate a problem with the lyophilization
process. Faintly positive rings may be due to an
inadequate number of red cells in the suspen-
sion.
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as Chr?mato rarnmf Determination of ?Xlntgwetlc Musk
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4-Tetramethyltet

In Fragrances

HARRIS H. WISNESKI, RONALD L. YATES, and HENRY M. DAVIS

Food and Drug Adtninistration, Division of Cosmetics Technology, Washington, DC 20204

A gas chromatographic method has been developed
for the determination of the synthetic fragrance
musk, 7-acetyl-6-ethyl-11.4 4-tetramethyltetralin
(AETT) The fragrance is first added to water and
extracted with ether to separate the fragrance oil from
the water-alcohol mixture. The AETT, present in the
ether-soluble fraction, is F_uri_fied further by pre-
parative high pressure liquid chromatography
(HPEC). The AETT in the collected HPLC fraction
Is then determined by gas chromato%raphy using
external standardization. Recoveries from samples
spiked with AETT at levels ranging from 100 to 1000
Jjig/mL varied from 80 to 96% with an average of 90%.
AETT was verified in each sample by gas chroma-
tography/mass spectrometry.

7-Acetyl-6-ethyl -1,1,44- tetramethyltetralin
(AETT) is a synthetic fragrance material which
was widely used until recently as a fixative in
fragrances found in cosmetics, toiletries, and
perfumes. In 1977 it was reported that a me-
tabolite of AETT has a potential for producing
neurotoxic effects and/or generalized tissue
discoloration in several species of laboratory
animals (1-3).

A survey of the literature indicated that the
identification and determination of AETT in
finished cosmetic products have not been in-
vestigated. Initial investigations that were
conducted by our laboratory and were directed
toward the detection and determination of AETT
used either gas chromatography (GC) or high
pressure liquid chromatography (HPLC). We
found that most commercial fragrance compo-
sitions were so complex that neither method was
able toresolve AETT from various interferences.
After AETT along with the other carbonyl com-
pounds was isolated from the fragrances by Gi-
rard T reagent, these mixtures were still too
complex for direct determination by GC or
HPLC.
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The proposed method uses preparative HPLC
to fractionate the fragrance oil before determi-
nation by GC. The fragrance oil is first extracted
from the cosmetic product with ether, and then
the AETT contained in an aliquot of the extract
is separated by preparative HPLC. The AETT
fraction is collected from the HPLC column,
concentrated, and diluted to a known volume.
An aliquot of this solution is analyzed by GC and
the amount of AETT is determined from astan-
dard calibration curve. The method was verified
by conducting recovery studies on a number of
commercial fragrance compositions. A gas
chromatographic/mass spectrometric (GC/MS)
system for identification of AETT was also de-
veloped. AETT identity was verified by GC/MS
in each of the samples used in the recovery
studies.

Experimental

Apparatus

(@) High pressure liquid chromatograph.—
Equipped with UV detector (254 nm) and gradi-
ent elution capability. Waters Model 244 with
two Model 6000 A solvent pumps, Model ubK
universal detector, Model 440 UV detector with
254 nm filter and Model 660 solvent programmer
(Waters Associates, Inc., Milford, MA 01757), or
equivalent. Operating conditions: solvent
program, linear, 30 min, 20 to 80% B; solvent flow
rate, 4 mL/min.

(b) HPLC column.—Partisil-M-9 10/50 PAC,
500 X 9.4 mm id, Cat. No. 4230-226 (Whatman,
Inc., Clifton, NJ 07014), or equivalent.

(c) HPLC guard column.—75 X 4.6 mm id with
in-line filter (10 gm porosity), packed with Cor-
asil Type Il, 37-50 (im (Waters Associates, Inc.),
or equivalent.

(d) Gas chromatograph.—Model 3920 B
equipped with flame ionization detector (Per-
kin-ElImer Corp., Norwalk, CT C6856), or equiv-
alent. Column: 6 ft X Vin. od, glass, packed
with 80-100 mesh Gas Chrom R coated with 3%
polyethylene glycol (PEG) 20M, 0.2% Alkaterge
C, and 0.2% Span 80. Operating conditions:

0004-5756/82/6503-0598-04801.00
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carrier gas (helium) flow rate, 80 mL/min; col-
umn temperature, 170°C; injector and interface
temperature, 220°C.

(e) Recorder (HPLC).— 10 in. strip chart with
10 mV input.

(f) Recorder (sc).—10in. strip chart with 1 mV
input.

(g) Gas chromatographImass spectrometer
(GC/MS) system.—Hewlett-Packard Model 5992
A (Hewlett-Packard Co., Palo Alto, CA 94304).
GC column: 180 cm X 2 mm id, glass, packed
with 3% SP-2100 on 100-120 mesh Supelcoport
(Supelco, Inc., Bellefonte, PA 16823). GC oper-
ating conditions: column temperature, 180—
210°C at 10°/min; injection temperature, 250°C;
flow rate (helium), 30 mL/min. MS operating
conditions: MS peak detection threshold, 5
linear counts; sample/0.1 amu, 4; scan speed, 380
amu/s; electron multiplier, 2600 V; total abun-
da , from 45 to 350 amu.

Volumetric flask, micro.—2 mL. (No. K-
297000, Kontes Co., Vineland, NJ 08360, or
equivalent.)

Reagents

(@ HPLC solvents.—Isooctane, methylene
chloride, and acetonitrile. Spectrophotometric
or HPLC grade. (Distilled in glass, Burdick &
Jackson Laboratories, Inc., Muskegon, M| 49442,
orequivalent.) (1) Solvent A .—Isooctane; degas
and filter. (2) Solvent B.—Isooctane-methylene
chloride-acetonitrile (350 + 150 + 3). Degas and
filter. All other solvents and reagents were ACS
grade or equivalent.

(0) 7-Acetyl-6-ethyl -1,1,4,4- tetramethyltetralin
(AETT).—Versalide extra. Givaudan Corp,,
Clifton, NJ 07014.

(c) Standard solutions.—(1) Stock solution.—0.5
mg/mL. Accurately weigh ca50 mg AETT in 10
mL beaker. Dissolve in isooctane and transfer
quantitatively to 100 mL volumetric flask. Di-
lute to volume with isooctane, and mix. (2)
Working solution A.—0.05 mg/mL. Pipet 10 mL
stock solution into 100 mL volumetric flask, di-
lute to volume with isooctane, and mix. (3)
Working solution B.—0.025 mg/mL. Pipet 5mL
working solution A into 10 mL volumetric flask,
dilute to volume with isooctane, and mix. (4)
Working solution C.—0.005 mg/mL. Pipet 1.0 mL
working solution A into 10 mL volumetric flask,
dilute to volume with isooctane, and mix.

Preparation of Sample

Pipet 5.0 mL fragrance into 100 mL separatory
funnel containing 15 mL water. Extract with
two 15 mL portions of ethyl ether. Combine

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 3, 1982)

599

ether extracts and wash with two 20 mL portions
of water. Dry ether extract over anhydrous
Na2s04 for 2 h. Transfer dried ether extract to
a 50 mL tapered-tip centrifuge tube. Add a
boiling chip and evaporate carefully on steam
bath to ca 2 mL. Add 1-2 mL isooctane and
concentrate under gentle air jet to 1-1.5 mL.
Using a syringe, transfer toa 2.0 mL volumetric
flask. Rinse centrifuge tube with several small
portions of isooctane and add to volumetric flask.
Dilute to volume with isooctane and mix. If
solution appears cloudy, add small amount of
anhydrous Na2s0 4. Retain solution for pre-
parative HPLC.

Using conditions outlined under (&) High
pressure licjuid chromatograph, obtain analytical
chromatogram of AETT by injecting 10 pL of
stock solution at 0.2-0.5 AUFS. Repeat until
repetitive retention times are obtained (£45 s).
Obtain an analytical chromatogram of the sample
by injecting 10 pL at 0.1-0.2 AUFS. Compare
chromatogram with that of the AETT standard to
determine which peak corresponds to AETT. If
there is any difficulty determining which peak
corresponds to AETT, spike 10 pL of sample with
5-10 pL of AETT stock solution and obtain an
additional analytical chromatogram of the sam-
ple. After locating AETT peak, change absorb-
ance setting appropriate to a larger sample and
inject an accurately known volume of ca 100 pL
of sample solution. Collect eluate over the
predetermined retention volume range of AETT.
Concentrate eluate on steam bath under a gentle
air jet toca 2 mL and quantitatively transfer toa
5.0 mL volumetric flask. Dilute tovolume with
isooctane, and mix.

Determination

Using conditions outlined under (d) Gas
chromatograph, obtain gas chromatogram of AETT
by injecting several microliters of stock solution.
Obtain analytical chromatogram of sample to
identify peak corresponding to AETT. Inject an
accurately known volume of 6-8 pL of working
solution A into gas chromatograph, using ap-
propriate attenuation to keep peak 50-90% full
scale. Similarly, obtain GC data for working
solutions B and C. Inject an accurately known
volume of 6-8 pL of sample, adjusting attenua-
tion to keep AETT peak at 50-90% full scale.
Obtain 3 sets of data for each working standard
and sample.

Calculation

For each working standard, measure peak
heights and calculate average. Correct averaged
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peak heights to acommon attenuation and plot
ﬁg_AET vs peak heights. Obtain average peak

eight of sample, correct to attenuation of stan-
dards, and obtain pg AETT from calibration
curve. Calculate C, concentration of AETT in
sample (pg/mL):

C=Ve* I'g "M x/lI'n X Vx X IIs)

where PE= mL sample extract (2.0 mL); Vc = mL
HPLC eluate (5.0 mL); Mx = pP AETT from cali-
bration curve; VH = mL sample extract injected
into high pressure liquid chromatograph; Vx =
mL HPLC eluate injected into gas chromato-
graPh;Vs: mL sample. _

~ It concentration of AETT is to be determined
in pglg, weigh sample before extraction and
substitute Ms (g) for Vs (mL) in above equa-
tion.

Confirmation

Using conditions given under (g) GC/MS sys-
tem, inject avolume of the final sample solution
that contains 100-200 ng AETT. Confirm iden-
tity of AETT by comparing mass spectrum of
sample with that of a standard.

Results and Discussion

Fragrances are complex mixtures of natural
and synthetic ingredients, typically containing
over 100 compounds. Initial mvestlganons
employing HPLC and GC (packed and wall-
coated open tubular columns) demonstrated that
neither technique alone was able to resolve AETT
from interferences. To reduce the complexity
of the mixture to be analyzed, AETT and other
carbonyl compounds were separated as ag_roup
from the other fragrance compounds with Girard
T reagent. After regeneration, the carbonyl
fraction was analyzed by GC and by HPLC, but
it was still too complex for the separation of
AETT from other interfering ingredients. From
these preliminary investigations, it was apparent
that the components in the AETT fraction would
have to be separated further before chromato-
graphic anaIY_sw. to remove interfering sub-
stances. Preliminary separation experiments
with the isolated fragrance oil, using preparative
HPLC followed by GC analysis, indicated that
adequate separation of interferences could be
obtained. _ .

When preparative HPLC is used as a samFIe
cleanup procedure with relatively nonpolar
HPLC solvents, it is important that the sample
contain no polar solvents or diluents. Fragrance
comloosnmns, however, contain Iar?e amounts
of alcohol with smaller amounts of water. If

. ANAL. CHEM. (VOL. 65 NO. 3, 1982)

injected into the HPLC chromatograph, alcohol
and water cause changes in retention volume and
loss of resolution, which in turn require the fre-
quent use of column reactivation procedures. To
minimize these adverse effects, most of the al-
cohol and water are removed from the fragrance
by extraction with ether followed by washing
the extract with water. Although most polar,
water-soluble compounds are extracted from the
fragrance oil, slight variations can be expected
in the AETT retention volumes of the standard
and the sample. These variations are more
pronounced when preparative runs are made,
especially when gradient elution is used. In
complex samples having alow AETT level, it may
be difficult to establish the definite location of
the AETT peak by retention data alone. For this
reason, it is recommended that anaIYtical chro-
matogram_s of the unspr|ked sample and the
sample spiked with AETT be obtained to resolve
any ambiguities. Dead volume between detector
and collection portshould be taken into consid-
eration in determining when to start and stop
eluate collection. .

After several preparative runs, the HPLC col-
umn ma%/ exhibit decreased retention volumes,
an unstable baseline, and some loss of resolution.
At this point the column should be washed with
polar solvents and reactivated by reconditioning
with dry isooctane. The column manufacturer
usually supplies specific directions for accom-
plishing this. We have found that complete
reconditioning is needed only after long use.
However, because of the relatively large quanﬂth/
of sample analyzed, it is good practice to was
the column with a more i)olar solvent after the
analysis is completed to elute remainin samBIe
components. The wash solvent should be aple
to accomplish this without significantly affecth
column activity. Initial efforts using wash sol-
vents containing moderate and low levels of
methyl or isopropyl alcohol adversely affected
column activity and retention volume repro-
ducibility, even after prolonged equilibration at
initial conditions. We found that the column
can be restored to good working conditions by
washing with 250-300 mL of methylene chlo-
ride-acetonitrile (25 + 1) followed by 250 mL of
initial HPLC solvent (80% A + 20%B). Flow rate
can be increased to 6-8 mL/min to reduce the
time requirec.

It is important to reduce the volume of the
collected HPLC eluate to approximately 2 mL
before dilution to volume to ensure that nearl
all of the methrlene chloride has been removed.
Methylene chloride tends to produce a long,
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Table 1. Recoveries of AETT from spiked commercial
fragrances
AETT recovered
AETT added,
Sample Mg/mL Mg/nL %
1 1000 910 91
900 90
900 90
2 1000 910 91
920 92
920 92
3 1000 910 91
920 92
920 92
4 500 460 92
470 94
460 92
5 500 460 92
460 92
470 94
6 500 480 96
470 94
480 96
7 100 87 87
87 87
85 85
8 100 94 94
93 93
88 88
9 100 80 80
8: 81
81 81
Av. 90

tailing, solvent peak on the gas chromatogram,
which may prevent reduction of attenuation to
the proper range.

Ten commercial fragrance oils were selected
for recovery studies. One of the 10 was rejected
because it contained AETT. The fragrance
compositions were prepared by adding known
amounts of AETT to 10 mL of fragrance oil and
diluting to 100.0 mL with ethanol.  The recovery
data are shown in Table 1. All samples were
analyzed by GC/MS, and in all cases the presence
of AETT was confirmed.

Conclusion

A method has been developed for the GC de-
termination and GC/MS verification of AETT in
complex fragrance compositions. Preparative
HPLC is used for efficient sample cleanup. The
accuracy of the method was verified by recovery
studies conducted with 9 commercial fragrance
oils. The average of all recoveries is 90%.
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MICROBIOLOGICAL METHODS

Detection of Invasiveness of Mammalian Cells by Escherichia coli:

Collaborative Study

IRA J. MEHLMAN, AIDA ROMERO, JOHN C. ATKINSON,1 CALVIN AULISIO,

nd ARVEY C. SANDERS

0od and Drug Administration, Division of Microbiology, Washington, DC 20204
Collaborators:  W. Campbell; J. Cholenski, J. Ferreira; E. Forney; K. O'Brian;

M. Palmieri; S. Weagant

In a collaborative study of 2 standard procedures

(Procedure I, presented in /. Assoc. O ff. Anal. Chem.

60, 546-562 (1977) and Procedure Il in the Bacterio-

logical Analytical Manual, 1978), 7 laboratories
evaluated the invasive potential of Escherichia coli.
Monolayers of HelLa cultures were infected with E.
coli (infectivity ratio 100 bacteria/mam m alian cell)
suspended in 2 menstrua: heat-inactivated fetal
bovine serum (Procedure |I) and 0.2% bovine album in
Fraction V dissolved in Earle's buffered salts (Pro-
cedure Il). After uptake of the bacteria, intracellular
growth, and differential staining, the percentages of
Hela cells containing a minimum of5 bacteria were
determined microscopically. Al laboratories cor-
rectly identified invasiveness of E. coli by Procedure
I; 5 of 6 laboratories recognized invasiveness by
Procedure Il. Although Procedure | was more re-
producible than Procedure Il, repeatability did not
differ significantly. Procedure | was adopted official
first action for presum ptive recognition of invas-

iveness in E. coli.

Invasive Entcrobncteriacenc invade the epithelial
cells of the small and large intestines, growing
intracellularly or using the cells for _passaﬁe
across the gastrointestinal barrier and into the
blood or IymTph to produce a disseminated in-
fection (1). The classical test for invasiveness of
Escherichia coli and Shigella spé). involves the
production of diarrhea and/or dysentery in pri-
mates after administration in food or fluids (2-4).
A more practical test is the Sereny reaction, in
which keratoconjunctivitis follows topical ap-
plication of a heavy bacterial suspension in the
conjunctival sac of the guinea pig (5-7). This
reaction gives results equivalent to those ob-
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tained in primate feeding studies for E. coli.
Routine use of animals for estimation of patho-
genicity, however, is precluded by resources,
time factors, and potential danger to per-
sonnel. _ o

In previous studies (8-14), pathogenic strains
of invasive bacteria penetrated a variety of
mammalian cell lines and multiplied intracel-
lularly. Routine use of cell cultures, however,
was hindered by the difficulty in distinguishing
intra- from extra-cellular bacteria and the loss of
the monolayer, which resulted from the micro-
bial production of cytotoxin. To minimize these
difficulties, we developed a Erocedure (15),
known here as Procedure I, which recommended
(1) controlled conditions for preparation of the
monolayer; (2) optimal growth conditions for the
bacteria; (3) control of the infection phase (i.e.,
infectivity ratio, length of contact, and medium);
and 34) an intracellular phase. The procedure
was developed for E coli, Shigella spp., Salmonella
spp., Yersinia entcrocolitica, and Y. pseudotubercu-
losis. In later efforts, another procedure, known
here as Procedure 11, was found to be effective for
Salmonella and Yersinia species (16). This study
evaluated the repeatability and reproducibility
of both procedures for detection of the invas-
iveness of mammalian cells bv E. coli.

Escherichia coli
Detection of Invasiveness
Official First Action

46.C01 Principle
Invasiveness is detected b?/ intracellular
s on slides. To

growth on monoIaYerofHeLape slides.
minimize extracellular bacterial multiplication,
host-pathogen interaction is resolved into 2
phases, infective and intracellular, using ap-
propriate substrates and the following protocols:

0004-5756/82/ 6503-0602-06$01.00
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growth of monolayer in chamber slides, using
controlled inoculum and period of incubation;
detn of optimal pre-infection growth conditions
for pathogen; washing pathogen to remove toxic
end products; infection of host cell under con-
trolled conditions of number and multiplicity of
infection, and medium and length of incubation;
subsequent removal of unattached hacteria; use
of Fost-mfectlpn medium to permit only intra-
cellular bacterial growth for limited period.

46.C02 Culture Media

(@) Minimal essential medium (MEM)—Eagle-
type with Earle's salts. Dissolve 126.4 mg L-
arginine.HCI, 24 mg L-cystine, 292 mg L-gluta-
mine, 41.9 mg L-histidine. HCI.H2C, 52.5 mg L-
isoleucine, 52.4 mg L-leucine, 73.1 mgq L-ly-
sine.HCI, 149 mg L-methionine, 33.3 mg L-phe-
nylalanine, 47.6 m(i_ L-threonine, 10. m?_ L-
tryptophan, 36.2 mg L-tyrosine, 46.8 mg L-valine,
1'mg D-calcium pantothenate, 1 mq choline
chloride, 1 mg folic acid, 2 mg isoir ositol, 1 mg
Pyrl_doxal HC1,1mg nicotinamide, 0.1 mg ribo-
lavin, 1mg thiamine.HCZ, 1¢ glucose, 265 mg
CaCl2.2Hz0, 400 mg KC1, 200 mg MgS04.7H20,
6.8 ?_lNaCI, 2.2 ¢ NaHCC>3, 140 mg NaH?
P04H20, and 10 mg ghenol red :n 11 H2.
Sterilize by filtration. Final pH should be 7.2 +
0.2. Check sterility of all culture fluids before
use. Storeat4-8°. o

(b) Fetal bovine serum (FBS).—Sterile, virus-
screened, mycoplasma-free, obtained aseptically
during slaughter (Flow Laboratories, Inc.,
McLean, VA 22102). Storeat4-8°.

60% Antibiotic concentrate (AC).—Dissolve
500 000 international units (1U) penicillin G and
500 mEstreptomycm (Flow Laboratories, Inc.) in
100 mL H20 and sterilize by filtration. Store at
- 10°,

(d) MEM-FBS-AC medium.—Routine medium
for cultivation of HeLa mammalian cells. Mix
90 mL MEM (a), 10 mL FBS (), and 1 mL AC (c).
Store at 4-8°. _ _
~(6) MEM-FBS medium —Medium for cultiva-
tion of HeLa cells before infection. Mix 90 mL
MEM (a) and 10 mL FBS (b). Store at4-8°.

ﬁf) Earle's salts. —Prep, without phenol red as
follows: Dissolve 6.8 g NaCl, 400 mg KC1, 265
mto] CaCl™ 200 m(r] MgS04.7H20, 140 mg NaH?2-
PU4H20, 1.0 g glucose, and 2.2 ¢ NaHCC3in 1
LH20. Sterilize by filtration. Final pH should
be7.2+ 0.2 _
~(9) Veal infusion broth.—Dissolve 500 g veal
(infusion) and 10 g proteose peptone in 1L HzO
with gentle heating. Dispense 5 mL portions

into 13 X 100 mm screw-cap tubes. Autoclave 15
min at 121°. Final pH should be 7.3 £ 0.2.

(lh_? Brain-heart infusion ﬁBHl).—DissoIve 12,5
gB 1l (pqwderg_ln 1L Earle's salts gf). Sterilize
y filtration. Final pH should be 7.2 + 0.2.

(i) Bilesalts No. 3. —Dissolve 5 g bile salts No.
3 formulation in 1 L Earle'ssalts (f). Sterilize by
filtration.

() Heat-inactivated HFBS.—Heat FBS (b) 2 h at
55 +1°. Store at4-8°. .
(k) HFBS-BHI-BS medium.—Mix 20 mL heat-
inactivated FBS (j), 10 mL BHI (h), 10 mL bile salts
4N%.°3 (i), and 60 mL Earle's salts (f). Store at

(I) Veal infusion agar slant. —For maintenance
of cultures. Dissolve 500 g veal (infusion), 10¢
proteoseé)ep_tone No. 3,59 NacCl, and 15 g agar
In LLH2 with gentle heating. Dispense 7 mL
aI|(1uots to 16 X 150 mm screw-cap tubes. Au-
toclave 15 min at 121°. Final pH should be 7.3
t0.2.

gn) Dulbecco's phosphate-buffered saline (PBS).
—Dissolve 80 g NaCl, 200 mg KC1, 1.15 3
Na2H P04, 200 mg KH2P 04, 100 mg CaCl2, an
100 mg MgCI2.6H20 in 1 L H20. Sterilize by
filtration. Final pH 7.2 £ 0.2

n) Calcium- and magnesium-free Dulbecco's
PBS.—Dissolve 8.0 g NaCl, 200 mg KC1, 1.15 g
Na2H P04 ar.d 200 mg KH2P04 In 1 L Hz0.
Sterilize by filtration. Final pH 7.2 + 0.2,

(0) Calcium, magnesium, phenol red-free Hank's
PBS.—Dissolve 8.0 g NaCl, 400 m% KC1, 90 mg
Na2HP04.7H20, 60 mg KH2P 04, 1.0 g glucose,
and 350 mg NaHCC81n 1L H20. Sterilize by
filtration. FinalpH 7.2 0.2

(E()) Trypsin stock soln.—2.5%. Suspend 2.5 g
1:250 trypsin (Difco Laboratories) in 100 mL Ca-
and Mg-free Hanks' PBS (0) and let particles
settle. Sterilize by filtration. Dil. 10 mL stock
soln with 90 mL sterile Ca- and Mg-free Dul-
belcgg's PBS (n) to prep. 0.25% trypsin. Store at

(q) Gentamicin stock soln.—Dissolve 50 m%
8entam|cm (Schering Corp., Kenilworth, N

7033) in 100 mL Dulbecco's PBS (m) to give soln
contg 500 pg/mL. Dil. 1+ 9 with Dulbecco's
PBS to soln contg 50 pg/mL. Store at4-8°

(r) Lysozyme soln.—Weigh 0.3 g lysozyme, 3X
crystalline, salt-free, ca 12 000 Shugar units/mg
&Calblochem-Behrlng, San Diego, CA 92112), into

00 mL Dulbecco's PBS and stir to dissolve.
Store at 4-8° not >2 weeks. _

(s) Intracellular growth phase medium.—Mix 80
mL MEM-FBS medium (e), 10 mL gentamicin
soln (50pg/mL) (q), and 10 mL lysozyme soln (r).
Prep, immediately before use.
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46.C03 Diagnostic Reagents

(@) May-Grunwald stain—Weigh 2.5 g stain
Matheson, Coleman & Bell) into 50 mL absolute

eOH, dissolve by grinding, and dil. to 1 L with
MeOH. Stir 16 hat37°. Hold stain 1 month at
22° (room temp.). Filter for use.

(b) Gietnsa stain.—Dissolve 1 g stain (Mathe-
son, Coleman & Bell) in 66 mL glycerol by
heating 1.5-2.0 h at 55-60°. Add 66 mL absolute
MeOH. Store stain 2weeks in tightly stoppered
bottle at 22°. Dil. stock soln (L + 9) before
use.

(c) Decolorizing and dehydrating reagents—
Acletone; acetone-xylene (50 + 50) and (33 + 67);
xylene.

y(d)_Mounting medium.—Dil. mounting medi-

um with xylene to give easily dlsE_ensed colloidal
suspension; 20 mL Permount™ (Fisher Scientific
Co.gjdild with 5 mL xylene is satisfactory.

ﬁ?) Human cervical epithelial cell culture.—ATCC
HeLa culture. Other cultures, including Henle
407 human intestine and human laryngeal car-
cinoma gave comparable data; however, HelLa
cell culture was more suitable with regard to
culture characteristics.

46.C04 Apparatus

(1a) Water baths.—Maintained at 35 £ 1° and 55
+
~(b) Microscopes.—Standard 900X magnifica-
tion; inverted stage, 100X magnification ?Prel_ser
Scientific, Charleston, WV 25322), or equiv.;
microscope illuminator. .

(c) Carbon dioxide incubator.—95% air-5%
C02-moisture-satd atmosphere, maintained at 36
t1° {Lab-Llne Instruments, Inc., Melrose Park,
IL 60160, or equiv.). _

(d) Tissue culture chamber slides.—Clean mi-
croscope slides mounted with partitions on
Elastlc gasket to facilitate multiple testing.

ab-Tek units contg 4 chambers are satisfactor
(Miles Laboratories, Inc., Naperville, IL 60540{
or equiv. . .

(e) Culture containers.—Sterile 3 fluid oz (85
mLz glass prescription bottles or plastic tissue
cul ur;e flasks (Costar, Cambridge, MA 02139, or
equiv.).

f) Glass cover slips.—\ X 21in. (2.5 X 5.1 c_m?].

(9) Cell-counting chamber.—Spencer Brignt
Ling, Fuchs-Rosenthal (Preiser Scientific), or
equiv.

(h) Refrigerated centrifuge with adapter.—To
accommodate 13 X 100 mm tubes and covered
centrf. cups to prevent aerosolization of patho-
gens.

(i) Membrane filters.—0.45 qm pore diam.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 3, 1982)

(Millipore Corp., Bedford, MA 01230, or
equw.SJ.

46.005 Preparation of HeLa Cell Culture

Using std cell culture technics, grow HelLa
strain on inner surface of 3 0z glass or plastic
container, using 5 mL MEM-FBS-AC medium,
(d), for 7 days at 36° in CO2incubator. Replace
with fresh culture medium on fourth day to
prevent accumulation of toxic metabolites. In
prepg cells in monolayer for transfer to chamber
slides, wash once with 5mL Dulbecco's PBS (m)
Brewarmed at360. Add5mL prewarmed (360)

.25%.trYpsm and hold at room temp. 2 min.
Aseﬁuca I;6/ remove ca 4.5 mL trypsin. Incubate
flask at 36° with occasional agitation. After
monolayer has detached and cells are falrlg
uniformly distributed in residual trypsin, add 2
mL prewarmed (36°) MEM-FBS medium, (e).
Est. cell density, usm% counting chamber. Add
MEM-FBS medium, it necessary, to dil. suspen-
sion to density of 1 X 105cells/mL. With occa-
sional agnatlon, rapidly transfer 1 mL aliguots
to chambers of slide. Incubate 20-24 h at 36° in
CO2 incubator. Aseptically remove spent me-
dium before infection. Wash each monclayer
once with I mL prewarmed (36°) Earle's salts, (f),
and 1 mL prewarmed (36°) uninoculated infec-
tion medium, (k) (see below).

46.C06 Preparation of Bacteria

Inoculate, with needle, 5 mL veal infusion
broth, (g), using growth from veal infusion agar
slant (1) incubated at 22°. Incubate presumptive
E coli broth cultures 18-24 h at 36°. Centrf.
suspension 20 min at 1200X g at 18°. Resuspend
cells in equal vol. of Earle's salts, (f). Recentri-
fuge 20 min at 1200X g. Resuspend cells in 5 mL
Earle's salts. Dil. latter susgensm_n with pre-
warmed (36°) HFBS-BHI-BS medium, (), to
final density of 5 X 107 cells/mL. Add 0.2 mL of
each suspension to Fre d chamber (above). Use
0.2 tmll_ HFBS-BHI-BS for uninoculated neg.
control.

46.C07 Infection Stage

Incubate chambers 2.5 h at 36° in CO2 incu-
bator. Time factor is critical; shorter period re-
sults in min. number of infected host cells and
longer period may result in cytotoxic effect
arising from medium and possibly bacterial
metabolites.

46.C08 Intracellular Growth Stage

Remove infection medium from chamber with
Pasteur pipet. To prevent contamination, use
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sep. pipet for each chamber. Wash each chamber
twice with 1 mL aliquots of prewarmed (36°)
Earle's salts. Subsequently wash witn 1 mL ali-
quot of prewarmed Intracellular growth phase
medium (s) prepd immediately before use. Add
0.8 mL prewarmed intracellular growth gha_se
medium to each chamber. Incubate 5 h at 36° in
CO2incubator. Control of extracellular growth
is critical at this stage; sensitivity of culture to
gentamicin and other antibiotics should be ex-
amined by std procedures before pathogenicity
testing. Problem is critical in meats and dairy
products where antibiotics may have been used
In therapy or in feeds.

46.C09 Staining

Remove fluid contents of chambers. Wash
monolayer 3 times with amL Dulbecco's PBS (r).
Add I mL absolute MeOH fixative per chamber.
Hold at room temp. 5 min. Remove MeOH and
side walls of chamber slide. Inse_rt3|ngle-edg1e
razor blade between gasket and slide, and gently
pry gasket from slide. If necessary, cautiously
remove remnants of gasket from slide with razor
blade. Do not let specimen dry while slide is
prepd for staining. Immerse slides in May-
Grunwald stain @) 10 min. Withdraw slides,
remove excess stain, and immerse in Giemsa stain
() 20 min.  Withdraw slides, remove excess
stain, and immerse in H2 10-20s. Briefly rinse
twice in acetone. Briefly immerse slides in fol-
lowing sequence of solvs: acetone-xylene (50
+ 50?, acetone-xylene (33 + 67), and xylene.
Evenly distribute 4 drops of mounting medium,
d) to slide. Place large cover slip on prepn.

emove excess mounting medium and xylene by
gently _bIottmgi. Gently apply pressure to re-
move air bubbles from prepn.

46.C10 D etection and Criteria of Invasiveness

Examine specimens with 900X ma?nificat_ior].
Criterion for intracellular location of bacteria is
Barfocallty of cytoplasmic ground substance and
acteria. _If invasive, E coli. occur within cyto-
plasm. Frequently, they may be located along
nuclear membrane. In addition, they may be
elongated. Finally, bacteria may occur within
amembrane (phagol sosome? individually or in
groups, indicative of intracellular growth. Ex-
amine, at random, 10 fields contg 15-25 Hela
cells. Count bacteria in each cell. - Criterion for
infection is >5 bacteria per cell. Criterion for
invasiveness of bacterial culture is >1.0% in-
fected HeLacells. .
HelLa cells results with E. coli strains must be

Efngf)irmed by Sereny keratoconjunctivitis test

Selected References

(1) Acta Microbiol. Acad. Sci. Hung. 2, 292 (1955).
(2) Acta Microbiol. A.cad. Sci. Hung. 4, 367 (1957).
(3) /. Hyg. Epidemiol. Microbiol. Immunol. 3, 292 (1959).

Results and Discussion

The collaborative study originally included 7
participating laboratories. However, because
one Iaborator¥ reported only qualitative data,
this paper includes only data from the other 6
laboratories (Table 1). All laboratories identified
the invasiveness of E. coli by Procedure I. Lab-
oratory D was unable to recogmze_mvasw_e po-
tential by Procedure I1'in the 5 strains provided.
Noninvasiveness was correctly identitied in all
strains by all laboratories using both procedures;
however, laboratory data varied considerably,
with some participants tending to obtain con-
sistently high or low values. "Using the null
difference hypothesis that the laboratory is not
avariable, the = values (ratio = laboratory mean
square/error mean square) for Procedures I and
II'were 31.6 and 716, respectively (17). The
probability of this occurrence by chance is
<1/10 000. No difference was noted between
the procedures for repeatability within a labo-
ratory, based cn the calculation of error mean
squares with 54 degrees of freedom for all vari-
ables. The values were 0.00227 and 0.00329 with
an 8.8%probability of this difference to occur.
With respect to reproducibility, the statistical
Faramete_r was the variance component among
aboratories plus the repeatability value. The
values for Procedures | and Il were 0.0092 and
0.0264, respectively. Thus, Procedure Iis more
reproducible than Procedure II. _

FlnaIIF, the Duncan analysis (18) confirmed
the earflier observation of consistent trends
among the lahoratories to report high or low
values (Table ZL. Using Procedure I, the 6 labo-
ratories could be ranked in S.Proup%, each re-
porting values _mgmﬂcantlg ditferent from the
other laboratories. Using Procedure 11, the lab-
oratories coulc be ranked in 4 groups. Lahora-
torK C tended to report high values using both
techniques, whereas laboratory A tended to re-
port low values. These data sug?est the exis-
tence of controlled and uncontrolled variables.
The former may include interpretation of mi-
croscopic data; the latter may include variability
of the media used for ?rowlng the bacteria and
mammalian cells and for infection. These fac-
tors should be emphasized in training sessions



Table 1.
A B C
Culture la 1o 1 I 1
I(-)c ©.,0d 0.0 0.0 0,0 0.0
2(—) 0.0 0.0 0,0 0,0 0,0
3(+)e 33,33 14,18 3.6 51,57 90,08
4(—) 0.0 0,0 0.0 0.0 A
5(+) 5,12 32,35 1.3,3.4 39,47 99,100
6(+) 23,24 19,20 45,6.1 26,49 98.100
7(—) 0,0 0,0 0,0 0,0 0.0
8(+) 15,21 11.19 2.3.32 4000 100,000
9(—) 0.0 0.0 0.0 g 3
10(+) 10,10 21,24 10,13 43,57 95,100

al = AOAC procedure.

b Il = BAM procedure.

¢ (=) = Noninvasive.

d Duplicate determinations.
e (+) = Invasive.

and in the development of other tests for
pathogenicity.

Conclusion

This study represents the second attempt of the
Food and Drug Administration to conduct a
collaborative study for standardization of
p_atho?enluty tests. The first sought confirma-
tion of the reliability and valldltr of the meth-
odology in which Clostridium botulinum toxins in
food 819, 20) were detected through an interac-
tion between the toxins and a living animal sys-
tem, the mouse. The test used in the present
study involves an interaction of viable bacterial
cells and mammalian cell cultures. It is likely
that within the near future, other complex tests
for attributes of pathogenicity will be developed
and recommended for adoption, with statistical
analysis needed to evaluate their repeatability

Table 2.
Method |
Group3 Laboratory Log mean % b

1 C 1.992894

I D 1.793317

1] F 1.544549

E 1.463696

\% A 1.205543

\ B 0.832006
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Percentage of Hela cells infected by Escherichia coli

Laboratory
D -E F

1l 1 [} 1 1l 1 [}
0,0 0,0 0,0 0.0 0,0 0,0 0,0
0,0 0,0 0,0 0.0 0,0 0,0 0,0
9008 5000 00 2008 77,78 52,58 58,63
h h h h 0,0 0.0 0,0
99,100 53.70 0,0 40,40 76,76 28.51 43,57
980[00 70,70 0,1 21,26 75,76 3002 71,79
h 0,0 0,0 0.0 0,0 h 0,0
100,100 52.65 1.2 31,32 84.93 15.32 35,56
0,0 0,0 0,0 0.0 0,0 00 0,0
95,100 40,76 0,1 28.29 86,95 18 21 38,50

and reproducibility. Variability will probably
be encountered more often in pathogenicity
testing than in other mlgrob_loloqlcal assays be-
cause pathogenicity testing involves 3 systems:
the pathogen, the uninfected host, and the in-
fected host. _ _

Based on the results of this collaborative study,
we recommend that Procedure | be adopted of-
ficial first action for presumptive recognition of
invasiveness of E coll. HeLa cell data, however,
must be confirmed by the Sereny reaction.
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SUGARS AND SUGAR PRODUCTS

Mass Spectrometric 13C/12C Determinations to Detect High Fructose
Corn Syrup in Orange Juice: Collaborative Study

LANDIS W. DONER_alld DONALEUD BILLS

U.S. Department of Agriculture, Agricu
Center, Philadelphia, PA 19118

Collaborators: 0. Carro; R. Drimmie; P. Fritz
P. L. Parker; R. M. Reeseman; B. N. Smith: H

The ,3C/12C ratios in orange juice are sufficiently
uniform and different from those in high fructose
corn syrup (HFCS) so that the addition of HFCS to
orange juice can be detected. HFCS averages —9.7%o0
(parts per thousand) 513C, orange juice averages
—245%0, and mixtures of HFCS and orange juice
possess intermediate values. One pure orange juice
and 4 orange juice-HFCS mixtures containing from
25 to 70% orange juice were properly classified by 7
collaborators. Samples with 513C values less negative
than —22.1%o0,4 standard deviations from the mean of
pure juices, can,with a high degree of confidence, be
classified as adulterated. Samples with values more
negative than —22.1%0 must be considered unadul-
terated with HFCS, because pure orange juices possess
a range of 513C values. The 13C /12C mass spectro-
metric method was adopted official first action for

detecting HFCS in orange juice.

The economic incentives to adulterate orange
Juice with less expensive solutions of sugars are
significant, and previous methods developed to
indicate such adulteration have been reviewed

(1-3). Orange juice is also adulterated by addi-

tion of orange pulpwash (water-extracted soluble
orange solids from orange pulp), and recently an
effective spectrophotometric method was de-
veloped to detect such adulteration (4). A mi-

crobiological assay procedure has been devel-

oped (5) which indicates the content of orange
juice in a product; the versatility of this latter
method has been demonstrated by extension to
other food adulteration problems, such as de-
tecting grape juice added to apple juice (6).

Referencg to br@nd r firm name, does n?t constitute en-
d?rse_met the U.S, Department of Agriculture over others
of asimilar rfature not mentioned.

eceived August 28, 1981, Accepted September 9,1981,
%%gfgts%mf;gg‘hfgﬁi%%qmzﬁi%%%?tﬁﬁoﬁ”%ﬂe&wafg%s;

e recom dfmon of hce Assoclate[I;%eferee was da(P roved
the General Referee and Com |Ree angd was a te? ¥
the Assocl tlonl. See the report or the committee, March 19
Issue, for detailed recommeéndations.

ral Research Service, Eastern Regional Research

-J. N, Gearing; C. Hillaire-Marcel;
Ziegler

The ?resent report demonstrates the applica-
tion of stable carbon isotope ratio analysis
#SCIRA) for detecting illegal addition of high
ructose corn syrup (HFCS) to orange juice.
Sugar analysis is not suitable for this purpose,
because HFCSs are available which, when added
to orange juice, will resultin glucose and fructose
levels within the range found for authentic
juices. We previously applied SCIRA to the de-
tection of HFCS in haney (7) and appleg}ume (8),
and the AOAC official first action methods are
widely used. The SCIRA approach takes ad-
vantage of the fact that organic materials derived
from C4 plants such as corn have elevated 13C/
12C ratios compared with those derived from C3
plants such as apple trees and all honey floral
sources. We recently reported (9) that pure or-
ange juices (42 samples) from several locations
are extremely uniform in 5I3C, averagmg
—24.5%0 with a coefficient of variation of 2.41%.
The orange 1UICE samples included domestic
blends, samples of varietal purity, and forel?n
samples. The results agreed with earlier analy-
ses by Nissenbaum et al. of Israeli and French
Juices (10). Being derived from a C4 plant, HFCS
|(57)r|cher In 13C, with 513C values averaging —9.7

Experimental

Materials

Pure orange juice was squeezed from oranges
of the Navel variety and determined to contain
11.60% solids. Navel orange juice was chosen
because its 513C values have been shown 9{_) t0
fall in the rangie of values for pure juices. HFCS
was obtained from Corn Sweeteners Co. (Cedar
Rapids, 1A), and diluted to 11.60% solids with
water. Orange juice and HFCS were then com-
bined to give adulterated mixtures containing
the foIIowm% (Progortlons of orange juice:
A, 70.0%; B, 25.0%; C, 100.0%; D, 40.0%; and E
55.0%. These 5samples were freeze-dried, and

o 2 J004:5756/82/6303-0608-03801.00
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Instruments and conditions used in collaborative study

Combustion3

Table 1.

Temp.,

Coll. Mass spectrometer °C
1 Micromass 602 D 600
2 Micromass 602 D 850
3 Micromass 602 C 1200
4 Nier type, 6 in. 60° sector, 810

dual collecting

5 Micromass 602 >1500
6 Mat 250, Varian 750

7a Micromass 903 -

Recirc.
time, min Coll, study working std
sealed tube  AER vacuum pump oil
with CuO
10 charcoal (613C = -23.3*» vs PDB) and

marble (513C = 0.0%» vs PDB) calibrated
against NBS-20 solenhofen limestone
(613C = -29.57»» vs PDB)

- UQ2 marble vs NBS-22 and PDB

20 BYU carbonate calibrated against NBS-22,
NBS-oxalate, and NBS-21

- bender limestone

- flask C02vs PDB

- tank C02

a Sample combustion in Parr bomb, electrically ignited after charging with 12 atmospheres 02.

portions were added to screw-top vials labeled
A through Eand sent to collaborators.

Sample Combustion and Determination
0f613C

Various isotope ratio mass spectrometers are
used in lahoratories which determine 13C/12C
ratios. Also, different procedures are used to
quantitatively burn the sample to carbon dioxide
and water. "Overall accuracy, including com-
bustion and 13C /12C determination, is 0.3%o or
better. The instruments, combustion conditions,
and standards used by the collaborators are given
in Table 1. 013C o) values are reported from
comparisons with carbon dioxide generated from
the reference standard PeeDee belemnite (PDB)
and calculated from the foIIowmg formula after

comparison of the 13CI602 and 12C1602 ion
beams:
513C (o) (13C /12C)sampie C 1% 103

. (13C /12C)PDb .

A 513C value of —25%0 means that the 13C/12C
ratio of the sample is 2.5% less than that of the

Table 2. 513C Values of orange juice and HFCSa

Range, %
Maan, cv,
%] Low  High SD %

-24.5 -25.6 -23.4 0591 241
-9.7 -9.8 -9.5 014 14

No. of

Sample samples

Orange juice 42
HFCS 4

a See ref. 9 for individual values for 42 orange juice samples,
including 3 domestic blends, 7 samples of varietal purity, and
4 foreign samples.

PDB standard (13C /12C PDB = 0.011237). Cor-
rections are applied to the measured differences,
including any zero enrichment in the capillary
inlet system, valve mixing between sample and
standard valves, and tailing of major onto minor
peak signal.

Results and Recommendations

~ The results of our recent survey (9) are given
in Table 2. The probability of a given orange
Juice sample being unadulterated may be deter-
mined from multiples of the standard deviation,
asshown in Table3. Asample with avalue less
negative than —22.1% should be classified as
adulterated. Because of the range of values
found for pure orange juices (—234%o to
—25.6%0), a statistical approach is necessary to
interpret the results of the test.

The results of the collaborative study are
compiled in Table 4. Regression lines of percent
orange juice on 513C (range of values for all col-
laborators) demonstrate the good agreement
amonﬂ the collaborators and are shown in F|8ure
1. These lines were all significant (P < 0.01)
with very high correlation coefficients, —1.00 <
r<—0.99. Alladulterated samplesin the study

Table 3.
juice sample being more negative than stated limit

Probability of 613C value of authentic orange

Probability, % Limit of 613c,
50f 6 = 84.1 -23 9
43 of 44 = 97.72 -23.3
769 of 770 = 99.87 -22.7
24 999 of 25 000 = 99.997 —-221
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