ISSN 0004-5756

ASSOCIATION OF
OFFICIAL
ANALYTICAL
CHEMISTS

JANCA2 66(1) 1-217(1983)



How ToUncover
The Hidden Costs
Of Chromatography.
(f\)/ reahﬁetgow much lower-purity HPLC

e Freéuerﬁconesecé)atérqg ou? Consicer

4 é : OCe' g_\gu!\cakl r '
|§J SR “?W s
4 I\/S_ttore e,g[dﬁv\ﬁﬁtﬂqu g
Il i . |

S ; ?S%W& . g . . |
iy [
! C%!' g pside o, E (SIS B

4] %@E@ '"e' _
4 cost frprup”r aégvgh gL un%%g%g a(II}OS fs.




OffICIa| Methods
Analysis

%ssomatlon of Official
Analytical Chemists

13th Edition

Edited by

W illiam Horwitz

Bureau of Foods

Food and Drug Administration
W ashington, DC

Officjal M et fAnalysis, often referred
{0 as q?he IB i

search and .re uI ly 1S ot Jgrov eosthrer
?c?entlsts W|thg faﬁ%rg metw oafnapal SeIS

Fdeterml |n& 8 com osmon 0 d/
mogdities subje t dE

ntr rrn
Opattrel%ntgr?\boég

ﬁ 0f each me ho
as ef emonstratd
g)r dlabora Ve stu |Tn ltsrpro-
UI mtehan proesmna an-

alysts.

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

980 18;? PR (5)rl l(J)% index, h&rdg)ﬁ) nd,
A

4 yearly updates
FORC TR 10RY, Sie 21083 Afigton 2220,

kA ®r\' AN NN yrinfn F+EA 1)

CONTENTS

A |cultural Limin
%a terials J
Fertilizers
Plants
Disinfectants
Hazardous Substances
Pestlmde Formulations
Animal Feed
Baé(m Poa/:vrders and
aking Chemi
Beveragéqs D|st|ﬁ d
iquors
Beve ages: Malt Beveralges
and Brewing Materia
Beverages: Wines
Bevera es: Nonalcohollc
oncentrates
Cacao Bean and Its Products
Cereal Foods
Coffee and Tea
Dalry Products
ggs and Eﬁ}g Products
Fls an O er Marine
Products
Flavors
Food Additives: Direct
Food Additives; Indirect
Fr liItS and Fruit Products
Gelatin, Dessert
Prepa dat|ons and Mlxes
Meat and Meat Products
Metals and Other Elements
as R?smues in Foods
Natural Poisons
Oults andd Fth Products
i1s.and Fats
Pesticide Residues
Spices and Other
Condiments
Sugars and Sugar Products
Vngetabe Products,
rocessed
Waters; and Salt
Color Additives
Cosmetics
Drugs: General
Drugs Acidic
Drugs: Alkaloid and
Réla ed Bases
ugs: Futral
ugs: licit
ugs and Feed Additives
in Anlmal T|ssues
rugs.in Feeds
|t ?mns and Other
Nutrients
Extraneous Materials:
[solation
Forensic Sciences
Microbiological Methods
Microchemical Methods
S o
andar %funons and
Materials
Lahoratory Safety

Dr
Dr
Dr
D
V



Lookatwhatyou've

;neiesnseldn'\fﬂvd U haven't
. l?m%sr{?egaggposds ISEASES,

Cﬁlnlcael aurq]a!ysalf oflipids

usIng micronial enzymes, by

trends in analytical chemistry  7iainaando erada

For the ema,|stand non- EPemahstwommg A?a!#a oﬁhsecrlg'r% Says i
W|ha ethods, our new monthly Kowalski

. FIu FESCENCE. etho
Journa sessent|al reading. Sy e ,Onopfg(_

Easy to read. .. Sel er, by W. Rudolf
no jargon, no highly-specialised terminology iz of v
Informatlveyetlnformal Hel 05 Ui QLe
rings you not only purely scient |f| re |evvs IMLALOTE b M Grasser
? ?arl%P aux boutt bauer and C. Malami
enmPﬁ fatgc()mo ana |caI em|st oth * The limitations of radlio-
Hct cal an t?orenc g%s 8% 'ﬂ”&gﬂ%{asggga%yﬁ%ega%vlvm
cal news 1tems from all over the wor ecl]m JlaESaTplcaring
Aﬁordable VA.Th. Bbrlrﬁ{ r\rqvanmand
if vou need to keep.U \N|thc rren trends
n)élyuture rs th) gs in an chem|s TU anﬁ;ﬂaj 'Ca] %’5'0” o
try, you ca ord to m|ss more

T“Etrends in analytical chemistry
H ACT NOW!

Please enter my subscription to the:
Don t despair - subscnbe 7 Personal Monthly Edition (12 issues) from (month).

Lavie), US'S32 80 Uk E0.05: Eirope 9150 Dutch guiders: Tapan
g
Y‘V* da Brsg;e 0Ing in ?(evr;celﬂoo elsewhere 9550 Dutchpgwders g P

1 Library Editi nVoI 1196?1/82 6|ssue Iuscom endlu volume

(4 ety g s e r'?ut?;ﬁegun e er)
I Dochermstry 1 Please send a free sample copy of TrAC
. env' ronHYentaI research Name__
il not d Address
1IN0 C nvince _
Ko e ooy ZiplPost Code
2 Vanderbilt A
TH[: Send to 1 BAX/SA Os rdam I%J an i Y 17,
The N therlal U? .
E I_S EVl ER Tel.: (20) 58 03450 {(212)867-9040 2



N ew b urger$% M anual of

Cosmetic Analysis

J Chaagers on anal |caI chnlques
ﬁs romatoqgra p
roma nlques and

CEneC rosc%a fi aty}s ofc eans

|ons cks, nall.
uers and e en er air
a 1Ves an es c dwave

utions.an tra 7615,

ant erserants and eodorants,
sunscreens

» Cha Pterso cosmet |cr0b|0I0gy
colo rumes

FaNCEs,
prese VES d tOOth as{]

End Ed|t| n — 1977

aOU SI LFg&kngb&-

ASSOCIATION OF
OFFICIAL ANALYTICAL
CHEMISTS

1111 N, 19th St. Suite 210-J
Arlington, VA 22209




@@;ﬁ:}g( l&%ﬁ%%%?gg ICAL NEWS

I E%atsendme WG-EVIOALI\EV\BGJIDE including one full year of weekly

€ SBrvice
1 Bllme 1 Check enclosed.
Name__ Title
Organization
Address
City State dn
W “Postal charge ackitionel for foreigp suscriptions.
For more information, call our Circulation Manager at (202) 544-1980.



Preston Publications offers
two technical

JJJJJJJJJ

joumals
for the
analytical
o+ chemist...
Journal of Journal of
QHROMAT RAPHIC S.CIE_NCE . YTIC@L 9) I(TJ&L Y .
H: “ﬁﬁé i ‘% A
('i ; r H ] s h
Bl I A L
|
| | ,
3| |
| | %%f ot
i

3 C
To order your subscription, please fill out the coupon below

D i s Jicd Toid
V@W%r o [IngoumaJs ?K rﬁtﬁﬁzl o

Hmk %\f Iy Crecit carct

Cad #

Bxpiretion date e

Nae e
Adaress :

Oy State n

Preston Pblications I« PO B 48312 + Niles, L6068



A O A C

9 0

- DEVELOPING an d
VAUDATING METHODS
for =759r3 YEARS

AOAC Centennial Y ear



JOURNAL dte

ASSOCIATION OF
CHOAL
ANALYTICAL

CHEMSTS

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

Vol. 66 JANUARY 1983 No. 1

CONTENTS

Sugarsand Sugar Products

1sC/,2C Ratios of Citrus Honeys and Nectars and Their Regulatory Implications
onathalgW thte Jr %FrankA Ro 1
|\_/Ierse hase Liquid hromatograp ic Determination of Sulfathiazole Residues in

Carlag Barry & Graham M. MacEachern 4
Hl%h Performance L|qU|d Chromatographic Determination of Selected Gas Phase Carbonyls

Tohacco Smoke
Delmar L. Manning, Michael P. Maskarinec, Roger A. Jenkins, & Amos H. Marshall )

| Ch
"8 eélt'rej(ei on"Mass Spectrometric Identification of Chlorophenol Residues in Human

Er||<ab Har eshe er & RonaIdI Cotts 13
Interfaboratory Calibration Results of Polychlorinated Biphenyl Analyses in Herring
Charles J. Mu3|al &JohnF Uthe 2

" T
RN 5 e O s e



Gas-Li UId Th %rinato raphic Pietermmatlon of Polychlorinated Biphenyls and a Selected
Num er of Chlorin te Hydrocarbons In Serun
V|rIyn W Burse Larry L Needham, Margaret P. Korver, Chester R. Lapeza, Jr, John A. Liddle,

Asges%ment of Bl\/Yetehods to Determine PCB Levels in Blood Serum: Interlaboratory

leyXWBurse Larry L. Needham, Margaret P. Korver, Chester R. Lapeza, Jr, John A. Liddle,
& David D. Bayse

Vitamins a */O ther N utrhen
QUICes 0 ariance In the Bloassay of Protein Value
James G. Elliott & Foster D. McClure

ological Metho

ﬁa?i?dmetncal\/llcro |oo|og|cal Assay of Vitamin By Assay Simplification and Sensitivity

Tomas R. Guilarte

Alcoholic Beyv

as-L| |d Chro omatographlc Determination of Volatile Phenols in Matured Distilled
Aco olic Beverages

Mat tonen
h &5 ormance. Ligu Chr m jc Determination of Nonvolatile Phenolic
Mom E)uhnds In Matu(}eéj Distil da i\l% ch Beverages

attl Lentonen

Exﬁé’l?aetgﬂ /o A |yses for Indigenous Insect Fragments in Ground Paprika
James E Woodbury

Oilsand F

Improve oxy nase Metho (f})[ Measuring cis, ris-Methylene Interrupted Polyunsat-

urated Fa Ac S In Fats an
Bryan L. Madison & William J. Hughes

cesand J

AI t & Maria Ligia Mart

ur}/%eyr Of(i/g]rerﬁoo&(m a ama%lroH] %f 1980 Ontario White Winter Wheat Crop: - Results
urvey an eedm? rials

" Ranid Thin
api er Chromatographic Determination of Patulin, Citrinin, and Aflatoxin in
R J{jgan ¥ears ang] Tth(g1 FJ} dr

Locksley Trenholm, William P. Cochrane, Huguette Cohen, James I. Elliot, Edward R. Farn-

wbrth Douglag W, Friend, Robert M milton, James F. Standish, & Brian K. Thompson
Pre argtuL)n QFChgra%tenzatlon ofﬁmdaD hydratlon Products ong atoxmo]
n au U
nglssﬁersessure quwg Chromatographic Determination of Zearalenone in Chicken
Vincent Turner, Timothy D. Phillips, Norman D. Heidelbaugh, & Leon H. Russell

Pesticide Resjdue
&oKolrlmetgchbe/Eermmhatloon of l13r(t)]p}(<)xur ar}idKIts ﬁeﬂdue? {/n Xegetables
alapanaa ala m asn Kapur rishnarajpe agar
Calor éwreltjgl rImet pd for F.E[é creenpmg Above- ToIe]Fance Pa%atﬂlon Residues on and
Damel E Oftt & Franms Gunth
Auto te% Jﬂ%or etermi aFglon ofExpen[Hen al Insecticide Nifluridide
ro uctl ater ng ressure Liguid Chromatography
Sheldon D West Georgia K. Dorulla, GeorgeM Poole

3

40

46

62

n

79

8l

&

102

m



Im roved Method for Determination and Identificatjon of Serotonin in Foods
Foncepcmn Garcia-Moreno, Julian C. Rivas-Gonzalo, M” Jesus Peha-Egido, & Abel Marine-
ont

Fish and OtherMarine Pro
identlflcatlon of Frozen, &oolied Shellfish Species by Agarose Isoelectric Foscusing
Kate Wiggin JU(%lth Krz o&
Fish Species Identi cation %y garose Gel Isoelectric Focusing: Collaborative Study
Ronald C. Lundstrom

Metals and, erEIement

-Liqu hromat raphic Screening Method for Determination of Methyl Mercu
é}% Tﬂna and Swor(?ﬁs P J y Y

Th
g N &ondltlons fo[] tydrlde Generation of Selenium and Its Determination by Atomic
ADsorption SEectro
Robert R. Brooks, Janine A. W|II|s & John R. Fiddle

N ulrl
mance Liquid Chromatographic Determination of Bifidobacterium hifidum
romﬁflqactors In H%man I?( orep
Samy H. Ashoor & Woodrow C. Monte

§ gctrogsr}oé%rgsetnc Determination of Aminacrine Hydrochloride in Creams, Jellies, and
aine.A. Bun
Eva)uatl no r‘uoro etric Determination-Thin Layer Chromatographic Identification
0 m(l)nacrlne Hy(!pocworlge |rn Drug Preparat |0|¥ P
Ll%ff]n%:hromatographlc Analysis of Samples Containing Cocaine, Local Anesthetics, and
ther Amines

rNo Ie Jr, & G Randall Clark
S|m Ie %%orlme ric. thodafgrﬁ)etermmatlon of Pyridoxine Hydrochloride (Vitamin
R hTagmaceumH Doshi, & Sanjay K. Jashi
ames ane, vyipu 0SNI, & danja S
X-Ray Powder leYrgctlon Data ﬁ)r NIJn% Ant eimlntlcs
Johin T. R. Owen, Badruddin M. H h|m &FrankA Underwood
De ?]rmmanon OLGen micin uﬁate ﬁ) :, and C] Components by lon Pair Liquid
romatography with Electrochemical Detection
Timothy A. Geek A. Carol Haneke, & George B. Selzer

DrugResiduesin Animal,
Iﬁetermmatmn ot fi’emuﬂm é Ampicillin, and Cephapirin Residues in Tissues
Arnost B. Vilim & Lyse Larocque

C
Cas- quwd Chromatogra ghlc Method for Determining 1,4-Dioxane in Cosmetics
Donald B. Black, Robert C. Lawrence, Edivard G. Lovering, & James R. Watson

D Feed
r%ﬁ;t;lndlrﬁeetrslcﬁ ay of Pemcnlm in Feeds:  Addition of Magnesium Sulfate to Eliminate

Chlortetrac nte erence
Tom Chiang, Alan R. Hanks, James R. Melton, & William L. Hoover

118

128

130

13

140

145

151

158
161

172

176

180

184



Automat d Det rmlngtlon of % ude Protein, Phosphorus, Calcium, Iron, and Magnesium
In Fee sb sing Stopped ow Analyzer
Michael A. Koupparls fthenosP Dlamandls & Howard V. Malmstadt

nlcaICom atlons

Tlmln tion of Socium Chlfogde Interference During High Pressure Liquid Chromato-
9rap IC etermmatlon of Sugars

onathan W._DeVries, Henry L. Chang John C, Her&!f & Kevin D. thnson

olfpp(?rlson %etvveen ‘Potentiometrie Titration and Enzyme-Catalyzed Determination of

rogen Peroxide
Henr . Chin & Antoni Cortes
PrB em in Co@ectlo %@aRe'presentatlve Samples for Determination of Tributoxyethyl
0sp ate In otab

L LeBel & David T. Williams
Tr&alyment OF Fresﬁly Harveste(q1 1980 Georgia Dent Corn Samples Collected for Aflatoxin

OdetteL Shotwell Glenn A, Bennett, William F. Kwolek, & Clifford W. Hegseltine
Pr um tn/e %eenlng TestforSemlnaI Acid Phosphatase Using Sodium Thymolphthalein

Howard Selden & George T..Duncan

RaR dExtr tion and Gas-Liquid Chromatographic Determination of Benzoic and Sorbic
cids In Beverages
Ricardo G. Coelho & David L. Nelson

New Publications
Book Review

For YourInformation

18

197
199
202
204
201

209
212
214
215



tlcal C mlsts IS

W%our&fﬁ%?flatonf ctg\Ml il
, N
nt

?/u eMISES
|ssu 3|xt
}% . VB July, S

volume ain
E?ptlons are by volu

0558

anéjb

Bt

ljgu ecurrerr[

L) Je e

Iee@%t% 88#1 (ﬁr[sm ho mcrlu 8[].‘0(% cbeverltleess
environment,

f C%ﬁmhlcgl Ovemment
?&aPu de ntrol tei%cur?{?er tijlnvltecg revfgws on
§ i
%&w@e%% bﬁgi @i %%ﬂes
o rrglgt ru%ul)sns aJts%% 3?1 rlejguest om
8% %%Iﬁﬁleﬁllost in the mails will rT]otbe (ﬁ@ unless

received wit the date of ISSue nens‘}}%sub
SCI’I |ons or n|n or ore nqm ||b)euo

I Ie t

e m@% e,
Ing con%s ornce
of Addr t| on shouIH include both o e(J

&@W ? reoentl WE?? e ge to

ectlve relgn U rlbers sho&tJ Use air Imai

C

I |on

%&r} tgr\]/a@b BmPnnoeton Mcrofilm
AOAC 1111
N1 %ﬁ %lte%r%r% o AGKG,
NOTICE TOREADERSABOUT COPYING

B E g

Wma request m|55|ont rom he

it

. 'eéa”ﬁe%%ee
r”the et it are t
Eamcle }Eef?ast 4i "

é) ld U I'O ES {30 %
L it
% i t.ave Oee&e T

@sﬁ’ ié;’?
g%;g
T. =D

c—s:ﬁm _1

J soc Off Anal Chem.: t
|ssueand

i S persoﬁgalmushee may Sl be obtaned from the

Robert C. Rund, Chairman
and Editor-in-Chief
Charles W. Gehrke

Alan R. Hanks
Kenneth Helrich

Kenneth R. Hill

Milan Ihnat
Charles F. Jelinek
[rwin H. Pomerantz
Odette L. Shotwell
Charles H. Van Middelem

The Journal

Editor: Agricultural Materials
Rodney J. Noel

Editor: Drugs, Colors, Cosmetics,
Forensic Sciences
Evelyn Sarnoff

Editor: Food Contaminants and
Biological Methods
Malcolm C. Bowman

Editor: Food Composition
and Additives
James F. Lawrence

Editor: Residues and Elements
Joseph Sherma

Editor: Book Reviews
Thomas G. Alexander

Managing Editor: Nancy Palmer
Associate Editor: Betty Johnson
Editorial Assistant: Marilyn Taub

Board of Directors

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

D. Earle Coffin

Frank J. Johnson

James P. Minyard, Jr.

Executive Director; David B. MacLean



INSTRUCTIONS TO AUTHORS
Sco p of Articles hovvever

ents and e, con-
iR m&w h% S :%uqsf%s P
P e !
Omewe%ﬁ a{stﬁsﬁ i Chat el o
p—— e

Aj“%“af“ s alge%%p,eﬁ AT .fgse Ou'
onﬁild% 0 my V\/nltu%g' menon .1 '95' | r te(_i Inmetextcorrgsecu-

ar%aac% f?]a%uh |n T egl}f%rs veu ben %eilge Sree'(%eij‘g
|ons usrah rgh%se Ve aghee Qtﬁ?ﬁ g\ i ion.%/l{e [he \{\{)rd
hrou 1 o %Pletﬁ{:?o w%lcrwg ?@a%er” Nei@lzle%?
@ ate”%ms notaoap nerspe hro VS W%Sérsg/?am " : ﬁofﬁ]@ ﬁv%r(é

Style and £o neain W 13l are ndica \fg
n&fgﬁg‘n e me ! C'e.aa@.m'a%uggm ﬁgﬁ@%&% cil
SAJ 0

eas l he e %%%
Inls IC 0 | |0 | %ﬁl{% %Xmshotm eu

nOAllestracts % P ST I;:TL%%O” %;ﬁ ' i qﬁ%%is an

| %ner %}? e%eculd incluce astate d 189 p}] adf%

r;ter;o:s (;M% i mﬁ;ﬁwﬂ%& acﬁe L\ﬁ rf%no %:re ramr
bo n

hoomea? fr

m A5 T S0 |0%Jﬁr%(p)nate?mrg %ﬁres&oﬁﬁ%%%%gw I[:J'Lri

e

Q%o

<1:



%ewrrtten letterin shnof ceptable.  Values for The e%bbrevhatro for the %)ournal title should be re-
Inate and ansciss soud Iven, with pro er t?r/eﬁt or.each reference: do not use |brd ThrsJournal
rdent|frcatf]on conformrn% 0 j0 [)nal style gex% ere erred {0 as]. Assoc, OH r%
wave nm atthesr esa ott?rR I r e %rpgen ru?r of methods o the Assocratron
etterd ornu bering on the face of the ure soul e l1Sted as follows; OffrcraIMethods 0of Analysis
shoul atam rmum s ement in or 198 g %AC Arli rng on, VA, with a P ro-
matrons ou rve rnt eca Severa curv rlat sectron numbers; the edition and year aré, of
tbe same rgues ould entr ie ysrm ourse, subject to ¢ ange
OS such as etters or num ers,.ang the EI’O er iymbols ariéj Abbrevi 3|ons

V,S

entrfrcatdon or ex %natlrgn gjven in the caption,
Letters and numbe rgeenou aJow r 3
torournaLP ?eeoEaCﬁEum size. JAOAC, does %rg %ﬂlr am s)
R FAron an estatea t%tet The same data ano
not be presented in both tables and fi ﬁgures L g?)
reader mL mrll ter$
5)
tetare identl yara rcntrrserTs]se 3bove (t: elrne m meterst
Its }rltum%er Wt%tn the ?nmm Fnern fmetgrr
attheendo eteétbut epttgaminimum, A ees
omrttrng soclal an acarﬁemrc titles In ormationon '/ VB]PS
after the References section. inch(es
ces: . References to prev lished work cu in. cu IC Inch(es)

re uctroit
not shstrai ration curves; this In- mrcr g
1 j
Footnotri otnotes are adistraction to t
and should belegtto minimum.  Foofnotes to the  fiL mlcmlé
e (not asterisks or si

note/p Sst be Indicated [Jny 1 t{

Acknowle ments Esse trawredtsma%betncluded fr% H“Jﬁé?n”é?e n%?tnrﬂ |rr%r|] ron)
meeting presentation, financial assistance, and dis-
claimer s%ould be unnumbered footnotes and appear Ptc %Bet fecejt et

Refere ously pu
shoufd Be collected att ee doHJt yrftrckfeun erthe al. allon(s

eadrn? Referenges Each rt minth e list rsl}grecee ﬂ) ounﬂ i
rmrllron

n%/anaa IC num errn arent £ses, ference ounce
ust ecrted? Rt where In the texllrn nu rica order ppm narts
grat er than a etre al or chronological). (Note: b arts erbiflion .
nartrcecont Ins only one reference, this reference E| Boun(t)s persquare inch
ma emserte drrectl in the text, rather than placed ~ Spgr  Specific gravity
[t e end.) . Itis the author's responsibility to verify Eor Ing Eo.m
| information given rp the references. D melting point
eerences fo ourna articles mustrnclude the fol- | rnsrde% meter
Iowrngrn ormation: eﬁtnamesand at |east one rnrtral od outside diameter
?a” uth or? noé Just the senior author); year of pub- hour s§
ication, enclosed n parentheses; title ofjournal, ab-  min~ minute(s
brevrated accordrng toaccepted Chemrcal Abstracts Style; s second(s
[ume number; nurE ers of first ar]d last pages. % ercen
e nc S t? ulletins, pamphlets, etc. dt T Etan afd taper
rncu ollowing Information: ~ last names and N norma
initials. of authors ore r?rs a* fEublrcatron en- M molar
closed i rg Fare theses ull il volu enHm- mM  millimolar
berore ition (unless it |s the rstedrtron er;
of publica |0n numbers of pertinent pages, ¢ QNote Spectro hotometrrc nomenclature should
te 0[)? %n?{] Cit ﬁ“gp to prerte C(?mm m%anongg ollow thfe rules ¢ rf]tarne In Qfficial Methads of Anal
unﬁr isfed data s oudbernf uded n the text, not in ySIS "Definitions of Terms and Explanatory Notes."
ISt OT lowing form: athor's

e{ﬂences In the fo

name and affiliation, and year. Rev. 1/81



Participation in the Copyright Clearance Center (CCC)
assures you oflegalphotocopying atthe momentofneed.

Libraries everywhere have found the easy way to fill

photocopy requests legally and instantly, without the

need to seek permissions, from more than 3000 key

publications in business, science, hum anities, and social
science. You can

Fillrequests for multiple copies, interlibrary loan (beyond
the CONTU guidelines), and reserve desk without fear of
copyright infringement.

Supply copies from CCC-registered publications simply

and easily

The Copyright Clearance Center is your one-stop place

for on-the-spot clearance to photocopy for internal use

Its  flexible reporting system accepts photocopying

reports and returns an itemized invoice. You send only

one convenient payment. CCC distributes it to the many

publishers whose works you need

And, you need not keep any records, the ccc computer

Register now with the CCC and you will

will do it for you

never again have to decline a photocopy request or

wonder about com pliance with the law forany publicat on

participating in the cCC

To register or for more information, just contact

o Copyright Clearance Center

21 Congress Street
Salem, M assachusetts 01970

(617) 744-3350

TE

x P

I
1



SUGARS AND SUGAR PRODUCTS
13C/12C Ratios of Citrus Honeys and Nectars and Their Regulatory

Implications

JONATHAN W. WHITE,_Jr_and FRANK A. ROBINSON#

Honeytech, Inc., Navasota, TX 77868

Application of isotope ratio testing for adulteration
to predominantly citrus honeys without using the
recommended confirmatory testing has caused reg-
ulatory difficulties for several Florida honey packers.
It is demonstrated that 813C of citrus honey is sig-
nificantly less ne?atlve than that of other honey
types. Analysis of citrus nectar shows that the less
negative values are not due to the inadvertent mixing
of cane or corn syrups used for spring feeding of the
bee colonies previous to the citrus nectar flow.
Means for identifyin% citrus honey and specific
limiting values of 8J3C for adulteration testing of this
honey type are proposed.

Use of the stable carbon isotope ratio to demon-
strate the addition to honey of cane or corn syr-
ups is now well established (1). The average
513C value for 119 honey samples 684 United
States, 35 imported) was —25.4%o0 (s = 0.98%o0) and
for corn syrup, —9.7%0 8513C = [(13C/12C sam-
ple/13C/12C std) —1] X 103). Values for mixtures
of honey and corn syrup are the wel?hted_sum
of the value for each component. Individual
values have been published (2). Althou%,h the
composition of a mixture can be established
within a few percent when the 513C value of the
honey component is known (ref. 1, Table 5), the
variability encountered amon? the authentic
samples precludes accurate calculation of the
composition of unknown mixtures. In fact,
samgles with values between —235%o0 ﬁZs) and
=21 %od[4s) should be confirmed as adulterated
by an independent test ‘3). Nonetheless, at least
one laboratory has regularly declared samples to
be adulterated when such values were obtained,
without additional testing. During the 1980
season, this practice caused some marketing
difficulty with the Florida citrus honey CE)f. In
one instance a citrus sample with 513C'= —38%o

ived F 9, 1982, Accepted April 29, 1982.
Noneg&%gtee ofeEtr)% r)énd ]Agrlcultfjcr%? guerf%rels gournaIZSerles
TUniversity_of Florida, Department of Entomology and
NematoYogy,%ainesv{lle, FL 3%11. W

was said to be 10% adulterated, resulting in
considerable confusion and economic loss.

Many 513C values for citrus honey were en-
countered that were within the range requiring
additional testing; in all cases, the result was
negative. It thusseemed advisable to establish
the isotope ratio ranges to be expected with au-
thentic citrus honey, with the UJothesw that
this floral type differs from other U.S. honeys in
this regard. Accordingly, samples of “orange"
(citrus) honey from bulk'shipments to a Florida
packer from IonP-establls_hed producers were
analyzed for stable carbon isotope ratio. Results
confirmed the less negative nature of citrus
honey 513C compared with averages for all honey
determined in an earlier study.  However, the
origin of this difference was not resolved because
stimulative feeding was a common practice for
most producers.
~ Because the citrus nectar flow comes so early
in the year, it is frequently necessary to feed
honeybee colonies with honey or sugar syrup to
ensure that they are strong enough to take full
advantage of the usually heavy nectar flow. This
stimulative feeding is a necessary and normal
management practice, and beekeepers are careful
to avoid mixing stores from such feeding with
surﬁlus honey removed for sale. The recent
high cost of sugar has encouraged substitution
Ity high-fructose corn syrup for bee feeding.

ence, it is conceivable that the less negative
513C values usually found for citrus honey actu-
ally represent a consistent, inadvertent ad-
mixture of corn or cane syrup used for the bee
feeding before the flow. .

To resolve this question, isotope ratio mea-
surements were made on a series of citrus nectars
collected directly from the blossoms, thus elim-
inating any possible contamination by other
sugars. We found that 513C values of citrus
nectars are identical with those found earlier for
citrus hon.e%, showing that no appreciable ad-
mixture with feeding sugars took place under the
normal beekeeping practice, and that the dif-

0004-5756/83/6601 -000]-03$01.00
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Table 1.

No.

Sample samples Mean
Citrus honey3 15 -23.8
Citrus nectar 17 -23.3
U.S.honey0 84 -25.2

a Negative TLC tests were obtained on each of the 5 samples teste

b From ref. 1.

fering 513C values of citrus honey are indeed
characteristic of that type of honey.

Experimental
Samples

Citrus honey.—Samples were taken from stored
bulk Florida citrus honey (1980 crop) as supplied
to a Florida packer by 15 producers who regularly
sell honey to this packer. Stable carbon Isotope
ratio was determined for each sample and in
addition, the 5 samples with &3C values less
negative than —23.1%o were tested for high
fructose corn syrup by the charcoal column-TLC
method (4).

Citrus nectar.—All nectar samples were col-
lected from mature but unopened citrus buds.
By selecting buds whose petals were just begin-
ning to separate, a slight pressure on the tip of
the bud would cause the petals to open fully
providing easi/ access to the accumulated nectar,
which was collected in 10 or 20 juL capillary pi-
pets. After being filled, the ends of the pipets
were flame-sealed, and the sealed tubes were
placed in boiling water to sterilize the nectar
sample to prevent fermentation.

Determination of 5 13¢

Stable carbon isotope ratio was determined
generally according to method 31.150 (4) by

Table 2.

Variety Location
Orange
Parson Brown Clermont
Valencia Clermont
Lake Placid
St. Petersburg
Temple Clermont
) Clermont
Téngelo Clermont
Clermont
) Clermont
Grapefruit Clermont

J. ASSOC. OFP. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

613C values (%) of honeys and nectars

Range
T of
High Low SD %
-22.1 -25.5 0.96 4.03
-22.0 -24.6 0.74 31
-22.5 214 0.94 373
d (see text).

Coastal Science Laboratories, Inc., Port Aransas,
TX. Combustion was carried out according to
Sofer (5) in a tube in which the sample had been
dried. Copﬁer oxide was added, the air was
evacuated, the tube was sealed and heated in a
furnace, and the CO? was purified as specified in
31.150 (4).

Results and Discussion

The results of the analyses of the 1980 citrus
honeys and the 1981 citrus nectars are summa-
rized in Table 1, which also shows data for 84
U.S. honeys studied earlier (1). Table 2 shows
the individual results for the nectar samples.

Application of the f-test showed that the mean
values for the citrus honey and for the citrus
nectar do not differ significantly (t = 1.66, 30 DF;
toio, 30 DF = 1.697). The generally less negative
513C values for citrus honey in comparison with
other floral types of honey therefore do not arise
from inadvertent contamination with sugar used
before the nectar flow for spring build-up of the
bee colony, but are characteristic of the plant.

The mean values for citrus honey and all U.S.
honey are 5|an|f|cantly different ﬁf_ = 5.11, 97 DF,
tooi, 100 DF = 2.64?. This implies that use of
isotope ratio values for judgment of adulteration
of honey known to be of citrus origin should
properly be based on mean and variability data

613C values of Florida citrus nectars

Collection
date 513C, ».
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for citrus honey, not all honey in general. The
4s limit proposed earlier (1) for declaring honey
to be unquestionably adulterated L—21.5%0)
should Iog}cally be replaced for citrus honey by
—200%o. This value was obtained by subtracting
4s (4 times the standard deviation of 0.96%o) from
the mean value for citrus honey of —3.8%o0
(Table 1). Confirmation by the TLC test should
be required for acitrus sample if the value is be-
tween —21.9%» (2s) and —20.0%o (4s). The use of
4s (assuming a normal distribution for 513CJ
means that less than 1time out of 10 000 woul

a pure sample falsely be declared adulterated.
Such conservatism could lead to frequent ac-
ceptance of adulterated samples as unadulterated
unless accompanied by the recommended TLC
gnld/or methyl anthranilate testing described

elow.

Application of these criteria requires that a
honey be identifiable as principally citrus in or-
igin.  This is not difficult because the flavor and
aroma of such honey is quite distinctive and is
easily recognized. Furthermore, citrus honeys
are unique among U.S. honeys in containing
methyl anthranllate.(6-8g. (Lavender honey, not
produced in the United States, it also reported to
contain this substance (9)), Knapp (8) has stated
that only 1in 1000 citrus honeys would be ex-
pected to contain less than 1.5 ppm. The 80 cit-
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rus honeys studied (7, 8) averaged 3.8 ppm (range
0.84-4.9). White (7) reported an apparent
methyl anthranilate content averaging 0.07 ppm
for 12 non-citrus honeys. .

It may reasonably be concluded that Florida
citrus honey has significantly less negative 513C
values than does other U.S. honey, and requires
different standards for the determination of
adulteration by this measurement. These values
are not less negative than those of other honey
because of possible contamination with feeding
sugar, but are characteristic of the plant
species.
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Reverse Phase Li(iuid C_hromattg;;raphie Determination of

Sulfathiazole Residues in Hone
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Sulfathiazole residues were extracted from honey by
homogen_um% samples in acetone, filtering, and then
evaporating the acetone under nitrogen at 40°C. The
remaining extract was transferred to a seFaratory
funnel with IN HCI and ethyl ether. An aliquot of
the retained acid layer was screened by using the
Bratton-Marshall reaction. If the test was positive,
the remaining portion was analyzed directly through
apBondapak phenyl column monitored by a UV de-
tector at 254 nm. The mobile phase was potassium
phosphate monobasic in 10% acetonitrile adjusted to
pH 3.0. Time for elution was 13 min. Avera%e re-
coveries were 78% at the 0.1 ppm spiking level and
68% at the 1.0 ppm level. The minimum detectable
amount was 0.06 ppm based on a spiked sample ex-
tract.

The antibiotic sodium sulfathiazole is used in the
prevention and treatment of American foulbrood
In bees. In the United States, federal regulations
commonly limit sulfonamide residues to 0.1 ppm
in edible tissues (1). . .

Sulfathiazole residues in various substrates
have been determined by many methods. Gas-
liquid chromatography with electron capture
detection of sulfonamides in edible tissue has
been r%ported by Goodspeed etal. (2), following
pH adjustment, extraction, diazomethane
methylation, and acylation with pentafluo-
roiJroplon_lc anhydride. Daun (3), determining
sulfonamides in"extracted feeds, used derivati-
zation by diazomethane and heptafluorobutyric

anhydride followed by electron capture detec-

tion.

Methods have been reported for sulfathiazole
residues in honey. Bregha-Morris (4%deve|0ped
a colorimetric procedure hased on the Bratton-
Marshall reaction, which could give false posi-
tives because color development occurs with
sulfonamides in general. The thin layer chro-
matographic method described by Grandi (5) as
sensitive to the 0.1 ppm level involves column
cleanup and is not sufficiently quantitative for
residue analyses. The high performance Ilgmd
chromatographic (HPLC) method proposed by
Belliardo ?6) IS reported to be quantitative to the
1ppm level but no supportive recovery data are

Received February 18,1982. Accepted May 12, 1982.

given. Attempts to duplicate this work were
unsuccessful. The purpose of the ﬁresent study
is to develop a method to ensure that Canadian
honey is free from sodium sulfathiazole residues
to the detection limit of 0.06 ppm.

METHOD

Apparatus

(a) Liquid chromatograph.—Altex Model 110A
solvent metering pump with flow rate setat 1.1
mL/min (Altex Scientific Inc., Berkeley, CA),
equipped with Rheodyne 7125 loop injector
(Rheodyne Inc., Berkeley, CA).

.(b(} UV detector.—Spectra-Physics SP 8300
fixed wavelength UV/visible detector with 254
nm filter kit set at sensitivity of 0.0025 absorb-
ance unit full scale (Spectra-Physics, Santa Clara,

A).

(c) Recorder—Linear, with 40 cm/h chart
speed (Linear, Irvine, CA?. _

(d) Chromatographic column.—Stainless steel,
30 cm X 3.9 mm id Bonda/gak phenyl (Waters
Associates Inc., Milford, MA).

(¢) Blender—Hamilton Beach Model 33.

Reagents

(a) Acetone.—Distilled in glass (Caledon
Laboratories Ltd, Georgetown, Ontario,
Canada).

%)) Ethyl ether—ACS reagent grade (Caledon
Laboratories Ltd).

(c) Acetonitrile.—HPLC grade (Caledon Lab-
oratories Ltd). _

(d) HPLC mohile phase.—Dissolve 13.6 g po-
tassium phosphate monobasic in 1 L acetoni-
trile-water (10 + 90), adjust to pH 3.0 with
phosphoric acid, and filter through 0.5 gm
Bogtetrafluoroethylene (Type FH, Millipore Co.,

edford, MA). Degas by using awater aspirator
vacuum. Use deionized water. .

(e) Standard solution.—Dissolve 13 mg sodium
sulfathiazole.U/2 H20 (11.85 mg sodium sul-
fathiazole) in IN HCLin 25 mL volumetric flask
and dilute to volume with IN HCL

(f N-(t-Naphthyl)ethylenediamine dihydro-
chloride {NED).—S|gma Chemical Co., St. Louis,
MO. 0.1% aqueous solution. Refrigerate solu-
tion when not in use.

0004-5756/83/6601-0004-04%$01.00
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g) Ammonium sulfamate.—0.5% aqueous so-
lution. Refrigerate solution when not in use.

(h) Sodium nitrite.—0.1% aqueous solution.
Refrigerate solution when not in use.

Sample Preparation

Weigh 50 g honey into 250 mL Erlenmeyer
flask. "Add 25 mL acetone and blend 2 min at
low speed with Hamilton Beach blender con-
trolled by rheostat. Decant acetone into a 250
mL flask and filter through No. 1 Whatman
paper. Repeat acetone extraction twice. Evai)-
orate acetone in 40°C water bath under gentle
stream of nitrogen, and quantitatively transfer
extract to 250 mL separatory funnel with 20 mL
IN HC1 followed by 20 mL ethyl ether. Gently
shake separatory funnel and let 2 phases sepa-
rate. Collect acid Ehase_ in graduated cylinder
and dilute to 30 mL. Pipet 15 mL aliquot into
graduated centrifuge tube.

Bratton-Marshall Screening

To solution in graduated cylinder, add 2 mL
sodium nitrite solution, mix, and let stand 3 min.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 5

Add 2 mL ammonium sulfamate solution, mix,
and let stand 2 min. Add 1 mL NED solution,
mix, and let stand 15 min. Sample is positive if
red-purple color develops. 1If B-M test is posi-
tive, continue with HPLC confirmation.

Determination

Divide solution in centrifuge tube into equal
parts. Spike one part with 5pL standard solu-
tion, which is equivalent to 0.2 ppm sodium
sulfathiazole. Determine amount of sodium
sulfathiazole present by method of standard
additions. Inject 20 pL sample before and after
addition of standard. Measure peak heights for
sample and spiked sample and determine sodium
sulfathiazole as follows: ,

ppm Sodium sulfathiazole = [(peak height
sample)/(peak height spiked sample — peak
height sample)] X 0.2 ppm

The minimum detectable amount was 0.06
ppm. This is the minimum concentration of
sodium sulfathiazole in aspiked sample extract
that results in asignal-to-noise ratio of 2.

SAMPLE SPIKED S AMPLE
‘IA;.OOOSGU
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Figure 1.

Liquid chromatograms of a negative sample and the same sample spiked at the 1.0 ppm level.

Arrow indicates the sodium sulfathiazole peak in the sp|I|<ed sample and where it would appear in the negative
sample.
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Results and Discussion

Several sample preparation procedures were
tried to obtain optimum extraction efficiency.
Acetone proved to be a better extracting solvent
than chloroform. Homogenizing the sample
before extraction with 5 mL water or IN HC1 did
not improve recovery. Homogenizing the
sample at low speed rather than centnfugmf; or
shakm% was more efficient. The Hamilton
Beach blender was capable of homogenizing
reIatlvelg small amounts of such a viscous sub-
stance Detter than a Waring or Polytron
blender. . N

The pH of the mobile phase was critical to
ensure complete ion suppression and separation
from interfering compounds. The mobile phase

was stable over a period of a day, %ivmg an av-

erage retention time of 13.25 + 0.06 min. The

Liquid chromatogram of ablank samﬁle spdiked Witl? me mi?imur?( detectable quantity, 0.06 ppm.
e sodium sulfathiazole peak.

phenyl column resolved the sulfathiazole peak
from ‘interferences better than the Qs or CN
column. _

Nineteen commercial honeys collected b
Aﬁnculture Canada inspectors were analyzed.
The honeys originated from various sources in-
cluding buckwheat, clover, and natural. Liquid,
cream, pasteurized, and nonpasteurized honey
were analyzed. Twelve samples were positive
by the screening test. Because the B-M reaction
forms a color derivative with all primary aro-
matic amines, HPLC confirmation is necessary.
The presence of sulfathiazole residues was con-
firmed in 8 samples at levels from 0.10 to 0.56
ppm. Chromatograms of a negative sample and
anegative sample fortified with 1 ppm sulfathi-
azole are shown in Figure 1. Figure 2isachro-
matogram of a sample extract spiked with :he
minimum detectable amount of sulfathiazole.
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Table 1. Recovery (%) of sodium sulfathiazole added to
honey
ded, ded,
Sample @f ppm Sample JA. ppm
j 73 65
» B A
3 65 3 83
4 87 4 69
5 95 % 72
|
Av, 78 68.3
SD 12,5 10.4
CV. % 16.1 152

To determine the recovery of sodium sul-
fathiazole, samples of honey were spiked with
a solution of sodium sulfathiazole to give added
levels of 0.1 and 1.0 ppm, and were analyzed by
the present method. Results are shown in Table
1 The variation in recoveries could be due to
the differences in the individual honeys as de-
scribed previously. To study the repeatability
of the method, a positive sample was analyzed 3
successive times. Results for the 3 determina-
tions were 0.56, 0.59, and 0.52 ppm sulfathiazole
(average, 0.56; SD, 0.04; CV, 7.14%).

Sodium sulfathiazole gave a linear response
from 0 to, 2.8J1pm. Linear regression of the
amount injected vs peak height gave acorrelation
coefficient 0f 0.9948. .

Preliminary work with an amperometric
electrochemical detector connected In series to

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) I

the system was promising. Eight of the samples
were also confirmed electrochemically with an
applied voltage of 0.89 V. By controlling the
applied voltage, peak heightsequal to those of
the UV detector could be achieved with a much
lower attenuation. Further work with this de-
tector could Possmly increase the sensitivity and
selectivity of the analysis.

In conclusion, the method presented enables
the determination of sodium sulfathiazole resi-
dues in honey to the 0.06 ppm level by HPLC.
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TOBACCO

Selected Gas Phas

e
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Low molecular Weightgas phase carbonyls in tobacco
smoke are separated as 2,4-dinitrophenylhydrazones
and determined by reverse phase high performance
liquid chromatography. A trapping procedure is
used whereby the gas phase carbonyls are reacted
with the derivatizin re%gentln aclosed system. The
deliveries of acetal eh5( e and acrolein are compared
with published data. In addition, propionaldehyde
and adcetone deliveries of selected cigarettes are re-
ported.

Much of the cilia toxicity of tobacco smoke is as-
sociated with low molecular weight carbonyls,
including acetaldehyde and acrolein Ll, 2).
These constituents have been determined by the
cryothermal trappmg of the gas phase of the
cigarette smoke tollowed by transferring the
constituents to a gas chromatograph. Various
trapping systems have included a copper radiator
trap immersed in liquid nitrogen (3), a low tem-
ﬁerature still (4), and the cr%/_othermaIIY cooled
ead of a gas chromatographic (GC) column (5,
6). The latter procedure (GS)IS currently in use at
this laboratory. The gas chromatographic
analysis requires about 2 h/cigarette; thus, the
number of cigarettes which can be analyzed is
limited. Of greater concern is that authentic gas
phase standards cannot be conveniently injected
Into the chromatograﬁh in a quantitative man-
ner. To overcome this problem, a reference
cigarette is smoked and analyzed, and carbonyl
deliveries are quantitatively determined by ra-
tioing peak areas. _
‘Determination of the carbonyls as their 2,4-
dinitrophenylhydrazones (DN HS% by high
performance liquid chromatography (HPLC)
(7—14? inherently offers the potential of greater
sample throughput as well as increased sensi-
tivity. Also, absolute standardization is possible.
Several investigators (7, 8,15) have used DNPH

1Research s%onsored lg National Cancer Instilate lL&]n r

de
L e
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HiPh Performance Liquid Chromato
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graphic Determination of

Carbonyls in Tonacco Smoke
MICHAEL P. MASKARINEC, ROGER A. JENKINS.L
Y
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derivatization for the determination of low mo-
lecular weight carbonyls in cigarette smoke by
both HPLC and GC. However, few comparisons
have been made of the apparent levels of acet-
aldehyde and acrolein in smoke as determined
by this method with those determined by other
procedures for reference cigarettes under well
defined smoking procedures. In some cases,
discrepancies between values obtained by
DNPH/HPLC and those of more accepted pro-
cedures have been considerable. For example,
acetaldehyde and acrolein levels in the smoke of
3 Japanese commercial cigarettes, 2-2.7_m?/0| -
arette and 460-680 g/cigarette, respectively, (%)
were considerably greater than the highest val-
ues observed (1.3 mg and 225 rg/cigarette, re-
speptlvely? when more than 120 varieties of ex-
perimental cigarette smokes were assayed as part
of the National Cancer Institute Smoking and
Health Program (16-19).

In earlier work (20), we reported on a closed
trapping/DNPH derivatization/HPLC approach
to the measurement of low molecular weight
carbonyls in cigarette smoke and other gas phase
mixtures. The analytical separation is similar to
that published by Fung and Grosjean (21).
However, reference cigarette deliveries of these
constituents, particularly acrolein, tended to be
somewhat lower than accepted values. Here, we
detail a modified trapping/analytical procedure
for tobacco smoke that provides values which are
in good agreement with those determined by
accepted gas chromatographic procedures.

METHOD

Apparatus

(@) Liquid chromatograph. —Two Waters Asso-
ciates (Milford, MA) Model 6000A chromatog-
raphy pumps, a Waters WISP 710A sample pro-
cessor, a Waters Model 720 system controller and
a Waters Model 440 absorbance detector operated
at 365 nm. A Waters Model 730 data module is
used for data readout.

0004-5756/83/6601-0008-05%$01.00
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(b? Smoke collection flask.— Borosilicate glass
1 L flask equipped with 2 side arms: one for
evacuation, the other for connection to smoking
machine. Each side arm is sealed from atmo-
si)here by means of rubber tubing and pinch
clamp.  Smoke outlet side arm extends inside
flask to within ca 3 mm of bottom of flask.

ZC Smoking device.—Single port, Filamatic
smoking machine as described and diagrammed
by Horton and Guerin (22).

Reagents

’\@ Reference solutions.—Prepare carbonyl-
DNPH derivatives for calibration purposes by
conventional procedures (23). Dissolve stan-
dards in methanol or chloroform on w/v basis
and store refrigerated. Solutions are stable
several weeks. o

Trapping solution.—Prepare 2,4-dinitro-
phenylhly_/drazme (DNPH) trapping solution (ca
4 mPg/m ) by saturating 200 mL 2M HC1 with
DNPH (J. T. Baker Chemical Co.).

C)_Solvents.—'Reagent grade CHCI3 (ACS

certified, or equivalent); methanol (distilled in
lass, Burdick & Jackson Laboratories, Inc.,

egon, MI 49442). -

HPLC elution solvents.—Water (distilled in
glass, Burdick & Jackson Laboratories, Inc.);
methanol (distilled in glass). Degas by sonica-
tion for 20 min under vacuum.

Procedure

Transfer 40 mL trap®ping solution, 20 mL
chloroform, and Teflon®-coated magnetic stir-
ring bar to borosilicate glass 1 L collection flask.
Reduce pressure inside flask via house vacuum
or pump to ca 100 torr. Then place flask on
magnetic stirrer and attach to single port ana-
lytical smoking machine. (Flask is attached to
switch S-2 of smokmg machine as diagrammed
in Figure 2 of Ref. 22.) Condition previously
selected cigarettes 48 h at 72-76°F and 60% rela-
tive humidity, and smoke under standard con-
ditions (24) of 35 mL, 2 s duration puffs at 1min
intervals through Cambridge filter assembly.
Collect smoke gas Phase samples by transferring
smoke, puff bP/ puff, from one cigarette directly
into smoke collection flask containing 2,4-DNPH
derivatizing rea_gient_ and chloroform extractant.
Stir mixture while cigarette is smoked. (In pre-
vious work (20), trapping solution was static
during collection, and apparent recoveries of
acrolein were lower than those reported here.)
At end of smoking period, seal off flask by re-
attaching pinch clamp and remove from smoking
machine. After carefully opening inlet side arm
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to let pressure inside flask equalize, place on
shaker 30 min. Following reaction period,
transfer contents of flask to separatory funnel
and drain chloroform layer (bottom). Extract
aqueous phase a second time with 5 mL chloro-
form. Combine chloroform extracts and wash
with 5 mL 2M HCI followed by 10 mL water.
Adjust final volume to 25.0 mL. Analyze aliquot
of this solution by HPLC.

High Performance Liquid Chromatography

Perform HPLC analysis as follows: analytical
column, Dupont Zorbax ODS (4.6 mm X 25 cm),
or equivalent, operated at ambient temperature.
Maobile phase, methanol-water (70 + 30) at flow
rate of ImL/min (may vary somewhat to obtain
maximum separation efficiency); recorder chart
speed, 0.5 cm/min.  Set absorhance detector at
0.1 absorbance unit (may vary depending on
concentration of samples and standards belng
analyzed). Normally inject 10 to 20 pL onto L
column. o

Perform quantitation by manual measurement
of peak height or electronic measurement of peak
area.

Calculations

Calculate carbonyl content of smoked ciga-
rettes as follows:

Carbonyl content (mg/cig.)
= (concn std (mg/mL)/area std) X area sample
X final vol. sample (mL)/No. of cigs smoked

Adjust concentration of standard solutions
chromatographed to obtain approximately the
same area for standards and sample solutions.
Use same volume injected onto LC column
(usually 10 pL) for standards and samples.

Results and Discussion

It has been shown thatlow molecular weight
carbonyls can be quantitatively trapped by
flowing the cigarette smoke through a DNPH
trapping solution (7, 8, 15), so this approach was
initially examined. That 1s, after the smoke was
passed through a Cambridge filter, the gas Bhase
was diluted with a carrier gas and hubbled
through fritted glass in traps containing 2,4-
dinitrophenylhydrazine reagent. However,
under our conditions (effective flow rate = 17.5
s¢. cm/s), the aﬁparent trapping efficiencies of
carbonyls from the gas stream were consistently
low. Forexample, apparent acrolein deliveries
of reference cigarettes were approximately 40%
of published values. Also, the attachment of a
second trap in series failed to significantly im-
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Figure 1. Liquid chromatographic profile of gas

Ehase carbonyl-DNPH derivatives from a Kentucky

eference (IR1) cigarette: (1), formaldehyde; (2), ac-

etaldehyde; ( acrolem;t 4), propionaldéhyde; (5),
acetone.

prove recoveries. This was true for both stan-
dard vapor mixtures and filtered cigarette smoke.
Varying the amdlt% of the trapping solutions and
the flow rate of the carrier gas did not signifi-
cantly improve the results. Under these sam-
pling conditions, it appeared that the residence
time of the gas phase in the derivatizing reagent

Table 1.

Acetaldehyde
Cigarette Tar3  HPLC  GC3
Kentucky Ref. 1R1¢ 35.6 1.36
RIR (filtered)" 17.6 1.14
Code 6e 22.3 1.15 }
ode 21 e 17.1 1.16 .
Code 23 ¢ 28.1 131 [}p%
Code 323 25.7 1.28

Ref. 19.
0 Not determined by GC.
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was insufficient for the complete conversion of
the carbonYIs to 2,4-dinitrophenylhydrazones,
Thus, the flow-through system was abandoned
in favor of the closed system described above.
A |I(BJId chromatogram of the gas phase car-
bonyl-DNPH derivatives from the mainstream
smoke of a Kentucky Reference 1R1 cigarette is
shown in Figure 1 Note that the acetalde-
hyde-d|n|trophenf/IhYdrazone is identified as
2 peaks, not completely resolved. This was ob-
served for both smoke samples and standard-
ization solution, with relative areas of the 2 peaks
changing occasionally. Reduction in the
amount of the derivative injected onto the HPLC
column resulted in no merging of the peaks,
suggestlnﬁ that the phenomenon was nota col-
umn overloading effect. Each component of the
double peak was subjected individually to high
resolution GLC (on a 30 m SE-52 coated fused
silica column). The resulting 2 chromatograms
each portrayed a pair of peaks, the firstand sec-
ond components of which had respective iden-
tical retention times but cpn5|derabl2y different
peak sizes. The relative size of the 2 peaks was
dependent on which of the 2 HPLC fractions was
analyzed. High resolution GLC of the combined
components of the HPLC peak also yielded 2
peaks with retention times identical to those
observed in the chromatogram of the individual
components. The mass fragmentation patterns
obtained from GC/MS analysis of the HPLC peak
for the 2 peaks were identical, and indicative of
an acetaldehyde-DNPH derivative. The data
suggest that, under these particular HPLC con-
ditions, separation of 2 isomers of the acetalde-
hyde-DNPH derivative is nearly achieved. The
formation of isomeric forms during similar der-
ivatization reactions has been previously re-

Comparison of cigarette smoke vapor phase carbonyl deliveries, DNPH/HPLC method vs cryothermal GC

Deliveries, mg/cig.

Acrolein Propionaldéhyde Acetone

HPLC GC3  HPLC  GCb  HPLC  GC'

o S

| 0.19 EJ% S R
. — 0.33 -

T R

: . : — 0.47 —

C Qbtained from Unjversity of Kentucky Tobacco and Health Research Institute, Lexington, KY.

d Obtained from R.J. Re¥nolds,Tobacco Co., Winston-Salem, NC.

e National Cancer Institute Series IV Experimental Cigarettes; see Ref. 19.

‘Acetaldehyde and acrolein deliveries determined from separate experiment; values not taken from Ref. 19.



MANNING ET AL.

Table 2.

_Brand (tar
delivery, mglcig.) Acetaldehyde

Af mgi 210
B(2 mg
C(lmg

EAcrolein analysis by GC yielded 19 + 1pglcig.
Acrolein analysis by GC yielded <5 pg/cig

ported (11, 25). Also of interest, propional-
déhyde isomers were not resolved with our
system. o

Average gas phase deliveries of acetaldehyde,
acrolein, propionaldéhyde, and acetone from
several ex‘g_erlmental cigarettes are reported in
Table 1. For comparison, values for acetalde-
hyde and acrolein determined by GC are re-
ported (19). In addition, "tar" deliveries for the
cigarettes are reported (19). The relative stan-
dard deviation for the measurement of the re-
ported gas phase carbonyls by the HPLC method
was about 12%. Good agreement with the GC
values was obtained for the acrolein deliveries.
The FPLC method yielded somewhat higher
values for acetaldehyde than did the GC proce-
dure. The acetone deliveries varied over awider
ran%e than did those of the proplonaldethe.
With either the HPLC or GC values, there
seemed to be no distinct relationship between tar
and acetaldehyde or acrolein levels. To our
knowledge, there exists no published data for the
mainstream smoke deliveries of propional-
déhyde and acetone for these cigarettes. De-
termination of the gas phase deliveries of form-
aldehyde was not performed because of the
Eloorly defined formaldehyde-DNPH peaks.

owever, qualitative relative ranking of the
deliveries could be made from visual inspection
of the chromatograms. .

Because of their ultra-low smoke constituent
deliveries, certain low tar cigarettes now being
marketed have not been amenable to gas phase
acrolein determinations by our gas-liquid chro-
matographic procedure, To demonstrate the
utility of the derivatization/HPLC approach for
the determination of gas Ehase carbonyls from
low tar m?arettes, the smokes of 3 low tar brands
were analyzed. In this case, the gas phase por-
tions from several cigarettes were collected and
analyzed as one, This was accomplished by
evacuating the flask, collecting the gas phase,
reacting to derivatize the carbonyls, then re-
evacuating the flask, and repeating the proce-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 1

Gas phase carbonyl deliveries of selected low tar cigarettes

Deliveries, fg/cig.

Acrolein Propionaldehyde Acetone
20, X
36 é
3a 30

dure. Table 2 lists the gas ﬁhase carbonyl con-
tents of the 3 brands. For the one brand (brand
A) on which acrolein analysis had been possible
by conventional means, good agreement be-
tween the GC and HPLC determined values was
achieved. .

The lower limit of detection of carbonyls, for
example acrolein, is about 10 pg/cigarette, based
on smoking one cigarette and adjusting the final
volume of the chloroform extract to 25 mL. Al-
though the volume of chloroform extract could
be reduced somewhat by evaporation under a
stream of nitrogen, Iarlge volume reductions
would require additional cleanup of the chloro-
form because it contains traces of acetaldehyde
and acetone. , _

The best resolution of the Bro.plonaldehyde
and acetone derivatives was obtained on a rela-
tively new DuPont Zorbax column. On aged
columns, the resolution of these 2 peaks deteri-
orated, with the acetone derivative being the
predominant peak. However, resolution of the
acetaldehyde and acrolein derivatives continued
to be adequate. o

Attractive advantages of the liquid chroma-
tographic procedure employing a closed trap-
ping system are that standard samples can be
rerun periodically, multiple analyses can be
made on the same cigarette, and a greater sample
throughput can be achieved. DNPH derivati-
zation followed by HPLC appears to be a reliable
and sensitive method for determining acetalde-
hyde, acrolein, propionaldehyde, and acetone in
tobacco smoke. The method should also be ap-
plicable to other gas phase matrices.
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Selected lon Mass Spectrometric Identification of Chlorophenol

Residues in Human Urine
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Canada T6G 2N8

A method is presented tor the detection and confir-
mation of trace chlorophenol residues in environ-
mental and biological samples b{/lmass spectrometry
with selected ion monitoring (SIM). Propionate and
acetate ester derivatives of phenol, cresols, mono-, di-,
tri-, and tetrachlorophenols, pentachlorophenol, as
well as the internal standard 4,6-dibromo-o-cresol,
were prepared directly in aqueous solution, using the
appropriate anhydride reagent. The acetate or pro-
pionate esters were quantitatively extracted and then
separated bBE\as-llqmd chromatograi)hy using either
an SP-1240DA or OV-101 packed column. Electron
impact SIM was carried out by simultaneousIK
monitoring up to 4 diagnostic fragment ions of eac
chlorinated phenol. The use of SIM eliminated
background interference encountered using flame
ionization or electron capture detectors, and allowed
identification of chlorophenol residues in extracts of
urine samples collected from individuals without
known exposure to chlorophenols. Phenol concen-
trations as low as 1.0 pmol/mL urine gave peaks that
were readily discernible by SIM.

The widespread use of chlorinated phenols (1,2)
combined with their toxicity (2, 3) and persis-
tence in the environment (4) has generated
considerable interest in the development of
sensitive, rapid, and reliable methods for their
routine analysis. Various analytical procedures
exist for (iuan_tltatlon of chlorinated phenals in
biological fluids (5-7), tissues (8, 9), river water
(10), industrial wastes ﬁll), and many other
sample matrices (12). Chlorinated phenals have
been analyzed without derivatization by using
high performance liquid chromatography
(H LCEJ (5, 13), negative chemical ionization
mass sgectrometry 19), and gas-liquid chroma-
tography (GLC) on bonded or specially treated
stationary phases 57, 14%. Although these direct
methods of phenol analysis have been reported,
GLC techniques generally involve an_initial
solvent extraction followed by derivatization and
analysis using a flame ionization detector (FID)

Received February 9, 1982. Accepted April 10, 1982,
1A§dress corresp%ndence to thfs gul?wor.p

or an electron capture detector (ECD). Most
commonly, ethers prepared with diazoalkane
rea%;_ents {6, 15) or acetate esters prepared with
acetic anhydride (10)are used for identification
and quantitation of chlorophenols. A major
limitation of these analytical techniques is the
high degree of uncertainty associated with the
identification of compounds based simply on the
coincidence of GLC retention times with those
of authentic standards. Quantitation of chlo-
rophenols at parts per billion levels has been
reported frequently; however, natural constitu-
ents in abiological extract may have GLC reten-
tion times similar to the chlorophenols of inter-
est. The reliability of trace analysis using ECD
has recentlg'been questioned (2, 4,5). The EC
detector is highly sensitive but it is nonspecific,
and additional evidence is necessary to confirm
the identities of GLC peaks. Loreset al. (5) ad-
vocated the use of HPLC with electrochemical
detection for the confirmation of chlorophenols
detected in urine by using GLC with ECD.

In the present study, the mass spectrometer
(MS) is used as a very sensitive and specific de-
tector in selected ion r_nonlltorln? (SIM) mode for
uneguwocal identification of chlorophenol
residues. Both propionate and acetate deriva-
tives of phenol (PHE), o-cresol (0-CRE), p-cresol
(p-CRE), 2-chlorophenol (2-MCP), 4-chloro-
phenol (I4-MCP), 2,4-dichlorophenol (2,4-DCP),
2,6-dichlorophenol 2,6-DCP§), 2,4,5-trichloro-
phenol (2,45-TCP), 2,4,6-trichlorophenol
2,4,6-TCP), 2,3,4,5-tetrachIoroi)henol 2,34 5-
eCP), 2,3,4,6-tetrachlorophenol (2,3,4,6-TeCP)
pentachloroghqnol (PCP), and the interna
standard 4,6-dibromo-o-cresol (4t6-DBCE)) are
prepared directly in aqueous solution (16-19),
using the appropriate reagent anhydride. The
derivatives are resolved by gas chromatography
and detected by monitoring one or more char-
acteristic fragment ions for each compound by
SIM-MS.  The sensitivity of SIM compares fa-
vorably to sensitivities achieved using FID or
ECD, and background interferences are elimi-
nated. Urine samples collected from individuals

0004-5756/83/6601-0013-09$01.00
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without known exposure to chlorophenols were
examined using the developed SIM procedure.

METHOD

Reagentsand Samples

_(a) Solvent—Methylene chloride, glass-dis-
tilled before use. o

(b) Water—Deionized, glass-distilled (Cor-
Rll\?)g AG-11, Corning Glassworks, Corning,

(c) Sodium sulfate.—Anhydrous, granular, re-
agent grade. Heat in muffle furnace at 400°C
gnd Istore in capped (aluminum foil-lined) amber

ottle.

_éd) Standard phenol solutions.—Prepare indi-
vidual 1 mM solutions of PHE, 0-CRE, p-CRE,
2-MCP, 4-MCP, 2,6-DCP, 2,4-DCP, 2,6-DCP,
2,45-TCP, 2,46-TCP, 23 4,5-TeCP, 2,34,6-TeCP,
PCP, and 4,6-DBC in 95% ethanol and store in
?Jass-stppper bottles at 4°C. Dilute stock solu-
ions with water for use. _

(e) Urine samples.—First void samples were
obtained from persons in the general population
without known occupational exposure to in-
dustrial chemicals or pesticides.

Apparatus

(63 Gas chromatograph.—Hewlett-Packard
Model 5730A equipped with FID, 15 mCi 63Ni
linear ECD, and Model 3380A mtegrator. Op-
erating temperatures: injector, 250°C, FID,
250°C, ECD, 250°C.

(b) Combined GLC-MS system.—Hewlett-

Packard Model 5710A gas chromatograPh/M odel
5981A quadrupole mass spectrometer, with
Hewlett-Packard Model 5934A data system for
carrymg out total ion scanning (40-400 amu) and
selected ion monitoring. MS scan conditions:
scan speed, 100 amu/s; band width, 430 Hz,
electron energy, 10-70 eV; dwell time, 200 ms;
lon source temperature, 180°C. Separator tem-
perature same as for oven.

C)Chromato?raphic columns.—Column 1. 126
m X'4mmid glass packed with 1%SP-1240DA on
100-120 mesh SupelcoEort. Column 2 1.26 m
X 4 mm id glass packed with 5% OV-101 on
80-100 mesh Chromosorb W. Operating tem-
peratures: column 1, 75-170°C at 8°/min; col-
umn 2, 75-220°C at 8°/min.

Preparation of Samples and Standards

Pipet 5 mL urine or standard (distilled water
containing 0.005-1.0 nmole of eachfhenol listed
in Reagents and Sam[ples Sd)? into a20 X 125 mm

e

screw-cap (Teflon-lined) test tube and acidify

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

with 0.2 mL concentrated H2S04. Tohydrolyze
pongugates in the urine samples, place sealed tube
in boiling water bath for 2 h. Cool sample to
room temperature, add 0.2 mL 1 pM 4,6-DBC
internal standard, make basic to pH > 12 with
NaOH pellets, and extract with 1 mL methylene
chloride to remove basic and neutral organic
compounds. Discard organic layer and neu-
tralize ﬁamall purified sample with concen-
trated H2504 before derivatization. Prepare
derivatives by adding 0.5 g NaHCCh followed by
addition of 250 pL of either acetic anhrdrlde or
propionic anhydride to aqueous sample. After
carbon dioxide evolution ceases, extract acyl
derivatives by shaking samples twice for 2 min
with 2 mL methYIene chloride. (Quantitative
recovery of simple phenols by using this proce-
dure has been demonstrated previously (16).)
After combining extracts, remove traces of water
in methylene chloride by passing solvent
through Pasteur pipet containing glass wool plug
and ca 1 g anhydrous Na2S04. Rinse Na2S0 4
column with additional 05 mL methylene
chloride, and evaporate combined extracts to 100
pL with gentle stream of nitrogen.

Mass Spectral Data

The acetate and_proFio_nate derivatives of the
henols were positively identified by GLC-MS.
ass spectral data consistent with the assigned

structures of the acyl derivatives of PHE, 0-CRE,

g-CRE, 2-MCP, 4-MCP, 2,4-DCP, 2,6-DCP,
4.6- TCP, 2,45-TCP, 2,3,4,6-TeCP, 2,3,45-TeCP,
PCP, and internal standard 4,6-DBC are sum-
marized in Table 1

Discussion

Phenolic hydroxyl groups can be derivatized
readily in auneous alkaline solution by reaction
with chloroformate (20) or anhydride (16-18)
reagents. Inour previous studies (16-18), acetic
anhydride was used successfully to prepare ac-
etate derivatives of trace phenols d|rectl¥; in large
volumes of water; the excellent GLC character-
istics and stability of acyl derivatives of many
phenols has already been established. In the
present study, direct acylation of an alkaline
(NaHCOa) aqueous solution by using acetic an-
hydride or propionic anhydride completely
converted the trace amounts of added PHE, o-
CRE, p-CRE, 2-MCP, 4-MCP, 2,4-DCP, 2,6-DCP,
24.6- TCP, 2,45-TCP, 2,3,45-TeCP, 2,3 4,6-TeCP,
PCP, and internal standard 4,6-DBC to their re-
Eﬁectlve acyl derivatives. Using either anhy-

ride, the reactions proceeded rapidly to com-
pletion at room temperature and the ester de-
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Figure 1. Gas chromatograms obtained by deriva-
tization of 20 nmoles of each phenol in 100 mL water
with acetic anhydride (A) and propionic anhydride
gB). Chromatographic conditions:” 1% SP-1240DA,
5-170°C at8°/min. Peak identification: 1, phenal;
2, 0-cresol; 3, p-cresol; 4, 2-chlorophenol; 5, 4-chlo-
rophenol; 6,2,6-dichlorophenol; 7, 2,4-dichlorophe-
nol; 8,2,4,6-trichlorophenal; 9,2,4,5-trichlorophenal;
10, 2,3,4,6-tetrachlorophenol; 11, 4,6-dibromo-o-
cresol; 12, 2,3,4,5-tetrachlorophenol; 13,
pentachlorophenol.
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Figure 2. Gas chromatogram of acetate derivatives

of chlorophenals resolved on a packed 5% OV-101

column. Chromatographic conditions: 75-220°C at
8°/min. See Figure 1 for peak identification.

rivatives could be efficiently extracted from
aqueous solution into methylene chloride. The
solvent volumes were reduced under a gentle
stream of nitrogen; evaporation of sample ex-
tracts to dryness was avoided because erratic re-
sults were obtained due to the loss of volatile acyl
derivatives. Following this simple one-step
acylation procedure, the 13 phenols included in
this study were easily separated by using either
an SP-1240 or an OV-101 packed column. Typ
ical chromatograms of the acetates and pro-
Flo.nates are shown in E|ﬁure 1; complete reso-
ution was achieved within less than 12 min.
SP-1240DA, a phosphoric acid deactivated
polyester material, is thermally unstable above
180°C and is neutralized by basic materials
which cause rapid column deterioration (14).
SP-1240DA would not be a suitable stationary
phase for the analysis of samples containing basic
compounds or impurities which could only be
eliminated from the column by high temperature
baking. OV-101 can be used as an alternative
column ﬁacklng for the GLC analysis of the ac-
ylated phenols. Figure 2 is a typical chromato-
gram of acetate ester derivatives of 12 phenols
and the internal standard obtained using an
OV-101 column.
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Table 1. Diagpostic fragment ions in the mass spectra (70 ev
Ion souch gp acetate g& and propionate (I1) Féerlvatl es

R -O—E—CH, R—0 —@I]—] H
I

Compound R miz (% Relative Abundance)

phenol 7\ | 136[M1](12), 94(100), 43(6)
=/ 150[MfJ(L5), 95(7.7), 94(100), 57(21)
0-cresol | 150[Mt](21), 108 (100) 107(46), 43(21)

Q’HS I %gt}wt} 1%5) 871)0 108(100),

p-cresol CH3® | 150[Mt](12), 108(100), 107(57), 43(13)
I %%%\SH](S;), 109(8), 108(100), 107(31),

2-chlorophenol

4-chlorophenol

C1 |
O
2,4-dichlorophenol C]Q |

1

o

Q1

2 6-dichlorophenol

The identities of the compounds from each
Beak in Flgures Land 2 were confirmed by com-
ined GLC-MS. Mass spectral data on the phe-
nols as acetate and propionate derivatives are
summarized in Table 1. 'The mass spectra of the
acetates all contained the ions M+, (M —42)+,
and (CH3CQ)+; the propionate derivatives sim-
ilarly contained the ions M+, (M —56)+, and
(CH3CH2CO)+. Typical isotopic ion clusters
were observed in the spectra of chlorophenaols.
Characteristic and abundant ions were chosen
from the MS data shown in Table 1 for SIM

analysis of the 13 phenols as acetate and propi-

onate derivatives. The Hewlett-Packard Model
5934A MS data system is capable of scanning 20

Q | 170[Mt](9), 4
I 186[M+}( }, e g2 (&,})130(33),

o 12910

IM)( 10)
30,

M
10
M
18
M
1
Mt

(
%
[(
Q

170
186
128(1
206
162
220
164
206
162
220
164

130(31), 128(100), 43(13)

(100),

130(34), 128(100), 43(10)
, 184{Mf] (16), 130(32),

3311 : 204[M+] (18), 164(60),
t}(S

(18)
622(% ng o), 166(5),
20
(13)

XL oo X

[M+](1), 164(63),

(%)

o0} 4aft9)
G

(.A.)OO

g 166(9)

selected masses during asingle run. A group of
4 masses was monitored at any one time and a
total of 5 groups was selected for each SIM anal-

ysis.  The ions chosen for SIM analysis of each
phenyl acetate and phenyl propionate are shown
In Tables 2 and 3, respectively, and the SIM
profiles obtained for standard miixtures of the 13
phenols as acetate and propionate esters are
shown in Figures 3 and 4, respectively. The
standard profiles were prepared by derivatizing
1nmole of each phenol'in 5 mL water. Inaddi-
tion to the ions monitored in Figures 3 and 4,
other ions from Table 1 could also be used for
SIM. The abundance of the ions scanned could
be optimized by changing the ion source voltage.
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Table 1.
Compound R
_ a
%hzéh%itrlchloro- C]Q 1
(o
Il
2.4 5-trichloro-~ © |
phenol c%@
a |
C
2,34, 6-tetra- a I
chlorophenol
0 AR
o
2,3,4,5-tetra- c1 |
ch?orophenol Q

a o o
a1
entachloro- Q |
henol
a
[l
Br
4 6-di blromo- Br 1
0-Creso
(o

x
w

Asshown in Figure 5, the relative abundance of
fragment ions in the mass spectrum of 2 4-di-
chlorophenyl propionate was affected by
changes in ion source voltage. As the voltage
decreased fewer low molecular weight fragments
were produced and the abundance of the mo-
lecular ion simultaneously increased. In this
study, an ionization voltage of 70 eV achieved
0ﬁt|mum sensitivity for the detection of the ions
chosen for screening and identified in Figures 3

and 4.

The SIM programs shown in Tables 2 and 3
were applied to the determination of chloro-
Fhenol residues in acylated extracts of hydro-
yzed urine samples.” Normal urine samples

OO0 O

> poro
g NORO

oY OO PorO OF—PO DO

IO >0 GIRI D BRO—D U
IO o1 —INXO o—  —I—O1 ©

—~oONO coUTN— IR0 Lo —
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(continued)

miz (L Relative Abundance)

contain complex mixtures of natural organic
compounds which are not removed by the sim-
ple extraction-cleanup procedure described in
this study. It was impossible to confirm the
presence of trace chlorophenols by using FID or
ECD because of interferences from organic
background. A number of methods for GLC
analysis include extensive purification steps on
alumina, Florisil, and XAD columns {6-8).
Edgerton and Moseman (GLfound that column
cleanup was essential for the determination of
PCP at levels below 30 ppb. Following the
analysis of over 400 urine samples collected from
the general U.S. population (21), mean PCP and
2,45-TCP concentrations were less than 6 ppb.
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Table 2.
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Diagnostic ions used for selected ion monitoring-mass spectrometry of phenols derivatized with acetic

anhydride

Peak No. Acetate derivative of
phenol
0-Creso|
&-cresol
-chlorophenol
é—chlorophenol
6-dichlorophenol
4-dichlorophenol
4.6-trichlorophenol
4,5-trichlorophenol
3.4 6-tetrachlorophenol
g-dlgromo-o-cresol

SR ooy wng—

.4 5-tetrachlorophenol
entachlorophenol

These concentration levels were at the limits of
the specified detection range for the ECD-GLC
method used. At these levels, therefore, the
phenolic compounds of interest are difficult to
distinguish from background or baseline drift,
using FID or ECD, even following lengthy iso-
lation procedures. GLC retention times cannot
be used for the unequivocal identification of
chlorophenois because other components in the
sample may possess coincident retention times.
SIM-MS provides more selective detection with
sensitivity comparable to that for ECD, and can
be used to confirm the presence of trace phenol
levels in biological extracts.

The detection limit (signaknoise, 2:1) of the
chlorophenois identified in Table 1 was 1
pmole/mL when they were added to urine
samples and detected by SIM-MS following
aqueous acylation. PCP acetate, for example,
was detected by adjusting the MS to monitor only
the ion currents of the m/z 266 base peak (due to
the loss of ketene from the molecular |on2 and its
isotope cluster ions m/z 264, 268, and 270. As
shown in Figure 6, the MS in total ion current
mode (B) produced a response for all the volatile

Group

1 94
108
1

lon (m/z)

organic components in the acetylated urine ex-
tract which entered the ion source. Acetylated
PCP, present in the sample at a retention time of
9.6 min, was masked by other constituems. In
contrast, using SIM (Figure 6A), a detector re-
sponse was obtained only for the PCP derivative
present in the injected sample. Other com-
pounds in the GLC effluent with similar reten-
tion times but which lacked the ions being
monitored were no !o_nger detected. PCP was
unequivocally identified, because all 4 ion cur-
rent peaks were present at the GLC retention
éllm(e]| which matched that of the authentic stan-
ard.

The SIM profile of a urine sample derivatized
with acetic anhydride is shown in Figure 7. The
sample, contalmng added 4,6-DBC internal
standard, contained PHE, p-CRE, 2,3,4,6-TeCP,
and PCP. To provide conclusive identification
of the presence of a phenolic compound, peaks
must be observed at all the monitored diagnostic
ions at the expected retention time of the stan-
dard compound. Although a number of peaks
are present in Figure 7, in the ion current g_rougs
[1and 111, DCPs and TCPs were not presentin the

Table 3. Diagnostic ions used for selected ion monitoring-mass spectrometry of phenols derivatized with propionic
anhydride
Peak No. Propionate derivai ve of Group lon (m/z)
4 2—chlorophenol 1 128, 130, 184, 186
% é—chloro henol 128, 130, 184, 186
.6-dichlorophenol I 162, 164, 218, 220
é 2,4-dichlorophenol 162, 164, 218, 220
2,4,6-trichlorophenol 1] 196, 198, 252, 254
2,4,5-trichlorophenol 196, 198, 252, 254
2,3,4 6-tetrachlorophenol \Y 230, 232, 288
ﬁG-dlbromo-o-cresoI 266
,3,4,5-tetrachlorophenol 230, 232, 288
13 pentachlorophenol v 264, 266, 268, 322
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Figure 3. SIM-MS chromatogram of acetate deriv-
atives of a standard mixture of 13 phenolic com-
pounds. lon groups and phenols corresponding to
each peak number are identified in Table 2. Chro-
matographic conditions: 19 SP-1240DA, 75-170°C
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Figure 4. SIM-MS chromato%ram of 8r0ﬁ|0nate
derivatives of a standard mixture of 10 phenolic
compounds. lon groups and phenols corresPondmag
to each peak number are identified in Table

Chromatographic conditions: 1% SP-1240DA, 75-

at8*/min. MSscan conditions: electron energy, 70 [70°C at §°/min. MS scan conditions: ~electron
ev. energy, 70 eV.
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Figure 5. Effect of ion source voltage (10-70 eV) on abundance of fragment ions in the electron impact mass
spectrum of 2,4-dichlorophenyl propionate.
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m/z 270

m/z 268

m/z 266

m/z 264

A
il
o
.

Wy

T — 1T T
4

2 6 8 w0
Time (min)
Figure 6. Using SIM-MS (A), derivatized PCP res-
idue in acetylated urine sample is easily distinguished
from othernatural urinary constituents detected by
mass sgectrome.ter in total ion mode (B%. Chroma-
tographic condmons:81/%SP-1240DA, 5-170°C at
*/min.

sample. Toconfirm the presence of these chlo-
rophenols, peaks must be observed simulta-
neously at all of the ion currents set to detect
them. " Of the 25 urine samples analyzed bﬁ
SIM-MS following derivatization with bot
propionic and acetic anhyrides, more than 90%
contained detectable levels of PCP. _

At very low chlorophenol concentrations,
column adsorFPnon phenomena affected the de-
tection of PCP. After many |nfectlonsonto the
SP-1240DA column, PCP could no longer be
detected in extracts of samples spiked with the
standard mixture of 13 phenols.” Wu et al. (22)
rePorted similar effects for analysis of PCP in
extracts of rainbow trout tissue. We observed in
the present procedure that PCP could no longer
be detected if the column hecame contaminated
with extraneous sample constituents. Adsorp-
tion effects of the other 12 phenols included In
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Figure 7. SIM-MS analysis of acetylated urine
sample identified presence of phenol (L); P-cresol (3);
2.3.4.6- tetrachlorophenol 810);and pentachlorophenol
(13). 4,6-Dibromo-o-cresol ( 1&was added asinternal
standard. lon groups and peak numbers correspond
to SIM-MS program outlined in Table 2. Chroma-
tographic condltlonssgll% SP-1240DA, 75-170°C at
*/min.

this study were not as Pronounced as those ex-
perienced with PCP. Ifthe glass wool plug and
the first few inches of column packing material
were replaced regularly, losses of PCP on-col-
umn were minimized. =~ _
Quantitative SIM analrsw of phenols, using.
46-  DBCasan internal standard, was not possible.
The linear relationship between concentration
and ion peak area was inconsistent at low con-
centration levels. Generally, the fragmentation
and chemical characteristics of a suitable refer-
ence compound for SIM quantitation must
closely parallel those of the compound of inter-

est. Bose and Fujiwara (232 prepared PCP hen-
zoate derivatives and used the correspond|ng1
pentadeuterated benzoate of PCP as the interna
standard for quantitative SIM analysis. Ingram

et al. (24) described a mass spectrometric |sot0ﬁe
dilution method using IsO-labeled PCP as the
reference compound. Wu et al. (22) used pen-
tachlorthenetole as an internal standard for
PCP analysis, and a plot of peak height vs con-
centration was linear. For quantitative analysis,
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internal standards other than stable isotope-
labeled analogs can be used but results are usu-
ally less accurate at low concentrations due to
differences in partition coefficient and chroma-
tograPhlc properties of the compound and in-
ternal standard. 4,6-DBC, therefore, could be
used as a retention-time marker, but was not
suitable for quantitative analysis.

SIM-MS can be used as an alternative method
for the identification of chlorophenol residues
in_biological or environmental samples con-
taining interferences which complicate the de-
tection of phenols by FID or ECD. The propio-
nate and acetate derivatives have different re-
tention times under identical GLC conditions.
The application of both SIM programs to the
analysis of unknown samples can be used as an
alternative method for the analysis of biological
or environmental samples containing interfer-
ences which complicate the detection of phenols
by FID or ECD.
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Inteflabor,ator Calibration Results of Polychlorinated Biphenyl

Analyses In Herring

CHARLES J MUSIAL and JOHN F. UTHE

Department of Fisheries and Oceans, Fisheries and Environmental Sciences, Halifax Laboratory,
PO Box 550, Halifax, Nova Scotia, Canada B3J 257

Twenty-three laboratories from 13 countries in con-
tinental Europe, Scandinavia, the British Isles, and
North America participated in apolychlorinated bi-
phenyl (PCB) Check Sample Program conducted
under the auspices of the International Council for
Exploration of the Sea SICES . PCBswere determined
in unspiked and spiked (1.0 mg Aroclor 1254/kg oil)
herring {LIUPEQ NArenqus Narenqus) oil by the par-
ticipants, each of which used his or her own cleanup
and quantitation techniques; acommon Aroclor 1254
mixture was used as a standard and acommon quan-
titation technique was used for comparative purposes.
Results for the unspiked oil ran?ed from 0.48 to 3.416
m% PCB/kg oil, while spiked oil results ranged from
0.70 to 3.891 mg/kg. Calculated spike recoveries
ranged from 22 to 136%. Serious deficiencies were
found in most steps in the procedures. No evidence
was found to support the use of a common PCB
standard or a common method of calculation using
packed column chromatography. The chromato-
graphic stationary phase used appeared to affect the
PCB levels obtained. Florisil cleanup adsorbent
yielded higher mean results for both unspiked and
spiked oils than did alumina. Large coefficients of
variation were found (25-50%), the principal source
of which was systematic error (interlaboratory).

A number of interlaboratory calibration studies
of ﬁolychlormated biphenyls (PCBs) dealing
with various components of the marine envi-
ronment have aﬁpeared in the literature in recent
ears }1-3). arge coefficients of variation
{25-3000) have been associated with the results
of these studies. Reasons for these large coeffi-
cients of variation were not apparent'in these
earlier studies, for examFIe,_ the effects of dif-
ferent analytical methodologies were not studied
nor were the separate parts of the analytical
procedures individually scrutinized for their
contributions to the variance. In an attempt to
identify the sources of variance, the International
Council for the Exploration of the Sea (ICES)
Marine Chemistry Working Group agreed to
carry out another PCB intercalibration study
involving a marine oil and the same oil spiked
with apolychlorinated biphenyl mixture. The
23 participating laboratories were allowed

Received January 25, 1982. Accepted April 16, 1982,

complete freedom as to methodology used, but,
in addition, were requested to supply results
based on a common PCB preparation and a
common quantitation method, both supplied by
the coordinating laboratory. This report de-
scribes the results obtained; the sources of error
are also discussed, which have not been disclosed
by earlier exercises.

Experimental

Preparation of Fish Oil Samples

Approximately 25 herring (Clupea harengus
haren%us) of commercial fishery size ﬁ25-30 cm
fork length) were filleted, and fillets were
minced in aHobart Silent Cutter. The apf)roxr
mateIK 5 kg mince was mixed with 3 volumes
(~15 L) of glass-distilled acetone and allowed to
stand overnight. The extract was filtered
through prewashed Whatman No. 1 paper, and
the residue was re-extracted twice with 5 L
glass-distilled acetone-hexane (1 + 1). The fil-
trates were pooled and mixed with glass-distilled
water until the phases separated. The aqueous
ﬁhase was washed twice with 500 mL portions of

exane which, after separation, were added to
the original hexane layer. The solvent was re-
moved under vacuum in a Buchler flash evapo-
rator (~30°C), using dry ice-ethanol to cool the
collecting reservoir. The resulting oil was stored
under nitrogen at all times to minimize oxidative
de?radatlon. One-half of the oil was spiked
with Aroclor 1254 (Monsanto Co., St. Louis, MO
63166) dissolved in a minimum volume of hex-
ane toadd 1.00 mg PCB/kg oil. After thorough
mlxm%wlth a magnetic stirrer, 5-10 mL portions
of each oil (spiked and unspiked) were flame-
sealed in solvent-washed borosilicate glass am-
pules flushed with nltrogen. Extreme caution
was used to prevent any of the oil from adhering
to the heat-sealed area. These ampules were
analyzed periodically by the coordinating labo-
ratory to determine the stability of PCB content,
Intercalibration Kits, consisting of one ampule of
each of the oils plus a vial of Aroclor 1254 from
the same batch used to spike the oil, were pre-
pared and distributed to the participating labo-

0004-5756/83/6601-0022-10$01.00
© Association of Official Analytical Chemists, Inc.
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Figure 1. Chromatogram of supplied PCB standard

(Aroclor 1254) in hexane. Conditions: isothermal

at 200°C, argon-methane (95 + 5) carrier gas at 50

mL/min. Peaks used for PCB quantitation at reten-
tion times 1.22,1.41, and 1.67.

ratories by air mail. Instructions regarding
analysis and quantitation were issued to partic-
ipants as indicated in the following 2 sections.

Separation of PCBs from Qil

The method of cleanup of the oils was entirely
at the discretion of the participant and was, for
the most part, the method normally used by the
partluprantfor routine analysis of PCBs in marine
oils. The methods included column chroma-
tO?raphy using Florisil, alumina, and/or silica
gel, saponification, concentrated H2504, parti-
tion, and thin layer chromatography.

Quantitation of PCBs

For quantitation, packed column gas chroma-
tography with electron capture detectlon.(ECGCJ
was generally used. Several laboratories use
glass capillary gas chromatograghé. Participants
were requested to quantitate PCBs by usm% %a}
their own standard, and (b) the supplied 12
standard. Results based on 2 calculation meth-
ods were also requested: (a) the 8art|0|pant's
usual method; and (b) another (the ICES method)
using the sum of 3 prominent peaks of Aroclor
1254 as follows: composed of tetra- to hexa-
chlorobiphenyls and eluting from a 180 cm X 4
mm glass column packed with 3% SP-2100 on
80-100 mesh Supelcoport at retention times rel-
ative to p,p'-DDE (Rqde) °f 1-22, 1.41, and 1.67
(see Figure 1).
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Participants were also requested to prepare
duplicate standard solutions of the supplied
Aroclor 1254 on 2 different days and to report
these results.

Calculation of Theoretical Plate Values

Theoretical plate counts were calculated by the
coordinating laboratory from representative
chromatograms of the spiked oil submitted bﬁ
the participants. For this calculation, the pea
with Rdde = 1-67 (Figure 1) was used.

Statistical Treatmentof Results

The results in the tables indicating the PCB
ran%es_m unspiked and spiked oils as reported
by the individual participants are presented on
an as received basis. In subsequent tables,
rounding was used where required to render
data more amenable to statistical analysis. Be-
cause of the varying degrees of analytical in-
vestigation and insufficient information re-
gardm? appropriate weighting factors, it was
difficult to analyze these data statistically. In
those cases where statistical analysis of the data
was Performed, arithmetic means of applicable
results were calculated. _

~Calculations of means, medians, standard de-
viations, and f-tests were performed on a Hew-
lett-Packard Model 97 programmable calculator.
The statistical test for presence of systematic er-
rors was done as recommended by Youden.

Results and Discussion

The great diversit>( of methods can readily be
seen in Table 1. Tables 2and 3 presentall results
received from the analysts, along with the coor-
dinating laboratory's calculated recovery of 1.00
mg PC _/k?mlspl e (Table 3). Reported levels
of PCB in the unspiked oil ranged from 0.48 to
3.416 mg PCB/kg oil, while the spiked oil con-
centration ranged from 0.70 to 3.891 mg PCB/kg
oil. Recovery of the 1.00 mg/kg spike, calculate
from the data submitted by the authors, ranged
from 0.22 to 1.364 m%/kgz. _ _
Itshould be noted that the figures in Tables 2
and 3 represent various levels of analytical in-
vestigation by the various laboratories. Not all
analysts reported all 4 values hased on the 2 PCB
standards (the supplied one and the Iaborator%s
own) and the 2 methods of calculation (the ICES
method and the analyst's own?}.l One participant
(No. 1) used 3 chromatographic columns in the
quantitation step and reported values for each
column. In %eneral, the participants did not
indicate which value was the most likely value
for the PCB level; therefore, Tables 2 and 3 con-
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Table 1.

Lab. Analytical procedure

3 column confirmation

Florisil cleanugh KOH removal of DDT group, peak height,

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

List of methods used to determine PCBs

Chromatograph method
packed column

2 alumina cleanup, silica gel split, peak heqht aC eg column

3 alumina cleanup, Florisir split, peak he|gh o Bac ed column

4 alumina cleanup, silica gel'split, peak height, chromic acid packed column
confirmation

5 packed column

silica ﬁel cleanup/split, Peak height

Florisil cleanup, silica gel split, peak area

7 saponification, alumina cleanup, peak height, peak area

. Florisil cleanup, silica gel splif, peak height

9 hexane/DMF/hexane, alumina, KOH, peak height

10 column extraction, Florisil cleanup/split,
H.SO. treatment, peak height, peak area
1 H.S. « Cleanup, perchlorination, peak area

acked column
Bac ed column
capillary GLC for
individual isomers
packed column

acked column
Bac ed column capillary GLC

Q

packed column

12 H.SO, cleanup, hexane extraction, peak heiﬁht , capillary GLC
13 Florisil cleanup/split, chemical cleanup (KOH, CrQa), peak height acked column
14 alumina cleanup, silica gel split, peak hejght, peak area Backed column
15 alumina cleanup, silica gel split, peak height acked column
16 alumina cleanup, S\hca geksgllt, peak height Backed calumn
17 riorisil cleanup/split, peak area capillary GLC
13 alumina cleanup, silica gel split, peak area capillary GLC
L o , - packed column
19 saponification and perchlorination or alumina cleanup, silica packed column
L?el, sgllt pea elq_ t
20 alumina cleanu /SF It, peak area ﬂ] , acked column
21 alumina cleanup/Florisil split, peak height acked column

22 H.SO. cleanup, peak _helg;ht
23 TLC cleanup, peak heigh

tain the range of values reported. It must be
emphasized that a narrow range does not nec-
essarily reflect better performance but may
simply reflect the degree of analytical investi-
gation.

Statistical Interpretation of the Data

Table 4 lists the results for the unspiked oil
separated into 4 groui)s according to the standard
and method of calculation used.” Only 8 partic-
ipants reported results which could be divided
into each of the 4 groups; these 8 are boldface.
Arithmetic means 4M)pf0r each gzroup were not
significantly different (1.11-1.22 mg/kg) and
coefficients of variation (CV) were all similar
(32-41%).  This indicates that use of either a
common PCB standard or a common calculation
method does not result in asignificant decrease
in interlaboratory variance. However, the grand
mean (X]) based on the mean value for each of
all the participants was 1.14 £ 0.56 mg/kg. XT
is not significantly different from X4Mbut the CV
is larger E49°_/og. his indicates that laboratories
which submitted less than the requested amount
of data are, as a qroup, less able to obtain inter-
comparable results. This large CV is similar to
that reported by Holden (4) for the fourth ICES

acked column
acked column

organochlorine intercalibration in spite of the
somewhat lower levels of PCB in the oil used in
Holden's study. '

The CV associated with Xdm (532-41%) com-
Pares favorably with that reported by Sawyer (5)
or an environmentally incurred PCB residue in
fish (4.5 mg/kg + 20%) considering that (a) the
PCB concentration in Sawyer's study was ap-
proximately 4 times higher than in our study,
and (b) standardized methodology was em-
Bloyed in Sawyer's study. In comparison,
avlou and Horn (1) reported a CV of +25% for
PCB in marine sediments, with most of the 10
participants in that study using similar meth-
odology. I .

Results for the spiked oil (Table 5) essentially
mimicked those for the unspiked oll, differing
only in the lower coefficients of variation. This
can be expected, considering the hl_?her con-
centration of PCBs in the spiked oil and the
similar standard deviations. As with the un-
spiked oil, there was no evidence to support the
use of a common PCB standard or a common
calculation method among the 8 laboratories
submitting adequate data, since there were no
significant differences among the 4 means
(1.92-2.05 mg PCBIkg oil) or their CV values
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Table 2. PCB levels reported for unspiked oil (mg/kg oil)

ICES Aroclor 1254 std Laboratory PCB std
Lab. ICES calen Lab. calen ICES calen Lab. calen
- ]¢ 0.86 1.28 0.97 1.38
1-2 0.83 0.84 0.90 0.93
%? 1.01 1.03 1.15 1.20
g 1.050 1.000 1.015 0.970
%-2* (H%g 0.870 0.910 0.860
4 1.36, 1.58 146, 1.69 1.08, 1.26 1.17, 140
5 0.947 0.727 0843 0.709
6-1d — 0.934, 1.016 — 1.037
6-2 — 1.030 — -
1 1.000 - 0.950 —
A — — — 0654*
814 2.02 1.66 1.82 1.52
8-2 2.14 1.72 193 161
9 - 0.606 — -
10 | 0.763.0.819 0.808. 0.866 0.817 0.865
10A 1.014,0.935 - 1.010 .
1 - 3.416" - 3.210
12-1d - 1.29, 1.35, 1.44 - 1.65
12-20 - 1.28. 1.35 - 161
13 1.30, 171 - - —
1.20. 1.44 — — —
1.32, 1.39 — — —
1.38, 1.38 - — -
14 0.732 0.658 0.667/ 0.692
0.840% 0.790* 0.750% 0.800*
15 — 1.05 — —
16 — 0.830,0.841' — —
17 — 1.35,1.36, 1.17 — —
18 119, 1.19 1305m - -
0.82 — — —
18A' — - — 0.725*
19 0.72 0.70 - 0.74
20 — 1.084, 0.860 — 0.950, 0.860
21 1.079, 1.036 1.135, 1.119, 1.169"
1.082 1.290, 1.243, 1.282" —
0.812, 0,746, 0.794f>
22 — 0.48 — —
23 1.80« 8L é= 1.60"

ab'c Three different chromatog{rapmc columns.
de Two ICES intercalibration Kits.

* Using capillary chromatography.

* Individual isomers..

h Based on perchlorination.

"Analyzed 1 month later.

" Peak height calculation.

* Peak area calculation.

" Repeated next day.

m Based on Aroclor

260
Based on |nd|vid1ua| {order of elution) peaks as recommended by ICES.

i Repeated on 6 different days.

(19-24%2. The grand mean Xt for the spiked oil
was no s[gnlflcantl)/ different from these 4
means but its CV (28%) was, like that for the un-
spiked oil, somewhat larger than the 4 individual
means.

Calculation of the means after deletion of re-
sults differing from their grand means by more
than 3 standard deviations (one laboratory in
each set) did not significantly lower the means

(lXexci = 1.07 £ 0.33 mg/kg for unspiked oil and
931041 mg/k% for spiked oil) but did lower
the CV values (31% and 21%, respectively) to
levels associated with the 8 laboratories reporting
adequate data. _ _
_Median values for the unspiked and spiked
oils were determined (1.02 and 1.94 mg/kg, re-
s_ectlverP. The medians are not significantly
ifferent from Xexci for each oil. Similarly, the
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Table 3.

ICES Aroclor 1254 std
Lab. ICES calen Lab. calen
[-1a 1.79 2.14
\.2.b 1.54 1.67
1-3° 1.92 88
2-1d 1.590 1.540
2-2¢ 1.570 1.470
3 1.696 —
4 2.39, 2.27 2.66, 2.43
5 1.610 1466
6-1 « _ 1.899. 2.032
6-2« _ 1.952, 1.931
1 1.940 -
1A' _ _
8-1d 2.64 2.23
8-2e 3.06 2.54
9 — 1.827
10 1.627, 1.747 1.683, 1.806
10A" 2.012, 1.854 _

1 - 3.891 .
i -Ed - 2.17, 2.21, 2.42
-L8 — 2.33, 2.2

13 2.37, 2.42, -
2.49, 255 —
14 2.000° 1.956'
2.014k 1.956k
- 215"
16 - 1.888, 1.913
17 — 1.790,.2.130
18 1.95, 1.97, 2.07™
, 140 -
18A _ _
19 1.48 1537
20 _ 2.129, 2.005
21 1.875, 1.875 1.844; 1864 1.754"
1910 2093, 2,098, 2.49°
1.687, 1.664, 1.635
22 _ 0.70
23 2.60° 2.10°
a-° Asin Table 2

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. X 1983)

PCB levels reported for spiked oil (mg/kg oil)

Laboratory PCB std

ICES calen Lab. calen Diff.r
2.00 2.301
169 1.851
218 217" 0.71-1.03
1,560 15151
1515 14401 0.54()();5()3.5365
191, 181 2.19, 2.00 0.69-0.97
1.507 1441 0.663-0.739
- 1.9801
19201 0.922-1.016
1.910 _ 0.860-0.940
= 1,145 0.591s
2.37 2041
2.76 2381 0.52-0.92
_ _ 1221
1.744 1.803 0.864-0.938
2,010 _ 0.919-0.998
. 3,785 0.475-0'575
_ 2751
- 2.6) 0.88-1.25
_ _ 1.07°
1.821' 2.056' 1
1.800k 1.980kf 1.0510-1%.364
- 1.956 1.058-1.09(]5
- 0.667
- - 0.670-0.780
- _ (0.7653””
- 1.295 0.570s
_ 167 0.76-0.89
- 1.867, 1.757 0.960-1.095
- \ =
- | 0.677-0.870
. _ 0.22
2.40° 2A0q 0.60-1.00

r The oil was spiked with 1.0 /rg PCB (Aroclor 1254)[/9. These sets of values were calculated from paired sets of data

submitted by individual laboratories, There Is no direc
olls and maximum and minimum differences.
S Some isomers. )
*Based on decachlorobiphenyl.
Difference of the means.

overall recovery of the spike (difference of 2
grand means for laboratories) was 0.87 + 0.23 and
the median value was 0.91. This suggests we are
dealing with a population of results distributed
in anormal manner. _
One further point should be noted. No dif-
ferences were found in the standard deviation of
means of unspiked and spiked oil values deter-
mined by any of the above calculations or groups
of laboratories. This suggests that the majority
of the variance arises from the methodology at
someé)omt in which the spiked and unspiked oil
would suffer the same apparent losses or gains
of PCBs within each laboratory. The standard

relationship between maxima and minima of spiked and unsplked

deviation of Xexci is composed of the standard
deviation of laboratory precision and the stan-
dard deviation of the systematic errors and these
are equivalent for both oils. According to You-
den ?6), this means that neither oil induces a
systematic or Iaboratorﬁ_premsmn change. Itis
Fossmle to interpret this studi( by using each
aboratory's mean value and eliminating labo-
ratories using perchlorination or capillary (PCB
isomers) techniques, because now, to a firs: ap-
proximation, we have a “common” analytical
method (gas chromatography using a mixed PCB
standard) and evidence that the szstematlc error
is the same for each oil. From the values from
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Table 4. Mean levels of PCB reported in unspiked oil (mg/kg oil)

ICES Aroclor 1254 std Laboratory PCB std b

ab.

Lab. ICES calen Lab. calen ICES calen Lah. calen mean
| 0.90 1.05 1.01 1.17 1.03
2 0.98 0.94 0.96 0.92 0.95
3 1.16 — — — 1.16
4 147 158 1.17 1.29 1.38
5 0.95 0.73 0.84 0.71 0.81
6 — 0.99 — 1.04 1.02
1 1.00 - 0.95 - 0.98
8 2.08 1.69 1.88 157 181
0 0.79 08k 082 087 0%
10A 0.98 - 1.01 — 1.00
h — 342 - 3.21 331
12 — 1.34 - 1.63 151
13 1.39 — — — 1.39
14 0.79 0.72 0711 0.75 0.74
15 — 1.05 — - 1.05
16 — 0.84 — 0.86 0.85
i 107 L9 — 131 i

) — — Jla )
7 o 04 Z 08t 041
21 1.07 114, 1.27" — — 1.07
0.78
22 — 0.48 — — 0.48
23 1.80 1.80 1.60 1.60 1.70
Xdme=1.22 £ 0.50[8]d 1.17 +0.45 112 £ 041 111 +0.35 XTS= 114 1 0.56[24]
(41%) (38%) (37%) (32%) ~ (49%)
Xexci2 = 1,07£0.33[23]
(31%)
Median ="1.02
3 Based on Aroclor 1260

b Based on indlividual peaks,of Aroclor 1254, )
¢ Mean + SD (standard deviation) of boldface laboratories.
d Number of laboratories included in calculation.
e Grand mean of all laboratory means.
Coefficient, of variation

V).
* Mean excluding al resuﬁts g XT+3SD(ie.,x >282 Lab. 11).

Tables 4 and 5 which had been used to calculate
Xexci for each oil, we have determined that the
precision (intralaboratory) standard deviation
Sr)is 0.654 while the overall standard deviation
Sa) is 2.2461. The F-ratio is 11.79, which shows
that systematic error is the predominant source
of the variance, rather than intralaboratory pre-
cision (P « 0.01) (6).

Sources of Error

It should be noted that some laboratorys' du-
plicate standard solutions show as much as 6%
difference, which could contribute to the sys-
tematic error and indicates that some participants
had instrumentation problems (balance, syringe,
gas chrom at_ogiraph, glassware). _

1t is possible that the chromatographic sta-
tionary phase may have some major effect on the
quantitation of PCBs in the oils. This is dem-
onstrated by the results submitted by Laboratory

Lwhich analyzed the PCB fraction by using the
3 different silicone stationary phases, SP-2401,
0V-101, and OV-105, and reﬂorted results which
were quite deﬁendent on the stationary phase
used. When the means reé)orted by laboratories
§Nos. B, 3,5, 7, 10, 13, 18, 21) using high per-
ormance polydimethylsiloxane stationary
phases (OV-1, OV-101, and SP-2100) are com-
gared with the means (Xexci) from Tables 4 and
, no significant differences are noted in the 2
means for either the unspiked or the spiked oil.
However, it should be noted that the coefficients
of variation of the results from laboratories
which employed a high grade of silicone sta-
tionary phase were Substantially lower than that
of the'grand mean. This suggests that analysts
should consider use of such stationary phases.
tisalso possible that laboratories em ﬁ!oyln?
highly efficient packed chromatographic col-
umnswould, asagroup, perform better than the
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Table 5.
ICES Aroclor 1254 std

Lab. ICES calen Lab. calen

i 1.75 1.90

2 1.58 151

3 1.70 —

4 2.33 2.54

5 161 147

) — 1.96

1 1.94 —

8 2.85 2.39

9 — 1.83
10 1.69 1.75
10A 1.93 —
n - 3.89
12 - 2.24
13 2.46 —
14 201 1.96
15 — 2.15
16 — 191
17 — 1.96
18 1.77 —
19 1.48 1.53
20 — 2.07
21 1.89 1.82, 2.08b

1.662
22 — 0.70
23 2.60 2.10
Xdme=2,0510.49(8]d 2.03 1 047
(24w ) (23%)

a,b,c,d.e,t

intable 4

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

Mean levels of PCB reported in spiked oil (mg/kg oil)

Laboratory PCB std "
ab.

ICES calen Lab. calen mean
1.96 2.11 1.93
1.54 1.48 153
— — 1.70
1.86 2.10 2.21
151 1.44 151
— 1.92 1.94
191 _ 1.93
2.57 2.39 2.55
— _ 1.83
1.74 1.80 1.74
2.01 - 1.97
— 2.79 3.84
- 281 2.53
— — 2.46
181 2.02 1.95
— — 2.15
— 1.96 1.93
— — 1.96
— 2.07a 1.92
— 1.63 1.55
— 1.82 1.94
— — 187
— — 0.70
2.40 2.40 2.53

1.92 £0.38 1.97 £0.37 XTe=2.01 +0.56(24]
(20%) (19%) f28%)
Xexds= 1,93 £0.41(23]
(21%)
Median ="1.94

®Mean excluding all results > XT+ 3 SD (le., x >358: Lab. 11).

whole group or at least better than analysts
employing less efficient packed columns. When
results from laboratories using columns with
efficiencies of gireater than 2000 theoretical plates
(Nos. 6,13,14,19, 20, and 21) are compared with
those using columns of less then 2000 plates
(Nos. 1,2,3,4,5,7,8,9,10,15,16,18, and 22) and
to Xexci, no significant differences are found.
We compared results on the use of Florisil or
alumina as cleanup agent (Table 6). Results of
af-test suggest atrend toward higher mean val-
ues for both oils when cleaned up on Florisil. It
is difficult to assess the importance of the dif-
ference in results between Florisil and alumina.
The Florisil results are not si nn‘lcant_I){ different
from the 4 results obtained by capillary chro-
matography, not unexpectedly because 3 of 4
cai)llla_ry users used Florisil, and the fourth, a
sulfuric acid cleanup. The results may be in-
terpreted as a selective loss of PCB on alumina
but this is contradicted by the spike recovery
(difference) figure for alumina which did not
differ significantly from that of Florisil (91 and

88%, respectjvely?. It is possible that Florisil
allows some interfering material to co-elute with
PCB which cannot be separated by caﬁgllary
chromatography. However, this seems hi h!r
unllkele/ considering the efficiency of the capil-
lary columns used. What is more probable is
more effective retention of lipid components by
Florisil.  Visual inspection of the submitted
chromatograms indicated a high degree of cor-
relation between the occurrence of negative
peaks (below haseline) and the use of alumina for
gleanu?. These peaks are caused by easily ion-
ized (electron-donating) biogenic h%drocarbons
such as pristane, the presence of which was re-
ported by one participant (No. 20% using aflame
lonization detector. Ackman (7) also has re-
ported the presence of large amounts of pristane
and octadecane in herring as well as smaller
quantities of other nonsaponifiable hydrocar-
bons. While negative peaks are most evident in
the early part of the chromatograms where rel-
atively few PCB isomers elute, it is entirely
probable that the later-eluting PCB components
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Tables. Comparison of PCB concentrations (mg/kg) using alumina and Florisil for cleanup

Lab. Unspiked oil Spiked oil Diff,
Alumina
2 0.95 1.53 0.58
3 1.16 1.70 0.54
4 1.38 2.21 0.84
7 0.98 1.93 0.96
9 0.61 1.83 1.22
14 0.74 1.95 121
15 1.05 2.15 1.10
16 0.85 1.93 1.08
18 1.19 1.92 0.73
19 0.72 1.55 0.83
20 0.94 1.94 1.00
21 1.07 1.87 0.80
X alumina = 0.97 ¢ 0.22 (23%) 1.88 +0.21 (11% 0.91 £0.23(25%)
Yed = 1.07£0.33 (31%) 1.9310.41 (21%
Florisil
1 1.03 1.93 0.90
6 1.02 1.94 0.92
8 1.81 2.55 0.74
10 0.83 1.74 0.91
10A 0.99 1.97 0.98
13 1.39 2.46 1.06
v 1.29 1.9 0.67
X Florisil = 1,19 £ 0.33 a628%) 2.08 £ 0.30ag15%) 0.88 £0.13 (15%)
sener = 1.04£0.31 (30%) 1.90£0.39 (21%)

a0.1 < P<0.05 indicates that this mean is significantly different from the corresponding alumina mean.

most often used for quantitation are suFerim- spection of Figure 2. This Youden plot of each
posed on such negative peaks, the overall result  laboratory's result for the unspiked oil vs that of
of which would be a positive peak of diminished  the spiked oil visually identifies laboratories
size. _ . _ which submitted consistently high or consis-

Additional information can be gained by in-  tently low results compared with the median

- excl
1LOF 2 -
A
0.8+
19
L A i
9
0.6 A - B
>
- < .
ol SR N L ! R G U
5Tttt s

Figure 2. Youden plot of results for spiked and unspiked oils, based on alumina (A) or Florisil (¢).
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levels of all laboratories for each oil (6). Labo-
ratory results which fall in the upper left or lower
right quadrant are inconsistent. It is interesting
that of 6 laboratories falling within the incon-

%lstetnt areas, 5 used alumina as cleanup adsor-
ent.

A line (constant error line) with a slope of 1
passing through the median intercept may be
used to judge the degree by which a laboratory's
results differ from those in which both results
differ from the intercept of the 2 median lines by
the same amount. A laboratory result falling
along the constant error line in the upper right
quadrant has reported results which have higher
values by a constant amount than the median
values while those in the lower left quadrant
report values a constant amount lower than the
median values. Visual inspection of the figure
suggests that laboratories using Florisil as a
cleanup agent fall closer to this constant error
line than do those laboratories using alumina for
cleanup. Itshould also be noted that the use of
a correction factor for each lahoratory upon
which to compare data from different laborato-
ries can only beAusnfled for those laboratories
falling close to the constant error line, because
use of such a correction factor would only correct
for a constant error.

Conclusions and Recommendations

The results of this collaborative study indicate
that problems still exist in the determination of
PCBs in fish oils and in interlaboratory compar-
isons of results, especially when a variety of
methodsisused. _
~ While we have identified that systematic error
is the most likely source of the observed varianc,
we are unable to state whether such systematic
error is due to differences inherent in the pro-
cedures used by the various participants or by
differences that would be inherent in each lab-
oratory's apJJIlcatlon of a common method.
There is evidence to support the former possi-
bility and the answer to this question would
come from an intercalibration study using, as far
as possible, identical methods. Results of Saw-
yer's collaborative study 5{ indicate that a
somewhat lower CV can be obtained for fortified
samples through use of a standard method;
however, in the case of an environmentally in-
curred PCB residue in fish, the value obtained
was4.5mglkg + 20%. Therefore, itwould seem
that the results of our study compare fairly well
to the state-of-the-art, c_onmdermg that we used
a great variety _ofanalgtlcal methods, and that we
were determining PCB concentrations one-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

qgarter to one-half as great as that mentioned
ahove.

Our study corroborates that of Sawyer, who
reported that use of a common calculation
method does not result in an increase in preci-
sion when commercial PCB mixtures are used as
standards. , _

An intralaboratory study comparing alumina,
Florisil, and concentrated sulfuric acid is war-
ranted. The role of hydrocarbon interferents,
both phys!olo%mal!y based and en_qunmentallg
incurred,in a fectlnF the determination of PC
and other or%anoch orine contaminants in her-
ring and other marine and freshwater fish,
should be elucidated. The results of our study
suggest that estimates of PCB in herring, ob-
tained by participants using the alumina proce-
dure, may be negatively in error by as much as

0%.

Negative peak interference could account for
the differences in results reported by Laboratory
1 (different results from different stationary
phasesg The phases used (SP-2401, OV-101, and
OV-105) vary in degree of polarity, with OV-105
exhibiting the largest McReynold's constants.
The retention times of the interfering biogenic
hydrocarbons would vary considerably with
respect to PCB components on these phases,
glvmg rise to the varied PCB values.

If the use of packed columns is to be continued,
analysts should use as highly efficient columns
as possible. The use of high performance sta-
tl%n%ry phases may improve the results some-
what.

Finally, we suggest that improvement would
occur should PCBs be determined on the basis of
individual isomers. Sawyer (3) found that the
precision of determination of PCBs in milk and
chicken fat was improved by quantitation based
on individual peaks and using a synthetic stan-
dard rather than the commercial PCB mixtures.
In this stu_d?/, packed columns were used. The
use of capillary columns should improve inter-
laboratory precision still more, yielding results
less in error from interfering peaks than packed
columns. In the current study, 6 participants
used capillary chromato%raé)hy, 2 of which re-
ported concentrations of PCB components in the
oils. The other 4 participants reported mean
values for the spiked and unspiked oils which
were higher than the mean values Xexci reported
for these oils in Tables 4 and 5. Also, the CV of
the spiked results was reduced by half. The
significance of this observation is difficult to
judge because only asmall number of capillary
chromatographs was involved. Laboratory 10
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analyzed the oils by both packed and capillary
column gas chromatography and reported the
same observation, i.e., higher results from the
latter technique. This 1s inconsistent with
findings %enerat_ed by the author who found that
the PCB levels in hexane extracts (stored for 9
months in a refrigerator at 3.5°C) of the oils were
lower by capillary chromatography than by
packed column. This effect was greater for the
unspiked oil than for the spiked. While the
capillary column would magnify differences in
concentrations of chlorinated biphenyls between
unspiked and spiked oils, further work is re-
quired to resolve these inconsistencies. Another
intercalibration exercise usmg capillary gas
chromatography has been carried out (8) and will
be the subject of a subsequent paper.
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A method is proposed for concurrently determining
the levels of multiple intact exogenous compounds
in serum, particularly polychlorinated bg)henyls
(PCBs) as Araclor (ARg 1254 and chlorinated hydro-
carbons (CHs). Bovine serum pools containin?< in
vivo-bound PCBs (as AR 1254) and in vitro-spiked
CHs are used to evaluate the method, which encom-
passes serum dénaturation with methanol, mixed
solvent extraction, multiple solvent fractionation
from activated silica gel, and determination by elec-
tron capture %as;llqu_ld chrqmatograElhy. Mean re-
coveries of the in vitro-spiked 9 CHs at levels of
2.0-29.1 ppb ranged from 52.8 to 98.4% from trial en-
vironmental pools; mean recoveries of the in vivo-
bound PCBs (as AR 1254) were 114.1 and 92.6% at
levels of 10 and 50 pph, respectively.

Since the first analytical evidence was found that
DDT is stored in the human body (1), increasing
numbers of chemicals have been discovered in
the food chain (2); many of these chemicals are
stored in humans (3, 4). The levels of these
compounds must be monitored periodically so
that trends and levels of exposure can be as-
sessed. Methods must be developed that permit
aseries of intact chemicals to be monitored rou-
tinely. _

Because of the nature of the major environ-
mentally dispensed substances gchlorlnated
hydrocarbons (CHs), chlorinated b[?hen Is)
known to be stored in humans, it is difficult to
resolve these compounds so they may be ulti-
mately measured. Analytical approaches have
been described for the Concurrent analyses of
polychlorinated biphenyls (PCBs) and CHs in
sources to which humans are exposed, e.g., food
(5), water sediment and hottom material (6), and
air (7). However, few accounts have been pub-
lished regarding attempts to concurrently ana-
lyze multiple intact compounds in blood serum.
In our review of the scientific literature, we
found no discussion of many of the problems
associated with this analysis. We did find de-
scriptions of analyses for either CHs (8-10) or
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PCBs (11-14) in serum. With few exceptions, the
determinations of PCBs in serum have been
predicated on a pretreatment of the serum to
preclude or minimize the contribution of the
CHs. Studies in which intact organochlorine
compounds and PCBs have been reported in
blood have been limited to (a) evaluation of these
compounds in toxemia of pregnancy, by Was-
sermann et al. (15); (b) assessment of these com-
pounds in motherand fetus during labor (16? and
after normal delivery, by Polishuk etal. (17); ()
determination of these compounds in cachectic
gatlents and healthy persons, by Hesselberg and
cherr (18); and %1 evaluation of serum levels of
PCBs (19) and DDTs (20) in residents of Triana,
Alabama, by Kreissetal. _

Because the first 4 publications mentioned
above (15-18) are not method papers, the quality
of the separation which preceded the simulta-
neous determination of PCBs and CHs :s not
described. In the approach used by Kreiss et al.
(19), silica gel was impregnated with silver ni-
trate to separate the PCBs %as Aroclor 1260) from
DDT and metabolites; however, the DDT and
DDD isomers could not be recovered intact be-
causethegweredehydrohalogenated._ Instead,
DDT and metabolites were determined after
column chromatography, with silica gel used as
the adsorbent (20); therefore, the DDT concen-
tration values, specifically the isomers of DDD
and DDT, contained contributions from PCBs.
Needham et al. (21) reported using these dual
adsorption columns so that the CHs and PCBs
could be quantitated by difference.

The method presented here involves serum
dénaturation with methanol, mixed solvent ex-
traction, multiple solvent fractionation from
activated silica gel, and subsequent determina-
tion by electron capture gas-liquid chromatog-
raphy (22, 23). The Froblems inherent In
applying this methodology to bovine serum

Use of trade names js for identificatio and dogs not
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pools containing in vitro-spiked CHs and in
vivo-bound PCBs as AR 1254 will be discussed.

Preparation of Pool Material

To evaluate the procedure, we prepared serum
Fools contamln% In vivo-bound PCBs and a se-
ected number of in vitro-spiked CHs.  The pool
material was prepared to reflect the general
population in terms of types and concentrations
of CHs and PCBs present. The levels of CHs
selected were mean or maximum levels obtained
from the Environmental Protection Agenc
(EPA) (Richard Kutz, December 1978), and PC
levels were indicative of the mean level and 5
times the mean level obtained in other studies
involving populations not known to he abnor-
mally exposed to PCBs (PCBS/PBBs serum
screening of M|ch|g1_an residents by the Michigan
Department of Public Health and the Centers for
Disease Control (CDC))..

The source of the in vivo-bound PCBs (as AR
1254) was a cow that had been given oral doses
of AR 1254 for 14-21 days, allowed to afpé)ro_ach
equilibrium of storage in the absence of dosing,
and then bled. After we separated the serum
from the whole blood, we determined its PCB
concentration. The followlng CH standards
(purity 98-100%) were obtained from the Pesti-
cide Repository of the EPA, Research Triangle
Park, NC: hexachlorobenzene, hexachlorocy-
clohexane, oxychlordane, heptachlor epoxide,
frans-nonachlor, p,p'~DDE, dieldrin, o,p'-DDT,
and p_,é)'-DDT. Appropriate amounts of these
individual standards in isooctane were com-
bined, the solvent was evaporated, and the resi-
duge was redissolved in acetone to comprise the
spiking solution.

The trial environmental pools (TEPs) were
prepared as follows: _

EP 3: To a pool of essentially CH- and

PCB-free bovine serum, an amount of serum
from the cow dosed with AR 1254 was added to
yield a fortification level of approximately 50 ppb
(ngr/m L) PCBs. .
- TEP 2. Analiquot of TEP 3 (after 72 h of mix-
ing at 0°C) was removed and added to a pool of
essentially CH- and PCB-free bovine serum to
yield afortification level of approximately 10 pr
Sng/m L% PCB. This pool was allowed to mix tor
2hat0°C. The 9-component CH splkm%so-
lution (25 mL) was added to each of the above
Pools (1%of the final volume) and allowed to mix
or an additional 72h at 0°C.

TEP 1. To a pool of essentially CH- and
PCB-free bovine serum, acetone (25 mL) was
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added (19 of the final volume) and allowed to
mix for 72 h at 0°C. , .
We saw no evidence of a protein ,ﬁ),rempltate
before any of the 3 pools were sterilized. Al
POO!S were steriljzed b%/ using a Millipore Fil-
ration System, dispenséd into'3-dram Vials in a
sterile erivironment, and stored at —30°C.

METHOD

Apparatus

(a), Analytical system, pcBs.—A Varian 3700
as-liquid chromatograP_lh (GLC) (Walnut Creek
A) equipped with"a Hewlett-Packard Model
7671A "automatic_injector (Avondale, PA), a
constant current 6N electron capture detector
ECD?j and a Perkin-Elmer Model 56 strip-chart
ecordler were used. The chromato?ra h was
controlled and the data were calculated by a
Varian CDS 111ngc microprocessor. Operatin
conditions;  temperatures é°C),—cqumn 19
detector 330, injection port 250; nitrogen flow 20
mL/min; ECD fange 10, and recordler atfenuation
X8, Gas chromatographic column, 6 Tt X2 mm
gd) 8Iass, acked with performance-tested 3%
E-30 on 80-100 mesh Gas-Chrom Q.

h). Analytical system, CHs—A Varian 2100
GLCinstrument equipped with a 3H(Sc) electron
Cﬁgture degector and a Varian Mode A-23_s,trH)-
chart recorder were used. Operating conditions:
femperatures (°C3—c,o|umn 200, detector 285,
Injection port 225; nitrogen flow 37 mL/min;
electrometer range 10~10; and attenuation X16.
Gas chromatogr_aﬁhlc column, 6 ft X4 mm (id)
glass acked with 15%/1.95% OV-17/QF-1 on
0-100 mesh Chromosorb WHP.,

(¢) chromatographic column.—Glass, 28 cm X
9 mm, equipped with 50 mL reservoir and
go_lytetr_a uoroethylene (PTEE) stopcock (Tudor

cientific Glass, Bélvedere, SC).

Reagents

@ Solvents.—Pentane, n-hexane, methanol,
henzene, gnd eth'yl_ T(ther were all distilled-in-
R}ﬁi grade (Burdick & Jackson, Muskegon,

Sodium  sulfate.—Anhydrous, reagent
?,ra . Wash with hexane and oven-dry con-
Inyously at 130°C.. Remove from oven and let
cool under desiccation before uf,e.

¢). silica gel,. —Weigh 20 g silica gel (Woelm
70-150 mesﬁ_) Into beaker, cover with aluminum
foil ﬁshmy sid Ué); punch several holes in foil),
and let stand in.200°C oven 8 h.  Let cool over-
night under desiccation. Transfer to Erlenmeyer
flask containing 75-150 mL pentane. Hand-
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rotate flask to rid mixture of any air bubbles, and
seal with PTFE-lined screw cap.

Extraction

Pipet 4 mL serum into culture tube (16 X 125
mm with PTFE-lined cap), and add 2 mL metha-
nol. Swirl briefly on vortex mixer. Extract
serum with 5 mL hexane-ethyl ether (1 + 1) on
rotary mixer %15 min at 50 rpm), centrifuge at
1800 rpm for 6 min, and then remove superna-
tant extract. Repeat extraction twice. Transfer
each solvent extract to culture tube (20 X 150 mm
with PTFE-lined cap). Concentrate combined
extracts under gentle stream of nitrogen to low
volume (0.5 mL%.

Adsorption Chromatography

Prepare adsorption chromatography (9 mm id)
column equ!Ppe_d with PTFE stopcock b(y) adding,
in order: silanized glass wool plu%,l mm so-
dium sulfate, pentane to height of 125 mm, silica
gel as aslurry from ashortened 5 mL (graduated
in Vio mL?_seroIoglcaI pipet to a height of 100 mm
with sett mp, and 10 mm sodium sulfate.

Partially fill reservoir with pentane, and mark
level. Adjust stopcock so that flow is 3 mL/min.
During this adjustment, solvent also serves as
prewash. Once flow is set, process continues
without interruption. When level of pentane
reaches top of sodium sulfate layer, transfer
concentrated sample extract in 0.5 mL hexane to
top of column. Rinse sample tube 3 times with
0.5 mL pentane per wash, and transfer wash to
head of column. Once sample has been com-
pletely transferred, fill reservoir with pentane
to previously marked level, and maintain this
level durln%_collecnon of fractions I, 11, and 111,
each consisting of 15 mL eluate. Collect frac-
tions in 15 mL conical centrifuge tubes that are
calibrated to 1 mL and 15 mL. After fraction Il
is collected, let pentane eluant drain (referred to

Table 1.

. HePta-
Oxychior-  chlor-  trans-Noo-
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as pentane interface) into 20 X 150 mm culture
tube. Then use benzene aseluant. Collect two
15 mL benzene fractions and designate them as
IVand V. Reduce each of fractions I, II, and I
and pentane interface to <1.0 mL in a 25°C water
bath with \gentle stream of nitrogen. Reduce
fractions IV and V each to <1.0 mL in a 45°C
water bath with a gentle stream of nitrogen.
Reconstitute all fractions to 1.0 mL with hexane
or isooctane.

Gas Chromatography

Polychlorinated biphenyls.—Generate necessary
calibration factors by using Webb and McCall
(24) Araclor composition data for 3 pL injections
of AR 1254 at 4 concentration levels ranging from
400 to 40 pg/pL. Once calibration factors are
established, inject 3 gL of fractions Il and 1.

Chlorinated hydrocarbons.—Analyze all eluates,
fractions 1-V, and interface quantitatively by
comparing responses of unknowns with appro-
priate concentration levels of the 9-component
CH standard contained in hexane or isooctane.
Analyze fractions Il and Il by using analytical
system for CHs, because adsorption chromatog-
raphy does not consistently preclude the elution
of HCB, frans-nonachlor, and p,p'~DDE in one or
more of these fractions.

Results and Discussion

Characterized values for TEPs (PCBs) were
established through aseries of 20 analytical runs
in which fractions Il and 11l were analyzed. In
5 of the 20 analytical runs, characterized values
for the chlorinated hydrocarbons were also es-
tablished through the analysis of fractions I-V
and the interface. An ana Ktlcal run consisted
of the results of analyzing the extracts of dupli-
Sate sdag]ples taken from one vial each of TEPs 1,

,and 3.
Asshown in Table 1, most of the PCBs elute in

Typical elution pattern from silica gel for CHs and PCBs found in TEPs 2 and 33

Fracton ~ HCB /3HCCH ~dane  epoxide achlor p,p-DDE Dieldin o,p-DDT p,p-DDT /EF(Q:BlSZgzsl
1 + 0 0 0 0 0 0 0
I 0 0 0 0 0 +(11 0 0 0 + O82
l 0 0 0 0 +(17)  +(64 0 0 0 + ES}
G T S
+ +
v 0 0 0 0 M % 0

Average percent found in each fraction given in parentheses.
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Figure A, Aroclor 1254 standard (2100 p(I; injectedg;
B, TEP 2 Fraction Il; C, TEP 2 Fraction Ill; D, TEP 3

Fraction Il; E, TEP 3 Fraction Il (19 mg injected, all
fractions); F, 9-component chlorinated hydrocarbon
standard ( %lniected, RRTDDe): HCB (48.41 pg, 0.20);
[9-HCCH a 9.28 pg, 0.343; oxychlordane (94 pg, 0.61);
heptachlor epoxide (95. Sé) , 0.68); frans-nonachlor
113.74 pg, 0.78); 0,A%DD 397.76 Py, LOO)'dl,eW
96.82 By, 1.07); ;P -DDT (287.64 pg, 1.43); P, -

(293.28 pg, 1.88). For GLC conditions, see text.

fraction 11; a small percentage elutes in fraction
[Il. Of the CHs that we evaluated, only p,/-DDE
eluted in fraction 1l, and only p,p"-DDE and
frans-nonachlor eluted in fraction Ill. The only
other CH that eluted either with or before PCBs
was hexachlorobenzene; however, these 3 CHs
can be discerned from PCBs by electron capture
gas chromatography, either by the mtens% of
the peak {p,pr-DDE) or by retention times (HCB
and frans-nonachlor). = Gas chromato%rams
(under CH conditions) illustrative of total elution
0f PCBs (as AR 1254) and selected CHs are shown
in Figures 1, 2, and 3. Gas chromatograms of
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Figure 2. A, 9-component chlorinated hydrocarbon
standard (concentrations and identities as in Figure
1); B, TEP 1 Fraction I, C, TEP 1 Fraction II; D, TEP 1
raction III; E, TEP 1 interface; F, TEP 1 Fraction IV;
and G, TEP 1 Fraction V (19 mg injected, all
fractions).

fraction V contained the most extraneous peaks.
Fortunately, the compound (dieldrin) that elutes
in this fraction is well resolved from the con-
taminants). These traces a%am demonstrate that
most CHs elute in fraction 1V and most PCBs in
fraction 1. Although the mixed-phase column
indicated the presence of several CHs in TEP 1
(Figure 2), only p,p'-DDE was confirmed b
using a dual column technique. Column blan
evaluations indicate that most of the peaks ob-
served in fractions |-V of TEP 1were attributable
to contaminants from the silica ?el. .
Electron capture detection of contaminants
resulting from elution of adsorbents of this type
isnot new (25,26). We have aﬁp_lled to silica gel
the solvent pretreatment techniques that had
been used for silicic acid (27) and found that at
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Figure 3. A, 9-component chlorinated hydrocarbon

standard (concentrations and identities as in Figure

1); B, TEP 2 Fraction I; C, TEP 2 interface; D, TEP 2

raction IV; and E, TEP 2 Fraction V (19 mg injected,
all fractions).

the levels atwhich we need to operate, even with
pretreatment those solvent systems necessary to
elute certain CHs from this type of absorbent
invariably result in a measurable background.
We have considered a cleanup procedure for this
adsorbent somewhat analogous to one previously
proposed (28) as a possible remedy for the un-
desirable contaminants observed in fraction V;
however, its effect has not been evaluated.

Recovery of added pesticides (Table 2) ranged
from 56.3% for /3-HCCH to 98.4% for o,p™-DDT in
TEP 2 and from 52.8% for /3-HCCH to 96.4% for
0,p"-DDT in TEP 3. Although in vitro spikes of
the CHs are identical in these pools, the recovery
is invariably higher in TEP 2. Our recoveries for
some of the CHs were equal to, although most
often not better than those rePorted in the liter-
ature in which parallel analytical techniques
were used (10, 29, 30).
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Table 2. Recovery (%) of In vitro-spiked chlorinated
hydrocarbons3
Spike,

CH pr TEP 2 TEP 3
HCB 62 582+50 56094
13-HCCH 84 563+40 528136
Oxychlordane 40 786241 744166
Heptachlor epoxide 20 798158 762156
frans-Nonachlor 48 896148 850+79
B,_p'-D_DE 291 630%3.6 624+53

ieldrin 124 755+54 70.0+6.4
0.p-DDT 20 984+ 101 96.4+ 116
p.p-DDT 83 842+54 816+70

3 Mean percent + SD jn percent; N = 5 analytical runs of
duplicates.

The recovery of p,/l-DDE is in contrast to data
obtained in our laboratory when identical de-
proteinization techniques were used that re-
sulted in higher yields (31). We believe that
some losses probably occurred during the solvent
evaporation and transfer that preceded the
Preparatlon of the spiking solution. Additional
osses probably occurred during the sterile fil-
tration. _ _

Using analysis of variance, we evaluated the
analytical data obtained for the CHs in TEPs 1-3
#_Te_nble 3). Generally, for the CHs the total coef-
ficient of variation {gV){IS higher in TEP 3 than
itisin TEP 2. o,p'-DDT has the highest CV in
TEP 2, and hexachlorobenzene has the highest
CVin TEP 3.

A gas chromatogram of the reference standard
AR 1254 is shown in Figure 4. The peaks are
numbered relative to p,p'-DDE, which is as-
signed a relative retention time of 100. The gas
chromatographic conditions were established so
that the resulting gas chromatogram would be
similar to that obtained by Webb and McCall (24)
when they assigned their mean weight percent
factors for the various peaks. Figures 4-6 dem-
onstrate that, in ?eneral, most PCBs elute from
the silica gel column in the second fraction.
With the exceptions of p,p’-DDE 100 and trans-
nonachlor 92, none of the CHs evaluated elute
with the PCBs. These values, when compared
with those shown in Figure 4 (standard), also
demonstrate that bovines tend to retain to a
larger extent those PCBs with relative retention
times equal to or greater than 124. The data re-
sulting trom our characterization of the TEPs for
PCBs are summarized in Table 4. The values
reported are without the contribution of peak 98
(24).  The contribution of this peak was not
considered because of the variation in the ability
of the adsorption chromatography to consis-



Table 3. Statistical analysis of characterized values obtained for TEPs (CH)

CV (%) for

CVY (%) for CV (%) for within-"and

, within-run among-runs among-runs

Sgke, Mean, component of component of components of

Pool CH Pb V(runs) Range, ppb ppb variance variance variance
TEP 1 p,p-DDEa - 5 0.46- 0.68 0.55 10.6 1.4 13.0
TEP 2 HCB 6.2 5 3.0- 41 36 # 8.6
0-HCCH 8.4 5 4.3- 53 4.8 6.0 44 14
oxychlohrdane , 4.0 5 2.9- 34 31 31 44 54
heptachlor epoxide 2.0 5 1.4- 19 16 50 54 14
frans-nanachlor 4.8 5 4.1- 4.8 4.3 4.1 3.5 b4
gag'-D,DE 29.1 5 16.4-18.8 18.3 4.3 4.2 6.0
eldrin 124 5 8.2-10.4 9.3 4.2 6.3 1.6
0,p-DDT 2.0 5 1.7- 23 2.0 6.6 8.4 10.6
p,p*-DDT 8.3 5 6.2- 7.9 7.0 5.8 3.0 6.6
TEP 3 HCB 6.2 5 2.4- 42 3.4 14.2 9.3 17.0
13-HCCH 8.4 5 3.9- 49 44 5.8 3.8 7.0
oxychlordane 40 5 2.0- 33 3.0 56 14 9.2
heptachlor epoxide 2.0 5 1.3- 11 16 6.3 4.0 1.4
trans-nonachlor 4.8 5 3.4- 46 41 8.0 4.8 94
p.p-DDE 29.1 5 16.2-20.5 182 6.8 %.3 8.6
dieldrin 124 5 7.3- 9.8 8.6 9.2
0,p-DDT 2.0 5 1.6- 2.3 2.0 6.6 105 124
p,p-DDT 8.3 5 58- 15 6.8 6.8 5.2 8.6

ap,p-DDE was the only chlorinated h%drocarbon found in TEP Lthat could be confirmed on 2 different columns by u_sin% electron capture detection.
CV*' In'the, gnalyésw of varlance, If the within-run mean square value exceeds the among-runs mean square value, the within-run CV Is set equal to the total CV and the among-runs
is considered zero.
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Figure 4. A, Aroclor 1254 standard (861 pg injected);

B, TEP 1 Fraction II; C, TEP 1 Fraction 111 {12'mg in-
jected, each fraction). For GLC conditions, see text.

100
A
125 474
145 )
50
73]
u 2 196 279
Z | 232| 355
2
a 92
w
o
B
132
1145
165
1 196

100 X RELATIVE RETENTION TIME
P, P'-DDE

Figure 5. A, TEP 2 Fraction 1l; B, TEP 2 Fraction 11
(12 mg injected, each fraction).
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Figure 6. A, TEP 3 Fraction II; B, TEP 3 Fraction 11
(12 mg injected, each fraction).

tently preclude the elution of p,p"-DDE (at a re-
tention time equivalent to peak 100) in fraction
l. Because no effort was made to distinguish
PCB peak 98 and p,p'-DDE, the contribution of
peak 98 to the total was eliminated. Although
the loss of peak 98 is not desirable from a meth-
odology perspective, our experience in the
analysis of general population samples and other
investigators' ,e>(<ﬁe.r|ences in the analysis of
samples from individuals with known PCB ex-
posure (32) indicate that peak 98 does not make
a significant contribution to total in vivo PCB
residues. Peak 98 in TEP 1is not attributed to
PCBs, but to p,p'-DDE; therefore, its elimination
does not affect the PCB value of this gool. Based
on the fortification levels of TEPs 2 and 3. the
average recoveries were 114.1 and 92.6%, re-
spectively, although the contribution of peak 98
was not considered. o

‘The CVs for the PCB determinations were
highest for the lowest concentration (TEP 2) and
lowest for the highest concentration (TEP 3).
These relationships are consistent with previous
data generated by our laboratory.

The method presented here demonstrates
some of the inherent problems associated with
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Table 4. Statistical analysis of characterized values obtained for TEPs (PCBs)
CV (%) for
CV (%) for CV (%) for within- and
within-run among-runs among-runs
_ component of  component of  components of
Pool  Spike3ppb  W(runs)  Range,ppb  Mean, ppb variance variance variance
TEP 1 _ 20 0.96- 441 2.38 15.6 29.2 31
TEP 2 997 20 71.70-16.27 11.38 8.4 154 17.6
TEP 3 49.64 20 31.49-54,42 46.01 6.4 9.6 115

3 Defined as projected concentration resulting from dilution of serum taken from bovine exposed to Aroclor 1254 with
ﬁj(tle%-free serum, .., bovine was exposed to AR 1254 and bled; PCB level was determined in serum, and serum was di-

concurrent determinations of intact exogenous
comﬁounds in serum. We believe that serum is
the best possible matrix for the routine moni-
tor_lngi of such comﬁgunds. Although our ana-
lytical approach, which resulted in several frac-
tions, did not com_pletelz separate the PCBs from
the CHs, we believe that if one is to analyze
samples containing a multitude of residues, then
the procedures most likely will entail one of the

(13) Finklea, J. R, etal. (1972) Am. /. Public Health 62
645-651 .

(14) Baker, E. L., Jr, etal. (1980) Am. , Epidemiol. 112
553-563

(15) Wasserman, M, Bercovid, B, Cucos, S, Wasser-
man, D, & Ron, M. (1980) Environ. Res. 22, 404-
411

(16) Polishuk, Z. W, Wasserman, D, Wasserman, M,
Cucos, S., & Ron, M. (1977) Environ. Res. 13,
278-284

following: (1) an analytical protocol similar to  (17) Aolishuk, 2. W, etal. {1977) Pestc. Monit 1. 10,
the one presented here, (2) a procedure that Uses (1) Hesselberg, R.J., & Scherr, D. D. (1974) Bull. En-

aseries of different adsorbents, or (3) aprocedure viron. Contain. Toxicol. 11, 202-205
based on different activations or chemical treat-  (19) Kreiss, K., et al. (1981) /. Am. Med. Assoc. 245,
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Assessment of Methods to Determine PCB Levels in Blood Serum:

Interlaboratory Study
VIRLYN W, BURSE, LARRY L

NEEDHAM, MARGARET P. KORVER,
CHESTER R. LAPEZA, Jr, JOHN A LIDDLE, an

DAVID D. BAYSE

Public Health Service, Centers for Disease Control, Center for Environmental Health,

Atlanta, GA 30333

Twenty-five laboratories participated in a study to
determine the levels of polychlorinated biphenyls
(PCBs) in 3 bovine serum pools, referred to as trial
environmental pools gTEPs). TEPs 2 and 3 contained,
respectlvelé, low (9.97 ppb) and high (49.64 ppb)
levels of PCBs (as in vivo-bound Aroclor 1254) and
the same level of 9 commonly occurring chlorinated
hydrocarbons. TEP 1 contained onlg naturally oc-
curring levels of these analytes. Laboratories ana-
lyzed each sample in duplicate by the method used
in their laboratory for measuring PCBs in blood
serum. The coefficients of variation (CV) for the 12
laboratories reporting quantitative data and the re-
quired number of analyses for TEP 2and TEP 3 were
37.0 and 30.7%, respectively. The mean recoveries for
these 12 laboratories were 239.3 and 165.4% for TEP
2 and TEP 3, respectively. Three laboratories re-
ported data with mean values for TEP 2 and TEP 3
within + 3 standard deviations of the CDC charac-
terized mean. Their coefficients of variation were
12.4 and 18.8% for TEP 2 and TEP 3, respectively. The
mean recoveries for these 3 laboratories were 150.7
and 98.4% for TEP 2 and TEP 3, resEectiver. Our
most significant observations were the laboratories’
failure to separate PCBs from DDTs and the excessive
background of the reagent blanks. The widely dis-
crepant results indicate a definite need to standardize
methodology for this analysis.

Interlaboratory studies are widely used in eval-
uating methods for determining chlorinated
hydrocarbons in whole blood (1%, serum, and
adipose tissue (2); {)olychlorlnated biphenyls
(PCBs) in chicken fa (3, 4), fish (3), and m||k\2/%);
and trace level hydrocarbons in mussels (5). We
used an interlaboratory study to observe the state
of the art for deter_mlnm% PCBs in blood serum.
To this end, we solicited the participation of state,
territorial, and private laboratories in analyzing
bovine serum poals (6) for PCBs.

The purBose of this study was to assess the
ability of lanoratories to anaIKze serum accurately
and precisely for PCBs in the presence of a se-
lected number of chlorinated hydrocarbons, and,
on the basis of the data generated, to initiate a

Received January 26, 1982. Accepted April 16, 1982.
Use of trade names is for |dewlcatlor] onlgrrand dog§l %ot
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step toward standardizing methods for deter-
mining PCBs in blood serum.

Protocol for Interlaboratory Study

Participants were supplied with 5 vials, each
contamln? ca 9 mL pooled serum. Two vials
were labeled trial environmental pooléTEPF)> 2,
2 were labeled TEP 3, and 1was labeled TEP 1
Participants were also supplied with 1 vial of
neat Aroclor (AR) 1254, Lot AK-38. They were
requested to analyze each vial of serum ir. du-
Fllcate for PCBs by the method used in :heir
ahoratory and to quantitate the PCBs by using
the appropriate standards prepared from the
Aroclor reference material. Participants were
informed that the pools were prepared from
bovine serum that contained both in vivo-bound
PCBs (as AR 1254, Lot AK-38) and in vitro-forti-
fied levels of chlorinated hydrocarbons.

Although no restrictions were placed on the
analytical methods used, participants were asked
to report the following: _

1. Extraction: solvents and extraction tech-
niques used _

2. Cleanup procedures, if any: adsorbents used,
eluting solvents and volumes, and liquid
partitioning o

3. Gas chromatography: column dimensions,
column packing, Perilnent parameters, and
dtetec)tor type (including operational param-
eters

4. Method of guantitation: summation tech-
nl%ue, e.0., the total area or total peak height
of PCBs in the sample compared with the total
area or total peak height in the Aroclor refer-
ence, excludlngvchlormated hydrocarbon in-
terference; the Webb and McCall approach (7);
or tlr(]e mean response of aselected number of
peaks

Results and Discussion

Our aBEroach to the separation and quantita-
tion of PCBs contained in trial environmental
pools has been reported (6).

We asked 54 state and territorial health labo-
ratories and 117 private laboratories to participate

0004-5756/83/6601-0040-06801.00

© Association of Official Analytical Chemistry, Inc.



BURSE ET AL.

in the interlaboratory studg{; 20 (37%) state labo-
ratories and 5 (4%) private laboratories reported
analytical data. One federal agency participated;
for purposes of this study, that laboratory was
considered astate participant.

Because all reporting laboratories had ana-
lyzed these samples by electron capturegas-llq-
uid chromatography Z_ECGLC), aswe had done,
we invited participation from laboratories re-
porting in the scientific literature that they had
determined PCB levels by other methods: “glass
capillary gas chromatography with electron
capture detection, radioimmunoassay, radioiso-
tope dilution assay, and gas chromatography/
mass spectrometry (GC/MS). These laboratorigs,
however, did not have experience in determin-
ing PCBs at the low levels found in serum and
thus encountered mang problems. All of these
methods except GC/MS were abandoned. The
IaboratorK using this technque had no experi-
ence in the extraction and cleanup of PCBs in
serum; therefore, we performed these steps by
using the method previously presented (6), and
forwarded the column eluates for GC/MS anal-
ysis. The laboratory monitored 6 ions by
GC/MS and reported the levels of tetrachloro-
biphenyl, Fentachloroblphenyl, and hexachlo-
robiphenyl found (Table 1?\. These results
co_mi)are well with ours ?6); owever, because
this laboratory did not pertorm the analysis in its
entlretYl, its results are not included in this report.
These limited data tend to confirm our quanti-
tative technique but, of course, do not indicate
t?e efficiency of our extraction or cleanup
steps.

We had thought that vials containing 9 mL
serum would be more than adequate for dupli-
cate analysis; however, some participants used
serum aliquots of 5-6 mL, which Precluded du-
plicate ana]?/_sm from the same vial. Summaries
of the significant parameters and analytical re-
sultls are presented in Tables 2 and 3, respec-
tively.

Ex%ract_ion techniques used by participating
laboratories followed 2 general approaches:
direct extraction or extraction followin deg)ro-
teinization with methanol. Nine (36%) of the
laboratories used methanol for deproteinization,
followed by extraction with an immiscible or-
ganic solvent; 12 (48%{) extracted directly with an
immiscible organic solvent; 2 (8%) extracted with
acetonitrile, added an aqueous salt solution, and
partitioned into hexane or petroleum ether; one
4%) adsorbed the serum onto Florisil; and one
4%) did not report the extraction technique used.

ur experience has shown that deproteinization

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 4

Table 1. Results aép&bg of gas chromatography/mass
spectrometry (GC/MS) analysis of extracts of trial
environmental pools (TEPS)

Total
AR
Pool No. cL Cls Cl6 1254
TEP 1 16 15 0.9
TEP 2 25 6.9 438 14
TEP 3 52 21 208 48

3 Mean of 2 GC/MS analyses per pool.

of the blood serum with methanol (8) enhances
the recovery of halogenated biphenyls.

Most laboratories used the more commonly
available adsorbents for cleanup, with the ex-
ception of alumina. Silica gel, silicic acid, and
Florisil were used almost equally. One labora-
tory used 2 adsorbents, Florisil and silica gel, and
4 laboratories chose not to clean up their extracts.
Florisil does not separate chlorinated hydrocar-
bons from PCBs as comBIeter as does silica gel
(9, 10). Silica gel has been treated in various
ways to achieve this separation (11-13). Al-
though blood serum does not present as exten-
sive a cleanup problem as some other matrices,
the presence of multiple residues and the fouling
effect of continuous Injections of small amounts
of lipids into the gas chromatograph/electron
capture detection system dictate the use of ad-
sorption chromatography or some form of
cleanup before ECGLC. .

For the elution of PCBs from adsorption col-
umns, most laboratories used nonpolar solvents.
In avery few instances, small amounts of more
polar solvents, namelz, methanol and ethyl
ether, were mixed with nonpolar solvents for
eluants. The elution volumes were generally
excessive, even though some of the adsorption
columns used would be considered small (<10
mm id). We have found that blood serum can be
adequately cleaned up with quantitative recov-
ery of chlorinated hydrocarbons and PCBs by
using adsorption columns <10 mm id with sol-
ventelution volumes <50 mL. Use of too much
solvent tends to produce reagent blanks that
approach the lower concentration levels of blood
serum for some halogenated compounds, i.e.,

<10 ppb. , _

~ Only 2 laboratories used chemical treatment
in addition to adsorption chrom_atograﬁhy to
prevent the interference of chlorinated hydro-
carhons in determining PCBs. The 2 chemical
treatment procedures used have certain disad-
vantages: perchlorination of the PCBs to deca-
chlorobiphenyl destroys the identity of PCB
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Table 2.

Extraction technique
Deprotein-
i

Serum afion ,
0. with Extraction
(mL) methanol solvent(s)
5 yes hex/Et20
2 no hex
2 no hex
6 no hex
5 yes nex/EtZO
) yes ex/Et20
N2R no hex et
no cn; pet e
2 no ﬁex P
4 yes hex/Et20
2 yes Et20/£et et
K‘es hex/Et20
NR R NR
2 no acn;hex
2 no ex
4 yes hex/Et20
2 no ex
3 no %dsorbed on
2 no hex
2 no hex
4 no hex
NR no hex
5 yes hex/Et20
2 es et et
AR %o Eop/pet et
not reported F
hexa\n SACC-4
ethyl ether
petroleum ether SA
acetonitrile
Isppropanl M
silica gel.

% dedctivation
with water

Significant analytical variables used by participating laboratories

Method Elution (for PCB only) C
of Column
cleanup Vol. (mL) Eluant type
SACC-4 M 175 pet et NP
SA(3) M 250 pet et MP
F M 200 pet et NP
none MP
SG&l& P 8 hex MP
SACC-4 M 170 pet et MP
rFlone M 150 t et MFF:
gt e
none P MP
SG(3) 25 hex MP
F SG(3) M 18, 18 Ret et hex NR
P 30 ex NP
AR 200 nex . MP
F M 250 6% Et2U:hex MP
G p 85 X P
SG &38 P 20 ex NP
SA CC-4 25 pet et MP
P | f 200 et et MP
sapan. & oxid.
SA CC-4 M 120 pet et MP
F 250 pet et P
G M 30 pet et NP
G M 30 et et NP
F M 14 0% NP
MeOhLhex
none NP
AR AR AR NP
Florisil . . P olar: OV-210
silicic acid 9SCromarne, E, NP nonpolar: OV-101
etal. (1975) pestic, Monit. 3. 9, 11-14) ~SE-30, SP2100,
silicic acid (pam Vol. 1 MP mixed Eh S SE-
Sec. %5(]1.1 . QV-17/QF-
macro it adsorption OV-17/0V-210,
column 1d>"10 mm W&aMc Webb & McCall (7)

micro if adsorption
column id, <10 mm

Quantitation
method
(see text)

peak height
disc mte,gr?tor
eak e

bk heh
elect, infegrator
e et

eak he|
peak height
peak height
eak height
erchloriation
Integrator (W&Mc)
Inte rhatprht

eak hej

BFak hei%ht

elect, Infegrator
peak height
integrator (W&Mc)

k height
beak height
peak hejght
peak hejght
peak he|8ht

k height
Peak haigh

SV 13 3S4ng

‘W3IHJ YNV 440 J0SSVY T

(¢86T T "ON ‘99 "10A)



BURSE ET AL.. J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 43

Table 3. Participating laboratories' reported levels (Q%%)Pogpolychlorinated biphenyls in trial environmental pools
s)a

TEP 1 TEP 2 TEP 3
Vial 1 Vial 1 Vial 2 Vial 1 Vial 2

Lab. Orfg. ~ Dupl.  Orig.  Dupl. Org. Dupl.  Orig. Dupl. Orig. ~ Dupl.
S ND NA 187 175 185 243 90 109.8 80 70
S2 503 648 19 NA ]ﬁ NA %.4 NA 97.3 NA
S3 ND NA NA NA NA 39 NA
S-4 ND NA 1 NA 687 NA 1005 NA 134.8
S5 NQ Nﬁ jﬁA 14 NA @ NA 46 NA
S6 17 19 19 9% 75 82
ST ND ND ND ND ND ND % 475 451 452
S8 16 % 14 NA 28 % NA 41 NA
S9 < < 233 236 231 , 46.7 430 404 420
S-10 69 NA 5 NA 18 NA 38 NA NA NA
1) 86 e 5 M M M BF N Ny M
5§13 <]l " M % B %0 ﬁ % 165
S-14 % ND ND ND ND ND 215 18 19
S-15 32 39 54 3 64 87 9% 74
S-16 ND NA 5f iﬁ% 138 143 419 51.0 33.2 429
S-17 2.3 19 . 51.7 60.4 ND NA
S-18 ND NA 13 1 1 50 380 50 49
S-19 < 4 288 304 303 318 9.7 90 90.8 9.5
S-20 326 374 713 65.3 571.4 56.1
P-1 35 30 29 37 105 9 99 113
P-2 9 25 29 0 35 90 % 91 9
P-3 ND ND 193 207 176 179 78.8 3 92 9
P-4 371 NA %.9 ﬁA 36.2 90.3 NA 103 NA
P5 <5 <5 NA NA 40 50 NA
Fortification level 9.97 49.64
CDC value 2.38+0.79 11.38 £2.00 49,06 + 5.30

aND = Not detectable at the parficipants’ lower detection limits; NA = not analyzed.
b Triangulation method, electronic integrator inoperable.

chromic acid oxidation of the commonly occur-  peaks selected varied from 2to 11 Peaks were
rrnﬂ] horrnated hydrocarbons reportedly results  manually measured. in most instances.  One
e oss of cerfain PCBs (14? On the other partrchant used a disc mtert;rator and 5 others
hand the | atter Iprocedure has also heen regorted used electronic integration o assess peak areas
to ef ectlvey ecover and separate PC nI?/ZIaboratorres used the Webb and McCall
though this was accomplished at PCB Ievels of P oach, We have found that when there isno
tenths (15) or tens (16) of mrcro?rams _ ? at difference between the in vivo PCB pat
All Taboratories used ECGLC for analysrs and Terns and those of an appropriate PCB standard

all but one used the 3N detector.. Only column  analyte values obtained b¥ use of the Webl and
selection for quantitative runs is reported in M all method do not differ ap?recrably from
Table 2; however some Ipartrcr ants used 20r val ueso btained ){summatlon 0 P heights.
more col umns for confirming CBs Choices _ This studg substantiates thedrf iculty assocr
between mixed and no Op olar'phases were 48% ated with determining PCBs In the presence of
and 40% res pectively. Only d)artrcrpants chose chIorlnated nydrocarbons in blood serum. TEPs
ap oarp ase for uantrtatlon One'laboratory 2 :and 3 represent some of the most extreme sit-
did not report the type of GC column used. We uatrons that a chemist is likely to encounter in
used GC olumns Wrth the meth%I srhcones & anal yzrn blood Serum ecause—WIIh the ex-
liquid phases, main y because t Z % been cePt f the DDTs (p,f-DDE, 0,/-DDT, and
chiogen for another p oect 17%and ls0 ecause DDT)—the chIorrnated hydrocarbons that
we mtended t0 uset e ebb and McCall ap- were added fo these pools appear in human
proach to (iHantrtateP L3 serum In various frequencies and at relatrve%

Most of the laboratories Used peak heights ty  low mean concentratr ns, 1.8., /3-HCCH (27%

measure In vivo PCBs. The retention times of {)b d|eI rrn( % 2.4 pph), heptachlore oxrde
P8 in the reference materal were matched to (13% 002 ppb), oxychlordane (3% 0.06 pp)

Recres and aIkaIrne hydrolysis followed by Eeaks observed in the samples. The number of
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Table 4. Statistical analysis cf participating laboratories' (PCB) results for trial environmental pools (TEPs) 2 and 3

Cv (%1 for CV (%) for el (%3 for
within-lab. among-Nahs . within- and among
component of  component of  labs components
Pool D FL3(ppb) n (Labs) Rangeofvalues Mean (ppb)  variance variance of variance
TEP 2 9.97 ;; 13.00-54.00 23.86 }% 330 310
TEP3 4964 b 33220-113.00 76.08 28.6 30.7
TEP 2 9.97 3¢ 13.00-18.90 15.03 ﬁ% 74 12.4
TEP3 4964 3C  33.20-59.80 43.86 151 188

3 FL = Fortification level defined as prog')ect_ed concentration resultingfrom dilution of serym taken from bovine exposed

to Aroclor 1254 with PCB-free serum, i.e.,
diluted.

b Partichants that #]erformed_ duplicate ana|¥ses of both vials from TEPs 2 and

¢ Participants that met the criteria in Dand a
of the CDC characterized mean.

trans-nonachlor (12.4%, 0.20 pph), and HCB
(29%, 0.06 ppb).  The n vitro spiking levels we
used apgroach the maximum toraqe levels. in
serum reported by the Environmental Protection
Aﬁency for all compounds except the DDTS,
which approach the reported mean storage levels
in serum, Usually chemists can expect tq en-
counter the DDTS, which are almost ubiqui-

tous,

The in vivo-bound PCBs (as AR 1254? are pre-
dominantly composed of isomers that elute after
%,B'-DDE; consequentl?é, If the PCBs and the

Ts can be separated, PCBs can he determined,
In this study, most of the laboratories quantitated
the samEIes on the hasis of peaks eluting after

Jp'-DDE. Because no restrictions were Placed
on the analytical methods used by partic Pants,
many variales could have contributed to the
unu,suall¥ nigh levels reported; however, our
review of the'analytical procedures and the %?s
chromatograms submitted indicated that the
wide discrepancigs could be attributed essen-
tially to 1or 2 variables or acombination of both,
The first was a failure to completely separate
PCBs from DDTs, The second was the presence
of unusually hi hreaigent blanks, cause Fa,rtl_
by using too much slvent. Inview of this, It 15
Interesting to note (Table 3) that of those labo-
ratories (S-12, 5-16, and S-18) that reported data
with a mean_ value for duplicates within £ 3
standard deviatjons of the CDC mean for both
augmented poals, 2 used silica gel with amini-
mum.amount of so,Iv?nﬁ for e|ution and the third
(S-18) used Florisil followed by saponificatjon
and acid oxidation. This reaffirms the need to
prevent interterence from DDTS,

Usin a,nalgsm of variance, we evaluated the
data submitted by those participants that adhered
to Brotocol and obtained qlrJ ntitative data for
TEPs 2 and 3 (Table 4). The intralaboratory

ovine was exposed to AR 125

3
50 had mean values for TEP 2 and 3 that were withi

and bled; PCB level determined in serum and Serum

and obtained %u_gntitative data. . .
T 3standard deviations

coefficient of variation (CV) is lower than the
interlaboratory or total CV. However, the mean
values of 23.86 and 76.08 ppb represent 239.3 and
165.4% recovery based on the fortification levels
of TEP 2 and 3, respectively. We reBea_ted the
analysis of variance using only data submitted by
participants whose mean values for TEP 2and 3
were within + 3standard deviations of the CDC
characterized mean (Table 4). The resulting
coefficients of variation are lower and more
compatible with the CDC data (6). The mean
values of 1503 and 48.86 represent 150 7 and
98.4% recovery based on the fortification levels
of TEP 2and 3, resi)ectlvely. These recoveries
are higher, especially TEP 2, than the recovery
obtained by CDC (6). _

This report demonstrates the need for im-
Brovmg analytical methods for determining

CBsin blood serum. Because hlood serum has
been and will probably continue to be the matrix
of choice for monitoring PCB levels in humans
and PCBs undoubtedly will continue to he a
nemesis for residue chemists, methodological
guidelines should be established for this type of
analysis.
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VITAMINS AND OTHER NUTRIENTS
Sources of Variance in the Bioassay of Protein Value

JAMES G. ELLIOTT anF FOST

Ralston Purina Co., Centra

A factorial design was used to simultaneously eval-
uate the relative effect of 8 experimental factors and
their interactio i on the weanling rat bioassay of
Froteln value: IZ )source of protein:  ANRC casein,
actalbumin, high-protein wheat flour; (2? protein
level of the diet: 5and 10%; (3) dietary fat level: 10
and 20% corn oil; (4) animal: ARS-Sprague-DawIe%/,
from Taconic Farms; (5) age of animal: 21 and 28
days; (6) acclimation time: 2 and 4 days; (7) replica-
tion: 2 complete replications in time; and (8) dura-
tion of the test: food consumption and body weights
were measured at 3,7, 10, 14,17, 21, 24, and 28 days
after starting the test diet and converted to the ratio
of grams of weight gained per gram of protein con-
sumed for each weigh day. The official AOAC
method for determining the protein efficiency ratio
was followed with minor modifications. AIl'8 fac-
tors and many of their possible interactions appeared
to significantly influence the measured ratios. When
the ratios were adjusted by reference to the corre-
sponding value for casein as a control, fat level, rat
source, rat age, and acclimation time were no longer
significant sources of variation. Plots of measured
ratios and their coefficients of variation against time
suggest that the optimum assay time varies with the
protein but that the assay time should not be less than
21 days. The generally used 28-day assay time seems
to offer no increase in precision over 21 days.

The various animal assays that have been used to
measure Froteln quality have been reviewed
extenswez (1-5). The protein efficiency ratio
(PER) method has received wide usage and offi-
cial recognition in the United States and Canada
through its incorporation in Official Methods of
Analysis of the AOAC (6). This method has the
serious disadvantage of being suitable only for
products of high protein content, such assup-
plements and concentrates, for which it was
orllglnally developed. Specific limitations of the
PER assay are as follows: the results are posi-
tively correlated to food intake and to weight
gain (7, 8); it makes no allowance for the main-
tenance requirements of the rat (7); the response
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is not linear (8); the responses for different pro-
teins are not parallel (85); comparisons are made
at equal doses of the test protein rather than at
equal responses (8); and the level of protein used
in the diet (10%) is biased against most plant
sources of protein (9).

Regardless of the animal assay used, a number
of factors influence the results obtained. Al-
though these factors have been studied the most
extensively for the PER test, they can affect other
animal assays aswell. The weight %am per unit
ofProteln consumed is influenced by the strain
of the rat (10-12), sex of the rat (10), age of the rat
at the beginning of the test (13), size of the litter
from which the rat came (14), acclimation period
(15), length of the experimental period (10-13),
level of dietary protein glo, 13, 16), t_%pe of di-
etary carbohydrate (17-19), level of fiber in the
diet’(12), level of moisture in the dlet415,20-22),
and the manner in which water is added to the
diet (22). Some experiments have indicated that
factors such as the fat level of the diet and the
mineral mixture employed have no significant
effect (12, 15,16); other experiments have shown
that use of a reference casein as an internal
standard largely eliminates differences due to the
strain of the ratand the fiber and moisture con-
tent of the diet (10-12).

The AOAC test protocol (6, secs. 43.212-43.216)
for measuring protein quality is written to permit
the analyst to vary experimental parameters in
ways which maY affect the reproducibility of the
test results. Although individual laboratories
may adhere to fixed protocols P‘ermnted within
the broad limits of the published method, it is
probable that marked deviations between labo-
ratories exist without being recognized or even
specified when data are reported.

The study reported here grew out of the ex-
periences and needs of a Committee of the Di-
vision of Agricultural and Food Chemistry
SAGFD) of the American Chemical Society
ormed to serve in aliaison capacity between the
League for International Food Education
SL.I. E.) and the membership of AGFD. From
13 factors identified as havm% the potential to
influence the observed growth response of the
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rat to the administered protein, the AGFD/
L.I.LF.E. Committee chose the following 8 for
study.

(3) Source of Protein. —Lactalbumin, casein, and
a high-protein wheat flour were selected to
provide a wide range of protein quality over
which to check the other factors and to provide
a measure of the method sensitivity.

(2) Protein Level.— Two levels, 5and 10% pro-
tein (N X 6.25), were selected. The 10% protein
level is commonly used in the AOAC PER
method. The 5% level was chosen as a low-
protein level at which only rats fed high-quality
proteins will gain weight.

(3) FatLevel. —Two levels of refined corn oil,
10 and 20%, were chosen to represent 4 distinct
protein/calorie ratios.

(4) Source of Animal.—Animals from 2 major
commercial breeders of albino rats were used in
the study.

(5) Age of Rat. —The 2 extremes in rat age (21
and 28 days) permitted by the AOAC PER
method were chosen for this factor.

(6) Acclimation Period.—The 2 extremes in ac-
climation period (2 and 4 days) permitted by the
AOAC PER method were chosen. A stock lab-
oratory maintenance diet was selected for the
acclimation period, with the understanding that
this factor could interact with the protein under
test.

(7) Time of Performance.—This factor was es-
sentially a replication in time, used to maintain
more uniform conditions within the treatment
combinations as well as to eliminate possible ir-
relevant sources of variation among the treat-
ment combinations.

(s) Test Period.—Food consumption and ani-
mal weight were measured on days 3, 7, 10, 14,
17, 21, 24, and 28 after the start of the test diet,
providing an insight into this factor and a check
on whether the animals were within the linear
growth phase.

The objective of this study was to identify,
among selected factors, those most affecting the
precision of the measurement of protein value.
A protocol was developed by the AGFD/L.I.F.E.
Committee and the study was performed under
contract to L.I.F.E. by Technological Resources,
Inc., aservice subsidiary of Campbell Soup Co.,
Camden, NJ. This is areport of that evaluation
with additional statistical analysis.

Ex.perimental
Experimental Design

The full factorial design contained 96 cells (5
rats/cell) and was run in full in 2 replications in
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time for a total of 960 rats as shown below:
Factorial Design:
3X2X2X2X2X2X2=192 cells
5 rats per cell X 192 cells = 960 rats
Variables:

Protein source: casein, lactalboumin, wheat

flour
Protein level: 5%, 10%
Fat level: 10%, 20%

Animal source: ARS-Sprague-Dawley, Taco-

nic Farms

Age of rat: 21 days, 28 days

Acclimation period: 2 days, 4 days

Replication: replication time 1, replication

time 2
Measurements:

Food consumption at 3,7,10,14,17, 21, 24, 28

days

Body weights at 0, 3, 7, 10, 14, 17, 21, 24, 28

days

A design of this magnitude was imposed to
more fully evaluate the relative effects of the
various selective factors known to influence
protein value, both separately and in combina-
tion, in a single study.

Animal Facility

The rats were individually housed in raised
stainless steel cages in a room with controlled
temperature (22-24°C), humidity (50-55% rela-
tive humidity), and lighting (100 ft-candles at
median cage level controlled by timer for 12 h
lightand 12 h dark). The animals had free access
to food and water at all times. Water bottles
were checked daily and changed a minimum of
twice weekly. Food was provided fresh on each
weigh day in food cups with anti-scatter rings.
Animal housing, diet preparation, and the food
cup filling and weighing operations were each
performed in separate rooms. These rooms were
kept free of insects and rodents by stringent
housekeeping and regular pest control.

Animal Procurement, Acclimation, and
Randomization

Male Sprague-Dawley rats, 21 or 28 days of
age, were purchased from ARS-Sprague-Dawley,
Madison, WI, and from Taconic Farms, Ger-
mantown, NY.

Rats in each age category were caged singly on
arrival and acclimated on Purina Laboratory
Chow for 2 or 4 days before assignment to the
experimental diets.

Following acclimation, the rats were placed in
randomly placed rack positions using tables of
random numbers. Some rats at the extremes of
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Table 1. Composition (%) of protein sources
Protein source Moisture Protein3 Fat Carbohydrate6 Ash
ANRC casein3 54 87.8 1.2 45 11
Lactalbumin « 41 79.9 7.0 6.1 2.9
Wheat floure 11.3 155 712 15 0.5
3 Protein = N X 6.25.
6 By difference,

c Animal Nutrition Research Council casein obtained from Humko Sheffield Chemical Co., Memphis, TN.
dLactalbumin No. 8NC15 obtained from Humko Sheffield Chemical Co.
3 High-protein wheat flour supplied by Pillsbury Co., Minneapolis, MN.

the weight distribution curves were discarded in
an attempt to ensure that the average weights of
all groups having the same age rats and the same
acclimation period were within a 6 g range and
the weight range of individual rats within a
group did not exceed 10 g.

Preparation of Diets

The composition of the 3 protein sources used
in the diets is shown in Table 1

The 12 diets were formulated in accordance
with the general procedures specified in the
AOAC PER determination (6, secs. 43.212-43.216)
with the following modifications: USP XVIII
salt mixture was replaced with an equal amount
of aBernhart and Tomarelli salt mixture (23), the
balancing carbohydrate was food-grade corn
starch, and no adjustment was made in the
moisture level because both flour and corn starch
normally contain 10-12% moisture at equilibri-
um under ambient conditions. The diet for-

Table 2.

mulations are given in Table 2. Each diet was
made in sufficient quantity to last the entire
study, and was stored in air-tight containers at
4°C until used. Five random samples of each
diet were analyzed for proximate composition by
AOAC official methods (6) for moisture in sugars
(sec. 31.005) to determine total solids; for fat in
animal feed (secs. 7.055-7.056); for ash in cereal
foods (sec. 14.006); and for nitrogen in fertilizers
(sec. 2.058).

Data Acquisition and Analysis

During the course of both replicates, animal
conditions, animal weights, full food cup
weights, and empty food cup weights were re-
corded using a Mettler PT15 electronic balance
interfaced to a Model 33 teletype with paper tape
punch. The paper tapes were read into a time-
shared computer for processing using Fortran
programs written for PER calculations. The rats
were weighed on receipt from the breeder; on

Diet formulations

Diet ingredients, %

) Protein Comn Corn Mineral Vitamin

Test diets source3 starch6 oilc mixd Cellulose3 mix’

5% ANRC casein— 10% fat 5.69 78.44 9.93 3.94 .00 .00
5% Lactalbumin— 10% fat 6.26 78.30 9.62 3.82 .00 .00
5% Wheat flour— 10% fat 32.36 52.38 952 3.84 .00 .00
5% ANRC casein—20% fat 5.69 68.44 19.93 3.94 .00 .00
5% Lactalbumin—20% fat 6.26 68.30 19.62 3.82 .00 .00
5% Wheat flour— 20% fat 32.26 43.38 19.52 3.84 .00 .00
0% ANRC casein— 10% fat 11.39 12.88 9.86 3.87 .00 00
10% Lactalbumin— 10% fat 1241 12.26 952 381 .00 00
10% Wheat flour— 10% fat 64.94 20.48 8.90 3.68 .00 .00
10% ANRC casein— 20% fat 11.39 62.88 19.86 3.87 .00 .00
10% Lactalbumln 20% fat 1241 62.26 19.52 3.81 .00 .00
10% Wheat flour— 20% fat 64.94 10.48 18.90 3.68 1.00 .00

ngﬁNBC c%seln and lactalbumin No. 8NC15 supplied by Humko Sheffield Chemical Co.; high-protein wheat flour supplied
6 USP ?rade com starch suppllee by Bio Sery, Inc., Frenchtown NJ.

cMazoacorn oil suPp lied by Best oods
Bernhart-T omare sa mlxture supg by Bio Serv, Inc.

SCeIIulose (BW 200) (Y ery, Iric.

"AOAC vitamin m|xture supphe by Bio Serv, Inc.

d|V|S|on of CPC International, Corpus Christi. TX.



Proximate composition (%) of test diets

Table 3.
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the last day of the acclimation period; and on
days 3, 7, 10, 14,17, 21, 24, and 28 during the 4-
week test period. The food was weighed and
replaced on each weigh day.

Food consumption and weight gain data were
available for 3, 7, 10, 14,17, 21, 24, and 28 days.
The weight gain/protein consumption ratios
were calculated for all weigh days; ratios com-
pared to casein were calculated for days 7,14,21,
and 28.

The unadjusted gain/consumption ratios for
casein, lactalbumin, and wheat flour and the ra-
tios for lactalbumin and wheat flour compared
with casein at days 14, 21, and 28 were analyzed
by 5-way analysis of variance. In these analyses,
the replication factor was treated as a random
rather than afixed factor (24).

The unadjusted ratios and the coefficients of
variation (CV) of the ratios for each protein at
each level were pooled and plotted vs time on
diet to determine the dependence of the magni-
tude and precision of the protein quality mea-
surement on that variable.

Results and Discussion

The proximate analyses of the diets (Table 3)
show that the diets were close in composition to
the formulations. Three of the 5% protein diets
(5% casein-10% fat, 5% casein-20% fat, and 5%
lactalbumin-10% fat) were outside the +0.5%
protein specification of the protocol due to the
high level of corn starch in these diets. The corn
starch used contained 0.3% protein. The tar-
geted percentage of fat (10 or 20%) was achieved
within an acceptable range (e.g., 9.5-10.6% for
10% fat and 19.6-20% for 20% fat). Water was not
added to the diets except for that present in the
wheat flour and corn starch; the moisture content
of the diets ranged from 5.3 to 8.4%. This small
difference in moisture content is not likely to
influence food consumption.

After randomization, the average group
weights for the same age rats and the same ad-
aptation period were nearly the same regardless
of supplier and replicate. However, the 28-
day-old rats from both suppliers after 4 days of
adaptation (28-4 group) exceeded the 10 g maxi-
mum spread within-group requirement in both
the first and second replicates. In addition, the
Taconic Farms 28-2 and 21-4 groups exceeded the
within-group limit. Not only is it difficult to
buy 28-day-old rats in anarrow weight range, but
after 4 days of adaptation, the weight range has
widened so that the spread within groups ex-
ceeds the 10 g specified by the AOAC procedure
(6). No problem was encountered in meeting
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Protein source
Casein
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Wheat flour

Casein
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Table 5.
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AGE 21 28 21 28 21 28 21 28 21 28 21 28
2

10%FAT 20%FAT

10% PROTEIN

5% PRCTEIN

Figure 1. Effect of 7 experimental variables on 28-
day unadjusted weight gain/protein consumption
ratio for casein. Each bar contains data for both 5 and
10% protein levels. Values are means of replications
and 2. SD = ARS-Sprague-Dawley rats, TC =
Taconic Farms rats, AP = acclimation period.

the 6 g maximum
means.

The 28-day weight gains for replicates 1 and
2 are summarized in Table 4. Although the av-
erage food consumption of most groups was
higher in replicate 2 than in replicate 1, the
weight gains were not consistently higher or
lower in replicate 2.

Table 5 presents the mean unadjusted gain/
consumption ratios for replicates 1and 2. The
mean ratios for 5% wheat flour were negative due
to weight loss on this protein. The mean ratios
of the 10% casein groups were much higher than
the mean ratios of the 5% casein groups. The
mean ratios for 5 and 10% protein from lactal-
bumin were similar, possibly indicating an excess
of protein beyond the utilization capability of the
animals.

Figures 1-3 show the 28-day mean unadjusted
gain/consumption ratios for 5 and 10% casein
(Figure 1), lactalbumin (Figure 2), and wheat
flour (Figure 3). The values shown are the
means of replicates 1and 2. With casein (Figure
1), there was a large difference in mean ratio due
to the protein level, as expected. The average
values for the 28-day rats were significantly
lower in every case than for the 21-day-old rats
(P < 0.001). The mean ratios for the Taconic
Farms rats were significantly higher (P < 0.01)
than those for the ARS-Sprague-Dawley rats at
the 10% protein level but were not different at
the 5% protein level. The mean ratios at 20% fat
were lower than at 10% fat at both protein levels
(P < 0.01). Finally, the mean ratio after 4 days

spread between group

J. ASSOC. OFF.

ANAL. CHEM. (VOL. 66, NO. 1, 1983)
357
251 g :
%
e
=
<
T 151
51
o %,
AGE 21 28 21 28 21 28 21 28 21 28 29 28 21 28 21 28
AP 2 a 2 4
10% FAT 20%FAT
7 I
5% PROTEIN se ‘/A 10% PROTEIN so :
"+ e

Figure 2. Effect of 7 experimental variables on 28-
day unadjusted weight gain/protein consumption
ratio for lactalbumin. Specifications: Figure L

acclimation was not significantly different than
after 2 days acclimation.

Figure 2 for lactalbumin shows a different type
of response. At the 10% protein level, the mean
ratio was only slightly higher than at 5% protein
and in 2 cases (21 days-AP2-10% fat and 21
days-AP2-20% fat) was lower; the mean ratio for
28-day-old rats was less than for 21-day-old rats
(P < 0.001); and the differences between 2 and 4
days acclimation were not significant at the 5%
protein level but were significant at the 10%
protein level (P < 0.001). Unlike the values with
casein, the mean ratios with 10% fat were less
than those with 20% fat at both the 5% prorein
level (P < 0.05) and the 10% protein level (P <
0.001). The ratios for ARS-Sprague-Dawley rats
were significantly lower (P < 0.05) than for

10r

-15-
13823 2ABAB 2ABAB ABAB
.2 gw 74?1 A mﬂ
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Figure 3. Effect of 7 experimental variables on 28-
day unadjusted weight gain/protein consumption
ratio for wheat flour. Specifications: Figure 1.



Factor

Fat
Acclim.

20X accl

Fat X acclim. x age
RS

Fat X RS

A%e.X RS

Acclim. X age x RS

Fat x acclim. x age x RS
ep.

Fap X re;))<

Acclim. X rep

Fat X acc||m X rep.

thxanFEQre

Acclim

Fat X acclim. X age X rep.
RS X re g

Fat X RS X rep.

Acclim. X RS x reg
FatX acchm X RS X rep.

anRgxreQ
Accm age X RS X rep.

Fat X acchm X RSX age X rep.
a + = Significant at » < 0.05. PL = protein level, C = casein, L = lactalbumin, W = wheat flour, acclim. = acclimation time, rep. =

Table 6.

PLS
L

Five-way analysis of variance of unadjusted weight gain/protein consumption ratiosa

W

Day 14
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PL 10
L

W
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PL5
L
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Day 21
PL 10
c L

*

*
*

PL5

replication, RS =

Day 28

rat source.

PL 10
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Figure 4. Mean unadjusted weight gain/protein

consumption ratio (O) and CV (A) vs weigh days for

5% casein. Each pomtlrepresents méan of 160
values.

Taconic Farms rats fed lactalbumin at both the 5
and 10% protein levels.

The mean ratios for wheat flour in Figure 3 are
quite different from those for either casein or
lactalbumin because wheat flour is a much
poorer quality protein. At the 5% protein level,
the mean ratios were below zero; at the 10%
protein level, the mean ratios were still less than
1.0. As with casein, the mean ratios were sig-
nificantly lower for 28-day-old rats (P < 0.001),
ARS-Sprague-Dawley rats (at the 5% protein
level only), and 20% fat (at the 5% protein level
only). Acclimation period had only a slight,
nonsignificant effect. In 2 cases, the mean ratios
for 28-day rats were as high as or higher than
those for 21-day-old rats (AP4-10% fat and AP4-
20% fat). Although not shown in Figures 1-3, at
28 days there were significant differences (P <
0.05) between the mean ratios for the 2 replica-
tions in time for the 28-day ratios for 5% casein,
10% casein, and 10% wheat flour.

The results of the 5-way analysis of variance
for the unadjusted gain/consumption ratios for
5 and 10% casein, lactalbumin, and wheat flour

275

255 325

235

215 7
125

1.95

175 25

0 4 8 12 16 20 24 28

DAYS

Figure 5 Mean unadjusted weight gain/protein

consumption ratio (O) and CV (A) vs weigh days for

10% casein. Each pomtI represents méan of 160
values.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

2.35 1250
1000

| 185 ‘
Q 750 .
9 135 =
g 500 35
[+ 4

.85 1 250

.35 L &—4 0

0 4 8 12 16 20 24 28

DAYS

Figure 6. Mean unadjusted weight gain/protein

consumption ratio (Og and CV (A) vsweigh days for

5% lactalbumin. Eac p(imtrepresentsmean 0f 160
values.

at 14, 21, and 28 days are given in Table 6. A
large number of significant sources of variation
are evident both from the 5 main factors (fat, ac-
climation period, rat source, rat age, and repli-
cation) and their interactions when tested within
each protein source and protein level. At 28
days, the specified period for a PER assay, fat
level was a significant source of variation for 10%
lactalbumin; acclimation period, rat source, and
age were significant for 10% casein; and repli-
cation was significant for 5% casein, 10% casein,
and 10% wheat flour. A number of the possible
interactions were also significant sources of
variation. At the 10% protein level, the gain/
consumption for casein—the control protein and
level in the AOAC PER method—was subject to
more variation (8 sources of significant variation)
than wheat flour (6 sources of significant varia-
tion) or lactalbumin (4 sources).

Plots of mean gain/consumption ratios anc CV
of these ratios vs weigh days for the 3 proteins at
2 levels are shown in Figures 4-9. The data
points for Figures 4-9 have been pooled for a

particular protein and protein level. For the
5.00 400
450 4300

g 400

1 {200

0 350 a
300+
2.50

0 4 8 12 16 20

Figure 7. Mean unadjusted weight gain/protein

consumption r,atloéO) and CV (A) vsweigh days for

10% lactalbumin. Each plomt represents mean of 160
values.
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Figure 8. Mean unadjusted welght gain/protein  Figure 9. Mean unadjusted welght gain/protein

consumption ratio (O) and CV (A) vs weigh days for
5% wheat flour. Each pollnt represents mean of 160
values.

mean ratio, each point represents the mean of 160
values. The CV is an index of variability and is
based on the pooled variation in measurements
within the cells. Collectively, Figures 4-9 il-
lustrate how the protein source and level affect
the magnitude of average gain/consumption
ratios and how the relative variability changes
with time. In Figure 4, the mean ratio for 5%
casein increases steadily with time throughout
the 28-day period without leveling off. The CV
takes an unexplained jump at 17 days but by the
next weigh time returns to the previous value
and reaches its lowest point at 28 days. The
mean ratio for 10% casein (Figure 5) started high
at 3 days, dropped to its lowest value at 7 days,
leveled off at 17 days, and decreased after 24
days. The CV declined steadily with time and
began to level off at 17 days.

With 5% lactalbumin (Figure 6), the mean ratio
increased rapidly, reached a plateau at 14 days,
and declined after 24 days. The CV started high
at 3 days, dropped rapidly at 7 days, and reached
a plateau at 17 days. The mean ratio for 10%
lactalbumin (Figure 7) was at its highest value at
3 days and then began a steady decline all the
way through 28 days. The CV reached its lowest
point at 7 days and remained relatively constant
through 28 days.

In Figure 8, the mean ratio for 5% wheat flour
started at about —5.0 on day 3 and steadily in-
creased until around day 21 but never reached 0.
The CV for wheat flour was quite erratic over
time and never decreased as with casein and
lactalbumin. The mean ratio for 10% wheat flour
(Figure 9) started below 0 at 3 days and increased
to 0.25 at 28 days. The mean ratio still appeared
to be increasing at 28 days, unlike the mean ratio
of 10% casein or 10% lactalbumin, which was
decreasing at 28 days. The CV decreased with
time but never leveled off during the 28 days.

consumptlon ratloé 0)and CV (A) vs weigh days for
10% wheat flour. Each pomt represents mean of 160
values.

Because CV is a measure of variation, the op-
timum assay time could be defined as the time at
which the CV has leveled off or reached its
lowest point. If this criterion is applied, the
optimum assay time for 10% casein, lactalbumin,
and wheat flour would be 21, 7, and 28 days, re-
spectively. For these proteins at the 5% level, the
optimum times would be 28 days or more for
casein and wheat flour and 14 or 17 days for
lactaloumin. Thus, no one assay time is ideal for
all proteins. However, 28 days does not seem to
offer an increase in precision over 21 days. It
would also appear from Figures 4-9 that the assay
time in most cases should not be less than 21
days, if the protein level in the diet is 10%.

All of the results presented above have been
based on ratios unadjusted for a system control.
The gain/consumption ratios for lactalbumin
and wheat flour (5 and 10% protein levels) at
weigh days 14, 21, and 28 were adjusted accord-
ing to the corresponding casein group (5 or 10%)
set to a value of 25. The 5-way analyses of
variance of these data are presented in Table 7.
The only significant main effect was replication.
The factors rat age, rat source, acclimation time,
and fat level had no significant effect on the ad-
justed ratios at either 14, 21, or 28 days. This is
in contrast to the analysis of variance of the un-
adjusted ratios (Table 7) in which all of these
sources of variation were significant for at least
one of the proteins at one or more weigh days.
Thus, adjustment of a system control can elimi-
nate these main sources of variance. However,
anumber of interactions of all 5 of the main ef-
fects were still significant. These observations
suggest that there are other sources of experi-
mental error that have not been identified and
are not under uniform control between experi-
ments.

The results of this study show that protein
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Table 7.
Day 14
PL5

Factor W L
Fat x acclim. X age

Fa X acclim. X

Fa X rep.

e X rep

RS X reg
Fat X RS X reg
Acclim. X RS reg
Fat X acclim. X RS X rep.
RS x age X
Fat X e X reg
Acclim. X RS aRase rep.
Fat X acclim. X RS X agex rep.

% %k kN
% K k¥ kN

s Main effects and mlerac ions that were significant for at least one set of the controlled factors.

0.05, PL = protein level, L = lactalbumin, W
source and protein level are the most significant
factors influencing the gain/protein consump-
tion ratio, evidence of the sensitivity of the test
system. The next most important factor for the
unadjusted ratio is the age of the rat. The use of
rats varying in age from 21 to 28 days resulted in
asignificant source of variation (P < 0.001). This
finding is in agreement with Chapman etal. (13).
Not only is it more difficult to obtain tight
weight ranges with 28-day-old rats, particularly
after 4 days' adaptation, but the 28-day-old rats
seem less responsive to differences in protein
quality than the 21-day-old rats. On the basis of
these differences, it is suggested that the AOAC
procedure (6) be rewritten to specify the use of
rats 21 days of age. The results of this study also
suggest that the acclimation time should be fixed
rather than arange. Based on this study, 2 days
acclimation would be preferable to 4 days.

The replication factor was significant both
with unadjusted and adjusted ratios and thus
suggests that all conditions were not maintained
uniformly in the study.

The plots of gain/consumption ratios vs days
on test show that the ratios generally increase
with time to amaximum and level off. The time
at which the ratio reaches a maximum depends
on both the source and level of the protein. It
would appear from these plots that, in most cases,
the time for the assay should not be less than 21
days if the protein level of the diet is 10%.
Hackler (5) has presented data to show that ad-
justed PER values at 2 weeks are 97-103% of the
values at 4 weeks, and thus the PER method
could be shortened to 2 weeks without any loss
of accuracy. However, the results of this study

PL 10

W

B S
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Five way analysis of variance of adjusted weight gain/protein consumption ratios 3

Day 21 Day 28
PL5 PL 10 PL5 PL 10
L w L w L W L W
»
*

* *

*
* * * *
* * * * *
* * *
* . * * *
* * * * *
* * * *
* * * *
. . . % * % ;r *

- = Significant at P <

=heat flour, acclim. = acclimation time, rep. = replication, RS™= rat source.

indicate that 2 weeks would be insufficient for
alow-quality protein such as wheat flour.

The optimum assay time, as defined by the
minimum CV, varied for the 3 proteins. The
optimum assay time increased as the protein
quality decreased. The normal 28-day assay time
seemed to offer no significant improvement in
precision over 21 days.

When the ratios for the test proteins are ad-
justed to a system control, casein, the effect of the
single factors is cancelled out, but a number of
interactions still are significant sources of vari-
ation.

Other means for evaluating protein quality
from growth/consumption data, such as net
protein ratio or slope ratio, have not been ex-
amined in this study and might provide different
results from those presented here.2
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MICROBIOLOGICAL METHODS

Radiometric Microhiological Assay of Vitamin B6: Assay
Simplification and Sensitivity Study

TTﬁe“ﬁSHQr’]s FI{-Iof)Ekfn'sLl/erfi\T/eE_rsity, School of H}/ lene and Public Health, Department of
e

Environmental Health Sciences, 615N Wo

Modification of a previously developed radiometric
microbiological assay for vitamin B6 reduces assay
complexity and time. Reduction of enzymatic
treatment from 24 to 3 h essentially eliminates one
day's time for f analysis of plasma samples. Use
of Tyophilized OeCKera Drevis cultures eliminates
routine subculturing of the test organism, with no
significant effect on test results. Modifications in
test vial size and total volume in test vials have in-
creased assay sensitivity to a level of 0.25 ng pyri-
doxine (PN), pyridoxal (P1), or pyridoxamineéPM)
per vial level and decreased the amount of medium
and labeled substrate (i.e., L-[I-14C]-valine), thus re-
ducing assay cost.

A radiometric microbiological assay (RMA)
method for determining vitamin B6in blood and
food has been reported (1, 2). The technique is
based on measurement of ;4CC>29enerated from
the metabolism of L-[I-14C]-valine by Kloeckera
brevis. The amount of 14cC> produced is pro-
portional to the amount of vitamin B6presentin
the test vial.

An inherent advantage of RM A over conven-
tional turbidimetric microbiological assay is that
it allows accurate measurement of 14CC32in the
presence of precipitated food debris, plasma, or
colored suspensions, thus allowing simplifica-
tion of sample preparation. Measurement of
14COz is automated at a rate of 1 test vial/min,
using a gas flow system which contains an ion-
ization chamber for quantitation of the radioac-
tive carbon (Bactec 460, Jchnston Laboratories,
Cockeysville, MD).

A desirable characteristic of RMA is that it
combines the biological specificity of the
microorganism with the sensitivity and accuracy
of radioactive decay measurement. It provides
a simple and rapid tool fer monitoring the re-
sponse of a microorganism to a specific nu-
trient.

This research was supp

he Sci Educati
Administalign of e ff Orlseedpg%r% ¢ Scignce and Education

Agriculture under
rant N f70é59' 243-0-1-813-1 from t egomgetlctlfve Research
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St Baltimore, MD 21205-2179

One of the most commonly mentioned disad-
vantages of vitamin Bg turbidimetric microbio-
logical assay is that it is cumbersome and time-
consuming. The already developed vitamin B6
RMA is simpler and less time-consuming than
the turbidimetric assay method (1). In this
communication, results of studies to further
simplify and increase sensitivity of vitamin B6
RMA are presented.

Experimental

Apparatus and Reagents

(a) Automatic freeze dryer.—virtis Co,, Inc.,
Gardiner, NY.

(b) Lyophilization ampules.—wheaton Scien-
tific, Millville, NJ.

(c) Spectrophotometer. —Bausch and Lomb
Spectronic 20.

(d) Bactec 460.—Johnston Laboratories,
Cockeysville, MD.
Procedure

Lyophilization of Kloeckera brevis cells.—One or
2 loopsfull of rapidly growing Kloeckera hrevis
(ATCC 9774) cells were placed in 10 mL micro-
inoculum broth (Difco Labs, Detroit, M1). Cells
were dispersed by agitation and incubated 24 h
at 30°C ata 5-10° angle from horizontal. After
incubation, cells were centrifuged, washed once
with sterile saline, and resuspended ir. 1 mL
sterile saline.

One-tenth mL of this concentrated cell sus-
pension was placed into sterile lyophilization
ampules and pre-frozen in adry ice (10% meth-
anol) solvent bath. Cells were Iyophilized at
—40°C and 100 atm. Ampules were heat-sealed
under the original vacuum while still connected
to the drying chamber and then stored at 2-4 °C
until used.

Inoculum preparation.—Slant cultures of K. brevis
in Lactobacillus Agar AOAC (Difco Labs) were
incubated 24 h at 30°C. After incubation, the
inoculum was prepared by aseptic transfer of K.
brevis cells from the fresh agar slant to a color-

)4-57 /6601 -0058-04501,
© Mgoo((:)lallgn%w(géllc? %na?&tﬁ%l%ﬁgmlgt% Inc.
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Figure 1. Comparison of 3 vs 24 h acid phosphatase

treatment for dep_hosp_hor%I_atlon of plasma vitamin

Bs for radiometric mlcro_lolo%lcal assay method.

Solid line represents identity. Dash line represents
linear regression.

imeter tube containing 5 mL of sterile 0.9% sa-
line. Yeast cells were added to the tube until
transmission was reduced by 25% at 640 nm (the
spectrophotometer was set at 100% transmission
with a saline blank). The cell suspension was
transferred to an Erlenmeyer flask containing 95
mL sterile saline. One mL of this suspension
was used as inoculum. For inoculum prepara-
tion with lyophilized K. brevis cells, contents of
an ampule were reconstituted with 10 mL sterile
saline, 0.1 mL was used as inoculum.
Dephosphorylation of plasma samples.—Dé-
phosphorylation of plasma vitamin B6was per-
formed as previously described (1), except that
each plasma sample was treated with acid phos-
phatase for 3 and 24 h for comparison.
Sensitivity studies. —To increase assay sensitiv-
ity, a modification of the assay procedure was
tested. To 20 mL serum vials (Arthur H. Thomas,
Philadelphia, PA), 1 mL pyridoxine-Y-medium
(Difco Labs), 0.25 and 0.5 mL ofa 1ng/mL PN,
PL, or PM (equimolar) solution, and 0.1, 0.2, and
0.3mLofal0ng/mL PN, PL, or PM (equimolar)
solution was added. Total volume was made to
3 mL with deionized water. Vitamin B6 con-
centration ranged from 0.25 to 3.0 ng/vial. Each
vial was then injected with 0.25 /xCi L-[1-14C]-
valine1 (0.1 mL) and 0.1 mL lyophilized inocu-
lum preparation and incubated at 30°C for 18-19

1Sﬁecific F,CIiIYJta[r: 375 mCi/mmole. Research Product

International, Elk Crove Village, IL.
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h. 14cC> produced was determined as previ-
ously described (1).

Radiometric microbiological assay of vitamin
Bb.—Vitamin Bb standard preparation, plasma
collection, food sample preparation, and vitamin
B6RMA procedure for plasma and food samples
have been described elsewhere (1,2).

Statistics.—Paired f-tests (3) were performed
on data from Figures 1and 2. Correlation coef-
ficients (3) were obtained for data in Figures 1
and 2 and Table 1

Results

Reduction of acid phosphatase enzymatic treatment
time for déphosphorylation of plasma vitamin
Bb.—Enzymatic treatment of plasma vitamin B6
is usually allowed for 24 h. The desirability of
having a shorter treatment time led to a com-
parison of enzymatic treatment of 3 vs 24 h.
Figure 1shows that no significant differences (P
> 0.2) in vitamin B6values are obtained with ei-
ther treatment.

Lyophilization of Kloeckera brevis cells.—The ef-
fect of using lyophilized cultures of K. brevis on
RMA ofvitamin B6for plasma or food was com-
pared with the regular nonlyophilized (slant)
inoculum preparation. Figure 2 and Table 1
indicate that no significant differences in assay
results are obtained with either plasma or food
samples (P > 0.5), using lyophilized K. brevis
cultures in the analysis of vitamin B6.
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Table 1. Comparison of vitamir B6values from various
food samples, using lyophilized vs slant Kloeckera brevis
cultures, with radiometric microbiological assay

Vitamin e. content

Food Lyophilized Slant
Cereals3
Total 53.0 67.0
Frun)( Pebble 320 36.5
Corn lakes 10.1 10.1
705 765
Grape Nut Flakes 285 27.0
Bucwheats 310 345
Baby Foodb
Cereals & Egg 10.2 95
Chicken 50.5 935
Beets 116 101
Carrots 67.0 58.6
Spinach 34.3 32.9
Squash 46.4 436
75.2 80.0
Turkey 59.0 62.0
Baby Food—Juices3
Orange 0.35 0.34
Apple-prune 0.23 0.24
Apple-cherry 0.39 0.42
Apple 0.16 0.18
Other Foods3
Cottage cheese 0.13 0.15
Carnation milk 2.1 2.7

Overall correlatlon coefﬁmen = 0.99,
3pq PN equivalent/ /g

bpg PN eguwalen tlar.

Cog PN equivalent/ mL

Vitamin B6 radiometric microbiological assay:
Sensitivity studies.—Modifications in test vial size
and total assay volume from the previously de-
scribed RMA produced an increased assay sen-
sitivity. We have been able to obtain a detection
limit of 0.25 ng PN, PL, and PM/vial, and re-
duced the amount of L-[I-14C]-valine from 0.5 to
0.25 pCi per vial (Table 2).

Discussion

Development of an RMA for total vitamin B?
using K. brevis, has eliminated some of the
problems and significantly reduced assay com-
plexity encountered with presently available
vitamin B6 turbidimetric microbiological (yeast)
assays (1, 2). Use of K. brevis as test organism for
the determination of total vitamin B6eliminated
the persistent problem of differential growth
response to PN, PL, and PM encountered with
Saccharomyces uvarum (4-6). Three different

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

Table 2. Radiometric microbiological standard curve of
equimolar amounts of pyridoxine, pyridoxai, and
pyridoxamine

et metabolic index units 3(14C02 production)5

Vitamin B6(ng) Pyridoxine Pyridoxai  Pyridoxamine
Eblank) 6 6 b
25 28 23
0 50 41 43 39
1.00 68 79 16
2.00 157 162 164
3.00 234 231 252

Ophlhzed Kloeckera brevis aﬂd 0 25 pCi L [l 14C] Va“ne
incubation time 19 hat 30° C

3100 met abollc index units = 0.025 pc.

» Average of duplicates.

laboratories have independently shown that K.
brevis responds essentially the same to equimolar
concentrations of PN, PL, and PM (4, 5, 7).

The necessity of following growth (turbidity)
with the turbidimetric microbiological assay
method introduces limitations and complexity
because colored, turbid, and precipitated mate-
rials must be removed to prevent interference
with assay results. RMA eliminates this prob-
lem; these types of material do not interfere with
the accurate measurement of 14CC> generated
from yeast metabolism of labeled substrate.
Instrumentation to measure 14CCX generated
from catabolism of L-[I-14C]-valine by K. brevis is
automated and makes the analysis of a large
number of samples a reality.

In these studies, we present further modifi-
cations of the vitamin BERMA. For analysis of
plasma samples, reducing enzymatic treatment
from 24 to 3 h has essentially eliminated one
day's time, with no statistically significant dif-
ferences in testresults (P > 0.2) (Figure 1). Use
of lyophilized K. brevis cells has eliminated the
routine subculturing of test organism with no
significant differences (P > 0.5) in assay values
when used for plasma or food vitamin B6analysis
(Figure 2, Table 1). Lyophilized K. brevis cultures
were stable for at least ayear.

With minor modifications in test vial size (i.e.,
from 50 mL to 20 mL) and total volume in assay
vials, sensitivity has increased to a detection level
of 0.25 ng PN, PL, or PM/vial (see Table 2). The
increased sensitivity is useful in the measure-
ment of human plasma samples that fall in the
low nanogram level. At the same time, it has
reduced the amount of L-[I-14C]-valine (from 0.5
qCi to 0.25 ytiCi), assay medium, and testvial size,
thus reducing overall assay cost. Automated
instrumentation (Bactec 460) for measuring
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14C 02is currently used in over 700 hospitals and
clinical laboratories in the United States as well
as industry (8).

The RMA method has significantly reduced
assay complexity and time in the analysis of total
vitamin B6 in biological material. Further
modifications presented in this communication
have improved assay procedure, increased assay
sensitivity, and reduced assay cost without
compromising assay accuracy. RMA of vitamin
Beé can be a useful testin the clinical aswell as the
research laboratory.
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ALCOHOLIC BEVERAGES
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Gas-Liquid. Chromatographic Determination of Volatile Phenols in
Matured Distilled Alcoholic Beverages

MATH LEHTONEN

Research Laboratories of the State Alcohol Monopoly (Alko), POB 350, SF-00101 Helsinki 10,

Finland

Volatile phenols in matured spirits were determined
b% gas-liquid chromatography as their 2,4-dinitro-
p enrl derivatives. Phenol, 0-cresol, m-cresol, -
cresol, guaiacol, p-ethylphenol, p-ethylguaiacol,
eu?enlol, and p-(n-propyl)guaiacol, which occurs
only in dark rum, were studied at concentrations
ranging from 0to 2 ppm depending on the phenol and
the beverage. Scotch, Spanish, and Japanese whis-
kies, unlike other whiskies examined, contained o-,
M-, and p-cresols. Cresols occur in whiskies as a
consequence of the raw materials used, in particular
peated malt. The level of p-ethylguaiacol is usually
somewhat higher in cognac and other brandies than
in whiskies. Dark rums differ from the other spirits
examined in containing p-(n-propyl)guaiacol, and,
typicallr, hié;her levels of p-ethylphenol, p-ethyl-
%uaiaco,an eugenol. These phenols also occur in

igher quantities in some white rums than in whis-
kies and brandies. Two discriminant functions were
obtained br discriminant analysis, which did not,
however, allow the spirits to be classified adequately
into their respective groups. By using these func-
tions, 82% of the whiskies, 57% of the brandies, and
50% of the rums were correctly grouped.

Phenols are aroma components of foodstuffs
whose characteristic presence is clearly dis-
cernible, especially in smoked and roasted
products (1, 2). They are also present in various
alcoholic beverages. Drawert et al. (3) have
shown that beer contains several volatile phe-
nolic compounds, and volatile phenols have also
been reported in sherries ard other wines (4-6).
Matured distilled beverages also can contain
phenols. Nishimura and Masuda (7) in Japan
found a number of alkyl-substituted phenols
among the acidic compounds from whiskies,
while largely the same phenols have been iso-
lated by both Dubois and Rigaud (8) and Timmer
and co-workers (9) from the aroma components
of rum.

Phenols produce a smoky aroma in alcoholic
drinks and other foodstuffs, and at least part of
the smoky character of Scctch whisky derives
from phenolic compounds (10), although Ba-

Received February 17, 1982 Accepted April 16, 1982

thgate and Taylor (11) reported that other com-
ponents make a contribution as well.

Earlier work has concentrated mainly on the
qualitative analysis of phenols in alcoholic bev-
erages. There have been few reports of quanti-
tative aspects, although Swan et al. (12) deter-
mined some volatile phenols in Scotch malt
whiskies. The purpose of this work was to apply
our previously developed method for deter-
mining phenolic compounds (13) to the analysis
of matured distilled beverages. Discriminant
and classification analysis was used to judge
whether it would be possible to classify, even
roughly, different beverages according to their
phenol contents.

Experimental

Samples

Table 1 lists the 73 samples of commercial
matured spirits that were investigated.

Apparatus

(a) Gas chromatograph.— Hewlett-Packard
5730A fitted with a 63Ni electron capture detector
and Hewlett-Packard 18740B inlet splitter.
Operating conditions: temperatures—injection
port 250°C, detector 300°C, oven held 4 min at
600C, then programmed at 31°/min to 2200C and
maintained at 220°C to end of run; gas flow
rates—carrier gas (He) 1 mL/min, make-up gas
(argon-methane, 95 + 5) 45 mL/min.

(b) GLC column.—Fused silica capillary
(Hewlett-Packard), 50 m X 0.3 mm id, coated
with SP-2100.

(c) Integrator.—Peak areas and quantitative
results were calculated by Hewlett-Packard
3352B laboratory data system.

Reagents

@ I|-Fluoro-2,4-dinitrobenzene.—Fluka, Buchs,
Switzerland.

(b) n-Hexane.—J.T.
Netherlands.

(c) 2,2,4-Trimcthylpentane.—BDH Chemicals
Ltd, Poole, UK.

Baker, Deventer, The

0004-5756/83/6601-0062-09801,00

© Association of Officiai Analytical Chemists, Inc.
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Table 1. Number and origin of matured spirits studied
. No. of
Beverage Origin brands
Whisky Scotland 15
|reland 2
United States 4
Canada 1
Japan 5
Spain 1
Argentina 2
New Zealand 2
[ndia 1(total 33)
Dark rum Martinique 2
Caribbean 1
Guadeloupe 1
Haitl | 2
, o . Jamaica 1
Mixture of Finnish sulfite spirit 1(total 8)
and Martinique rum .
White rum Martinique 3
Caribbean 1
Guadeloupe 1
Puerto Rico 2
Cuba 1
Demerara 1
Brazil 1 (total 10)
Cognac . . France 10
Mixture of Finnish sulfite spirit 1(total 11)
and cognac
Armagnac France 1(total 1)
Other brandies France 2
South Africa 2
ltaly 1
Bulgana 1
Span 1
Soviet Union 1
) o Greece 1
Mixture of brandy distillates 1(total 10)
from different countries
Grand total 73

(d) Buffer.—pH 11.5. Prepared according to
Teorell and Stenhagen (14).

(e) Standard solution ofphenols.—0.13 mg phe-
nol, 0.08 mg o-cresol, 0.16 mg m-cresol, 0.06 mg
p-cresol, 0.13 mg guaiacol, 0.10 mg p-ethylphe-
nol, 0.13 mg 3,4-dimethylphenol (internal stan-
dard), 0.26 mg p-ethylguaiacol, 0.22 mg eugenol,
and 0.22 mg g-(n-propyl)guaiacol in 1000 mL 45%
aqueous ethanol.

(f) Internal standard solutions.— Stock solution:
0.43 mg 3,4-dimethylphenol/mL 45% aqueous
ethanol. Working solution: 2.15 qg 3,4-di-
methylphenol/mL 45% aqueous ethanol.

Calibration

Standard solution of phenols (20 mL), 1-flu-
oro-2,4-dinitrobenzene (1 mL of 2% ethanolic
solution), and 10 mL pH 11.5 buffer were al-
lowed toreact in a pear-shape flask as described
earlier (13). The 2,4-dinitrophenyl ethers of the
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phenols so produced were extracted with n-
hexane. The hexane layer was separated, dried
over Na2S04, and 1 gL samples were taken for
gas-liquid chromatographic (GLC) analysis.
Response factors were calculated from peak areas
for each of the phenols studied.

R = (Ast/Aph) x (Cphlcst) (1)

where R = response factor; Ast = area of internal
standard peak; A ph = area of phenol derivative
peak; cst = amount of internal standard; cph =
amount; of phenol.

Determination

The 2,4-dinitrophenyl ether derivatives of the
phenols in the beverages investigated were
formed and analyzed as described previously
(13), using 3,4-dimethylphenol as internal stan-

dard. Phenol contents were calculated as fol-
lows:
x=R X (AJASst) X cst (2)

where R = response factor; A X = area of phenol
derivative peak; Ast = area of internal standard
peak; cx = amount of phenol studied (ppm); cst
= amount of internal standard (ppm).

Statistical Analysis

The results were examined by discriminant
and classification analysis (15). Discriminant
analysis produces functions that can best describe
differences in the phenol contents of the bever-
ages, and can reduce the original number of di-
mensions without losing information. More-
over, the derived linear functions may better
satisfy a normal distribution than the original
data. The proximity of data points to the calcu-
lated centroid of the groups was described by
Mahalanobis' distance, such that values were
classified into groups to make the distance min-
imum. The success of the classification was
judged by posterior probability, which was
maximum at the best division into groups. Sta-
tistical significance of differences between cen-
troids of the groups was examined by the F-
test.

Results and Discussion

Gas Chromatography

Gas chromatograms of the phenol derivatives
show that whisky (Figure 1A) and dark rum
(Figure IB) contain largely the same volatile
phenols. The only exception is g-(«-propyl)-
guaiacol, which appears only in dark rum.
Timmer et al. (9) also reported this guaiacol in
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Phenols in whisky (A) and dark rum (B) chromatographed as 2,4-dinitrophen|yl ethers: 1, phenol;
2, 0-cresol; 3, m-cresol; 4, p-cresol; 5, guaiacol; 6, p-eth (

_ yIFPhenoI; 7,3,4-dimethylpheno
8, p-ethylguaiacol; 9, eugenol; 10, p-(/i-propyl)guaiacol. " Pe

910

enol (internal standard);
aks a, b, and ¢ are unidentified compounds formed

in the reaction.

rum. Cognac and other brandies (Figures 2A
and 2B) contain the same phenols as whisky.

The formation mechanism and source of p-
(n-propyl)guaiacol is not known, but it seems
probable that maturing plays no part because it
is absent from other matured spirits. It is pos-
sible that the bacteria used in the production of
rum is involved in the appearance of p-(n-pro-
pyl)guaiacol in rum (16).

Quantitative Results

A comparison of the phenol composition of
Scotch (Table 2) and other whiskies (Table 3)

shows that cresols occur only in Scotch, Spanish,
and Japanese whiskies. Raw materials are
probably the source of cresols in Scotch whisky,
because Scotch malt whisky is made only from
peated malt (17), which contains cresols as major
phenolic compounds (18,19). When germinated
barley is dried in peat smoke, the phenols formed
by the pyrolysis of lignin are adsorbed on the
surface of the grain (20) and are so carried
through to the final product. The presence of
cresols in Japanese and Spanish whiskies implies
that peated malt is used in their production also.
Similarly, the absence of cresols from the other
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I

Figure 2. Phenols in cognac (A) and brandy (B) chromatographed as 2,4-dinitrophenyl ethers. See Figure
1 for peak identification.

Table 2. Concentration (ppm) of some volatile phenols in different commercial brands of Scotch whisky

Brand Phenol  o-Cresol  m-Cresol ~ p-Cresol ~ Guaiacol  p-Ethylphenol  p-Ethylguaiacol  Eugenol
Ch ol oo B B
cofB b e £
Poul W e g ) | ; |
W nn s -
P e W BB WM

tr = trace, 0.001 ppm < tr < 0.01 ppm.
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Scotland

Table 3.
Origin
reland | 0.01 NDa ND
, 2 ND ND ND
United States 1 002 tr
2 tr tr tr
3 0.02 ND tr
4 tr ND ND
Canada 1 tr tr tr
Japan 1 004  0.02 0.01
2 010 0.6 0.02
3 0.08  0.04 0.02
4 0.09  0.06 0.03
. 5 0.05  0.05 0.03
Spain 1 009 007 0.03
Argentina 1 ND ND tr
2 0.02 001 tr
New Zealand 1 0.02 tr tr
_ 2 0.02 tr tr
India 1 015 tr tr
s ND = none detected, <0.001 Bom.
v ir = trace, 0.001 ppm <tr <0.01 ppm.

whiskies indicates that raw materials used in
their production are not peated (17). The results
reported here for Scotch whiskies agree well
with those reported by Swan et al. (12) for Scotch
malt whisky.

U.S. Bourbon whiskies ciffer from Scotch
whiskies mainly in their higher content of eu-
genol (Table 3). New Zealand whisky resembles
Bourbon in this respect. The type of oak barrel
used for aging, and its previous history, can in-
fluence the eugenol content of the matured
product. Thus, the amount of the compounds
that can be extracted from the oak by the alco-
holic mixture depends in large part on whether
the barrel is new or on how many times it has

Table 4.
Beverage
Cognac | 003 tra tr
2 004 tr tr
3 003 tr tr
4 0.04 tr tr
5 001 tr tr
6 005 NDB tr
1 002 tr tr
8 002 tr tr
9 0.05  0.02 0.02
_ o 10 003 tr tr
Mixture of Finnish 002 tr tr
sulfite spint
and cognac
Armagna 005 tr tr

3tr = trace, 0,001 ppm < tr < 0.01 ppm.
b ND = none detect%%, <0.001 ppm.pp

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

Concentration (ppm) of some volatile phenols in different commercial brands of whiskies originating outside

Brand No. Phenol o-Cresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol

ND 0.02 0.01 0.01 0.06
ND tro ND ND 0.03
tr 0.07 0.30 0.09 0.34
tr 0.06 tr 0.02 0.14
tr 0.06 0.06 0.16 0.35
tr 0.02 0.06 0.06 0.05
tr 0.01 0.05 0.03 0.05
0.01 0.03 0.03 0.02 0.03
0.04 0.05 0.03 0.03 0.04
0.03 0.03 0.02 tr tr

0.04 0.04 0.03 tr tr

0.03 0.04 0.06 0.05 0.06
0.04 0.06 0.03 0.05 0.04
tr 0.01 0.03 0.03 tr

tr 0.02 0.04 0.03 0.02
tr 0.09 0.05 0.15 0.58
tr 0.09 0.05 0.16 0.56
0.01 0.05 0.01 0.02 0X8

been used. Occurrence of eugenol is typical of
beverages matured in oak. Eugenol has been
shown to be a main component of the phenolic
fraction of an ethanolic extract of oak (21).

As would be expected, the phenol content of
cognac and armagnac (Table 4) resembles that of
the other brandies (Table 5). Moreover, they
quite closely resemble the whiskies. The main
differences are lower levels of cresols and far
higher levels of p-ethylguaiacol.

The phenolic composition of rum (Table 6) is
clearly different than that of the other spirits
examined. The dark rums contain more alkyl-
substituted phenols and guaiacols, and this is also
true in many cases for the light-flavored white

Concentration (ppm) of some volatile phenols in different commercial brands of cognac and armagnac

Brand No. Phenol oCresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol

tr 0.03 0.03 0.31 0.15
tr 0.02 0.04 0.29 0.C8
tr 0.02 0.03 0.27 0.C4
tr 0.02 0.03 0.28 0.Cé
tr 0.02 0.05 0.29 0X3
ND ND 0.04 0.66 tr

tr 0.01 0.03 0.29 0.C7
tr tr 0.03 0.26 0.C3
tr 0.04 0.06 0.26 0.11
tr tr 0.04 0.32 0X3
tr tr tr 0.20 tr

tr tr 0.09 0.24 0.12
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rums. No reason for this difference has been
confirmed but as noted earlier it is probably-
connected with the bacteria used in the produc-
tion of rum (16).

Although eugenol and p-(n-propyl)guaiacol
derive from different sources, they occur at
similar concentrations in dark rums and resem-
ble each other in structure. In eugenol, the p-
substituent is an unsaturated alkyl group; the
guaiacol contains the saturated analog, n-

propyl.

Recovery of Phenols and Repeatability of
Method

The suitability of the method for determining
phenols in alcoholic beverages was tested by
measuring the phenols present and then adding
known amounts of each phenol and carrying out
another determination. Results in Table 7 show
that recoveries were excellent. The repeatability
of the method was also good; the coefficient of
variation based on 4 independent determinations
was 6%.

Discriminant Analysis

Discriminant analysis was applied to the re-
sults to examine whether phenol content could
be used to assign a beverage to its appropriate
class. Two-variable discriminant functions re-
sulted, as illustrated in Figure 3. The corre-
sponding average values of the discriminant
functions were significantly different by the
F-test at the 1% level. Cognac was included with
the other brandies for these analyses.

The contents of o-cresol, p-ethylphenol, and
p-ethylguaiacol proved to be the most discrimi-
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-6 -4 -2 0 2 Il 6

D1
Figure 3. Classification by discriminant analysis on
the basis of concentration of phenols in whisky (w),
rum (r), and cognac (including other brandies) (c).
Inner ellipses contain 95% of the samples and outer
contain 99%. Coordinates of the centroids are:
Wh|sk¥ (0.724,0.241), rum (—1.058,0.512), and brandy
(-0.231, —0.819). Total discriminating power of
variables, Fu e = 5-8|9, |sI significant at the 1%
evel.

nating variables for distinguishing the spirits
studied. p-Ethylguaiacol, however, was less
useful than the other two. Whiskies and rums
can be classified with reasonable ease; the
brandies seem to occupy the middle group and
overlap with the other classes far more (Figure
3).

The most significant difference between rums
and whiskies is the markedly higher levels of
p-ethylphenol and p-ethylguaiacol in the rums,
which also contain, on the average, somewhat
more guaiacol. The cresol content of rums is

Concentration (ppm) of some volatile phenols in different commercial brands of brandy other than cognac

and armagnac

Table 5.
. Brand
Origin No.
France . tr3 F
) - N r
South Africa . Db .02
" . tr tr
a
Bul{;aria 6@ 5.01
pan F F
Soviet Union ' r r
(Greece ) KD KD
M|xtur,? of brandy .
distillates from
different
countries
3tr = trace, 0,001 ppm < tr < 0.01 ppm.
b ND = none detected, <0.001 ppm.

Phenol o-Cresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol

r t(;.(ﬁ

[

0,04

0.02
[
[

kD fr .' '. H



Table 6. Concentration (ppm) of some volatile phenols in different commercial brands of dark and white rums

Origin Brand No. Phenol o-Cresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol p-(r?-Propyl)guaiacol
Dark Rum
Martinique 1 019 007 0.04 009 080 1.89 1.13 0.89 0.69
. 2 019 005 0.03 020 083 1.96 132 1.36 0.84
Caribbean 1 012 13 tr 0.11 0.50 1.64 115 1.00 0.61
Hati 1 011 002 0.02 0.03 0.10 0.05 0.09 0.02 tr
2 016 tr tr 0.03 0.10 0.09 0.10 tr tr
Guadeloupe 1 026 010 0.05 008 078 1.33 1.83 097 0.64
Jamaica L i 1 003 tr tr tr 0.11 0.07 0.13 0.05 0.07
Mixture of Finnish sulfite spirit and Martinique rum 003 tr tr tr 0.09 0.21 0.14 0.12 0.10
White Rum
Martinique 1 004 NDb tr 0.13 0.88 0.88 0.10 D
2 006  0.02 0.01 002 013 0.50 0.33 0.11 D
. 3 011t 0.02 002 013 0.56 1.04 0.06 D
Caribbean 1 001 ND fr r 0.01 0.12 0.02 r 1 ND
Guadeloupe 1 003 tr tr tr 0.12 0.21 0.48 0.18 D
Puerto Rico 1 001 ND ND ND 0.03 0.01 0.03 tr D
2 tr ND ND ND fr 0.05 fr tr D
Cuba 1 002 ND ND ND 0.02 0.02 tr ND D
Demerara 1 tr ND ND ND ND ND ND ND D
Brazil 1 002 ND ND ND ND ND ND ND D

atr =trace, 0,001 ppm <tr<0.01 ppm
» ND = none detected, <0.001 ppm.

NINOLH3T 82
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Table 7. Recovery of phenols (ppm) added to spirits
Whisky Rum Cognac
Phenol Added Reed Added Reed Added Reed
Phenol 0.13 0.12 0.13 0.12 0.13 0.12
0-Cresol 0.08 0.10 0.08 0.08 0.08 0.09
m-Cresql 0.16 0.17 0.16 0.16 0.16 0.14
-Cresol 0.06 0.07 0.06 0.06 0.06 0.06
uaiacol 0.13 0.13 0.13 0.14 0.13 0.12
-Ethylphenol 0.10 0.11 0.10 0.11 0.10 0.10
E-Eth?//l uaiacol 0.260 0.29 0.2 0.27 0.26 0.2
lgeno : 0.22 0.24 0.22 0.23 0.22 0.22
p-(%-Propyl)guamcoI — — 022 0.22 — —

much lower than that of whiskies, largely be-
cause of the contribution of Scotch whisky.

The phenol content of the brandies resembles
that of the other beverages except for the cresols,
which are generally lower in brandies, and p-
ethylguaiacol, which is, on the average, clearly
higher in rums and lower in whiskies than in
brandies.

Assigning the beverages studied to their re-
spective classes on the basis of the discriminant
analysis of their phenol contents was generally
successful (Table 8). In addition to clear as-
signments, there were several cases for which the
probabilities of belonging to more than one class
were similar. The whiskies were assigned most
successfully, while the brandies especially were

often incorrectly assigned because their phenol
content closely resembled that of another group.
Correct assignments were made for 82% of the
whiskies, 50% of the rums, and 57% of the
brandies.

Conclusion

The concentrations of volatile phenols are
somewhat different in whiskies, rums, cognacs,
and other brandies. The main difference be-
tween the rums and other beverages is the pres-
ence of p-(«-propyl)guaiacol, which occurs only
in the dark rums. The contents of o-cresol, p-
ethylphenol, and p-ethylguaiacol appear to be
the most influential separators. The differences,
however, are not sufficient to classify the alco-

Table 8. Success of classifying whiskies, rums, and brandies into their respective groups on the basis of their levels of
volatile phenolic compounds
No. of brands No. of uncertain ,
correctly classified by  classifications by No. of brands No. of uncertain
No. of Mahalanobis' Mahalanobis'~  correctly classified by ~ classifications by

Beverage brands distance3 distanceb posterior probability5 posterior probability «
Whisky .

Scotch 15 15 0 14 |

fs| 2 0 2 2 0

United, States 4 3 1 3 1

Canadian 1 1 0 0 1

Japanese 5 5 0 4 1

Spanish 1 1 0 1 0

Argentina 2 0 2 1 1

New Zealand 2 2 0 2 0

India 1 0 0 0 1
Total 3 21 (82%) 5(15%) 217 (82%) 6 (18%)
A B ) g i

ite rum
Total 18 16(89%) 2 (11%) 9 (50%) 2(11%)
Cognac 1 10 0 10 0
Brz?ndy 10 2 4 b 2
Total 2l 12(57%) 4(19%) 16(76%) 2 (10%)

Mahalanobis' distance is clearly the shortest.

a
5 No clear difference in Mahalanobis' distances between the groups.

sterior probability Is clearly the greatest.

o
=0

0 ) ! 169
o clear difference In posterfor probabilities between the groups.
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Gallic acid, vanillic acid, syringic acid, vanillin, syr-
mgaldehyd_e,, and ferulic acid were determined’in
matured Spirits by reverse phase high performance
|I(1UId chromatography. Concentrations varied from
0to 11 ppm_depending on the compound and the
beverage. Gallic acid and syringaldehyde were the
main _components. = Vanillic acid, vanillin, and,
especially, gallic acid were the most important in
dlstmgmshmq the different classes of spirit. Dis-
criminate analysis gave 2 factors, which, however,
could not be used to classify the samples with any
great confidence: 617c of the whiskies, 33% of the
rums, and 52% of the brandies were correctly assigned
in this way.

A number of nonvolatile phenolic compounds
are present in many food products. During
maturing of spirits, phenolic compounds are
formed by alcaholysis of lignin in the oak of the
barrels. "Lignin, which is soluble in alcohal,
tends to dissolve in the beverage, and, when it
decomposes, forms mainly phenolic compounds
(1,2). Nonvolatile phenolic acids and aldehydes
have been reported in beers, wines, whiskies,
and armagnac (3-6); in beer, they help to retard
oxidation (g). _

Althoug the ?rocess of maturing and the
compounds thus formed are of exceptional im-
portance for alcoholic beverages, the content of
nonvolatile compounds in spirits has attracted
little attention. Most previous determinations
of nonvolatile phenolic compounds have been
based on gas chromatography (8). Because these
compounds are difficult to vaporize and many
are readily decarboxylated at elevated tempera-
tures, it has been nepessar%/ to form derivatives
before analysis. This has been most commonly
done by silylation, for example with bis(tri-
methylsilyl)acetamide (9%. he troublesome
derivatization, however, has been increasingly
avoided by using high performance liquid
chromatography, atechnique that has the further

advantage of being carried out at lower temper-

atures (10-13). . o
The purpose of this work was to apply liquid

Received March 2, 1982. Accepted May 10, 1982.

chromatography to the determination of non-
volatile acids and aldehydes, particularly in
matured distilled beverages. Discriminantand
classification analxsw was applied to the results
to discover whether it would be possible to
classify the different beverages on the basis of
their ‘concentration of nonvolatile phenolic
compounds.

Experimental

Samples

Table 1lists the 70 different commercial spirits
that were examined.

Apparatus

(a) Liquid chromatograph.—Hewlett-Packard
1084B. Conditions: oven temperature 40°C;
mobile phase flow rate 1 mL/min.

(b) Detector.—Variable wavelength (190-600
nm) UV-Vis, linear over the range used.
Wavelengths used are shown in Table 2.

c) Injector—Variable volume, 0-200 pL.

HPLC column.—25 cm X 0.4 cm id packed
under pressure with Lichrosorb RP-18 particle
size 7pm, (E Merck, Darmstadt, GFR).

Eluants

(@) Eluant A.—Water-acetic acid (980 + 20,
vIv), containing 0.02M sodium acetate.

(b) Eluant B.—Water-methanol-I-propanol-
acetic acid (815 + 140 + 25 + 20, v/v), containing
0.02M sodium acetate. .

&c) Gradient. —4 min with mixture of 10% Bin
A, then proportion of Bwas increased stead|_|?/ for
16 min to 100%, which was then used until the
end of the run. The gradient profile is illus-
trated in Figure 1. Eluants were filtered through
aMillipore membrane (0.8 pm), and degassed by
heating under vacuum before use.

Reagents

(@) Methanol.—For liquid chromatography
(Orion Corp. Ltd, Espoo, Finland).

() 1-Propanol.—Pro analyse, E. Merck,
Darmstadt, GFR.

0004-5756/83/6601-0071-08$01.00

© Association of Official Analytical Chemists, Inc.
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Table 1. Number and origin of matured spirits studied

Beverage
Whisky

Dark rum

Mixture of Finnish sulfite
spirit and Martinique
rum

White rum

=2
({=)

nac

Xture of Finnish sulfite
spirit and cognac
rmagnac
ther'brandies

o

Mixture of brandy
distillates from’
different countries

Grand tota;

(c) Acetic acid.—Pro analyse, E. Merck.

Origin
Scotland
relana
United States
Canada
Japan
Spain
Argentina
New Zealand
I'\r/lld|a, ]

artinigue
Carl Beqan
Guadeloupe
Haiti .
Jamaica

Martinique
Caribbean
Guadeloupe
Puerto Rico
Cuba
Demerara
Brazil
France

France
France
South Africa
Ilally )

Bu 9ar|a
Spain

Soviet Union
Greece

No. of brands

1

RO RO RO U1— - RO U

10
1
1
2
2
1
1
1
1
1
1

70

(total 33)

(total 7)

(total 8)
(total 11)
(total 1)

(total 10)

(d) Sodium acetate trihydrate.—Pro analyse, E.

Merck.

(e) Wafer.—Distilled and deionized, filtered

through Millipore membrane (0.45 pm).

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

(f) Standard solution of phenolic compounds.—5
m%galllc acid, protocatechuic acid, vanillyl al-
cohol, p-hydroxybenzoic acid, 3-hydroxy-4-
methoxybenzyl alcohol, vanillic acid, syiingic
acid, vanillin, syringaldéhyde, ferulic acid, and
ethyl vanillin ﬁlnternal standard) in 1 L 45%
aqueous ethanol.

(9) Ethyl vanillin standard solutions. —Stock so-
lution:  1.25 mg/mL 45% aqueous ethanol;
W%rklnlg solution: 0.125 mg/mL 45% aqueous
ethanol.

Calibration

Evaporate 50 mL standard solution to 10 mL,
filter solution through 0.8 pm Millipore mem-
brane, and use 10 pL for injection volume. Re-
sponse factors for each of the comﬁounds in-
vestigated were calculated from peak areas and
the known concentrations (14).

Determination

~Add 2 mL ethyl vanillin standard solution
(internal standard) to 50 mL sample beverage,
evaporate solution to about 10 mL on rotary
evaporator, and filter through Millipore filter
(0.8 pm). Inject 10 pL filtrate for analysis.

Statistical Analysis

Discriminant and classification analysis was
used to produce functions that best described
differences between the spirits (15). Statistically
significant differences between the centroids of
the groups were judged by the F-test.

Results and Discussion

Liquid Chromatography

A chromatogram of the standard phenol.c al-
cohols, acids, and aIdethes is shown in Figure
1. ltcan be seen that the elution gradient and
column used produce good resolution down to

Table 2. Relative retention times {RRT) of phenols vs ethyl vanillin, absorption maxima of compounds studied,
wavelengths used, and ratios of absorbances measured at 275 and 300 nm

Phenolic compound

Gallicacid
Proiﬁcath uic acid
Vanillyl alcohol
g-H grox benzoic acid
-H?,roxg
Vanillic acid
S r|_n(l;|c acid
Sangllnld, i
ringaldghyde
Fgruli% ac,itFy
Ethyl vanillin

-4-methoxy-henzyl alcohol

RRT

© CO~UI—ISOUTTTIE ORI
S ~I—J= B IGO0 LD
OSSP LWLWOORHUIOO

Absorption  Wavelength Ao751 Agoo
max., used,”  "275/A
nm nm rel. — Whisky Rum Cognac
210 210 2.1 24 24 24
258, 292 210 1.2 - -
215 210 -
254 210 -
2[5 210 -
260, 290 260 14 13 16 16
210 210 2.3 25 21 2
?%82 %89, 11 1.2 1.2 13
0.4 0.4 0.3 0.4
320 320 0.6 - _ _
210, 312, 358 280 — - - -
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Figure 1 qumd chromatogram of standard solu
tion: } %a Ilic ac(Jd 2, %rotocatechum amd 3van| X
acoho roxh/ enzoic acid; 5, 3-hydroxy
met ox benzy alcohal; 6van| |c acid; syrm ic
acid; 8, vanil ”1 9,8 rlng? g e 10,ferulic Cld
1, ethy vanilin (internal standard). Thegra tent
profile’is shown in the ch romatogram 0% of Bin
A'to 100% ot B

the baseline. It is also apf)arent that retention
time is determined by polarity, with the most
polar eluting first.  Thus the most polar, gallic
acid, elutes first, and the least polar, ferulic acid,
last.” The alcohols and aldehydes behave simi-
larly, with the more1polarvanlllln eluting before
syrln galdéhyde. The retention times of the
compounds |nvest1gated (relative to ethyl van-
||I|n% are given in Table 2,

e chromatograms in Figure 2 show that
whisky, rum, and cognac contain largely the
same compounds chromatograms of the other
brandies are similar. Rum and cognac contain
some unidentified compounds.

Ultraviolet Spectroscopy

Absorption maxima in the UV spectra of the
standard phenolic components are presented in
Table 2. UV spectroscopy can be used to su Rort
other means of |dent|fy|n(_} components.
the ratio of absorbance at 275 and 300 nm is given
in Table 2 for authentic compounds and also for
those components in the samples, identified by
LC retention time. Agreement is good.

Quantitative Results

There is little difference between the whiskies
(Tables 3 and 4) in their content of nonvolatile
compounds. The only real exception is the
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Figure 2, Ljquid chromatogram of henoli¢_com-

po gs |n Wmsky (AS rum %ﬁ B), and tg)ran y?

%a I acid; , 2, unk “ow d.unknown; 4, nknown,5,

nknown: 6, vanillic acid; 7, syringic acid: 8van||||n

9,syringaldehyde; 10, ferullcam 11, ethyl vaniliin
(internal standard).

clearly higher level of syringaldéhyde in the U.S.
whiskies, which also” contain Slightly more
vanillin. The results are in good agreement with
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Table 3. Concentration (ppm) of some nonvolatile phenolic compounds in different commercial brands of Scotch
whisky
Bran Gallic Vanillic Syringic o Ferulic
No. acid acid yaci Vanillin Syringaldéhyde acid
i 0.88 0.13 0.24 031 0.67 NDa
2 3.4 047 0.62 0.84 1.93 trh
3 512 0.61 1.08 1.15 244 tr
4 4.75 0.85 1.24 1.23 2.67 tr
5 515 0.78 1.25 1.09 2.54 tr
b 1.97 0.33 0.68 0.67 1.30 tr
1 1.25 0.28 0.42 0.63 1.37 tr
8 2.87 0.31 0.47 0.72 1.46 tr
9 111 0.18 0.32 0.59 112 ND
10 3.16 0.39 0.56 0.80 1.73 tr
1 2.08 0.16 0.44 0.60 1.21 ND
12 2.56 8.23 031 041 0.97 tr
13 6.09 A4 0.84 1.01 2.22 ND
14 211 0.40 0.72 0.85 1.64 ND
155 428 0.82 143 2.06 4.04 tr

a ND = none detected.
btr =trace, <0.01 ppm.

those reported by Baldwin et al. (4). Gallic acid
is the major compound in Scotch whisky (Table
3), with the contents of syringic acid and syrin-
galdehyde also generally higher than that of
other components.

The cognacs and armagnac (Table 5) and other
brandies ?Table 6) broadly resemble the whiskies,
aIthou%h the concentration of gallic acid is gen-
erally higher. The results agree with those of
Puech et al. (6?. _ .
~ The levels of nonvolatile phenolic compounds
in_dark rums are similar to those in the other
spirits, with products from Haiti and Guadeloupe

containing somewhat more vanillin, syringic
acid, and syrmgalde’hyde than the other dark
rums (Table 7). In contrast, the white rums
contain markedly fewer phenolic compounds
than do the other samples; vanillin, syringal-
de’h%de, and syringic acid are found only in some
of the products. "The difference between the
dark and white rums is probably a result of dif-
ferent production methods.

The length of the maturing period has some
effect on the nonvolatile phenolic compounds
presentin abeverage; Froducts that stay Ionﬂer
In oak barrels generally contain more. This,

Concentration (ppm) of some nonvolatile phenolic compounds in differentcommercial brands of whiskies

originating outside Scotland

Table 4.
. Brand Gallic  Vanillic

Origin No. acid acid
Ireland i 3.38 041
, 2 1.40 0.26
United States 1 6.81 1.07
2 241 1.87
3 6.81 1.34
4 ND 0.73
Canada 1 2.93 0.62
Japan 1 ND 041
2 0.26 0.15
3 ND 0.19

4 ND tr
. 5 0.26 0.44
Spain 1 1.05 0.07
Argentina 1 ND 0.77
2 ND 0.29
New Zealand 1 11 0.58
. 2 1.74 0.61
India 1 ND 0.04

atr = trace, <0.01 ggm
b ND = none detected.

Syringic

Ferufic
acid
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Concentration (ppm) of some nonvolatile phenolic compounds in different commercial brands of cognacs and

armagnac

LEHTONEN:
Table 5.
Brand Gallic ~ Vanillic
Beverage No. acid acid
Cognac | 4.20 0.22
2 10.82 0.46
3 1.10 0.27
4 6.32 043
5 2.92 tr
6 3.80 0.26
[ 6.69 0.29
8 2.54 0.17
9 9.52 0.48
) 10 2.28 tr
Mixture of
Finnish sulfite
spirit and
cognac 1 2.32 tr
Armagnac 1 342 0.12

atr = trace, <0.01 ppm.
b ND = none detected.

however, is complicated because the ease of ex-
traction of the phenals is affected by the type of
oak and the way in which the inner surface of the
barrel has been treated.

Repeatability of the Method

Six independent determinations of the com-
pounds in the standard mixture gave an average
standard error of the mean of 2%.” The suitability
of the method for .determln!n% nonvolatile
phenolic compounds in alcoholic beverages was
confirmed by adding known amounts of stan-
dard solution to a whisky and measuring the
recoveries (Table 8).

Syringic . . ) Ferulic
aci Vanillin Syringaldéhyde acid
0.57 081 2.04 tra
1.09 121 375 ND6
0.55 0.82 2.12 \D
0.82 11 291 ND
0.20 0.45 0.74 ND
0.61 0.42 1.30 \D
0,53 0.75 181 ND

tr 0.50 0.69 ND
0.88 1.85 3.19 ND
tr 0.34 041 ND
0.12 0.24 0.60 ND
0.19 0.25 0.67 ND

Discriminant Analysis

Discriminant analysis was used to find the best
factors to describe differences between the bev-
erages. The results were 2-variable functions,
which are plotted in Figure 3. The difference
between the functions Is significant at the 1%
level (F-test). In this analysis, all brandies were
?rouped together. The ‘main d|st|n%U|sh|ng
eatures between beverages were the levels of
gallic acid, vanillin, and vanillic acid, with gallic
acid bemP the most useful. There is clearly a
great deal of overlapping between the different
groups, with just a few scattered outliers. The
relatively clear differentiation between rum and

Concentration (ppm) of some nonvolatile phenolic compounds in different commercial brands of brandy

other than cognac and armagnac

Table 6.
. Bran Gallic  Vanillic
Origin No. acid acid
France 1 5.03 0.29
South Afr T 0B
o Do
al .
Buéaria 1 1.66 0.49
iy S
Gor\éleece e 1 1.59 ND
Mixture of =
Dy st
dif?erent gountries 4,74 0.24

3ND = none detected.
btr =trace, <0.01 ppm.

Syringic Ferulic
yaci Vanillin Syringaldéhyde acid
0.67 0.87 2.16 NDa

tr 0.17 0.21 ND
0.49 0.49 1.26 ND
0.70 0.69 2.05 tr
0.05 0.52 0.18 ND
1.00 116 2.54 ND
0.27 1.12 1.00 ND

fr 043 051 ND
ND 0.97 1.00 ND
0.29 0.57 0.84 ND
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Table 7. Concentration (ppm) of some nonvolatile phenolic compounds In different com mercial brands of run
o Brand  Gallic ~ Vanillic  Syringlc . ) ) Feruilic
Origin No. acid acid aci Vanillin Syringaldéhyde acid
Dark Rum
Martinique | 2.10 tra 0.10 0.30 0.26 ND"
, 2 2.29 0.31 0.64 0.64 1.33 ND
Caribbean 1 0.19 ND tr 0.31 0.22 ND
Haiti 1 ND 2.94 4.7 317 8.73 ND
Guadeloupe 1 271 113 2.63 i 4.45 ir
Jamaica 1 ND ND ND ND ND ND
Mixture %f )
Finnish sulfite
spirit. and
Martinique Rum 1 ND ND ND ND ND ND
White Rum
Martinique 1 ND ND ND tr ND ND
Caribbean 1 ND 0.37 0.76 091 1.88 ND
Guadeloype 1 ND N ND ND ND ND
Puerto gico 1 ND tr 0.18 ND 0.26 ND
2 fr fr 0.29 fr 051 ND
Cuba 1 ND N ND D ND ND
Demerara 1 ND ND ND ND ND ND
Brazil 1 ND ND ND ND ND ND
atr =trace, <0.01 ggm
6 ND = none detected.

brandy is mainly due to the phenol-poor white
rums. Whiskies appear to lie closer to the rums
than to the brandies. In general, however, no
fir_rp conclusions can be drawn from these re-
suits.

Using discriminant analysis to classify the
spirit samples into their respective groups (Table
95) was more successful for the whiskies and
brandies (more than 50% correct) than for the
rums (about one-third correct). In addition to
the correct assignments, there were some sam-
pies that did not clearly belong to any group, and

these were collected in asPeciaI group. There
were also some completely false assignments
because of similarities in the contents of non-
volatile phenolic compounds.

Conclusions

Liquid chromatography is well suited to the
analg/sm_. of nonvolatile phenolic compounds in
alcoholic beverages. Most matured spirits con-
tain a variety of these components; white rums
are exceptional in their low content. Cognacs
contain more gallic acid than do the other bev-

Table 8. Determination (mg/L) of phenols in standard solution and recovery (mg/L) of phenolic compounds added to
w hisky
Concn_in Amt added

Compound std soin Found3 to whisky Ree.
Gallic acid 5.00 52240.13 2.65 2.66
L 53l 5.24
Vanillic acid 5.00 5.04+0.08 2.51 2.01
L 514 4,03
Syringic acid 5.00 51040.09 %?g ﬁ%
Vanillin 5.00 5.12 +0.08 2.58 2.1C
] . 5.16 514
Syringaldéhyde 5.00 4.95£0.07 %88 %8&)
Ferulic acid 5.00 498 +0.09 _ =

Average of 6 independent determinations £ standard deviation.
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Table 9. Classification of whiskies, rums, and brandies into their respective groups according to concentration of
nonvolatile phenolic compounds
No, of correct No. of uncertain No, of correct No. of uncertain
No.  classifications on the classifications on the classifications on the classmca tions on the
of basis of Mahalanobis’ basis of Mahalanobis™ basis of posterior ~  basis of posterior
Beverage brands distance3 distance0 probability3 probability o
Whisky
Scotch 15
rish
Unlted States ﬁ.
Canadian
Japanese
Spanish
Argentina
IN%W Zealand
ndia
Total 33 (61%) 2 (7%) 22 (67%) 7(21%)
Dark rum é 2 2
White rum 3 5
Total 15 13(87%) 2(13%) 5 (33%) 7 (47%)
Cognac
Bragndy % § § % i
Total 16(73%) (10%) 11 (52%) 7(33%)

3Mahalanobis’ distance is Clearly the shortest.

b Mahalanobis’ distance in the correclgrouP Is nearly equal that in the other group.

¢ Posterior probability s clearly the greates

d Posterior probability inthe correct'group Is nearly equal that in the other group.

erages, and U.S. Bourhon whisky contains more
syrmgaldehzde In other respects, the similar-
ities are striking. The differences between the
contents of nonvolatile phenolic compounds in
different beverages are too small to allow the

| gk by B
o

Figure 3. Classification ontheba5|sofd|scr|m|nant
functions calculated from oncentr tloné %fg gno ic
comp oun s In whisk rum (r M
Innere })ses cover 5/0 of samples and the outer
cover 0. Coordinates of centrmds are: - whisky
-0.100; 0425), rum (-1.054; -0.481), and brandy

0910:-0.324)." Total discriminating power of vari-
ables, Fig iz = 6.98, 15 significant at the 1% level.

(o)
4~

classification of beverages into their correct
groups with any great confidence.
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Reliapility of Analyses for Indigenous Insect Fragments in Ground

Paprika

JAMES E. WOODBURY

Cal-Compack Foods, Inc., 4906 W First St, PO Box 265, Santa Ana, CA 92702-0265

Variation in cleanliness (light filth) determinations
within and between laboratories for paprikas with
indigenous insect fragments was significantly greater
than prevmuslg reported for paprika with Spiked
Insect fragments.

New methods (1) for the analysis of cleanliness
ghght filth) of capsicums were published in the
3th edition of Official Methods of Analysis of the
AOAC. A collaborative study reported in the
Journal of the AOAC (2) indicated that the new
method for paprika gave cleaner filter papers and
hlgher recoveries than the old method. In that
collaborative study, samples of ground paprika
were spiked with rodent hair fragments and in-
sect fragments of specific shapes and sizes so that
recovery could be determined. The repeatability
and reproducibility coefficients of variation were
reported at 6.3 and 6.5%, respectively, for insect
fragments. . o
The American Spice Trade Association's
(ASTA) technical committee initiated a study
with the new paprika method, for the purpose of
determ|n|n% repeatability and reproducibility for
[:Fapnka with indigenous (nonspiked) fragments.
hree different samples of ground paprika were
carefully mixed and divided and sent to the 3
independent laboratories that analyze for
cleanliness most of the paprika imported‘into the
United States) Duplicate analyses by the current

Table 1.

Sample 1
Lab. A B
i 1 30
2 58 5
3 3l 1%
Mean 345
«l
]|
g
cv e| Ma%s, Ooy
CV between labs, %
© ASogion

AOAC method (1) were requested for each
sample.

Results and Discussion

In Table 1, the reproducibility (between lab-
oratories) coefficient ofvanatmn# V) was 32.6%
compared with 65% reported for the spiked
samples (2). The repeatability (within labora-
tories) CV was 20.6% compared with 6.3% for the
spiked samples. The repeatability CV includes
not only error due to the laboratory's ability to
Broduce the same results on the same material,

ut also any inherent variation that exists due to
the nonuniform distribution of the insect frag-
ments in carefully mixed and divided samples.
With spiked samples, nonuniform distribution
does_not contribute to the variation. Other
possible reasons for higher repeatability CV for
gaprlka with nonspiked fragments include: (1)

maller fragments maK be more difficult to ex-
tractand separate. Spiked insect fragments were
approximately 0.5 mm long (0.25 sq. mm); those
normally found in 8roun pagnka range from
0.01 to 0.3 mm (0.0001 to 0.09 sg. mm). (2)
Fragments dehydrated and ground with the pa-
prika may be more difficult to extract from the
vegetable matter than added or spiked frag-
ments. (3) Smaller insect fragments are more

Repeatability and reproducibility for analysis of indigenous insect fragments in paprika

Sample 2 Sample 3 A3
A B A B samples
6 49 49 42
58 44 Zg 31
56 62 2 48

55.0 375 42

R R, e
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difficult to identify, leading to more variation
between laboratories.

Conclusions and Recommendations

“The repeatability CV in this study with in-
digenous insect fragments was more than 3 times
that of the 1977 study using spiked samples. The
official AOAC method is easier to perform and

Received January 5,1982. Accepted March 24,1982,

does result in cleaner plates and higher recov-
eries than the method it replaces. 1t1s suggested

that a future study include determination of re-

peatability and reproducibility on nonspiked
samples as well as spiked samples.

(1) Official Methods
Arlln%ton VA
(2) Thrasher, J. ), &
Chem. 60, 113-1
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of Analysis (1980) 13th Ed., AOAC
sec. 44.138
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Improved Lipoxygenase Method for Mea_surin? cis,cis-Methylene

Interrupted Polyunsaturated Fatty Acids in Fa

BRYAN L.

sand Oils

MADISON and WILLIAM J. HUGHES

Procter & Gamble Co., Winton Hill Technical Center, Cincinnati, OH 45224

An improved lipoxygenase method is described for
the determination of cis,cis-methylene interrupted
pol¥unsaturated fatty acids in fats and oils. The
methodology is designed to overcome mechanical
problems which in the past may have contributed to
poor precision. . This method provides improved
repeatability which is imperative for assay methods
used for quality control and other purposes.

Voluntary labeling of foods in relation to fat,
fatty acid, and cholesterol content (1) has in-
creased the need for reliable data and method-
ology for determining the content of specific
fatty acids in foods. Determination of cis,cis-
methylene interrupted polyunsaturated fatty
acids (PUFA) (2) has alwars been one of the most
difficult analyses to perform with the desired
repeatability {standar_d deviation within a labo-
ratory) and reproducibility éstan_dard deviation
between laboratories). Studies in our laborato-
riesand elsewhere have confirmed the MacGee
lipoxidase enzymatic method for the determi-
nation of PUFA (3) to be the procedure of choice.
The current United States regulation has speci-
fied the Canadian Food and Drug Directorate
Method FA-59 (4) (a modification of the MacGee
method) for determination of cis,cis-methylene
interrupted PUFA. Two modifications of the
MacGeeé)rocedure have also been compared in
an AOAC collaborative study (5). The methods
evaluated were one proposed by the Food and
Drug Administration (6) and one used by in-
dustry (7,8). Over all the oil samples studied,
the 2 methods gave similar results and there was
no overall statistical difference in the perfor-
mance. The repeatabilities and their respective
average coefficients of variation (7.8 and 6.73
indicate that both methods are basically soun

but that further study and modifications are
needed. The reproducibility results for coeffi-
cient of variation (10.2 and 9.1 for the 2 methods)
also supported the need for further study_to im-
prove the precision. (Note: Method Il'in this

Received February 2, 1982. Accepted April 23, 1982.

collaborative study became an official AOAC
method (9).) _ o

The present paper summarizes studies in our
laboratory and presents a method which uses
increased amounts of enzymes and saponifica-
tion reagents but no solvent for samples. This
procedure has been tested for durability and
Prowdes improved repeatability which we be-
ieve is imperative for assay methods used for
regulatory contraol.

Experimental

Reagents

(a) Potassium borate buffer. —1.0M, pH 9.0.
Dissolve 124.0 g H3BO3 and 50.0 g KOH in ca
1600 mL water by stirring and heating. Cool to
room temperature and adjust to pH 9.0 with 1.0N
HC1 or 1.ON KOH, as required. Dilute to 2 L
with water and mix.

(b) Dilute potassium horate buffer—0.2M, pH
9.0. Dilute 400 mL 1.0M buffer, (a), to 2 L with
water and mix.

(c) LipoxyFenase solutions.—(1) Active solu-
tion.—Dissolve 50 m7g I|7p0x_ygenase, from soy-
bean, Type I, No. L-7127 (Sigma Chemical Co.)
in 500 mL ice-cold dilute horate buffer, (b). Store
in refrigerator. (2) Inactivated solution.—Transfer
200 mL active enzyme solution, (1), to 250 mL
volumetric flask and hold in boiling water 30
min, Store in refrigerator.

(d) Potassium  hydroxide  solutions.—(1)
10.0N.—Dissolve 330.0 g KOH in ca 330 mL
water. Cool to room temperature. Dilute to 500
mL and mix. Store in po%ethyrlene container.
828 Alcoholic solution.—1.0N. Transfer 10 mL

).ON solution, (1), to 100 mL volumetric flask.
le!the to volume with alcohol. Prepare fresh

aily.

Apparatus

(a) Double beam si)ectrophqtometer._—Beckman
Acta MIV, or equivalent, equipped with matched
quartz 10 mm cells. o _

(b) Desiccator.—Egmpped with nitrogen inlet
and outlet (No. 108-225, Curtin Matheson).

0004-.575?/8&/6 01-0081-04801,00

© Association 0

icial Analytical Chemists, Inc.
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Table 1. Outline of procedures for measuring c/s.c/s-methylene interrupted PUFA in fats and oils
Proposed
Procedure component AOAC method (9) method
Sa p#e Wi, mq t00 100
Solv. Tor samples &stds hexane samples; noPe
Aliguot of ale. KOH 1L of 05N By ofti‘a&\?
iquot of ale. . .
é\li%uoto HCl ImL of 0.5N 5 mL of L.ON
oricn of enzyme
Stocﬁ soln 10mg/10 mL 50mq/500 mL
Working soln 0.10% of 2ma/10 mL 9.0 m?_ le 110 mL
A,Iigiiot OQ%am le soln oxidized with enzyme 3.0 mLLfrom 108 mL 1.0 mL from 1%0 mL
Final vol. sample soln 3lmb 100 mL

(c)  Circulating water bath.—Neslab RTE-8, or Pipet 5 mL alcoholic KOH, (d)(2), into each bea-

equivalent, at 15°C.

Preparation of Sample

Accurately weigh ca 100 mg vegetable oil or
1r:rllelized shortening into 25 mL Erlenmeyer
ask.

Determination

Add 5 mL alcohalic KOH, (d)(2), to sample in
25 mL Erlenmeyer flask. Cover with tuttle cover
to fit flask. Heat contents to boiling on hot plate
to dissolve sample. Hold in dark desiccator
flushed with nitrogen >4 h or preferably over-
night. After saponification is complete, add 5
mL IN HCL. Solution should be clear at this
Fm_nt. If not, add 1.0N KOH dropwise until so-
ution clears. Transfer entire sample, using hot
water, into 100 mL volumetric flask containing
20 mL 1,0M borate buffer, (a). Rinse Erlenmeyer
flask with hot water and add rinse to sample.
Warm gently on steam bath to dissolve any hard
soaps present. Dilute to volume with water and
mix. Pipet 1.0 mL saponified solution into each
of two 100 mL volumetric flasks. Add 9.0 mL
inactivated enzyme solution, (c)(2), and mix well.
To remamm% volumetric flask, add 9.0 mL active
enzyme, (c)(I). Add 10.0 mL water to each flask,
mix, and place hoth flasks in 15°C constant
temperature water bath. Blow air into each flask
30 min. Dilute to volume with water and mix.
Zero spectrophotometer at 234 nm with blank
sample and measure A of reacted samples.

Preparation of Standard Curve

uantitativeq/ weiR‘h 50 mg cis.cis-trilinolein,
99% (Analabs, Inc., No. LGL-017) into 25 mL
volumetric flask, and dilute to volume with an-
hydrous ethanol. Pipet 0.5,1.0,2.0,3.0, and 4.0
mL aliquots into separate 50 mL beakers, and
evaporate each to dryness in stream of nitrogen.

ker. Heat contents to boiling and store in dark
desiccator under nitrogen >4 h or overnight.
Add 5mL IN HCLand mix. Ifsolutions are not
clear, add 1.0N KOH dropwise until clear.
Transfer each standard solution into separate 100
mL volumetric flasks containing 20 mL 1.0M
borate buffer, ga). Dilute to volume with water
and mix. Pipet 1.0 mL aliquots of each standard
solution into each of two 10 mL volumetric
flasks, incubate, and read as in determination.
PII(_JtA at each level against mg trilinolein in 100
mL.

Calculations

c/s,cis-PUFA, %= (mg trilinolein in 100 mL X
10~3g/mg X 100)/(mg sample weight in 100 mL
X 10~3g/mg)

Trilinolein, g/100 g product = ds,as-PUFA,
%1100

Results and Discussion

The principal differences between the AOAC
method (9) and the ﬁroposed method are out-
lined in Table 1. These changes improve the
mechanics of the method, eliminate the use of
organic solvents for samples other than ethanol
for standards, and eliminate the need to handle
small volumes of reagents. A more detailed
discussion of the modifications is described in
the following sections.

Saponification

Samples containing a high concentration of
saturated fatty acids require gentle heating of the
sample to ensure complete contact with the sa-
ponification reagent. Also, alkali used for sa-
ponification must be neutralized before the
sample is reacted with enzyme. It was observed
that after neutralization of alkali with hydro-
chloric acid, a precipitate sometimes formed and,
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Table 2. Effect of enzyme level on corn oil absorbance

values and calculated c/s,c/s-PUFA

Enzyme level, mL Cornail, g Absorbance Caled, %a

1 0.112 0.113 134
3 0.1131 34 36.7
I
15 0.1135 0.556 59.3
3 Nominal % cfs,c/s-PUFA, 59.3%.

if not solubilized, caused low results. This pre-
cipitate formation was attributed to solution pH
and resulting precipitation of some fatty acids.
This problem was easily corrected by using tuttle
covers for the Erlenmeyer flasks to minimize
solvent loss during heating, and the back-addi-
tion of a few drops of 1.0N potassium hydroxide
until the solution cleared. The 1.0M horate
buffer was then added to the sample and it was
made ready for enzymatic oxidation.

Enzymatic Oxidation

Lipoxygenase catalyzes the oxidation by at-
mospheric pxyge_n of PUFA which contain at
least one pair of cis-double bonds separated by a
methylene group. Oxidation was carried out at
15°C using a constant temperature water bath to
avoid temperature change for the sample.
Complete hydroperoxide formation and the en-
zyme level required was established using corn
oil and adding various amounts of the active
working Il]poxy enase solution described in the
method. The absorbance values and calculated
ris,ci's-PUFA shown in Table 2 demonstrate the
effect of enzyme level on results. The increased
amount of enzyme level selected for use in this
method (9 mL{ is a ﬁroprlate to measure "cis-
C;-PUFA™ level. The absorbance of the oxi-
dized sample solution remained stable for at least
5h. Since each mole of trilinolein yields 3 moles
of linoleic acid, a plot of absorbance vs pg trili-
nolein yielded a linear graph. When absorbance

Table 3. Determination of absorbance values by
calculation from molar extinction and experimental
I L Absorhance
ol LR Caes e
A
i AERIGR 06k 06

3a=23472.
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Table 4. Standard deviations of various oil lots used as

secondary standards

Sunfl il i
Vear ur(16 %35 ol Comme czlg!]/g)hgortenmg
1979b  2.39(10)c 123 (4
1979d &%§ Z?f 898 2§}
82 (1 A7 (1
ol N
1981d  120(2) 0.48 (21)

3 Nomm%I %, cfs c/?-PUFA values.

» Data obtained Ibe ore method Improvement.
¢ Number of replicates. _

d Data obtained after method improvement.

values are calculated on the basis of the molar
extinction and the amount of linoleic acid in the
calibration standards, the calculated absorbance
values agree well with the experimental values
obtained (Table 3).

Repeatability

Table 4 lists the standard deviations of repli-
cate analyses on a.varletr of oil and shortening
samples analyzed in our [aboratory over a period
of years. The results obtained in"1980 and 1981
represent the repeatability achieved usm? the
proposed method described herein. The relative
standard deviation or coefficient of variation
measured (~2%) represents a significant im-
provement over the 6.7% obtained in the 1978
AOAC collaborative stud_%/. (5). To further test
the durability of this modified method over time,
samples of sunflower oil and a commercial
shortening were analyzed as sample pairs by
different analysts as part of an Internal Precision
Program. These data points were obtained in
ahout 80-90 days over each year's time and again
yielded an RSD of 1.9%. For reference, this
equates to a standard deviation of about 0.4% for
a sample containing 20% PUFA and about 1.1%
for a sample containing 60% PUFA. The AOAC
collaborative study within-laboratory data (53
would yield standard deviations of 1.46 an
4.38%, respectively. . _

The difference in the number of replicates is
due to the number of times the samples were
analyzed in agiven year. .

Three fats previously analyzed by capillary gas
chromatography for as,c/s-C18:2 content were
measured using the modified procedure. The
gas chromatography procedure (D. C. Under-
wood and R. Houston, private communication)
used a Hewlett-Packard 5880 instrument
eqmpged with a flame ionization detector
(280°C) and a 50M Silar 10C Quadrex glass cap-
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Table 5. Low range cis,c/s-PUFA samples analyzed by

the modified method and capillary GC

clscls-PUFA Gis,is-C18
Modtfled method CapiI?ar

y
A (I

Fatsample

illary column. A 1gL sample of the methyl ester
was injected 5260 usm%programme tem-
perature conditions (150°C-190°C, 1.3°/min)
and helium carrier gas (05 mL/min). The re-
sults in Table 5show good agreement hetween
methods and demonstrate the method's appli-
cability to low range as,as-PUFA samples.

The modified I|poxygenase method described
herean)rowdes areliable and precise method to
be used for the assay of ds,c/s-methylene inter-
rupted PUFA in fats and oils. The methodology
is designed to overcome mechanical problems
which in the past may have contributed to poor
precision (10). Theimproved precision achieved
and demonstrated should allow extensive use of
]thlsdmethod for the analysis of PUFA in various
0ods.
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etermination of Patulin,
(5 Trheir Jutlces and Jams

ALBERTO GIMENO and MARIA LIGIA MARTINS] . .
Laboratorios de Veterinaria Reveex de Portugal, Lda Av/Gomes Pereira 69-B, 1500 Lishoa,

Portugal

A method is described to determine the mycotoxins
patulin, citrinin, and aflatoxins in apples.and pears
and thelr_amces,and jams.  The mycotoxins are ex-
tracted with a mixture of acetonitrile and 4%aqueous
KCL1(9+.1). Theextractis cleaned up with water and
then acidified, and the toxins are recovered with
chloroform and separated by thin layer chromaog-
raphy. Toxin identity is confirmed with various
developing solvents, Spray reagents, and chemical
reactions, and then quantitated™h the [imit of de-
tection method. The minimum detectable concen-
trations of the mycotoxins are patulin, 120-130 pg/kg;
citrinin, 30-40 pé;/kg; aflatoxin Hior Gj, 2-2.8 pg/kg;
aflatoxin B2or G2 Zpg/kg.

The natural occurrence of patulin has been as-
sociated with Pénicillium expansum and other
fungal species (1-3). P. expansum is a common
storage rot organism in apples (4-6), pears, and
other fruits, and patulin has been positively
identified in agplels,.pears, apricots, and apple
qume (6-11). Citrinin was originally isolated
rom P. citrinum (12-15) and other fungal species.
Harwig et al. (6) have also isolated strains of P
expansum from natural rots of apples that were
capable of synthesizing citrinin and patulin; they
also reported (16) the production of citrinin in
tomatoes inoculated with P. expansum (incubated
at 25°C). P. expansum has been shown to pro-
duce citrinin and Fatulln in fermented sausage
(143. Ciegler et al. (17) studied the production
and biological activity of patulin and citrinin
from P. expansum. _

Aflatoxins was originally isolated from As-
pergillus flavus and A. parasiticus (18,19). Hans-
sen and Iun?. (7) studied the natural contamina-
tion by patulin and aflatoxins in apples and other
fruits. Burdaspal and Pinilla (10) found afla-
toxins, patulin, and citrinin in rotted apples.
Frank (20) found patulin in different varieties of
apprles and pears suffering from brown rot.

he AOAC official method (21) for analysis of

delLe%t%?craatgril 1I\é?)ci?_r}aléie Invra?tiaglate» Veterinaria, Estrada
eceived e‘cem%eri, ng Agcc'eptedApril 14, 1982,

patulinin apPIejuic_e only has asensitivity of 20
¢¢0lL. The following method permits the si-
multaneous analysis of patulin, aflatoxins, and
citrinin in apPIe_s and pears, and thejrumes and
jams of these fruits. For patulin, the 0IIOW|ng
method is less sensitive than the official metho
#21); however, the concentrations of patulin
ound in fruits are normally higher than mini-
mum detectable concentrations in both
methods.

METHOD

Apparatus

(a) Microsyringes.—50 pL No. 1705 or 25 pL
No. 702, point style 3 with repeating dispenser
PB 600-1 (Hamilton Coy\./?, orequivalent.
~(b) Electric mixer—Moulinex, Braun Minip-
imer, or equivalent. '

(c) Shaker.—Wrist or rocker type (Bicasa
K30/300 BE38, or equivalent). .

(d) TLC plate scriber—Applied Science Labo-
ratories No. 17102, or equivalent,

(e) Glass tube. —Amber, gear-_shaped, 300ml.
Oneend narrows to 4.5 X 1cmid. Narrow sec-
tion is graduated as accurately as possible to ca 3
mL capacity and marked in 0.1 mL divisions.
Other end of tube is cone-shaped ground glass,
29132 adagtable to rotary evaporator and glass
stopper.  Glass must be strong enough to with-
stand vacuum (Figure 1).

_{f) Membrane vacuumé)ump.—KNF N-035 ANE
\|N| h Teflon valves and membrane, or equiva-
ent.

(9) Chromatograghic separating chambers.—
Desaga No. 120167, 210 X 88 X 210 mm, or
equivalent.

(hg Ultraviolet lamp.—Camag standard 29200
or 29230 with a blue-violet filter (UG-5, Schott,
GFR) passing 366 and 254 nm UV light, or
equivalent. Place TLC plates on black back-
ground 10 cm from Iamﬁ. Carry out observa-
tions in completely dark room.  Protect eyes
with yellow filter. ,

(i) "Yellow filter.— GG-4 (Schott) which passes

© Ao ] OGS At Chemic, e
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48 mm

Figure 1. Glass tube used for evaporation of
solvent.

only 450 nm light, or equivalent.

(]) TLC plates.—20 X 20 cm glass, precoated
with 0.25 mm Sil G-25HR (Macherey-Nagel and
Co., No. 809033, Duren, GFR). Use TLC plate
scriber to divide plates into twenty 1 cm strips.
Activate plates by heating 30 min at 110°C and
store in desmcatln%cabmet. Use plates at room
temperature (22, 23).

(k) TLC plates impregnated with oxalic acid.—
Unactivated, precoated with Sil G-25HR (divided
into twenty 1 cm strips) (23, 24). Impregnate
with oxalic acid by dipping into 10%oxalic acid
solution in methanol for 1-2 min. Air-dry 4 or
15h at room temperature in horizontal position
under hood (dry atmosphere). (For citrinin
analysis only.) _ _
| (P Tube shaker.—Mixo-Tub 30, or equiva-
ent.

23(m) Other apparatus.—As described in Ref.

Reagents

(a) Aluminum chloride solution.—Dissolve 20 g
reagent grade AICI3-6H20 in 100 m | ethanol.

(b) 3-Methyl-2-henzothiazolinone hydrazone
BMBTH) hgdrochloride monohydrate solution.—

issolve 0.5g MBTH-I ICI-FUQ in 100 mL water.
Store in refrigerator.
days.

, K(;Sulfuric acid solution.—H2C4-watei (1 +

Prepare fresh every 3

Trifluoroacetic acid.—Dilute with benzene
orCHCI3(I + 1). Prepare fresh daily. (Caution:
Benzene and CHCI3are possible carcinogens.)
_(e) Mycotoxm standards.—Xpectrix Interna-
tional, San Cugat del Valles, Barcelona, Spain.
Store in well sealed, aluminum foil-wrapped
containers at 4°C. _

(f) Mycotoxin standard solutions. —Prepare with
reagent grade CHC13. Store solutions ir well
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sealed, aluminum foil-wrapped containers or in
amber vials at 4°C. Use solutions at room tem-
perature. (1) Aflatoxins Blr B2, Gi, and G2.—Pre-
pare separate 10 p%[m L CHC13solutions of each
aflatoxin and combine volumes of each solution
to prepare working solution that contains 5 pg
Bi, 1.4 pg B2, SSg I, and 1.4£)g G2ImL CHC13.
(2) Patulin.—100 pg/mL CHC13. (3) Citrinin.—45
pg/mL CHC13. Check standards as in Ref. 25.

Developing solvents for TLC.—Prepare freshower layer (chloroform-acetonitri

wigﬂ) rea%ent grade solvents as shown:
1. CHCI3-acetone (176 + 24), (172 + 28), (170
+30)(22-24

2. (1:0|-;(%I6)-ethy? ether-acetic acid (170 + 30 +
: CZI;ICIS-acetone-propanoI-Z (165 + 30 + 5)

. Toluene-ethyl acetate-CHCI3-90% formic
acid (10 + 50 + 50 + 20) (22:04)

. Toluene-ethyl acetate-90% formic acid (100
+ 90 + 10) (22-24)

: Bz%nzene-CHCB-acetone (90 + 80 + 30)

(
To?uene-ethyl acetate (50 + 1508 626)
gooluene-ethyl acetate-CHCI3 (80 + 70 +

9. Ethyl ether-cyclohexane (150 + 50) (26)

10. CHCI3-ethanol (170 + 30) (22, 23)

11. CHCI3methanol 5185 + 15

12. Toluene-ethanol (100 + 100) 26&

13. {zosl)u(esrlg-ethyl acetate-CHCI3(200 + 50 + 50)

14, Tquene-CHCI3-acetone640 + 140 + 20)

15. Toluene-CHCl3-acetone-90% formic acid (30
+ 150 + 20 + 4) (23, 24) _

16. Toluene-ethyl acetate-CHCI3-90% formic
acid (90 + 45+ 50 + 5) (23, 24)

1. T203Iu2e£1)e-CHCI3-ethyI acetate (25 + 145 + 30)

18. Toluene-CHCI3(10 + 190) (23, 24)

19. Ethyl ether-hexane-ethyl acetate-90% for-
mic-acid (70 + 90 + 40 + 2) (24)

20. %SICIS-methanoI-hexane (128 + 2 + 70)

21. Ethyl ether-hexane-ethyl acetate-90% for-
mic acid (50 + 100 + 50 + 1)

22. Toluene-ethyl acetate (65 + 13?3 .
23. Toluene-ethyl acetate-CHCI3-90% formic
acid (105 + 45 + 48 + 3) o
24. Toluene-ethyl acetate-90% formic acid (100

+ 95 + 5) (34)

Extraction and Cleanup

For apples, pears, and their jams, blend with
electric mixer to homogeneous paste. Weigh 60
g sample (for juices, take 60 mL) and place in 500

Lo~ oo o1 B~ w
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mL amber, glass-stopper Erlenmeyer flask. Add
180 mL acetonitrile and 20 mL 4% aqueous KC1,
stopper (secure stopper with masking tape), and
shake vigorously 30 min. Filter extract through
9 cm MN 640w paper. Collect 60 mL filtrate and
place in 200 mL amber separatory funnel (PTFE
stopper and stopcockz. Add 30°mL water and
shake 30s. Add 40 mL chloroform, stopper, and
shake 15-20 5. Let separate into IaYers. Filter
| e) through
9or 11 cm MN 640w i)aperfllled to top_ with an-
hydrous sodium sulfate. Collect filtrate in
ﬁ)ear-shape 8Iass tube. To remaining aqueous
ayer,add 2.0 mL IN HC1 and shake. Add 20 mL
chloroform, stolf__)per, and shake 20s. Let separate
into layers. Filter lower (chloroform) layer
through anhydrous sodium sulfate used previ-
ously and add to filtrate already collected in
pear-shape glass tubes. Repeat extraction of
aqueous layer 3 times with 10 mL CHC13 each
and filter each extract as before.
Placeé)ear-shape glass tube in rotary evapo-
rator and evaporate contents to 2 mL at 50-55°C
(water bath) with vacuum (depression = 0.6-0.7
kg/cm2). Cool tube and wash walls with three
1'mL portions of CHC13, carrying liquid to nar-
row graduated part. Evaporate to 0.1-0.2 mL
gCautlon: Do not evaporate to dryness) at 50-
5°C with vacuum (depression = 0.7-0.85 kg/
cm2). Whenever vacuum is interrupted, nitro-
%en Eas must be added. Cool, and add CHC13 to
mL division of narrow qraduated section.
Stopf)er and shake vigorously on tube shaker.
Final extract volume for TLC will be 1.0 mL (1.0
mL CHCI3solution = 18 g extracted sample or 18
mL for juices). Place extract solution in amber
minivial with Teflon stopper (22, 23).

Thin Layer Chromatography

Patidin (plates A, B, and C).—On imaginary line
4 ¢cm from bottom of plate (j), Flace following
spots at 1 cm intervals, in middle of strip:  two
of 10 pL extract solution Edo not use strips at
edges of plate). Toone spo _correspondm? to 10
pL, superimpose 3pL(§)atuI|n standard solution
(internal standard). On aclear strip, place 3 pL

atulin standard solution (external standard}.

ake care that diameter of spots, once total vol-
ume has been deposited, does not exceed 2-2.5
mm (dry spots with mtro%en gas). Draw
transverse line on TLC plate 12 cm from imagi-
nary line as solvent stoP.

Place in TLC separating chamber ca 200 mL
developing solvent, ca 1.4-1.5 cm, cover, and let
stand 5 min. Then insert TLC plate into cham-
ber in exactly vertical position with silica gel
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surface 3-5 cm from front wall of chamber.
Cover and develop in unsaturated chamber until
solvent front reaches height indicated before.
DeveIoP_ plate A with developing solvent 22 or
23; confirm with plates Band C by developing
with solvents 8 and 9 or 24, respectively.

Remove plate from tank and let dry in dark
hood. Force final dryln? wizh gentle current of
nitrogen gas or moderately hot air (not more than
35-40°C). Spray TLC plate with MBTH solution
until layer appears wet. Heat 15 min at 130°C
(21), and observe under visinle light for reflec-
tion and transparency at same time; patulin
shows yellow spot. Then observe under 366 nm
UV light; patulin shows yellow-brown fluo-
rescent spot. Compare samFIe chromatogram
pattern with that of internal standard and ex-
ternal standard (same Rfvalue and color identical
to patulin standard in the 3 chromatoplates).
Spray TLC plate with 90% formic acid-water (2
+ 98] until IayerappearswetSspray generously):
leave at room temperature 30 min or more and
observe under 366 nm UV light. Patulin shows
yellow-orange fluorescent spot and improved
visualization against background. Under 254
nm UV light, yellow-orange spot of patulin is
visible but less intense than previously (34?\]

Other developing solvents for patulin: Nos.
1, 7,10, 11, 12,13." Good results are obtained
with developing solvents 8 and 9to which 1 mL
90% formic acid has been added, developing
solvents 1, 10, 11, 12, 13, to which 0.5 mL 90%
formic acid has been added (34).

Aflatoxins G2, Gj, B, Bj (plates D, E, and F).—
See patulin section for spotting, developing, etc.,
but use aflatoxin working solution. Develop
plate D with developing solvent 1. Observe
under 366 nm UV light.” Aflatoxins Bi and B2
show blue fluorescent spot; aflatoxins Gj and G2
show blue-green fluorescent spot. Spray plate
with H2S0 water%l+ 3); observe under 366 nm
UV light (22, 23, 26). Aflatoxins show yellow
fluorescent spot. Order of appearance from
lesser to greater Rf is aflatoxin G2, Gi, B2, Bi.

Confirmation (plates Eand F).—Treat hoth plates
with trifluoroacetic acid (23, 30) and develop
with solvents 2 and 3, respectively. Observe
under 366 nm UV li hté22 23,30).” Spray with
H2504-water (L + 3) and observe under 366 nm
UV light (22, 23, 26, 30). Compare sample with
internal and external standards. _

Other developing solvents for aflatoxins:
Nos. 4,5,6. Note: Confirmation with trifluo-
roacetic acid is also possible with developing
solvents 1,4, 5, 6.

Citrinin (plates G, H, and 1).—Use TLC plates

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

impregnated with oxalic acid. See patulin sec-
tion for spottmlg, developln%, etc., but use citri-
nin standard solution. Deve 08 plates G, H, and
| with developing solvents 20, 19, and 16, re-
spectively. Observe under 366 and 254 nm UV
light; citrinin shows yellow fluorescence that is
less intense under 254 nm UV light (22-24, 26).
Expose plates G and H to NH3vapor for 10-15's
i22-24g and observe under 366 and 254 nm UV
ight ( 4%; yellow fluorescence of citrinin disap-
pears. Spray plate I with aluminum chloride
solution, heat 5 min at 105°C, cool, and observe
under 366 and 254 nm UV light (22-24); citrinin
shows sky blue fluorescence, more intense under
366 nm UV light. Expose plate 110-15sto NH3
vapor and observe under 366 and 254 nm UV
light; the sky blue fluorescence of citrinin does
not .com(g)letel (disappear, at least in spots con-
taining 0.1-0.2 jug/spot. Compare sample with
internal and external standaras. Other devel-
%ng solvents for citrinin:  Nos. 14, 15, 17, 18,

Quantitative Analysis

Once toxins have been identified on all TLC
plates by comparison of extract spots with in-
ternal and external standards, proceed to quan-
titative analysis for positive samples.

Chromatograph a series of dilutions from
sample extract to determine lowest dilution at
which mycotoxin can still be detected. From
lower limit of detection (sensitivity on TLC
plates, jug/spot) and dilution factor, calculate
quantity of mycotoxin (22, 23, 34). .

Relate volume of spot for which mycotoxins
can be verified with sensitivity on TLC plates for
mycotoxin in question (see Table 1). Interpolate
between 2 volumes if necessary.

pg Mycotoxin/kg or L product
= (D X F X 106)/(a X W)

where D = sensitivity on TLC plates (see Table
1), Irg/spot of corresponding mycotoxin; F = total
factor of dilution in mL; a = volume, pL, corre-
sponding to spot of least mycotoxin detectable
on TLC plate; IV = weight of sample, g or vol-
ume of sample, mL (see text = 60 ¢ or 60 mL).

Results and Discussion

‘Table 1gives the sensitivity on the TLC plate
(limit of detection, jug/spot) of corresponding
mycotoxins. Recoveries (%) and minimum, de-
tectable concentrations (jug/kg) of mycotoxins
added to various products are given in Table 2,
based on 5 determinations (each value is the
mean of 5samples). The samples of juices and
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Table 1. Sensitivity (limit of detection, Mg/spot) on TLC plate for 6 mycotoxins in pure solution and in extracts of
various products
Std toxin
. o 1o mL
Mycotoxin Visualization Soin of std, My agggé?ut?t,fwg
Patulin MBTHvisibl . .05-0.
Patulin MBTH%UV%SG nm gg? 99?%31
Citrinin UV 366 nm 0.0009 0.001-0.002
Clﬁrlnm_ AICI3/UV 366 nm 0.0009 0.001-0.0015
Aflatoxin B[
PrGl . UV 366 nm 0.00035 0.00035-0.0004
Aflatoxin Bi
or Gl H.S04/UV 366 nm 0.00020 0.00020-0.00025
Aflatoxin B2
or G UV 366 nm 0.00030 0.00030-0.00040
Aflatoxin B2
or G2 H2S04/UV 366 nm 0.00020 0.00020-0.00025

s Product = extracted sample solution of the following products: apples, pears, and juice and jam of apples and pears.

jams analyzed did not contain preservatives.
Either natural or artificial direct light should

be avoided during analysis. Working tempera-

ture during plate development should be 22-
24°C. Once the analysis Is begun, steps should
not be delayed, esgemally quantitation by the
detection limit method; quantities of mycotoxin
are low, and significant losses can occur.

For the patulin reaction with MBTH, obser-

vation of the TLC plate while hot improves the
visualization of this mycotoxin (31). ' The stan-
dard should not be stored as a thin film after
evaporation because of decomposition. 1f TLC
is not Berformed the same day, the solution
?glould e frozen to avoid evaporation of solvent
urdaspal and Pinilla (10) found patulin in
about 53% of samples analyzed (about 104) of
naturally rotted apples, with concentrations be-
tween 1and 250 mg/kg. In naturally rotted
pears, they found patulim in about 33% of sam-
Bles analgzed (about 24LWIth concentrations
etween 0.9 and 10 mg/kg. Aflatoxin Bxand
citrinin were found in one apple. They inocu-
lated P. expansum in several apples, and after in-
cubation and analysis, found patulin and citrinin
(1.2 mg/kﬂ). Concentrations of patulin found
in naturally rotted apples were as high as 136
mg/kg fruit (162 Patulin was found at l.Omgi/L
inone of the 12 sample arpple uices analyzed (11).
In 37% of 136 samples of apple juice, patulin was
detected at levels between 40 and 440 pg/L, with
an average of 69 pg/L {.11), Burdaspal and Pi-
nilla (10) detected patulinin 50% of 12 samples
of naturally rotted apricots at levels of 2-13
mg/kg and-also in rotted peaches at levels of 20
mg/kg. Concentrations of patulin in apple juice
(20-120 pg/L) were lower FZ).

Frank (20) studied different varieties of apples
and i)_ea_rs sufferlng from brown rot and found
patulin in about 50% of samples analyzed (about
120). Levels of patulin as high as 1H/kg rotten
material were found 2-3 days after the fruit was
removed from 5 months of cold storage (22).
The author also found the following occurrences
of patulin in apple juice 320): commercial apple

juice, contamination in 61% of samples analyzed

(about 13), maximum level 300 Mg/L; commercial
apple cider, contamination in 4% and 100% of
samples analyzed (about 95 and 5 samples, re-
spectively), maximum levels 25 and 45 ppm, re-
spectively; other commercial apple cider, 60% of
samples contaminated (about 15), maximum level
0.3 ppm; commercial sweet apple cider, 0.8% with
contamination (12 samples analyzed?, maximum
level 1 ppm; commercial sweet apple cider (un-
fermented apple juice), one sample analyzed,
maximum level 1 ppm.

We found patulin in 66.6% of samples ana-
lyzed E)about 30) of naturally rotted apples at
levels between 0.8 and 100 mg/kg. About 20
samples were contaminated with patulin, 5
samples were contaminated with aflatoxin Bj and
citrinin at 20-200 Mg/kg and 300-3000 Mg/kg
re_s&ec_tlv.ely, and 3 samples were contaminated
with citrinin at 1000-2500 Mg/kg. N
The method described is rapid and sensitive;
8 samples can be analyzed on each TLC plate.
Burdaspal and Pinilla (10) used the method
(22-24) for determining patulin, aflatoxins, and
citrinin in fruits and found it preferable’\SlO) to
the Sommer et al. (32) and Wilson and Nuovo
L3_3)_ methods. With the method described here,

igia Martins (unpublished) found patulin in
53.8% of samples analyzed (about 13) of naturally
rotted apples, at 200-4100 Mg/kg; about 7 samples
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were contaminated with patulin, and 3 samples
were contaminated with citrinin at 300-1700
¢19/kg. In 2 analyses of naturally rotted Pears
one sample contained 1000 /rg/kg of patulin

As far as quantitative analysis is concerned, we
believe that the method described is more accu-

o rate than the method of comparing different in-

tensities of standard, because it is easier for the
human eye to detect the least mycotoxin spot
seen than to compare intensit g ty of that spot with
the same intensity of standar
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Survey of Vomitoxin Contamination of 1980 Ontario White Winter
Wheat Crop: Results of Survey and Feeding Trialsl

H. LOCKSLEY TRENHOLM, WILLIAM P. COCHRANE,2 HUGUETTE COHEN,2
JAMES |. ELLIOT, EDWARD R. FARNWORTH, DOUGLAS W. FRIEND,
ROBERT M. G. HAMILTON, JAMES F. STANDISH,3 and

BRIAN K. THOMPSON4

Agriculture Canada, Research Branch, Animal Research Centre, Ottazva, Ontario,

Canada K1A 0C6

During the harvesting of the 1980 Ontarig white
winter wheat crop, producers noticed pink discolor-
ation on kernels; this was attributed to Fusarium
mold. Grain elevator and hoatload samples. were
anaIYzed for mycotoxin contamination. Vomitoxin
levels up to 88pm were detected in samples from
southwestern Ontario. Other suspected mycotoxins
were either nondetectable or "present “in trace
amounts. Fusari'um-contaminated wheat and clean
wheat were added to swine and poultry diets for
feeding trials. Feed refysal and decreaSed weight
gains were observed in BI%S fed diets containing 0.3
and 0._7Ppm vomitoxin, but there was no vomiting or
other ill effects. Adult roosters and Iarlnﬁ hens'ted
diets containing vomitoxin levels simifar fo those of
the pig diets did not show any overt toxicological
effects. Chemical analysis of Suspected field Cases
of vomitoxin-contaminated feed did not reveal high
vomitoxin levels.

Reports of feed/food refusal and vomiting in
animals and humans date as early as 1916 (1-5).
Emesis was observed in swine after ingesting
moldy corn and “scabby™ grains (3, 6, 7), but
swine refused corn acceptable to cattle and
poultry (8). In 1973, Vesonder et al. (9) isolated
vomitoxin from Fwsnniiw-contaminated corn and
demonstrated that the toxin produced emesis in
swine.

Vomitoxin is amold metabolite found in corn
and cereal grains contaminated in the field by
uszi ium graminearum Schwabe teleomorph Gih-
Crella zcae ﬁSchw.) Petch (10-15). The reddish
mold usually begins growing at the ear tip, a
condition commonly referred to as "pink ear
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Eaﬁorato[y ervices Btwsf%n;mﬂo. %SSE Engr}neermg and
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rot." In the field, infection of corn by G. zeae is
favored by low temperatures with concomitant
high moisture conditions. Once vomitoxin is
produced by the mold, it persists and cannot be
disguised with feed additives, nor does it disap-
pear with time (8). _ _
In July 1980, Ontario farmers harvesting their
white winter wheat crop noticed Sﬁrou_tmg and
pink coloration on the kernels. Chemical anal-
ysis confirmed the presence of 2-deoxynivalenal,
or vomitoxin. Thlsgaper_ reports the results of
asurvey of the 1980 Ontario white winter wheat
crop for vomitoxin and other mycotoxins. Ex-
ploratory feeding trials were carried out at the
Animal Research Center to determine the effects
of feeding low levels of vomitoxin to swine and
poultry. In addition, several farms were visited
where vomitoxin contamination was the sus-
F_ected cause of vomiting and feed refusal in
ivestock.

Experimental

Sample Collection and Preparation

The Canadian Grain Commission submitted

41 wheat samples, representing individual pro-
ducer shipments, to_Agriculture Canada for
chemical analyses. Thirty-six samples, repre-
senting boatloads or partial boatloads, of grain
loaded at terminal or export grain elevators were
also forwarded for analysis.
_ The representative samples (5 kg) were de-
livered unground and immediately stored at 4°C.
Before ana[YS|s, all samples were ground in a
hammer mill to pass a 2 mm screen and mixed
%hl(()roughly; 600 g representative samples were
aken.

Thin Layer Chromatography (TLC)

Suspected samples were analyzed for the my-
cotoxins ochratoxin A, zearalenone, sterigma-
tocystin, aflatoxins (Bj, B2 Gj, G2), and patulin b
using the acidified acetonitrile extraction—TL
method described by Stoloff et al. (16). Citrinin,

oSN AR i
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Table 1. GC-MS analysis of trimethylsilyl derivatives of trichothecenes a
MycotoxIn Retention time, s lons monitored, m/z
Vomitoxin 177 512, 497, 235
DAS ) 214 378, 350, 290
Neosolaniol 318 436, 350, 193
T-2 436 436, 350, 290
HT-2 444 466, 377, 347

a Criteria used for positive identifications: all 3 ions characteristic of agiven mycotoxIn rose and fell simultaneously; they
had the same relative abundance as the pure standard material; and the retention time was identical to the standard.
Quantitation was carried out by comparison of peak areas of the sample to those of pure standard.

penicillic acid, rubratoxin, luteoskyrin, T-2 toxin,
and diacetoxyscirpenol were also included in the
TLC standard. _

Reference standards for thin layer chroma-
tography were purchased as follows:” ochratoxin
A, citrinin, and luteoskyrin (Supelco Inc., Belle-
fonte, PA); T-2, aflatoxins Bj, B2, Gi, G2, patulin,
diacetoxyscirpenol, rubratoxin, sterigmatocystin,
and penicillic a_mdl\ﬁ&gma Chemical Co., PO Box
14508, St. Louis, MO 63178); and zearalenone
(Myco-Lab Co., Chesterfield, MO 63017).

Derivatization and Determination of
Trichothecenes

Twenty g samples were extracted in 500 mL
Erlenmeyer flasks by shaking 1 h with 250 mL
methanol-vv_aterél + 1) on awrist-action shaker
¥17) and filtered directly into 1 L separatory
unnel. The residue was washed with two 50 mL
portions of methanol-water. The filtrate and
washings were combined and extracted with two
200 mL portions of methylene chloride-ethyl
acetate (1 + 1). The resultant extracts were
combined and dried over 40-50 g anhgdrous
sodium sulfate, filtered into a round-bottom
flask, and evaporated to dryness. If water resi-
dues remained, the sodium sulfate drying pro-
cedure was repeated. The residue was trans-
ferred to a 15mL graduated centrlque tube with
two 3 mL portions of methylene chloride-ethyl
acetate and evaporated to dryness. /-_\nhYdrous
pFrldme (900 /ulz}, 50 gL TSIM (N-trimethylsil-
ylimidazole), and 50 gL TMCS (trimethylchlo-
rosilane) were added and maintained at 60°C for
1 h on ablock heater with occasional shaking;
samples were then ready for analysis via gas
chromatogra}gm-ma.ss spectrometry (GC/IM L

TSIM and TMCS silylation reagents were ob-
tained from Chromatographic Specialties,
Brockville, Ontario. Vomitoxin (2-deoxyni-
valenol) was obtained from Myco-Lab Co.; DAS
gd[acetoxysmrpenql) and T-2 toxin from Apf)lled

cience Laboratories, PO Box 440, State Co Iege,
PA 16801; and HT-2 from Sigma Chemical Co.

Stock solutions (I mg/mL) were prepared in
ethanol with Warmm% and stored in the freezer.
After evaporation of 20 gL stock solution, 2 mL
toluene-acetonitrile (95 + 5) was added to give
10 ¢ig/mL Workmg solutions. Silyl derivatives
were preBared as described ahove.

A combined gas chromatography-mass spec-
trometry (Finnigan Model 4000 GC-MS system
equipped with an INCOS data system, Finnigan
Corp., Sunnyvale, CA) was used. The mass
spectrometer was operated in the multiple ion
monitoring mode for maximum sensitivity and
reasonable specificity. The GC column was 1 m
X2mm %d) %Iass, packed with 3% SE-30 ultra
phase on 80-100 mesh Chrom 705. The column
was held at 220°C for 3 min, pro?rammed from
220 to 260°C at 10°/min, and held at 260°C for
2min. Table 1shows retention times and the
characteristic ions monitored for the 5 myco-
toxins analyzed under the above conditions.
The lower limit of detection was 0.05 ppm.

MeasurementofFusarium-Staining

The percent Fusarium-stainin% in wheat sam-

ples was estimated by taking 500 g aliquots of

wheat, weighing those kernels which apf)eared

“stained” or contaminated with pink mold, and

gxp_ressmg results on a percent (%) by weight
asis.

Feeding Trials

Sunne.—A preliminary study was conducted
with 18 Yorkshire gilts fed one’of 3 grower diets
containing 70% wheat: vomitoxin-contaminated
wheat, clean wheat, ora mixture (50 + 50, w/w)
of these 2 wheats. The barley-wheat-soybean
diets were otherwise identical and met or ex-
ceeded NRC (19792}Irecommended nutrient re-
quwements,&lﬁ). igs were housed 3 to a pen
and fed ad libitum; 2 pens of pigs were fed each
diet. Feed consumption was determined daily
and individual body weights were recorded
every 3 days. Attheend of the 21-day feeding
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Analysis for vomitoxin in samples from 1980 Ontario white winter wheat crop— producers’ samples

(Nos. 2-5 CE)b Canada Feed grade Ungraded
Fusarium
stained No. of Vomitoxin, No. of Vomitoxin, No. of Vomitoxin,
kernels, %a Samples ppm samples ppm samples ppm
<0.10 6 NDC 12 ND 3 ND
0.11 - - 1 0.32 -
0.12 - - 4 2-ND, 0.77, 1.40 - -
0.15 - - 1 0.81 - -
0.17 1 1.23 - - - -
0.20 2 0.71, 3 ND, 0.50, 0.68 - -
1.27
0.33 - - 1 ND - -
0.60 - - 1 151 - -
0.70 - - 1 2.10 - -
0.80 - - 1 1.72 — -
1.0 - - 1 2.00 1 3.64
6.0 - - 1 5.70 - -
12.0 - - 1 8.53 - —
a % by weight.

» CE efersgto Can qa Eastern.
¢ ND = nondetectable.

trial, post-mortem examinations, which included
weighing major organs, were carried out.

Poultry.—Experiments were conducted with
96 White Leghorn adult cockerels and 306 pul-
lets. After a 24 h fast, cockerels were force-fed
50 g aliquots of cracked or cracked and pelleted
clean wheat, vomitoxin-contaminated wheat, or
a 50 + 50 (w/w) mixture. Starting 24 h after
being force-fed, each bird was fed ad libitum for
the next 7 days with the same wheat preparation,
respectively. Individual body Wel(};hts were
obtained at the beginning and end of the ad i-
bitum feeding period. ~Pullets were given
wheat-soy (19(); diets that contained either clean
wheat, vomitoxin-contaminated wheat, or a 50
+ 50 mixture for 10 weeks. Feed intake, body
weight change, and egg production were re-
corded. Post-mortem examinations were then
done on 6 cockerels for each wheat preparation
and 18 pullets for each experimental diet.

The control sample, defined as clean winter
wheat, contained no detectable levels of vomi-
toxin and only trace amounts (<0.01 ppm) of
zearalenone.

Field Studies

~ When outbreaks of suspected mycotoxicoses
in Ontario and Quebec were brought to our at-
tention, on-site visits were carried out (by the
authors ER.F. and H.L.T.) to acquire information
on the nature and extent of mycotoxin problems.
Representative samples were collected for
chemical analysis for mycotoxins.

Results and Discussion

Chemical Analysis

Although several surveys have been carried
out for vomitoxin in corn and other field crops
(11,14,15, 20, 21), this i)aper is the first reported
survey of vomitoxin levels in Ontario white
winter wheat. In the fall of 1980, a Iar?er than
normal number of winter wheat samples were
submitted by local elevators in Ontario to the
Canadian Grain Commission for official ?radmg.
This was due to the large 3uant|ty of wheat
which was being down-graded to "Canada Feed"
grade by the local elevator operators because of
the high degree of sprouting found in the wheat.
Many samples contained higher than normal
amounts of pink-stained kernels, Forty-one
samples were submitted to Agriculture Canada
for chemical analysis, and many contained
vomitoxin. The highest levels of vomitoxin
contamination were found in wheat from the
counties of Elgin, Kent, and Lampton located
between Lake Huron and Lake Erie in south-
western Ontario. Twenty-eight samples were
graded as "Canada Feed;" 9 were graded as No.

, 4, or 5 Canada Eastern (CE) white winter
wheat; and 4 had no official grade (Table 2). The
Fercent Fusarium-stained kernels ranged from a
ow of 0.01% to a high of 12%. o

No measurable amounts of vomitoxin were
found in samples containing 0.10% or less of
Fusarium-stained kernels. However, analysis did
indicate much higher vomitoxin levels in Canada
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Analysis for vomitoxin in samples from the Ontario white winter wheat crop— boatload samples

Fusarium (Nos. 2-5 CE)6 Canada Feed grade
stained No. of Vomitoxin, No. of Vomitoxin,

kernels %a samples ppm samples ppm
0.00 6 3-ND, 0.14, 0.16, 0.30 2 ND
0.01 - - 2 ND
0.02 - - 3 2 ND, 0.25
0.03 2 0.28, 0.41 2 ND, 0.38
0.04 - - 2 0.15, 0.23
0.05 1 ND 2 ND, 0.25
0.06 - - 2 ND
0.07 1 0.32 - -
0.08 - - 1 ND
0.10 1 0.16 5 ND, 0.06, 0.08, 0.36, 0.38
0.12 - - 1 0.50
0.16 1 0.14 1 0.46
0.17 - — 1 0.42

3% by weight.

b CE refers to Canada Eastern.

Feed grade wheat and the 4 samples of ungraded
wheat than in the wheat which made numerical
grades, i.e., grade Nos. 3-5 CE. Forty-three
percent of the Canada Feed samples, 33% of the
numerical grade samples, and 1 of 4 of the un-
graded samples showed vomitoxin levels above
the 0.05 ppm limit of detection.

Multi-mycotoxin analysis indicated that none
of the mycotoxins screened for was present at
levels above the limits of detection in any of the
41 samples analyzed. _

Twenty-four samples representing boatloads
or partial boatloads of blended wheat from
shipments totaling 207 067 tons were Canada
Feed grade. Table 3 shows the vomitoxin levels
found in the 36 official samples drawn by the
Canadian Grain Commission durin boatloadlng
operations. Compared with the Canada Fee
grade samPIes from producers (Table 2), the av-
erage level of vomitoxin was much lower in the
blended boatload samples (Table 3). For boat-
load samples, vomitoxin levels in the "Canada
Feed" grade samples were essentially the same
as in the numerical grades. _

There were noticeable differences in the per-
centage of Fusarium-stained kernels. In the
boatload samples of Canada Feed wheat (Table
3), 87% contained 0.10% or less of Fusarium-
stained kernels compared with 43% in the indi-
vidual producer's shipments (Table 2). When
weighted for the size of shipments, samples
containing 0.10% or less Fusm/urn-stained kernels
accounted for 80% of the Canada Feed wheat
shipped through the Great Lakes system.
However, a considerable proportion of the

boatload samPIes containing low levels of
stained kernels showed measurable levels of
vomitoxin, while none of the producers’ ship-
ments with 0.10% or less of Fusarium-stained
kernels contained vomitoxin. A possible ex-
planation is that blending resulted in dilution to
the point that the Fusarium-staining could not be
detected, yet chemical analysis could measure
vomitoxin content.

Mycology

Neish and Cohen (22) analyzed vomitoxin-
contaminated samples of white winter wheat
from southwestern Ontario for the presence
of Fusarium species. Fusarium graminearum
Schwabe, F. poae %Peck? Wollenweber and F.
sporotrichioides Sherbakotf sensu Seemiiller were
isolated. F. graminearum was the predominant
species and, of 6 isolates tested, all produced
vomitoxin in vitro. Canadian isolates of the
other 2 species are not known to produce vomi-
toxin.

Feeding Studies —Swine

In 1973, Vesonder et al. (9) isolated an emetic
factor, vomitoxin, from Fusarium-iniected corn.
Forsyth et al. (23) demonstrated a dose-_resFonse
relationship between dietary vomitoxin levels
20-40 ppm) and feed consumption in swine. At
3.6 ppm vomitoxin, they reported a 20% decrease
in feed intake. _ _ .

F_e_edln% trials were carried out in our animal
facilities fo assess the nutritional/toxicological
effects of low levels of vomitoxin-contaminated
wheat on swine. When pigs were fed grower-
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Table 4.  Field studies of suspected mycotoxin outbreaks in Ontario and Quebec
Vomitoxin, Zearalenone,

Location Species Symptoms ppm ppm
Smithville, Ontario pig vomiting; feed refusal 0.95 0.13
Barrie, Ontario pig pink mold; feed refusal 0.03 0.007
Buckingham, Quebec Pig vomiting; feed refusal; 100 0.14 <0.002

out of 500 pigs died

Buckingham, Quebec cattle 2 ou.t.of 7 cattle died
Hanover, Ontario pig vomiting <0.05 <0.2

finisher diets containing contaminated wheat
(1.0 ppm vomitoxin), feed refusal in some pens
of pigs was evident during the first 1-3 days.
Average daily gains for the 21_-dai/ study were
certainly related to vomitoxin levels: 0.68
k%/day for pigs fed vomitoxin-contaminated
wheat vs 0.82 kg/day for pI%S fed a diet con-
taining contaminated wheat diluted 50 + 50 with
clean wheat. In contrast, BIgS fed the control
diet gained 0.95 kg/day. Post-mortem exami-
nations of the pigs at the end of the study did not
ide  lany organ damage or differences in
organ weights corrected for body weights.
There was no evidence that the vomitoxin-con-
taminated feed caused vomiting in any of the
treated animals.

Feeding Trials—Poultry

Preliminary studies by Featherston (24) sug-
gested that poultry may be more tolerant; no
differences were observed in weight Palns and
feed efficiencies of chicks fed normal and Gib-
berella zeae-infected corn. Adams and Tuite (253
reported decreased egg production and fee
consumption of laying hens fed corn heavily
damaged by G. zeae; no analyses were carried out
to determine what toxin levels were fed. The
decreased performance could have been due to
vomitoxin and/or other contaminants in the
feed. More recently, Huff et al. (26) reported an
acute LD50 for vomitoxin of approximately 140
mg/kg for young broiler chickens.

_The feeding trials in our laboratory were de-
signed to investigate nutritional and toxicology
parameters at much lower levels of vomitoxin
administered daily over a period of several
weeks. Close observation of adult roosters im-
mediately after they were force-fed 50 g aliquots
of clean wheat, vomitoxin-contaminated wheat,
ora 50 + 50 mixture of these wheats, or when
they received these wheat preparations ad libi-
tum indicated no noticeable changes in their
behavioral patterns and appearance. Providing
the preparations in the form of either cracked or

cold pelleted wheat had no significant effect on
the results. Post-mortem examinations of the
roosters at the completion of the 7-day experi-
ment indicated no gross lesions in the internal
orgians. _ o .
_ Incorporating vomitoxin-contaminated wheat
into laying diets for young pullets indicated that
up to 0.7 ppm vomitoxin in the diet had no effect
gr >0.05) on feed intake and egg production.

here was no indication that ingestion of the
vomitoxin-contaminated wheat produced any
organ damage (27). o

A great deal of research is still needed to es-
tablish the levels of vomitoxin-contaminated
?raln which are safe to feed to various classes of
arm animals. Many questions need to be an-
swered, for example, are the symptoms observed
due to vomitoxin or to interactions of several
toxins present in the feedstuff? Is there a re-
sponse to the fungus itself? Is there a purely
nutritional implication? Several studies have
not reported vomitoxin levels for the feeds used.
Our findings indicate that feed consumption and
weight gains can be reduced in swine ted vomi-
toxin-contaminated wheat at levels as low as 0.3
ppm. In the poultry experiments, no major
differences were observed in feed consumption
or egg production. However, no gross organ
damage was observed in any of the pigs or
poulttry examined at the termination of experi-
ments.

Field Studies

The results of 4 field cases during the sum-
mer-autumn of 1980 are summarized in Table 4;
in all reports, pigs were affected. In 2 instances,
commercial plg grower diets were suspect, while
in the others, barley and wheat screenings were
implicated. Based on our recent work with pigs,
vomitoxin might have been an important con-
tributing factor in the Smithville, Ontario, pigs.
In the other cases, the levels of vomitoxin and
zearalenone were lower than levels expected to
produce typical reactions.
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Preparation and Characterization of Acid Dehydration Products of

Aflatoxicol

HON_P. LAUtand FUN S. CH
Food Research Ins%tu_te, Umversng 0
and Toxicology, Madison, W 153706

Treatment of aflatoxicol with acid resulted in the
formation of dehydrated derivatives with the 23
double bond either hydrated or unaffected. Chro-
matographic and physicochemical analyses of the
purified derivatives revealed that hydration of the
2,3 double bond of aflatoxicol with simultaneous
dehydration occurred when sulfuric acid was used.
When a weaker acid such as chloroacetic acid was
used, no hydration occurred, and 2 isomeric forms of
the dehydrated aflatoxicol were obtained. Chicken
embryo assay and the Ames test revealed thatdehy-
drated aflatoxicols were much less toxic and muta-
genic than aflatoxicol. A mechanism for the dehy-
dration of aflatoxicol is proposed.

Aflatoxin Bi is produced by some toxic isolates
of AsFergiIIus flavus and A. parasiticus, and has
been found to be one of the most potent naturally
occurring carcmo%ens. Because of the wide-
spread nature of the fungi in the environment
and the reported natural occurrence of aflatoxin
Bi in many commodities, its presence in foods
and feeds has become a potential hazard to
human and animal health (1, 2). Consequently,
efforts have been made to develop a rapid and
sensitive method for monitoring this toxin in
foods and feeds (3). During the past few years,
we have been involved in the development of
mm,unoassars for a number of mycotoxins in-
cludmg aflatoxin Bj and have shown that this
method is one of the most promising techniques
for aflatoxin analysis (4-8). o
Whereas Bj is primarily found in agricultural
commodities, this toxin is known to be metabo-
lized by animals and humans to a number of
h droxKIated derivatives (9, 10). Thus, it is
likely that Bi exists as its metabolites in animal
tissues and biological fluids. Among many B!
metabolites, aflatoxin Mi was the predominant
metabolite in milk (11). Aflatoxicol has been
considered to be one of the.most important B
metabolites because there is a correlation be-
tween the presence of this metabolite in animal
tissues and body fluids with the toxmltg_of Bin
different animal species (10, 12, 13). Since we
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have aIread¥ developed an enzyme-linked im-
munoassay for aflatoxin M] (_14{, we attempted
to elicit specific antibodies against aflatoxicol. In
thest.udy 0fd_|ffe.rentmethodsforpreﬁarm af-
latoxicol derivatives to be used for the subse-
quent coupling reaction, we found that aflatox-
icol converted to dehydrated derivatives after
acid treatment. In this paper, we describe con-
ditions leading to the formation of such deriva-
tives, and the chemical, physical, and biological
properties of the acid dehydration product. A
possible mechanism for formation of such de-
rivatives is proposed.

Experimental

Materials

Aflatoxin BE] and aflatoxicol were prepared
according to the methods of Chu (15) and Hsia
and Chu (16), respectively. Chloroacetic acid
was obtained from Eastman Kodak Co. (Roches-
ter, NY). d6-Dimethyl sulfoxide ﬁdG-DMSQ) was
obtained from Aldrich Chemical Co. (Milwau-
kee, WI) and silica %el 60 (70-230 mesh) was
Purchased_from. MC/B Manufacturing Chemists,
nc. (Cincinnati, OH). All other chemicals and
organic solvents were analytical reagent grade.

Preparation of 2-Hydroxyl-Dehydrated
Aflatoxicol UZ2x)

A mixture of 3.5 mg aflatoxicol and 50 pL_10%
H2504in 3.5 mL acetone was refluxed 2h. Thin
layer chromatographic (TLC) analysis revealed
that all aflatoxicol converted to acompound that
had a lower Rf value. The mixture was cooled to
room temperature, and the solvent was removed
by evaporation. The residue was dissolved in 50
mL chloroform and washed with three 10 mL
portions of water. The chloroform layer was
dried over anhydrous Na2S04and concentrated
to a small volume. The concentrated solution
was loaded onto asilica gel 60 column (1.5 X 15
cm), washed with 200 mL 3%acetone in chloro-
form, and eluted with 5%acetone in chloroform.
Total amount of pure 2-hydroxyl-dehydrated
aflatoxicol eluted was 42 absorbance units at 350
nm.

© Assaciaton of Oicl Aveytica Cemiss, I
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Preparation of Dehydrated Aflatoxicol (Rx)

A mixture of 10 m% aflatoxicol and 250 mg
chloroacetic acid in 10 mL acetonitrile was re-
fluxed 2 h. TLC analysis revealed that all afla-
toxicol was converted to a compound that had a
higher Rj value. The mixture was cooled to
room temperature, and the solvent was removed
by evaporation. The residue was dissolved in 50
mL chloroform and washed with three 10 mL
portions of water. The chloroform layer was
dried over anhydrous Na2S0 4and concentrated
to a small volume. The concentrated solution
was chromatographed on a Florisil column (2.5
X 25 ¢cm) equilibrated with methylene chloride.
The column was washed with 20 mL methylene
chloride. The dehydrated aflatoxicol (Rx{ was
eluted from the column with 600 mL 2%acetone
in methylene chloride. The fractions contalnlng
the eluted Rxwere combined and concentrate
to yield 150 absorbance units (A 352 nm) of pure
and 63 absorbance units (A3 nm) of impure
dehydrated AFL. About 90 absorbance units
(A32nm) of an unknown |mﬁur|t3/ was obtained
by washing the column with 20%methanol in
methylene chloride.

Analysis

Ultraviolet (UV) spectra were determined in
a Beckman Model 25 spectrophotometer with a
lem ||g1ht path. Mass spectra were obtained on
a Hewlett-Packard Model 5980A mass spec-
trometer (Palo Alto, CA). Proton nuclear mag-
netic resonance spectra (NMR) were measured
in a Bruker Model HX-90E spectrometer (Bruker
Scientific, Inc., Elmsford, NY). High perfor-
mance liquid chromatographic (HPLC) separa-
tions were performed on a Waters Model ALC
202 liquid chromatograph equipped with an
A6000 pump, U6K septumless injector (Waters
Associates, Milford, MA) and a variable wave-
length UV detector set at 350 nm (LaboratorX
Data Control, Inc., Riviera Beach, FL).
liBondapak Cjg column (4 mm X 30 cm, 10 fim
article size; Waters Associates, Inc., Milford,
A) was used for all separations. Precoated
lastic TLC sheets (0.2 mm of silica gel G60,
C/B Manufacturing Chemists, Inc.) were de-
veloped with appropriate solvent systems. - After
development, plates were visualized under UV
light at long wavelength.

Chicken Embryo Assay

The toxicity of the dehydrated aflatoxicol was
tested on 7-day-old chicken embryos (Leghorn-
New Hampshire cross, supplied by the Depart-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 9

ment of Poultry Science, The University of Wis-
consin, Mad_lson? according to the method de-
scribed previously (17).

Mutagenic Assay

Bacterial mutagenesis of the dehydrated afla-
toxicol was assayed accordm%to the agar overlay
method of Ames et al. (18) as modified by
Drinkwater et al. (19) using Salmonella typhimu-
riutn TA98.

Results and Discussion

Characterization of2-Hydroxyl Dehydro-
Aflatoxicol

Because the initial objective of the present
study was to prepare an aflatoxicol derivative for
subsequent conjugation to a protein, our first
apﬁroach was to prepare the hemisuccinate.
When we found that the hemisuccinate was very
unstable, we used another aﬁproach by prepar-
ing aderivative through the hydration of the 2,3
double bond of aflatoxicol. However, extensive
analyses of the hydration product prepared by
treatment of aflatoxicol in acetone with sulfuric
acid revealed that the new derivative was not the
2-hydroxyl derivative. TLC analysis showed a
diffused spot with an Rf value of 0.2 when de-
veloped in acetone-chloroform (1 + 9, v/v).
HPLC analysis revealed 2 distinct peaks with
retention times of 4.5 min (7,0%? and 5.5 min
(30%) after elution with acetonitrile-water-acetic
acid (35 + 65 + 1 v/v/v) at a flow rate of 2
mL/min. Although those properties suggested
that hydration might occur, mass spectral data
showed that the parent peak was at m/z 314
(39%), identical with the molecular weight of the
prlﬁunql aflatoxicol. Other mass spectral peaks
inc udmg m/z (relative intensity) at 296(36),
286(21), 285(100), 259(16), and 257(55) were ob-
served. Because the M —18, M —29, and M —57
Eeaks are similar to the fragmentation Eattern_ of

2a(20,21), present results suggest that hydration
at the 2,3 position had indeed taken place. The
UV spectrum of the new derivative in methanol
showed maximal absorptions at 350 and 258 nm,
compared with aflatoxicol which absorbs maxi-
mally at 330 nm. The 20 nm bathochromic shift
suggests that an additional conjugation double
bond is formed. From the results, a structure for
the new derivative, RZXISfl’O osed in F|gure L
The acid hydration at the 2,3 double bond posi-
tion of aflatoxicol must occur accompanying an
acid dehydration of the hydrox%l_ group in the
molecule to ?lve a compound (Rixof Figure 1)
with molecular weight identical to the parent.
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hloroacetic acid

AFLATOXICOL (314] c
reflux
iy l Acetonitrile
h

Figure 1.

The 2 peaks observed in the HPLC analysis
intlght be the 2 isomers which will be discussed
ater.

Characterization of Dehydro-Aflatoxicol
(R*)

Inview of the formation of dehydrated prod-
uct after treatment of aflatoxicol in acid, we at-
tempted to prevent dehydration by lowering the
reaction temperature, using less acid catalyst, and
using aweaker acid catalyst. However, we could
not obtain a hydrated product without dehy-
drating the hydroxyl ?roup. When a weaker
acid catalyst such as chloroacetic acid was used,
the dehydrated product could be obtained in
pure form. No hydration of the 2,3 double bond
was ohserved.

TLC ana|y5|séacetone-chloroform; 1+ 9:viv)
of the compoun vith
= 0.79 (30%) and 0.71 (70%). HPLC analysis with
acetonitrile-water-acetic acid (50 + 50 + 1, v/
V/'V% ata flow rate of 2mL/min also gave 2 geaks
with retention times of 4.7 min (70%) and 5.7 min
830%). The compounds absorbed maximally at

52 and 258 nm in methanol. Mass spectral
analgsm revealed peaks at m/z (relative mtensnyg
297(20), 296(100), 268(24), 267(67), 253(27), an
225(32).  Assignment for the protons of the
NMR(d6-DMSQ), as designated to the structure
of Rxa (Figure 1) for ppm downfield from tetra-

showed 2 distinct spots with R(

(296)
Preparation of 2-hydroxyl dehydrated aflatoxicol and dehydrated aflatoxicol.

methyl silane (abbreviations: s-singlet, d-dou-
blet, t-triplet, m-multiplet, b-broadh are:
53.50(2H, s, Ha), 53.94(3H, s, Hd), ;4.81(1H, d of
t, Hc}, ¢5.42(1H, t, Hh), :6.69(2H, b-s, Heanc Hf),
56.92(1H, d, Hg), 57.14(1H, d, Hb), and 57.44(H,

d, Hj).

Tf|1e physicochemical properties of the dehy-
drated aflatoxicol are similar to the 2-OH-dehy-
drated compound in several respects. Both de-
rivatives had 2 isomers and both also had similar
UV spectra. The presence of 2 isomeric forms of
both dehydrated products is I|k_eIK due tc the
formation of carbonium ion which undergoes
rearrangement to a more stable form. The
mechanism for the dehydration of aflatoxicol is
shown in Figure 1. The molecular weight (m/z
296) and the NMR spectrum of the compound
agree very well with the proposed structure of
dehydrated aflatoxicol. Structure Rxain Figure
1is the major product, and is probably more sta-
ble than Rxb. The NMR coupling patterns of
Brotons a, b, and i are of iJartl_cuIar interest.

roton a is expected to couple with proton b to
give a doublet. However, due to the planar
structure of the cyclopentadiene ring and the
dihedral angle bétween protons a and b, the
coupling constant becomes small; thus, a singlet
was observed for proton a. For the same reason,
proton b does not couple with proton a; thus it is
only split by proton ito give adoublet.
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Biological Activityof Dehydrated Aflatoxicol

Since there is considerable evidence indicating
that the 2,3 double bond in aflatoxicol is impor-
tant for its biological activity (22), we studied the
effect of the additional bond in the dehydrated
aflatoxicol molecule on its biological activity.
Results of the chicken embryo test revealed that
the dehydrated compound was less toxic than
aflatoxicol to 7-day-old chicken embryos. All 9
embryos in the aflatoxicol group (2 qg/egg)
failed to hatch at the end of the incubation peri-
od, whereas only half of the embryos injected
with high concentrations of dehydrated afla-
toxicol ?IOJug/egg) failed to hatch. At lower
concentrations, the dehydrated aflatoxicol
showed no toxic effect on the chicken em-
bryos. _

Muta%enesw assays showed that the dehy-
drated aflatoxicol was also less mutagenic than
aflatoxicol, which is known to be less mutagenic
than aflatoxin I% (23). Aflatoxicol produced
a?prommately 700 revertant colonies at a level
of 50 ng/plate, whereas the dehydrated com-
Pound produced only 80 revertant colonies at the
evels between 50 and 500 ng/plate tested.

Previous studies have shown that although the
2,3 double bond in the aflatoxin Bj molecule is
essential for biological activity, the cyclopen-
tenone ring partalso plays an important role (22).
It has been_s_ugg_ested that whereas the 2,3 double
bond in Bi is directly involved in the covalent
binding to the macromolecules (24-27), the ex-
tensive _conAugated double bonds may be im-
portantin the noncovalent interaction with the
substrate, thus enhancing the covalent bmdmgs
(22,28). In the present study, we found that the
toxicity and mutagenicity of Rx, in which the
carbonyl group of aflatoxin Bi was replaced by
an endocyclic double bond, were considerably
lower than for aflatoxicol. This replacement to
give a cyclopentadienyl ring should confer
greater rigidity to the molecule, which may affect
subsequent metabolism and macromolecule
bindings. Although dehydrated aflatoxicol can
be prepared very easily by chemical methods, the
question of whether it is produced in vivo by
animals as one of the Bi metabolites warrants
further study.
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Hi%hh_Pressure Liquid Chromatographic Determination of Zearalenone
in

icken Tissues
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and LEON H. RUSSELL
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Texas A&M University, Department of Veterinary Public Health, College Station, TX 77843

A method isreported for the extraction and analysis
of zearalenone in chicken fat, heart muscle, and
kidney tissue by using high pressure liquid chro-
matography (HPLC). Zearalenone isextracted with
acetonitrile, cleaned up with hexane, and extracted
further with ethyl acetate. Zearalenone is determined
by HPLC using a reverse phase radial compression
separation system, an ultraviolet absorbance detector,
and a mobile phase of acetonitrile-water (60 + 40)
(viv). Recoveries of zearalenone added at levels
from 50 to 200 ng/g are in the range 82.6-95.1%.

Zearalenone is an estrogenic mycotoxin pro-
duced by Fusarium roseum (F. graminearum) and
other Fusarium spp. and commonly occurs in
?ralns and commercial preparations of mixed
eeds (1-5). The importance of this mycotoxin
and its chemistry, biological activity, and oc-
currence in food have been reported (6-10).

Corn and other grains are used extensively in
poultry feed, so the likelihood that chickens
consume zearalenone-contaminated feed is cer-
tainly very real. Recent studies have shown that
chickens are not ver3y susceptible to the effects of
zearalenone (11-13). However, residues of
zearalenone in chicken tissues may be of concern
in terms of food safety. Ithas been shown that
farm animals exposed to zearalenone in their
feed can transmit residues of the mycotoxin in
their milk (14, 15). _

Because zearalenone might enter the human
food chain via chicken tissues, precise analytical
methods are required to determine levels of
zearalenone in poultry. Although numerous
methods are available for determination of
zearalenone in plant material, the procedures are
not generally apprllc_able for analysis of animal
tissues (16, I7). This paper describes a simple,
rapid, and sensitive HPLC method for the
quantitative determination of zearalenone in
chicken fat, heart muscle, and kidney tissue.
The method involves a solvent extraction step,
sample cleanup by liquid-liquid partition, final
extraction, and zearalenone determination by
reverse phase HPLC with ultraviolet absorbance
detection.

METHOD

Apparatus

@ High  speed  homogenizer.—Polytron
(Brinkmann Instruments, Westbury, NY)..

(b) Centrifuge.—International ~ centrifuge
Model UV (International Equipment Co.,
Needham, MA). _ .

(c) Evaporators.—(I) Buchi Rotavapor-R (Rinco
Instruments Inc., Greenville, IL). (2) N-Evap
Analytical Evaporator Model 112A§|Organomatlon
Associates Inc., Northborough, MA).

(d) High pressure liquid chromatograph —Waters
Model ALC-204 equipped with M6000 pump,
UBK septumless injector, and Model 440 UV de-
tector set at maximum sensitivity of 0.005 ab-
sorbance unit full scale (AUFS) and with 280 nm
R/{Ar?ary filter (Waters Associates, Inc., Milford,

(e) Variable wavelength UV detector —Tracor
970A variable wavelength detector set at sensi-
tivity of 0.01 AUFS (Tracor Inc., Austin, TX).

(f) Liquid ch_rom_alo%raphic column.—Waters
Radial-PAK A liquid chromatography cartridge
(reverse phase). Operating conditions: chart
speed 0.5 in./min; flow rate 15 mL/min; tem-
perature ambient; injection volume 10 pL.

g) HPLC recorder. —Series B 5000 Omniscribe
(Houston Instrument, Austin, TX).

() Integrator.—Model 3390A reporting inte-
grator (Hewlett-Packard, Avondale, PA).

Reagents

(a) Solvents.—All solvents were distilled in
glass (Burdick & Jackson, Muskegon, MI).

3%% HPLC mobile phase.—Acetonitrile-water (60
+

() Zearalenone standard solution.—Dissolve 1.0
mg zearalenone in 1 mL acetonitrile. (Zearale-
none was a gift from M. C. Backman, IMC Corp.,
Terre Haute, IN.) _ _

(d) Chicken tissues.—Obtain abdominal fat,
heart muscle, and kidney tissue from 16-week-
old leghorn pullets (ca 1.2 kg body weight) fed

© AssOuition of O Analytical Chemiss, Inc
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a zearalenone-free diet for 2 weeks before eu-
thanasia with C02.

Extraction

‘Weigh 4 g samples of fat, heart muscle, and
kidney tissue in duplicate and cut into small
pieces. Add 8 mL water to each sample and ho-
mogenize in 50 mL glass-stopper centrifuge
tubes. Spike duplicate tissue homogenates with
zearalenone at the following levels: 50,100,150,
and 200 ng/g. Use a tissue sample with no
zearalenone added as acontrol in each case. Let
stand 1h. Add 25 mL acetonitrile, mix, and let
stand 1h, mixing frequently. Centrifuge 15 min
at 2500 rpm. Add 2 mL saturated lead acetate
solution, mix gently, and centrifuge 15 min at
2500 rpm.

Cleanup

Decant supernate into 125 mL separatory
funnel. Add 10 mL hexane and collect acetoni-
trile-water fraction in another separatory funnel.
Add 25 mL ethyl acetate. Discard water fraction.
Collect acetonitrile-ethyl acetate fraction in 100
mL round-bottom flask and evaporate by using
rotary evaporator. Remove residual water by
azeotropic mixing with acetonitrile. Dissolve
residue in acetone and transfer to test tube.
Evaporate to drﬁness under gentle stream of ni-
trogen in fume hood

Liquid Chromatography

Prepare serial dilutions of standard zearalen-
one solution and make triplicate injections of 50
and 100 ng zearalenone into liquid chromato-
%raph. Determine mean peak areas for 50 and

00 ng zearalenone. Add 500-750 pL acetoni-
trile to sample extracts. Inject, in triplicate, 10
pL from each duplicate tissue sample. Deter-
mine amount of zearalenone in samples by
comparing mean peak areas with peak areas ob-
tained from known concentrations of standard
zearalenone. ,

To confirm detection of zearalenone, make
sequential 10 /zL injections of 50 ng standard
zearalenone and tissue extracts with variable
wavelength absorbance detector set at consecu-
tive wavelengths of 236 and 274 nm. Record
peak areas and, in each case, determine peak area
ratio 236/274. Peak area ratios obtained for tis-
sue extracts should agree within 10%of that ob-
tained for standard zearalenone (4, 17-19).

Results and Discussion

Table 1 gives the percentage recovery of
zearalenone from spiked chicken tissues after the
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Table 1.

Ao

Percentage recovery ‘ of zearalenone added to
chicken tissues

Kidney Heart Fat

©wooco
NEERS
oo

I+ 1+ 1+ 1+
oo
©wooco
G ©oo
oo

I+ I+ 1+ 1+

[FCTICYICYICY
—— o

a Each value represents the mean £SD for 6 analyses.

described extraction and cleanup, as measured
by HPLC. The mean recoveries of zearalenone
added at levels from 50 to 200 ng/g are in the
range 82.6-95.1%. N _

Under the HPLC conditions described, the
analysis of chicken fat, heart, and kidney tissue
extracts?llelded well resolved peaks (Figure 1).
No problems were encountered in detecting and
quantitating zearalenone. The retention times
and peak areas were highly reproducible for the
range of zearalenone concentrations used in this
study. The relative standard deviations were
less than 4% for triplicate m&ectlons from du-
plicate samples for each level of zearalenone
added. Themean retention time for zearalenone
was 5.0 min. _

Figure lillustrates atypical chromatogram of
50 ng zearalenone standard and of a chicken fat
sample to which zearalenone was added at the
150 nglg level. The peak represents 5.5 n%
zearalenone (91.6% recover Aobtamed fromal
pL injection of fat extract. The zearalenone peak
Is unaffected by any interfering peaks. Chro-
matograms obtained from heartand kidney tis-
sue extracts also gave well separated zearalenone
peaks. A standard curve for zearalenone gave
a linear response from 1to 50 ng. Under the
chromatographic conditions described, as little
as 1 ng zearalenone standard can be detected
(data not shown). 1tis quite possible that this
method will allow detection of zearalenone in
these tissues at much lower levels than those
included in this study. Preliminary data ob-
tained in this laboratory indicate that the sensi-
tivity for fat samples is 6.8 ng zearalenone/g
tissue. It also may be possible to detect lower
levels by increasing the initial tissue sample size
and/or increasing the HPLC injection volume
from 10 to 20 pL. Further work is in progress to
investigate these possibilities.

Various analytical procedures have been de-
veloped for detectmg zearalenone, manY of
which are difficult and laborious. The analysis
of chicken tissues by HPLC, usm% a radial com-
pression separation system, for the presence of
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Zearalenone Standard 50ng

Inject

] T T T
Chicken Fat

RECORDER RESPONSE

Zearalenone 5.5 ng

Inject

v 2 4§
RETENTICN TINE I

Figure 1. Chromatogram (schematic) of zearalenone

standard (50.0 ng) and chicken fat extract with 150

ng/g added zearalenone (91.6% recovery). Dotted

lines refer to control fatds,atmple. See text for HPLC
conditions.

T I T T T

zearalenone has not been previously reported.
The HPLC procedure described here is simple,
rapid, and sensitive. The extraction and cleanup
Procedure.has been designed to minimize the
0ss of toxin during extraction. It was also an
effective method for removing interfering sub-
stances in the chicken tissues. This technique
was not satisfactory for the analysis of skeletal
muscle. In some muscle tissue samples, the
resolution of zearalenone was confounded by the
interference of an unidentified peak. Although
not the subject of this paFer, the technique de-
scribed may prove useful for monitoring zear-
alenone in the tissues of chickens and possibly
other food animals suspected of ingesting con-
taminated feeds. _ .

Confirmation technlques_ available for zear-
alenone include the collection of the zearalen-
one-contained eluate fraction from the liquid
chromatograph and the analysis of the material
by mass spectrometry; the formation of deriva-
tives and their subsequent analysis; and the use
of TLC with various spray reagents. The con-
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firmation procedure employed was based on the
absorbance ratioing technique described by ether
workers, and was simple, practical, and satisfac-
tory (4, 17-19).
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PESTICIDE RESIDUES

Colorimetric Determination of Pro

Vegetables

KALAPANDA M. APPAIAH, OMPRAKASH KAPUR,

KRISHNARAJPET V. NAGARAIJA
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poxur and Its Residues in

and

Central Food Technological Research Institute, Mysore-570013, India

A method has been developed for the determination
of Eropoxur (o-lsopropoxyPhenyI Af-methylcarba-
mate) hased on the hydrolysis of propoxur with
methanollc.Pota,ssmm gdroxuje to its phenol and
coupIngi]m h diazotized 4 4-diaminodiphenyl sul-
fone, The orange complex formed has an absorption
maximum at 500 nm and obeys Beer's law in the rang]e
0.25-5.0 pg/mL. The method can be applied to levels
as low as 0.5 ppm propoxur from vegetables.

Propoxur (o-isopropoxyphenyl N-methylcarba-
mate) is anonsystem_lc carbamate insecticide used
ona I_ar?_e scale against a broad spectrum of in-
sects in field crops, fruits, vegetables, ornamen-
tals, and flowers. It has also been extensively
used for residual indoor applications against
mosquitos, cockroaches, and flies. Pro,o_oxur
residues have been determined b gas- I(iUId
chromatographic (7GLC) methods (1-6), colori-
metric methods (7-13), thin layer chromato-
graphic (TLCJ methods (14, 15), and TLC-enzy-
matic methods (16,17). Although GLC is ideal
for detecting and estimating pro(s)oxur, its use is
often limited by availability and cost of equip-
ment. Unavailability of other chromogenic re-
a?ents has, at times, necessitated a search for an
alternative chromogen. o

We developed asensitive colorimetric method,
using the chromogenic salt 4,4-diaminodipheny|
sulfone, which is more sensitive than other col-
orimetric methods (7-13).

METHOD

Apparatus and Reagents

E(’a) _Sﬁectrophpt_ometer.—Perkin Elmer Model
475 with 1cm silica cells. _

(b) Blender.—Fire and explosion proof (Russel
& Stall Waring Products Division, Dynamics
Corp. of America, New Hartford, CT). .

(c) Chromatographic column.—400 X 20 mm id
Pyrex glass column with integral reservoir.

(d) Propoxur.—99% pure (Bayer (India) Ltd,

Received February 9,1982. Accepted May 10,1982.

Thana, Maharashtra, India). Prepare working
standard containing 100 pg/mL methanol.

(e% Methanolic KOH.—Prepare IN KOH in
methanol. _

éf) Sodium nitrite. —AR grade (Sarabhai Merc
Ltd, Baroda, India). Prepare 1% solution in
water.

?R 4,4-Diaminodiphenyl sulfone.—Burroughs
Wellcome & Co. (Indlajv Private Ltd, _BombaK-
400023, India). Prepare 0.5% solution in met

angl,

gh) Phosphate buffer,. —Prepare pH 5 buffer b
adding 15 mL of 2/15M NaHP047H2 to 1
2115M KH2P 04, _

(i) Florisil.—60-100 AR grade (available from
Fluka, Switzerland). Heat 24 h at 130°C to re-
move moisture. Deactivate by adding 25%
water (2.5 mL water + 97.5 ¢ dried Florisil) and
let equilibrate 24 h in tightly stoppered bottle
before use.

Preparation of Standard Curve

Pipet ca 0.5 mL portions of 4,4-diaminodi-
phenyl sulfone to clean, d’(rv test tubes. Diazo-
tize by adding 1mL 1%NaNO02and I mL IN HCL
to each test tube. _

Add 0.0, 0.05,0.1,0.2,0.4, 0.8, and 1.0 mL ali-
qsuots of propoxur working standard solution
(5-100 pg?_mto separate test tubes. Add 2 mL 5%
methanolic KOH and 2 mL water to each tube.
Shake well and keep tubes on boiling water bath
30 min. Remove tubes and let stand 10 min at
room temperature. Quantitatively transfer di-
azotized reagent into tubes contalnl_nﬂ hydro-
lyzed propoxur. An orange dye with an ab-
sorption maximum at 500 nm will form imme-
diately (color is stable 12 h). Letstand 5 min for
full color development. Quantitatively transfer
colored solution to 20 mL volumetric flask and
dilute to volume with methanol. Read absorb-
ance of orange dye at 500 nm in spectropho-
tometer a?am_st blank similarly prepared. Plot
of concentration of propoxur %0.2_5-5.0_pg/m L)
against absorbance will yield straight line.

0004-5756/83/6601-0105-03$01.00
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Determination of Recovery

~ Sample extraction.—Extract propoxur residue
in vegetables by cleanup procedure of Stanley et
al. (3?: _Wel%h 50 g sample (okra, cabbage, or
beans) into blender jar. Spike samples with
25-250 pg propoxur in 1 mL CHCI3. Add 5 mL
water and 200 mL acetone and hlend 5 min at
hl%h speed. Filter sample through 125 cm
Whatman No. 42 paper covered with ca 6 cm
Hyflo Super-Cel in Buchner funnel. Return
filter cake to blender and add 200 mL CHCI3.
Blend sample at hagh speed for 3 min and filter
again. Wash blender jarand filter cake with 100
mL acetone and 100 mL CHCI3. Evaporate fil-
trate to dryness on rotary vacuum evaporator in
38°C water bath. Transfer the residue in flask
to 250 mL separatory funnel with 50 mL CHC13
and 25 mL pH 50phosphate buffer. Shake sep-
aratory funnel 30 s and let stand 5 min. Drain
CHCI3 layer into 250 mL Erlenmeyer flask and
extract buffer solution twice more with 50 mL
portions of CHCI3. Combine all cHC1: phases
In flask. Evaporate CHCI3extract to dryness on
rotary vacuum evaporator. Transfer résidue in
flask to 500 mL separatory funnel, using 150 mL
hexane and 40 mL acetonitrile successively.
Shake separatory funnel 30 s and drain acetoni-
trile layer into another separatory funnel con-
talnln? 80 mL hexane. Shake second separatory
funnel 30 s and drain acetonitrile layer into
round-hottom flask. Add 40 mL fresh acetoni-
trile to first separatory funnel and repeat 2-stage
extraction as described above. Evaporate com-
bined acetonitrile phases to dryness and preserve
Eeslldue for column chromatography as described
elow.

Column chromatography.—Tamp glass wool
plug into bottom of chromato%raphy tube with
integral reservoir of CHC13. Slowly sprinkle in
15 g Florisil and let settle. Top column with
anhydrous sodium sulfate up to 2 cm and drain
solvent to top of column. Transfer residue in
flask to column with 4 washes of 5-10 mL CHCI3.
Elute column with total volume of 250 mL
CHCI3, including washes, at 2-4 drops/s.
Transfer CHCI3 eluate to rotary vacuum evapo-
rator and evaporate just to dryness. Dissolve
residue in appropriate quantity of methanol and
estimate amount recovered by method described
under standard curve preparation. Use separate
crop control (blank) for each vegetable.

Results and Discussion

To check the recovery of propoxur by the
method described, vegetable samples (okra,

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

Table 1. Recovery (%) of propoxur from spiked

vegetable samples (50 g sample)

Added,
Sample My

Found, Mg3 Ree., %
Okra 25 23.25+0.00 93.0
50 46.05 £0.21 92.1
15 68.25 + 1.45 91.0
100 90.10 £0.40 90.1
Cabbage 25 24.07 £ 1.90 96.3
50 47.00 £ 0.00 94.0
5 69.90£0.72 93.2
100 91.00£0.51 91.0
Beans 25 24.00£0.35 96.0
50 4755 150 95.1
5 70.27 £ 0.70 93.7
100 91.00+ 1.20 914

a Average + standard deviation of 5 analyses.

cabbage, and beans) were spiked with known
amounts of pFO{)OXUI‘ and analyzed. Recoveries
varied from 90.1 t0 96.3% (Table 1). The method
can be used to determine levels aslow as 0.5 ppm
ina50 g sample. Interference by other phenolic
substances is eliminated by measuring the ab-
?glrbakn)ce against a corresponding crop control
ank).

The linear relationship between the absorb-
ance at 500 nm and the concentration of pro-
posur i valid up to 5 pg/mL reaction mixture.

eer's law is obeyed In the range 0.25-5.0

Hydrolysis of propoxur in pure standard so-
lutions and also from vegetable samples to its
corresponding phenol is comPIete only if carried
out on a hoiling water bath for 30 min.  When
hydrolysis is performed for less than 30 min,
transformation of propoxur to its corresponding
phenol is mco_mﬁlete. However, loss of pro-
F_ox_ttjr occurs if hydrolyzed beyond this time
imit.

The proposed colorimetric method is slightly
more sensitive than the other colorimetric
methods with reported sensitivities of 0.5-10 pg
(7-13_2_. Although the Fres_ent method is not as
sensitive as the gas-liquid chromatographic
methods (1-6) and LC-enszanc methods (16,
17), the method is very useful for determining
gropoxur residue in vegetables (permissible limit

0" ppm).
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Colorimetric Method for Field-Screening Above-Tolerance Parathion

Residues on and in Citrus Fruits

DANIEL E OTT and FRANCIS A. GUNTHER =~
University of California, Department of Entomology, Riverside, CA 92521

A colorimetric technique has been developed which
is suitable for use as a field-screening method for
detecting above-tolerance levels of parathion on and
in citrus fruits. By using this method, a grower
should be able to postgone harvesting a crop until
Parathlor] residues are below tolerancé level, so that
he crop is safe to market. The method depends on
the reaction of parathion with 4-(p-nitrobenzyl)-
pyridine. Parathion is extracted by mixing chopped
citrus rind with acetone in ahand-operated homog-
enizes The extract is partially cleaned by a partl-
tlon[ngi steP_before final cleanup with a Sep-Pak
Florisil cartridge. The colored reaction solution is
read at 560 nm by using a portable, rechargeable
spectrophotometer. A single test can be completed
in about 75 min; the average time per test when sev-
eral are conducted sequentially is considerably
shorter. The analytical system responds readily to
<5_pﬁm parathion on or’in 1 g navel oran?e rind,
which corresponds to <. ppm in the whole fruit.
The present U.S. tolerance for parathion on orin cit-
rus |s.1dp_pm on a whole fruit basis. Preliminar

work indicates that the method should also be suit-
able for apples.

Earlier work in this department resulted in re-
ports on a field method for estimating organo-
phosphorus insecticide residues on citrus foliage
(1, 25). We have modified and extended that
work to enable field-screening for above-toler-
ance parathion residues on citrus. Development
of a field method specifically for parathion on
and in citrus is desirable because citrus is a major
agricultural crop in California, and parathion is
widely used on citrus. If accepted, the method
would be used to help ensure a grower that his
fruit would be in comlpllance with regulations.
Thus, the grower could delaK harvest until re-
sults indicated that residues had dissipated to a
safe (tolerance) level for marketing. _

Specificity is provided primarily in the main
Bart of the cleanup technique , which uses Sep-

ak Florisil cartridges. ~Although absolute
specmcnr is not provided, parathion is the most
commonly used organophosphorus pesticide in
California citriculture which would elute from
Florisil under the conditions used, and in the
fraction specified in the method.

Received February 17, 1982. Accepted April 29, 1982.

Experimental

Materials

Essentially the same as in Ref. 2 except acrys-
talline table salt bath on a 150°C hot plate was
used. In the field, a campstove and related
equipment as specified by Berck et al. (2) may be
used. Caution: Campstoves can be hazardous
in use.

Additional Equipment

(a) Hand-operated homogenizer.—15 mL (Cat.
No. 37236, Bel-Art Products, Peﬂuannock, NJ
07440), modified by maklnP the Telfon® "pestle”
very rough by cutting small pieces away from the
entire surface with a razor blade.

_ (bg Test tubes.—15 X 150 mm, with Teflon-
lined screw caps. N

(c) Cleanup cartridges.—Sep-Pak® Florisil®
(c)%;t\r)r;gjges (Waters Associates, Milford, MA

(d) Microcells.—For use in rechargeable, por-
table Bausch and Lomb mini Spectronic 20
spectrophotometer.

e) Disposahle dropping pipets.

f) Set of hand cork borers.

Sample Preparation

Single fruit.—Peel fruit and select uniformly
thick section of rind near blossom end. This
represents portion with highest concentration
of pesticide; analysis from this re?lon thus adds
asafety factor to final result. To further ensure
examining maximum pesticide load, use fruit
sampled from tree at 4-ft level, and from
SRrayer-row sides of tree (2). Measure rind
thickness, and, from 5-mm thick piece of navel
orange rind, cut disk by using No. 14 hand-op-
erated cork borer. Averageweight of 21-22 mm
diameter disk will be about 1'g. (Individual
operators will want to do their own calibration
bg determining average weight of several disks
obtained from different uniform thicknesses by
using cork borers of different sizes. Then use
cork borer rind thickness combination that will
give about 1¢ sample.) With long-blade knife,
cut disk into small 4-6 mm cubes on hard surface
of masonite board, and then transfer entire

0004-5756/83/6601-0108-03101.00
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sample into tube of hand-operated homogenizer.
Although its use is tedious, this apparatus per-
mits homogenization of chopped sample without
use of motorized power (see below). _
Representative whole fruit sample.—Cut disk
from rind sections from each of at least 20 fruits.
Cut all disks into cubes, as above, mix cubes
thoroughly, and remove subsamples to waste,
mixing after each removal, until only a few
grams remain. Remove 1? sample, or preferably
two or three 1 g samples for replicate analyses.
Measure sample(s) in pre-calibrated volumetric
containers, eﬁ small plastic beakers. Alterna-
tively, for either type sample, use ﬁortable bal-
Tdcleolntended for field use, e.g., Ohaus® Model

Determination

Add 5 mL acetone to sample in hand-operated
homogenizer. Mix at least 20 min to obtain good
homogenate. If electricity is available, small
stirring motor or electric drill motor (some have
cordless power packs) mounted on ring stand can
be used to spin homo%enlzer estle (active part)
while tube is moved by hand into strategic po-
sitions, thus shortening time for homogenization
to less than 10 min. _

Decant all acetone extract into screw-cap test
tube. Add 2 mL each of hexane and dichloro-
methane, cap tube, and mix contents thoroughly
for Lmin. Let settle, then use dropping pipet to
transfer to clean 100 mL beaker as much as pos-
sible of upper layer, without disturbing small
lower layer. Add sodium sulfate to cover bottom
of beaker and swirl beaker so that all liquid
contacts sodium sulfate. Place beaker on outer
edge of warm, unplugged hot plate or, similarly,
on warm aluminum cover plate of campstove,
with all burners turned off. If boiling is too
vigorous, move beaker nearer edge or remove it
until hot plate or cover plate has cooled. When
solvent has just dissipated from any beaker, add
5 mL hexane from 10 mL syringe with needle.
Let solvent evaporate agam and this time remove
beaker from heat. Add an additional 3 mL hex-
ane, and swirl to dissolve residues, Take up
hexane solution in clean syrln(_1e with needle.
Exchange needle for Sep-Pak Florisil cartridge
that has been prerinsed with 5 mL hexane, and
expel syringe contents slowly through cartridge
into waste Jug. Add another 2 mL hexane to
beaker, swirl, and similarly take up in same sy-
ringe and expel this through cartridge. Follow
similarly with 5 mL 6% ether in hexane. Then
add 5 mL 15% ether in hexane, and collect all
cartridge effluent in flat-bottom screw-cap vial.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

109

(If desired, remove 1 mL aliquot and save in la-
beled screw-cap vial for possible later analysis.)
Add several crystals of sodium chloride, then
evaporate solvent as described above. Add 0.5
mL 2% 4-(p-nitrobenzyl)pyridine with 0.08%
oxalic acid in acetone. Evaporate acetone, with
hot plate unplugged or stove burners off during
evaporation as mentioned above. Caution:
These solvents are very flammable. Now re-
move samples and start heat source so that salt
bath can be regulated to 150°C. Place samples
in bath and heat 3 min at 150°C, then remove
samples and let cool. In orderlg, timed se-
quences, add 1.0 mL TEA reagent (20% triethyl-
amine in acetone stored in brown bottle), and
then 0.4 mL Na2C03-NaCl solution (12% Na2CC=3
and 15%NaCl in water). Swirl gently to mix, let
settle, and transfer by dropping pipet sufficient
clear upper phase to a microcell, and read, within
3 min after mixing, at 560 nm vs instrument set
at 100% T with acetone. Dispose of test solution
in waste jug and rinse cell with acetone from
polyethylene wash bottle, letting rinsings collect
through funnel into waste jug.

For best ?uant_ltatlon, compare unknown
samples with fortified control standards S|m.||ar|?/
carried through method. This approach simul-
taneously corrects for background response in
samples while providing a sound quantitative
basis. Once an analyst s able to perform tests
with satisfactory accuracy and reproducibility
from day to day, it is not necessary to prepare
standar grath each day. Instead, a replicate
fortified level should be run each day to confirm
that method is still giving satisfactory results.

Results and Discussion

Citrus rind samples (1 g) from control fruit
consistently gave no positive color with the
method, and absorbance readings were always
within 0.18-0.26 absorbance unit vs acetone.
These were not much different from reagent
blank runs of 0.16-0.17 absorbance unit.

Citrus rind fortified with parathion in the
laboratory at the time of extraction at levels cor-
responding to 1 ppm (Iwhole fruit basis) or
greater gave positive color reactions with ab-
sorbance readings ofgreater than 0.4 unit.

Replicate samples from lemons, from which
residues of previously sprayed parathion had
Iar?ely dissipated, were carried through this
method and aliquots from the cleaned extracts
were taken for gas chromatography éGC) and
liquid chromatograph¥ (LC) (UV" 265 nm).
(Controls gave no interferences in the retention
time region for parathion for GC with either
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electron capture or alkali flame ionization de-
tection (AFID); the latter mode gave the cleanest
chromatograms.) Color reactions carried out on
the bulk of the cleaned extracts were negative,
with absorbance readings of 0.21 and 0.22 unit.
Both LC and GC analyses produced readily
measured peaks correspondmgi to parathion re-
tention times and provided calculated levels of
0.7 and 1 ppm, respectively, on or in the rind.
These results correspond to between 0.2 and 0.3
ppm on or in the whole fruit, well below the U.S.
tolerance level of 1ppm %whole fruit basis). The
color test method would have correctly approved
these lemons for harvesting if the testing had
been conducted for that purpose. Previous re-
search here has established that essentially no
parathion penetrates into the pulp of citrus (3).

To simulate field-sprayed conditions, a section
of rind from a control navel orange was soaked
8 h in a parathion wettable powder solution (0.72
g/400 mL water) and then air-dried several days
In a fume hood.  From similarly air-dried control
rind sections, we determined that air-drying
caused a loss of 70% of the rind weight. There-
fore, 0.3 g samples of control and test rind sam-
ples, equivalent to 1 each cf freshly peeled rind,
were individually carried through the entire
method. The control produced a reading of 0.20
absorbance unit; the reading from the test rind
sample was 0.58 unit. N

The method described is more specific for
parathion §ethy| or methyl) compared with its
specificity for other potential organophosphorus

OTT & GUNTHER:

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. I, 19S3)

pesticide interférants. To interfere, acompound
must have adsorﬁtlvlty on Florisil similar to that
of parathion so that it will elute from a Sep-Pak
Fiorisil cartridge under the same conditions.
This excludes most other organophosphorus
pesticides with the known exceptions of diaz-
Inon, dioxathion, and ethion. None of tnese is
presently in use in California citriculture.

We believe that the method can be extended
toapples. A 1?sam le of pulp and peel from a
commercial Golden Delicious apf)le_ gave an ab-
sorbance reading of 0.18. GC analysis with AFID
gave no background response on an aliquot from
the same sample. .

A field test kit to carry out this method can be
readily assembled; Sep-Pak cartridges lend
themselves especially well to this purpose. The
Bausch and Lomb mini Spectronic 20 spectro-
photometer was specified earlier for use in a field
method for determining anti-cholinesterase in-
secticide spray deposits on plant surfaces (4).
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Automated Extraction Technique for Determination of Experimental
Insecticide Nifluridide and Its Cyclized Product in Water by High

Pressure Liquid Chromatography

SHELDON D. WEST, GEQRGIA K. DORULLA, and GEORGE M. POOLE
Lilly esF(?rlch Laboratories, Division of Eli Lilly and Co., Agricultural Analytical Chemistry,

40140

A method is described for the simultaneous deter-
mination of the experimental insecticide nifluridide
SIV-(Z-am|n0-3-n|tro-5-(tr|flluor0methyl)phen?{l)-

,2,3,3-tetraf|uor0pr0far]am|de and its cyclized
product, EL-919 (7-nitro-2-(1,,2,2-tetrafluoro-
ethyl)-5-(trifluoromethyl)benzimidazole), in water.

Both compounds are extracted by .assagie.of up to 500
mL water through two Sep-Pak Ci8cartridges joined
in series. The extraction Is automated by using vac-
uum. Thecpmf)oundsareelutedfrom the cartridges
with acetonitrile. Both compounds are then sepa-

rated and measured by high pressure liquid chro-

matography with UV detection at 235 nm. Recov-
eries were 91.2-97.1% nifluridide and 82.7-98.0%

EL-919 for deionized water samples fortified with
0.001-0.1 p?m nifluridide and 0.005-0.1 B?m EL-919,
Analysis o0 water,sa,mplesd(pH 8) from bluegill and
rainbow trout toxmty studies with nifluridide re-
sulted in a half-life determination of 10 h at 13°C and
25 hat20°C with nearly quantitative conversion to
EL-919 within 96 .

Greenfield,

Nifluridide EN-(Z-amino-3-nitro-5-(trif|upro-
methyl)phenyl)-2,2,3 3-tetrafluoropropanamide)
is an experimental insecticide that is being
evaluated for the control of the imported fire ant
(Solenopsis germinata) and the red imported fire
ant (S. invicta) in the southern United States.
Broadcast agellcanpns of formulated ant baits
containing 0.75% nifluridide at rates of 10-20g
active ingredient/ha have resulted in delaye
toxicity to ants, which ﬁermlts distribution of the
material throughout the colonies (1,2).

A previous study (3) has shown nifluridide to
be unstable in aqueous solutions, with rapid
conversion to the cyclized product EL-919 (7-
nitro-2-(1,1,2,2-tetrafluoroethyl)-5-(trifluoro-
methyl)be.numldaque)F._ The canversion pro-
ceeded asindicated in Figure 1via a first-order
reaction at 25°C with half-lives of 15.5, 3.5, and
2.0 hatpH 5.0,7.0, and 9.0, respectively (32). The
instability of nifluridide has presented problems
for its determination in water from studies con-
ducted to determine its toxicity to fish and
aquatic organisms. Because rapid cyclization of

Received February 8,1982. Accepted June 22,1982,
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Figure 1. Conversion of nifluridide to EL-919.

nifluridide would be expected to occur before the
water samples could be sent to the laboratory and
analyzed, itwould not be possible to accurately
determine the initial exposure concentrations in
the water. Consequently, it was necessary to
develop a method that would stabilize niffuri-
dide as the parent compound until its concen-
tration could be determined. In this Paper_, a
method is described for stabilizing nifluridide
for the simultaneous determination of hoth the
parent compound and its cyclized product in
water from environmental toxicity studies. The
method employs avacuum _api)aratus to automate
the extraction of the chemicals in water samples
onto Sep-Pak C18 cartridges. Because of the
hydrophobic nature of nifluridide and EL-919,
the compounds are adsorbed onto the octadecyl
silane bonded phase of the cartridges and then
eluted with asmall volume of acetonitrile.

METHOD

Apparatus

_ga) Sep-Pak Cjs cartridges.—Waters Asso-
ciates. _
h) Sep-Pak extraction apparatus.—Figure 2.
9 Glass syringe.—20-50 mL with Luer tip.
High pressure liguid chromatogragh.—Varlan
Model 5060 pump, Varian Model 8055 autosam-
pler, Dupont variable wavelength UV spectro-
photometer, and strip chart recorder. Pump
methanol-water-acetic acid gs + 35+ 0.1) mo-
bile phase through CO:PELL ODS guard column
SWhatman,.Inc.) and Lichrosorb RP18 column at
5 mL/min. Injection volume 25 pL; operate
detector at 235 nm and 0.02 AUFS.

éi)}lllcla'lo ﬁgr%l(s)t% Inc.
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3-Way
T-Shaped Stopcock Tygon Tubing
;Zditional -~ I |
Set-Ups
Luer Tlp$ SEP-PAK Cartridges
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held with
Tygon Tubin

ar

+- Glass Tubing

Containing
Sample

— 3-Way Stopcock

— To Vacuum

— Graduated Cylinder

Water

Vacuum Flask

Figure 2. Vacuum extraction apparatus for automati%a_léy extracting several large-volume water samples with
cartridges.

Reagents

(a) Solvents.—Acetonitrile, methanol, and
water (all HPLC grade); glacial acetic acid (re-
Stock solution.—1.0

agent grade).

(b) Standard squtions.—(Z?E _

% nifluridide plus 1.0 mg EL-919/mL acetoni-
trile. (2) Intermediate solution. — 100 /r(% nifluri-
dide plus 100 /rg EL-919/mL acetonitrile.
Transfer 5.0 mL stock solution to 50 mL volu-
metric flask and dilute to volume with acetoni-
trile. (3%Direct standard.—2.C feg nifluridide plus
2.0 Jug EL-919/mL acetonitrile. Transfer 1.0 mL
intermediate solution to 50 mL volumetric flask
and dilute to volume with acetonitrile. Prepare
direct standards at other concentrations, if ap-
propriate. Both compounds are stable in aceto-
mtr”% under refrigeration for at least one
month.

Automated Sample Extraction

Using short piece of Tygon tubingi,join short
end of one Sep-Pak Cig cartridge to long end of
second cartridge. Place ends of cartridges in
close contact with one another to prevent contact
of water sample with Tygon tubing. Use metal
Luer tips to attach long end of resultlng dual
cartridges to glass tubing leading to graduated
cylinder, and attach short end to 3-way T-shaped
stopcock (Figure 2_?. Rinse cartridges by pulling
20 mL acetonitrile through cartridges under
vacuum, followed by 20 mL rinse with deionized
water. Discard rinses. Measure required vol-
ume (up to 500 mL) of water samFIe in graduated
cgllnder. Using vacuum, fu| water sample
through dual cartridges at ca 15-20 mL/min until

m

both cartridges are essentially free of residual
water. Discard water. Detach cartridges from
extraction apdparatus, and attach long end of
oined cartri _ges to Luer tip of glass syringe.

lute nifluridide and EL-919 by pu_mpm% 20 mL
acetonitrile through cartridges into 125 mL
evaporating flask. “Evaporate acetonitrile eluate
to dryness on rotary vacuum evaporator with

[6))
o
]

H
o
1

w

o

1
- -t

N
o
1

|

—_
o

12
W MWLL
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Figure 3. Ch_romatograms,demo_nstratingE
neous determination”of nifluridide and T ]
well water from fish tanks: A, standard niflur

plus standard EL-919, 625 ng each: B, control well
water extract: C, control well water fortified with %8

b nifluridide (93.4% recovery) and 25 pph EL-9
PP ( (92.7%AJ recove)F))/). &

o

PERCENT FULL-SCALE DEFLECTICY

simulta-
[-919 in
dide
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Table 1.
Fortified, Sam?ﬂle VOi.,
ppm L

QDI TIN—
OO
OOOOOD
OOOHOHND z

2 None detected.

water bath heated to 35-45°C. Dissolve residue
in measured volume of acetonitrile (use 1.0 mL
for maximum assay sensitivity). Quantitate both
compounds simultaneously by HPLC.

Results and Discussion

For the determination of nifluridide concen-

trations in water from environmental toxicity

studies with the insecticide, a method that sta-

bilized nifluridide for analysis was desirable.
Nifluridide does not cyclize to form EL-919 in
acetonitrile; therefore elution of the compound

from Sep-Pak cartridges with acetonitrile stabi-

lized the insecticide as theJ)arent compound.
Thus, both compounds could be extracted from
water onto Sep-Pak Qs cartridges, eluted with
acetonitrile, and sent to the analytical laboratory
as the acetonitrile extract. At the laboratory, the
extract was stored under refrigeration until an-
alyzed. Nifluridide and EL-919 are stable in
acetonitrile under refrigeration for at least one
month.

Both compounds were separated and quanti-
tated on the same chromatogram, as shown in
Figure 3. The absence of interfering peaks in the

Table 2.
Water temp., Concn range,
°C ppma
13 0.3-1.6
20 0.16-0.45
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Recovery of nifluridide and EL-919 from water

Nifluridide EL-919
% Ree. N % Ree,
958 +2.0 g 90.1 +2.8
81.21 16 88.8 +3.7
11+51 0 NDa
f55 82.1 $2.9
2 g idd

chromatogram of the control water extract
demonstrates that the method possesses adequate
selectivity for determining the insecticide and
its c%cllzed product in water from fish tanks.

The automated extraction technigue was used
to facilitate the extraction of large volumes of
water through the cartridges, as opposed to
m.anuallr pumping water through cartridges
with a glass syrmge (4-7). With the apparatus
shown In Figure 2, several large-volume water
samples may be ﬁ_rocessed automatically. We
have found that this technique may also be used
for laboratory extraction of many other com-
pounds from aqueous solution.  With some
po_mpounds_élnclud!ng EL-919), it is necessary to
join 2 cartridges to increase recoveries.

The apparatus was designed to prevent ex-
traction of interfering substances such as
Ehthalates from the Tygon tubing. Asshown in

igure 2, the compounds of interest are extracted
from the water onto the cartridges before the
water passes through the long section of tubing
leading to the vacuum flask, which also serves as
a wastewater collection container. The water
entering the cartridges from the graduated cyl-

Conversion of nifluridide to EL-919 in water at 13°C and 20°C

Tiwe,

% of Initial (av. £SD)

Nifluridide EL-919
L N Ly
%z?; ég il
e s§:§§%§:§
343% 523 nh5+11.1
ND6 sg.gi 50
ND 182t b
ND 813t 60

s At 13°C, nominal concentrations were 0.3. 0.4, 0.56, 0.8, 1.1, and 1.6 ppm. At20°C, nominal concentrations were 0.160,

0
0.200, 0.250 0.300, 0.365, and 0.450 ppm
» None detected. PP
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inders contacts the glass tubing and metal Luer
tips but does not contact the Tygon tubing that
stabilizes the connections. .

The method described in this paper is capable
of dete.rmm_lng concentrations as low as 0.001
ppm nifluridide and 0.005 ppm EL-919. The
recovery levels and precisions obtained by ana-
lyzing replicated samples of deionized water
fortified with both compounds or with EL-919
alone are summarized in Table 1. These recov-
eries demonstrate the stability of nifluridide
during the extraction process. _

This method was used for analyzing water
samples (pH 8) from environmental toxicity
studies with rainbow trout and bluegill, and
assay results are summarized in Table 2. The
half-life for nifluridide was determined to be
approximately 10 h at 13°C and 2.5 h at 20°C,
with nearly quantitative conversion to EL-919
within 96 h. The half-life of 2.5 h at pH 8 and
20°C correlated well with the
mined half-life of 2.0 h atg 9 and 25°C ob-
tained by direct injection H I__CFS).

During the course of analysis of water samples
from fish toxicity studies, recovery data were also

reviously deter-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

obtained by fortifying control well water with
both compounds. No significant differences in
recoveries were observed with the well water
sar?ples compared with those with deionized
water.
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Improved Method for Determination and Identification of Serotonin

in Foods

CONCEPCION. GARCIA-MORENQ, JULI
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A previously described method to identify and
quantitate serotonin in foods has been improved.
The extraction and separation of serotonin from in-
terfering substances has been improved, and the
scope of material to which the method may be applied
has been widened. The relative standard deviation
(RSD) for repeated determinations of serotonin in
canned fried tomato purée and the average recovery
of serotonin added to the same sample was 6.25 and
89.9%, respectively. The method showed the pres-
ence of serotonin in apricots, cherries, and peaches.

In aJJrevio_us paper amethod was described for
the determination of serotonin in foods (1). The
method included alkaline butanol elution from
asand column, extraction of serotonin from the
eluate with 0.IN HCL, quantitative determination
by spectrofluorometry, and verification by
spectrofluorometry and thin layer chromatq?-
raphy (TLC?. This method was satisfactorily
applied to fresh bananas, banana-based baby
foods, and fresh and canned tomatoes.

There is great interest in the possible Pr_esen_ce
of serotonin_in other foods hecause of its bio-
logical activity, direct toxicity, interaction with
certain drugs, and even possible beneficial effects
(2-7%. Therefore, we attempted to extend this
method to more complex derivatives of the foods
studied (canned fried tomato purée, for example)
and other foods: apricots, cherries, plums, and
peaches. However, when the procedure was
applied to samTpIes of such foods, the fluores-
cence spectra of food extracts were not the same
as those of standard serotonin. In addition, TLC
results were not definitive in spite of using lead
acetate as a clarifier, although serotonin appar-
ently was detected. , -

Itmay be deduced that different compositions
of food give rise to the gresence in the final ex-
tracts of interferences which were not present in
the samples initially studied. Therefore, we
studied the effects of some procedural modifi-

Received January 5,1982. Accepted April 23, 1982.
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cations to improve the original serotonin assay:
(@) mixing the sample with anhydrous sodium
sulfate to obtain amore selective extraction and
avoid the interference of water; (b) treating the
sample before extraction with serotonin-insol-
uble organic solvents; (c) treating the butanol
eluate with other solvents after extraction and
before carrying out spectrofluorometry; and (d)
treating the final acid solution to remove inter-
fering substances before qualitative verification
by TLC.

METHOD

Apparatus

a) Spectrofluorometer.—Aminco SPF 125,
b) Rotovapor.—Buchi R.A. with W-240K
(cj TLC plates.—For 5 plates, 20 X 20 ¢cm, ho-
mogenize 35 g silica gel G (type 60; Merck) and
t7)0 water. Activate plates 30 min at 110°C
effrg use.
\YGlass columns.—500 X 300 mm, with No. 0
filté¥in bottom, and stopcock (Afora).

Reagents

(a) Serotonin-creatinine sulfate monohydrate.—
(Merck). Used throughout study, with concen-
trations expressed as function of pure sero-
tonin.

(b) Alkaline butanol.—Mix a few drops (ca 1 ng
of saturated aqueous solution of NaOH with 20
mL analytical reagent grade «-butanol, to pH

9-10.
(%:) o-Phthalaldehydc (OPT).—Dissolve 0.5 g
OPT (Fluka) in 100 mL ethanol.

Calibration Curve

Prepare solution of 1 mg serotonin/mL 0.1N
HCL. Prepare fresh everz day. Pipet I mL this
solution into 100 mL flask and dilute to volume
with 0.IN HC1 (10 /rg/mL), and from this, pre-
Bare solutions contalnmg2 0.01, 0.02, 0.06, 0.10,

40, 0.60, 1.00, 1.50,and 2.00 pg/mL 0.IN HCL.

0004-5756/83/6601-0115-03$01.00
© Association of Official Analytical Chemists, Inc.
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Read excitation wavelength at 295 nm and
emission wavelength at 340mm against 0.IN HC1
blank. Obtain néw calibration"curve for each
series of determinations.

Extraction and Separation

Homogenlze samples in mechanical blender.
We|9h1 gsamﬁle nd place in 200 mL beaker,
angr h)en ?(de fi Iet,sand and an,hydrotu,s |}|Iazgo4
2+ 1) until resulting mixture s practically dr
Shat IS, consistenc sf?ould EJe dry %n should ngt
form_fumps (ca 90 g sand and 45? anhydrous
Na=So4).  Add 50.mL alkaline butanol and let
stand 0’5 h, shaking occasionally. . Pack this
mixture into glass column which isshielded with
black paper “(serotonin is sensitive to light),
Wash beaker with 150 mL alkaline butanol"and
add wash_to column. ,

Extraction proceeds as drop-by-drop elutjon
of bytanol from column, Adjust elution to last
ca1h. Extractalkaline butanol eluate in separ-
atory funnel  times with 20 mL portions of
deionized water. Add 10 mL petroleum ether to
water-extracted hutanol eluate. Extract washed
butanol eluate with five 20 mL portions of 0.IN
HC1 combine 0.LN HCL extracts, and adjust with
O.EN HCL to a final volume of precisely 100
mL.

Spectrofluorometry

Quatntitative analysis. —Read fluorescence val-
ues of HCL solution at maximum excitatjon
wavelength 295 nm and maximum emission
wavelength 340 nm, -
Qualitative analysjs,—Compare excitation and
emission spectra of HCL solution to ensure that
they coincide with those of pure serotonin.

Thin Layer Chromatography

Wash HCL squHon obtained by extraction %nq
seﬁaranon procedure) 3 times with 20 mL et
ether each time. Evaporate ether-extracted 0.1
HC1 solution to dryness in rotovapor at 40°C and

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

redissolve in L mL 0.IN HCL. On same TLC
plate, spot standard serotonin, sample extract,
and serotonin standard and samPIe superim-
posed. Develop Blatewnh chloroform-metha-
noI-acetlc,%md 67 + 20+ 40), ,

Spray with OPT; after spraying, subject to heat
(110°C) for 20 min.  Serotonin gives character-
istic brown-yellow fluorescence at 360 nm.

Results and Discussion

To verify the r_e#rodumbmty,of the improved
method, sérotonin was determined 1o times on
different days on the same batch (7(:anned fried
tomato pureé). Resultswere 1e,1.7,1.5,1.6,1.6,

4151716, and 17ppm. The relative stan-
dard deviatjon G(RSD) was 6.25% (ag.

Canned fried tomato purée was chosen be-
cause of the complexity of Its mgredlents and the
technolo%mal Processes it un ergoes, Salt Is
added totomato pulp and the mixiure 1s fried in
ve?etable oil betore sterilization ang canning.
All other samples tested lacked Interferences.

To determine percent recovery, different
amounts of serotonin, 0.5, 1.0, 2.5, 5.0, and 10.0
gpm, were added to asm%1e sample and assayed

times at each level (Table 1). Average recovery
of the 25 assays was 89.9%,

When the orlgln,al and |mProved methods
were applied to smgle sample, only the fluo-
rescence spectrum of the latter corresponded to
serotonin (Figure 1). When the a(iueous hase
(obtained by washing the butanol phase) was
dried and rédissolved in 0.IN HCL, the fluores-
cence spectrum of thig solution corresponded to
the spectrum for possible interfering substances,
as may be deduced from a compariSon with the
spectrum obtained with the original method.

The method was satistactorily applied to
aPrlgots, cherries, plums, Feacpes, and canp,ed
fried tomato pyree, regarding the absence of in-
terferences and recoveries. Recoveries were In
the same range as those recorded for tomato
Euree. Recoveries were verified by addition of

erotonin standard, and the presence of seroto-

Table 1. Recovery (%) of serotonin added to different samples of the same canned fried tomato purée

Added, ppm
1@ 80.0 100.0
90.0 100.0
25 80.0 88.0
5.0 90.0 94.0
10.0 93.0 94.0

Overall
av. rec.

100.0
90.0
92.0
82.0
92.0

Rec., %a Av. rec., %

80.0 80.0 88.0
90.0 80.0 90.0
84.0 100.0 88.0
96.0 98.0 92.0
95.0 80.0 90.8

89.9

3 In all cases, the amount of serotonin originally contained in the sample was taken into account.
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Figure 1. Fluorescence spectra of serotonin standard solution and final extracts obtained by applying orlgmal
and improved methods to asingle sample (canned fried tomato purée). Serotinin; - withou
washing alkaline butanol phase (original method):.....after washing aTkaline butanol phase (|mpr0ved
method);-—--- -+ liquid used for washing.
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FISH AND OTHER MARINE PRODUCTS

|dentification of Frozen, Cooked Shellfish Species by Agarose

Isoelectric Focusing

KATE WIGGIN and JUDITH KRZYNOWEK

National Marine Fisheries Service, Northeast Fisheries Center, Gloucester Laboratory,

Gloucester, MA 01930

A maodification of the AOAC official method for
generic identification of cooked and frozen crabmeat
was investigated in an experiment in which the
cooked meats of avariety of shellfish were identified.
The modification, substituting agarose for polyac-
rylamide as the geI medium, has many advantages
over the official method, mcludmg ease of gel prep-
aration, nontoxic reagents and rapid focusing. Re-
sults indicate that the modified method is easier to
use and that identifications of cooked shellfish
species can be made as readily as with the current
AOAC method.

Species of crabs in cooked, frozen crabmeat have
been successfully |dent|f|ed using. urea-based
G3{acry amide ges for isoelec rlc focusm%
P EF) as described bsy Krzynowek an Wigg
1 2). Focusm times of 18-24 h with t hepre
VIOUS method were reIatlver lengthy, a
polyacrylamide gels cont am the“toxic crylamlde
monoier f3g he introduction of a purified
%arose gel enables researchers to use a stable,
ntoxm medlum for isoelectric focusmg It h?
essentiall X no reactlve grouos ang %e S qmc
without cata)( It has been Shown that
agarose gel 1soelectric focusing (AGIEF) gives
reProdumbIe SPECIes-s emi(lc sarc ﬁ}la |c %
eln patterns in s?eu S QF raw i IS
method was modified to focus the cooked pro-
%EIHS that ar enc un e(reéi in ourspem Sl entl
Ication stu |eso coo pro ucs T |s ai)er
reports on those changes and the use of
8 asubs dl tute for the reV|ous PGIEF method. of
Species | entlflcatlon Species investigated in-
cIudeegenera of crab: red (Geryon quinquedens),
Jonah (Cancer borealis), que (Callinectes sapidus),
KIng (Paralithodes camtschanca) snow (Ch|onoectes
spp.), and stone (Menippe spp.). Blue mussels
(M.ytilys edulis surf ci)ams Spisula SO\(dI sima),
Splny\iObStel’()PanuInusar us), and rock shrimp
(Sicyonia spp,) Were included to show that the}/
?eligsfocus INto unique, Sspecies-specific pa

Received February 2, 1982. Accep-ed May 19, 1982

Experimental
Apparatus

(a) Electrofocusing apparatus.—Pharmacia flat
bed apparatus FBE 3000 (Pharmacia Fine Chem-
icals, Piscataway, NJ 08854).

(b) Power supply.—Pharmacia electrophoresis
constant power supply ECPS 3000/150.

(c) Slab cooling system.—Neslab bath cooler
PBC-4 and Neslab Tamson circulator (Neslab
Instruments, 871 Islington St, Portsmouth, NH
03801).

(d) Sample application foil.—Pharmacia Cat. No.
19-2942-01 or FMC Corp. Lot No. 99289.

(e) Sample applicator papers.—3MM Whatman
paper cuttoca5 X 10 mm.

(f) Gel backing.—"GelBond," 7 mil: polyester
support treated on one side for adherence of gel
(FMC Corp., Marine Colloids Div., Rockland, ME
04841).

(g) Filter paper.— S&S No. 577 (Schleicher &
Schuell, 543 Washington St, Keene, NH
03431).

Reagents

(8) Electrolytes.—0.1M NaOH (catholyte); 0.1M
H3PO4 (anolyte).

(b) 10M urea.—Schwarz/Mann (Mountain
View Ave, Orangeburg, NY 10962) ultra pure
urea. Prepare new solution each day.

(c) Ampholytes.—LKB Ampholine, pH 4-6, pH
3.5-5, pH 3.5-10 (LKB Instruments Inc., Rock-
ville, MD 20852).

Agarose.—Marine Colloids IsoGel.

@ Sorbitol.—20% (w/v).

(f) Fixative.—4% trichloroacetic acid and 3%
sulfosalicylic acid in methanol-water (30 +
70).

Mention of a commercial company or product does not
constitute an endorsement by National Marine Fisheries Ser-
vice. Usefor Publluty oradvertising purposes of information
from this publication concerning proprietary products cr the
tests of such products is not authorized.

© Asgggé‘ugﬁ %? (%CIES %a%%c%l éﬁgrrln(s)t% Inc.
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) CIearlng solution.—Water-ethanol-acetic
aCIé; hts

gh%swm 0% Coomassie Brilliant Blue
R-250 or Serva Violett 49 in clearing solution.

Preparation of Samples

AII samples were composites of at least 10
shellfish of any ones ecles. The shrimp sample
Was a composne of 40 shrimp.  Previous studies
show no pattern differences among individuals
of anyones DECIES.

I samples were cooked in bodmg water to

extract the meat, and sub sequen \é rozen to
—0°F. Jonah crabs were hoiled n 3% NaC| for
15minand the meats were handpicked and then
frozen. The remaining crabmeat samples were
purchased from commercial sources alread
processed and frozen. Mussels were harvested,
cooked until gaped, shucked, and stored frozen
in plastic tubs. ' The rock shnmo and spiny lob-
ster were sent frozen raw from Florida. "The rock
shrimp.were 5|mmered 1 min, and the Iobster 20
min, “They were then handglcked and rozen
Surf cIams Were aquacultur Ily grown in M
ford, CT. Tegweresteame overbodmgwater
s min, shucked, and stored frozen in plastlc tubs,
In all cases, cooking methods were “cookbook”
recommenda tions. ~No pattern differences were
observed amon?ndlfferent batches of the samg
species If the same cogking times were adhere
t0. Longer cook mtl; times can result in fainter
protein panding paiterns afterstamln but the
pattern itself remains unchanged, Before sam-
pling, both the mussel samples and clam samples
weré each thawed and blended until homdge-
neous. An aliquot was used for protein extrac-
tion.  All samples were blended with 10M urea
In aratio of 2:1 (wt:vol.) meat:urea for approxi-
mately 2 min._The resulting mixture was cen-
trifuged at 12 800 g, and the suoernate was used
for spotting.  Amounts as small as 0.8 g meat to
0.4 mL urea may be used.

Preparation of Gel

The gel wasmade accordm to Lundstrom Q
A30m nne |ds enougdh gel solution
105 X0 mmtlck The gel mold
|s ma eb roIIm a piece of GelBond"(hydro-
Ehlhc Side towards gel) cut to the same dimen-
lons as the c‘;lass plates (105 X 200 mm), over.a
smaIIamoun ofwateron one é;lass late; A075
mm thick spacer bar js placed on the GelBond,
foIIowed gy aglass plate. The entire assemblg
Is clamped together on 3 sidgs.  The mold an
the s nnqe must be warm (under an infrared
lamp) while pouring the gel. " Then 0.24 g 1s0Gel
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is mixed in 15 mL water and heated tq 90°C to
dissolve; 135 mL 20b(w/v; sorbitol 1s added,
mixed, and cooled to about OCbefore add|n
10 mLA m holine, 4 oW\ll_H) D
mL Ampho ne, 40% ( 5.10), Mlxed
solution 1s poured |nto 2 Mo ds usm% synnge
Gel blanks (1soGel in water and heated {0 90o
may be made ahead of time and stored at 4
Ges have been stored in thelr moIds at 4°C for
days with no apparent Ill effects. The open
end must be sealed with tape to prevent dehy-
dration. _The agarose gels in ca 20 min and s
then refrigerated >30 min.

Procedure

When rgadey to use gel, carefuIIy seParate Plass
Rlates an movesacer bar, leaving gel ad
ered to GelBond. ace GeIBond over a small
amount of water on cooling slab, working out air

bees to ensure good tontact with coolmq
a/at orm, Maintain coolant at 0- 10 C. Blotge

Ith S&S No. 577 filter paper, cut to size of gel,
o remove excess water. Place sample apollca
tion mask or MM Whatman paper (sample ap-
plicator papers) at cathode end. Plpet either 5
Or 10pL Sample supernate into mask eenqu
on 5|ze of Ioade slit. Allow about 5 min for ge
to absorb sam e.and then remove mask.
using sample applicator papers, pipet 10-20 pL
sam Ie sup ernate ontona pers, where it Is, ab
sorb e |mme diately. Place electrolyte. wicks
soaked Wlth anonte and catholyte sdlutions at
ends of gel; place platinum electrode W|re on toB
0 WICkS Focus proteins 30 min by.app ymg
watts of constant owerW| th a I|m|t|nfg voltage
of 150 0 V and a |m|t|ng current of 50 m
W en usmqsampe cop licator papers, remove
these after 15 min and continue separation for
another 15 min,

Fixing, Staining, and Dry|ng

After focusing time is complete, remove elec-
trolyte wicks fro eI ang Place gel in fixative 15
m|n Remove ge ro m fixativé and place wet
|ece ofS&S No. 577 filter paper over entire gel,

ge filter Ba er side down, over stack of

aner towels. Place glass plate and 500-1000 g
elght on top. Remove saturated paper towels
t0 soeeddr Ing process. After 15min, carefull
Pee off filfer Raper and dry gel under infrare
am unti| w Ite protein “precipitates are ng

gervmb eand gel |sdr%/ to touch Paceg el

eanng solytion 1+ min, and then_in_ stain
heated to OCfor cath, Destam briefly in 2-3
changes of ceanng solution. Again, dry gel
under infrared lamp.
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Results and Discussion 0ds shows an area of precipitated protein in the
We have found several procedural techniques ~ AGIEF method which is prevented in the PGIEF
with this method that yield protein band pat-  method by the inclusion of urea in the polyac-
terns that stain darker arid are more unique to the ryIamrdf ge
specres One such procedural technrquewould Samples extracted with 10M urea gave the
t]he cporce of matrices fort ege medium.  darkes bandrng atterns after starnrn% Urea
Although the Incorporation of uréa into poly 10Mr2 Was morg successtul as an extracting so-
acrylamide 9els ?reatly enhanced the protern tio (Fr ure 3) than 2% Triton X-100 (non-ionic
barids (Figure 1% or that medium, agarose gels deter 1%and 10%sodiym dodecgl sulfate
gave better resylts If urea was omitted and gels  (SDS Kamonrc deter%ent 10%rlgycrn
were made with water. Urea appeared’ to diethylene glycol esewerebendedwrthte
weaken the strength of the agarose %el making sam e meat in aratio of +:1 (Wt:vol.) or 2:1 as
It watery. Urea-based gel did'not ad erewellto with teurea SamPIe meat left in contact with
the GelBond, and dense background staining  1oM urea for more than 1 day and_centrifuged
made the proten bands hard to distinguish.  before spotting Produced darker stained pattérns
Exclusion of urea from the ([;el aIIowedr Ising  than freshly extracted and centrifuged supernate
the power from 1 watt constant power in over- %Frgurezt) Extracted samples have been frozen
night focusing as in the PGIEF method to 30  Tor’> weéks with no change in their banding
watts for30m|n In this method. patterns. The extraction sté qreatly affects the
Anoth er deviation from the PGIEF method  amount of stainable material aftér focusing.
S ure 2) was the placement of extracted Erotern While close inspection of the focused and stainéd
eca ode rather than the anode and the use  plates reveals that all bands are resent and re-
of acidic pH ranges for the focused gradient. Eroducrble from glae t0 #Iate or any one
Comparrson of the 2 plates done by thé 2 meth-  Species, the variation n staining mtensrtres can

ph 7-9

Figure 1. Polyacrylamrde gel isoelectric focusing of 5 cooked, frozen crab species. Urea-extracted protein
(20 /*L) was spotted at anode on 3MM Whatman paper.
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pH 4 6

NOW
RAB

A WIdHS
¥ IOR

Figure 2. Agarose gel isoelectricfocusingof 10 cooked, frozen species. Urea-extracted protein (10 juL)was
spotted at cathode. Dark areas are precipitated proteins.

lead to erroneous sample identification, as might  and identically with unknown samPIes. ,
occur in Figure 4 between 1-day-old and 5-day- This method offers an excellent alternative to
old red cra.  For this reason, It |s,sug(];ested that ~ PGIEF. ' The main adv,anta?e of the PGIEF
authenticated samples be run simuftaneously  method is the incorporation of urea into the gel,

A B C D E F A B C D E F F RED  JONAH
ONAh RED
Fi%ure 3. AGIEF showing different extraction procedures. Samples supernate (10 fil.) was spotted at cathode

inloading slits of plastic mask. A, 20%diethylene glycol; B, 10% glycine; C, 10% SDS; D, 1% SDS; E, 2% Triton
X-100, and F, 10M urea. The latter 4, red ant(ri].Jonlar% c(ralt_Jlshv%&ire urea-extracted 30 days before spotting on
is plate (pH 4-6).
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Figure 4. ACIEFshowiné; 5 crab species in pH 4-6 range and spotted at cathode. The first 2in each set of
were freshly extracted supernate, and the second 2 Wwere extracted 4 days before spotting on this plate.

which keeps the denaturated proteins in solution ~ Milford Laboratory, Milford, CT.

In the %el. Although f)rotelns precipitate near

the cathode in the AGIEF method, this method References

IS certamlfv more rapid and safer than PGIEF, and (1) Aanmtheng,GJz-, géa/}/éggm, K. (1979) J. Assoc. off.

species of cooked products can be identified. o) Ki3yrowek, 1 & Wigin, K (1981) s, o
Acknowledgments Anal. Chen. 64 670-6

DL 3) Lundstrom, R.C. (1981) /. Assoc. o . Anal. Chem. 64,
Our thenks to the Northeast Fisheres Center, ) 58,43 (BBL)1. Asoc. oftanat. Chen
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fication by Agarose Gel Isoelectric Focusing:

Fisn ecles Ident(;
Collanorative Stuay

RONALD C, LUNDSTROM
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g%h%régtlewﬁlﬂeoliglgggeggsgervme, Northeast Fisheries Center, Gloucester Laboratory,

Collahorators: M, C. Annand; C. R. Barmore; S, A. Braddon; B. Caffrey: J. Krzynowek

W. Lalrg; A F. LaTerza; T. Lin; B_}l\/. Little
P. H. Ocense; G. P. O'Leary; S. Stiles;

A method for fish species identification by aFarose
?el isoelectri¢ focusing was collaboratively studied
0 determine if unknown samples could be identified
by comparison of the unknown protein pattern with
a’photograph of protein patterns from authentic
species. ~ Fourteen collaborators were sent 19 or 20
unknown samples alongswnh supplies and instryc-
tions for makmﬁ pH 25-9.0 agarose isoelectric fo-
cusing gels. The unknown sarcoplasmic protein
patterns were identified by comparison with a sup-
Rhed 8X 10 in. photograph of protein patterns from
8 authentic species. The 14 collaborators identified
a total of 276 unknown samples with 84% accuracy.
Eight of 14 collaborators averaged 90% or more cor-
rect. Two collaborators averdged 80-85% correct
while the remaining 4 collaborafors averaged 50-69%
correct. No one species was consistently misidenti-
fied; however, the method is not recommended for
adoption in its present form.

Isoelectric chusm? of sarcoplasmic proteins.in
Folyacr lamide gels Is an excellent method for
he’dentification of fish species. A collaboratjve
studPéof a polxacry,lamlde, el isoelectric focusing
(PGIEF) methad “in_which unknown species
patterns were identified bY comparlson ith a
photograph of protein patierns from authenti-
cated Species resulted in 93%,of the unknown
samples being correctly identified (1). All un-
known speciés were c?,rrectly dentified except
for samples of monkfish ﬁLophius americanus).
Monkfish was subsequently found to have a
polymorphic protein pattern with 3 distinct
variations detectable using the PGIEF method (2).
PGIEF was adopted hy the AOAC as an official
final actign method In October 1980, after one
Year at official first action with no further prob-
ems reported. N ,

In view of the known toxicity of acrylamide,

This report of the Associate Referee was gresented at the 95th
Annual Meeting of the AOAC, Oct. 19-22,1981 at Washington,
DC

b Tt?\% gcoma’ﬂeRnc;ation of ﬂ(w:% Assqciategefeéee was app;cc)‘vgi/
ener eree ar) i and was acce)
he Association (3 . ASsac. &f. Am. %ﬁgm. 65, 373 (19853.

BE ITI[JM{u

Mackie: |. M. Moodie* R. Morrison:
nen; K Wiggin

appropriate warnings were included in the
method to protect potential users. However,
because acrylamide_is a potent cumulative neu-
rotoxin, an alternative stabilizing medium was
sought. _The Introduction by several manufac-
turers of a h|g,h|¥ purified agarose suitable for
use in isoelectfic focusing led o the development
of an alternative species identification method
based on agarose gel isoelectric focusing (AGIEF)
3).. Aside from the advantage of replacing the
oxic acrylamide with nontoxic agarose, AGIEF
has the added advantage of speed. The grotel,n
separation step can pe completed in 30 min
compared with 90 min for the PGIEF method,
and the fixing, staining, and destaining steps are
also much faster,
Fourteen collabgrators were each sent 19.or 20
unknown frozen fish samples from 10 different
species. Collaborators were also supplied with
materials to produce pH 2.5-9.0 agarose gels, an
6 X 101n. photograph of a PH 2.5-9.0 agarose gel
showing protein patterns from 18 authenticated
species and a copy of the proposed method.
ecause monkfish was found to have 3 distinct
patterns, all 3 patterns were included on the
librar g,el and each collaborator was given 2
of the 3 tifferent monkfish types as unknown
samples. The collaborators were insfructed to
analyze the unknown samples according to the
supplied method and to identify the unknowns
bg compe“lnvg their proﬁem att%rns with the
pat own :

terns s on the photograp
METHOD
Apparatus
(:i?, Thin layer isoelectric focusing.—LKB 2117
Mutiphor for electro ocusing (LKB Instruments,
Inc., 12221 Parklawn Dr, Rockville, MD 20852),

or equivalent apparatus.

Mention of trade names or commercial firms does not imply
endorsement by the National Marine Fisheries Service.
Received August 31, 1981 Accepted April 1, 1982
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@Power supply.—Constant power type ca-
pablé of maintaining constant power up to 30
watts.

(c) Constant temperature circulator.—Capable
of circulating water or antifreeze solution
through cooling platform at 0-10°C.

(d) Covered plastic orglass trays.—To hold fix-
ing, staining, and destaining solutions. Mini-
mum size depends on size gel used. Some
plastics may cause the stain to precipitate during
the staining procedure.

(e) Glass plates.—125 X 260 X 3 mm for Mul-
tiphor or sized to fit apparatus in use.

(f) Gel backing.—GelBond, 0.2 mm thick, cut
to size of desired gel (FMC Corp., Marine Col-
loids Division, Rockland, ME 04841).

() Sample application foil.—For agarose gels
(Catalog No. 2117-206, LKB Instruments, Inc.).

(h) Filter paper.—s&S No. 577 (Schleicher &
Schuell, 543 Washington St, Keene, NH
03431).

(i) Drying apparatus.—Infrared heat lamp or
electric hair dryer.

Reagents

(a) Fixing solution.—Mix 150 mL methanol and
350 mL water. Add 17.25 g sulfosalicylic acid
and 25 g trichloroacetic acid. Discard after one
use.

(b) Destaining solution.—Mix 500 mL alcohol
and 160 mL acetic acid. Dilute to 2 L with
water.

(c) Staining solution.—Dissolve 1.15 g Coom-

assigy Blue R-250 in 1 L destaining solution.
Di@d after one use.
(

Anode solution.—o.IM H3PO4.
Cathode solution.—0.1M NaOH.
(f) Agarose.—IsoGel Agarose (FMC Corp.).
(g) Carrier ampholytes.—LKB Ampholine, pH
ranges 2.5-4, 5-8, and 3.5-10 (LKB Instruments,
Inc.).
(h) d-Sorbitol solution.—20% (w/v)

Sample Preparation

Thaw frozen fish overnight in refrigerator or
1hin cold water. Collect drip fluid that forms
upon thawing. Remove suspended particles in
drip fluid by centrifuging 5 min at >1000 g.
Alternatively, filter drip fluid through Whatman
No. 1 paper in refrigerator if centrifuge is not
available. Centrifuged drip fluid may be stored
at 4°C a maximum of 2 days before discarding.

Agarose Gel Preparation

The following directions produce a 125 X 260
X 1mm thick gel suitable for use with Multiphor.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

Amounts can be adjusted to produce smaller or
larger qels as needed.

step 1—Add 0.24 g 150Gel agarose and 15 mL
water to 50 mL screw-cap test tibe. Melt agarose
In 90-100°C water bath. Use immediately or let
solidify at room temperature and store af 4°C.
Discard when bacteria or mold growth 1S evi-

ent.

step 2—Add 135 mL 20% (w/v) sorbitol () to
meltéd agarose and mix.

Step3 LKB Ampholine carrrer ampho-
Iyt es In the foIIowrrlr_r[r 3proportrons orpH 2.5-9.0
gra dient: 0.9mL 03mLBH25403

H)H 5-8. erwelland let air bubbles rise

e marntarnrn% temperature at 80-90°C.

step 4—Assemble gel'mold. Place 5 mL water
on center of ?Iass late. ._Roll piece of GeIBond
ontq  glass |p preading water evenp}
avoiding air bubbles. Enstire that h drop 0 IC
surface of GelBond faces down and h%/ p hilic
surfacefacesu Use clean test tube to rol| Gel-

ond flat and squeeze qut excess water. Place 1
mm thick s(pacer and then top glass Iaeover

GelBond. Clamp assembly togetner and pre eat
0 30-40°C 1n oven or by Using infrared famp or
hair dryer,

step " Hh—Pour aparose -sorhitol-Ampholine
mrxture rntoprehea ed30mLg Iass %rrn e fitted
with %e needle. Pump hot mixtire rnto
Breheated gel mold without'trapping air bub-

step 6—L et agarose solidify at room tem er-
ature "and then transter to 4° refrigerator for >
15 min before use. Gel may e stored at 4°C for
20r 3da smaxrmum it open end of the gel mold

Is sealed with mas mgt p
Step 7—Remoye rom mold bté qentl
Bond

r{ g off top glass epIate and Irftrng
h adherrng agaros gel free from hottom glass

Step g—Place GelBond on coolrng Blatform
over thin layer of water, Avoid air u

Step 9—REMOVE excess surface moisture from
pelb gentl roIIrr]gS piece of S & SNo. 577
terp per onto gel sur acewrthouttrapprng arr

bles. Gentz peel paper off gel wh enevennu
saturated ca 15[) Don tdislo ge a%arose fro
GelBond.~ Af e should have

blotting, agaro

duII even, matte surface.” Any remaining glossy
areas should be rebIotted using same, piéce of
filter paper Incomplete surface moisture re-
mt%\rra will cause adjacent samples to run to-
ether.

gStep 10—Place samgl ﬁhg ion torl op
agarose gel surface near cathode end o
nsure that protrusions from each slit face geI
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Step 11—Pipet 1-2 /iL sample into center of
each slit. Allow time for sample to be absorbed,
then remove foil carefully.

Step 12—cut 2 electrode strips to length of gel.
Saturate strips with 0.1M NaOH for cathode and
0.1M H3PO4 for anode strip. Place strips on gel
surface under appropriate electrode.

Step 13—Place electrodes in position and
connect electrical leads to power supply, ob-
serving proper polarity.

Step l4—start flow of coolant through cooling
platform.

Step 15—Turn on and set power supply to de-
liver constant power = 30 watts with limiting
voltage = 1.5 kV and limiting current = 50 mA.
Separation is complete after 30 min.

Step 16—Turn off power supply, remove and
discard electrode strips.

Step 17—Place gel in fixing solution 10 min.

Step 18—Remove gel from fixing solution and
roll piece of S & S No. 577 filter paper, wet with
water, onto gel surface.

Step 19—Place gel filter paper down, on stack
ofdry paper towels. Place 500-1000 g weight on
top of gel backing to ensure good contact with
paper towels. Remove wet paper towels and
replace with dry paper towels to speed dehy-
dration. After 15-30 min, gel should have dried
to "paper thin" layer. Peel filter paper off gel,
wetting with water if paper sticks to gel.

Step 20—Dry gel fully using hair dryer or in-
frared lamp, until gel is dry to touch.

Step 21—Rinse dried gel 1 min in destaining
solution.

Step 22—sStain gel 10 min with frequent agi-
tation to prevent dye precipitation. If dye pre-
cipitates, discard solution and replace with fresh
stain.

Step 23—Destain gel background with several
1 min washes of destaining solution, until
background is clear.

Step 24—Dry destained gel using hair dryer or
infrared lamp.

Step 25—Identify unknown samples by visual
comparison of unknown pattern with protein
patterns from authentic species.

Step 26—Dried gels may be written on and can
be stapled into notebook as permanent record.

Results and Discussion

Table 1summarizes the results obtained from
the 14 collaborating laboratories. Eight of 14
collaborators identified the unknown samples
with accuracy ranging between 90 and 100%.
Two collaborators obtained between 80 and 85%
accuracy, 2 collaborators obtained between 65

and 69% accuracy, and 2 collaborators obtained
between 50 and 55% accuracy. Overall, 84.1% of
the unknown samples were identified correctly.
No one species was misidentified significantly
more often than another, although only the
monkfish (Type C) was correctly identified by all
collaborators.

A number of problems were identified after
visual examination of the gels submitted by each
of the collaborators. Comments were also noted
by several collaborators. In general, the col-
laborators who scored highest submitted gels
which were similar in resolution to the library
gel. Those collaborators who scored lowest
submitted gels that differed in appearance from
the library gel. Collaborators 6 and 7 reported
deviation from the power supply conditions
specified in the method, and this may have af-
fected the resulting resolution of the proteins.
Collaborator 7 also reported problems with the
protein stain precipitating. Collaborator 4
submitted a gel with protein patterns that were
stained a blue-green that differed from the dark
blue typically seen with Coomassie Blue. It has
recently been noted that the original manufac-
turers of Coomassie Blue R-250 no longer pro-
duce that product. Instead, several other man-
ufacturers are producing "Coomassie Blue"
products which may not be exactly the same.
Different stains exhibit different binding re-
sponses to proteins, so this may be the cause of
some of the protein pattern differences. Col-
laborator 3 did not submit a gel for examination,
so no critical evaluation was possible.

Overall, the agarose gel isoelectric focusing
method that was collaboratively studied showed
more variability than the present AOAC method
based on polyacrylamide gel isoelectric focusing
(1). This fact was noted by most collaborators.
Most collaborators also noted that they had one
or more problems with the specified staining
procedure. The identifications using the library
gel were also a problem to most collaborators.
Even the collaborators who did well complained
that the large number of unknown samples
combined with the large number of known pat-
terns made the identifications difficult. Several
collaborators felt that the collaborative study
should have been conducted using both un-
known and authentic samples run on the same
gel because this is normally required in court
cases. Nevertheless, the Associate Referee feels
that the library gel comparisons are a more
stringent test of the method reproducibility. At
this point, identifications should not be based
only on the library gel identifications. It would
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be more logical to use the library gel to pinpoint
the suspected identity of an unknown sample
and then to procure an authentic sample of that
species to be run side-by-side with the un-
known.

Aside from the above problems, the collabo-
rators were unanimous in their agreement on the
good points of the method. The relatively low
cost, the lack of the polyacrylamide toxicity
problem, and the great speed of the method were
cited as being distinct advantages. Further study
of the method was suggested.

Recommendations

The accuracy of this method, as determined by
collaborative study, was not good enough for
recommendation as official first action. The use
of agarose gels in isoelectric focusing is a rela-
tively new technique, and the technique is de-
veloping rapidly. Several different agarose-
carrier ampholyte systems are now being mar-
keted by several companies. During the next
year, each of these systems should be evaluated
to determine which are the most reproducible.
A pre-blended carrier ampholyte preparation is
also available, which should improve the re-
producibility. A replacement for the discon-
tinued Coomassie Blue R-250 stain is also needed
to ensure reproducible staining results. The use
of ultra-thin agarose gels, cast by capillary action,
should be investigated to further improve re-
producibility and to further reduce analysis
time.
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METALS AND OTHER ELEMENTS

Gas-Liquid Chromatographic Screening Method for Determination of
Methyl Mercury in Tuna and Swordfish

THERON JAMES

Food and Drug Administration, 1521 w Pico Blvd, Los Angeles, CA 90015

A rapid screening method has been developed for
determining methyl mercury in tuna and swordfish.
Fish tissue Is blended with acidic KBrsolution to re-
lease methyl mercury, which is then extracted into
methylene chloride. ~ After cleanup by partitioning
with cysteine, the methyl mercury is extracted into
toluene and determined by gas-liquid chromatogra-
phy. The Froposed method compares favorably with
the official AOAC atomic ahsorption method.

Mercury is routinely determined in tuna and
swordfish by measuring total mercury content
(1). However, itiswell known that the bulk of
mercury in fish is present as methyl mercury (2,
3). Because methyl mercury is highly toxic, from
aregulatory and toxicological standpoint its de-
termination is eminently more important than
that of metallic mercury.

Methods presently in use for the direct deter-
mination of methyl mercury all have some un-
desirable or difficult features, which have been
documented previously (2, 4-9). In addition,
most of the methods use benzene, aknown car-
cinogen (10), as the primary solvent for extrac-
tion.

In an effort to obviate the use of benzene, to
mitigate undesirable features of existing meth-
ods, and to provide an expeditious screening
method for routine determination of methyl
mercury in fish, the method described below was
developed. Itis essentially a modification of the
Newsome method (6), as follows: Methyl mer-
cury is released from fish tissue by blending with
acidic KBr solution, and is then extracted into
methylene chloride and partitioned with cyste-
ine solution to provide cleanup; the cysteine is
acidified with HBr, and methyl mercury is ex-
tracted into toluene and determined by electron
capture (EC) gas-liquid chromatography
(GLC).

METHOD
Reagents and Apparatus

(a) Solvents.—GLC grade methylene chloride,
acetone, petroleum ether, and toluene.
(b) Acidic potassium bromide solution.—Dissolve

Received January 15 1982 Accepted May 25, 1982

200 g KBrin ca 500 mL water. Add 100 mL con-
centrated H 2504, cool, and dilute to 1 L with
water.

(c) Cysteine acetate solution.—Dissolve 1.0 g
cysteine hydrochloride monohydrate, 4.0 g so-
dium acetate trihydrate, and 12,5 g anhydrous
sodium sulfate in water and dilute to 100 mL.
Prepare fresh every 2 days.

(d) Hydrobromic acid.—48%, ACS grade.

(e Methyl mercury chloride standard solu-
tions.—{1) Stock solution. — 100 jxg/mL in acetone.
(2) Intermediate solution.—3 pg/mL in acetone.
Dilute 3.0 mL stock solution to 100 mL with ac-
etone. (3) Working solution.—0.12 gqg/mL in
toluene. Dilute 1.0 mL intermediate solution to
25.0 mL with toluene. Injectca5pL.

(f) Gas chromatograph.—Tracor 560, or equiv-
alent, equipped with EC 63Ni detector and 4 ft X
2 mm glass column. Column packing: 10%
DEGS-1% H3PO4 on 80-100 mesh Chromosorb
WAW; evacuated 30 min with helium; condi-
tioned 24 h at 230°C; and "primed" with mer-
curic chloride by injecting 100pL ofa 1 mg/mL
solution in acetone at 115°C 24 h before use.
Operating conditions: temperatures—column,
115°C; detector, 300°C; injection port, 180°C;
purge rate, 60 mL argon-methane/min; flow, 20
mL argon-methane/min; saturation current, 8
X 10-9 A; recorder attenuation, 5.

Preparation of Sample

(@) Canned fish,—Drain fish and composne by
chopping in Hobart chopper.

(b) Fresh or frozen fish.—If frozen, allow to
thaw; then composite edible portions as in (a).

Determination

Accurately weigh 10.0 g prepared fish sample
(5.0 g or less for swordfish), and transfer to
micro-blender or homogenizer. Add 10C mL
acidic KBr solution and blend at moderate speed
ca 10 min. Filter with suction through Buchner
funnel fitted with sharkskin filter.

Transfer 50.0 mL filtrate to 500 mL separatory
funnel. Extract filtrate with three 100 mL por-
tions of methylene chloride, combining meth-
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ylene chloride extracts in another 500 mL sep-
aratory funnel. Add 20.0 mL cysteine acetate
solution, shake vigorously ca 2 min, and discard
methylene chloride layer.

Wash cysteine acetate layer with 50 mL pe-
troleum ether, let layers separate, and transfer
cysteine acetate layer to 125 mL separatory fun-
nel. Acidify cysteine acetate layer with 2 mL
48% KBr. Add exactly 100 mL toluene and
shake vigorously ca 2 min.

Collect toluene layer and inject ca 5jiL into gas
chromatograph for methyl mercury determina-

Hon Results and Discussion

The proposed method is applicable to occa-
sional analyses or to routine multiple analyses.
Time for asingle determination is about 1 h, and
8-12 samples per day can easily be accommo-
dated.

In the initial experiments, HC1 was used in-
stead of H2504in the preparation of acidic KBr.
However, some emulsions were encountered in
the methylene chloride extraction step. The
switch to H 2504 moderated this effect consid-
erably.

The gas chromatograph columns were condi-
tioned 24 h at 230°C and primed with mercuric
chloride by injecting 100 jrL ofa 1 mg/mL solu-
tion in acetone at 115°C, 1day before use. This
resulted in a stable column which kept the sen-
sitivity and retention time of methyl mercury
fairly constant for 2-3 days.

To testrecovery of methyl mercury, a solution
of 1.4 Jugmethyl mercuric chloride/mL in acidic
KBr was prepared. Replicate 2.0 mL aliquots
were carried through the proposed method.
Based on a 10 g sample weight, this is equivalent
t0 0.28 ppm methyl mercuric chloride. The av-
erage recovery for 12 determinations is 95.6%
with a standard deviation of +1.64.

To test recoveries from a real sample matrix, 8
analyses were performed on NBS Research Ma-
terial 50 (Albacore Tuna). The average amount
of methyl mercury, calculated as mercury, was
0.89 ppm by the proposed method. NBS gives
the noncertified value as 0.95 0.1 ppm, and
they suggest that 80-90% of the mercury content
is methyl mercury. Repeated atomic absorption
analyses of the NBS Research Material in our
laboratory gave an average mercury content of
0.86 ppm.

Table 1 compares the proposed method with
the official atomic absorption method (1). The
analyses were performed over a2 month period
and included analyses of canned, frozen, and
decomposed fish. Some gas chromatographic
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Table 1. rative re ulsofmercur etermi atlon
AO%%n OEFF clal met and propoy (? met 0

Hg found, ppm

AOAC Proposed
Product 25.110-25.114 method

Tuna(canned) 0.17 0.16
0.20 0.19
0.07 0.09
0.04 0.07
0.05 0.08
0.23 0.23
0.24 0.21
0.07 0.10
0.11 0.14

0.47 0.42, 0.39

0.18 0.18,0.18

0.15 0.15, 0.15

0.69 0.60,0.62

Swordfish (frozen) 0.57 0.60a
Swordfish 1.15, 1.19 1.11»

(decomposed) 0.64 0.63
Swordfish (frozen) 0.58 0.48
0.90 0.78
0.28 0.32

8 Some interferences noted on gas chromatograms.

interferences (probably putrefaction products of
the fish) were noted in fish samples that had
begun to decompose, but the overall results ob-
tained by the proposed method compare quite
favorably with those by the official method.
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Optimum Conditions for Hydride Generation of Selenium and Its
Determination by Atomic Absorption Spectrophotometry

ROBERT R. BROOKS, JANINE A
New Zealand

Instrumental parameters and other variables were
studied to establish the optimum indicators for de-
termination of selenium by atomic ahsorption spec-
trophotometry using the Cydrlde generation proce-
dure with cold-trapping. Optimum conditions were
established by consideration of the following vari-
ables: volume of reaction solution, acid concentra-
tion in the reaction mixture, lapse of time after last
addition of borohydride, method of addition of
horohydride, carrier gas flow rates, position of source
beam in the flame cell, oxidation state of selenium,
and effect of drylnTg the cold trap between successive
determinations. This latter procedure greatly im
proved the reproducibility of the technique {from
+2|8% to £2%. The limit of detection was about 2 ng
selenium.

Extensive literature exists on the hydride gen-
eration method for determining selenium by
atomic absorption spectrophotometry (1-8). The
most common techniques (1-5) involve reduc-
tion of selenium by sodium borohydride and
introducing the hydride by means of a carrier gas
(nitrogen) directly into an air-entrained nitro-
gen-hydrogen flame. Siemer and Koteel (2)
studied the effect of freezing the hydride in lig-
uid nitrogen by use of the method of Knudsen
and Christian (7) and reported better efficiency
of transfer of the hydride compared with the
direct method (33% compared with 14%). A
disadvantage of the freezing-out technique,
however, was the nearly 3-fold poorer preci-
sion.

The relatively poor precision of hydride gen-
eration methods for selenium determinations by
atomic absorption spectrophotometry was fur-
ther demonstrated by lhnat and Miller (8) in an
extensive intra- and interlaboratory study of se-
lenium levels in 13 types of foodstuffs containing
31-3625 ng selenium/g. Relative standard de-
viations (RSD) between laboratories (interlabo-
ratory) ranged from 14% at the 2538 ng/g level
to 275% at the 31 ng/g level. Intralaboratory
studies (between digests) gave RSD values of 7.4
and 99%, respectively.

We recently studied parameters affecting hy-
dride generation of arsenic and its determination
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by atomic absorption spectrophotometry (9) and
have now carried out a similar study for the de-
termination of selenium with aview toimprov-
ing the precision of the method. The results of
this work are presented in this paper.

Experimental
Reagents
Analytical grade reagents were used
throughout. Fresh selenium(lV) or selenium(VI)

solutions were prepared by weighing the ap-
propriate amount of sodium selenite or selenatel
and dissolving it in deionized water. Sodium
borohydride solutions were prepared daily using
deionized water made alkaline by the addition
of a few pellets of potassium hydroxide. To
prevent condensation of volatile acidic vapors in
the cold trap, sulfuric acid was used to acidify the
sample before injection of the reducing agent.

Apparatus

The apparatus is illustrated in Figure 1and is
identical to that used by us earlier on arsenic (9).
Selenium hydride is generated in the reaction
vessel and carried by a stream of nitrogen to the
condenser, which is immersed in liquid air. The
condenser is connected to the mixing chamber
and burner unit of a Varian Techtron AA-5
atomic absorption spectrophotometer. The se-
lenium resonance line at 196.0 nm was used.
The source, a Cathodeon hollow cathode lamp,
was operated at 6 mA. Absorption signals were
recorded on a Rikadenki B-161 chart recorder
operated at 10 cm/min. The attenuator setting
was generally either 2 or 5 mV. A nitrogen-
hydrogen-entrained air flame was used for pro-
duction of ground-state atoms.

Original Basic Operating Conditions

The following basic operating procedure was
used throughout and was only modified when
a specific parameter (e.g., acid concentration or
total volume) was varied purposely. Deionized
water (40 mL) and 10 mL of 3M sulfuric acid were
placed in the reaction flask. Selenium(lV) so-
lutions were introduced by an Eppendorf pipet.
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The condenser consisted of a 10 mm (id) boro-
silicate tube immersed in liquid air to adepth of
150 mm. A stream of nitrogen was passed
through the reaction solution. When the con-
denser had cooled, sodium borohydride was in-
troduced, 2 mL at a time, using a repeating sy-
ringe. The hydride was carried by the nitrogen
stream to the condenser. After sufficient reac-
tion time, the nitrogen stream was rerouted to
bypass the reaction vessel, and the condenser was
placed in an ice-water bath where the hydride
rapidly volatilized and was carried into the
flame. The reaction flask was washed before the
next sample was added.

Results and Discussion

AmountofBorohydride Used

In this experiment, 1 pg selenium(lV) was
reacted with successive 2 mL aliquots of 3% so-
dium borohydride solution injected at 30 s in-
tervals. The first addition produced a signal
about 25% of the final limiting value, which was
reached after 4 mL had been added. An insur-
ance against incomplete conversion of selenium
to the hydride, however, a total of 8 mL of re-
agent was added in 4 increments of 2 mL.

Total Reaction Volume

To evaluate dependence of the absorption
signal on the initial reaction volume, a series of
solutions were prepared containing a total vol-

Sample introduction

— Fritted disk

X

Apparatus for generation of selenium hydride.

ume between 10 and 90 mL and containing 1pg
selenium(1V) as well as a constant concentration
(0.6 M) of sulfuric acid.

The results are shown in Figure 2. It will be
noted that the total signal decreases slightly (by
about 10% as the reaction volume changes from
10to 90 mL. It would appear that the efficiency
of removal of selenium hydride is not greatly
affected by the reaction volume. The reaction
volume of 50 mL recommended in the standard
procedure represents an effective compromise
between sensitivity and reproducibility because
at lower reaction volumes the rate of change of
signal is slightly greater than for higher volumes.
This means that the gain in sensitivity by use of
lower reaction volumes would be at the expense
of poorer reproducibility.

EffectofAcidity

A series of 6 solutions were prepared con-
taining 1pg selenium(lV) in 10M, 8M, 6M, 4M,
2M, and 1M sulfuric acid. The resultant signals
were approximately identical, and it appeared
that release of selenium hydride was indepen-
dent of the acid concentration, at least in this
range of values.

Rate of Stripping ofSelenium Hydride from
the Cold Trap

Eight replicate solutions containing 1 pg se-
lenium were treated with borohydride, and the
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Figure 2. Atomic absorption of selenium as function
of total reaction volume.

hydride was collected in acold trap. The carrier
gas was fumed through the system for periods of
25-200 s after the last addition of reagent. The
hydride was then volatilized and poured into the
flame in the usual manner. The results of this
experiment are shown in Figure 3.

The signal increased gradually for the first 120
s, probably because of slow removal of the last
traces of hydride from the solution. Thereafter,
there was aslow reduction of signal as the solid
hydride was stripped from the U-tube. The loss,
however, was slight and amounted to only about
5% of the maximum value (at 200 s).

Carrier Gas Flow Rates

The result of altering the 'carrier gas flow rates
for replicate solutions containing 1 (J seleni-
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Figure 3. Atomic absorption of selenium as function
of time elapse since last addition of borohydride.
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Figure 4. Atomic absorption of selenium as function
of carrier gas (nitrogen) flow rate.

um(lV) is shown in Figure 4. The pattern was
very similar to that previously obtained for ar-
senic (9) with a maximum signal at a flow rate of
around 3L /min. Athigher flow rates, the sele-
nium hydride apparently does not have time to
condense completely, whereas at low flow rates
the signal is reduced because of greater diffusion
of the hydride into the carrier gas.

Varying Gas M ixtures in the Flame Cell

The effect of varying ratios of flow rates of
nitrogen and hydrogen supplied to the flame cell
was investigated by preparing anumber of rep-
licate solutions with 1¢( selenium(lV). Hydride
generation and flame analysis was carried out
with one set of samples in which the nitrogen
was kept constant at 5 scale units and the hy-
drogen was varied from 1to 10 scale units. A
second set was treated in which the hydrogen
was kept constant at 5 units and the nitrogen was
varied from 1to 10. The constant flow rates for
nitrogen and hydrogen were not chosen arbi-
trarily but were a compromise in the middle of
the range of flow rates of either gas for which it
is possible to sustain a stable flame. It must be
mentioned that the flow rate units were those of
the scale divisions of the AA-5 instrument and
overstate time flow rates (mL/min) by around
150%. The data are shown in Figure 5. It seems
that the gas mixture has a great influence on the
signal and that flow rates of either gas should
preferably be in the range of 4-7 scale units (i.e.,
about 3-5 L/min).

Position of the Source Beam in the Flame

The influence of the height of the source beam
within the flame was investigated, and the re-
sults are shown in Figure 6. The signal was an
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Figure 5. Atomic absorption of selenium as function
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inverse function of the height of the source beam
within the flame. Itis clear that this beam must
be kept as close as possible to the slit of the
burner. Even afew millimeters difference can
be crucial, particularly if maximum sensitivity is
required.

Effectofthe Oxidation State ofSelenium

Experiments were carried out using solutions
of selenium in both the hexavalent and tetrava-
lent states. The oxidation state was very im-
portant in these experiments because a solution
of selenium(lV) that gave a signal of 38 units
compared with a value of only 3 units for the
same quantity of selenium(VI). Attempts tore-
duce the selenium (VI) to selenium(1V) by addi-
tional quantities of borohydride were only par-
tially successful and, in any case, involved use of
an inordinate amount of expensive reagent.
When the solution of selenium(VI) was reduced
by boiling for 10 min in 4M hydrochloric acid,
exactly the same signal as for selenium(IV) was
obtained when borohydride was added in the
standard manner. Pre-reduction of selenium,
therefore, is essential when using the hydride
generation technique.

Reproducibility and LimitofDetection

The purpose of the work was to examine the
optimum instrumental conditions for the de-
termination of selenium; therefore no attempt
was made to assess the accuracy of the procedure
by analyzing standard rocks because this would
have brought in the question of error inherent
in decomposition procedures. For the same
reason, selenium levels in reagent blanks were
not determined.
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Figure 6. Atomic absorption of selenium as function
of position of source beam within flame.

The limit of detection of the procedure (sig-
nal-to-noise ratio of 2.0) was of the order of 2.0
ng selenium.

In the earlier part of this investigation, it was
realized that reproducibility was very poor and
the relative standard deviation (20 replicates) for
1pg quantities was as high as 28%. A dramatic
improvement was effected by washing the tube
with acetone and drying it with compressed air
after each determination. The result of this
procedure was a marked improvement in re-
producibility (2.0%). Where necessary, all pre-
vious experiments were repeated with acetone-
washed tubes. This washing is avery important
prerequisite for reproducible work, and its im-
portance cannot be overemphasized.

Optimum Operating Conditions

As aresult of the above studies, we have now
established the following optimum operating
conditions for the determination of selenium;
(1) volume of reaction solution, 50 mL; (2) acid
concentration, 0.60M sulfuric acid; (3) lapse of
time after last addition of borohydride, 120 s; (4)
addition of borohydride, 4 increments of 2 mL at
intervals of 30's; (5) carrier gas flow rate, 3L/min;
gas mixture in flame cell, 3-5 L/min for both
hydrogen and nitrogen; (6) position of source
beam in flame, 1 or 2 mm above the burner; (7)
oxidation state of selenium, IV (pre-reduce if
necessary by boiling for 10 min in 4M hydro-
chloric acid); (8) dry U-tube between each sample
by washing with acetone and evaporating the
acetone with a stream of compressed air; (9) an-
alytical line, 196.0 nm (this line was not delib-
erately chosen as aresult of our studies and may
not necessarily have given the best signal-to-
noise ratio).
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Hi_%_h Performance Liguid Chromatographic Determination of
Bitidobacterium bifidum crowth Factors in Human M ilk

SAMY H. ASHOOR and WOODROW C. MONTE

Arizona State University, Division of Agriculture and Department of Home Economics,

Tempe, AZ 85287

An isocratic high performance liquid chromatogra-
phy (HPLC) metrg%.aaBbeen.devebaFﬁdd for the de-
termination of DBITICODACEENIUM DITIGUM growth
factors in human milk. The method involves the
gradual addition of 3 volumes of ethanol to the milk
sample, filtration, and analysis of the growth factors
in the filtrate by HPLC. The HPLC system consisted
of acarbohydrate analysis column, awater-acetoni-
trile (70 + 30) solvent system, a flow rate of 1.0
mL/min, and a refractive index detector. The
method is simpler and requires less time than the
present microbiological method. Moreover, it re-
vealed for the first time the presence of 2 separable
growth factors in all human milk samples tested.
The HPLC method developed is sensitive and can be
used to monitor the type and the amount of growth
factors in mothers' milk during lactation.

Human milk contains specific factors that pro-
mote the growth of Bifidobacterium bifidum in the
intestines of breast-fed infants (1-5). B. bifidum
comprised more than 95% of the intestinal mi-
croflora of breast-fed infants and only 30-40% of
the flora of formula-fed infants (6). The pre-
dominance of the acid-producing B. bifidum
lowers the pH in the intestines of breast-fed in-
fants and the induced acidity prevents the
growth of harmful bacteria (7-10). The growth
factors in human milk are therefore related to the
lower mortality rate of breast-fed infants and
their enhanced resistance to enteric and other
infections during the critical months of infancy
(1,7-10).

Gyorgy et al. (11) tested the activity of human
milk and milk of other species with B. bifidum var.
pennsylvanicus and reported that human colos-
trum had the highest activity and human milk
had 30-75 times the activity of milks from ru-
minants, including cows' milk. The growth
factors in human milk were heat-stable and were
not destroyed or altered by autoclaving (2).
Gyorgy etal. (12) separated the growth factors in
human milk into a dialyzable fraction repre-
senting from 40 to 75% of the total activity, and
a relatively nondialyzable fraction of 20-60%.
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Rose et al. (13) reported that the growth factors
in human milk consist of a group of nitrogen-
containing saccharides.

The only quantitative method used to deter-
mine the growth factors in human milk at the
present time is the microbiological method de-
veloped by Gyorgy (1). The method involves
tedious media preparations and requires an in-
cubation time of 40 h. The main objective of this
study was to develop amore convenient and ac-
curate high performance liquid chromatographic
(HPLC) method for the determination of the
growth factors in human milk.

Experimental

Materials

A freeze-dried culture of B. hifidum var.
pennsylvanicus (No. 11863) was obtained from the
American Type Culture Collection, Rockville,
MD. Acetonitrile, HPLC grade, was purchased
from Waters Associates, Milford, MA. Chemi-
cals used in preparing the growth media and
other organic solvents were analytical reagent
grade.

Apparatus

A Waters Associates liquid chromatograph
used for HPLC analysis was equipped with
Model 6000A pump, Model U6K injector, Model
401 differential refractometer, and a data module.
A Labconco Model 3 freeze-drier (Labconco,
Kansas City, MO) was also used.

Samples

Human milk samples were obtained from 16
healthy lactating mothers at 2-28 weeks post-
partum. The lactating mothers were given
polyethylene breast pumps (Kaneson, Inc., Los
Angeles, CA) and were instructed to express
approximately 0.5 oz of milk from the same
breast before and after infant feeding. The
samples were kept refrigerated until skimmed at
15 000 X g for 10 min. Equal volumes from the
skimmed human milk samples were added to-

AT,
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gether as a pooled human milk sample. The
pooled and the other skimmed human milk
samples were cryogenically frozen and stored at
—18°C until use.

Isolation of B. bifidum Growth Factors

Three 5 mL aliquots of the pooled skimmed
human milk sample were used to compare the
recovery of the growth factors from human milk
by dialysis and by ethanol addition to the human
milk. The first aliquot was pipetted into dialysis
tubing and dialyzed at 4°C against 20 volumes
of water for 24 h; the water was changed every
8h. The dialysates were combined, freeze-dried,
and reconstituted with water to a final volume
of 1mL. Ethanol (15 mL) was added gradually
to the second aliquot with continuous gentle
stirring and the mixture was stirred for an addi-
tional 15 min. The mixture was then filtered
through Whatman No. 1 paper, and the filtrate
was reduced in volume to 1 mL under vacuum.
Equal volumes of the untreated third aliquot,
human milk dialysate, and human milk filtrate
were tested for growth factors by the microbio-
logical assay.

HPLC Analysis

The HPLC conditions used were as follows:
30 cm X 3.9 mm carbohydrate analysis column
fitted with Ci8 Porasil B guard column (Waters
Associates); water-acetonitrile (70 + 30) solvent
system; flow rate 1.0 mL/min; differential re-
fractometer detection at 8X attenuation.

Appropriate volumes of either human milk
dialysates or human milk filtrates (both samples
had a pH value of 6.8) were injected and the sol-
vent fractions corresponding to all peaks and
zones between peaks were collected separately
in test tubes. Fractions were evaporated to
dryness under vacuum and redissolved in small
volumes of water. The activity of all fractions
was tested by the microbiological assay. The
retention times of the peaks with growth activity
were determined and the area of these peaks was
obtained in data module units and in sg. mm by
triangulation.

Microbiological Assay

The growth factors in the various human milk
samples and fractions were determined by using
a microbiological assay adapted from Gyorgy (1).
A stock culture of B. bifidum var. pennsylvanicus
was prepared in Lactobacillus bificus medium
(LBM) (1, 14). Appropriate volumes of the
samples to be tested were pipetted into tubes
containing 10 mL LBM and autoclaved 15 min at

J. ASSOC. OFF. ANAL.

CHEM. (VOL. 66, NO. 1, 1983)

1
[
2]
c
[o]
Q
7]
Q
o GF-A GF-B
5 | {
B
[ R o
®
(a]
ITIIIIIllllllllllllllllllvll!l
2
Q
7]
=
[*]
Q
7]
Q GF-A GF-B
¢ |
S
B
S |
b3
a
e
0 5 10 15 20 25 30
Retention Time, min
Figure 1. HPLC analysis of (1) skimmed human

milk water dialysate and (2) skimmed human milk
ethanol filtrate. Samples mlhected were equwalent
to 25 pL skimmed human milk

121°C. Sterile tubes were inoculated with the
stock culture (1% v/v) and incubated 40 h at
35°C. Tubes were then centrifuged and super-
nates were titrated with 0.1N NaOH in the
presence of phenolphthalein indicator. The
volume of 0.1N NaOH required for titration was
taken as a measure of the acid produced during
the bacteria growth, which reflects the amount
of growth factors present in the sample tested.

Results

Isolation of B. bifidum Growth Factors

The percent activity of growth factors isolated
from skimmed human milk by dialysis and by
ethanol filtrates were 69.1 + 2.23 and 85 * 2.06,
respectively, for 3 tests (skimmed human milk =
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Figure 2. Calibration curves for growth factors in

skimmed human milk ethanol filtrate (curve 1 from
HPLC and curve 3 by microbiological assay) and
skimmed human milk (curve 2 from microbiolog-

ical assay). Each point represents average of 2
determinations.
100%). Higher quantities of growth factors were

recovered in the ethanol filtrate, so the ethanol
addition method was chosen over dialysis for
further analysis.

HPLC Analysisof Pooled Human M ilk
Dialysate and Ethanol Filtrate

Chromatograms of equal volumes of pooled
human milk dialysate and filtrate did not show
any significant qualitative differences, as shown
in Figure 1. Both chromatograms had the same
number of peaks with similar retention times.
In both samples, only 2 fractions corresponding
to peaks with retention times of 15.3 and 20.7
min showed growth activity in the microbio-
logical assay. None of the other fractions col-
lected showed any appreciable growth activity.
These results indicate the presence of 2 separable
growth factors in human milk. These 2 factors
are designated growth factor A (GF-A) and
growth factor B (GF-B). The 2 factors present in
the pooled skimmed human milk sample had
similar peak areas and specific growth activity.

Sensitivity Study

To compare the sensitivity of the developed
HPLC method with that of the microbiological
assay, volumes of the pooled skimmed human
milk sample (10, 25, 40, 50,75, and 100 p.L) were
tested with the microbiological assay and the
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Figure 3. HPLC analysis of 3 skimmed human milk
samples. Injections ‘were equivalent to 50 uL

skimmed human milk.

HPLC method. Volumes of 0.1N NaOH used in
titration (microbiological assay) and the total area
in sq. mm of the growth factors peaks (HPLC)
were plotted against volumes of human milk
sample analyzed. The results are shown in
Figure 2.

Variation of the Growth Factorsin Human
Milk Samples

Results obtained from testing 3 human milk
samples with marked differences in their growth



138 ASHOOR & MONTE:

Table 1. Variation of B. bifidum growth factors in
human milk samples

Peak area, asg. mm 0.1N
NaOH,b
Sample GF-AC GF-Bb (GF-A+ GF-B) mL
1 30 62 92 2.0
2 253 310 563 7,9
3 516 200 716 10.2

aAverage of 2 HPLC runs: each injection volume was
equivalent to 50 pL skimmed human milk.

b Average of 2 microbiological assays of skimmed human
milk (100 pL).

¢ Growth factors A and B peaks (see Figure 3).

factors content are shown in Figure 3 and Table
1

Discussion

Gyorgy et al. (12) reported that only 54% of the
growth factor in human milk was recovered after
24 h of dialysis and that the recovery increased
to 69% after dialyzing for 72 h. Under the dial-
ysis conditions used in this study, the average
percent recovery of the growth factor was 69.1 +
2.33 after 24 h of dialysis, and it did not increase
significantly when the same samples were di-
alyzed for 72 h. This may be due to the different
dialysis conditions used by Gyorgy et al. (12).
They dialyzed human milk samples against only
10 volumes of water without frequent changes
of water during the dialysis. The addition of 3
volumes of ethanol to skimmed human milk re-
sulted in an average percent recovery of 85.7 +
2.06. When equal volumes of skimmed human
milk dialysate and skimmed human milk ethanol
filtrate were analyzed by HPLC, no qualitative
differences in their chromatograms were ob-
served (Figure 1). Both preparations yielded 2
growth factor peaks with identical retention
times. The area of each growth factor peak in the
filtrate was always greater than that of the
equivalent peak in the dialysate. These results
indicated that the addition of 3 volumes of eth-
anol did not alter the nature of the growth factors
in skimmed human milk and that both growth
factors were more extractable with approxi-
mately 75% aqueous ethanol than in water alone.
Since the ethanol addition method has the ad-
vantages of greater percent recovery, shorter
analysis time, and greater convenience, it was
preferred to the dialysis method for isolating the
growth factors from skimmed human milk for
HPLC analysis.

Several solvent systems of different composi-
tions of methanol-water, methanol-water-acetic
acid, and water-acetonitrile were tried for HPLC
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analysis of the growth factors. Only water-
acetonitrile (70 + 30) solvent system provided the
best separation of the growth factors. When
solvent fractions corresponding to each of the 2
growth factors peaks were collected and further
analyzed by HPLC using several solvent systems
of different strengths, only one peak was ob-
tained in all runs. It was therefore concluded
that only one compound was most likely present
under each of the growth factors peaks. These
results revealed for the first time the presence of
2 separable growth factors in skimmed human
milk and that what is referred to in the literature
as the B. hifidum growth factor in human milk is
actually 2 factors. Both factors are dialyzable in
water and are soluble in approximately 75%
aqueous ethanol. These findings may be useful
in future studies involving the identification of
these growth factors in human milk.

Excellent linear responses over wide concen-
trations of the growth factors were obtained by
the developed HPLC method (Figure 2). The
HPLC method yielded better linear responses
than the microbiological assay at volumes lower
than 50 /uL of skimmed human milk (Figure 2).
For example, when the volume of the sample
analyzed for growth factors increased from 10 to
25 /xL (150% volume increase), the increase in the
area of both growth factors (HPLC) was 144.6%,
whereas the increase in volume of 0.1N NaOH
required for titration (microbiological assay) was
only 20%. The developed HPLC method was
also sensitive; the growth factors in as little as 10
/xL of skimmed human milk could be quantitated
reliably.

Some of the human milk samples showed re-
markable differences in their growth factors
content as shown in Table 1and Figure 3. Even
though a good correlation existed between both
methods in total growth factor activity, the HPLC
method revealed differences in the milk samples
content of each of the growth factors. The ac-
tivity of GF-A in the milk samples from mothers
1l and 2 was 32.6 and 44.97c, respectively, of the
total activity whereas it was 72.1% in the milk
sample from mother 3. Such valuable informa-
tion cannot be obtained by the microbiological
assay. The developed HPLC method can
therefore be used as aconvenient screening test
for determining content and make-up of the
growth factors in milk samples from lactating
mothers who breast-feed their infants. Sup-
plementation of human milk or infant formulas
with the deficient growth factor(s) may be
needed for better health and survivability of
infants. Studies on the isolation of large quan-



ASHOOR & MONTE: J ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 139

tities of both growth factors from whey for sup- () Hl%%)el’Zl-elnt%llltj)IleBraEtglrjrtnhlowi W, 3& Grutte, F. K.
plementation purposes are now underway in g ‘fggrfouch,] K. (1970) /. Trop. Kot 10, 15
Acknowledgments (s) %JAI%%C L, & Willis, A. T. (1971) Brit. Med. /. 3
The authors thank Jim Welty and Maura Car-  (9) Mata, L. J, & Wyatt, H. J. (1971) Am. }. Clin. Nutr
ney for their technical assistance. 24, 976 986
(10) Knodel, J., & Kinter, H. (1977) Demography 14,
1) Gyorgy, P. 1953R)elf’gdr|21?rfcessll 98-107 (12) %gyl(#OlP Hoover, J. R. E, Kuhn, R. &Rose C.
{2} G)¥0r y,P orrls  F., &Rose, C. S, (1954) Arch, S (193/54%Arch Blochem BIO&hS 48, 202-2
Biocliem. Bioph 1ys 193-201 (12) Gyor Hoover J. thn, R, & ose
(3) Bullen, C. L, Tearle PV &W|Il|s A T. (1976) /. S g 4§Arch Blochem PI?JJTR/S 18 209 213
Me(i. Mlcro biol, 9, 375-333 (13) Rose, C IKe &G2yorgy, .
(4) Bullen, C. L, Tearle, P. V., & Stewart, M. G. (1977) (r1954) Arch. Blochem Blo hys. 4
[ Med. Microbiol. 10, 403-412 (14) The American T ge Culture Colleftlon 81980% 14th Ed.,
(5) Begrens, H B, Romond, C.. & Neut, C. (1980) Am. American Tyz Culture”Collection, Rockville,
|- Clm. Nutr. 33, 2434-2439 MD



140

BUNCH:

DRUGS

J. ASSOC. OFF. ANAL.

CHEM. (VOL. 66, NO. 1, 1983)

Spectrophotometric Determination of Aminacrine Hydrochloride in

Creams, Jellies, and Suppositories

ELAINE A. BUNCH1

Food and Drug Administration, 909 First Ave, Seattle, WA 98174

A visible spectrophotometric method has been de-
veloped for the quantitation of aminacrine hydro-
chloride in creams, jellies, and suppositories. “Ami-
nacrine hydrochloride was extracted into acidic eth-
anol and’its visible spectrum was recorded. The
amount present was calculated bg determining the
net absorbance between the absorbance maximum at
about 402 nm and one-half the sum of the absorb-
ances of the minima at about 389 and 412 nm. Ami-
nacrine and a trace contaminant, .9§10H)-ac_r|done,
were independently identified by difterent thin layer
chromatographic systems.

Because of its antiseptic properties, aminacrine
hydrochloride, 9-aminoacridine hydrochloride
(1), is incorporated into pharmaceutical prepa-
rations used to treat vaginal infections. The
antiseptic activity of this acridine derivative is
attributed to its ability to form nonionizing or
feebly ionizing complexes with the acidic groups
of nucleoproteins in the bacteria cytoskeleton.
Acridine derivatives possess a broad bactericidal
spectrum; they are effective against anaerobes,
species of the proteus group, and other Gram-
positive and Gram-negative bacilli (2-4).

There are no official methods for the deter-
mination of aminacrine hydrochloride in com-
bination with other drugs. A fluorometric
method for determining aminacrine hydro-
chloride had official first action status in the 12th
edition of Official M ethods of Analysis (5) but was
deleted from the 13th edition (6) when the As-
sociate Referee found that the ratio of the 2 peaks
in the emission spectrum varied with concen-
tration because the excitation and emission
wavelengths overlap. Although aminacrine
hydrochloride has a quantum efficiency close to
1, this reabsorption of emitted radiation pre-
cludes quantitation by fluorescence measure-
ment.

An alternative procedure has been reported in
the USP XX (7). This method uses a visible
spectrophotometric assay only for aminacrine-
4-hexylresorcinol (1 + 1) compound (acrisorcin)

Chio/-r\lsdsé)ciate Referee for Aminacrine and Quinacrine Hydro-
Received March 22, 1982. Accepted May 4, 1982,

in a cream. The complex is quantitated by
measuring the aminacrine hydrochloride ab-
sorbance at 402 nm. The method reported in this
paper is a modification and extension of the USP
monograph in that it employs a different ex-
traction procedure and includes not only other
dosage forms but also other drugs in combination
with aminacrine hydrochloride. The sample is
dissolved in acidic alcohol and the absorption
spectrum is determined for an aliquot of the
sample. No further cleanup to remove either
excipients or other active drug ingredients is
required.

Both aminacrine hydrochloride and its trace
contaminant, 9(10H)-acridone, were identified
by thin layer chromatography (TLC). For ami-
nacrine hydrochloride, the alcohol extract from
the assay was spotted on a silica gel plate, de-
veloped with ethyl acetate-methanol-concen-
trated ammonium hydroxide (17 + 3 + 2), and
visualized with ultraviolet (UV) light. The
presence of acridone was detected and confirmed
using silica gel plates with either benzene-
methanol (95 + 5) or methylene chloride-di-
ethylamine (2 + 1) developing solvents along
with UV light detection. Both aminacrine hy-
drochloride and acridone exhibit bright blue
fluorescence under shortwave and longwave UV
light. Aminacrine is resolved from the other
drugs found in its formulations by the proposed
TLC identification test.

METHOD

Apparatus and Reagents

(a) Recording  spectrophotometer.— Hitachi
Model 110 supplied with 1 cm quartz cells or
spectrophotometer suitable for measurementin
the 500-300 nm range.

(b) Acidic ethanol.—cConcentrated HC1 in
ethanol (1 + 99).

(c) TLC plates.—20 X 20 cm glass, precoated
with 250 pm layer of silica gel with or witnout
fluorescent indicator.

(d) TLC developing solvent.— Ethyl acetate-
methanol-concentrated NH40H (17 + 3 + 2).

0004-5756/83/6601-0140-05%$01.00
© Association of Official Analytical Chemists, Inc.
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Figure 1. Visible spectrum of 0.0156 mg aminacrine
hydrochloride/mL acidic ethanol.

—
450 500

(e) Standard.—Dissolve ca 25 mg aminacrine

hydrochloride (Sigma Chemical Co., No. A-1135,
or equivalent) in 100.0 mL acidic ethanol and
dilute with acidic ethanol to 0.015 mg/mL for
creams, jellies, and 6 mg suppositories and to
0.0175 mg/mL for 12 and 14 mg suppositories.

Sample Preparation

Creams and jellies.—Accurately weigh sample
equivalent to 1.5 mg aminacrine hydrochloride
into 150 mL beaker. Add ca 40 mL acidic ethanol
and heat on steam bath 10 min with occasional
stirring. Cool and quantitatively transfer to 100
mL volumetric flask and dilute to volume with
acidic ethanol. Filter solution, discarding first
10 mL filtrate.

Suppositories.—Molded.—Determine average
individual weight and composite 5 suppositories
by heating in 70°C oven. Mix well and cool
until solidified. Accurately weigh portion of
sample equivalent to 6 mg into 150 mL beaker.
Add ca 40 mL acidic ethanol and heat on steam
bath 10 min with occasional stirring. Cool and
quantitatively transfer to 100 mL volumetric flask
and dilute to volume with acidic ethanol. Dilute
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25.0 mL filtrate to 100.0 mL with acidic eth-
anol.

Gelatin-encapsulated.— Individual  supposi-
tory.—slit capsule along seam with scalpel and
extrude contents as completely as possible into
250 mL beaker. Place capsule in beaker and add
ca 100 mL acidic ethanol. Heat on steam bath 10
min with occasional stirring and probing of
gelatin capsule with glass rod. Quantitatively
transfer to 200 mL volumetric flask with acidic
ethanol. Repeat extraction with ca 50 mL acidic
ethanol. Examine capsule for completeness of
content extraction. Discard sample if apprecia-
ble residue remains in capsule. Cool and dilute
to volume with acidic ethanol. Filter solution,
discarding first 10 mL filtrate. Dilute 25.0 mL
filtrate to 100.0 mL with acidic ethanol.

Suppository composite.—Treat 5 suppositories
as described for individual suppository. Extract
with additional 35 mL acidic ethanol. Dilute
5.0 mL filtrate to 100.0 mL with acidic ethanol.

Determination

Scan sample solution and equivalent standard
solution from 500 to 320 nm against acidic etha-
nol blank. Determine maximum absorbance at
ca 402 nm and minimum absorbance at ca 412
and 389 nm. Calculate net absorbance for sam-
ple and standard from formula:

d =Ai02- V2412 + ~389) (see Figure 1)

% Aminacrine hydrochloride in creams
and jellies = {AIA") X (C/W) X 10

mg Aminacrine hydrochloride/molded
suppository = (A jA') X C X (S/W) X 400

mg Aminacrine hydrochloride/individual
gelatin suppository = (A /A') X C X 800

mg Aminacrine hydrochloride/gelatin
suppository composite = (AIA")
X (C/T) X 4000

where A and A' = net absorbance of sample and
standard solutions, respectively; C = mg ami-
nacrine hydrochloride/mL; W = sample weight;
S = average suppository weight;and T = number
of suppositories in composite.

TLC Identification Testfor Aminacrine
Hydrochloride

Line suitable chromatographic tank with filter
paper and add developing solvent. Dilute
sample and standard solutions from assay 1:10
with ethanol. Spot 3 pL diluted sample and
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standard solutions on TLC plate. Develop 10 cm
above starting line and air dry. Locate and mark
spots under longwave UV light. Rf of sample
spot corresponds to that of standard spot.

Results and Discussion

Aminacrine hydrochloride is marketed in
cream, jelly, and suppository formulations (8). A
representative cross section of the available
products was collected for this study. Typical
constituents of aminacrine hydrochloride for-
mulations are:

Creams—sulfanilamide or sulfisoxazole, al-
lantoin, dienestrol, aminacrine hydrochloride-
4-hexylresorcinol, p-chloro-w-xylenol, and
methyl and propyl parabens in hydrophilic
bases.

Jellies—oxyquinoline benzoate, butyl-p-
hydroxybenzoate, and methyl and propyl para-
bens in ajelly base.

Suppositories—sulfanilamide or sulfisoxazole,
allantoin, dienestrol, polyoxyethylene nonyl
phenol, sodium dioctyl sulfosuccinate, and
methyl and propyl parabens in polyethylene
glycol base, either plain or gelatin-encapsu-
lated.

The visible spectra of sulfanilamide, sulfisox-
azole, allantoin, dienestrol, and oxyquinoline
benzoate were recorded between 500 and 300
nm. In this range, only oxyquinoline benzoate
caused a minimal interference in the aminacrine

Table 1.
Sample Dosage
No. form

1 cream6

2 cream6

3 cream6

4 cream6

5 cream6

6 cream6

7 ielly®

8 cream'

9 suppository«
10 suppository 6
11 suppository 66
12 suppository6’
13 suppository 61
14 suppository6'
Standard

recovery
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hydrochloride absorption spectrum. The use of
the previously described net absorbance at the
402 nm aminacrine hydrochloride maximum in
the calculation equations compensates for any
interference from the oxyquinoline benzoate
spectrum. This technique also eliminates any
interference from excipients. Therefore, there
is no need for an extraction step prior to record-
ing the absorption spectrum of aminacrine hy-
drochloride. Linearity for aminacrine hydro-
chloride was established between 5.2 and 20.8
/xg/mL for both the total absorbance and the net
absorbance at 402 nm.

Portions of 14 commercial products were an-
alyzed using the proposed method. Results
ranged from 92.5 to 109.5% of the labeled amount
of aminacrine hydrochloride (Table 1). Six
portions of the 5 products listed in Table 2 were
analyzed by the proposed method to test its re-
producibility. The coefficients of variation (CV)
ranged from 0.42 to 1.22%. For the gelatin-en-
capsulated suppository sample, the close agree-
ment between the CV values for the composite
and 3individual analyses as well as the higher
results for the individual analyses indicate that
an analysis of 5individual suppositories is pref-
erable to a composite analysis to obtain accurate
results for this dosage form. The CV of 0.39% for
the suppository composite shows that the base-
line technique for the calculation produces pre-
cise results because the only variables introduced

Analysis of commercial products for aminacrine hydrochloride

Dosage % Label % Label
level claim claim3
0.2% 100.5 -
0.2% 101.0 -
0.2% 925 -
0.2% 107.0 106.5
0.2% 97.5 -
2mg/mL 105.5 -
0.2% 95.5 98.0
0.2% 109.5 -
6 mg 100.56 100.56
14 mg 100.0 -
14 mg 98.6" 97.96
14 mg 100.0 _
12 mg 97.5 -
14 mg 98.6 -
1.56 mg 98.3

3 Sample cleanup with basic Celite 545 column and methylene chloride elution.

6 Aminacrine hydrochloride, sulfanilamide, allantoin.
6 Aminacrine hydrochloride, sulfisoxazole, allantoin.
d Aminacrine hydrochloride-hexyiresorcinol compound.
e Aminacrine hydrochloride, oxyquinoline benzoate.

1Aminacrine hydrochloride, sulfanilamide, allantoin, dienestrol.

« Molded polyethylene glycol base suppository.
h Same single suppository stock solution.

1Gelatin-encapsulated polyethylene glycol base, Individual suppository analysis.
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Table 2. Reproducibility study
% Label claim3
Sample  Dosage  Dosage -----------=-m---nnmmmmemeen
No. form level Range Av. CV,%
5 cream 0.2% 94.0-97.5 96.0 1.22
7 jelly 0.2% 95.5-98.0 97.0 0.90
8 cream 0.2% 107.0-110.0 1085 0.99
9 suppository6 6 mg 100.7-102.7 101.8 0.88
14 suppository6 14mg 96.9-97.6 97.4 0.39
14  suppository6 14 mg 98.6-99.3 98.6e 0.42

3 Six analyses.

6 Separate analyses of composite of 5 molded polyethylene’

glycol base suppositories.

6 Separate aliquots of stock solution from composite of 5
gelatin-encapsulated polyethylene glycol base supposito-
ries.

6 Individual analyses of gelatin-encapsulated polyethylene
glycol base suppository.

e Average of 3 analyses.

after compositing are the aliquot dilution and
calculation steps. Aminacrine hydrochloride
(1.56 mg) was added to a hydrophilic ointment
base (Parke-Davis NDC 0071-3122-23) along with
either sulfanilamide (132.7 mg) or sulfanilamide
and oxyquinoline benzoate (140 and 1.58 mg).
Aminacrine hydrochloride recoveries were 98.2
and 97.9%, respectively.

In alimited study, the proposed direct dilution
method was compared with a possible Celite
column cleanup to investigate the necessity of
such a procedure. The column procedure in-
corporated a IN NaOH Celite 545 column with
a methylene chloride elution. The eluate was
evaporated to dryness and the residue was dis-
solved in acidic ethanol. Results were calculated
by the net absorbance technique described for
the proposed method. Results are listed in Table
1. With the exception of the jelly sample, the
results for the 2 methods were equivalent.
Standard recovery was 983%. This study
showed that prior cleanup did notimprove the
analytical results but did increase the time to
perform the analysis.

Aminacrine hydrochloride was confirmed by
TLC. The sample spots for aminacrine hydro-
chloride had the same Ri as the standard spot and
were resolved from the other drugs that are in-
corporated into commercial formulations. |If
fluorescent indicator plates are used, the other
drugs, except for allantoin, can also be visualized.
Allantoin is only slightly soluble in alcohol and
appeared to be the white residue remaining in
the stock sample solutions. Its concentration in
the final sample dilution was too low to be de-
tected. Aminacrine hydrochloride was located
as a blue fluorescent spot under longwave UV
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light. The R( was about 0.7 under the experi-
mental conditions.

A trace contaminant, 9(10H)-acridone, was
found in 2 samples of aminacrine hydrochloride
and 1sample of aminacrine base. Acridone was
also detected in the commercial formulations.
Assuming equivalent quantum efficiency for
9-acridone and 9-aminacrine hydrochloride,
acridone was present in the standard at about
0.4% after isolation by TLC and quantitation by
fluorescence spectroscopy. Commercial ami-
nacrine hydrochloride is prepared from 9-chlo-
roacridine (1). However, 9-chloroacridine is
readily converted to acridone by heating an
aqueous solution of the material (9). Similarly,
alcoholic solutions of 9-chloroacridine will
convert to acridone on standing overnight.
Given the instability of the material, it is not
surprising that a bottle of 9-chloroacridine pur-
chased in 1970 was approximately 50% acridone,
while abottle purchased in 1982 had a substan-
tially lower level of acridone. From this small
sample, it is apparent that 9-acridone is a com-
mon contaminant of 9-chloroacridine. Acridone
can be resolved from 9-aminoacridine and 9-
chloroacridine by TLC. On Eastman silica gel
Chromagram sheets (No. 6061), with a devel-
oping solvent of benzene-methanol (95 + 5) (5),
the respective Rj values are 0.2, 0, and 0.6. On
silica gel-coated glass plates with a developing
solvent of methylene chloride-diethylamine (2
+ 1), the respective Rf values are 0.4,0.6, and 0.8.
The infrared spectrum of 9-acridone synthesized
from 9-chloroacridine matched that of 9(10H)-
acridone purchased from Eastman Kodak Co.
Both compounds have the same Rf as the trace
spot in aminacrine hydrochloride when chro-
matographed with the systems listed above.
Acridone is a consistent contaminant in amina-
crine and can be directly traced to the 9-chlo-
roacridine synthesis precursor.

The proposed method is rapid and accurate
and can be used for the determination of ami-
nacrine hydrochloride in combination with
other drugs in commercial products.
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Ut|||2|n? the fluorescent property of aminacrine
hydrochloride and a filter fluorometer, a fluorometric
method for aminacrine hydrochloride in drug com-
binations was developed, collaboratively studied, and
adopted as official first action in the « : th edition of
Official Methods of Analysis. Identity was con-
firmed by thin layer chromatography (TLC). Addi-
tional analytical work was undertaken with a grating
fluorometér to supﬁort achange in the method status
to official final action. The grating instrument re-
corded the aminacrine hydrochloride spectrum as
opposed to the total fluorgscence emission measured
by the filter instrument. The spectrum of aminacrine
hydrochloride showed that the molecule was exhib-
iting self-absorption of the emitted radiation even at
concentrations of 10-6M and that the ratio of the 2
Feaks in the emission spectrum varied with concen-
ration. Additional analyses of an authentic cream
preparation that also contained sulfanilamide gave
an average recovery of se.0% for aminacrine hydro-
chloride in 10 replicate portions. Because of these
observations, the current Associate Referee's rec-
ommendation to delete the fluorometric procedure
from the 13th edition of Official Methods of Analysis
was adopted. A recommended deletion of the TLC
identification test was also adopted.

Aminacrine hydrochloride (9-aminoacridine) is
used extensively as an active component in drug
preparations used to treat vaginal infections. At
the time of the original method development,
aminacrine as either its hydrochloride, propio-
nate, or undecylenate salt was formulated into
tablets, powders, suppositories, creams, jellies,
tampons, and ointments (1, 2). At present,
however, aminacrine is marketed only as the
hydrochloride salt in either creams, jellies, or
suppositories. The final drug product always
contains other active ingredients, the most
common of which are sulfanilamide, sulfisoxa-
zole, allantoin, oxyquinoline benzoate, and di-
enestrol (3). Aminacrine is used because of its
antiseptic properties. It possesses a broad bac-
tericidal spectrum and is effective against an-
aerobes, species of the proteus group, and other
Gram-positive and Gram-negative bacilli. The

I

" As(fociateRefereeforAminacrineandQuinacrineHydro-
B)ece?\'/ed March 29, 1982. Accepted June 17, 1982.

mechanism of action is attributed to its ability to
form nonionizing or feebly ionizing complexes
with the acidic groups of nucleoproteins in the
bacteria cytoskeleton (4-6).

Fluorescence spectroscopy seemed an ideal
technique to use to quantitate aminacrine hy-
drochloride in the presence of other compounds
because it has a quantum efficiency of 0.98 com-
pared with that of 0.55 for quinine sulfate, a
substance that has been widely used as an in-
strumental reference standard (7). Indeed, the
method adopted for the 11th edition of Official
Methods of Analysis (8) relied on the fluorescent
properties of aminacrine for quantitation. In
this procedure the sample is dissolved in alcohol
and an aliquot equivalent to 1 /ug aminacrine
hydrochloride is treated with 5% NaOH. A
chloroform extract is evaporated and the residue
is redissolved in acidic ethanol before the fluo-
rescence measurement. A thin layer chroma-
tographic (TLC) procedure (benzene-methanol
(95 + 5), silica gel), described by Stahl (9) for the
resolution of acridine, is used for confirmation.
The spot(s) is visualized under ultraviolet (UV)
light. The collaborative study of the method
included an authentic powder and cream pre-
pared by the former Associate Referee (2). The
General Referee for Nonalkaloid Organic Ni-
trogenous Bases found a mathematical error in
the statistical evaluation of the collaborative
study and requested additional work by the au-
thor (current Associate Referee) to support a
change in the method status to official final ac-
tion in the compendium. Both the quantitative
and qualitative procedures were evaluated as a
result of this request.

Quantitative Evaluation

The excitation and emission spectra of ami-
nacrine hydrochloride in acidic alcohol were
recorded with a grating spectrophotofluo-
rometer. Excitation maxima were at 268, 410,
and 430 £ 2 nm with a shoulder at ca 380 nm.
The emission spectrum had 2 maxima at 435 and
458 + 2 nm (see Figure 1). The 435 nm maxi-
mum was arbitrarily chosen for analytical cal-
culations. According to sec. 38.110 (10), a pri-

0004-5756/83/6601 -0145-06$01.00
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Figure 1. Uncorrected fluorescence spectra of aminacrine hydrochloride in acidic ethanol. Solid line, ex-
cifation spectrum (emission wavelength 460 nm); dotteﬁi line, emission spectrum (excitation wavelength 390
nm).

mary filter passing light at 365 nm (Corning No.
7-39) and a secondary filter with a cutoff wave-
length at 415 nm (Wratten 2A) were to be used
with a filter fluorometer for excitation and
emission, respectively. The 415 nm cutoff filter
allowed the photomultiplier tube in the filter
fluorometer to see all of the emitted energy from
both the 435 and 458 nm peaks. The grating
instrument records the individual emitted en-
ergy for each maximum. Inspection of the
emission and excitation spectra showed that
there was an area coincident to both spectra be-
tween ca 415 and 440 nm. The importance of
this observation, which cannot be made with a
filter instrument, was demonstrated during the
evaluation of the analytical method.

Four commercial products, a cream, ajelly, and
amolded and a gelatin-encapsulated suppository,
were selected for analysis for aminacrine hy-
drochloride. These products also contained the
following active drug ingredients: sulfanila-
mide, allantoin, oxyquinoline benzoate, tyroth-
ricin, and phenylmercuric acetate. (The product
containing phenylmercuric acetate and tyroth-
ricin has since been discontinued.) Each product
was analyzed in triplicate with final dilution to
1.0 pg/mL. For the gelatin-encapsulated sup-
pository, 1suppository was dissolved in alcohol
and 3 aliquots were taken for analysis. The re-
sults of the analyses are shown in Table 1. The
average recovery based on the label declaration
was 91.5-101.3%, while the coefficients of vari-
ation (CV) ranged from 0.50 to 6.08%. The 2

samples with the highest CVs, 1.12 and 6.08%,
also contained sulfanilamide. The 1.12% CV
resulted from the analysis of 3aliquots from the
solution of the 1 gelatin-encapsulated supposi-
tory. It is unlikely that the 6.08% CV for the
cream was due to nonhomogeneity of the sample
because it was thoroughly mixed before analysis.
The 0.50% CV for the jelly sample supports the
hypothesis that a mechanism other than sam-
pling error is responsible for the high CV. Six
replicate analyses by avisible spectrophotometric
method gave CV values of 0.70% for a different

Table 1. Analysis 8 of commercial products for
aminacrine hydrochloride by secs. 38.111-38.113 (10)
using a grating spectrophotofluorometer

Sample
16 2C 3d de
99.5 97.5 101.7 96.4
99.0 86.5 100.7 97.1
100.0 90.5 102.0 98.6
Av. 99.5 91.5 101.3 97.1
CV, % 0.50 6.08 0.68 1.12

8 Results expressed as percent of label declaration.

b 2 mg aminacrine hydrochloride/g and 7.5 mg oxyqui-
noline benzoate/g in ajelly base.

¢0.2% aminacrine hydrochloride, 15.0% sulfanilamide, and
2.0% allantoin in a cream base.

d 3.0 g aminacrine hydrochloride, 2.5 mg tyrothricin, 3.0
mg phenylmercuric acetate, and 20.0 mg urea in each
molded, water-soluble, wax-based suppository.

e 14 mg aminacrine hydrochloride, 1.05 g sulfanilamide,
and 140 mg allantoin in each gelatin-encapsulated polyeth-
ylene glycol-based suppository.
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Table 2. Recovery (%) of aminacrine hydrochloride in a
cream base3
0.08 ng/mL
Standard 1.0 fig /ml_ Standard
Sample RFb  Found RFb  Foundc Foundd
Std 65.3 58.3

le 62.2, 95.6, 63.4, 136.5, 97.1,

2 68.9 98.6 69.9 140.3 100.0

> 68.1, 98.7, 69.1, 140.3, 100.2,

61.9 95.4 63.1 135.8 97.1

a Fluorescence of duplicate sample solutions was recorded
with each of the 2 standard dilutions; the grating spectro-
photofluorometer settings were identical: excitation 390 nm,
emission 435 nm.

b Relative fluorescence as percent full-scale recorder de-
flection.

¢ Calculated with the 1.0 /xg/mL standard.

d Calculated with the 0.08 jug/mL standard.

e Cream containing 2.08 mg aminacrine hydrochloride/

1cream containing 14.03 mg aminacrine hydrochloride/
o

lot of jelly and 1.22 and 0.99% for 2 creams. The
2 creams also contained sulfisoxazole and allan-
toin, and sulfanilamide, allantoin, and dienestrol,
respectively.

Three authentic samples were prepared.
Aminacrine hydrochloride alone was incorpo-
rated into a commercial cream at 2 levels, 2.08
and 14.03 mg/g. For the third sample, 500 mg
sulfanilamide/g and 2.0 mg aminacrine hydro-
chloride/g were combined with a commercial
ointment base. Recoveries for the 14.03 mg/g
sample ranged from 90.8 to 98.7% for 4 replicate
samples; recoveries for the 2.08 mg/g sample
were 956 and 98.6% for duplicate samples.
Duplicate portions of the 2.08 and 14.03 mg/g
samples were analyzed at the same time with a
final sample concentration of ca 0.08 qg/mL.
The fluorescence of the sample solutions was
recorded first with a 0.08 gqg/mL standard and
then a 1.0 gg/mL standard, using the same in-
strumental parameters. The observation that the
relative fluorescence intensity of the 1.0gqg/mL
standard was 7% less than that of the less con-
centrated standard suggested that concentration
quenching might be occurring. The relative
fluorescence of sample and standard solutions as
well as calculations based on both standard
readings are shown in Table 2. Ten replicate
portions of the third authentic sample, which
also contained sulfanilamide, were analyzed at
dilutions of 0.08 and 1.0 gg/mL. The range of
recoveries at the 0.08 gqg/mL dilution was
78.0-90.5% with an average of 86.0% and a CV of
4.71%; for the 1.0 qg/mL dilution the recoveries
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Table 3. Change in ratios of 435/458 nm emission
maxima with change in concentration of aminacrine
hydrochloride in acidic ethanol

/xg/mL 10~6M Excitation 390 nm
0.198 0.86 1.051

0.396 17 1.038

0.593 2.6 1.027

0.791 34 1.027

0.989 4.3 1.026

1.484 6.4 1.007

1.978 8.6 0.994
2.472 10.8 0.983

2.967 12.8 0.975

were 76.0-92.0% with an average of 86.0% and a
CV of5.44%. The larger CV and wider range for
the 1.0 qg/mL dilution indicate potential prob-
lems directly associated with concentration. At
concentrations of 0.08 and 1.0 qg/mL, amina-
crine hydrochloride is 3.5 X 10-7 and 4.3 X
10-6M, respectively.

Emission linearity was checked between 0.198
gg/mL (8.6 X 10“7M) and 2.967 qg/mL (1.3 X
10-5M). The line equation and correlation
coefficient (r) for the 435 nm maximum were Y
= 242x + 29,1 =0.99871; for the 458 nm maxi-
mum, y = 251x + 1.8, = 0.99947. The ratio of
the emission peaks, 435/458 nm, changed from
1.051 for 0.198 qg/mL to 0.975 for the 2.967
qg/mL concentrations (excitation wavelength
390 nm). The change in the relative intensity of
the 2 peaks is directly related to concentration
(Table 3).

Qualitative Evaluation

Confirmation was attempted by TLC. Stan-
dard solutions were prepared according to sec.
38.115 (10), spotted on Eastman No. 6060 silica
gel with fluorescent indicator TLC sheets, and
developed with benzene-methanol (95 + 5).
This TLC system was reported by Stahl (9) for
acridine and other organic bases derived from
tar. Aminacrine hydrochloride is a brilliant
yellow compound, and the 3 qg spotted for this
test leaves a visible yellow spot at the origin.
After development of the TLC plate, the yellow
spot remains at the origin. As described in sec.
38.115 (10), the second minor spot to be used for
the identification of aminacrine is located under
UV light about midway up the plate. Both spots
exhibit bright blue fluorescence. Chromatog-
raphy was repeated with glass plates precoated
with silica gel. Subsequently, the minor spot
was identified as 9(10H)-acridone, while the in-
tense baseline spot was identified as aminacrine.
The minor spot (9(10H)-acridone) appeared to be
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a common and consistent contaminant in ami-
nacrine hydrochloride at ca 0.3%. Acridone is
easily derived from 9-chloroacridine, the im-
mediate precursor in the synthesis of aminacrine
hydrochloride. Although this is an excellent
identification test for 9(10H)-acridone, it mis-
identifies aminacrine hydrochloride. On the
recommendation of the Associate Referee, this
test was deleted from the 13th edition of Official
Methods of Analysis (12).

Discussion

Proflavin (3,6-diaminoacridine hydrochlo-
ride), a member of the acridine dye family, ex-
hibits self-quenching even in 10~6M solutions
at pH 4 (12). This behavior is independent of
solution viscosity and temperature. More recent
data indicate that the self-quenching observed
for the acridine family is due to self-absorption
of the fluorescent radiation (13). This theory fits
the observed shift in the emission peak ratios
noted in Table 3. At 0.86 X 10-6M, the ratio of
435/458 nm is 1.051. This ratio changes to 0.975
as the concentration increases to 12.8 X 10 6M.
With a 15-fold increase in concentration, the
peak ratios decrease by 7%. As concentration
increases, the 435 nm emission peak becomes the
smaller of the pair. Quenching due to self-ab-
sorption would account for this phenomenon.
Although the correlation coefficient from the
linear regression of the linearity study is ac-
ceptable for either peak maximum, that for the
458 nm peak is slightly better (0.99945 compared
with 0.99871) and the line passes through the
abscissa at 1.8 rather than 2.9. However, if the
actual plotted line is examined, the line diverges
from the theoretical as concentration becomes >1
pg/mL. This deviation is greater for the 435 nm
maximum. Other solvents were evaluated to
determine if this self-absorption could be elim-
inated by means other than dilution to <10-6M.
The results indicated that, similar to the findings
of Millich and Oster (12), the phenomenon ap-
pears to be independent of solvent effects.

The amount of aminacrine hydrochloride re-
covered from either a cream or ointment base has
arandom bias. The cream, which was fortified
with only aminacrine hydrochloride at 2.08 or
14.03 mg/g, gave average recoveries of 97.1 (2
analyses) and 95.4% (4 analyses), respectively.
For the 2.08 mg sample, recoveries were 95.6%
and 98.6%. The high recovery for the 14.03 mg
sample was 98.7% and the low 90.8%. The re-
covery of aminacrine hydrochloride prepared
with sulfanilamide in an ointment base dropped
to 86.0% with a high of 92.0% and a low of 76.0%
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for the 10 analyses. As the number of samples
increased so did the range of the results. The
former Associate Referee's collaborative study
had 8 participants with a total of 16 cream anal-
yses. This authentic sample also contained sul-
fanilamide and allantoin. If the paper present-
ing the collaborative study results does not
contain a misprint for the amount of aminacrine
hydrochloride incorporated into the authentic
sample, the average recovery was not the 102%
reported but 79.6%. None of the results can be
discarded as outliers based on the criteria of
Dixon (14). The range for this study was 40.9%,
calculated from the data presented. The col-
laborative study reports a 100% recovery of the
0.108 mg/g added to the authentic powder that
did not contain sulfanilamide. The range for the
powder was still 24.6% for 16 analyses. The CV
for the powder sample was 6.55%, compared with
10.68% for the cream. These analytical results
indicate that a random bias is associated with the
chloroform extraction of the basic sample solu-
tion. While aslight shiftin the excitation grat-
ing can also cause arandom error due to changes
in the intensity of the excitation energy, it is
more likely that the observed random results are
due to other factors because the collaborators
used filter instruments, which measure the total
fluorescence energy rather than that at a single
wavelength. There was a trend toward lower
recoveries as the time in contactwith 5% NaOH
increased; the lowest result was also the last
sample in the series to be extracted. Some sul-
fanilamide is not removed during the cleanup
procedure. The commercial products that con-
tained sulfanilamide and allantoin also had
higher CV values.

A different source of error is observed :f an
excitation maximum at 270 nm rather than 390
nm is used. The fluorescence of aminacrine
hydrochloride decreases as the amount of sulfa-
nilamide in the solution increases and an addi-
tional emission peak at about 345 nm is also ob-
served. The recovery for one sample combining
aminacrine hydrochloride, sulfanilamide, and
ointment base was 90.0% with a 270 nm excita-
tion wavelength, compared to 95.0% with a
change to 390 nm. The 95.0% result was verified
by visible spectrophotometry. Figure 2 illus-
trates the quenching of the aminacrine fluores-
cence spectrum when up to 7.63 mg sulfanila-
mide was added to 0.1 mg aminacrine hydro-
chloride/100 mL acidic alcohol. The ratio of
sulfanilamide to aminacrine hydrochloride in
commercial formulations is 75:1. With an exci-
tation wavelength of 270 nm the relative fluo-
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rescence decreased from 63.7% for aminacrine
hydrochloride alone to 9.5% with 7.63 mg sulfa-
nilamide added to the solution. When the ex-
citation wavelength was changed to 390 nm, the
same solutions produced a + 2% random varia-
tion in the relative fluorescence around that re-
corded foraminacrine hydrochloride alone. The
wavelengths for the aminacrine hydrochloride
emission maxima remain unchanged with either
excitation wavelength.

Acridine dyes have been used extensively in
the analysis of nucleic acids by measuring the
difference between the fluorescence of the un-
bound dye and the quenched fluorescence of the
nucleic acid-dye complex. Although the fluo-
rescence of acridine orange (2,8-dimethylami-
noacridine) at 10-3M is only 1% of that at 10_5M,
the quenching is never more than 20% of that
observed without the nucleic acid (13). Geor-
ghiou (15) reports that the fluorescent quenching
and decay times for the complexes between nu-
cleotides and 9-aminoacridine (aminacrine) have
been studied. Georghiou (15) also discusses the
role of hydrogen bonding in the formation of
complexes between nucleic acids and acridine
dyes. He further notes that the fluorescence of
proflavin and acridine orange was strongly
quenched by hydrogen bonding with phenol
and concludes that this is due to charge transfer
between the aromatic rings through the hydro-
gen bonds betweeen substituent groups on the
rings. Sulfanilamide could form hydrogen
bonds with aminacrine hydrochloride. Exper-
imental results indicate that there are at least 3
phenomena which individually or in combina-
tion affect the accuracy of the fluorometric assay:
(1) self-absorption of the fluorescent radiation,
(2) chloroform extraction of the basic sample
solution, and (3) formation of a sulfanilamide-
aminacrine hydrochloride complex. Allantoin
does not appear to influence analytical results
when the results of analysis of authentic samples
with either aminacrine alone or aminacrine with
sulfanilamide are compared with those for
commercial products. This may be due in part
to the low solubility of allantoin in alcohol or the
fact that it does not appear to be a fluorophore as
is sulfanilamide.

Of all the products containing aminacrine
hydrochloride that are currently available, only
one, ajelly, contains neither sulfanilamide nor
sulfisoxazole. Even if dilution of aminacrine
hydrochloride were able to solve the problem of
linearity changes due to the self-absorption of
emitted radiation, the method would not pro-
duce accurate results. Both sulfanilamide and
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sulfisoxazole could form hydrogen-bonded
complexes with aminacrine. The resulting
complex quenches the fluorescence of amina-
crine and produces a constant negative bias in
the analytical results, thereby precluding the use
of the 270 nm excitation wavelength. Although
the fluorescent properties of aminacrine seemed
to provide an excellent technique for its assay,
the phenomenon of self-absorption of the emit-
ted fluorescent energy coupled with the ten-
dency to form fluorescence quenching com-
plexes and the apparent random extraction bias
make it impossible to use this property for
quantitative analyses. The fluorometric method
for aminacrine hydrochloride was deleted from
the 13th edition of Official Methods ofAnalysis (11)
for these reasons. The TLC identification test
was also deleted because 9(10H)-acridone was
misidentified as aminacrine and aminacrine had
an Rf of 0in this system.

Subsequent to this study, a visible spectro-
photometric method was developed to quantitate
aminacrine hydrochloride in combination with
the drugs and formulations listed here. A new
TLC identification test is also presented in the
paper that describes this spectrophotometric
method (16).
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Local Anesthetics, and Other Amines

F. TAYLOR NOGGLE, Jr a_nd C. RANDALL CLARK1
Alabama Department of Forensic Sciences, PO Box 231, Auburn, AL 36830

A'liquid chromatographic procedure is described for
the separation of cocaine, local anesthetics, and other
amines often encountered in cocaine look-alike
preparations. Amines such as ephedrine, pseudo-
ephedrine, and phenylpropanolamine are identified
following derivatizafion with phen Ilsothlocranate.
The isocratic, reverse phase method uses dual wave-
length detection at 254 and 280 nm.

The stimulant and local anesthetic properties of
cocaine have made this drug one of the most
frequently abused substances encountered in
forensic laboratories. The illegal use of cocaine
has prompted much research into the analysis of
cocaine and related compounds by gas chroma-
tography (1), high pressure liquid chromatog-
raphy (HPLC) (2), and infrared, nuclear magnetic
resonance, and mass spectrometry (3).

Recently, numerous samples suspected of
containing cocaine have been submitted for
analysis to the Alabama Department of Forensic
Sciences. Many of the samples were found to
contain cocaine in combination with lidocaine,
benzocaine, procaine, and amphetamine.
However, a number of other suspected cocaine
samples were found to contain only local anes-
thetics in combination with various amines.
Among the drugs that have been encountered in
combination are (a) lidocaine, tetracaine,
ephedrine, and phenylpropanolamine; (b) pro-
caine, lidocaine, and phenylpropanolamine; (c)
lidocaine, ephedrine, and caffeine; and (d) tet-
racaine, lidocaine, pseudoephedrine, and caf-
feine. Intelligence information indicates that
the local anesthetic-amine combinations, com-
monly called cocaine look-alikes, are readily
available under such names as Pseudo-Caine,
Super Caine, and Sno-Caine.

Liquid chromatography is an especially useful
technique for separating polar, nonvolatile, or
thermally unstable compounds such as cocaine,
benzoylecgonine, and related compounds.
Previously, a procedure was described in which
cocaine, benzoylecgonine, and ¢is- and trans-
cinnamoylcocaine were separated by liquid
chromatography, with identification based on

1Auburn.University, Scho artment of

of Pharmacy.
el e A ot A

retention data, absorbance ratios at 254 and 280
nm, and mass spectral properties (4). In this
paper, the method has been expanded to dem-
onstrate usefulness of the procedure for sepa-
rating commonly occurring local anesthetics in
combination with cocaine, aswell as in analyzing
cocaine look-alike preparations. In addition, the
usefulness of a previously described method for
detecting primary and secondary amines found
in cocaine look-alikes by HPLC, using phenyli-
sothiocyanate as derivatizing agent to enhance
detectability and chromatography, is also dem-
onstrated (5).

Experimental

Reagents and Chemicals

frans-Cinnamoylcocaine and benzoylecgonine
were obtained from the Drug Enforcement Ad-
ministration, Special Testing and Research Lab-
oratory, McLean, VA. Other drugs, with the
exception of ris-cinnamoylcocaine which is not
commercially available, were obtained from their
representative manufacturers and used without
further purification. cis-Cinnamoylcocaine was
present in illicit cocaine samples. HPLC grade
methanol and phenylisothiocyanate (PIT) were
purchased from Fisher Scientific Co., Fair Lawn,
NJ. [Illicit cocaine samples and cocaine look-
alike preparations were submitted to the Ala-
bama Department of Forensic Sciences by various
Alabama law enforcement agencies.

Instrumentation

The liquid chromatograph consisted of a Wa-
ters Associates (Milford, MA) Model 6000A
pump, Model UBK injector, Model 440 UV de-
tector with dual wavelength accessory operated
at 254 and 280 nm, and a Houston Instrument
(Austin, TX 78753) OmniScribe dual pen re-
corder.

Chromatographic Procedures

All separations were carried out on a 30 cm X
3.9 mm id /xBondapak Cis column (Waters As-
sociates) at ambient temperature. The analytical
column was preceded by a7 cm X 21 mm id
guard column dry packed with CO:PELL ODS
(Whatman Inc., Clifton, NJ). Powdered samples

0004-5756/83/6601-0151-07$01.00
© Association of Official Analytical Chemists, Inc.
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Figure 1. Liquid chromatographic se_?aratlon_ of
some compounds in combination with cocaine.
Peaks: 1, procaing; 2, lidocaine; 3, mepivacaine; 4,
benzoylecgonine; 5, cocaine; s, piperocaine; 7, ben-
zocaine: s, frans-cinnamoylcocaine; 9, tetracaine.
Maobile phase, Solvent a.

were dissolved in HPLC grade methanol and
initially chromatographed using a mobile phase
of pH 3.0 phosphate buffer-HPLC grade meth-
anol (2 + 1) (Solventa). The pH 3.0 phosphate
buffer was prepared by mixing 9.2 g monobasic
sodium phosphate (NaH2PC>4) in 1L double-
distilled water, and adjusting the pH to 3.0 with
2N H3PO4 The mobile phase flow rate was 2.0
mL/min. Absorbance ratios (A254M 280) were
calculated from the average peak height mea-
surements of aminimum of 3 injections for each
drug tested. Potassium permanganate (KMnC>4)
oxidations were made by adding 5% aqueous
KMnC solution to the powdered sample in
HPLC grade methanol and letting the resulting
solution stand 15 min at room temperature before
injection.

J. ASSOC. OFF. ANAL.

CHEM. (VOL. 66, NO. 1, 1983)

Table 1. Retention and absorbance data for components

of cocaine and cocaine look-alike samples

Relative
retention
Drug time AcsalA 260

Acetaminophen 0.31
gkocallne i 0.32 “©

enylpropanolamine very hi
E heﬁﬁnep _ 0.34 ver)y/ high
Pseudoephedrine 0.4 verg hgh
Lidocain 0.58 20.2
Prilocaine 0.58 13.79
Caffeine 0.58 0.70
Mepivacaine 0.59 21.25
Benzoylecgonine 0.78 2.00
Cocaire . 1.00 (12.8 mL) 2.00
Piperocaine 141 1.73
Benzocaine ) 1.59 0.32
¢/s-Cinnamoylcocaine 1.86 0.76
frans-Cinnamoylcocaine 281 03/
Tetracaine 3.09 0.11
Dlbucaine 11.56 214

To demonstrate the enhanced detectability and
chromatographic separation of primary and
secondary amines (ephedrine, pseudoephedrine,
and phenylpropanolamine) using phenyl-
isothiocyanate, 0.1000 g cocaine look-alike sam-
ple was dissolved in 10 mL 0.5N NaHCC>3. A 10
JuL injection of this solution was chromato-
graphed at 0.2 AUFS using Solvent a. The re-
maining portion of the solution was placed in a
separatory funnel and extracted twice with 15 mL
portions of methylene chloride, and the extracts
were combined. PIT (10 pL) was added to the
combined methylene chloride extracts which
were evaporated to dryness under a stream cf air.
The residue was dissolved in 10 mL HPLC grade
methanol. A 10 fxL portion of the solution was
chromatographed using a mobile phase of
water-methanol-acetic acid (54:45:1) (Solvent b)
at a flow rate of 2.0 mL/min and 2.0 AUFS.

Results and Discussion

The HPLC analysis of illicit cocaine samples
reveals the presence of several UV-absorbing
compounds. The source of the majority ofillicit
cocaine is believed to be from extraction of the
South American coca plant which contains the
alkaloids (—-cocaine, cinnamoylcocaine, the
truxillines, and tropacocaine (6). The presence
of these alkaloids in illicit cocaine samples can
be asignificant factor in determining the origin
and background of the sample. In a previous
report (4), amethod was presented for the HPLC
separation and identification of cocaine, ben-
zoylecgonine, and cis- and frans-cinnamoylco-
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Figure 2. Liquid chromatogram of illicit cocaing

sample. Peaks: 1, procaine;’2, benzoylecgonine; 3,

cocaine; 4, c/s-cinnamoylcocaine; 5, frans-cinna-

moylcocaine. Independent quantitation of this

saniple showed ZO%SW/|W ctocalne. Mabile phase,
olventa

caine. The reverse phase (Cis) separation of
these alkaloids was maximized by using an iso-
cratic solvent system consisting of a 2:1 mixture
of pH 3.0 phosphate buffer and methanol. This
report examines the application of the procedure
to the analysis of various samples containing
local anesthetics and amines in combination with
cocaine.

The reverse phase HPLC separation of cocaine
and related alkaloids from some common local
anesthetics is shown in Figure 1. The chroma-
tographic effluent was monitored at 2 wave-
lengths (254 and 280 nm) using dual flow cells
connected in series. Peaks 1-3 in Figure 1il-
lustrate quite well the advantages of using dual
wavelength detection. Procaine (peak 1) shows

------------------ = F—1 | pb——i—-1
30 25 . 20 15. K> 5 0
Time (Minutes)

Figure 3. Liquid chromatogram of clandestine

sample containing cocaine and local anesthetics.

Peaks: 1, cocaine; 2, benzocaine; 3, cis-cinnamoyl-

cocaing; 4, frans-cinnamoylcocaine; 5, tetracaife.
Mabile phase, Solvent a

strong absorbance at 280 nm while lidocaine and
mepivacaine (peaks 2 and 3, respectively) give
strong absorbances at 254 nm and much less at
280 nm. The chromatographic conditions used
for this separation are the same as those reported
earlier (4). The relative retention data for the
individual components are shown in Table 1.
W ith the exception of dibucaine, all compounds
evaluated in this study eluted at avolume of less
than 40 mL mobile phase. Benzocaine (pKa 2.8)
is the only compound in Figure 1thatwould not
be totally ionized in the acidic mobile phase.
The other basic amines have pKa values (7) in the
range 7.5-8.8, and should be completely pro-
tonated under these chromatographic condi-
tions.
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FlgFu,re 4. Liguid chromatogram of cocaine sample

in"Figure 3, after potassium permanganate oxidation.

Peaks: 1,cocaine; 2, benzocaine; 3, tetracaine. Mo-
bile phase, Solvent a.

In addition to retention data, absorbance ratios
can provide information concerning the identity
of the individual chromatographic peaks. Baker
et al. (8) used absorbance ratios to determine the
identity of drugs having similar elution charac-
teristics in an HPLC system. The peak height
ratios (/.254M 280) for all the compounds evalu-
ated in this study are included in Table 1. These
ratios should be determined in an individual
chromatographic system using reference stan-
dards because molar absorptivity and the wave-
length of maximum absorbance vary with sol-
vent composition, pH, and other factors (9). To
obtain maximum precision, absorbance ratios
should only be measured for completely resolved
peaks because peak overlap indicates a mixture
of continuously changing proportions. The

T T A

o 5 o0 10
Time (Minutes)

0
(-]

Figure 5. Liquid chromatogram of some cocaine
look-alike samFIe,s. Peaks: 1, ephedrine; 2, lido-
caine; 3, catfeine. Mobile phase, Solvent a.

absorbance obtained in such cases is the total
absorbance from a 2 or more component mixture.
It would seem unlikely for 2 partially resolved
compounds to have identical absorbance ratios.
Therefore, measurements from partially resolved
peaks can yield misleading ratios.

Examples of separations of samples containing
combinations of cocaine and local anesthetics are
given in Figures 2 and 3. The sample in Figure
2 was found to be a mixture of procaine, cocaine,
and the other minor alkaloids of the coca plant.
Independent quantitation showed that this
sample contained 20% cocaine. The sample an-
alyzed in Figure 3 contains the coca alkaloids,
benzocaine and tetracaine. c/s-Cinnamoylco-
caine (peak 3in Figure 3) was notincluded in the
example separation in Figure 1, however, Figure
3 shows this alkaloid eluting between benzo-
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Figure 6. Liquid chromatogram of commonly en-

countered cocaine look-alike sample. Peaks: 1,

pseudoephedrine; 2, lidocaine; 3, caffeine; 4, tetra-
caine. Mobile phase, Solvent a.

caine and frans-cinnamoylcocaine (peaks 2 and
4in Figure 3; peaks 7 and 8in Figure 1).

The chromatogram in Figure 4 presents the
results of mild potassium permanganate oxida-
tion of the sample in Figure 3. The peaks for Cis-
and frans-cinnamoylcocaine from Figure 3 are no
longer present in the oxidized sample and the
lower intensity of the remaining peaks is the
result of dilution. Olefinic double bonds such
as those found in the cinnamoyl group are par-
ticularly susceptible to oxidation by potassium
permanganate. The unnumbered early eluting
peaks in Figure 4 are the olefin oxidation prod-
ucts and the UV-absorbing permanganate ion.
Potassium permanganate in the presence of
background electrolyte in the mobile phase has
been shown (10) to elute at approximately the
column void volume.

Figure 7. Liquid chromatogram of commonly en-

countered cocaine look-alike sample, Peaks: 1,

procaine; 2, Rﬂhenylpropanolamlne; 3, tetracaine.
obile phase, Solventa.

Figures 5-7 are examples of separations of
commonly encountered cocaine look-alike
products. These products are usually mixtures
of local anesthetics, caffeine, and amines such as
ephedrine, pseudoephedrine, or phenylpropa-
nolamine. Figure 5A shows the separation ofa
sample containing ephedrine and lidocaine, the
sample in 5B contains ephedrine, lidocaine, and
caffeine. Table 1and Figures 5B and 6 show that
caffeine and lidocaine co-elute under these
chromatographic conditions. However, the
A 254Mm 280 absorbance ratios can be used to
identify those peaks that are a mixture of these
2 solutes. Lidocaine and caffeine have very
different absorbance ratios (see Table 1) and a
comparison of Figures 5A and 5B illustrates the
use of this ratio for detecting co-eluting so-
lutes.

Figure 6 shows the chromatogram of a com-
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amines. Peaks: 1, ephedrine-PIT:

monly encountered cocaine look-alike prepara-
tion containing pseudoephedrine, lidocaine,
tetracaine, and caffeine. Figure 7 illustrates
another recently analyzed forensic sample which
is a mixture of procaine, tetracaine, and phenyl-
propanolamine. The amines most often en-
countered in the cocaine look-alike products are
ephedrine, pseudoephedrine, and phenylpro-
panolamine. These protonated amines elute
very early in the chromatographic system used
for the analysis of cocaine samples (see Figure
8A).

For those samples suspected of containing the
quick-eluting amines, a derivatization procedure
is used to identify the specific amine. These
amines produce strong UV-absorbing products
when treated when phenylisothiocyanate (5).

nylpropanolamine-PIT: 3, pseudoephedrine-PIT. Mobile phase,
Solvent .

The chromatograms in Figure 8 illustrate the
advantages of this derivatization method. Fig-
ure 8A shows the results of injecting a solution
containing 25 /ug each of ephedrine, pseudo-
ephedrine, and phenylpropanolamine hydro-
chlorides. Extraction of the same quantity of
these amines into methylene chloride followed
by derivatization with phenylisothiocyanate
produced the chromatogram in Figure 8B. The
sensitivity of the UV detector was reduced from
0.2 t0 2.0 AUFS to keep the peaks on-scale. This
separation of the PIT derivatives requires dif-
ferent mobile phase conditions (Solvent b) than
the cocaine analysis, but readily distinguishes the
3 commonly encountered amines. Most local
anesthetics are tertiary amines and do not form
stable PIT derivatives. The use of this method
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Simple Colorimetric Method for Determination of Pyridoxine
Hydrochloride (Vitamin B6)in Pharmaceuticals
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Pyridoxine hydrochloride, Py-HCI (5-hydroxy-
6-methyl-3,4-pyridinedimethanol hydrochlo-
ride) orvitamin B6hydrochloride, is an enzyme
co-factor vitamin. The official compendia (1,2)
describe a method for nonaqueous titration with
perchloric acid, using crystal violet as an indi-
cator. Various titrimetric (3), spectrophotometric
(4, 5), electrophoretic (6), and chromatographic
(7, 8) methods have been described for deter-
mining Py-HCI in biological samples and in
mixtures of vitamins.

In the present communication, asimple pho-
tometric method is described for determining
Py-HCI in plain formulations and also in the
presence of vitamins Bj and Bi2 and common
excipients. The method is much simpler and
faster than those reported in the literature.

METHOD

Reagents

(a) Pyridoxine hydrochloride standard solu-
tion.—Dissolve 25 mg accurately weighed Py-
HCIl in 100 mL water in volumetric flask, with
shaking.

(b) Dapsone and sulfanilamide working solu-
tions.—(1) Dapsone.—Dissolve 100 mg dapsone
in 100 mL 95% ethanol. (2) Sulfanilamide.—Dis-
solve 100 mg sulfanilamide in 20 mL 95% etha-
nol, and dilute solution to 100 mL with water.

(c) Acid mixture.—15% trichloroacetic acid-

Received February 11,1982. Accepted June 15, 1982,

H2504-water (86 + 20 + 94).
(d) Sodium nitrite solution.—0.1 % aqueous.
(e) Sodium carbonate solution.—4.0% aqueous.

Preparation of Assay Solution

Tablets.—Powder 20 tablets and accurately
weigh quantity equivalent to 25 mg Py-HCI.
Dissolve in about 50 mL water. Filter through
Whatman No. 1 paper. Collect filtrate and
washings in 100 mL standard flask and dilute to
100 mL with water.

Injections.—From thoroughly shaken solution
from injection vial, transfer volume equivalent
to 25 mg Py-HCl into 100 mL standard flask and
dilute to 100 mL with water.

Preparation of Standard Curve

Dilute Py-HCI standard solution to give con-
centrations of 25-175 /ug/mL. Develop color and
read absorbance of reaction product, as described
under Assay. Plot absorbance vs Py-HCI con-
centration to give straight line passing through
origin. Beer's law is obeyed between 1 and 7
jug/mL. Molar absorptivities are 2.1 X 104and
2.6 X 104L-1 mole-1 cm-1 for sulfanilamide and
dapsone, respectively.

Assay

Sulfanilamide.—Pipet 0.25 mL sulfanilamide
working solution into each of series of 25 mL
graduated flasks. Add 1mL acid mixture and 1
mL sodium nitrite solution. Let flasks stand 3
min. To individual flasks add 0.1-0.7 mL Py-
HCIl and 3 mL sodium carbonate solution, with
constant shaking. Simultaneously prepare re-
agentblank. Dilute mixed solutions tovolume
with water after 3 min, and measure absorbances
at 440 nm against reagent blank. Determine
concentration in test solution from standard
curve, using same procedure detailed earlier.

Dapsone.—Pipet 0.5 mL dapsone working so-
lution into each of series of 25 mL graduated
flasks. Add 1mL acid mixture and 1 mL sodium
nitrite solution to each flask. Let flasks stand 3
min, then add 2 mL 95% ethanol to each flask.
Add 0.1-0.7 mL Py-HCI and 3 mL sodium car-
bonate solution to individual flasks with constant
shaking. Simultaneously prepare reagent blank.

0004-5756/83/6601-0158-03$01.00
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Figure 1. Probable structure for reaction ofx ri-
doxine HCI with diazotized sulfanilamide ( yor
dapsone (B).

Dilute mixed solutions to volume with water
after 3 min, and measure absorbances at 465 nm
against reagent blank. Determine concentration
in test solution from standard curve, using same
procedure detailed earlier.

Stoichiometry of Reaction Products

The reactions reported make use of diazotiza-
tion of sulfanilamide and dapsone followed by
coupling with vitamin B6for the color develop-
ment. The reactions are well known normal dye
formation, only their applications in this method
are important. The products were separated and
analyzed. Probable structures determined from
infrared and nuclear magnetic resonance spectral
studies are given in Figure 1

Recovery Experiment

To study reliability and recovery of the pro-
posed method, we used a method of standard
addition. A fixed weight of sample was taken
and standard drug was added at 3 different lev-
els. Each level was repeated 7 times. The total

J. ASSOC. OFF. ANAL.

CHEM. (VOL. 66, NO. 1, 1983) 159

amount of the drug was determined by the pro-
posed method.
Percent recovery was calculated as follows:
% recovery = [N 2 XY - (2 X) (2 Y) x 100)/
(N 2x2- (2 X)2
where X = amount of drug added/g sample; Y
= amount of drug found/g sample; N = total
number of observations.

Results and Discussion

Pyridoxine hydrochloride reacts with diazo-
tized dapsone and sulfanilamide under the op-
erative reaction conditions to yield a colored
product that undergoes a bathochromic shift (465
nm and 440 nm, respectively) when it is made
alkaline with sodium carbonate. The orange
color thus developed has been successfully used
to determine pyridoxine hydrochloride in for-
mulations.

The proposed method has distinct advantages
over similar methods in the literature for deter-
mining pyridoxine hydrochloride in combina-
tions with thiamine hydrochloride and cyano-
cobalamin. The published spectrophotometric
methods specify techniques such as paper chro-
matography, electrophoresis, or thin layer
chromatography to separate Py-HCI before its
determination. The present method is direct,
fast, simple, sensitive, and accurate. The dia-
zotization and coupling reactions are carried out
at room temperature, addition of ammonium
sulfamate to remove excess nitrite ions is un-
necessary, and color development and absorb-
ance measurement are complete within 20 min.
The molar absorptivity values indicate the high

Table 1. Determination of pyridoxine hydrochloride by the proposed method, for reaction with sulfanilamide or
dapsone
Found, % Rec. by Coeff. of
mg addition method Std dev. var., %
Amt
declared,  Sulfanil- Sulfanil- Sulfanil- Sulfanil-
Product mg amide Dapsone amide Dapsone amide Dapsone amide Dapsone
Tablet:
Pyridoxine HCI 40 41.1 39.2 102.9 98.09 0.079 0.10 1.59 2.16
Tablet:
Pyridoxine HCI 20 - 19.41 97.04 — 0.094 — 1.96
Thiamine HCI too
Cyanocobalamin 50«
Injection:
Pyridoxine HCI 10 10.062 - 100.6 0.095 1.85
Thiamine HCI 33
Cyanocobalamin 333«
Injection:
Pyridoxine HCI 33 32.6 32.4 98.8 98.25 0.074 0.10 1.60 2.23
Thiamine HCI 33
Cyanocobalamin 333«

«Amount declared in /ig.
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Table 2. Recovery (%) of pyridoxine HCI added to formulations, for reaction with sulfanilamide or dapsone
Sulfanilamide Dapsone
Amt declared. ]SI 3rd ]st 2nd 3rd Declared,
Product mg level level level level level level IP/USP
Tablet:
Pyridoxine HCI 40 1027&1 103.4 102.59 97.8 98.4 98.07 95-115
Tablet:
Pyridoxine HCI @ - - 97.23 96.97 97.02 -
Thiamine HCI 1
Cyanocobalamin 506
Injection:
Pyridoxine HCI 10 101.31 99.69 1(1)% - - - -
Thiamine HCI 33
Cyanocobalamin 333*
Injection:
Pyridoxine HCl 33 98.2 98.8 99.4 97.83 98.16 98.75 -
Thiamine HCI 33
Cyanocobalamin 333b
3 Amount declared in ng.
b Each value is the average for 7 determinations.
sensitivity of the method. Results by the pro- Stationery Office, London, UK,
posed method are in excellent agreement with ) US. Phar%acopela XX ang NatloRal Formulary XV
. . 1980) U.S. Pharmacopelal Convention, Rockville,
those obtained by pharmacopeial methods. D. 0. 694
Percent recoveries obtained from the addition (3) Klef|R' Z., & Somanoric, K. (1958) Croat. Client. Acta
method are in the range 97-103%, indicating lack 30@ , 181 187
of interference by other ingredients and excipi- 4) Urhanyl, T, &Badavarl S. (1968) J. Pharm. Sei. 57,
1386-1390
ents in the determination (Table 1). The method
is also reproducible as shown by results in Table (5) E f{”%»)ll\\/lmH,lOC"rl”mCh%PhtzmmAf A, & Shahid, M.
2. T.hereforeZ we recommend thls method in the (6) SI|Ip and | N, SI |prand , D &L IS M. (19XX) Bio-
routine quality control analysis of Py-HCI in chim. B|p 5, Acta 1 2) 2]_ 21
formulations containing vitamins Eh and B12 (N Callmer, ly” Davis, L, '& Lund, S. (1974) 7(12),
644-650
References (8) Walker, M. C, Carpenter, B. E, & Cooper, E L
(1) British Pharmacopoiea (1980) Voi. I, Her Majesty's (198 ) / Phal’m SEI 70 99 10
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X-Ray Powder Diffraction Data for Nine Anthelmintics

JOHN T. R. OWEN,1 BADRUDDIN M. HASHIM,

and FRANK A. UNDERWOOD2

University of Bath, School of Pharmacy, Bath BA2 7AY, United Kingdom
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X-ray diffraction has been used to characterize
9anthelmintics in terms of values ofd (in A), the
interplanar spacing, and ///], the relative in-
tensities of the lines, based on the strongest lines
as 100, according to the system of the Powder
Diffraction File (1). The data recorded here were
not available in the Powder Diffraction File. Re-
sults from the diffractometer traces (CuKa ra-
diation) were compared with microdensitometer
measurements of Debye-Scherrer camera films
using 3 wavelengths (CuKa, CoKa, and
CrKa).

METHOD

Details of sample preparation, exposures, and
measurements of line positions and intensities
have been given in aprevious paper (2) and are
notrepeated here. The anthelmintics examined
were hexylresorcinol, mebendazole, morantel
tartrate, niclosamide, niridazole, parbendazole,
thiabendazole, tetramisole hydrochloride, and
levamisole hydrochloride. Melting points of all
compounds agreed with those quoted in the lit-
erature.

Results and Discussion

Tables 1-9 show the data for the 9 anthelmin-
tics examined. Diffractometer results (CuKa
radiation) are averages from the McCreery and
Bystrom-Asklund methods of sample loading
discussed previously (2), with intensities (I/1i)
relative to the strongest line (/1) of a pattern as
100 calculated from measurements of peak height
above background on the traces. The relative
intensities in the camera results (CuKa, CoKa,
and CrKa radiation) were derived from micro-

2 SEHEA T onys
Racenved Mardh 5 1982. Accepted June 11,1982,

densitometer traces, although dense back-
grounds, which are notuncommon with organic
materials, made measurements difficult for some
films. The 3 strongest lines for each substance
would be used for preliminary identification in
the Powder Diffraction File method, and are
therefore given in boldface type in the tables.

In general there was good agreement among
the interplanar spacings (d in A) for the 4 sets of
results for a given compound, but the differences
recorded, which were not greater than 0.06A, do
illustrate the variations to be anticipated when
powder data are used for identification. As be-
fore, the best resolution of the lines was obtained
by the diffractometer method. With the pho-
tographic technique, the best was found with
CrKa radiation, which has the longest wave-
length of the 3 employed.

With the exceptions of tetramisole hydro-
chloride (Table 8) and levamisole hydrochloride
(Table 9), where the second strongest line shown
in the diffractometer traces differed from that in
the films, there was agreement in the 4 sets of
results on the identity of the 3 strongest lines.
The diffractometer patterns for the 2 compounds
mentioned were less satisfactory than for the
others in that different sample loading methods
led to greater than usual variations in line reso-
lution and intensity, probably because the ma-
terials tended to absorb water from the atmo-

sphere.
There was agreement among the 4 sets on the
location of the strongest line (I/li = 100) except

for morantel tartrate (Table 3), where the stron-
gest in the diffractometer pattern was recorded
as the third line with relative intensity 68-81 in
the camera patterns. Preferred orientation
probably affected the diffractometer results here
in spite of careful loading of the samples, because
the second and third most intense lines and all
the others were relatively much weaker than the
corresponding lines in the films. In fact, most
compounds showed similar discrepancies in
varying degrees between camera and diffrac-
tometer intensities, particularly for the larger
interplanar spacings, and these effects were more
marked than in the 2-imidazolines examined
previously (2). Users of the Powder Diffraction
File are accustomed to such variations when they

0004-5756/83/6601-0161-11$01.00
© Association of Official Analytical Chemists, Inc.
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Table 1. X-ray diffraction data for hexylresorcinol3

OH
C12H182
H CAS 136-77-6
CH(CH.),CH,
Diffractometer Camera
CuKa CuKa CoKa CrKa

cf(®) ilh d(A) I/h d(A) I/h d(A) I/h
21.0 100 21.4 100 21.4 100 21.4 100
10.7 1 - = - — — —

7.05 2 7.04 5 7.02 1 I J—

5.54 5 551 28 5.53 10 5.52 13

5.28 9 5.27 22 5.23 12 5.25 8

5.14 1 - = - — — —

4.96 1 4.94 6 - — — —

4.71 12 4.70 61 4.70 32 4.69 33

4.59 1 - = - — —

4.35 1 = - I — — —

431 2 4.29 18 4.30 10 4.29 9

4.23 1 - - = _ —

4.08 4 4.07 33 4.07 16 4.07 18

3.87 1 3.84 5 - _ —

3.71 13 - - - _ I

3.66 10 3.66 69 3.66 54 3.66 49

3.53 4 - - - _ J—

3.49 3 3.48 21 3.48 10 3.48 10

3.38 2 3.37 12 3.37 6 3.37 6

3.14 1 3.13 7 3.13 3 3.13 3

3.03 1 3.03 2 3.02 2 3.03 2

2.776 1 2.763 5 2.765 2 2.758 4

2.652 2 2.646 5 2.643 3 2.643 2

2.589 1 - - - - 2.573 2

2.356 2 2.354 / 2.353 4 2.348 6

2.127 1 2.121 7 2.124 3 2.123 2

2.090 1 2.082 3 2.081 3 2.080 2

3 The 3 most intense lines are shown in boldface type.
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Table 2. X-ray diffraction data for mebendazole 3

IiI
X CL6HINYR
/@ />—NHCOOCH3 CAS-31431-39-7
CeH;C0 N
Diffractometer Camera
CuKa CuKa CoKa CrKa
d(A) I/h d(A) I/h d(A) I/h d(A) I/h
18.0 100 178 100 175 100 179 100
7.50 6 — — — — — —
7.20 17 7.7 43 7.15 37 7.15 13
6.71 3 6.63 7 6.65 10 6.63 3
6.09 4 6.05 16 6.03 11 6.02 5
5.47 33 5.45 63 5.44 55 5.43 23
4.90 33 4.85 75 4.85 67 4.85 27
4.62 32 — — — — 45 19
481 7 448 89 447 87 Iyl 1
4.15 24 4.12 47 4.12 41 411 17
3.75 9 3.72 21 3.72 20 3.73 8
3.60 49 3.59 78 3.58 76 3.58 30
3.54 22 — - — — ’3331 16
3.34 13 331 91 3.31 97 Kil 44
3.07 25 3.06 54 3.05 45} 3.05 21
2.858 3 2.834 10 2.836 2.840 5
— — 2.757 6 2.758 4 2.764 3
2.681 3 2.667 15 2.668 13 2.662 4
2.600 5 — — — —
2.585 5 2.580 21 2.574 1
2.515 2 2.503 9 2.501 — —
2.381 7 2.380 —
2.177 10 2.176 9
2.115 12 2.112 1

aThe 3 most intense lines are shown in boldface type.
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Table 3.

H

\' .c=c-
' CH3
H

CHa

Diffractometer

d(A)
12.4

104
9.51
7.56
7.11
6.46
5.89
5.61
5.19
4.87
4.75
4.65
4.43
4.30
411
4.03
3.82

3.4

358

3.47
3.38
3.27
3.21
3.16
3.09
3.05
2.979
2.936
2.885
2.844
2.780
2.730
2.691
2.600
2.515
2.468
2.392
2.338

CuKa

=
=3

d(A)

7.52

6.50
5.95
5.59
5.18
4.88
4.73

=
(=}

— = N N
HOC{HLO(HSHUI##‘:UIOM\‘HD—‘@M& ~
|

4.29
4.62
374
357

3.38
3.27

2.681
2.591
3.507
2.441
2.389
2.330
2.213
2.075
2.003

NPWWONRRNRNDOOWODMONO
|

X-ray diffraction data for morantel tartrate *

CuK«

Ci 2Hi 6N2S-C4H60 6

CAS-20574-50-9 parent
CAS-26155-31-7 tartrate

HOOC— CH— OH
HOOC— CH— OH
Camera
CoKa
I/h d(A)
_ 12.4
- 10.3
- 9.40
20 7.52
- 7.09
21 6.49
10 5.97
20 5.59
81 5.17
31 4.87
46 4.74
12 4.29
28 4.01
- .8
100 ERE]
- .6
8 588
30 3.38
26 3.26
22 3.20
22 3.15
- 3.07
7
15 2.973
- 2.904
5 2.677
. !
22 2.505
12 2.442
11 -
12 2.327
7 -
4 —
8 2.000

The 3 most intense lines are shown in boldface type.

I/h

25
100

CrKa
d(A)

12.4

14
13
12
10
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Table 4. X-ray diffraction data for niclosamide “
OH Cl

QCONH 2 > NO, c13n8ci2n204
a
Diffractometer Camera
Cuka Cuka CoKa Crka
(A /h d(A I/ d(A I/ (A) I/

L i =

NN
ol

~C0

—

OO0 TIOYOYO IO
=
- ra )

IO IO —Iooww

e

||\.u>oo|m

| 8815330 | 555 | 833
| 182231
[ | B3] 183933 | SRR

T~

;
i i L
381 381 380
G o fow how L5 b
| sh i i 3% s W

[I¢ IV}
= |
S
OO0 —
~CT+—F—00
Fooxro-d=2 |

i

NOCOOUTIO0
-
EEIRN
—

a The 3 most intense lines are shown in boldface type.
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Table 5. X-ray diffraction data for nlridazole 3
H

T J cbhbndods

oht - & CAS-61-57-4
HT
Diffractometer Camera
CuKn Cuka CoKa
#A d(A) /b i(A 1

9.88

’
1

a8 aots

L | B BAER

= .y
— (— - 8: N TN = =
-~
IO (OO KOG 0000
)
[N

. i
| % J 2106 5 2105
00 2045 2 2T

a The 3 most intense lines are shown in boldface type.

NOJI—\I\Z—\

1983)

Ok

I

i16

eacd | |

2,041

13
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Table 6. X-ray diffraction data for parbendazole

H
CI3H17\302
CAS-14255-87-9
CHICH22CH2
Diffractometer Camera
CuKcer CuKa CoKa CrKa
d(Aa) I/h d(A) I/h d(A) I/h d(A) I/h
131 100 12.9 100 12.9 100 13.0 100
9.77 1 9.72 51 9.69 63 9.67 36
8.63 1 8.63 4 8.55 6 8.52 3
6.51 4 6.50 8 6.49 10 6.49 5
6.01 3 5.93 8 5.93 1 5.91 6
5.00 2 — — — — — —
4.87 5 4.84 18 4.84 28 4.85 13
4.4 7 4.48 25 4.48 32 4.47 15
438 1 i3 3 428 i 470 38
4.10 10 4.08 31 4.08 40 4.08 17
3.95 6 3.94 19 3.93 26 3.94 10
3.69 7 — — 3.69 27 — —
3.67 6 — — — — — —
3.61 8 3.62 25 - — 3.63 5
3.58 7 — — 3.57 29 — —
3.34 10 3.34 27 3.34 33 3.34 15
3.15 1 - — - — — —
3.11 1 — — — — —
3.08 1 — — — — - -
3.06 1 — — — — — —
2.763 1 2.761 6 2.758 6 2.750 4
— — 2.470 4 2471 5 2.459 3
2.380 1 2.412 4 2.409 3 2.409 3
2.362 1 — — — — — -
2.341 1 2.262 2 2.263 4 - -
2.032 1 — — 2.075 2 — -
2.025 1 — — 2.009 2 _ _

3 The 3 most intense lines are shown in boldface type.
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dA

6.81
5.64
b.be
5.07
4.23
3.72
3.39
3.27
2.814
2.695

2.525

2.327

2.062
2.025

OWEN ET AL.
Table 7.
H
iy O
C
Diffractometer
CuKa CuKa
i/h d(A I/h
8 6.76 17
4 — i
7 5.57 %
5.03
10 1
- 4.02 3
14 3.71 26
43 3.38 51
2 3.26 5
—_ 3.11 3
10 2.803 19
2 2.681 6
— 2.629 3
3 2.517 12
_— 2.419 3
3 2.321 9
_— 2.253 4
bt 2.137 5
2 2.055 7
1 2.022 4

The 3 most intense lines are shown In boldface type.

CioH7NsS

CAS-148-79-8

Camera

dA)

5.57
5.04
4.21
4.01
3.71
3.38
3.26
3.10
2.806
2.685
2.630
2.515
2.418
2.316
2.252
2.132
2.056

2.000

CoKa

X-ray diffraction data for thiabendazole a

I/h

a~NbdOo

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

CrKtr

6.76
5.57
5.03
421
370
3.38
3.25

2.808

2.519

2311

I/h

13

10

20
43
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OWEN ET AL.

X-ray diffraction data for (+) tetramisole hydrochloride a

ﬁﬁj}l\@.m

Table 8.

C, HIN2SHCI

Camera

Diffractometer

OK«

CoKa

CuKo

Cuka

I/h

d(A)

d(a)

LOO OO LLOOOO
o [S2ISplaaTaN

OO —oD
NS o | oIS

o= OO <<t <ftoo

HLOOO OO0 (00O —O
AN<tFANNI<THLO O oD <t-AONLO

OO OLOOMLO
<t ANt o<t O<tANI—o»

”..876555 Ittt

ANCH—OON O LNAICNIOLD
OD<FANANILOO 1 OOYOD<+FODLO

OO OO OLOMN—oD<t
< ANLOAHO<TAN O<FANI—IOY

H..876555 ARS S S e e

8888 | 893 &=/ | |
CNONCO or—
t<tT©o N M——icd [N
ST 6 | (oo~ S5 | ||
omonoH M [N {aN[aN} (e NN

O —<FT OH<IrCO000
LOLOMN— MO0+ OOD0ON -
Mot MANIO 0000 M= OOLO<TONAN

[plaplasNerlaslaplaN o o N{aNTaN g N aN o N{aN]

m./A.. ANLOO < LOCNLOLOOON M~
LOCN O —I—Icn o I—IANIA o Lo |

N~ OO~ OO —LO
TLOWO NOLOCO 1 <F OO
Mot MANIO0O0O = LO<ToONA

N— O «—LOCD OO —<IT—C\ LNOM~ MNOLOCO—ILOM—MMSH
O NI =<1 OO0 MOo<t MANICO000ON - —oLO<t-

”._8 N COLOLOLO<FT <t <<t 020D (NONOD MononaNIaNIaNIaNIaNICNICN

LOCOO O — N

2.225

aThe 3 most intense lines are shown in boldface type.
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Diffractometer

d(A)

7.41
6.51
6.44
5.97
5.54
5.44
5.10
4.90

4.37
4.22
3.93
3.80
3.74
3.69
3.65
3.55
3.51
3.41
3.27
3.24
3.17
3.13
3.05
2.969
2.849
2.823
2.805
2.698
2.660
2.592
2.557
2.543
2.498
2.449
2417
2.350
2.327
2.293
2.254
2.238
2.181
2.161
2.137
2.120
2.045
2.034

CuKa

I/h

100

WARARRNBARNOWNRNNRO®

Table 9. X-ray diffra ction data for (-) levamisole hydrochloride3

d(A)
7.34
6.41
5.50
5.06
4.82
4.62
434
419
390
378
3.67

3.52
3.39
3.26

3.12
3.04

2.323

2.548

2.529

2.439

2.312
2.254

2177

2123

2.032

f

CuKev

)} 1HC1
IT3

I/h

l o'l o

aThe 3 most intense lines are shown in boldface type.

(-)c, h12n2s.hci

CAS-14769-73-4 parent

CAS-16595-80-5 HCI

Camera
CoKo
d(A)
7.34
6.38
5.49
5.05
4.83
461
4.34
4.19

3.91
3.78

3.67

3.39
3.26

3.12
3.03
2827
2.685
2.646
2.527

2.441

2316
2.255

2.178

2.128

2 036

I/h
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CrKa

d(A)
7.34
6.37
5.49
5.04
434
417
3.89
3.76
3.67

3.39
3.25

3.12
3.03
2.825
2.699
2.645
2.530

2.438

2.246

2171

27

33
27

27

20

20
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compare film data with file data from diffrac-
tometers and vice versa. _

Data for tetramisole hydrochloride and le-
vamisole hydrochloride (Tables 8 and 9) are of
particular interest because the first s the racemic-
and the second the levo-rotatory form of the
same compound, so that identical X-ray diffrac-
tion patternswould be expected. Ithasalready
been mentioned that the results for these samples
were not as consistent as for others, but the pat-
terns were certainly different, and it appeared
that the 2 had crystallized with different struc-
tures. An |nvest|dqat|on of polymorphism in the
compound would be required to elucidate the
problem.

Conclusion
X-ray powder diffraction could be used to

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) m

identify the 9anthelmintics examined, although
the apparent distinction between tetramisole
hydrochloride and levamisole hydrochloride
should be treated with caution. The diffrac-
tometer method or the camera method using
CrKa radiation would be acceptable unless many
lines from other substances were present. Dis-
crepancies between diffractometer and camera
data are no greater than those often noticed
when working with the Powder Diffraction File.

References
(1) Powder Diffraction File, Joint Committee on Powder
Diffraction Standards, Swarthmore, PA
(2) Owen J. T. R, Koutourellis, J. E, & Underwood, F.
A. (1981) /. Assoc. Off. Anal. Cliem. 64, 1164-1173
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Determination of Gentamicin Sulfate Cla, C2,and Ci Components by
lon Pair Liquid Chromatography with Electrochemical Detection

TIMOTHY A. GETEK,* A. CAROL HANEKE, and. GEORGE B. SELZER
Food and Drug Administration, National Center for Antibiotics Analysis,

Washington, DC 20204

The 3 maéqr components of gentamicin sulfate (Cia,
C2, and Ci) were separated by a liquid chromato-
graphic method using a reverse phase Cis bonded
silica gel column and an aqueous ion pair solvent
system consisting of 0.015M pentanesulfonic acid
sodium salt, 0.2M sodium sulfate, and 0.1%acetic acid.
Individual C components as well as several unknown
minor constituents were detected by an electro-
chemical flow cell with a glassy carbon vvorklnF
glectrode set atapotential of +1.3 £ 0.1V vs Ag/AgCI.
The analytical response was linear over aconcentra-
tion range of 16-30 fig. A plot of peak areas vs con-
centration of C fractions yielded a correlation coef-
ficient of 0.999 or better for the Cla, C2 and Ci com-
ponents of gentamicin sulfate.

Gentamicin, an aminoglycoside antibiotic pro-
duced by Micromonospora purgurea, was isolated
bK Weinstein et al. Fl) in 1963. Using paper
chromatography, Rosselet and coworkers (2)
determined that gentamicin consisted of ap-
Brommatehv 72% Ci and 28% C2. In later work
K descending paper chromatography using a
chloroform-methanol-ammonium hydroxide
solvent system, Weinstein et al. (3) separated the
Ci companent into 2 fractions labeled Q and Cia.
This chromatographic method followed by mi-
crobiological assay of the separated fractions was
adopted as the Food and Drug Administration
FDA) official method for gentamicin (4, 5).

dditional studies revealed several minor con-
stituents in the gentamicin antibiotic (6-9).
Byrne et al. (10) reported that 5 components were
isolated from  the gentamicin C-complex by
counter-current distribution: 3 major fractions,
Ci, C2,and Cia, and 2 minor components desig-
nated C2aand C2b, which represented approxi-
mately 4% of the gentamicin composition.
Thomas and Tappin 311) used ion-exchange
c_hromatography with detection by optical rota-
tion to determine gentamicin and found 9 com-
ponents other than Q, C2 and Cia, 4 of which
were biologically active. Several analysts
(12-15) separated gentamicin by liquid chro-
matography using a reverse phase system with
fluorescence detection after derivatization with

Received February 198§{5AC d April 15, 1987, .
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o-phthalaldehyde (OPA) (12, 14, 15) or dansyl
chloride (13). “Some of the gentamicin separa-
tions on reverse phase columns were performed
with ion pair couplings. Perruchon and Caullet
have hydrolyzed several aminoglycosides and
detehrmllrégd them by differential pulse polarog-
raphy (16).

he fiqujd. chromatographic fluorescence assay
of gentamicin with post-column OPA derivati-
zation has been investigated by the National
Center for Antibiotics Analysis (NCAA; as a
possible replacement for the FDA official ()
paper chromatographic assay. A report of this
work has shown some difficulties with the re-
agents (W. Walton, Food and Drug Administra-
tion, personal communication, 1 80?._ Because
a convenient, reliable assay protocol is needed
to determine the composition of the marketed
gentamicin products, a liquid chromato-
graphic-electrochemical detection (LCED)
method has been developed, with separation of
the gentamicin components on reverse phase
columns with ion pair reagents.

METHOD

Apparatus

(@ Column.—30 cm X 3.9 mm id stainless steel
column, packed with 10Em particle size Cig re-
verse é)hase qBondapak (Waters Associates,
Milford, MA). At the end of each day's use,
flush column co(Floust with water and fill with
methanol (Burdick and Jackson Laboratories,
Muskegon, MI, or equivalent). Once a particular
column is deemed satisfactory, it should be
dedicated to the gentamicin analysis.

_(b) Liquid chromatograph.—DuPont Model 850
liquid chromatograph, with a 3-piston pumplng
system to minimize pulsations, and equippe

with manual 20 pL loop injector; electrochemical
detector consisting of E611 potentiostat and
EA1096 3-electrode flow cell (Metrohm/Brink-
mann, WestburY, NY). Working electrode (GCE,
glassy carbon electrode), set at oxidizing poten-
tial of +1,3 £ 0.1 V vs g/Aé;CI reference, and
GCE auxiliary electrode. Current sensitivity
from 500 to 3000 nA full scale recorder deflec-
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tion. Use dc mode with full damping for de-
tection. Because of the negative deflection of the
anodic_signal, connect output leads from the
Fotentlostat in parallel with recorder (Linear
nstruments Corp., Irvine, CA) and integrator
Supergrator I, Columbia Scientific Industries,

ustin, TX) with the negative and positive sig-
nals inverted at the integrator input. Attenuate
signal to integrator by ca 90% to accommodate
voltage input range.

Reagents

(Use  deionized
throughout.)

(@ Solvent system (15).—0.05M Eentanesul-
fonic acid sodium salt (Eastman, Rochester, NY),
0.2M sodjum sulfate (Merck, Rahway, NJ), and
0.1% acetic acid (Mallinckrodt Chemical Co., St.
Louis, MO), all as received. Adjust mobile phase
to maximize resolution for different columns by
alterlng amounts of pentanesulfonic acid sodium
salt and sodium sulfate as described by Anhalt et
al. (15). Filter mobile phase and deaerate by
vacuum draw-off. Flow rate may be varied from
1.0 to 1.25 mL/min. o

(b) Gentamicin sulfate.—Samples used in this
study were manufactured by Schering Cori).,
Bloomfield, NJ, and Pierrel A.p.A.m. Milan, Italy.
Standards were USP Reference Standard Gen-
tamicin; potency, 643 gg/myg.

and filtered water

Determination

Dilute sample and standard solutions to ca 2.5
m%/mL_ in water, unless indicated otherwise.
Dilute individual C fractions to ca 1.0 mF/m L.
Inject 20 gh each of standard and sample and
obtain chromatogram, using flow rate of 1.0
mL/min. Elution orderisQ a C2,Q. Calculate
gentamicin components as follows: Prepare a
calibration curve of the peak areas vs concen-
tration for the individual Cla, C2, and Ci fractions
over the range 16-30 gg. Correlate the peak
areas of the fractions in the standard to the cali-
bration curve of the respective "C" fraction to
ascertain the amount of each major component
in the standard. Total these values and deter-
mine percent by weight of each fraction by
comparing its contribution to this total.

Results

The proposed method was validated by com-

paring the results of the LCED analysis of the
gentamicin standard to those obtained by the
official method. For this purpose, é)_unfled
gentamicin C fractions (Qa C2 and Ci) were
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Table 1. Determination of USP Reference Standard
gentamicin sulfate by LCED method (potency 643

pg/mg)»

Gentamicin components,

Gentamicin % by wt
sulfate,

Day mg/mL Cla c2 Ci
1 272 24.2 38.5 37.4
2.96 24.1 38.0 37.9
2 2.962 23.4 39.1 37.4
2.63 23.8 38.7 37.6

Mean 23.9 38.6 37.6
SD 15 12 0.6

a Composition of the standard by paper chromatography:
Cia, 27.6%; Cz, 39.5%; Ci, 32.9%. See footnote, Table 3.

obtained from the Schering Corp. and the com-

osition of the standard was determined by

CED as described above. Results are shown in
Table L

The agreement found between the 2 methods
for the composition of the standard was consid-
ered to be satlsfactqr?/ in view of the number of
variables, i.e., 4 different standards, and the
number of assays required to obtain the results.
As a consequence of this validation study, it was
concluded that a gentamicin sample with a
known fractional composition, such as the USP
standard, can be used as a reference material for
the LCED analysis.

Discussion

Electrochemical Response.— Previous work has
demonstrated that amines, thiols, and hydroxy
groups are easily oxidized on a glassy carhon
electrode (M. Hayden and T. Getek, unpublished
data). Gentamicin has several amino and hY-
droxy substituents and these are the probable
sources for its electrochemical activity. An in-
crease in the positive potential augmented the
current signal, but the baseline deteriorated be-
cause of the debilitating effects of the large pos-
itive voltages on the glassy carbon. An optimal
operating potential was needed that would give
a steady baseline and good signal response vs
concentration. A manual voltammogram of
gentamicin (Figure 1) was obtained by measuring
the peak height in nA of the Cjafraction at sev-
eral voltages. A potential of +1.3 V gave an ad-
equate signal response and produced a constant
baseline. _ '

A significant change in the electrochemical
response was correlated to the concentration of
sodium sulfate. A @hantg)e from 0.2M to 0.3M
reduced the peak height by approximately 40%.
Further increases in the concentrations did not
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Figure 1. Log current response (nA) vs potential

against Ag/AgCl reference. Flow rate 0.8 mL/min;

mobile phase consisted of 0.02M pentanesulfonic acid

sodium salt, 0.2M Na2504, and 0.1% acetic acid diluted
to 1 Lwith 3%aqueous methanal.

greatly affect the peak height that was observed
at the 0.3M concentrations.

Liquid Chromatography.—Peculiar peak shapes
noted in the fluorescence detection of OPA-
derivatized aminoglycosides were occaswnall%
seen in the chromatogram from the LCE
method described here and varied with mobile
;%hase composition or instrumental parameters.
To determine whether the anomalous peaks were
instrument artifacts, the separate purified C
fractions were injected. They exhibited the same
characteristics under identical chromatographic
conditions. However, double peaks for the C2
constituent have been reported in chromato-
%raphlc separations (11) which may represent the

2band Ca fractions (7). A typical chromato-
gram of gentamicin is shown in Figure 2

Respanse vs Concentration. —When the signal vs
concentration relationship was studied over the
range .of_16-60£)g gentamlcm injected, the rela-
tionship in the 30-60 gg value became nonlinear.
Anhalt and Brown (17) noted that erroneous as-
says of aminoglycosides resulted from their
tendency to adsorb on the surfaces of glass ves-
sels. By using peak areas and a linear regression
analysis, we determined that the usable analyti-
cal concentration range was limited to 16-30 p?
(f;_er]tamlcm sulfate injected. Correlation coef-
icients (r) of 0.999 were obtained for the genta-
micin components; however, the linear regres-
sion did not project through the origin. Below

]. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)
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Fl%ure 2. LCED chromatogram of gentamicin sulfate
(3.3 mg/mL). Flow rate 1.0°'mL/min; potential +1.33
V vs Ag/AgCl; sensitivity 5000 nA; mobile phase;
0.015M " pentanesulfonic "acid sodium salt, 0.2M
Na2504 and 0.1% acetic acid.

16 pg of the antibiotic injected, the signal-to-
background noise ratio became unfavorable.

Evaluating Standard and Samples.—Because
gentamicin sulfate is amultl;comPonent antibi-
otic, the fractional composition of the USP Ref-
erence Standard had to be evaluated by LCED.
Data already exist for the analysis of the standard
by the official method. To determine the com-
position of the standard by HPLC, a calibration
curve was prepared of the peak areas vs concen-
tration for the individual CE:I C2 and C; fractions
over the range 16-30 pg. The peak areas cf the
Cia C2 and Ci fractions in the standard were
correlated to the calibration curve of its respec-
tive "C" fraction to ascertain the amount of each
major component in the standard. These values
were totaled and the percent by weight of each
fraction was determined by comparison of its
contribution to this total. The results are shown
in Table 1. Other peaks appearing in the stan-
dard chromatograms possibly relate to the C2a
and C2bfractions but no positive identification
was made. _

A set of 5 samples was assayed on 2 different
days with the gentamicin standard as the refer-
ence material. ~ A linear calibration for the stan-
dard was prepared each day and the sample peak
areas of the "C" fractions were compared to those
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Table 2. Determination of gentamicin sulfate samples
by LCED method
Gentamicin
components,
Gentamicin, % by wt
sulfate,  -emememmeeemeeeeees
Day Sample mg/mL Cla c2 Ci
1 A 2.99 234 365 411
B 2.66 259 413 327
C 3.31 24.7 374 378
D 2.81 26.7 347 385
E 2.57 26,6 399 335
2 A 3.09 22.9 352 418
B 2.70 252 422 326
C 2.76 245 385 37.0
D 2.78 26.2 346 39.2
E 2.96 254 403 343

of the standard to calculate the amount of each
present. The calculated weights of Q, C2, and
C)ain the samples were totaled and the indi-
vidual percentages of the components deter-
mined. The results obtained on the 2 test da%s
are shown in Table 2. The reproducibility of the
sample analyses was good. The corresponding
microbiological assay results after paper chro-
matographyr are given in Table 3 for Sami)les A,
C,and E. The failure of the absolute values to
agree is to be expected, because the paper chro-
matography as performed in the FDA official
method (5) does not separate or distinguish the
minor constituents present, such as C2aand C2b-
It is significant, however, that the relative per-
centages of the fractions of Samples A, C, and E
as determined by both methods compare favor-
ably. For example, Sample E has the highest
percentages of Ciaand C2 and the lowest per-
centage of Cj as determined by both methods.
In addition, Sample A has the highest percentage
of Cj and the lowest percentage of C2 as deter-
mined by these procedures.

In conclusion, the reverse phase LCED proce-
dure presented here offers a rapid and precise
method for the assay of the Q a C2,and Q frac-
tions of gentamicin’sulfate. No derivatization
technique is necessary for this analysis and a
single pump system may be used. Results ob-
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Table 3.  Paper chromatographic separation and
microbiological assay of gentamicin sulfate samples *

Gentamicin components, % by wt

Sample Cla c2 Ci
A 29.04 33.41 37.55
C 29.20 36.00 34.80
E 3051 38.52 30.96

a Mobile solvent phase for paper chromatography con-
sisted of 200 mL chloroform, 100 mL methanol, and 100 mL
17% aqueous ammonia.

tained are reproducible and the linear response
is comparable to the fluorescence detection
assay.
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DRUG RESIDUES
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IN ANIMAL TISSUES

Determination of Penicillin G, Ampicillin, and Cephapirin Residues

in Tissues

ARNOST B. VILIM and LYSE LAROCQUE

Health and Welfare Canada, Health Protection Branch, Tunney's Pasture, Ottawa, Ontario,

Canada K1A 0L2

A cylinder plate microbiological method was devel-
oped for the rapld,_(iuantltatlve determination of
penicillin_G, ampicillin, and cephapirin in animal
tissues. The method uses agar plates seeded with
stable spores of Bacillus stearothermophilus var.
calldolactis and incubated 4 h at 64°C. Standard
curves were obtained for the f_oIIowmg ranges of
concentration of antibiotics in tissues: 0.02-0.32 1U
BenmllmlG/g, 0.0125-0.2 fig ampicillin/g, and
.02-0.32 fig cephapirin/g. The proposed method is
suitable not only for penicillin residue analysis, for
which the sensitivity has been greatly improved
comf)ared with the Sarcina lutea method, but also for
depletion studies on these antibiotics, which are
commi)nly used to treat diseases in food-producing
animals.

The presence of drug residues in tissues of
food-producing animals is highly undesirable
from the standpoint of public safety. To protect
consumers from unacceptable exposure to d_ru%
residues in m%ested food, reliable analytica
methods must be developed for detecting these

residues. These methods must be rapid and in-

expensive, must be capable of assaying large
numbpers of samples, and must have adequate
sensitivity.

In Canada, the most commonly used methods
for d_eterm_lnmg antibiotic residues are those
described in a Food and Drug Administration
publication, revised in 1968 (1%.

Specification of Bacillus stearothermophilus var.
calidolactis as the test organism has resulted in 2
major improvements in the _sc.reenlndg ﬁroce-
dures, namely, greater sensitivity and shorter
incubation. A quantitative cylinder plate pro-
cedure for the determination of penicillin G,
ampicillin, and cloxacillin residues in milk was
developed in our laboratories (2). The method
is well suited for both residues and milk-out
studies. _ _

In this paper, an improved procedure is de-

$e|ceived rDecemrber 3?, 981th /-égtcﬁ%tend Awl 111[,i%982f "
A PR METPTIRRRTEY A0 gl gt Meeting ofthe

scribed for determining trace levels of penicillin
G, ampicillin, and cephapirin in tissues of food-
producing animals. Sensitivity is improved, yet
an extraction followed by aconcentration step is
not needed, aswould have been required by the
modified Sarcina lutea procedure to achieve the
same sensitivity.

Experimental

Reagentsand Apparatus

éa) Maintenance medium.—Tn{(pticase soy agar
BBL, division of Becton, Dickinson and Co.
anada, Ltd, 2464 S Sheridan Way, Mississauga,
Ontario, Canada L5J ZM%). _

Bétl)_) Broth medium —Trypticase soy broth

(c) Assay medium.—Seed agar, antibiotic me-
dium A; formerly listed as Antibiotic Medium
No. 1(BBL).

(d) Bomifer solution.— 1% phosphate buffer.. pH
6.0 (10.1).

() Antibiotic standards.—Penicillin G potassi-
um, ampicillin trihydrate, cephapirin sodium,
and sodium cloxacillin, USP Reference Standards
%S%ég’harmacopelal Convention, Rockville, MD

Prepare stock solution of 1000 1U or /ig/mL in
1%phosphate buffer, pH 6.0 (£0.1). Dilute stock
solution to 10 1U or /rg/mL solution in the 1%
phosphate buffer. Further dilute the 10 1U or
pg/mL solution in 1%phosphate buffer to obtain
%_on ntrations of 50 times the final concentra-
i0

@_Cylinder dispenser.—Shaw-Dispenser (E.C.
CoMlit, Middle Haddam, CT 06456).

(9) Cylinders.—Penicylinders, stainless steel,
8.0 mm od X 10 mm (Fisher Scientific Co. Ltd,
4%8\?3 Southvale Cr, Ottawa, Ontario, Canada K1B

(h) Zone reader—Antibiotic Zone Reader Il
(Fisher-Lilly). '

(i) Centrifuge. —Model RC2-B with HS-4 rotor
(Sorvall).

o A4 STSGIRHES0LOLIG DUSOLO0



VILIM & LAROCQUE:

() Incubator—Model 3956 modified, capable
of operating at 64°C (Forma Scientific, Marrietta,
OH 45750). o _

k) Homogenizer—Sorvall Omni-mixer with

AOESI mL capacity stainless steel chambers (Sor-
va

(I Cornwall syringe. — 10 mL (Fisher Scientific
Co. Ltd).

(m) Petri d_ishes.—Stackin% dishes, No. 1054
Falcon Plastic Co., 1950 Williams Dr, Oxnard,
A 93030), with porcelain tops (Canadian Lab-

oratory Supplies, 2710 Lancaster Rd, Ottawa,

Ontario, Canada K1B 4T7).

Preparation of Bacterial Spore Suspension

Inoculate 6 Erlenmeyer flasks, each containing
150 mL trypticase sor broth, with Bacillus stear-
othermophilus var. calidolactis ATCC 12980. In-
cubate at 64°C. Determine extent of sporulation
by spore stains until ca 80% level is reached (72
h{. Centrlfu%e 10 min at 5000 rpm. Decant su-
pernate, wash cells twice with sterile normal
saline, resuspend cells in 70 mL normal saline,
andkstore at 4°C.  Suspension is stable 4
weeks.

Preparation ofPlates

Inoculate antibiotic medium A, cooled to 60°C,
with 1.5 mL spore suspension of B, stearothermo-
philus var. calidolactis/100 mL medium. Pour 8
mL inoculated melted agar into each Petri dish,
using Cornwall syringe, and let agar layer
harden on level surface. Refrigerate plates 15
min before use.

Assay Procedure

Standard curve:  Follow general instruction
described for standard curves (1). After ho-
mogenization, heat mixture 5 min at 84°C, cool,
and then centrifuge 10 min at 2000 rpm. Fill 3
alternate cylinders with standard and the other
3 cylinders with reference concentration. In-
cubate filled cylinders 4 h at 64°C. Calculate
best straight line, using least squares linear re-
gression analysis. _ _

Sample: _Homogenize 102 tissue with 40 mL
buffer (1:5). Heat5min at84°C, and centrifuge.
Proceed as for the standard, filling 3 alternate
cylinders with sample and other 3 cylinders with
reference concentration. Use 3 plates for each
sample. Correct average value in relation to
reference value of standard. Calculate corre-
sponding concentration. Multiply by dilution
factor (5) to obtain final concentration.
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Results and Discussion

The standard curves were constructed by
adding known amounts of the respective anti-

Table 1. Estimated concentrations for beef tissues
spiked with penicillin G

Theor.

concn, Mean adjusted Estd concn,

IlU/mL zone size, mm IU/mLa cv, %
Muscle

0.004 12.6 0.0041 4.45

0.008 14.8 0.0079 7.70

0.016 17.3 0.0162 2.33

0.032 19.7 0.0330 7.36

0.064 21.8 0.0630 7.51
Kidney

0.004 12.1 0.0039 10.11

0.008 14.6 0.0082 11.24

0.016 171 0.0163 6.00

0.032 194 0.0323 6.02

0.064 21.8 0.0629 8.36
Liver

0.004 11.9 0.0039 20.31

0.008 144 0.0080 21.63

0.016 16.6 0.0157 14.60

0.032 19.2 0.0332 17.93

0.064 21.3 0.0617 16.44

aAverage of 12 determinations.

Table 2. Estimated concentrations for beef tissues
spiked with ampicillin

Theor.

concn, Mean adjusted Estd concn,

Mg/mL zone size, mm Ag/mLa CV, %

Muscle
0.0025 124 0.0024 5.03
0.005 15.1 0.0053 6.75
0.01 171 0.0099 4.01
0.02 19.4 0.0192 6.12
0.04 21.9 0.0405 11.34
Kidney
0.0025 124 0.0024 2.95
0.005 15.2 0.0055 3.61
0.01 17.2 0.0097 1.55
0.02 194 0.0187 7.47
0.04 22.2 0.0416 1.98
Liver

0.0025 12.2 0.0025 9.79
0.005 14.9 0.0052 5.03
0.01 17.2 0.0098 1.07
0.02 19.7 0.0200 6.18
0.04 22.1 0.0391 4.24

aAverage of 9 determinations.
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Table 3. Estimated concentrations for beef tissues
spiked with cephapirin

Theor.

concn. Mean adjusted Estd concn,

Mg/mL zone size, mm Mg/mLa CV, %
Muscle

0.004 13.0 0.0041 8.37

0.008 15.2 0.0081 8.23

0.016 171 0.0149 4.67

0.032 19.4 0.0315 5.19

0.064 21.7 0.0668 8.75
Kidney

0.004 12.8 0.0040 7.10

0.008 151 0.0082 4.82

0.016 17.2 0.0152 1.59

0.032 19.7 0.0319 473

0.064 22.0 0.0656 3.85

Liver

0.004 11.9 0.0038 9.30

0.008 14.8 0.0085 4.59

0.016 171 0.0161 0.59

0.032 19.6 0.0326 3.24

0.064 22.0 0.0633 2.69

a Average of 9 determinations.

biotic to antibiotic-free animal tissues. The

tissues, obtained from local supermarkets, were
carefully tested for the presence of inhibitory
substances before being used in this study.
Tissue controls were run'with each experiment.
The resulting zone sizes were processed mathe-
matically using least squares linear regression of
zone size vs log concentration. This procedure
resulted in correlation coefficients ranging from
0.9991 to 0.9999 _50..9982. for ampicillin in beef
kidney) for penicillin G in beef and pork muscle,
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Table 5. Comparison of B. stearothermophilus var.
calidolactis method with S. lutea method, using penicillin
Gin beef muscle

Concn, IU/mL
Method 0.064 0.016 0.004
S.lutea 0.0625 0.0168 neg.
B. stear. 0.0633 0.0163 0.0041

k_idne}/, and liver and in chicken muscle and
liver; for ampicillin in beef muscle, kidney, and
liver: and for cephapirin in beef muscle, kidney,
and liver. o _

A total of 9 determinations of 5-point standard
curves for each antibiotic was obtained using 3
different batches of bacterial spore suspension
as the inoculum. The precision and accuracy of
the method for each individual antibiotic in 3
bovine tissues are illustrated in Tables 1, 2, and
3. Results are expressed in [U/mL or qg/mL.
To convert these measurements to the final
concentration values, multiplication by 5, the
dilution factor, is required. The coefficients of
variation (CV) are generally lower than 11%,
with the exception of penicillin G in liver.
However, these higher variations still fulfill the
requirements for intralaboratory reproducibility
of analytical results by being less than 20-25%.
These requirements were recently reviewed by
Horwitz et al. (3). o

Because the reproducibility data were calcu-
lated from standard curves prepared by averag-
ing 9-12 determinations with different bacterial
spore suspensions and on different days, coeffi-
cients of variation can be lowered by using
standard curves established with the same bac-
terial spore suspension on the same day. Thus,

Table 4. Recovery, minimum detectable level (MDL), and working range for penicillin G, ampicillin, cephapirin, and
cloxacillin in beef tissues, B. stearothermophilus var. calidolactis cylinder plate method
Working range
Ree., MDL,
Antibiotic Tissue % Mg/mL Ag/mL Mglg
Penicillin G muscle 98.0 0.0014 0.004-0.064a 0.02-0.320
kidney 96.4 0.0016 0.004-0.064a 0.02-0.320
liver 94.6 0.0017 0.004-0.064a 0.02-0.320
Ampicillin muscle 96.5 0.0009 0.0025-0.04 0.0125-0.2
kidney 96.9 0.0009 0.0025-0.04 0.0125-0.2
liver 96.4 0.0010 0.0025-0.04 0.0125-0.2
Cephapirin muscle 98.9 0.0011 0.004 0.064 0.02-0.32
kidney 99.1 0.0013 0.004-0.064 0.02-0.32
liver 97.1 0.0017 0.004-0.064 0.02-0.32
Cloxacillin muscle 96.6 0.008 0.03-0.48 0.15-2.4
IU/mL.

1U/g.
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Table 6.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

179

Study of interference of sulfamethazine, sulfathiazole, nitrofurazone, and furazolidone added at various levels

with penicillin G to beef tissues (B. stearothermophilis var. calidolactis method)

Penicillin G, 0.016 IU/mL, and

Sulfamethazine Sulfathiazole

Nitrofurazone Furazolidone

------------------- Penicillin G,

Tissue e, 50 10 100 50 10 50 10 50 10 0.016 IU/mL
Muscle 16.76 16.7 16.8 16.7 16.6 16.7 171 16.8 19.0 16.9 16.7
Liver 16.6 16.8 16.7 16.8 16.7 16.7 16.7 16.7 18.3 16.7 16.6
Kidney 16.8 16.9 16.9 17.0 16.9 16.9 17.0 17.0 19.6 17.1 16.9

3 Values are fig/mL.
b Values are zone size (mm).

in the case of penicillin Gin liver, the following
CV valugs for the 5 points of the standard curve
are obtained: 5.00, 6.17,7.00, 5.06, and 5.65%. It
is therefore important to check the performance
of the method for each particular application to
determine the frequency of re-establishing the
standard curve. New standard curves should
always be established with each new batch of
bacterial spore suspension and used for calcu-
lating results.
~The minimum detectable levels (MDL? are
listed in Table 4. These values were calculated
by an extrapolation technique, resulting in con-
centrations corresponding to a 9.0 mm zone
which we consider to be the lowest size capable
of being reliably measured by the zone reader.
The practical working ranges are also indicated
in Table 4, and they correspond to concentrations
used in the preparation of the standard curves.
The recovery values were obtained by compari-
son of the concentration estimates in buffer with
those in respective tissues. _ .
A comparison study was carried out with
penicillin G in muscle tissue at 3 known con-
centration levels, usm? B. stearothermophilus and
S. lutea methods (Table 5). Excellentagreement
was obtained at the 2 higher concentrations, al-
though the S. lutea method failed to detect a
concentration of 0.004 1U/mL. All concentra-
tions measured by both methods were very close
to theoretical values.
~To test for possible interference by other an-
timicrobial drugs commonly used in veterinary
practice, we carried out 4 studies in 3 tissues
(Table 6). No positive interference by sulfa-
methazine, sulfathiazole, or nitrofurazone was

e. Fura-

detected, even in the 50-100 ppm ran? t
erence a

zolidone showed slight positive inter
50[9pm_, butnone at 10 ppm. .
uring the preliminary experiments with B.
stearothermophilus, a nonspecific inhibition effect
was observed with beef kidneys. This effect was
eliminated by incorporating a heating step into
the procedure. A similar effect was observed
during the summer months when the S. lutea
method was used. It prevented the establish-
ment of the limit of detectability for this method
at the level specified by the FDA Manual (1).
The comparative study with the B. stearothermo-
philus method had to be _P_os_tpo_ne.d. to later
months, when the nonspecific inhibition effect
on the S. lutea method was no longer present.
~ The proposed method is suitable for both res-
idue analysis and depletion studies. Sensitivit
has been greatIK improved when compared wit
the S. lutea method, and the method is also more
rapid; results are available within 6 h. Chances
of interference from microbiological contami-
nation are minimized by the relatively high in-
cubation temperature and the short incubation
time.
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Gas-Liquid Chromatographic Method for Determining 1,4-Dioxane in

Cosmetics
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Health and Welfare Canada, Health Protection Branch, Bureau of Drug Research, Tunney's

Pasture, Ottawa, Ontario, Canada K1A 0L2

A gas-liquid chromatographic procedure has been
developed for the quantitation of 14-dioxane in
various cosmetic products including lotions, cleans-
ers, skin creams, make-ups, and shampoos, The
impurity is extracted into an aqueous phase followed
by column cleanup to remove nonpolar interferents.
1.4- Dioxane is partitioned into toluene, passed
through an extraction tube to remove water and other
polar compounds mcIudln%.orgamc dyes, concen-
trated by adsorption onto silica, further purified by
vvashm% with dichloromethane, and eluted with ac-
etonitrile for injection into the gas chromatograph.
The mean recovery of 1,4-dioxane from 51 cosmetic
products, determined by spiking, was 63%. The limit
of detectability is about 0.5 ppm and the minimum
quantifiable level is about 2 ppm. The identity of
1.4- dioxane is confirmed by mass spectrometry.

It has been estimated that about one-third of
emulsion-based cosmetics contain polyoxyeth-
ylene derivatives that may be contaminated by
1.4- dioxane (1). _
turing process used, 1,4-dioxane may be formed
during the polymerization of ethylene oxide to
produce the polyoxyethylene portion of the
emulsifier molecules (2). 1,4-Dioxane is a car-
cinogen in rats and mice, producing squamous-
cell carcinomas of the nasal turbinates in the
former and hepatocellular carcinomas in the
latter (3, 4). .

Several gas chromatographic methods have
been reported for the determination of 1,4-di-
oxane in ethoxylated surfactants. These are
based on vacuum distillation (2), direct injection
of the surfactant with precolumn treatment to
separate the 14-dioxane from the surfactant
matrix (5, 6), or injection after dilution, with
detection by mass spectrometry (7). Of 70
ethoxylated cosmetic raw materials analyzed hy
the U.S. Food and Drug Administration, 44%
contained more than 10 ppm 1,4-dioxane (8). Of
direct concern to the consumer, however, are the
levels of 1,4-dioxane in commercially available
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Depending on the manufac-

cosmetic products. A method designed for the
determination of 1,4-dioxane in cosmetics is de-
scribed in this pai)er. The method provides for
substantial sample cleanup hefore injection to
avoid possible interfering substances which may
be é)resent in complex cosmetic matrices.
GLC-mass spectroscopy is used to confirm the
identity of 1,4-dioxane, as required.

METHOD

Apparatus

(a) Gas chromatograph.—Microprocessor-con-
trolled Hewlett-Packard Model 5880A equipped
with printer-plotter mechanism and flame ion-
ization detector (Hewlett-Packard, Palo Alto,
CA). Coiled glass column (0.91 m X 4 mm id),
packed with Chromosorb 106 porous polymer
(Chromatographic Specialties, Brockville, On-
tario, Canada) and adapted to the c_hromatolqraph
with short length of nickel tubing. Column,
injection port, and detector temperatures 210°C;
nitrogen, 60 mL/min; hydrogen, 35 mL/min;
and air, 400 mL/min. Columns were condi-
tioned 72 h at 210°C with nitrogen flow of 60
mL/min.

(b) Centrifuge.—IEC Model K (International
Equipment Co., Needham Heights, MA).

(c) Water bath.—Buchler Co., Fort Lee, NJ.

Reagents

(at)_ 1,4-Dioxane.—Scintanalyzed (Fisher Sci-
entific Co. Ltd, Ottawa, Ontario, Canada).

(b) Acetonitrile.—HPLC grade (J.T. Baker
Chemical Co., Phillipsburg, NJ). Use material
free of FI‘OpIOﬂItI’He to avoid interference with
internal standard peak.

~(c) Dichloromethane.—Distilled in glass (Bur-
dick & Jackson Inc., Muskegon, MI).

%}I) Ethyl acetate.— Distilled in glass (Caledon-
Laboratories Ltd, Georgetown, Ontario,
Canada). o .

(¢) Toluene.—Distilled in glass (Burdick &
Jackson, Inc.).

o BT

alytical Chemists, Inc.
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(f}_Boric acid —Analytical reagent (Fisher Sci-
entitic Co. Ltd).

(0) Magnesium su_Ifate_._—Anh{drous laboratory
reagent €F|sher Scientific Co. Ltd).

() Silica gel.—Silicar CC-7 (Mallinckrodt
Chemical Works, St. Louis, MO). _

(i) Disposable extraction columns.—20 mL Clin-
Elut. No. 1020 (Analytichem International,
Harbor City, CA). o

((il) Silica cartridges.—Sep-Pak (Waters Scientific
Ltd, Mississauga, Ontario, Canada). _

(k) Octadecyl silane cartridges.—Sep-Pak Cjg
(Waters Scientific Ltd). _

(I) Internal standard solution.—Ethyl acetate in
acetonitrile (10% v/v) prepared bf/ plpet_tln? 10
mL ethyl acetate into 100 mL volumetric flask
and diluting to volume with acetonitrile.

(m) Magnesium sulfate and boric acid solution. —
Dissolve 13 g magnesium sulfate and 3.3 g boric
acid in water, mix, and dilute quantitatively to
100 mL.

Sng Spiking solution.—1,4-Dioxane in water
30. 2% viv) prepared by quantitative dilution of

A-dioxane. This corresponds to alevel of 13.7
me_ 1,4-dioxane in 15 g cosmetic (taking density
ot dioxane as 1.028 g/mL). _

(0) Calibration solutions.—Prepare, by quanti-
tative dilution, solutions containing 0.00125 and
0.0025% (v/v) of 1,4-dioxane in acetonitrile and
add 2.5 pL internal standard solution for each mL
calibration solutions. These solutions corre-
spond to 6.9 and 13.7é)pm 1,4-dioxane in 15 ¢
cosmetic, assuming 100% recovery.

Linearity

Prepare solutions containin/g 0.0025, 0.00625,
0.0125,0.0375, and 0.0625% ((i\_/ v) L, 4-dioxane in
acetonitrile by quantitative dilution and add 2.5
pL internal standard solution for each mL of
these solutions. These solutions correspond to
13.7,34.3,68.5,205.6, and 342.5 ppm 1,4-dioxane
in 15 g cosmetic. Inject 10 pL duplicates of each
solution into chromatograph and compute re-
sponse factors relative to internal standard.

elative standard deviation of mean response
factor should not exceed 2%.

Procedure

To prepurify glass-distilled toluene, pass 1200
mL through 2.5 cm diameter column containing
50 g Silicar CC-7silica gel. Accurately weigh ca
159 cosmetic into 50 mL screw-cap tube (28 X 120
mm). Pipet 15 mL magnesium sulfate-boric acid
solution Into tube and shake vigorously bk/ hand
for 3min. Heat in water bath at 70°C for 10 min,
shake vigorously for 1min, and centrifuge for 5
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min at 3000 rpm. By means of 30 mL syringe
fitted with 6 in., 20 gauge needle, transfer lower
aqueous) phase through Cjs Seg-Pak cartridge
preconditioned by passage of 20 mL distilled
water) into 250 mL centrifuge vessel. Rinse sy-
ringe and cartridge with 2 mL water and add
rinse to centrifuge vessel. Add 60 mL prepuri-
fied toluene to centrifuge vessel, shake vigor-
ously by hand for 3 min, centrifuge for 5min at
3000 rpm, pass toluene (upper) layer through No.
1020 Clin-Elut tube, and collect. Rei)eatextrac-
tion of aqueous layer with additional 60 mL tol-
uene, pass through Clin-Elut tube, and add to
firstextract. Add sufficient toluene to Clin-Elut
tube to collect total volume of 140 mL toluene.
Using 50 mL syringe with 3 silica Sep-Pak car-
tridges attached in series, pass entire toluene
extract through to discard.  Rinse syringe and
cartridges with two 5 mL portions of dichloro-
methane. Elute 1,4-dioxane from cartridges with
8 mL acetonitrile, collect in 20 mL screw-cap test
tube (150 X 15 mm), and mix with 20 pL internal
standard solution. Inject 10 pL of each calibra-
tion solution and sample preparation into chro-
matograph and compute dioxane level in the
cosmetic in ppm.

Recovery Efficiency Determination

~Spike a second accurately weighed 15 g por-
tion of cosmetic with 1 mL Spiking solution and
repeat analysis. If the cosmetic contains >30
ppm 14-dioxane, spike with higher level of
1,4-dioxane, keeping concentration of internal
standard unchanged and volume of spiking so-
lution added at I mL. Calculate recovery effi-
ciency in percent from 100 (CT—Ci)/Cs, where
CT, Ci and Cs are the total, initial, and spiked
concentrations, respectively, of 1,4-dioxane in

ppm.
Results and Discussion

~Cosmetic products were shaken with magne-
sium sulfate to separate them into their constit-
uent phases. Typically, these consisted of a
lower phase and an upper oil phase, with a band
of particulate matter at the interface. Boric acid,
added with the magnesium sulfate, forms a
water-soluble ionic complex with ethylene and
[:Fropylene glycol (9), present in some cosmetics.
These compounds, if not complexed, partition
into toluene and may interfere with the 14-
dioxane peak in the chromatogram. The entire
aqueous layer, rather than an aliquot of it, was
transferred to the extraction column because the
amount of water in cosmetic products varies from
one to the next. In most cases, phase separation
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was good and the loss of 1,4-dioxane associated
with this transfer is probably less than 5% of the
total. In rare cases when only an agueous phase
was present, the entire sample was transferred
to the extraction column. The aqueous phase
was ﬁassed through a Cis Sep-Pak cartridge
which retains nonPoIar compounds but little of
the 1,4-dioxane. In the range corresponding to
13.7-68.5 ppm 1,4-dioxane In the original cos-
metic sample taken, 2-4% of the 1,4-dioxane is
retained on the cartridge. The amount of 14-
dioxane removed from the aqueous phase after
2 extractions with 60 mL toluene depends on the
amount of water in the cosmetic. The coefficient
for the partition of 1,4-dioxane between water
and toluene at room temperature was 1.33, as
determined exgenmentallyb shaking 15.42 mg
1.4- dioxane between 15'm !

toluene and analyzing the 2 phases. On this
basis, recoveries of 90 and 86% would be antici-
pated from products containing 40 and 80%
water, respectively. The presence of magnesium
sulfate and boric acid, as well as water-soluble
materials in the cosmetic would resultin unique
partition behavior for each cosmetic.

The toluene solution is passed through the
Clin-Elut column to remove the water present
after the aqueous extraction. This is necessary
to prevent an attack by residual water on the
silica cartridges. The Clin-Elut column also re-
moves organic colored materials and other polar
compounds. 14-Dioxane was not retained on
the column. This was demonstrated by passing
a solution of toluene containing 5.14 mg 1,4-
dioxane, correspondlnqhto 343 pRm 1,4-dioxane
in a cosmetic sample, through the column and
then eluting with a further 50 mL toluene.
Upon completion of the analysis, no 1,4-dioxane
was detected in the second 50 mL eluate. The
Sep-Pak cartridges are used to remove 1 4-diox-
ane from the toluene. Three are needed because,
with the large volume (140 mL) of toluene in-
volved, the 1,4-dioxane ¢ _romatoPraphs throu%h
the cartridges. The cartridges also separate the

1.4- dioxane from nonpolar compounds which

remain in the toluene. The amount of 14-di-
oxane not adsorbed was estimated for the case of
samples originally containing 5.14 mg 1,4-diox-
ane by passing the toluene effluent through a
second series of 3 cartridges and completing the
analysis in the usual way.  An additional 0.4% of
the original 1,4-dioxane was recovered. The
cartridges are washed with dichloromethane to
remove residual toluene. This is necessary be-
cause the toluene contains an impurity, thought
to be benzene on the basis of its retention time,

water and 100 mL
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which interferes with the 14-dioxane peak on
the chromatogram. At 1_,4-d|0xane_load|nFs
corres?ondmg to 343 ppm in a cosmetic sample,
ahout /% of the adsorbed 1,4-dioxane was lost to
the dichloromethane as estimated by direct in-
jection of the dichloromethane eluate. How-
ever, this estimate is only approximate, due to
interference with the 1,4-dioxane peak by eluted
impurities. Removal of adsorbed 1,4-dioxane
from the cartrld%es by acetonitrile was gomi)lete.
Subsequent 5 mL portions of acetonitrile eluted
and injected into the gas chromatograph con-
tained no detectable 1,4-dioxane.

The chromatographic response in the r_an%e
equivalent to 2.055-13.7 ppm 1,4-dioxane in 15
g cosmetic (0.038-0.25 qg on column) was linear
with aslight positive intercept, possibly due to
an integrator artifact (ppm = 139.4 area ratio
[1,4-dioxanefinternal standard] + 0.363). Two
or more calibration points were determined da||?/
and approgJ_rlate_lme_arlty Parameters were cal-
culated. Five mgectlonso asample containing
the equivalent of 2.055 ppm 1,4-dioxane gave an
RSD of 1.6%. Tyflcal chromatograms are pre-
sented in Figure 1. _

The reproducibility and bias of the method
were determined by analyzing known solutions
0f 0.2056 mg 1,4-dioxane in 7 mL water. These
solutions, corresponding to 13.7 pé)m 14-dioxane
in 15 g cosmetic, were analyzed 6 times at inter-
vals over a period of several weeks. The mean
recovery was 85.1% with an RSD of 24%. Re-
coveries at 1,4-dioxane levels correspondm% to
68.5 ppm were 82.5% with an RSD of 2.7% for 5
assays. o

Cosmetic products contain individual amounts
of water and other ingredients that influence the
Partltlon and extraction of 1,4-dioxane. It is
herefore necessary to determine the recoverv of
1,4-dioxane from each product analyzed by
spiking. A known amount of 1,4-dioxane in 1
mL water was shaken into the cosmetic before
analysis. The mean recovery from 51 cosmetic
samples including lotions, cleansers, skin creams,
make-ups, and shampoos was 63.0% with an RSD
0f 19.9% (6 samples, <50%; 11 samples, 50-60%;
20 samgles, 60-70%; 11 samples, 70-80%; 3 sam-
ples, >80%). A commercial skin-moisturizing
product containing no detectable 1,4-dioxane
was spiked at levels corresponding to 13.7, 68.9,
and 342.7 ppm and analyzed 3 times at each level.
The mean percent recoveries, with the RSD in
parentheses, were 69.4 (4.0), 74.2 (2.9), and 70.2
(4.4), respectively. .

The recovery of 1 4-dioxane from a few cos-
metic products was less than 20%. In most of
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Figure 1. Typical chromatograms: (), cosmetic
spiked with"13.7 ppm 1,4-dioxane. Peaks are:

o
o
(0]

Brodu,ct containing no 1,4-dioxane; and (b), the same product
9 min, acetonitrile and dichloromethane; 3.55 min, ethyl
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c)
°
©0

acetate internal standard; 6.02 min, 1,4-dioxane; and 10.95 min, toluene. Extraction efficiency 76.8%. (C),
Water standard containing equivalent of 13.7 ppm 1,4-dioxane; recovery 86.0%.

these cases, injection of the toluene layer into the
gas chromatograph after extraction of the aque-
ous phase revealed the presence of ethanol.
Ethanol changes the polarity of the toluene suf-
ficiently to prevent adsorption of 1,4-dioxane on
the cartridges. The recovery of 1,4-dioxane de-
creases from about 90% of theoretical at 0 or 30
mg ethanol in 120 mL toluene to 73, 32, and 6%
at ethanol levels of 60, 150, or 300 mg, respec-
tively. Taking the room temperature water/
toluene gartmon coefficient of ethanol to he 24,
the 60,150, and 300 mg levels would correspond
to 2,5, and 10% ethanol in the original cosmetic
sample. About 83% of the ethanol can be re-
moved from the toluene by extraction with 25
mL water. Removal of this amount of ethanol
is usually sufficient to allow the analysis to pro-
ceed but'there is a concomitant loss of about 22%
of the 1,4-dioxane present. Thus, when it is
necessary to incorporate a water extraction of the
toluene ‘into the method, the recovery of 14-
dioxane will be a maximum of 50 to 60% of the
amount orlﬂmally present in the cosmetic
product. The actual mean recovery from 5
products analyzed in this way was 52%.
‘Samples containing more than 10 Ppm 1,4-
dioxane were sub&ected to mass spectral analysis
on a Hewlett-Packard GC-MS system 5985 at an
ionization potential of 70 eV to confirm the
identity of 1,4-dioxane. Final solutions of 14-

dioxane in acetonitrile were chromatographed
into the mass spectrometer through a 1.2 m X 2
mm id glass column packed with Chromosorb
106 porous polymer and operated isothermally
at 210°C. The spectra were identical to that of
a 1,4-dioxane standard.
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DRUGS IN FEEDS

Turbidimetric Assay of Penicillin in Feeds:
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Addition of Magnesium

Sulfate to Eliminate Chlortetracycline Interference
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Texas A&M University, Texas A%,rlcultural EX
Services Department, College Station, TX 7784

The official AOAC method fcr extracting penicillin
from feeds allows some chlortetracycline to be co-
extracted if the latter is also present in the sample.
This can cause a high bias in results obtained by using
the turbidimetric assay in which the test organism is
sensitive to both antibiotics. In this report, we show
that magnesium ions can be used to circumvent the
interference of chlortetracycline in the turbidimetric
assay for penicillin.

The official AOAC agar diffusion plate method
for penicillin in feeds is labor-intense, time-
consuming, and not easily adapted to automation
(1). A faster method woulc be useful to labora-
fories where the number cf samples analyzed
justifies the expense of automation and to [abo-
ratories needing a more rapid manual method.
Turbidimetric assays provide both quick sample
turnaround and an opportunity for automation.
AOAC has adopted turbidimetric methods for
chlortetracycline (2) and monensin (3), but not
for penicillin. S

A turbidimetric assay for penicillin in feeds
has been described in detail (4). Staﬁhylopoccus
aureus, the organism used in the method, is sen-
sitive to chlortetracycline (CTC) in addition to
penicillin, while the organism Sarcina lutea,
which is used in the AOAC plate method, is not
sensitive to CTC. However, S. lutea does not
demonstrate the growth characteristics desired
inaturbidimetric assay. Unfortunately, most of
the feed samples analyzed bP/.ou_r laboratory
%o/r{taly both CTC and penicillin in a 2:1 ratio

g/ton).

Initial attempts ,using the turbidimetric assay
for penicillin indicated that results were con-
5|stent|ydgreate_r for feedsfguarantee_d to contain
CTC, an grellmlnary efforts to eliminate po-
tential CTC interferences through the isolation
of a S. aureus mutant resistant to CTC, but still
sensitive to penicillin, failed. Therefore, an al-
ternative approach for decreasing the response
of . aureus to CTC was investigated.

Received March 15, 1982. Accepted June 8,1982.
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~Magnesium ions can inactivate the antibacte-
rial activity of CTC in a turbidimetric assay (5).
In this paper, we demonstrate that CTC is present
in feed sample extracts used for the determina-
tion of penicillin, and that co-extracted CTC can
cause an overestimation of the amount of peni-
cillin present. Furthermore, we report cn the
use of added magnesium ions to circumvent the
interference of CTC in the turbidimetric assay for
penicillin.

METHOD

Apparatus and Reagents

%Automatic turbidimetric system.—AUTO-
TURB® System (Elanco Products Co., Div. of Eli
Lilly and Co., 7405 Alabama St, Indianapolis, IN
46206). System p|Fets samples into assay tubes,
dilutes with inoculated broth (66- and 100-fold
dilutions using 0.15 and 0.1 mL sample loops,
resB.ec.twely;, incubates tubes, and measures
turbidity (6, 7). Include set of standard solutions
for each assay tube carrier. After dilutor unit has
processed samples, place tubes in the system
water bath and incubate at 37.5°C until turbidity
reaches 40-50% T for zero tubes. StOB growth by
heating tubes 2 min in 80°C water bath. Cool
tubes rapidly in water to room temperature and
immediately read % T on the Autoturb reader
with wavelength set at 600 nm.

(b) Penicillin standard solution.—Stock standard
solution: penicillin standard (No. Pen-P, 500
jug/mL or 5045 units procaine salt, Sigma
Chemical Co., St. Louis, MO 63178)/mL.
Working standard solutions: Dilute stock stan-
dard solution with pH 6 dilution buffer to con-
centrations 0f 0.2,0.4,0.6, and 0.8 pg/mL.

(c) Penicillinase solution.—5 X 105enzyme units
(No. 0346-63, Difco Lahoratories, Detroit, M1)/
mL. Add 0.1 mL of this concentrated stock so-
lution directly to diluted feed extracts to give 5
Xt10d3un|ts/mL final concentration where indi-
cated.

R
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Table 1. Effectof penicillinase and magnesium ions on
penicillin activity in a feed sample containing both
penicillin and CTC

% Transmission

Sample 0.1 mLloop 0.15 mL loop
Diln buffer 41.6:41.4 42.1; 42.4
Diln buffer + penase3 41.8:40,8 40.5:41.5
Pen. std soln6 51.5: 52.4 64.1; 63.8
Pen. stn soln + penase 41.4:40.3 40.8; 40.6
Feedc 47.4:46.8 51.2; 50.6
Feed + penase 44.6:44.5 47.4; 47.2
Feed + MgS04 (250 mM) 44.4; 451 46.9; 46.8
Feed + penase + MgS04 42.5:42.3 43.7; 42.9

(250 mM)

a Penase = penicillinase, 5 x 103 units/mL in sample
tube.

b Penicillin standard solution, 0.8 u g /mL.

¢ Feed sample extracted and diluted according to ACAC
method 42.280 to penicillin concentration between 0.2 and
0.8 Mg/mL.

(d) Dilution buffer.—pH 6 phosphate buffer as
described in 42.197 (8).

Ze Growth medium. —Antibiotic Medium 3; as
in 42.196(n) (8), in some cases medium was sup-
plemented with 1.0 mM M gSO04as indicated in
resylts.

Test organism.— Staphylococcus aureus ATCC
No. 9144 (American Type Culture Collection).
Maintain as described elsewhere (9).

(@) IM MgSOi solution.—Dissolve 138 g
M gS04.H20 in dilution buffer and dilute to 1L
in same buffer. Add this stock solution to sam-
ples to give specified final MgS04 concentra-
tion.

Preparation of Inoculum

Inoculate 10 mL growth medium with 1loop
S. aureus from slant culture. Incubate overnight
at room temperature. Add 5-10 mL overnight
culture to 1L assay broth.

Preparation and Assay of Samples

Weigh feed samples, extract, and then dilute
according to 42.280 (8). Mix MgS04 and/or
penicillinase with feed extracts or standard so-
lution at concentrations indicated before dilution
in inoculated medium. For calculating potency
of feed sample, 2 dose-response curves, one for
0.1 mL loop and the other for 0.15 mL loop, were
obtained from percent transmission (% T) values
corresponding to each working standard solu-
tion. Percent T values from duplicate tubes were
averaged and used to prepare standard curves.
A computer program was written to calculate the
sample concentration (jug/mL) by interpolating
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Table 2. Effect of penicillinase and magnesium ions.on
penicillin activity in afbee? san&%e containing penicillin,
ut no

% Transmission

Sample 0.1 mL loop  0.15 mL loop
Diln buffer 52.1:51.2 52.1; 51.4
Feed 87.9; 87.6 93.5; 93.8
Feed + penase 52.5; 51.8 50.4; 51.3
Feed + penase + MgSCU 50.7; 50.5 53.0; 52.9

(250 mM)

from point to point of its respective standard
curve. The potency of each sample was also
calculated by computer using the dilution factor
and the sample weight.

Results

resence of CTC in Feed Extracts.in
ur%ﬂﬁmetr?c Xssay ?or emc(f ?ln

CTC may be co-extracted with penicillin when
the AOAC method (1) is used for extracting
penicillin from feed samples that contain both
antibiotics. Results obtained using the turbidi-
metric procedure are invariably high compared
with results obtained using the AOAC agar dif-
fusion plate method.

Co-extraction of CTC was established by
treating the extract of a feed sample (known to
contain 50 g penicillin and 100 g CTC/ton) and
a penicillin standard solution with penicillinase
before assaying turbidimetrically for penicillin
activity. When the penicillin standard solution
was treated with penicillinase, no antibacterial
activity could be detected (Table 1). As expected,
the enzyme completely destroyed the growth-
inhibition properties of penicillin. When the
same concentration of penicillinase was added
to the feed extract, antibacterial activity was re-
duced but not completely eliminated (Table 1).
Furthermore, feed extracts containing only CTC
showed no penicillin activity using the AOAC
agar diffusion method, but inhibited growth of
the assay organism in the turbidimetric
method.

Extracting a feed known to contain penicillin
but no CTC and treating the extract with peni-
cillinase yielded results that indicated no anti-
bacterial activity (Table 2). The untreated extract
gave a greater % T value, indicating significant
growth inhibition. It appears that some of the
CTC in the feed is co-extracted and interferes
with the turbidimetric assay.
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Table 3 Effect of MgSO040n penicillin activity
% Transmission3
Penicillin

No penicillin (0.8 pg/mL)

MgS04 0.1 ml 0.15 mL 0.1 mL 0.15 mL
(mM)b loop loop loop loop

0 34.1;34.2 34.1; 34.2 54.9;54.4 71.6; 71.9
150 31.9; 32.2 31.8; 31.2 54.9;55.0 70.7;71.4
200 30.0; 29.9 30.7; 31.4 55.3; 55.1 71.3:71.3
250 30.2; 30.3 30.3:30.1 55.7;54.7 71.9;72.2

3 Growth medium was supplemented with 1 mM MgS04
(see text for explanation).

b Concentration in samples before dilution with inoculated
media by automated diluter.

Effectof eSl“m lons on Antibacterial
ctivity of Penicilli

One potential approach to correct for CTC
contamination is to take advantage of magne-
sium ion inactivation of CTC activity in the tur-
bidimetric method (5). Magnesium ions prevent
binding of CTC to small ribosomal subunits (5).
However, if magnesium is to be used to inacti-
vate contaminating CTC in afeed extract used for
penicillin assay, the following criteria must be
considered and demonstrated experimentally:
(a) Added magnesium ions do not increase or
decrease penicillin activity, (b) Magnesium ions
added to the inoculated growth medium asare-
sult of its use to inactivate CTC in the feed extract
do not otherwise affect bacterial growth.

It has been demonstrated that growth of the
test organism is promoted by the addition of
magnesium (in the form of M gS04) to the growth
medium, and that growth promotion reaches a
plateau when the MgS04concentration reaches
0.4 mM (5). Therefore, in all experiments de-
scribed in this report where extra magnesium
ions were delivered to the growth medium due
to the addition of magnesium to feed extracts (or
standards) for CTC inactivation, the growth
medium was supplemented with MgS04at 1.0
mM to eliminate the growth-promotion effect.
Results in Table 3 obtained using MgS04 sup-
plemented growth medium show that addition
of MgS04 to the penicillin standard does not
change the post-incubation % T value over the
range of MgS04concentrations tested. Thus, the
criteria on the use of magnesium to inhibit co-
extracted CTC are met.

Ll BRI R Pt

If the residual antibacterial activity detected
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Table 4. Results (g/ o or assag of penicillin in feed
extracts with an t outadded magnesium
Without With
Sample3 MgS04 MgS04b Diff. (d)
1 57.5 47 10.5
2 49.5 38 115
3 80 80 0
4 46 55 -9
5 57.5 47 10.5
6 90.5 43.5 47
7 65 525 125
8 65 45 20
9 77.5 41.5 36
d = 15.444
SD= 17.132
ta = 2.550"

3 All feeds labeled to contain both CTC and penicillin at 2:1
ratio.

b MgS04 concentration = 100 mM.

4 Exceeds fg.o.os = 2.306; difference is significant at the
95% confidence level.

in a penicillinase-treated feed extract is due to
co-extracted CTC (Table 1), one would expect that
the addition of magnesium ions to the extract
would inhibit the residual activity. On the other
hand, if the residual activity is not due to co-
extracted CTC, the addition of magnesium
should not change the % T values. The results
of such a test are shown in Table 1. When
M gS04 was added to feed extract treated with
enzyme, the % T values were essentially the same
as for the buffer control (compare lines 1and 8,
Table 1). This is further evidence that co-ex-
tracted CTC is responsible for causing biased
high results in the analysis of penicillin by using
the turbidimetric method. Data in Table 1also
illustrate the effect of adding MgS04to a non-
penicillinase treated feed extract. The % T val-
ues change as expected for the presence cf co-
extracted CTC (compare lines 5and 7, Table 1).
Taken together, these experiments demonstrated
the potential for eliminating co-extracted CTC
activity by adding magnesium ions when de-
termining penicillin by the turbidimetric
method.

Nine feeds labeled to contain 50 and 100 g/ton
of penicillin and CTC, respectively, were ana-
lyzed with and without the addition of magne-
sium ions (Table 4). Results for penicillin in 7
of the 9 feeds analyzed are lower with the addi-
tion of MgS04 the result for one feed is un-
changed and for another, slightly increased
(Samples 3 and 4, respectively). Table 4 also
shows results of statistical analysis. Since fg
exceeds fs.0.0s, the difference is significant a: the
95% confidence level.
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Discussion
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with magnesium ions. It is possible that other

S. aureus is the test organism of choice for thecomponents in the feed may affect the amount

turbidimetric assay of penicillin in feeds because
it forms a good suspension without aggregation,
does not give a precipitate of extraneous material
when the suspensions are heated at the end of
incubation, and gives a nearly linear calibration
curve in the range of concentrations used for the
standard curve (10). All these properties are
essential for a test organism in a turbidimetric
assay. However, S. alUreus is sensitive to CTC in
addition to penicillin, and most of the feed
samples contain both CTC and penicillin in a
2-to-l ratio (g/ton).

In this paper we have shown that CTC is
present in feed sample extracts used for the de-
termination of penicillin. Several approaches
could be used to overcome this interference
problem: (3) Select another test organism that
is sensitive only to penicillin and retains all those
properties of S. aureus that are essential for a
turbidimetric assay; (2) isolate a CTC-resistant
mutant of S. aureus; (3) develop adifferent peni-
cillin extraction procedure so that CTC will not
be co-extracted; (4) inactivate the co-extracted
CTC in the penicillin feed extract.

We have shown here that magnesium ions can
be used to inactivate CTC without causing any
adverse effects on the penicillin assay in the
majority of the samples tested. We do not know
why samples 3 and 4 in Table 4 result in equal
and slightly higher assay values after treatment

of CTC co-extracted with penicillin, or the ad-
dition of magnesium ions may activate some
growth-inhibiting factor in some feeds.
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FEEDS

Automated Determination of Crude Protein, Phosphorus, Calcium,
Iron, and Magnesium in Feeds by Using Stopped-Flow Analyzer

MICHAEL A. KOUPPARIS.1 ELEFTHERIOS P. DIAMANDIS,1 and

HOWARD V. MALMSTADT?

University of lllinois at Urbana-Champaign, School of Chemical Sciences, Urbana, IL 61801

Methods are described for determination of crude
protein, phosphorus, calcium, iron, and magnesium
In feeds, using an automated microprocessor-hased
stopped-flow analyzer. Crude protein is determined
by a reaction-rate procedure based on the ammo-
nia-sodium phenate-hypochloride Berthelot reac-
tion. Phothorus determination is based on a
phosphomolybdenum blue reaction-rate method.
0-Cresolphthalein complexone, ferrozine, and cal-
magite are used as colorimetric reagents for calcium,
iron, and magnesium, respectively. The methods are
precise with relative standard deviations less than 1%,
rapid with analysis rates of 110-266 samples per hour,
sensitive, and require less than 1 mL sample and re-
agent volumes. Results for feed samples are com-
parable with those obtained by official AOAC
methods.

The large number of animal feed samples pre-
sented for determination of several constituents
in research, industrial, and regulatory laborato-
ries has led to an increasing demand for rapid
and precise analytical procedures. Various au-
tomated methods based on air-segmented con-
tinuous flow or flow-injection analysis have been
developed in the routine analysis of agricultural
products, and some of these have been adopted
as official methods. In this paper, the use of a
relatively simple stopped-flow analyzer is de-
scribed for automated routine analyses of animal
feeds. The stopped-flow technique has been
shown in recent years to be agenerally applica-
ble analytical system, especially since micro-
computer-controlled stopped-flow systems have
been developed (1-5). The main advantages of
the stopped-flow system are the rapid and thor-
ough mixing of the reagent and sample, the
ability to obtain measurement in a short time
after mixing, the use of kinetic methods with all
their advantages (6), and the high overall preci-
sion.

In this investigation, colorimetric methods for
the determination of crude protein, phosphorus,

1Present address:  Lniversi ens, }ahoratory of
A@fhcrael%}ggnwégﬁghggcgfgﬁrmﬁu/mens (&355 Giote
eceived Novemboer 2, 1981 Ace

epted June 22,1982

calcium, iron, and magnesium in feeds have been
adapted to an automated stopped-flow analyzer
and evaluated in the analysis of AAFCO check
feed samples. The importance of determining
these analytes in feeds is based on the fact that
they are essential nutrients needed for various
cellular processes and perform functions in ani-
mal metabolism.

The determination of crude protein is based on
a reaction-rate method developed for a
stopped-flow system (7) and uses the ammo-
nia-sodium phenate-hypochloride reaction.
Phosphorus is determined using the phospho-
molybdenum blue reaction in a reaction-rate
procedure (8). For the determination of calcium,
the o-cresolphthalein complexone reaction, in-
troduced by Kessler and Wolfman (9) and im-
proved by Gitelman (10), Moorehead and Biggs
(11) , and others, for the determination of calcium
in serum is adapted to the stopped-flow ana-
lyzer.

The reaction of ferrous ions with ferrozine, a
new sensitive reagent introduced by Stookey
(12) ,is used for the determination ofiron. This
reagentis now widely used in the determination
of serum iron (13-15). Magnesium determina-
tion is based on the magnesium-calmagite
complex formation, a reaction introduced by
Gindler and Heth (16) for the determination of
magnesium in human blood serum. The meth-
od was introduced commercially by the Pierce
Chemical Co. and has been adapted to a centrif-
ugal analyzer (17).

METHODS
Principles

(1)  Crude protein.—Samples are digested and
the produced ammonia is determined by the
Berthelot reaction in which ammonia reacts with
hypochloride to form chloramine which, in turn,
reacts with phenol under alkaline conditions to
form indophenol. The stopped-flow analvzer
aliquots and thoroughly mixes about 150 pL
sample digest (premixed with phenol) with an

© Ao e Al e,
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equal volume of hypochloride and rapidly
transfers the reaction product to the observation
cell, where the reaction-rate measurement is
performed on the indophenol product at 630 nm
during 15s after a 10-s delay.

(2) Phosphorus.—The method involves the
reaction of phosphate with molybdenum to form
12-molybdophosphoric acid and a subsequent
reduction by ascorbic acid, to form phosphomo-
lybdenum blue. Sample digests are premixed
with ascorbic acid and the stopped-flow unit is
used to aliguot and mix equal volumes of mo-
lybdenum reagent and samples and transfer the
reaction product to the observation cell. The
absorbance change is measured at 650 nm for 4-s
measurement time after 2-s delay time.

(3) Calcium.—calcium is complexed with o-
cresolphthalein complexone in the presence of
8-quinolinol to avoid interference of magnesium
and cyanide by excluding heavy metals from the
reaction. 2-Amino-2-methyl-I-propanol is used
as buffering agent which maintains the pH at 10.
Absorbance is measured at 580 nm during 1s
after a 5-s delay time.

(4) lron.—Iron in the sample digests is re-
duced to ferrous form with ascorbic acid in an
acid solution. The stopped-flow analyzer is used
to mix equal volumes of pretreated samples with
ferrozine reagent in a pH 4.5 acetate buffer.
Absorbance is measured at 560 nm during 25 s
after a 10-s delay time.

(5) Magnesium.—The method involves the
reaction of magnesium with the mettalchrome
dye calmagite which forms a pink complex with
magnesium in alkaline medium. Ethylenegly-
col-bis(p-aminoethylether) N,N'-tetraacetic acid
(EGTA) virtually eliminates calcium interference,
and cyanide complexes all heavy metals. The
absorbance is measured at 520 nm during 2.5-s
measurement time 5 s after the mixing of the
solutions.

Apparatus
(a)

was designed in our laboratory (18). The entire
system is automated using a Rockwell AIM 65
microcomputer (Rockwell International Co.,
Anaheim, CA 92803) for control of all operations,
data acquisition and reduction, display, and
printout of results. The sampling/mixing
module of the analyzer is used to aliquot and mix
ca 150 pL reagent and sample from the turntable,
with a ratio accuracy better than 0.1%, and
transfer the solution to an observation flow cell
with a pathlength of 1.00 cm. Bandpass inter-
ference filters of about 10 nm half width are used
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Stopped-flow analyzer.—The instrumentN/250 mL.

ANAL. CHEM. (VOL. 66, NO. 1, 1983) 189

in the photometer module to isolate the desired
wavelength. Investigative equilibrium and re-
action-rate programs are used to optimize each
procedure, and interactive or dedicated routine
programs are used for routine analysis.

In the routine reaction-rate program, the slope
of the absorbance vs time, in the desired mea-
surement time interval, is calculated by regres-
sion analysis using 30 points and is printed out
as rate in milliabsorbance units per second
(mAIS). In the routine equilibrium program, the
absorbance measured is the average of a number
of integrations in the desired time interval.

(b) Dispenser/diluter.—Model 25000 automatic
pipet (Micromedic Systems Inc., Philadelphia,
PA 19105), or equivalent.

Cj Block digestor'—Labconco, Kansas City,
MO; Tecator, Inc., Boulder, CO; or equivalent.

(d) Volumetric digestion tubes.—75 or 250 mL
(Model 1007-021, Tecator, Inc., or equivalent).

Reagents

Use deionized water for preparing solutions.

(1) Crude protein.

(a) Phenol reagent.—Mix 5 g phenol, 0.656 g
NaOH, and 2 g sodium potassium tartrate in 100
mL water; prepare day before use. Sodium po-
tassium tartrate is added to eliminate interfer-
ences to Berthelot reaction from side reactions.

(b) Hypochlorite solution.—2 g NaOH/100 mL
commercial bleach containing sodium hypo-
chlorite (e.g., Clorox, Clorox Co., Oakland, CA
94623). Prepare fresh daily.

?03 Buffer solution.—pH 11; 6.44 g sodium
phosphate dibasic and 0.364 g NaOH/100 mL
water.

(d) Hypochloride-buffer reagent.—Eequal vol-
umes of reagents b and C.

(e) Potassium sulfate-mercuric oxide reagent
mixture.—955 + 45 w/w, respectively (e.g.
Mixture No. 5, Pope Kjeldahl Mixtures, Inc.,
Dallas, TX 75221).

f) Nitrogen standard solutions. —12.5-75.0 mg
Prepare 250 mg N/250 mL stock
solution by adding 4.7172 g (NH#4)2504 primary
standard (dried 2 h at 105°C before use) into 1L
volumetric flask. Add 37.68 g reagent e and 34.8
mL H2504 (so that standard is in same matrix as
samples after digestion) and dilute with water.
Prepare working standard solutions by appro-
priate dilutions with reagent g.

(g) Blank digest solution.—37.68 g reagent e +
348 mL H2S04/L water.

(2) Phosphorus.—All standards and reagents
must be stored in polyethylene bottles to prevent
leaching of silicon from volumetric glassware.
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(a) Molybdenum reagent. —1.209 g sodium
molybdate dihydrate/100 m1 0.1M HZ2s04.
Prepare day before use to ensure equilibrium of
different forms of molybdenum in solution.

(b Ascorbic acid reagent.—Prepare daily with
O. 53 gascorbic acid, 0.656 g NaOH, and 5g K| (to
avoid precipitation of mercury in the diluted
digest by complex formation) in 100 mL water.

(c) Phosphorus standard solutions.—20-100 ppm
P. Prepare 100 ppm stock solution by adding
0.439 g potassium dihydrogen phosphate, pri-
mary standard (Baker Chemical Co., Phillips-
burg, NJ 08865), dried 2 h at 105°C, in 1L volu-
metric flask. Add 37.68 g potassium sulfate-
mercuric oxide mixture (reagent 3(¢)) and 34.8
mL H2s04 (so that standard is in same matrix as
samples after digestion) and dilute with water.
Prepare working standard solutions by appro-
priate dilution with reagent 3(g).

3) Calcium.

{&i 0-Cresolphthalein complexone reagent.—
Prepare stock solution by adding 0.0375 g o-cre-
solphthalein complexone (Sigma Chemical Co.,
St. Louis, M0O'63178) to 30 mL water in 100 mL
volumetric flask. Add 0.85 g 8-quinolinol and
2 mL HC1 to 40 n\L water, add to same volumetric
flask, and dilute with water. Store in polyeth-
yle bottle.

(Bi Aminomethylpropanol base solution.—0.25 g
KCN + 22 g 2-amino-2-methyl-lI-propanol (Al-
drich Chemical Co., Milwaukee, W| 53233) di-
luted with water to 100 mL. Store in polyeth-
ylene container.

(c) Cresolphthalein-base working reagent.—Mix
equal volumes of reagent d and 0 to form red
solution. Store in acid-washed glass bottle.
(Glassware used for preparation of this solution
must be washed with dilute nitric acid to remove
any trace amounts of calcium. Rinsing all
glassware with working reagent ensures freedom
from contamination.)

(d) Calcium standard solutions.—1-5 ppm.
Prepare 1000 ppm stock solution by adding
2.4970 g calcium carbonate primary standard in
2 L beaker with 50 mL water. Add 7 mL HC1
dropwise and boil solution 3-4 min to remove
carbon dioxide. Transfer to 1L volumetric flask
washed by dilute nitric acid, and dilute with
water. Prepare working solutions by appropri-
ate dilutions with water.

4) lron.

faf Ferrozine reagent.—Dissolve 0.080 g Ferro-
zine iron reagent (Hach Chemical Co. Loveland,
CO 80537) in 100 mL 2M acetate buffer, pH
45,

(b) Ascorbic acid reagent. —1% in water.
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(c) lIron(IM) standard solutions.—0.5-10 ppm.
Prepare 1000 ppm stock solution by dissolving
1.000 ganalytical grade iron wire (99.88%) with
aqua regia 3 mL HNO3 + 9mL HCI). Add 3mL
HCIO4 and evaporate solution almost to dryness.
Dilute to 1 L with water. Prepare working
standard solutions by appropriate dilutions with
0.3M HCIO4 (so that standards are in same matrix
as samples after digestion).

(d) Blank digest solution.—0.3M HC104.

(5) Magnesium.

(@) Calmagite reagent.—Dissolve 0.020 g cal-
magite (Sigma) and 7.46 g KC1 in 100 mL water.
Store in polyethylene container.

) Base solution.—1gKCN, 4.964 g KOH, and
0.700 g EGTA (Sigma)/L water. Store in poly-
ethylene container.

(c) Calmagite-base working solution.—Equal
volumes of reagents d and h. Prepare fresh daily
and store in polyethylene bottle closed when not
in use.

(d) Magnesium standard solutiotis.—0.2-2 opm.
Prepare 1000 ppm stock solution by dissolving
8.4485 g MgCI2.6 H20 (99%) in 1L water. Pre-
pare working standard solutions by appropriate
dilutions with water.

(e) Methyl red indicator solution.—0.2 g/100 mL
alcohol.

(f) Sodium hydroxide.—0.1N.

Digestion

(@) Crude protein and phosphorus determina-
tion.—Digest samples as described in official
method . 1(19), using reagent 3(e).

(b) calcium, iron, and magnesium determina-
tions.—Digest samples with, HNO3-HCIO4 as
described in official method 7097 (19), using 2.5
g feed samples. Be sure that NO?2 fumes have
been driven off, because nitrites in high con-
centration interfere with iron-ferrozine proce-
dure.

Procedures

(3) Crude protein.—Put 630 nm filter in pho-
tometer module of analyzer and load reaction
rate routine program from cassette recorder into
computer memory. Using dispenser/diluter,
mix 1 mL blank digest solution 3(g), each nitro-
gen standard, and digested samples with 4.00 mL
phenol reagent 3(a) in 5 mL polyethylene cups
and load them on turntable. Use one channel of
stopped-flow analyzer to aliquot hypochlorite-
buffer reagent 3(d) and the other to aliquot
standards and samples. During program run,
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Table 1. Typical nitrogen results, using reaction-rate
method *

Std, mg RSD,
N/250 mLse Rate, mA/sc %
12.5 7.01 0.6
25.0 11.50 0.8
375 16.36 .
50.0 20.76 0.8
62.5 26.52 0.8
75.0 31.64 0.4

aWorking curve: slope = 0.394, intercept = 1.70, r =

0.9991.

b Final concentration in observation cell isthe 1/8.

c Average of 4 determinations on a single standard with
10-s delay and 15-s measurement time. A= 630 nm.

0 and 100% transmittances are set using reagent
and blank, and operator is asked time parameters,
delay and measurement time, number of flushes
to change from sample to sample, number of
measurements to be averaged, number and
concentration of standards, and number of
samples to be analyzed. Set delay time of 10 s,
measurement time of 15s, 4 flushes, and 3 mea-
surements. The analyzer sequences through
standards and calculates calibration curve, each
sample is measured, and value is printed. Use
mg N/250 mL found for each sample to deter-
mine percent protein nitrogen, using following
equation:

% Protein = (mg N/250 mL) X (6.25/mg sam-
ple) X 100

(2) Phosphorus.—Use 650 nm filter. Mix 1 mL
blank digest solution 1 g and each standard and
sample with 4.00 mL ascorbic acid reagent 2(b).
Use molybdenum reagent 2(a) and proceed as in
crude protein procedure, using delay time of 2
s and measurement time of 4 s. Calculate per-
cent phosphorus from ppm P found for each
sample, using following equation:

%P = [(ppm P/4)/(mg sample)] X 100

(3) Calcium.—Put 580 nm filter in photometer
and load equilibrium routine program in com-
puter. Dilute samples with water to 1-5 ppm
range. (For samples analyzed in this work,
dilutions of 1/25,1/50, and 1/100 were required.)
Use deionized water as blank and cresolphth-
alein-base working reagent 3(c). Setdelay time
of 5sand measurement time of 1s (two 0.5-sin-
tegrations). From ppm Ca found for each sample
and dilution factor D, calculate percent calcium
from following equation:

% Ca = (ppm Ca/4) X (D/mg sample) X 100

(4) Iron.—Use 560 nm filter. Dilute samples
to 0.5-10 ppm range using 0.3M HCIO4 (so
standards and all samples will be in same matrix).

Table 2. Typical phosphorus results, using reaction rate
method a

RSD,

Std, ppm Pb Rate, m/4/sc %
20.0 26.90 0.2
40.0 47.65 0.2
60.0 70.04 0.5
80.0 91.63 0.4
100.0 113.96 0.3

aWorking curve: slope = 1.091, intercept = 4.60, r =

0.99992.

b Final concentration in observation cell is the 1/8.

c Average of 5 determinations on asingle standard with 2-s
delay time and 4-s measurement time. A= 650 nm.

Samples analyzed in this work required dilutions
of 1/2 or 1/5. Mix 2 mL blank digest 4 d and
each standard or sample with 2 mL ascorbic acid
reagent Use equilibrium routine program
with 10-s delay and 2.5-s measurement time (5
integrations). Use equation similar to calcium
equation to calculate percent Fe for each
sample.

(5) Magnesium.—Use 520 nm filter.
samples with water, using 50 mL volumetric
flasks and at the same time roughly neutralize
with 0.1N NaOH, using 2 drops of methyl red
indicator (change from red to yellow). Samples
in this work required 1/25 or 1/50 dilutions.
Use equilibrium program with 5-s delay and 2.5-s
measurement time (5 integrations). Calculate
percent Mg for each sample, using equation
similar to calcium equation.

Measurements for all procedures were carried
out in an air-conditioned laboratory maintained
at anominal temperature of 25°C.

Results and Discussion

The reaction-rate procedures for the determi-
nation of protein nitrogen and phosphorus de-
scribed earlier (7, 8) were used in this work
without any modification. Because the pH of the
measured solution in the observation cell is an
important parameter in these reaction-rate de-
terminations, the variation in the sulfuric acid
concentration in the digested samples was ex-
amined by titration with NaOH standard solu-
tion. The acid remaining was 47 + 6% of the
original. This loss is overcome by preparing the
nitrogen and phosphate standards in the same
matrix as the samples after digestion.

Typical results for working curves are shown
in Tables 1 and 2 for crude protein and phos-
phorus, respectively, and demonstrate the ex-
cellent precision and linearity obtained for the
standards.

Dilute
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Table 3. Typical calcium results, using equilibrium
method 3

Std, ppm Cab Absorbanceo RSD,%
1.00 0.159 0.7
2.00 0.354 0.2
3.00 0.615 0.2
4.00 0.837 0.1
5.00 1.072 0.1

3 Working curve:
0.9993.

6 Final concentration in cell isthe 1/2.

¢ Average of 5 determinations on a single standard with 5-s
delay and 1-s measurement time (2 integrations). A= 580
nm.

slope = 0.231, intercept = —0.085, r =

The reaction of calcium with o-cresolphthalein
complexone is complete in less than the dead
time of the stopped-flow unit (200 ms) so that an
equilibrium procedure with a short delay time
can be performed. A delay time of 5swas cho-
sen to avoid nonreproducible absorbance be-
havior noted when the working reagent is mixed
with the standard and sample solutions. A
measurement time of 1.0 s (two 0.5-s integrations)
gave excellent precision. The cresolphthalein
complexone concentration (0.147 mM final) was
chosen as a compromise of low absorbance blank
and good linearity of the working curve. Final
concentrations of 1.5 mM for 8-quino|ino| and
9.6 mM for CN- ensure elimination of magne-
sium and heavy metals interference. Because of
the relatively high concentration of calcium in
feeds, an extensive dilution of the sample digest
solutions is required. The acid concentration of
the diluted samples is low and a 0.62M amino-
methyl propanol concentration ensures pH sta-
bility. Typical results for the'calcium working
curve are shown in Table 3, again with good
precision and linearity.

The reaction of iron (II) with ferrozine is also
rapid and an equilibrium procedure is proposed.

Table 4. Iron results using Fe(ll) and Fe(lll) standards
Absorbance

Std, ppm Fea Fe(ll) Fe(lll)
0.25 0.063 0.068
0.50 0.119 0.125
1.00 0.233 0.243
3.00 0.723 0.719
5.00 1.195 1.194
Slope 0.239 0.237
Intercept 0.003 0.006
Corr. coeff. (r) 0.99994 0.999994

3 In 0.3M HCIOs and 1% ascorbic acid solution.
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Table 5. Typical iron results, using equilibrium method s
RSD,
Std, ppm Feb Absorbanceo %
0.500 0.056 1.0
1.00 0.118 0.4
5.00 0.588 0.1
7.50 0.892 0.2
10.00 1.176 0.1

3 Working curve:
0.99996.

b Final concentration in observation cell isthe 1/4.

cAverage of 5 determinations on a single standard with
10-s delay and 2.5-s measurement time (5 integrations). A
=560 nm.

slope = 0.118, intercept = —0.001, r =

A small increase in the absorbance is noted dur-
ing the first few seconds of the reaction, so a 10-s
delay time was used to ensure stability of the
absorbance values. A mixed ferrozine-ascorbic
acid reagent was tried with good results for
aqueous standard Fe(lll) solutions but with a
little lower results for samples. So the pre-
addition of ascorbic acid in the samples was
preferred. The efficiency of the iron(lll) re-
duction with ascorbic acid was checked by ob-
taining results using iron(ll) and iron(lll) stan-
dards. The results as shown in Table 4 are sim-
ilar. A measurement time of 2.5 s (5 successive
0.5-sintegrations) gave the best precision. The
standards and the dilutions of the sample digest
solutions are made with 0.3M HCI04, which is
the average concentration of the digest solutions,
to ensure matrix similarity of samples and stan-
dards. The ferrous complex of ferrozine is stable
in the pH range 4-10 (12) so an acetate buffer pH
45 with a 1M final concentration was chosen.
Typical results for iron calibration curves are
shown in Table 5.

The magnesium-calmagite reaction is also fast
and an equilibrium procedure with 5-s delay

Tables. Typical magnesium results, using equilibrium
method 3

RSD,
Std, ppm Mgs Absorbanceo %
0.200 0.070 0.3
0.500 0.189 0.6
1.00 0.364 .
1.50 0.539 0.2
2.00 0.690 0.2

3 Working curve:
0.9992.

b Final concentration in observation cell is 1/2.

c Average of 5 determinations on asingle standard with 5-s
delay and 2.5-s measurement time (5 integrations). A= 520
nm.

slope = 0.345, intercept = 0.012, r =
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Comparison of reaction-rate stopped-flow method with official AOAC method for determining crude protein

Sample

Swine feed (7828)

Pig feed (7829)
Poultry ration (7831)
Soybean meal (7921)
Dairy ration (7922)
Dried molasses (7923)
Swine feed (7924)
Milk replacer (7925)
Beef cattle sup. (7926)
Swine feed (7928)

Pig feed (7929)

Beef feed (7930)
Chick starter (7931)
Swine feed (7932)
Dairy feed (8021)
Dairy feed (8022)
Broiler ration (8025)

Dried molasses-NaNo s (8024)

Swine feed (8025)
Cattle sup. (8027)

Stopped-flowa

41.63 + 0.20
18.96 + 0.12
19.68 + 0.05
46.28 + 0.35
19.05 £+ 0.26
10.81 + 0.06
22.64 + 0.09
20.49 + 0.13
56.94 + 0.12
15.89 + 0.12
17.24 + 0.04
44.06 £ 0.30
19.38 £ 0.12
14.94 + 0.14
43.42 £ 0.34
33.70 £ 0.19
20.59 £ 0.12
12.29 £ 0.08
20.82 + 0.10
39.29 £ 0.14

Crude protein, %
Officialé

40.77 £ 0.46
18.38 + 0.26
18.44 + 0.30
45.83 + 0.68
18.38 + 0.28
10.48 + 0.20
22.14 + 0.29
20.50 = 0.26
55.27 + 0.49
15.76 + 0.23
17.07 £ 0.27
44.85 + 0.57
20.06 = 0.27
14.38 £ 0.25
43.49 = 0.56
34.05 + 0.46
20.09 + 0.26
12.39 £ 0.39
18.99 + 0.30
39.63 + 0.55

8 Average of 4 determinations performed on single digestion of check feed +1 SD.
6 Values reported in AAFCO Check F?eg Sample Program by 74-90 laboratories during 1978-80, +1 SD. Official methods

7.015 (20 (Kjeldahl method (K)), and

6 Stopped-flow average - official method average.

time and 2.5-s measurement time gave excellent
precision.
checked with mixed magnesium-calcium stan-
The EGTA concentration used (0.46 mM
final) eliminated any interference up to 1:10

dards.

Table s.

The calcium

interference was

16 (Dumas method (D)).

concentration ratio.

ARXXXXXUOoOoooooOQoooooo

Diff.,c %

+0.86
+0.58
+1.24
+0.45
+0.67
+0.33
+0.50
-0.01
+1.67
+0.13
+0.17
-0.79
-0.68
+0.56
-0.07
-0.35
+0.50
-0.10
+1.83
-0.34

A 0.25M final KC1 con-

centration provides ionic-strength similarity of

standards and samples.

A rough neutralization

of the acid-digested samples is required to keep
the solution at the desired pH with the 0.022M

Comparison of reaction-rate stopped-flow method with official AOAC method for determining phosphorus

Sample8

7828
7829

8 Samples identified in Table 7.
6 Average of 5 determinations performed on single digestion of check feed +1 SD.
¢ Values reported in AAFCO Check Feed Sample Program by 19-56 laboratories during 1978-80, +1 SD. Official method,
7.120 (20) (molybdovanadate photometric method).
d Stopped-flow average - official method average.

Phosphorus, %

Stopped-flow6

1.944 + 0.024
0.620 + 0.003
0.634 + 0.006
0.659 + 0.006
0.863 + 0.004
0.101 +0.001
0.690 + 0.008
0.837 + 0.003
1.295 +0.009
0.594 + 0.004
0.769 = 0.006
1.090 + 0.005
0.782 +0.005
0.628 + 0.005
1.395 + 0.012
1.160 + 0.007
0.766 = 0.003
0.078 + 0.004
0.774 + 0.003
1.280 + 0.011

Official6

1.925 + 0.094
0.626 + 0.031
0.628 + 0.035
0.639 + 0.034
0.799 + 0.055
0.129 + 0.018
0.678 + 0.031
0.833 + 0.040
1.251 +0.061
0.584 + 0.030
0.735 + 0.035
1.114 + 0.063
0.793 + 0.046
0.622 + 0.033
1.425 + 0.052
1.143 + 0.047
0.758 + 0.029
0.088 + 0.016
0.773 + 0.035
1.281 +0.051
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Table 9. Comparison of stopped-flow method with official AOAC method for determining calcium
Calcium, %

Sample3 Stopped-flow b Official0 Diff.,d %
7828 3.993 +0.007 3.859 +0.289 +0.134
7829 0.763 +0.002 0.737 +0.058 +0.026
7831 0.802 + 0.001 0.882 + 0 042 -0.080
7921 0.303 £0.002 0.297 +0.016 +0.006
7922 1.018 +0.002 1.042 +0.075 -0.024
7923 0.724 +0.002 0.783 +0.043 -0.059
7924 0.887 +0.002 0.854 +0.042 +0.033
7925 0.863 + 0.002 0.820 + 0.067 +0.043
7926 2.594 +0.004 2.594 +0.148 0.000
7928 0.747 +0.002 0.711 +0.063 +0.036
7929 0.995 +0.001 1.039 +0.084 -0.044
7930 6.128 + 0.011 6.292 +0.403 -0.164
7931 0.941 +0.001 0.992 +0.067 -0.051
7932 0.810 + 0.003 0.802 + 0.038 +0.008
8021 0.893 +0.001 0.982 +0.062 -0.089
8022 4.468 + 0.007 4.524 +0.207 -0.056
8023 1.096 +0.003 1.113 +£0.079 -0.017
8024 0.430 +0.001 0.451 +0.037 -0.021
8025 0.811 +0.001 0.864 +0.077 -0.053
8027 4.637 £0.011 4.439 +0.273 +0.198

3 Samples identified in Table 7.

6 Average of 5 determinations performed on single digestion of check feed +1 SD.
0Values reported in AAFCO Check Feed Sample Program by 16-55 laboratories during 1978-80, +1 SD. Official method,

7.091 (20) (atomic absorption spectrophotometry).
d Stopped-flow average - official method average.

final concentration of KOH. The yellow methyl
red indicator does not interfere. Addition of
Bion NE-9 and Bion PVP (16) in the calmagite
reagent, which prevents the shifting by serum
proteins of the maximum of the absorption

spectrum of Mg-calmagite compiex, showed no
effect in the analysis of digested feeds. Typical
results for magnesium working curves are shown
in Table 6.

To evaluate the accuracy of the proposed

Table 10.  Comparison of stopped-flow method with official AOAC method for determining iron
Iron, %

Sample3 Stopped-flow b Official0 Diff.,d %
7828 0.0828 + 0.0002 0.0900 -0.0072
7829 0.0347 + 0.0002 0.0365 + 0.0040 -0.0018
7831 C.0225% 0.0002 0.0288 + 0.0029 -0.0063
7921 C.0165+ 0.0004 0.0178 +0.0044 -0.0013
7922 €.0993 + 0.0004 0.1171 + 0.0085 -0.0176
7923 C.0524+ 0.0002 0.0536 +0.0047 -0.0012
7924 0.0462 =+ 0.0007 0.0539 +0.0208 -0.0077
7925 0.0161 +0.0001 0.0180 +0.0019 -0.0019
7926 0.1051 +0.0010 0.1025 +0.0167 +0.0026
7928 0.0233 +0.0001 0.0240 +0.0012 -0.0007
7929 0.0333 + 0.0003 0.0343 +0.0018 -0.0010
7930 0.1412 +0.0020 0.1561 +0.0166 -0.0149
7931 0.0220 +0.0003 0.0235 +0.0024 -0.0015
7932 0.0309 +0.0001 0.0307 + 0.0045 +0.0002
8021 0 0597 +0.0002 0.0582 +0.0039 +0.0015
8022 00581 + 0.0003 0.0572 +0.0042 +0.0009
8023 00314 £0.0001 0.0312 +0.0043 +0.0002
8024 0.0344 +0.0002 0.0348 +0.0051 -0.0004
8025 0.0281 +0.0001 0.0268 + 0.0036 +0.0013
8027 0.0693 + 0.0001 0.0706 + 0.0049 -0.0013

a Samples identified in Table 7.

b Average of 5 determinations performed on single digestion of check feed +1 SD.

¢ Values reported in AAFCO Check Feed Sample Program by 1-8 laboratories during 1978-80, +1 SD.

077 (20) (atomic absorption spectrophotometry).
d Stopped flow average - official method average.

Official method,
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Comparison of stopped-flow method with official AOAC method for determining magnesium

Magnesium, %

Table 11.

Sample3 Stopped-flow6
7828 0.2774 £0.0015
7829 0.1385 +0.0007
7831 0.1472 £0.0013
7921 0.3019 £0.0013
7922 0.3615 +0.0015
7923 0.2708 £0.0011
7924 0.1961 +0.0006
7925 0.1230 £0.0004
7926 0.3543 + 0.0003
7928 0.2354 +£0.0007
7929 0.2259 +0.0009
7930 0.5281 + 0.0005
7931 0.2429 + 0.0009
7932 0.2236 +0.0010
8021 0.4055 + 0.0003
8022 0.3770 +£0.0001
8023 0.1862 £0.0010
8024 0.1092 +0.0004
8025 0.2088 + 0.0010
8027 0.4177 +£0.0009

a Samples identified in Table 7.

Official0 Diff.,6 %
0.2745 +0.0158 +0.0029
0.1439 +0.0105 -0.0054
0.1314 £0.0073 +0.0158
0.2824 +0.0276 +0.0195
0.3508 £0.0162 +0.0107
0.2808 * 0.0427 -0.0100
0.1953 £0.0143 +0.0008
0.1245 +0.0070 -0.0015
0.3397 + 0.0405 +0.0146
0.2398 * 0.0202 -0.0044
0.2218 +0.0169 +0.0041
0.5236 +0.0421 +0.0045
0.2347 +£0.0273 +0.0082
0.2124 £0.0169 +0.0112
0.4007 + 0.0286 +0.0048
0.3582 +0.0301 +0.0188
0.1740 £0.0278 +0.0122
0.1151 +0.0416 -0 0059
0.2218 + 0.0157 -0.0130
0.4350 + 0.0499 -0.0173

6 Average of 5 determinations performed on single digestion of check feed +1 SD.

¢ Values reported in AAFCO Check Feed Sample Program by 3-12 laboratories during 1978-80, +1 SD.

7.077 (20) (atomic absorption spectrophotometry).
d Stopped-flow average - official method average.

methods, a series of samples assayed by official
methods by other laboratories were analyzed; see
Tables 7-11. The data demonstrate that the ac-
curacy of the proposed methods is within the
reported uncertainty of the official procedures.
There is asmall positive bias on the determina-
tion of protein.

Statistically summarized data of the compari-

Table 12.  Regression equations for comparison
stopped-flow (SF) methods with official AOAC (20

())f
méthods (20 samples)

Corr.
V(SF) Intercept  coeff.
(range) X(AOAC) Slope (%) (0
Crude 7.015
protein (Kjeldahl)
(10.8- 7.01%
56.9%) (Dumas)  0.9992 0.38 0.9987
Phosphorus 7.120
(0.078- (photo-
1.94%) metric) 1.0089 -0.001 0.9986
Calcium
(0.30- 7.091
4.64%) (AAS) 1.0023 -0.012  0.9989
Iron
(0.016-  1.077
0.141%) (AAS) 0.9063 00021 0.9929
Magnesium
(0.109-  1.077
0.528%) (AAS) 1.0048 0.0023 0.9955

Official method,

son are shown in Table 12. All the methods
show excellent correlation, with slopes of
0.9063-1.0089 and correlation coefficients of
0.9929-0.9989.

Using 4 flushes to change from one solution
to another (flush cycle time about 1.5 s), one
measurement per sample and assuming 1s for
the turntable position increment, and 0.5 s for the
computer calculation and printing time, the
analysis rates shown in Table 13 can be obtained
by the methods reported. The total sample or
reagent volume consumed is 0.75 mL.

The proposed methods reported here provide
rapid, precise, and accurate determination of
protein, phosphorus, calcium, magnesium, and

Table 13.  Routine analysis rates
Anal, rate Delay = Measurement
Detn (samples/h) time, s time, s

Crude protein

(reaction-rate) 110 10 15
Phosphorus

(reaction-rate) 266 2 4
Calcium

(equilibrium) 266 1 5
Iron

(equilibrium) 180 25 10
Magnesium

(equilibrium) 240 25 5
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TECHNICAL COMMUNICATIONS

Elimination of Sodium Chloride Interference During High Pressure
Liqguid Chromatographic Determination of Sugars

JONATHAN W. DeVRIES, HENRY L. CHANG, JOHN C. HEROFF,

and KEVIN D." JOHNSON

General Mills, Inc., 9000 Plymouth Ave N, Minneapolis, M N 55427

Amethod is described to eliminate the potential in-
terference of sodium chloride found in some food
samples, which occurs during high pressure liquid
chromatographic (HPLC) analysis of sugars, using
certain bonded amm_oE)ro yl columns. The column
is tested, and if an interference Is present, it is re-
moved by washing the column with asolution of te-
traethylénepentaming in mobile phase. HPLC_seP-
aration and quantitation of the sugars are essentially
the same as before washln%' however, sodium chlo-
ride no longer interferes with any of the sugars being
analyzed.

In 1979, our laboratories reported the results of
a study of a high pressure liquid chromato-
graphic (HPLC) method for the analysis of sugars
in food samples (1). We have used this method
routinely for the quantitation of sugars since that
time. When some (but not all) carbohydrate
(Waters Associates, Milford, MA) and propyl-
amino (E. Merck, Darmstadt, GFR) columns are
used, a peak other than the solvent front and the
normal mono- and disaccharides being analyzed
appears in the chromatogram. In some cases,
this peak does not interfere with quantitating the
sugars in the sample, but often the peak elutes at
approximately the same time as fructose or glu-
cose (Figures 1and 2). The occurrence and size
of this peak led us to believe that it might be so-
dium chloride. This was confirmed by injecting
a solution of sodium chloride under the same
conditions used for sugar analysis (Figure 2).
Adding a column modifier, such as a poly-
amine, should affect the interaction of ionic
species with the column more than it would af-
fect the interaction of the carbohydrates and,
therefore, should resolve the interfering peak
and the fructose and glucose peaks. This proved
to be the case. Washing the column with a so-
lution of 0.1% tetraethylenepentamine (TEPA)
in mobile phase, and then returning to the nor-
mal mobile phase eliminates the interference by
the sodium chloride peak. Sodium chloride

Received February 11, 1982, Accepted May 25, 1962

apparently elutes as the negative peak just after
the solvent front (Figure 3), and the retention
times of the sugars in the chromatogram are not
changed dramatically (Figure 4). We have found
in our laboratories that several hundred samples
can be analyzed before the column needs addi-
tional treatment.

A number of collaborative studies have been
carried out on HPLC analysis of sugars. Two
AOAC official first action methods have resulted
(13.A01-13.A04 (2) and 14.C01-14.C04 (3)).
Because sodium chloride represents a potential
interference, we believe that the following steps
should be made a part of those methods:

7. 21
3.98

2.808118
9. 98ERS

,!_'19[ 11.B81PM1

Fi

u(JI
inde

e 1. Chromatogram of sugar standards. Rj
= 3.21, fructose; 3.98, glucose: 6.36, SUCrOSE.
cale [pen response = 4 X (183 X 10-6') refractive
unit. - Concentration of each sugar 4 mg/mL.
See Ref. 1 for chromatographic conditions.
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Figure 2. Chromatogram of sodium chloride, 2
mg/mL. Same conditions asin Figure 1. RY =3.35
min.
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Figure 3. Chromatogram of sodium chloride, 2

mg/mL, after washing column for 2 h with 0.1% TEPA
solution. Same conditions as in Figure 1.
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Figure 4. Chrorhatongam of sugar standards, after
washing column for 2 h with 0.1% TEPA solution.
Same conditions as in Figure 1.

(2) Prepare ablank solution of approximately
2 mg sodium chloride /mL in the same injection
solvent as that used for the sugar standards, and
inject this blank solution immediately after the
sugar standards and before injecting the sample
solutions.

(2) If the sodium chloride peak interferes with
any of the peaks of the sugars being analyzed,
wash the column with asolution of 0.1% TEPA
(Catalog No. T5902, Eastman Kodak Co., Roch-
ester, NY 14650) in acetonitrile-water (80  20).
Adjust the pH of the TEPA solution to approxi-
mately 7 with acetic acid and then wash the col-
umn for 2 h at 1.5 mL/min. Flush the column
with approximately 100 mL normal mobile phase
before continuing the analytical series.

We believe that adding these 2 steps to meth-
ods 13.A01 and 14.C01 will eliminate erro-
neously high sugar results when sodium chlo-
ride has the same retention time as that for one
of the sugars under the conditions of the
method.
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A titrimetric procedure has been recommended for
the determination of residual amounts of hydrogen
peroxide on packaging surfaces as a result of its use
asasterilant. Enzymatic assays have been described
for the determination of hydrogen peroxide in vari-
ous substrates. We compared the enzymatic assay
based on the oxidation of leuco crystal violet by
Peroxidase and the potentiometric titration procedure
or the determination of hydrogen peroxide in dis-
tilled water, as required in the apﬁroval of this ma-
terial as agackaging sterilant. The correlation be-
tween the 2 procedures is 0.976.

Although the bactericidal action of hydrogen
peroxide has been recognized for quite some
time (1), the possibility of using hydrogen per-
oxide as a chemical sterilant for food packaging
materials has been recognized only in the past
few years (2). Early in 1981 (3), the Food and
Drug Administration approved the use of hy-
drogen peroxide as a sterilant for polyethylene
packaging films used in aseptic packaging sys-
tems, with the provision that the maximum re-
sidual level found when the packages are filled
with distilled water would be 0.1 ppm. At the
time of approval, FDA recognized the difficulty
of analyzing such low levels and announced that
further methodology studies were being un-
dertaken. Subsequently, FDA recommended the
procedure of Boto and Williams (4), a potentio-
metric titration using dilute solutions of potas-
sium permanganate.

Prior to and then concurrent with the FDA
methodology study, our laboratory had also been
investigating methodology suitable for the de-
termination of low levels of hydrogen peroxide.
In addition to the potentiometric method (4),
numerous other electrochemical procedures (5,
6) are available for determining hydrogen per-
oxide.

An electrode-based procedure has also been
described (7). But perhaps the simplest and most
common approach has been the indirect deter-
mination of hydrogen peroxide through the
measurement of the spectrometric properties of
reaction products of various compounds with
hydrogen peroxide. These latter procedures

Received March 11,1982, Accepted June 22,1982.

may involve the oxidation of transition and
post-transition metal chelates (8), or the oxidation
of organic compounds to give colored or fluo-
rescent compounds (9). A limitation of most of
these procedures is that reaction rates in the
presence of low concentrations of hydrogen
peroxide may be quite slow. An additional
limitation is the possibility of either negative or
positive interferences as a result of the non-
specificity of the redox reactions.

Numerous enzyme-catalyzed procedures for
the determination of hydrogen peroxide have
been described (10). These catalase- or peroxi-
dase-based procedures involve the enzyme-cat-
alyzed oxidation of an organic substrate to a
species which can be detected spectrophoto-
metrically. The enzyme-based procedures offer
several important advantages for routine use.
They offer high specificity and fast reaction rates
even at low concentrations of hydrogen perox-
ide. The judicious choice of organic substrates
can lead to oxidized species with high molar
absorptivities with the concomitant increased
sensitivity of the assay. Finally, the enzyme-
catalyzed spectrophotometric assays are simple
and fasttorun. These factors combined with our
intention to be able to apply the assay to routine
monitoring applications led us to investigate a
procedure first described by Mottola et al. (11)
using the peroxidase-catalyzed oxidation of leuco
crystal violet to determine hydrogen peroxide.

In this communication we describe the per-
oxidase procedure as employed in our laboratory
and show data comparing results with those
obtained by the recommended potentiometric
titration methods.

Experimental

The methods are those originally described by
Boto and Williams (4) and Mottola et al. (11).
The original papers should be consulted for an-
alytical details.

In the test of the potentiometric procedure, a
platinum wire electrode was used with a stan-
dard calomel reference electrode. Electrode
potentials were monitored with a digital pH/mV
meter. The end point potential was determined
by titrating 100 mL of a 0.3 ppm standard solu-
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tion of hydrogen peroxide with 0.001M KM n04.
Potentials were recorded and manually plotted.
Subsequent titrations were conducted to this end
point.

For the enzymatic determination, leuco crystal
violet (Aldrich Chemical Co.) was purified by
dissolving the powder in dilute HC1 followed by
extracting the leuco dye into ethyl acetate. After
the solvent was evaporated, the compound was
recrystallized from ethyl acetate. Hydrogen
peroxide concentrations were obtained in 5mL
aliquots of sample by adding in succession 1 mL
of 0.5 mg leuco dye/mL solution and 0.5 mL of
1.0 mg horseradish peroxidase/mL solution.
Five milliliters of acetate buffer (pH 4.5) was
added to bring the absorption maximum to 596
nm. The concentration of hydrogen peroxide
can then be determined directly from the stan-
dard curve of absorbance vs concentration of
hydrogen peroxide.

Results and Discussion

Figure 1 shows 3 successive titration curves
obtained on dilute solutions of hydrogen per-
oxide in distilled water. The figure shows a
gradual change in the observed end point po-
tential as the platinum electrode apparently be-
comes slowly conditioned. After the second or
third titration, the end point potential generally
stabilizes. A second observation from Figure 1
is that the inflection point of the titration curves
is difficult to determine manually. The titration
curve does not exhibit a sharp change in poten-
tial at the end point but rather the change ex-
tends over several volumes of titrant. These 2
phenomena are related and may be explained by
the observation made by Harrar (6) that hydro-
gen peroxide undergoes a rapid heterogeneous
catalytic decomposition at a platinum electrode.
The decomposition was 99.9% complete within
6 min. This rapid reaction then competes with
the permanganate oxidation reaction. The po-
tentiometric procedure is further complicated by
the fact that at the low levels of reactants in-
volved in the titration the reaction rate would be
expected to be comparatively slow. These 2
factors could combine to adversely affect the
shape of the titration curve. Harrar further
showed the dependence of the electrolysis time
and background current during the electrolysis
of hydrogen peroxide on the pre-treatment of the
platinum electrode. The formation of an oxide
layer on the platinum surface significantly af-
fected the response characteristics of the elec-
trode. It would seem likely that similar con-
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Figure 1. Three successive titrations of 50 mL 0.3

ppm H202 with 0.00lM KMnOi- Electrodes were

stored overnight in ({_ltstlltl_ed water before start of
itrations.

siderations would apply when measuring po-
tentials at the platinum electrode.

In spite of the limitations cited above, if, after
the electrode has become stabilized, solutions are
consistently titrated to the same end point, then
the procedure will yield reproducible results.
The standard curve plot of volume of titrant vs
hydrogen peroxide concentration is linear over
the range of interest, up to 0.20 ppm. The stan-
dard curve however exhibits a negative y-axis
intercept which is consistent with the existence
of an alternative pathway for the disappearance
of hydrogen peroxide.

In the enzymatic determination, peroxidase
catalyzes the oxidation of leuco.crystal violet by
hydrogen peroxide. The absorbance of the so-
lution follows Beer's Law. The standard curve
plot of absorbance vs hydrogen peroxide con-
centration is linear through 1.0 ppm. Like the
standard curve of the potentiometric procedure,
the standard curve exhibits a negative intercept
on the y-axis, suggesting the presence of acom-
petitive reaction. Mottola et al. (11) have sug-
gested that the sensitivity of the enzymatic pro-
cedure is near maximum, based on the molar
absorptivity of crystal violet. The enzyme-cat-
alyzed reaction is very rapid; color develops
immediately upon addition of the enzyme. Al-
though the previous authors stated that absorb-
ance readings for the blank showed no change
for several hours, in our hands the color of both
the assay and blank solutions deepened on pro-
longed standing. We took no extraordinary
precautions to exclude light or air from the so-
lutions once mixed because, as long as at least 2
standard solutions were analyzed at the same
time as the unknowns, the assay did not suffer in
accuracy.

The results of successive analyses of solutions
of distilled water fortified at 2 levels are shown
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Results of repetitive analysis of water fortified with H202

Table 1.
0.16 ppm
Enz. Pot.
0.16 0.20
0.16 0.22
0.17 0.19
0.17 0.17
0.16 0.19
0.16 0.22
0.17 0.19
0.16 0.19
0.18 0.17
X 0.17 0.19
s 0.007 0.018
CV, % 4.4 9.3

in Table 1. At the 2 levels examined, there ap-
pears to be no difference in repeatability as
measured by the coefficient of variation (CV).
The CV values at these levels are quite accept-
able. Table 2 continues the comparison between
results obtained with the 2 methods studied.
The correlation coefficient between results from
the 2 methods was 0.976.

As seen in Table 2 the absolute differences
between observed and actual peroxide concen-
tration ranges from 0.01 to 0.03 ppm. For the
potentiometric method, this represents 0.02-0.06
mL titrant. Attempts to increase the sensitivity
of the assay by decreasing the concentration of
the titrant and thus increasing the amount re-
quired to reach the end point were not successful
because of the slowness of the reaction as a result
of the decrease in concentration of reactants.
The enzymatic assay, however, was fairly in-
sensitive to changes in concentration of enzyme
and leuco dye. A reduction in the added amount
of peroxidase solution by one-fifth slows the rate
of color formation but has no other effect on the
determination. The amount of leuco crystal vi-
olet added may be reduced by one-half with no
effect on the assay of solutions containing be-
tween 0.02 and 1.0 ppm hydrogen peroxide.
Although no attempts were made to increase the
sensitivity of the enzymatic assay, such an in-
crease could be practically obtained by decreas-

Table 2.
H20 2 added, ppm
0.07
0.10
0.16
0.20

ar=0.976.

0.10 ppm

Enz. Pot.
0.11 0.10
0.11 0.10
0.10 0.11
0.11 0.10
0.12 0.10
0.10 0.10
0.11 0.10
0.10 0.11
0.11 0.10
0.007 0.004
6.6 43

ing the amount of buffer solution used. In as
much as the assay solutions consist of distilled
water, this change in the concentration of buffer
in the final solution should be negligible.

The results discussed above indicate that the
potentiometric procedure of Boto and Williams
(4) and the enzymatic procedure described by
Mottola et al. (11) will give comparable results
when applied to the analysis of dilute solutions
of hydrogen peroxide in distilled water. Certain
considerations, however, would suggest that the
enzymatic procedure would have advantages for
use in routine assays. In the absence of elec-
tronics capable of calculating the first derivative
of the titration curve, the end point of the po-
tentiometric titration is difficult to determine
accurately. Even when the end point potential
is accurately determined, the small incremental
volumes of titrant used combined with the re-
sponse characteristics of the electrode tend to tax
the ability of the analyst to perform accurate re-
petitive analyses. In contrast, the enzymatic
procedure is simple and rapid. Once the reagent
solutions are mixed, any convenient number of
samples can be analyzed within 15min. Due to
the specificity of the enzyme-catalyzed reaction,
the procedure can be extended to the detection
of hydrogen peroxide in non-distilled water.

We have applied the enzymatic procedure to
the measurement of hydrogen peroxide in water

Correlation between methods (replicate determinations) ¢

Enz. Pot.
0.07 0.07
0.11 0.10
0.17 0.19
0.21 0.20
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exposed to packages treated with the sterilant.
No interferences were encountered from mate-
rials arising from the treated polyethylene
film.
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Problems in C II?ctlon of Rep resent%tlve Samples for Determination

of Tributoxyethy

Phosphate in Pot
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le Water

Health and Welfare Canada, Environmental Health Directorate, Ottawa, Ontario,

Canada K1A 0L2

Results of a brief investigation on tributoxyethyl
phosphate in tap water are presented to illustrate the
difficulties in obtaining representative samples and
to alert analysts to the importance of designing
suitable sampling protocols.

Tributoxyethyl phosphate (TBEP) is used as a
flame retardant plasticizer in many products, e.g.,
synthetic rubbers and adhesives, and has been
identified as a contaminant in purified water (1),
potable water (2, 3), and blood samples (4, 5).
Methods for determination of TBEP (2) have
emphasized, in the method procedure, the
avoidance or replacement of materials and
chemicals that could contribute TBEP to the
sample. However, during collection of potable
water samples, it is not desirable to replace all
TBEP-containing rubber washers/gaskets before
sampling from a tap because the resultant sam-
ples then might not be representative of the
water normally ingested by the consumer. Re-
sults of a brief investigation on TBEP in tap water
are presented to illustrate the difficulties in ob-
taining representative samples and to alert ana-
lysts to the importance of designing suitable
sampling protocols.
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Experimental
Reagents and Apparatus

Use solvents, chemicals, and equipment as
previously described (1, 2).

Sample Collection

Grab samples were collected in pre-cleaned 4
L amber glass bottles. Raw water samples were
collected at the intake bay of the treatment plant.
For tap water samples, the first 2 or 4 L water was
collected and then the tap was allowed to flow at
1L/min; subsequent 2 or 4 L samples were col-
lected at selected times.

Extractions

(a) Large-volume sampling and extraction
were carried out using the XAD-2 macroreticular
resin method (1, 2).

Grab samples were extracted with meth-
ylene chloride as previously described (1).

C) Rubber O-rings and seals were extracted

as previously described (2).

Results and Discussion

During the development of a method of anal-
ysis for trialkyl/triaryl phosphates (TAAP) in
potable water, highly variable levels of TBEP
were detected in water sampled from a labora-
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Table 1.
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Trlbutoxyethyl phosphate levels (ng/L) in water samples

Grab sample3

XAD-resin

Water source

River water-raw

Treatment plant-raw tap
Pumping station-treated tap
Laboratory tap

Laboratory tap

Kitchen tap-Ae

Kitchen tap-Be

Kitchen tap-Ce

a Single grab samples.

b Duplicate samples.

c Triplicate samples.

d Sample taken after non-use of tap for 65 h.
e Private residence.

' Sample taken after non-use of tap for 16 h.

tory tap. Grab samples of water from this tap,
after aweekend of non-use, showed very high
TBEP levels (Table 1) that decreased as the tap
was flushed with water. The O-ring and seal in
the tap were identified as the source of the TBEP
and were shown to contain high levels (mg/g)
of TBEP (2)- After replacement of the O-ring and
seal with others having low (<10 /ig/g) TBEP
content, water levels of TBEP were greatly re-
duced, although there was still aslight elevation
of TBEP levels in water standing in the tap for a
prolonged period (Table 1). This was attributed
to diffusion of TBEP from adjacent unmodified
taps connected in series along the bench.

Potable water grab samples collected from 2
private residences showed increased levels of
TBEP in the first-draw samples; a third residence
did not show higher TBEP levels. Flushing the
taps with 60 L water decreased the TBEP levels
to those found in raw water at the treatment
plant and in treated water at a pumping station
in the distribution system (Table 1).

A recent survey (6) of drinking water con-
sumption in Canada indicated that about 17% of
consumers seldom or never flushed taps before
drawing water for beverages or food preparation.

(voi. sampled)

25.9 £2.1 (195 L)d

42.9 + 2.7 (40 L)b
13.7 + 2.6 (166 L)d
13.8 + 1.0(200 L)d

0-4 L 60-64 L

5400d 250

433d 18.2
34.9' 14.3
11.8' 11.0
28.1f 16.3

Therefore, to provide appropriate data for esti-
mating exposure to certain organic compounds,
it is necessary to analyze both first draw and well
flushed tap water samples. This has been con-
sidered in surveys for some inorganic contami-
nants (7,8), but analysts designing potable water
surveys for organic contaminants should also
recognize the importance of providing similar
instructions in their sampling protocol.
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Treatment of Freshly Flarvested 1980 Georgia Dent Corn Samples

Collected for Aflatoxin Analysis

ODETTE L SHOTWELL, GLENN A. BENNETT, WILLIAM F. KWOLEK.* and

(LZJLSIFFORD W. HESSELTINE

Center, Peorla, IL 61

In 1980, corn was harvested from six 15-ft rows in
each of 67 fields in Georgia for aflatoxin analysis.
Every sixth ear from each field was placed in asample
bag to be dried the day of collection. The rest of the
corn was husked and shipped to Peoria in cardboard
hoxes. When undried ear samples arrived in Peoria,
each sample was randomly separated into 5equiva-
lent subsamples. One set of 67 subsamples was
shelled and dried as soon as Eossmle to avoid further
aflatoxin formation. Two other sets of 67 subsamples
were stored 3 and 6 weeks before shelling and drying.
The remaining 2 sets of ear samples were placed in
plastic bags with 5% Monoprop (L part propionic acid
plus 1 part versite) and stored 3 and 6 weeks before
shelling and drying. The samples dried in Georgia
before shipping had an average total aflatoxin level
0f217ng/g. Samplesshelled and dried immediately
after arrival had an average level of 202 ng/g. Sam-
Eles shelled and dried after 3and 6 weeks of storage

ad average total aflatoxin levels of 417 and 387 ng/g,
respectively. Samples stored 3 and 6 weeks in the
presence o 5% Mono prop ZS%Proplonlc acid) had
average total aflatoxm levels of 120 and 157 ng/g
respectively.

An Ad Hoc Work Group was organized in 1979
under the auspices of the U.S. Department of
Agriculture to examine and summarize current
knowledge regarding mycotoxin surveys, sam-
pling techniques, conditions conducive to post-
collection production of mycotoxins in grain
samples, and analytical methods for mycotoxin
analysis (1). The emphasis of the study was on
corn suspected of containing aflatoxin. One
report indicated an increase in aflatoxin con-
centration of approximately 10-fold (from 200 to
2300 ng/g) in a 3-day period when a field-har-
vested corn sample was stored at high moisture.
The Ad Hoc Work Group, therefore, recom-

oy

S
19;
oar

z CD(-D_;&O

5th AnrH&I Meeting of the AOAC, Oct,
e&f‘ nitl\al CLH{ur? égé@g“g eﬂl tﬁe%ﬁ hern Ce%n%glgl
e|0n ogflrm names or trade &’%JC ?]do%woﬂ)lmgly
aree ursed or ?h ﬁ I

en o Arlcu IS OVl Ottt TGt i arproduc not
??ecelved January 15,1982, Accepted April 23, 1962

o aion 3 O g o

Department o AG%rlcuIture , Agricultural Research Service, Northern Regional Research

mended that corn samples be dried as soon as
possible after collection to moisture levels of
13-13.5% or cooled rapidly to 0°C to prevent
mold growth and metabolite formation.

To determine the validity of this recommen-
dation, freshly harvested dent corn was collected
at maturity from 57 fields in Georgia in the crop
year 1979 (2). The husked corn was randomly
separated into 2 sets of 57 matched samples. One
set was dried the day of collection in Georgia; the
other set was shipped to Peoria before drying.
The latter set was shelled and dried as scon as
possible after arrival in Peoria to prevent further
toxin formation. Of the 57 samples dried in
Georgia, total aflatoxin levels were less than 20
ng/g in 82%; the average total aflatoxin level in
all samples was 36 ng/g. In the matching 57
samples dried in Peoria after shipment, total af-
latoxin levels were below 20 ng/g in 70% of the
samples; the average aflatoxin levels in all sam-
ples that had been dried later was 78 ng/g.
These results indicated that aflatoxin did form
during shipment of the 1979 freshly harvested
corn from Georgia.

We are now reporting the results of a study on
freshly harvested 1980 corn samples from
Georgia in which we attempted to prevent mold
growth and aflatoxin formation by use of Mo-
noprop. Monoprop is a mixture of 1 part pro-
pionic acid plus 1 part versite. Versite, a horti-
cultural vermiculite, serves as an inert support
facilitating the handling of propionic acid in the
field or laboratory.

METHOD
Sample Collection and Handling

Six 15-ft rows of 1980 mature dent corn were
harvested from each of 67 fields in the coastal
plain region of Georgia from July 22 to Septem-
ber 16, 1980. One set of samples consisted of
every sixth ear of husked corn and was placed the
day of collection in an oven at 60°C. Drying
took 72 h, after which the sample was shipped to
NRRC in Peoria to be shelled, prepared for
analysis, and analyzed for aflatoxins. The re-
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maining husked ears of com which had not been
dried were placed in corrugated cardboard boxes
packed with newspapers for shipment to NRRC.
Samples were in transit an average of 7 days.
The average temperature to be expected in the
areas through which the samples were shipped
and at the time of the year they were shipped was
74°F. In these areas over the years, the average
daily maximum temperature was 84°F; average
daily minimum temperature was 64°F. Upon
arrival in Peoria, each undried ear corn sample
was separated into 5 equivalent subsamples.
One of the 5 subsamples was shelled and dried
as soon as possible (overnight, 80-90°C). The
other 4 subsamples were handled as follows:
One was stored 3 weeks before shelling and
drying; a second was stored 6 weeks. Two sets
of samples were placed in airtight plastic bags
with 5% Monoprop (5% of the weight of the ear
corn or 2.5% propionic acid). One treated sample
was stored 3 weeks, the other, 6 weeks. Storage
was at 78-85°F.

Preparation of Subsamples for Analysis

Each sample of shelled corn was coarsely
ground in a Straub disc mill. The coarsely
ground corn was finely ground to pass a No. 20
sieve in a 6-in. Raymond hammer mill fitted with
a screen with y8-in. perforations before being
blended in a Flobart planetary mixer.

Aflatoxin Analysis

Portions of each subsample (50 g) were ana-
lyzed for aflatoxin by the method designated as
the CB (Contaminants Branch) method, adopted
by both the AOAC (3) and the American Asso-
ciation of Cereal Chemists (4).

Results and Discussion

The average number of ears in each of the
subsamples was 16; the average weight of the
shelled corn from each subsample was 1.5 kg.

Aflatoxin incidences and levels in the 6 sets of
subsamples with varying storage times and Mo-
noprop treatment are summarized in Table 1
The set of samples that was dried in Georgia be-
fore shipment obviously best represents aflatoxin
occurrence in 1980 corn in that state. The fields
had been sampled to be representative of the
state. The incidence of samples with detectable
aflatoxin was 93%; the incidence of samples with
aflatoxin at levels equal to or greater than 20
ng/g (the Food and Drug Administration
guideline) was 75% as contrasted with a 37% in-
cidence of samples with detectable toxin in 1979
Georgia corn and an 18% incidence of samples of
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violative aflatoxin levels in the same year (2).
The average total aflatoxin levels in all 1980 corn
samples collected and dried in Georgia was 217
ng/g; in 1979; the average level was 36 ng/g.

In 1980, a comparison of the results of aflatoxin
analysis of the subsamples dried in Georgia be-
fore shipment and of those obtained on sub-
samples dried in Peoria upon arrival revealed no
overall differences in levels of aflatoxin deter-
mined or in the incidences of samples with de-
tectable or violative levels of aflatoxins (Table 1).
The samples were dried in Georgia the day of
collection. The average time in transit was 7
days at an average temperature about 74°F. The
average total aflatoxin level in all samples dried
in Georgia was 217 ng/g; the average level in
samples dried in Peoria immediately after arrival
was 202 ng/g. All samples were husked as they
were collected. The average toxin level in
samples stored 3 weeks in Peoria before drying
was 417 ng/g; the average level in samples stored
6 weeks before drying was 387 ng/g. There was
a statistically significant increase in total afla-
toxin levels when stored samples were compared
to unstored samples.

A highly significant effect was associated with
the Monoprop treatment, in that there were de-
creases in total aflatoxin levels when samples
were stored in plastic bags with 5% Monoprop
(2.5% propionic acid). In fact, levels were de-
creased by a factor of about one-half (Table 1).
The concentration of Monoprop used may have
been high enough to affect aflatoxin levels.
There have not been reports of aflatoxin de-
struction in corn caused by propionic acid, but
the hemiacetal, aflatoxin B2a does form slowly
in acidic agqueous or acetone solutions (5, 6).
Lower levels (0.4-1.0%) of propionic acid have
been found to be effective in inhibiting growth
in high moisture (e.g., 25%) shelled corn (7). We
used higher concentrations (2.5%) of propionic
acid because our samples were ears of corn and
penetration might be more difficult.

The 1980 Georgia samples were separated into
3 groups according to moisture levels at harvest
when the samples were collected: low (12.7-
18.7%), medium (19.1-24.9%), and high (25.7-
47.6%). The higher moisture samples initially
had lower levels of total aflatoxin than the lower
moisture samples (Table 2) but reached compa-
rable aflatoxin levels during transit from Georgia
to Peoria. The aflatoxin level of the samples
with the higher moistures increased during
transit by a factor of 2.66, which is significantly
different from the expected ratio of 1.00 if there
were no difference. In 1979 (2), the samples



Table 1. Comparisons of aflatoxin levels jn 1980 corn samples dried in Georgia and dried in Peoria after shipping, after storage, or after treatment with 5% Monoprop a

Total aflatoxin,
ng/g

ND

<20
20-99
100-499
500-999
>1000

% incidence
% >20 ng/g
% >100 ng/g
Average level
(ng/g), all
samples
Average level
(ng/g),
positive
samples

Dried in GA
No. of

samples %
5 7.4
12 17.9
28 41.8
16 23.9
2 3.0
4 6.0

93

75

33

217

235

3 Six sets of 67 matched samples.

Shipped to NRRC

before drying

No. of

samples %

0 0
18 26.9
21 31.3
22 32.8
3 4.5
3 4.5

100

73

42

202

202

Stored 3 weeks before drying

Untreated
No. of

samples %
3 45
13 19.4
17 25.4
19 28.4
7 10.4
8 11.9

96

76

51

417

436

Treated
No. of

samples %
5 7.4
12 17.9
27 40.3
20 29.8
2 3.0
1 15

93

75

34

120

130

Stored 6 weeks before drying

Untreated
No. of

samples %
1 15
7 10.4
20 29.8
24 35.8
7 10.4
8 11.9

99

89

58

387

392

Treated

No. of
samples

%

157

172
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Table 2. Geometric mean (ng/g) total aflatoxin for 1980 corn samples grouped by Initial moisture at harvest
No. of
Moisture, No. of samples with
% samples increased aflatoxin GD3 PDb PD/GD

12.7-18.7 20 h 57.96 62.40 1.083
19.1-24.9 22 13 86.95 72.88 0.84
25.7-47.6 25 16 26.16 69.55 2.66*

3 GD = Dried in Georgia the day of harvest or collection.

6 PD = Dried in Peoria after shipment from Georgia.

c Least significant ratio assuming 20 samples per mean is 2.18.

4 Ratio significantly different from 1.00 at the 0.05 level.

with the highest moisture levels at harvest also References

had the lowest aflatoxin levels and changed most
during transit from Georgia to Peoria.

In future studies, we plan to investigate the
minimum levels of propionic acid required to
prevent aflatoxin formation in corn after col-
lection and the reaction of propionic acid on af-
latoxin in corn.
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Presumptive Screening Test for Seminal Acid Phosphatase Using
Sodium Thymolphthalein Monophosphate

HOWARD SEIDEN and GEORGE T

DUNCAN

Broward County Crime Laboratory, PO Box 9507, Ft Lauderdale, FL 33310

The use of sodium thymolphthalein monophosphate
for presumptive seminal acid phosphatase testlng is
discussed. Recent evidence reveals that the

(o-dianisidine) used in condunctwn with a- naphthyl
phosphate for seminal acid phosphatase testing is a
carcinogenic hazard. Numerous tests for seminal
acid phosphatase were conducted with swabs from
sexual assault kits to compare both substrates. Re-
sults of tests using sodium thymolphthalein or
a-naphthyl phosphate correlated exactly. Sodium
thymolphthalein is an effective alternative for pre-
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liminary seminal fluid analysis because of its high
degree of selectivity and stability, and because it
eliminates the potential health hazard.

The forensic scientist, when confronted with
clothing or material involving sexual assault,
requires a sensitive, quick screening test for
seminal fluid. The screening testwould indicate
to the examiner that seminal fluid may be present
and further analysis is required. The testwould
save considerable time locating individual sem-
inal stains.

A
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Of the numerous components of seminal fluid,
the detection of the enzyme acid phoslphatase
serves as a useful preliminary exam. Although
not unique to seminal fluid, its abundance and
persistence make it feasible to use as a pre-
sumptive test on material |nv0Ivm% suspect
seminal fluid. Numerous substrates for detec-
tion of acid phosphatase have been used by fo-
rensic serologists. The principal screening test
for seminal acid phosphatase (SAP) uses a-na-
phthyl phosphate as a substrate and an azo-dye
reagent (Fast Blue B) asa chromogen. Addition
of these chemicals to suspect seminal stains re-
sults in the rapid formation of a brightly colored
complex from colorless components. This con-
vinces many analysts of the fossmle presence of
human prostatic secretion (1)

Recent investigations have shown that the
benzidine congeners (o-dianisidine) and benzi-
dine-based dyes used in SAP reactions may pose
a carcinogenic threat. Evidence indicates that
humans aswell as other animals can revert ben-
zidine-based dye to benzidine by the enzyme
azoreductase. This enzyme acts on numerous
azo-compounds in vivo and in vitro (2).

Because of the large amount of SAP testing and
the potential carcinogenic effect of the azo-dyes,
this laboratory is currenth using sodium thym-
olghthalem monophosphate as a substitute
substrate for presumptive analysis. This reaction
consists of acid phosphate hydrolysis of sodium
thymolphthalein monophosphate to thymol-
phthalein and phosphate (3). Raising the pH
terminates the hydrolysis while simultaneously
developing an intense'blue color. This substrate
has a high de?ree of selectivity for prostatic en-
zyme and is less affected by nonprostatic acid
phosphatase (4). To date, no known carcino-
%enlc effects have been reported for sodium

hymolphthalein (5).

Experimental
Reagents

(@) citrate buffer.—Dissolve 29.4 g trisodium
citrate dihydrate in 1L water (Solution A), and
add 2.1 g citric acid monohydrate to 100 mL
water gSO|UtI0n B?. Add enough Solution B to
about 900 mL Solution A to bring pH to 5.95
25°C). This buffer is stable (4-8°C% >6 months

4),

)E)b) Sodium thymolphthalein monophosghate.—
60 tained from Sigma Chemical Co.). Dissolve
185 ¢ sodium thymolphthalein in 100 mL buf-
fer, topH 6.0 (4). _

((jq) Color developer.—Prepare by adding 1 g
sodium hydroxide to 5 mL water.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

If less buffer is required for SAP testing, cut
reagent concentrations proportionally. = Use
Brij-35 as wetting agent.

Examination

Ninety-seven tests were conducted on control,
saliva, and vaginal swabs and clothing from rape
evidence kits. The swabs and clothing con-
taining suspect seminal stains were saturated
with sodium thymolf)hthaleln solution. After
5 min, 2 drops of color developer were added,
and color intensity of the enzyme reaction was
noted. A 5-min réaction time was minimum for
good color development with moderate acid
Fhothatase levels, while not allowing time for
ow level substances such as vaginal fluids to
develop much color, if any. _

As a reference to each test, a-naphthyl acid
phosphate and Fast Blue B salt were used and the
color reactions were compared with_those of
thymolphthalein monophosphate. The reac-
tions were graded as strong, medium, weak, and
no reaction. A strong reaction yields adeep dark
blue, while a medium reaction is blue. Those
judged weak gave a greenish light-blue tint, and
no reaction gave no color. Other material tested
included bovine, potato, and wheat germ acid
phosphatases. ~ Standard saliva, vaginal, and
seminal fluid were also examined.

Results

The strong, medium, and weak reactions of
thymolphthalein correlated exactly with the
reference purple reactions of Fast Blue B on 96
examinations. In one instance in which the
vaginal swab was bloody, the thymolphthalein
reagent gave a weak reaction and the Fast Blue
B reagent gave a negative reaction. However,
it has been reported in the literature that blood
may interfere with the a-naphthyl phosphate
reaction and cause an inexperienced person to
incorrectly judge the reaction positive (6). We
found that it is easier to judge the blue thgmol-
phthalein reaction in the presence of blood
rather than the purple reaction of Fast Blue Band
a-naphthyl phosphate.

Standard saliva and va%mal swabs were neg-
ative. Bovine acid phosphatase and potato acid
phosphatase were also negative; however, large
amounts of wheat germ acid phosphatase gave
a greenish-blue tint.  Some concentrated va?_lnal
and buccal stains gave a similar color. In light
of this, any substance giving a greenish-blue tint
would be deemed negative; only dark blue re-
actions would be accepted as presumptive evi-
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dence for seminal acid phosphatase. A blank
swab gave ayellowish reaction.

Summary

Sodium thqulphthaIein monophosphate
serves as an effective substitute for presumptive
seminal acid phosi)ha_ta_se testing. It possesses
ahigh degree of selectivity and reagent stability,
and eliminates the potential health hazard from
the benzidine direct and congener dyes.
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Rapid Extraction and Gas-Liquid Chromatographic Determination of
Benzoic and Sorbic Acids in Beverages

RICARDO G, COELHO! and DAVID L NELSON
Federal University of Minas Gerais, Institute of Biological Sciences, Department of

Biochemistry-Imrunology, C.P. 2486, 30000 Belo Horizonte, Minas Gerais, Brazil

A rapid method for extraction and quantitative de-
termination of sorbic and benzoic acids in carbonated
drinks and fruit juices is described. Acidified sample
aliquots are transferred onto an Extrelut column.
Acid preservatives are then eluted from the column
with a mixture of ethyl ether-petroleum ether.
Content of preservatives in the concentrated ethereal
extract is readily determined by temperature-pro-
grammed gas-liquid chromatography without the
need to prepare derivatives.

Benzoic and sorbic acids are widely used as pre-
servatives in several kinds of food. Gas-liquid
chromatographic (GLC) methods are quick and
sensitive and have frequently been used for de-
termination of these compounds. Two methods
are generally used for isolating these Freserva-
tives from food: steam distillation followed by
extraction of the distillate by ether (1-3) or by a

n-
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mixture of organic solvents (4, 5) and direct ex-
traction of the acidified sample by an organic
solvent (6-11). More recently, Schindler and
Sproer (12) developed a method for the extrac-
tion of benzoic acid and the esters of p-hydrox-
ybenzoic acid from enzymatic preparations,
which uses an Extrelut prepacked column con-
taining silica with a large pore granular structure.
It is used for extracting lipophilic substances
from the aqueous phase by liquid-liquid partition
chromatography.

The present work demonstrates that %ood re-
sults can be obtained by using the extraction
technique on the Extrelut column, followed by
gas-hquld chromatography, for the quantitative

etermination of benzoic and sorbic acids in soft
drinks and fruit juices.

METHOD

Reagents and Apparatus

(a)  Extrelut* column.—E Merck, Darmstadt,
GFR.

0004-5756/83/6601 -0209-03%$01.00
© Association of Official Analytical Chemists, Inc.
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(b) Gas-liquid chromatograph.—Perkin-Elmer
Model 900 equipped with flame ionization de-
tector. Conditions: 6 ft X \&in. id stainless steel
column contalnln% 10% SE-30 on 80-100 mesh
Chromosorb W-HP; column temperature pro-
grammed from 50 to 170°C at 24°/min; injection
portand detector 230°C; flow rate (nitrogen) 42
mL/min.

(c) Internal standard solution.—0.3 g n-butyl
benzoate in 100 mL methanol.

Preparation of Standard Curve

Prepare 5 mL standard solutions _containingb.l,
2, 4,6,8, 10, 12, and 13 mg benzoic and sorbic
acias/mL, respectively, in solutions of internal
standard. Analyze 2 pL aliquot bK.GLC. Stan-
dard curve was selected such that highest possi-
ble correlation coefficient was obtained: r2 =
0.9986 and 0.9960 for benzoic acid and sorbic
acid, respectively.

Experimental Procedure

Acidify 25 mL portion of sample (fruit juice or
previously decarbonated soft drink) to pH = 1
with 8 drops of concentrated HC1 and pipet 20
mL directly onto Extrelut column. Wait 15 min
and then rinse column with <2 mL water. Elute
preservatives from column with 60 mL mixture
ofethyl ether-petroleum ether (3 + 1? Evapo-
rate eluate to dryness under stream of dry air at
room temperature. Pipet 2 mL internal standard
solution onto dry residue and subject 2 pL aliquot
of this final solution to GLC analysis under
specified conditions, Calculate concentrations
of organic acids relative to internal standard from
measurement of peak areas by triangulation.
Concentration of preservative is given by the
following equation:

Preservative (ppm) = 2000 C/A

where C = concentration of preservative on the
standard curve in mg/mL; A = quantity of sam-

" )—-
—

»

[Py

8
TIME (min )

Figure 1. Representative chromatogram of mixture

of preservatives. 1,solvent; 2, sorbic acid; 3, benzoic

acid; 4, butgl benzoate (internal standard); 5, methyl

p-hydroxybenzoate; 6, ethyl p-hydroxybenzoate; 7,
propyl p-hydroxybenzoate.

pie taken for analysis in mL; 2000 = dilution and
unit transformation factor.

Results and Discussion

GLC analysis is performed in approximately
6 min and peaks are well resolved. Figure lisa
typical chromatogram showing the separation of
benzoic and sorbic acids under the specified
conditions. o .

Interference from other fruit juice or soft drink
constituents in the chromatogram was not ob-
served. An attemptwas made to determine the
acids on the SE-30 column operating isother-

Table 1. Recoveries of sorbic and benzoic acids in beverages
Sorhic acid Benzoic acid
Sl A%jgdB For%gdb Reo%.,c Adrggd?; For%db R%?O.,c
e A1 A BB ogm g
J ot 18950 4154 : B0 e

20m
a

[ ns

ﬁgtan \gtﬁfe\(/%%ﬂ)e s, for 9 determination
C tangar eviation forO/Erecovery Was (?étermined from % recovery for each of 9 determinations.
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mally (2, 5), but tailing of the solvent peak
sometimes interfered in measurement of sorbic
acid, as was observed by Clarke etal. (2). Such
interference did not occur with temperature
pr_o%ram_mlng. Peaks were Gaussian with a
slight tailing which does not interfere with the
measurements, and no variation of the standard
curves with time was observed. The fact that
these conditions are also adequate for the anal-
ysis of the esters of p-hydroxybenzoic acid is
shown by Figure L

Recovery experiments were based on a total of
9 determinations carried out on soft drinks and
fruit juices to which known amounts of sorbic
and benzoic acids were added. o

The range of initial concentration used in this
study was 500 to 1000 ppm. The results obtained
are shown in Table 1. Recovery was satisfactory
for soft drinks. The lower recoveries in the ex-
traction of fruit juices may be due to the retention
of preservatives in particles of fruits suspended
in the juice and retained in the filter on the top
of the column. The present method was fast
(total time for analysis is about 30 min), relatively
Inexpensive, and sensitive for routine determi-
nations of benzoic and sorbic acids in soft drinks,

although the recovery from fruit juices is slightly
less than optimum.
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Dictionary of Food Ingredients. By Robert .
[goe. Published by Van Nostran
Reinhold, 135 W 50th St, New York, NY
10020, 1982. 192 pp. Price: $17.95.

_ Information on 996 Bermissible food
ingredients approved by the U.S. Food and
Drug Administration is provided by this
reference book. An alphabetical listing
supplies descriptions of each ingredient's
function, properties, and applications.
Typical usage levels are %lven_and chemical
formulations for many of the ingredients.
Included is such information as solubility, pH,
synonyms, and compatibility with other
ingredients. The ingredients are grouped by
function into 14 categories such as
antioxidants, sweeteners, preservatives, and
vitamins. The author describes the general
functional characteristics and applications of
each category.

Advances in Steroid Analysis. Analytical
Chemistry Symposia Series Volume 10.
Proceedln%s of the Symposium on the
Analysis of Steroids, Eger, Hungary, May
20-22, 1981. Edited by S. Gorog. Published
by Elsevier Scientific Publishing Co., PO
Box 211, 1000 AE Amsterdam, The
Netherlands, 1982. Also available from
Elsevier Science Publishing Co., Inc., 52
Vanderbilt Ave, New York, NY 10017, 464
pp. Price: US $104.75/Dfl. 225.00. ISBN
0-444-99711-3.

The 71 papers which comprise this volume
form a state-of-the-art survey of the two main
fields of steroid analysis—hiological-clinical
and industrial-pharmaceutical. "Hormones,
sterols, D vitamins, bile acids, cardiac
glycosides, and the methodological problems
volved in their analysis are covered. Papers
in the biological-clinical field deal mos_tl¥ with
the application of protein binding (mainly
immunological) methods, with
chromatographic separation and gas
chromatographic-mass spectroscopic methods
included. Methods used in the industrial-
pharmaceutical field are mostl¥ thin-layer
chromatography and high performance liquid
chromatography. Maodernized versions of the
classical methods of spectrophotometry and
polarography are also reported.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

Handbook of Organic AnaI%ti_caI Reagents.
Edited by K. L. Cheng. Published by CRC
Press, Inc., 2000 Corporate Blvd, NW, Boca
Raton, FL 33431,1982. 544 pp. PrePub.
price: $74.00, outside U.S. $84.00. 1SBN 0-
8493-0771-6.

This work-bench reference describes
classical and modern organic analytical
reagents used in the analysis of inorganic
substances, organic and biochemical
substances, and in instrumental analyses.
Theoretical discussions of applications of
organic analytical reagents with respect to
masking and demasking, specificity,
sensitivity, solvent extractions, and other
chemical separations are presented. The
following information is given on each
reagent: general method of synthesis, purity
criteria and method of purification, ph¥3|cal
properties, molecular formula, water of
crystallization, structural formula, absorption
spectral data. Special data are given for
chelating, precipitating, and redox reagents.
References and ideas for future research are
included.

Methodology of A_nalgtical Toxicology.
Volume IT. Edited by Irving Sunshine.
Published b){ CRC Press, Inc., 2000
Corporate Blvd, NW, Boca Raton, FL 33431,
1982, 272 pp. Prepub. price; $42.50,
outside U.S. $49.00. ISBN 0-8493-0771-1.

Volume I1'is a continuation of a series of
alternative systematic analyses of medication
suspected to be the cause of illness.

Preservation of Food by lonizing Radiation.
Edited by Edward S. oseBhson and Martin
S. Peterson. Published by CRC Press, Inc.,
2000 Corporate Blvd, NW, Boca Raton, FL
33431, 1982. Volume I: 3848p.,i)repub.
gnce $99.50, outside U.S. $110.00 ISBN 0-

493-5323-8; Volume II: 352£p., prepub.
grlce $92.50, outside U.S. $106.00, ISBN 0-
493-5324-6; Volume I1I: 320 pp., prepub.
gnce $92.00, outside U.S. $104.00, ISBN 0-
493-5325-4.

The underlying science and technology of
this food preservation process, ionizing
radiation, is described in detail from the
chemical, physical, and biological effects on



NEW PUBLICATIONS:

food to the problems and limitations
encountered, and the successful application to
specific food groups. Discussions are
included on radiation dq5|met_r%, health
physics for people working with the
Irradiation process, adjusting radiation doses
for specific needs, lethal effect on
microorganisms and insects, and effects of
irradiation and relatlonshlPs to changes in the
flavor, texture, and color of food.

Chemical Analysis of Inorganic Constituents
of Water. Edited by Jon C. Van Loon.
Published b¥ CRC Press, Inc., 2000
Corporate Blvd, NW, Boca Raton, FL 33431,
1982. 2645 . Price $74.50, outside U.S.
$85.00. 1SBN 0-8493-5209-6.

This volume describes the analysis of
chemicals in water from maintaining sample
integrity to_analytmal procedures, through the
interpretation of results. Determination of
various chemicals in a sample are described via
the following analytical methods: EDTA
complexometric titration, atomic absorption
spectrophotometry, atomic emission
spectrometry, ion-selective electrode methods,
ion chromatography, and flame photometry.
Procedures, reagents, equipment, and
calculations are included for each method
presented. The analytlcal(fo_tentlal of
recently developed methods is also discussed.

Recommended Health-Based Limits in
Occupational Exposure to Pesticides.
Report of a WHO Study Group. World
Health Organization Technical Report
Series No. 677. 1982. Available from WHO
Publications Centre USA, 49 Sheridan Ave,
Albany, NY 12210. 110 pg. Price: Sw.fr.
8.-. Arabic, French, and Spanish editions in
preparation. ISBN 92-4-1206772.

WHO has embarked on a program of
establishing internationally recommended
health-based occupational exposure limits.
Recommendations are being made by a series
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of study groups, each convened to evaluate a
group of related substances. .
The present report deals with the pesticides
malathion, carbaryl, lindane, and dinitro-o-
cresol, all widely used in agriculture or public
health or both. "Primary emphasis is laid on
epldemlololglcal studies of industrial and
agricultural' workers. Particular attention is
paid to relevant recommendations of other
International bodies. Each section of the
report contains recommendations for further
studies on the health effects of the 4 pesticides
and the report concludes with some general
recommendations for pesticide research.

Chemistry & Biochemistry of Marine Food
Products. Edited b% Roy E. Martin and
George J. Flick. Published by the AVI
Publishing Co., PO Box 831, Westport, CT
06881, 1982. 475 pp. Price: U.S. $49.50,
other countries $54.50. 1SBN 0-87055-408-5.

A new reference book, this represents the
first attempt to draw together in one forum the
present knowledge concerning the chemistry
and biochemistry of marine food products. It
includes large amounts of data and references
translated from foreign sources now appearm?
for the first time in U.S. scientific literature. It
includes information on seafood technology,
byproduct utilization, and recent advances in
marine product preservation.

Statistical Methods for Food and Agriculture.
Blg F. E Bender, L. W. Douglass, and A.
ramer. Published by AVI Publishing Co.,
PO Box 831, Westport, CT 06881, 1982." 345
pg. Price: U.S. $25.00, other countries
$27.50. ISBN 0-87055-391-7.

Theory, uses, and applications of statistics as
decision-making tools in the food and
agriculture industries are described in this
book. Designed as a self-contained study unit
for use as a textbook in collegesand
universities, it ﬁresents.statlsncal.technlques
used in research analysis and business
operations.
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Environmental Carcinogens. Selected
Methods of Analysis. Volume 4—Some
Aromatic Amines and Azo Dyes in the
General and Industrial Environment.
Edited by H. Egan, L. Fishbein, M.
Castegnaro, 1. K. O'Neill, and K. Bartsch.
Published by International Agenc for
Research on Cancer, Lyon Cedex Z, France,
1981. 1ARC Publication No. 40. Available
from WHO Publication Centre, 49 Sheridan
Ave, Albany, NY 12210. xiii + 350 pp.
Price $30.00. ISBN 92-8-3211405.

Originally considered to be a potential
hazard only to workers in the dye, rubber, and
chemical industries, exposure to carcinogenic
aromatic amines and related compounds is
now amore general environmental problem.
This book, Volume 4 in aseries dedicated to
the analysis of environmental carcinogens,
provides reviews and anali/]tlcal monographs
contributed by various authors.

By virtue of the number of identified _
compounds which are potentially carcinogenic
to man, the list of monographs is not complete.
The monographs, which have all been
published elsewhere, are consistent in their
style and format and provide adequate details
on the methodologies, hazards, and
applicabilities of each technique. The vast
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mag'_lority of the techniques described utilize GC
or HPLC, reflecting the important
contribution made hy advances in the
chromatographic sciences to research in
environmental toxicology. _

The literature dealm% with the analysis of
aromatic amines and related compounds is
well reviewed in a chapter by Fishbein. Most
of the book is devoted to those compounds
found in the industrial environment. Their
occurrence is reviewed in Chapter4. A
similar review of the scope of the problem ir.
the non-industrial environment is not
included, presumably because the occurrence
and long term applications of potentlall?;_
carcinogenic amines found in food, clothing,
drugs, and tobacco smoke is not well defined,
whereas the discussion in this book is
restricted to specific examples.

This book is recommended as an up-to-date
source of reference of interest primarily to
those engaged in the analysis of aromatic
amines. Informative and well referenced
review chapters on the carcinogenicity,
metabolic activation, and occurrence of these
substances also provide a more general appeal.

C. M. Riley
University of Kansas
Lawrence, KS 66045
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FOR YOUR

A New YearandaNew Presidentfor
AOAC—Warren Bontoyan of EPA

Warren R. Bontoyan, achemist and Chief of
the Environmental Protection Agency's
Chemical and Biological Investigations Branch
with laboratories located at Beltsville, MD, is
President of AOAC for 1983. He is active in
the development and standardization of
chemical methods of analysis and in national
and international scientific organizations. He
is listed in Who's Who in America.

The Environmental Protection Agency
Beltsville Laboratories which he directs are
concerned W|th(§)est|p|de residues, pesticide
degradation, and toxic impurities and/or
contaminants associated with pesticides in
technical and commercial products. He and
his colleagues have given and continue to give
valuable assistance to many state, municipal,
and foreign government laboratories. Mr.
Bontoyan has 25 publications on the analysis
of pesticides, related chemicals, and toxic
impurities and has given numerous
presentations at national and international
meetings on special studies and analysis of
pesticides. He is the editor of the
Environmental Protection Agency Manual of
Chemical Methods for Pesticides and Devices
published by the AOAC. .

Warren Bontoyan has been an active
member of the AOAC since 1960. Since 1962,
he has served as Associate Referee for a
number of topics, was General Referee for
Pesticide Formulations from 1974 to 1981, and
was made a Fellow of the AOAC in 1973.

He has served on the Long Range Planning
Committee, Gas Chromatography Committee,
International Cooperation Committee,
Committee A, Qual_ltY Assurance Committee,
Symposia and Special Programs Committee,
Centennial Committee, as AOAC
representative to the Collaborative _
International Pesticides Analytical Council
CIPAC), and as a member of the Board of

irectors. .

Mr. Bontoyan is the U.S. Member of CIPAC,
amember of the World Health Organisation
(WHO) Panel of Experts on the Specification
and Chemistry of Pesticides, the American
Association of Pesticide Control Officials
AAPCO), the Food and Agriculture

rganisation (FAO) Panel of Experts on

INFORMATION

Pesticide Specifications, American Chemical
Society (ACS), Alpha Chi Sigma, International
Union of Pure and Applied Chemistry

IUPAC), and the American Institute of

hemists, and is a Fellow of the American
Institute of Chemists. He organized and
chaired asession on the Safety Aspects of
Formulated Products at the Fifth International
Congress of Pesticide Chemistry (IUPAC) held
in Japan in 1982. _

“He has 27 years of federal service
distributed among the U.S. Department of
A%rlc_ulture,_the S. Food and Drug
Administration, and the U.S. Environmental
Protection Afgency, and is a graduate of the
University of Maryland.

Warren Bontoyan lives in Perry Hall,
Maryland, is married to the former Gladys
Francis Daughaday and has two children,
Warren and Suzanne. He has been active in
the Bo_>{ Scouts of America and is a church
(éohunmh member of St. Michael's Lutheran

urch.

AOAC Supporters—Nearand Far

Industry here and abroad is aware of the
need to support an independent methods
validation association. Leatherhead Food
R.A., Surrey, England, Agwaﬁ,. Inc., Syracuse,
NY, Chevron Chemical Co., Richmond, CA,
Kellogg Co., Battle Creek, MI, Thomas J.
Lipton, Inc., Englewood Cliffs, NJ, Quaker



216 FOR YOUR INFORMATION: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983)

Oats Co., Chicago, IL, and ITT Continental
Baking Company, Inc., Rye, NY, are the most
recent additions to the list of those indicating
this awareness by providing financial support
to AOAC.

Meetings

February 13-17, 1983: International
Conference on Qils, Fats, & Waxes; University
of Auckland, Auckland, New Zealand.
Contact: S. G. Brooker, International
Conference on Oils and Fats, Chemistry Dept,
University of Auckland, Private Bag,
Auckland, NZ. _

February 15-19, 1983: American Academy of
Forensic Sciences 35th Annual Meeting,
Stouffer's Cincinnati Towers & Convention
Center, Cincinnati, OH. Contact: AAFS, 225
S Academy Blvd, Suite 201, Colorado Springs
CO 80910; 303/596-6006. _

March 1-3, 1983: Symposium on Soil
Erosion and Crop Productivity, Executive
Tower Inn, Denver, CO. Contact: ASA,
CSSA, SSSA Headquarters Office, Attn:
Denver Symposium, 677 South Segoe Rd,
Madison, W1 53711. _

April 7-8, 1983:  Committee E-Il on
Statistical Methods, ASTM Headquarters,
Philadelphia, PA. Contact: Bill Hulse, 215/
299-5507.

April 19-21, 1983: AOAC 8th Annual
Spring Workshop and Exposition, Sheraton
West Hotel, In_d|ana|ooll_s, IN. Contact:
Lawrence Sullivan, Indiana State Board of
Health, 1330 West Michigan St, Indianapolis,
IN 46206; 317/633-0224. . _

June 5-8, 1983: 66th Canadian Chemical
Conference, Convention Centre, Calgar?(/,I
Alberta, Canada. Contact: Arvi Rauk, MCIC,
DeFartment of Chemistry, Univ. of Calg)ary,
Ca (_}ary, Alberta, T2N 1N4 Canada; 403/284-
6241, or The Chemical Institute of Canada, 151
Slater St, Suite 906, Ottawa, Ontario, KIP 5N3
Canada; 613/233-5623. _

June 7-10, 1983: 1Ist International
S?/mposmm on Drug Analysis, Free University
of Brussels, Brussels, Belgium. Contact: C.
Van Kerchove, Societé Belge des Sciences
Pharmaceutiques—Belgisch Genootschap voor
Pharmaceutische Wetenschappen, rue
Archimedesstraat 11, B-1040 Brussels, Belgium;
telephone (02) 733 98 20 est. 33,

June 22, 1983: ASTM Committee E-3 on
Chemical Analysis of Metals "Symposium on
Computers in Chemical Analysis," Kansas
City, MO. Contact: Kathy Greene, ASTM

Publications Division, 1916 Race St,
Philadelphia, PA 19103; 215/299-5414.

July 17-23, 1983; SAC 83—International
Conference and Exhibition on Analytical
Ch_emlstr){], University of Edinburgh,
Edinburgh, Scotland. Contact; P.E
Hutchinson, Secretary, Analytical Div., Royal
Society of Chemistry, Burlington House,
London, W1V OBN, UK. _

July 27-30, 1983: 3rd International
Conference on Instrumental Analysis of Foods
and Beverages—Recent Developments in
Chemistry and Technology, Corfu Hilton
Hotel, Corfu, Greece. Contact: D.J .
Mussinan, IFF R & D, 1515 Highway 36, Union
Beach, NJ 07735; 201/264-4500.

Course Offered

X-ray spectrometry and X-ray powder
diffraction.—The Physics Dept of the State
University of New York at Albany is offering
their annual 2-week summer courses in X-ray
spectrometrg, June 6-13,1983, and in X-ray
diffraction, June 20 to July 1, 1983. Neither
course requires previous knowledge or
experience. Course time will be divided
equally between lecture and laboratory-
problem solving. First week of both courses
will cover basic principles, techniques, and
practical applications.

For the spectrometry course, the 2nd week
will continue with fundamentals and practical
applications with emphasis on advanced
principles and techniques, absorption-
enhancement corrections including _
mathematical methods, computer calculations,
and computer automation of modern X-ray
spectrometers. Both wavelength dispersive
and energy dispersive methods will be used.

For the powder diffraction course, 1st week
emﬁh_asw will be on camera and film
tec nll(gues, X-ray instrumentation, especially
the diffractometer and its use, identification of
powder patterns, multi-phase identification,
and fundamentals of quantitative analysis.
Second week will emphasize diffractometer
alignment, complex quantitative analysis,
complex powder identifications, computer
automation of diffractometers, and computer
search-match methods. _

The registration fee for each course is
$800.00 for one week or $1500 for a 2-week
session.  For further information and to
register, contact Prof. Henry Chessin, SUNYA,
Dept, of vams, 1400 Washington Ave.,
Albany, NY 12222. Phone 518/457-8339.
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Poison Control MovementAnnounces New
Symbolin Public Awareness Campaign

This distinctive symbol used to identify
poison control centers and their activities soon
will become familiar to health care
professionals. The logo has been adopted by
the American Association of Poison Control
Centers for use by its more than 400 members
nationwide. Itis hoped that the general
public and the medical and hospital
community will learn to associate this symbol
with aplace to call for immediate help—their
local poison control center. For information,
call Ken Clair, 202/452-1188.




GET YOUR COPY OF THE
STATISTICAL MANUAL
OF THE AOAC

Who'’s your
authority on
statistical
analysis?

The Statistical
Manual of the
AOAC,

of course. Two manuals combined in one:
Statistical. Techniques for Collabo-
raﬁveqlests q

by W. J. Youden

A do-it-yourself manual for those with
little or no statistical experience.

nd
Plagnin &An%ysi of Results of
@)"agoratlve ESES
by E. H. Steiner
For the more experienced. Includes intro-

duction to analysis of variance and ex-
amples of application to interlaboratory

IF YOUR WORK INCLUDES DETERMINATION OF MYCOTOXINS YOU
SHOULD NOT BE WITHOUT MYCOTOXINS METHODOLOGY

A handy, up-to-date hook, MYCOTOXINS METHODOLOGY contains
methods for determining aflatoxins, ochratoxins, patulin, sterigma-
tocystin, and zearalenone in nuts, seeds, grains, dairy products, and
other foods.

MYCOTOXINS METHODOLOGY is the only officially recognized
collection of its kind. It is taken from Chapter 26
of the 13th edition of Official Methods of
Analysis of the AOAC, newly revised to
include additions and changes in
methods through March 1980.
Send check with order to

AOAC, suite 210-3

1111 N: 19th Street

Arlington, VA 22209

i S




Custom packing HPLC
columns has become our
specialty. Any length,
several ID's (including
: .. mm) and almost any
commercially available
packing material may be
specified. We'll supply the
column others won't.

With each column, you
will receive the original
test chromatogram plus
a vial of the test mixture.
Our advanced technology
and computer testing
IS your assurance of a
guality product.

When custom packing
and testing isyourspecial
concern, we make the
difference.

For further information contact:

ALLTECH ASSOCIATES, INC.
2051 Waukegan Road
Deerfield, lllinois 60015
312/948-8600

ALLTECH A

Fach
0one

K

0UT
special
concern

cusT om
POCKED

HPLC
columns

Specifications

The way
you want it!
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