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H o w  T o  U n c o v e r  
T h e  H i d d e n  C o s t s  

O f  C h r o m a t o g r a p h y .

Do you realize how much lower-purity HPLC solvents might be costing you? Consider the frequent consequences.
4 The c o s t  to repeat separation proce­

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

4 The c o s t  to regenerate a water 
deactivated column — this causes  
instrument "downtime” which re­
quires additional chromatographs to 
perform the sam e amount of work.

4 The c o s t  to wash off a residue-laden 
column — the residue decreases  
column efficiency.

4 The c o s t  of replacing columns, filters 
and check valves clogged with parti­
cles — this can increase costs from 
$200-800.

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

4 The cost of maintaining an additional 
inventory of several “grades” of 
purity (HPLC, GC, Spectro, etc.) — 
the quality of high purity solvents 
deteriorates while on a shelf.

4 The c o s t  to frequently evaluate the 
less uniform solvents — this diverts 
attention away from productive 
analytical time.
Avoid these “hidden costs" and time- 
consuming effects from using lower 
purity solvents. Switch to B&J Brand 
High Purity Solvents. Because, when 
it com es to c o s t  a n d  p erfo rm a n ce, 
there's no comparison. B&J Brand 
is your best value.

Sure, less pure solvents might be 
cheaper. But why jeopardize your 
chromatography results when you 
use them? In the long run, lower 
purity solvents can cost you more 
because of their inconsistent quality. 
Compare for yourself. If you're cur­
rently using lower purity HPLC 
solvents, try the highest purity sol­
vents — B&J Brand. You'll notice the 
difference right away.
Then do this. Figure out your cost- 
benefit equation for HPLC chroma­
tography. The answer will be pure 
and simple. For lower costs and 
better results, it’s B&J Brand High 
Purity HPLC Solvents.
Write or call today for a free technical 
bulletin about B&J Brand High Purity 
HPLC Solvents. Well also send you 
our distributor listing so you can con­
veniently order B&J Brand Solvents 
from a distributor near you.

Avoid the hidden costs. Switch to B&J Brand High Purity Solvents.
|TJ BURDICK&D l JACKSON

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



T h i s  K j e l d a h l  a p p a r a t u s  
h a s  a  m i c r o - a p p e t i t e  
f o r  n i t r o g e n  
d e t e r m i n a t i o n s .
O u r u n iq u e  ro ta ry  d ig e s t io n  a p p a ra tu s  is  d e s ig n e d  
fo r  m ic ro  a n d  s e m i-m ic r o  d e te rm in a t io n s *  a n d  o f fe rs  
s e v e ra l a d v a n ta g e s  o v e r  c o n v e n t io n a l d e s ig n s .

It e l im in a te s  t ro u b le s o m e  c o ld - e n d  f la s k s  a n d  f ix e s  
a ll tw e lv e  f la s k s  a t e q u a l d is ta n c e s  e n s u r in g  e v e n  
h e a t in g .  T h e  e n t ir e  a p p a ra tu s  o c c u p ie s  o n ly  
18 in c h e s  o f  b e n c h  s p a c e  a n d  it c a n  be  ro ta te d  to  
p o s it io n  a n y  f la s k  “ u p - f r o n t ”  o r, to  a g ita te  f la s k s .
A  v a r ia b le - v o l t a g e  t ra n s fo rm e r  m a y  be  u s e d  to  
e x p a n d  th e  te m p e ra tu re  ra n g e .
A  fu m e  h o o d  is  a v a i la b le  (a s  s h o w n )  to  f re e  y o u r  
la b o ra to r y  h o o d  fo r  o th e r  p u rp o s e s .
T h e  K o n te s  R o ta r y  D ig e s t io n  A p p a ra tu s  is  
e f f ic ie n t ,  c o m p a c t ,  a n d  e a s y  to  u se .
T o  s a t is fy  y o u r  a p p e t i te  fo r  m o re  p r o d u c t  in fo rm a t io n  
a n d  a p p l ic a t io n s  o f  th is  a n d  o th e r  K je ld a h l  
a p p a ra tu s ,  c o n ta c t  y o u r  K o n te s  m an  o r s e n d  fo r  
o u r p r o d u c t  b u l le t in .
‘Application papers Include use with plant and biological specim ens.

Q
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Vineland. NJ 08360 |609) 692 8500
Regional Distributors: KONTFS OF ILLINOIS. Evanston. III. .  KONTES OF CALIFORNIA. San Leandro. Calif.



A n a ly tic a l P r o c e e d in g s
F o llo w in g  th e  d e v e lo p m e n t a nd  e x p a n s io n  o f  th e  fo rm e r Proceedings of the 
Analytical Division of The Chemical Society to  in c lu d e  a w id e  ra nge  o f  to p ic s  o f  
gene ra l in te re s t to  a n a ly t ic a l c h e m is ts , a c h a n g e  o f  t i t le  to

A N A L Y T I C A L  P R O C E E D I N G S
cam e  in to  e f fe c t in J a n u a ry  1 9 8 0 .
R ecen t and  fo r th c o m in g  issues in c lu d e  th e  fo l lo w in g :
•  L e c tu r e  S u m m a r ie s —

2 - 3  page  te c h n ic a l pape rs  based  on  le c tu re s  p re sen te d  a t m e e tin g s  o f th e  
RSC  A n a ly t ic a l D iv is io n , d e s c r ib in g  re sea rch  and  d e v e lo p m e n t s tu d ie s .

•  S p e c ia l  A r t i c le s  a n d  E d i t o r ia ls —
S a fe ty , re ce n t le g is la t io n , c o n tro v e rs ia l to p ic s , e tc .

•  E q u ip m e n t  N e w s —
In fo rm a t io n  on  th e  la te s t e q u ip m e n t, in s tru m e n ts  and  p ro d u c ts .

•  C o n fe r e n c e s ,  M e e t in g s  a n d  C o u r s e s —
A n n o u n c e m e n ts  o f fo r th c o m in g  m e e tin g s  and  cou rse s  o f  in te re s t to  
ana lys ts .

•  B o o k s —
T h e  re g u la r lis t o f  re ce n t a n a ly t ic a l b o o k s  and  p u b lic a t io n s  n o w  in c lu d e s  
m in i- re v ie w s .

•  C o r r e s p o n d e n c e —
Le tte rs  to  th e  E d ito r a p pe a r re g u la r ly .

•  B io g r a p h ie s —
In fo rm a t io n  o n  and  b io g ra p h ie s  o f  m ed a llis ts , a w a rd  w in n e rs  and  
d is t in g u is h e d  a n a ly t ic a l c h e m is ts  v is it in g  th e  UK.

•  D ia r y —
Fu ll d e ta ils  o f  a ll fo r th c o m in g  m ee tin g s  o f  th e  A n a ly t ic a l D iv is io n  and  its  
R eg io n s  and  S u b je c t G ro u p s  are lis te d  eve ry  m on th .

•  A d v e r t i s i n g —
A d ve r t is e m e n ts  are a c c e p te d  in  Analytical Proceedings: fu l l a d ve rtis em en ts ,  
c la s s if ie d , s itu a t io n s  va ca n t, e tc ., are p u b lis h e d .

Fo r in fo rm a t io n  o n  s u b s c r ip t io n s  and  a d v e rt is in g  ra tes, p le ase  re tu rn  th e  fo rm  
b e lo w . PR ICE  FOR 1 9 8 1 : U S A  *7 0 .5 0  (U K  £ 3 0 ; e ls e w h e re  £ 3 1 .5 0 ) .

A n a l y t i c a l  P r o c e e d i n g s
T o : T he  M a rk e t in g  D e p a r tm e n t* /A d v e r t is e m e n t M an ag e r*

( "d e le te  as a p p ro p r ia te )
T he  R oya l S o c ie ty  o f  C he m is try , B u r lin g to n  H ouse , P ic c a d illy ,  
L o n d o n , W 1 V  0 B N , UK.

P lease send  m e d e ta ils  o f:
□  S u b s c r ip t io n s  to  Analytical Proceedings.
□  A d v e r t is e m e n t ra tes.

N am e : ................................................................................................................................

A d d re s s : ...........................................................................................................................



E very 'BAKER RESI-ANALYZED'® S o lv e n t  is g la s s  
d istilled  a n d  u s e - t e s te d  to  m e e t  th e  e x a c t in g  req u ire­
m e n ts  o f  o r g a n ic  r e s id u e  a n a ly s is  b y  g a s  c h r o m a ­
to g r a p h y  (GC).

All 1 7  s o lv e n t s  are fu lly  ch a r a c te r iz e d  for  k ey  m o d e s  
o f  GC d e te c t io n . U s e  t e s t s  in c lu d e  a s s e s s m e n t  o f  
o r g a n ic  r e s id u e s  b y  ECD, FID, FPD  fo r  P an d  S  a n d  
Hall d e te c to r  for N. T h e  s o lv e n ts  m e e t  th e  req u irem en ts  
o f  th e  EPA  a n d  A O A C  for  p e s t ic id e -r e s id u e  a n a ly s is .

S p e c ify  'BAKER RESI-ANALYZED'® -your a s su r a n c e  
o f  in te r fe r e n c e -fr e e  s o lv e n t s  fo r  g a s  ch r o m a to g r a p h y .  
S e e  J .T . B ak er 's  n e w  C a ta lo g  8 0  for  c o m p le t e  d e ta ils . 
Call B ak er a t (201) 8 5 9 -2 1 5 1  t o  o rd er  y o u r  c o p y  to d a y .

8  pt(3 .8  L)
Petroleum Ether

‘B aker R e si-A n a ly ze d ’®

3 -9265

30-60XFor Organic Retlduo Analyste
‘BAKER ANALYZED’ R e a g e n t

LOT 024085Organic Residue AnalysesOrganochlorine Compounds (as heplachior epoxide)(by GC. ECO) Organophosphorus Compounds (as parathion)(by GC. FPD.phosphorus mode) .............Organosullur Compounds (as parathion)(by GC. FPO. sullur mode) Organomlrogen Compounds (as diatinonHby GC. Hall detecior. mlrogen mode)FID Active Compounds (as n-hexadecane)(by capillary GC)
✓ "NJ.T Baker

k> peak> 5 pg/mi

peak>
passes lesi 10 max5 ppm max. 0.05 %max

mvuiAiII
Acidity .........Color (APHA)Non-Volatile MailerWaler (H,0)(by Karl Fischer turn)
This solvent has been specially purified by a multi-step process (hat includes dis­tillation in all-glass equipment.
J.T. Baker Chemical Co., Phillipsburg, N.J. 08865

Sample concentrated 100 told

Detector Hall Elect oly Ic Conductivity. Nitrogen Mode tor Organomlrogen Compounds asdard ... No peak > 100 ng/ml

»etroleum Ether
Sample concentrated 100 fold.

DetactX: FTXUlac toanOha«d. CONonptP«unakds> 9/Til

8

i n>

Sinar
etro the

Sample concentrated 1000 told.

J.T. Baker Chemical Co.
222  R ed  S c h o o l L a n e  

P h i l l ip s b u r g ,  N J  0 8 865 CHEMICALS



Papers on the HOW, W HAT, and W HY of Nutrient Analysis
S t a t e  o f  th e  A r t  •  G la s s  C a p i l l a r y  G a s  C h r o m a t o g r a p h y  •  R e v e r s e  
P h a s e  H P L C  •  Q u a l i t y  C o n t r o l  T h r o u g h  N B S  S t a n d a r d  R e f e r e n c e  

M a t e r i a l s  •  A u t o m a t e d  S y s t e m s  •  S i m u l t a n e o u s  A n a l y s i s  o f  
V i t a m in s  A  &  E •  I n o r g a n ic  N u t r i e n t s  •  A  R e g u l a t o r y  T o o l

118 pp. $9 + $1 book post & handling in U.S.A., $9 + $2 outside U.S.A.
Presented at the 93rd Annual Meeting Available from
of the AO AC, Washington DC AO AC, 1111 N. 19th St
October 15-18, 1979  ̂ Arlington, VA 22209

Nutrient Analysis Symposium 
P r o c e e d in g s



An invitation to contribute and 
subscribe to

The International Journal o f  Pure 
and Applied Chemistry
Editor-in-Chief: R A CHALMERS, Department o f  
Chemistry, University o f  Aberdeen
Talanta provides a forum for the rapid publication of 
original research papers, preliminary communications, 
full reviews and mini-reviews. Other features are 
annotations (critical commentaries), analytical data 
(stability constants, etc.) and letters to the editor.
In addition to welcoming papers in the traditional 
fields of Pure and Applied Analytical Chemistry, 
and in order to provide an interface between those 
doing research and those applying the results of 
research in Analytical Chemistry, the editors wish to 
encourage submission of reports on developments 
and new techniques in fields such as:

Toxic Impurities in Biological Systems 
Food AdditivesPharmaceutical and Drug AnalysisPesticides and Fungicides
Clinical Chemistry
Materials Science and Engineering
Geochemistry
Environmental Analysis

A further service to readers is an instrument review 
column, containing critical reviews of new instruments 
for analysis.
Subscription Information
Published monthly
Annual subscription (1982) US$280.00
Two-year rate (1982/83) US$532.00
Som e Related Journals o f  Interest
PROGRESS IN ANALYTICAL ATOMIC 
SPECTROSCOPY
Editor-in-Chief: C L CHAKRA BARTI,
Department o f  Chemistry, Carleton University, 
Ontario
Contains critical up-to-date reviews in the field of 
analytical atomic spectroscopy and covers all major 
developments on both theoretical and practical 
levels.
Subscription Information
Four issues per year
Annual subscription (1982) US$ 85.00
Two-year rate (1982/83) US$161.50

ION-SELECTIVE ELECTRODE REVIEWS 
Applications, Theory and Development
Editor-in-Chief: J D R THOMAS, Department 
o f  Chemistry, UWIST, Cardiff
This journal is generated by the enormous world­
wide growth of interest in ion-selective electrochemical 
sensors. It places progress in development and funda­

PERGAMON PRESS

mentals alongside applications of ion-selective 
electrodes so as to emphasize their interdisciplinary 
importance.
Subscription Information
Two issues per annum
Annual subscription (1982) US$50.00
Two-year rate (1982/83) US$95.00

PROGRESS IN NUCLEAR MAGNETIC 
RESONANCE SPECTROSCOPY
Editors: J W EMSLEY, University o f  
Southampton, J FEENEY, National Institute 
fo r  Medical Research, London and 
L H SUTCLIFFE, University o f  Liverpool
Since this is one of the most rapidly expanding 
branches of science, there is a continuous supply of 
up-to-date authoritative reviews of great value to the 
many active groups in the field.
Subscription Information
Published quarterly
Annual subscription (1982) US$ 90.00
Two-year rate (1982/83) US$171.00

SPECTROCHIMICA ACTA
PART A: MOLECULAR SPECTROSCOPY
Editors: Professor SIR HAROLD THOMPSON,
FRS, Oxford University and Professor M KENT 
WILSON, National Science Foundation, 
Washington DC
This international journal is intended for the rapid 
publication of original work dealing with molecular 
spectroscopy (including photoelectron spectroscopy).
Subscription Information
Published monthly

Annual subscription (1982) US$340.00
Two-year rate (1982/83) US$646.00

SPECTROCHIMICA ACTA 
PART B. ATOMIC SPECTROSCOPY
Editor-in-Chief: P W J M BOUMANS, Philips 
Research Laboratories, Eindhoven
Intended for the rapid publication of original work 
dealing with atomic spectroscopy, with particular 
reference to problems in chemistry, in all regions o f 
the electromagnetic spectrum.
Subscription Information
Published monthly
Annual subscription (1982) US$200.00
Two-year rate (1982/83) US$380.00

Prices include postage and insurance.
Prices subject to change without notice.
Sterling prices available to UK and Eire customers on 
request.
Journal available in microform.
FREE SPECIMEN Î 
REQUEST

OPY AVAILABLE ON

Headington Hill Hall, Oxford OX3 OBW, UK Fairview Park, Elmsford, New York 10523, USA
1890 1 1/81/5A/17

k ...... ■ v r ^ r n i T ! ' ;
t.'V'K



IS  Y O U R  
A O A C  LIB R A R Y  
C O M P L E T E ?

O fficia l M ethods o f A n a ly sis , 13th E dition.
1980. 1038 pp. H ardbound. $75 + $3 book  
post and handling in U .S .,  $75 +  $6 outside  
U .S . ISBN 0-935584-14-5.

C om pendium  of over 1500 validated m eth ­
ods of analysis for foods, drugs, cosm etics, 
plants, feeds, fertilizers, hazardous sub­
stances, water, and other products affecting  
agriculture and public health and safety.

FD A  T raining M anual for A n alytical Ento­
m ology  in  the Food Industry. 1978.184 pp. 
L ooseleaf. $12.50 + $2 book p ost and han ­
dling in U .S ., $12.50 +  $3 outside U .S. 
ISBN 0-935584-11-0.

W ith the aid of this text, organizations can set 
up their ow n  in -h ou se  training.

Infrared and U ltraviolet Spectra o f Som e  
C om pounds o f Pharm aceutical Interest.
1972. 278 pp. Softbound. $12 +  $2 book  
p ost and handling in U .S .,  $12 +  $3 outside  
U .S . ISBN 0-935584-04-8.

A n expansion  of an earlier com pilation, w ith  
supplem ents. M ore than 800 spectra.

M ycotoxins M eth od ology . 1980. 22 pp. Soft- 
boun d. $11 + $1 book post and handling in  
U .S ., $11 +  $2 outside U .S . ISBN  
0-935584-16-1.

Chapter 26 reprinted from Official M ethods  
of A nalysis, 13th Edition. A pproved  m eth­
ods for natural toxins in  m any com m odities.

M icro-A nalytical E ntom ology for Food  
Sanitation  Control. 1962. 576 pp H ard­
boun d $30 +  $3 book p ost and h and ling in  
U .S ., $30 +  $6 outside U .S . ISBN  
0-935584-00-5.

A  training and reference m anual for iden tifi­
cation of insect debris extracted from foods.

O p tim izin g  Laboratory Perform ance 
T hrough the A p p lication  o f Q uality  A s­
surance P rin cip les—P roceedings o f a 
S ym p osiu m . 1981. 160 pp. Softbound. $25 
+  $3 book post and handling in U .S .,  $25 +  
$6 outside U .S . ISBN 0-935584-19-6. 

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

FDA B acteriological A n alytical M anual 
(BAM) 5th Ed. 1978. 448 pp. L ooseleaf. $25 
+  $ 2 b o o k p o s ta n d h a n d lin g in U .S ., $25 +  
$5 outside U .S . ISBN 0-935584-12-9. 

Provides regulatory and industry laborato­
ries w ith  m ethods for detection o f microor­
gan ism s. U p dated  by supplem ents.

M ycotoxin s M ass Spectral Data Bank. 1978. 
60 pp. Softbound . $12 +  $2 book p ost and  
hand ling in U .S . and outside U .S . ISBN  
0-935584-13-7.

A com puter-based  com pilation o f 104 m ass 
spectra w ith  alphabetic and m olecular w eight  
listings.

N ew burger's M anual o f C osm etic A n alysis
2nd Ed. 1977. 150 pp. Softbound. $13 +  $2 
book post and hand ling in U .S ., $13 +  $3 
outside U .S . ISBN 0-935584-09-9. 

Chrom atographic techniques and spectros­
copy with analyses for various specific cos­
m etics.

Statistical M anual of the A O A C . 1975. 96 pp. 
Softbound. $12.50 +  $1 book p ost and  
hand ling in  U .S ., $12.50 +  $2 outside U .S . 
ISBN 0-935584-15-3.

A  do-it-yourself m anual for statistical 
analysis o f interlaboratory collabora tive tests.

Send check to AOAC, Suite 210-J, t i l l  N 19th St., Arlington, VA 22209, 703/522-3032.
4-X
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A O A C  M E T H O D S  D E V E L O P M E N T — C H A L L E N G E  
O F  T H E  N E X T  D E C A D E

95th A n nu al M ee tin g  of the A O A C , O ctober 1981

This sym posium  is b ein g  held  in  com m em ora­
tion  of the 75th Anniversary o f the enactm ent of 
the Pure Food and Drugs Act and the W holesom e  
M eat Inspection Act. W e w ill look briefly at the 
situation  in  1906 w ith  respect to regulatory  
analysis. T hen Dr. H orw itz w ill rev iew  the d e­
ve lo p m en t o f the collaborative study. Three 
subject area specialists, Drs. Tanner, Zarembo, 
and Feldm an, w ill discuss the ch a llen ges o f the  
1980s in  their areas o f chem ical food  analyses, 
chem ical drug analyses, and m icrobiological 
analyses. Mr. L evine, an attorney, w ill speak on  
the re lationsh ip  o f sou n d  m eth od o logy  and  
regulatory action.

In look ing back a century, one finds reports of 
con fu sion  and frustration w ith  respect to "offi­
cial" analyses o f foods and drugs. In 1875, the  
British Parliam ent passed the Sale o f Food and  
Drugs Act w h ich  m ade the appointm ent o f ana­
lysts mandatory. Reportedly, "Endless disputes  
unavoidably  arose, friction w ith  m anufacturers 
and traders . . . .  C onflicting decision s came to 
the various ben ch es of m agistrates u pon  sim ilar  
cases . . . rendered the position o f the m erchants 
unsatisfactory. It w as not recogn ized  by Par­
liam ent until alm ost a quarter o f a century had  
elapsed that it was not en ou gh  to com pel local 
authorities to get sam ples analyzed , but that it 
w as also the duty o f the Parliam ent to lay d ow n  
specific and clear instructions that m ight enable  
the officers to do their work." Thus, legislation  
p ro v id in g  for the perform ance of testin g m ust 
also provide for standardization o f the testin g  
m ethods.

At the turn o f the century, Dr. H arvey W. 
W iley sen sed  the n eed  for a m eans o f standard­
iz in g  tests and specifications to be used  in  regu­
lation. H is answ er w as the A ssociation o f O ffi­
cial A gricultural C hem ists and the re feree -co l­
laborative stu dy concept w h ereb y a proposed  
m ethod w ould  be tested in  every detail in  several

in d ep en d en t laboratories reporting concordant 
results. Such a collaborative study w ou ld  con ­
stitute the ultim ate m eans for estab lish in g  the  
scientific validity of an analytical m ethod. In his 
autobiography, Dr. W iley w rote o f the AOAC, 
"Up to the form ation o f this association the  
m ethods used in  the chem istry o f agriculture 
w ere crude, in con clu sive and in  m any cases er­
roneous. A n agricultural product analyzed  by 
tw o or m ore chem ists w o u ld  present very fre­
quently m any im portant variations. If products 
w ere sold  on an analysis of th is k ind  the pur­
chaser m ight be defrauded in  on e case and the  
seller m ight be defrauded in  another. In either  
case chaos reigned. The work o f the AOAC has 
brought order out of th is chaos." C ertainly, 
current standards for the u n iform ity  o f foods, 
drugs, and fertilizers w o u ld  be im possib le  
w ith o u t th e in terlaboratory, co llab ora tiv e  
m echanism .

In rev iew in g  the fiv e  presentations o f this  
sym posium , it becom es readily apparent that 
there is in d eed  a ch a llen ge o f the 1980s. M od­
ern, sophisticated  instrum entation , in clu d in g  
automatic data processing, w ill be required in  all 
three areas discussed. In both foods and drugs, 
there w ill be n eed  to detect and id en tify  m ate­
rials at concentrations not p reviou sly  possible. 
M uch of the equ ipm ent to be used  requires sp e­
cia lized  operator training and thus the o ld  con ­
cept o f all chem ists in  a laboratory b ein g  able to 
perform  any official m ethod is passe. Yet, the  
concept of standardization through interlabo­
ratory collaborative study w ill con tin u e to oc­
cupy a position  o f great im portance. The d if­
ferent parties in vo lved  in  regulation  m ust each  
be able to arrive at equivalent conclusions w h en  
analyzin g  a g iv en  sam ple. As is p o in ted  out in  
th e sym p osiu m , w h ere  h ig h ly  sp ec ia lized  
equ ipm ent is in vo lv ed , ge ttin g  a fu ll com p le­
m ent o f collaborators may be difficult. Perhaps
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there sh ou ld  be m ore flex ib ility  in the criteria 
used for estab lish ing the “official"  statuses.

The researcher at the ben ch w ill discern from  
these papers that he sh ou ld  keep up the im por­
tant work of developing methods. There should  
be no hesitation  in  using elaborate equ ipm ent 
w h en  it is needed, but a quotation from the noted  
analytical chem ist I. M. K olthoff sh ou ld  be 
heeded: . . there are poten tia l drawbacks in
an approach to analytical problem s in w h ich  too 
m uch em phasis is placed on  apparatus and data 
processing and not en o u gh  on the chem ical 
p rin cip les b eh in d  the m easurem ent b ein g  
made." If m easurem ents are not m ean ingfu l, 
then  the work is in  vain . A specific exam ple of 
the truth of this adm onishm ent can be found in  
an occurrence w ith  h igh  m olecular w e ig h t an­
tibiotics. For years, com m ercial am photericin  
w as assum ed to be com posed o f “A" and "B"

fractions, the "B" b ein g  the one o f therapeutic  
value. Commercial sam ples w ere tested for “A "  
content and a lim it im posed. W ith the advent 
of greater chrom atographic resolu tion , it was 
found that the "B" fraction consists o f 2 principal 
com p onents (M. M argosis and A. A szalos, Food  
and Drug A dm inistration , 1981). Thus, the  
w h o le  situation must n ow  be re-exam ined, som e 
experim ental work done, and n ew  specifications 
established.

It is AOAC's opportunity and ob ligation  to 
contin u e its role o f leadership  in  see in g  that the  
necessary m ethods are d ev elop ed , properly  
scrutin ized , adopted, and p u blicized

T h o m a s  G. A l e x a n d e r

Food and Drug Administration 
National Center for Antibiotics Analysis 
Washington, DC 20204
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E v a lu a tio n  o f  A n a ly t ic a l M e th o d s  U se d  fo r  R e g u la t io n
WILLIAM HORWITZ
Food and Drug Ad?ninistration, Bureau of Foods, Washington, DC 20204

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

For alm ost 100 years the A ssociation o f O fficial 
A nalytical C hem ists (AOAC) has been  conduct­
in g  collaborative studies to obtain inform ation  
on the reliability  o f analytical m ethods used  to 
support regulatory actions. The inform ation  
sou gh t is the a llow ance to be perm itted for d if­
ferences in  assay results betw een  laboratories in  
d eterm in in g  com pliance w ith  a legal require­
m ent. The design  o f such studies is deceptively  
sim ple, as overseas organizations, in the process 
of instituting sim ilar programs, are discovering. 
C onsiderable preparation is required to be sure 
that a m ethod  is ready for a collaborative study. 
The test parameters m ust be carefully ch osen  to 
cover the range o f sam ples and concentrations  
of interest and to provide data am enable to sta­
tistical analysis for the required m ethod  attri­
butes. Then the results o f the study m ust be 
suitably interpreted. D esp ite the lon g  history  
of practical use o f collaborative stu d ies as the 
basis for approval o f m ethods o f analysis for 
regulated com m odities, the AOAC has n ever  
prepared a treatise to form alize procedures for 
the d esign , conduct, and interpretation o f in-

This paper was p resen ted  at the Sym posium  on AOAC 
M ethods D evelopm ent—C hallenge of the  Next Decade, 95th 
A nnual M eeting of the AOAC, Oct. 19-22,1981, at W ashington, 
DC.

terlaboratory studies. R ecogn izin g  th is d efi­
ciency, the President of the AOAC has n ow  ap­
pointed a Committee on Collaborative Studies to 
produce such a m anual.

A lthough w e know  intuitively what is desired, 
it is d ifficu lt to express th is k n o w led g e in  an 
unam biguous w ay. Our first requirem ent is a 
statem ent of the desired end product. The usual 
answ er is, "The best m ethod p ossib le—on e that 
is accurate, precise, specific, and rapid." As 
practical chem ists w e  kn ow  it is im possib le to 
m axim ize all o f these characteristics sim ulta­
neously . N or do w e  n eed  to. In regulatory  
work there are usually  three major purposes for 
w h ich  w e  need  analytical values: (1) to survey  
a field  to determ ine the extent o f a problem ; (2) 
to m onitor trends to determ ine if corrective ac­
tion is required; and (3) to determ ine com pliance 
w ith  a lega l or econom ic specification . Each of 
these purposes requires that a different em phasis 
be placed on  the various characteristics of 
m ethods. In surveyin g  a fie ld , the norm al 
variability o f a com m odity and the vagaries of 
bulk sam pling are so large that a h igh  degree of 
accuracy and precision  in  the m ethod is usually  
unnecessary; speed  is m ost lik ely  the desired  
attribute. In m onitoring trends, or changes in  
a valu e w ith  tim e, system atic error, as lon g  as it 
is constant, is unim portant, but the precision  
m ust be good en ou gh  to detect the changes to be 
m easured. In com pliance activities, accuracy 
(lack o f bias) and precision  are im portant, but 
on ly  at the specification  lev e l, u n less  the speci­
fication is based on  the m ethod  itself, in  w h ich  
case accuracy is unnecessary by definition. Each 
of these purposes requires a d ifferent m ix o f  
characteristics, what is best for one purpose may 
not be best for another. T herefore, there is no  
such th in g  as a "best m ethod." M ethods m ust 
be evaluated w ith  their purpose in  m ind. U su­
ally the purpose is not know n beforehand, so w e  
assum e that a h ig h  degree o f reliability  (good  
reproducibility and low  bias) is n eeded , since it 
is alm ost alw ays easier to s im p lify  a m ethod by 
elim in a tin g  steps not necessary for a desired  
purpose, than it is to insert steps to elim inate  
sources o f errors. H ow ever, regardless o f the  
application, the m ethod  m ust be capable o f pro­
d u cin g  m easurem ents that are in  statistical con­
trol. By statistical control is m eant (1) that the
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variability of data from a m easurem ent process 
is sufficiently stable that the process can be relied  
on to produce results w ith  a predicted variability 
at a stated level of confidence. It does not matter 
w h ether the error is large or sm all as lon g  as it 
consistently lies w ith in  the interval predicted by 
the statistical parameters.

To determ ine if a m easurem ent process, such  
as an analytical m ethod, produces results w h ich  
are in  statistical control, it is necessary to make 
a suffic ient num ber o f m easurem ents under the 
conditions lik ely  to be encountered  in  actual 
practice. The m ethod m ust be applied  by a 
num ber of laboratories, representative o f those  
that w ill eventually conduct the routine analyses, 
to a num ber of d ifferent types o f sam ples w h ich  
contain the range o f concentrations to be ex­
pected. In other w ords, a collaborative study is 
needed . The collaborative study is an in vest­
m ent o f effort to provide for each m ethod of 
analysis a predicted range w ith in  w h ich  w e  ex­
pect future analytical values w ill lie. The more 
exten sive the study, the better our predictions, 
but at the expense o f increased cost. The prob­
lem  of h ow  m uch o f an in vestm en t in  tim e, 
sam ples, and collaborators can be afforded must 
alw ays be faced. The products of a collaborative 
study shou ld  be an estim ate o f interlaboratory  
precision (reproducibility), w h ich  w e  d efin e  to 
include intralaboratory precision (repeatability) 
and an estim ate o f system atic error (bias). In 
special cases, inform ation on specificity  (id en ti­
fication) and lim it of reliable measurem ent is also 
needed . In alm ost all cases, the interlaboratory  
precision is the m ost im portant product, since  
frequently it also determ ines the boundaries of 
the other properties.

Interlaboratory P recision
From the p oin t o f v iew  o f determ in in g  com ­

pliance w ith  a regulatory specification  or toler­
ance, the most im portant characteristic o f a 
m ethod is the interlaboratory precision. This is 
a measure o f the variability in results from d if­
ferent laboratories that exam ine presum ably  
identical test materials. In general, the answ er  
is a function  of tw o primary factors: H ow  good  
is the data base and how  sure do w e  w ant to be of 
being right; or stated conversely, h ow  m uch risk 
do w e w ish  to take o f b ein g w rong? If there is 
no control over the num ber and quality of labo­
ratories that w ill be producing values, the data 
base shou ld  inclu de as large a representation of 
laboratories as practicality w ill perm it. If on ly  
a few  laboratories w ill be called upon to verify  
the fin d in gs, these few  laboratories can con sti­

tute the entire popu lation  su p p ly in g  inform a­
tion , e lim in atin g  any error in  the sam pling of 
laboratories for a collaborative study. The second  
factor, the risk of b ein g  w ron g, has to som e ex­
tent been standardized by the statisticians. They  
ordinarily accept a 5% risk of b ein g  w ron g as 
reasonable. The next standardized lev e l o f risk 
is usually  1%. If on ly  a few  sam ples, say 3 or 5, 
are run from  a g iv en  batch or con sign m en t, the  
lik elih ood  o f b ein g  w rong (or b ein g  outside of 
lim its) is acceptably small w h en  the risk is 1 in 20 
or greater; but if 20 sam ples are custom arily run, 
or if 20 laboratories custom arily participate in  a 
proficiency trial, one of them  w ill rou tin ely  be 
expected to be outside o f lim its in  each trial. 
This may not be acceptable. In the latter case, a 
1% risk lev e l is m ore lik ely  to be chosen , but at 
the expense of a greater a llow ance for th e ex­
pected variability b etw een  laboratories.

In determ in ing w hat constitutes acceptable 
precision, w e  can use the curve derived  from  
previous collaborative studies that relates be- 
tw een-laboratory precision , expressed as coeffi­
cient of variation, to concentration (2). This 
curve, w h ich  is n o w  a sm oothed sum m ary of 
over 200 in d ep en d en t collaborative studies 
coverin g num erous AO AC topics from pharm a­
ceutical preparations and pesticide form ulations 
at the h igh  end  to trace elem ents and aflatoxins 
at the lo w  en d  o f the concentration scale, is rep­
resented by the fo llo w in g  equation:

CV =  2 0 -° -5 los O
w h ere CV is the betw een-laboratory coeffic ien t 
of variation expressed in  percent and con cen ­
tration is expressed in  negative powers of 10. An  
easily  rem em bered reference point, applicable 
to pesticide residues and trace elem ents, is that 
an interlaboratory CV of 16% (24) can be expected  
at a concentration o f 1 ppm  (10-6 ). It is in ter­
esting that this curve appears to be independent 
of the nature o f the analyte, the matrix, and the 
m easurem ent technique. It is possib le that this 
curve merges w ith  physical measurements on the 
h igh  concentration end and w ith  b iological 
m easurem ents on  the low  concentration end , if 
there w ere som e w ay all of these m easurem ents 
could be expressed in the sam e units.

Since this curve is on ly  an estim ate o f a statis­
tical parameter, it is boun ded  by an upper and  
low er con fid en ce lim it, calculated from the fo l­
low in g  standard error function  o f the CV, ex­
pressed as a fraction (3):

SECv =  CV V (1  +  2 C V 2)/2u
The 95% confidence interval is approxim ately
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Table 1. 95% Confidence limits of the coefficient of variation (CV) taken from the general CV/concentration curve at
important concentration levels

CV,
%

95% Confidence limits of CV
Concn Analyte 1 Study 10 Studies

100 ppm Drugs in feeds 8 0-19 6-101 ppm Pesticide residues 
Trace elements

16 0-39 12-20
10 ppb Aflatoxins

Nitrosamines
32 0-82 23-41

100 ppt Dioxin 
Aflatoxin M

64 0-186 42-86

tw ice the standard error. Table 1 g iv es som e 
exam ples o f the calculated con fid en ce interval 
for som e im portant points on the general CV / 
concentration curve for n =  1 and n =  10 studies. 
From the table it is obv ious that a s in g le  study  
provides a very poor estim ate o f the reproduc­
ib ility  o f a m ethod o f analysis.

Because of the expense of collaborative studies, 
w e may have to accept the fact that if  the repro­
ducib ility  o f a m ethod in  a collaborative study  
approxim ates the general C V /concentration  
curve, the m ethod is acceptable. N um erous il­
lustrations o f the adherence o f m ethod param e­
ters to the general C V /concentration  curve are 
available and a num ber o f patterns o f interlabo­
ratory data superim posed  on  the general curve 
are g iv en  in  a recent paper (4). These exam ples  
cover the macro concentration scale, from fat in  
m eat by gravim etric analysis and m eth yl esters 
of fatty acids by gas chrom atography to the trace 
concentration levels o f pesticide residues by gas 
chrom atography, trace elem ents by atom ic ab­
sorption spectrophotom etry, and aflatoxins by 
thin  layer chrom atography. C onsiderable data 
exist on the performance of aflatoxin m ethods by 
th in  layer chrom atography at the low  parts per 
b illio n  concentration lev els  (5).

T hese data suggest that on e criterion for the 
acceptability o f m ethods is conform ity to the 
general C V /concentration  curve, w ith  due con ­
sideration to its con fid en ce lim its. There may 
be occasions in the absence o f better m ethods  
w h ere poorer perform ance than that derived  
from  the general curve m ust be accepted. This 
poorer perform ance, or perform ance at the 
h igh er extrem e o f the con fid en ce interval, 
should  indicate that the m ethod could  be im ­
proved, at least to the point o f m atching the  
general curve fairly w e ll. Better perform ance 
than that derived  from the general curve w ould  
suggest that attempts to im prove the precision of 
the m ethod m ight not be profitable, a lthough  
there may be considerable room for im prove­

m ent w ith  respect to other characteristics such  
as recovery, speed , and econom y.

It m ust be em ph asized  that in tra -laboratory  
precision must not be com pared w ith  the inter- 
laboratory precision o f the general curve. In­
tralaboratory precision is usually  on e-h alf to 
tw o-thirds that o f interlaboratory precision  (2).

Outliers
A characteristic w h ich  is not ordinarily ob­

served  during the course o f d ev elop m en t or 
routine use of a m ethod is the propensity to 
produce outliers. O utliers are values w h ich  are 
far rem oved from the main body o f data. The 
more isolated the point in terms of distance from  
the main body o f data, and the greater the num ­
ber of points in the main body of data, the greater 
the probability the isolated point is a true outlier. 
O utliers are rarely reported in  published  papers 
from  a s in g le  laboratory since they are either  
ignored  or rem oved by repetition. In interlab­
oratory studies, how ever, valu es cannot be 
id en tified  as b ein g  either consistent w ith  the 
m ain body of data or as outliers until a con sid ­
erable amount of data has been accumulated. At 
this point, w h en  outliers are present they seem  
to form a consistent, irreducible pattern of 5-15% 
of the reported values, usually  isolated  in d iv id ­
ual values but occasionally  all o f the valu es on a 
series o f sam ples from a laboratory. "Irreducible 
outliers" here m eans outliers for w h ich  a 
cause can n ot be ascertained , s in ce  som e  
outliers, w h en  called to the attention  o f the re­
porting laboratory, are found to be caused by 
calculation errors or incorrect standards, and are 
thus rem ediable.

The outlier rate seem s to be m ore or less in ­
dep en d en t of the acceptable w ork ing con cen ­
tration ranges, w ith  perhaps a s ligh t increase at 
the low er levels. Then as the lim it o f determ i­
nation approaches, outliers at the low  side begin  
to accum ulate at zero as false negatives, a n ew  
category of m ethod evaluators.
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In AOAC collaborative studies the m axim um  
num ber o f outliers w h ich  m ust be tolerated is 
established by the Youden rule o f requiring a 
m inim um  of 5 laboratories per study. If 1 o f 6 
laboratories appears as a consistent rank outlier  
and if no additional outliers appear in  the data 
from  the other laboratories, the outlier rate is 
autom atically lim ited  to 17%. It fo llow s that a 
study w ith  a bare m inim um  of 5 laboratories is 
risking the p ossib ility  that the m ethod  w ill be 
rejected because o f too m any outliers am ong too 
few  laboratories. A m inim um  of 7 laboratories 
w o u ld  perm it a buffer of 1 rank outlier and a 
scattering of individual outliers w ithou t risking 
th e rejection of a m ethod because o f too few  
laboratories for statistical analysis of the data. In 
trace analysis, the production o f a consistent 
pattern of outliers by a single laboratory is not at 
all ususual, particularly in  the early stages of 
acquiring experience w ith  a n ew  techn ique, or 
w h ere standards are of variable quality and sta­
bility . N aturally, if a consistent pattern of 
outliers appears from a sin g le  laboratory, a d ili­
gent search for the cause shou ld  be in itiated , so 
that this u ncontrolled  source o f error can be 
noted  and, w h ere possib le, precautions in sti­
tuted.

At present, AOAC statisticians are apply ing  
the Youden ranking test (6) to laboratories and  
the D ixon range test to ind ivid ual valu es and  
laboratory averages, but no system atic in vesti­
gation has been  perform ed to determ ine the 
relative value of these and the several dozen  
other statistical tests for outliers that are available
(7).

False P ositiv es  and False N egatives
A s a m ethod is studied close to its lim it o f d e­

term ination, the outliers at the low  side begin  to 
accum ulate at zero. W hen a k n ow n  am ount of 
analyte has been added, these zeros are definitely  
false negative values (the analyte is know n to be 
present but is reported to be absent). This sh ift 
in  the distribution o f interlaboratory results as 
the lim it o f determ ination is approached is ev i­
dent in  the aflatoxin m ethods proficiency study  
data o f Friesen et al. (8). If the figures sh ow in g  
the distribution o f reported values are arranged  
in  order from h igh  to low  m ean concentrations, 
it is seen  that the frequency distribution o f re­
ported values shifts from approximately a normal 
distribution at the h igh est values through a bi- 
m odal distribution w ith  on e peak at zero and  
another at a positive value, to a s in g le  peak at 
zero falling off sharply to positive values. There

are no negative values (the blank greater than the  
determ ination) because aflatoxin analyses re­
quire no blanks. (The clear plate is automatically 
set at zero.) In the case of the bim odal distribu­
tion, it is not possib le to assign a m ean valu e to 
the analytical determ ination because som e lab­
oratories are reporting a definite value and others 
are assigning a zero value. From the v iew p oin t 
of each laboratory, there is no problem ; each  
laboratory has g iv en  an unequivocal result. 
O nly  from  the vantage o f the entire study is it 
seen that the result consists of two answers: zero 
and a p ositive value. W hen the percent o f zero  
valu es from aflatoxin studies is p lotted  as a 
function  of concentration, the curve takes on  the 
appearance of the general C V /concentration  
curve. This poten tia l evaluation  fu n ction  is 
b ein g  rev iew ed  in  greater detail w ith  aflatoxin  
and other analyte studies.

Sim ilarly, w h en  blank sam ples are analyzed , 
positive values are som etim es reported; som e of 
these are obviously  outliers. They are also false 
p ositives (the analyte is kn ow n  to be absent but 
is reported as a p ositive  determ ined value). 
H ere, too, the results from  each laboratory's 
v iew p o in t are unequivocal un til they are exam ­
in ed  as part o f a total interlaboratory picture.

False p ositive valu es can appear in  the blank  
determ inations from  any m ethod operating at 
any concentration level. False n egative values  
are rare at the h igh er concentration lev e ls  but 
increase as the m ethod  approaches the lim it of 
determ ination and goes out of statistical control. 
If the concentration lev els  are appropriately  
spaced in an interlaboratory study, the lim it of 
determ ination  o f a m ethod can be determ ined  
m erely by inspection  of the trend o f false n ega­
tive values. This w as dem onstrated (9) in  the  
results o f an EPA interlaboratory study o f the  
recovery o f d iox in  from  standards, beef fat, and  
hum an m ilk. M ost of the false negative reports 
occurred at 9 ppt and low er lev els. N o  false  
n egatives w ere reported in  the beef fat and  
hum an m ilk sam ples above 9 ppt. There w as a 
very sharp distinction in the characteristics of the 
valu es as a group above and b e lo w  the 9 ppt 
point. This same value of 9 ppt was arrived at in  
an in d ep en d en t paper publish ed  by one o f the 
participants in the study w h ich  discussed on ly  
his ow n  values, m aking "use o f rigorous statis­
tical design  and analysis o f the data" (10).

Therefore an evaluation  o f the false positive  
and false n egative patterns o f the data may pro­
v id e a n ew  characteristic of the perform ance of 
m ethods d elin eatin g  the lim it o f m easure­
m ent.
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Systematic Error
System atic error or bias is usually determ ined  

through recovery m easurem ents o f kn ow n  
am ounts o f analyte added to a presum ably n eg ­
ative matrix. This procedure is not en tire ly  
satisfactory since som e analytes do not behave  
the sam e w h en  added artificially as compared to 
natural deposition . N evertheless, the Food and  
D rug A dm inistration  has proposed (11) that av­
erage w ith in-laboratory recoveries o f 60-110%  
w ill be acceptable at concentrations o f less than  
0.1 ppm  and 80-110% at or above 0.1 ppm . 
Naturally, better recoveries w ould  be preferred, 
but these figures seem  to represent practical 
values in  trace analysis. Lower recoveries can 
be accepted in  special cases, provided  th ey  are 
reproducible or the m ethod  u tilizes internal 
standards, particularly isotope d ilu tion  proce­
dures. R ecoveries that d iffer b etw een  labora­
tories are obviously  a part o f the interlaboratory 
random  error; w h en  this variability is too large 
it is im possib le to determ ine the true system atic 
error o f a m ethod. Currie and D eV oe (12) point 
out that 15 observations are required m erely  to 
detect a system atic error o f the sam e m agn itud e  
as the standard dev iation . T herefore, to detect 
recoveries that are system atically  and s ig n if i­
cantly less than 85% in  the pesticid e residue re­
gion  (about 1 ppm), the experim ent must contain  
at least 15 independent observations. O bviously  
the random  error o f precision  lim its th e deter­
m ination  o f system atic error. In general, if the  
interlaboratory precision  is acceptable, the sys­
tem atic error w ill also be acceptable.

Other Attributes
The specificity  and lim it o f reliable m easure­

m ent are other attributes o f analytical m ethods  
w h ich  m ust be em ph asized  under special cir­
cum stances. Specificity  is the property o f re­
sp on d in g  ex clu sively  to the material to be m ea­
sured. It is esp ecia lly  im portant w h en  struc­
turally sim ilar chem icals may be present w h ich  
have considerably different biological properties. 
It is ach ieved  in  m any m ethods of analysis by a 
chem ical or physical "cleanup" step fo llow ed  by 
a m easurem ent step w h ich  may or m ay not be 
su ffic ien tly  specific. M any sim ilar com pounds  
may be present at trace levels w hich may respond  
like the material sought. In addition , so m any 
h om o logs and isom ers m ust be d istin gu ish ed  
from th e desired com pound, particularly in  the  
lo w  ppb and b elo w  lev el, that it is frequently  
necessary to apply additional identification steps, 
d esignated  as "confirm ation of identity."  A  
num ber o f collaborative stu d ies o f m ethods for

aflatoxins have been perform ed w ith  specificity  
as the particular objective. The ultim ate decision  
to accept a confirm ation  o f id en tity  m eth od  is 
m ade on  the basis of the sam e statistical param­
eters used for finding the lim it o f determ ination,
i.e., observations for false positives (reporting the 
material as present w h en  it is not) and false  
n egatives (not reporting the m aterial w h en  it is 
present).

W ith extrem ely toxic m aterials such as d iox in  
and aflatoxin, it is necessary to have m ethods to 
cover all b io logically  significant concentrations. 
D espite the considerable literature on  the lim its  
of m easurem ent (13), there is little  u nder­
standing or agreem ent on h o w  to determ ine the  
lim it. The in flu en ce o f th e interlaboratory e n ­
v iron m en t on  m easurem ents at the lim it has 
been  entire ly  ignored  in  th is literature. The 
lim it o f reliable m easurem ent has b een  reached  
w h en  a m ethod goes out o f statistical control 
w ith in  a laboratory and ev en  sooner (in  term s of 
h igh er concentration) w h en  there is d isagree­
m ent am ong laboratories as to th e presence or 
absence o f the com pound sou gh t at any con ­
centration, ev en  th ou gh  each laboratory is co n ­
v in ced  as to the correctness o f its observations. 
A m ethod  can be accepted for use o n ly  over the  
range w h ere there is substantial agreem ent 
am ong laboratories. Therefore, interlaboratory  
precision  w ill determ ine the lim it o f m easure­
m ent.

In the special case w here "none" o f the analyte 
is perm itted, the regulatory lim it subseq u en tly  
set is often  d irectly related to th e lev e l o f ac­
ceptable perform ance o f the m ethod.

There also m ay be cases, particularly in  the 
early stages o f an in vestigation , w h ere  there is a 
real need to conduct analyses and make decisions 
w h ich  cannot be p ostp on ed  u n til a m ethod  is 
available w h ich  m eets all o f the acceptability  
criteria. Then the "best" m ethod available must 
be used , k eep in g  in  m ind  its lim itations.

Summary
The fo llo w in g  criteria m ay be u sefu l for eval­

uating the acceptability o f m ethods o f analysis 
for com pliance w ith  a legal sp ecification  or to l­
erance, w h ich  places the tigh test requirem ents  
on m in im izin g  bias and and random  error: (2) 
an interlaboratory coeffic ien t o f variation in  
percent w h ich  approxim ates, or is better than, 
that g iven  by the equation: CV (%) =  2 exp (1 — 
0.5 log  C), w h ere the concentration , C, is ex­
pressed in n egative pow ers o f 10; (2) recoveries  
80-110% at or above 0.1 ppm  and 60-110% at less 
than 0.1 ppm; (3) an outlier rate w ith in  5-15% but
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no greater than 20%, w h en  at least 5 laboratories 
participate in  the collaborative study; and (4) no 
m ore than an acceptable num ber, yet to be d e­
term ined, o f false positives and false negatives. 
In cases w h ere potential in terference or c lo sely  
related less toxic com pounds may be present, a 
confirm ation o f specificity  at the specification  
lev e l may also be necessary.
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W ith each p assin g  decade n e w  prob lem s arise for the 
regu latory  a n a ly tica l ch em ist. T he p u sh  for lo w  
d etectio n  lim its  from  p ercent to parts per m il lio n  to 
parts per b ill io n  b ro u gh t the n eed  for n e w  and im ­
p ro v e d  a n a ly tica l in s tr u m e n ta tio n  fo llo w e d  b y  
q u estio n s  o f r e lia b il ity  at such  lo w  v a lu es. Each 
q u estio n  has b een  m et b y  n e w  in stru m en ts  or te ch ­
n iq u es  and cr itica l stu d ies . T h e q u estio n  fo r  th e  
1980s is  n o t h o w  to  a ch ie v e  lo w  d etectio n  l im its  but 
h o w  to re lia b ly  and ra p id ly  perform  a n a ly ses  at lo w  
v a lu es. D u rin g  th e 1960s th e  em p h a sis  w as on  th e  
s in g le  c o m p o n e n t/e le m e n t te ch n iq u es . W e seem  
n o w  to be en ter in g  th e  co m p u ter -con tro lled  era. In  
each an a ly tica l sp e c ia lty , co m p u ter -co n tro lled  in ­
stru m en ts  are o ffe re d  w h ic h  grea tly  a id  th e  a n a ly st  
in  producing  an accurate, reliab le analysis  in  a shorter  
t im e. T h e advantage o f larger n u m bers o f  a n a ly ses  
per u n it o f  tim e w ith , in  so m e cases, reduced  p er­
s o n n e l are n o t to  b e  o v e r lo o k e d  in  th is  age o f e c o n o ­
m y. T o th e  AO AC co lla b o ra tiv e  s tu d y  th is  m ean s a 
red u ction  in  th e  n u m ber o f lab oratories w h o  can 
participate. It a lso  m eans greater standard ization  o f 
m eth o d o lo g y , and th e ch em ist's  lab oratory  a b ility  
b ecom es le ss  o f a factor in  p ro d u c in g  re lia b le  a n a ly ­
ses. S p ec ific  a n a ly tica l ex a m p les  are d iscu ssed  to  
il lu stra te  th e  trend for th e  1980s.

The w orkday o f an analytical chem ist in  the 
laboratories o f the 1980s is quite d ifferent from  
that o f the traditional analytical chem ist o f ye s­
terday. W e can trace th is change over the past 
several decades by look in g  at exam ples o f in ­
strum ents w h ich  co incide w ith  th is d ev e lo p ­
m ent.

D u ring the 1960s and before, analytical 
chem istry was a com bination of traditional "wet" 
chem istry together w ith  a variety of instrumental 
m ethods for the final determ inative step. The 
em phasis was on  the separation o f the elem en t  
or com pound to be determ ined by classical 
chem ical tech n iq u es—solven t extraction, ion  
exchange, precip itation—and then  the final d e­
term ination o f that elem en t or com p ound on  
som e suitable instrum ent. The results w ere then  
calculated by hand, based on  the readout from  
the instrum ent. The determ ination  w as very

This paper was presented at the Symposium on AOAC Methods Development—Challenge of the Next Decade, 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, DC.

tim e consum ing, and frequently the accuracy and 
precision of the value obtained was a function of 
the sk ill o f the laboratory analyst.

D uring the 1970s for several reasons the em ­
phasis sh ifted  from analyzing a few  sam ples and  
drawing conclusions to analyzing a large num ber 
o f sam ples (surveillance). The d iscovery of 
contam inants such as m ercury, DDT, p o ly ch lo ­
rinated b ip h en yls , and lead in  the en v iron m en t 
led  to large surveys in  w h ich  hund reds or th ou ­
sands o f sam ples had to be assayed on a rapid 
tim e scale. The traditional m ethods w ere inad­
equate to keep up w ith  the dem and. N ew  in ­
strum ents, som e develop ed  for specific analyses, 
w ere introduced. The em phasis also sh ifted  
from  the s in g le  com p onent to m u lticom ponent  
analyses, en ab lin g  the chem ist to produce m ore 
analyses per unit time. Som e instrum ents began  
to appear in  w h ich  autom atic processing capa­
b ilities w ere bu ilt in , thereby sp eed in g  up the  
analyses and elim inating som e o f the variability  
of results due to d ifferin g  laboratory skills.

In addition, the analyst was asked to low er the 
lim its o f detection  to less than part per m illion  
levels. The public's concern w ith  m inute traces 
of som e contam inants and the n ecessity  o f ana­
ly z in g  large num bers o f sam ples placed a con ­
siderable burden on  the analyst o f the 1970s.

W e are n ow  in  the 1980s and the question  is, 
w h at can w e  expect from the instrum ent pro­
ducers during this decade? I b e lieve  that this  
w ill be the decade o f autom ation. The instru­
m ents o f the 1970s w ill be contin ued , but they  
w ill be controlled  by m ini- or m icrocom puters. 
Functions such as calibration, graphics, and data 
reduction w ill be routin ely  don e "on-line."  
C onsequently  the throughput w ill be increased  
and analyst variability w ill be m in im ized .

To illustrate these trends, w e  w ill  look at sev ­
eral techn iques and their d ev elop m en t over the  
years, and then  exam ine w hat this w ill m ean to 
AOAC, the collaborative study, and incorpora­
tion  o f verified  m ethods in to  O fficial M eth ods of 
A n alysis  o f the AOAC.
Neutron Activation Analysis

D uring the 1960s neutron activation analysis 
(N A A ) w as used ex ten siv ely  for elem ental 
analysis. The em phasis w as on  a clean  radio­
chem ical separation o f the elem en t o f interest
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fo llow ed  by a count of the radioactivity w ith  an 
N al(T l) detector coupled  to either a sin g le  
channel analyzer or a sm all m u ltich an n el ana­
lyzer. Peak integration  w as d on e by hand and 
the results w ere calculated w ith  a s im p le calcu­
lator. Few elem en ts could  be d eterm ined  sim u l­
taneously.

By the m id 1970s, a Ge(Li) detector had re­
placed the N al(T l) detector, and w as connected  
to a large m ultichannel analyzer w ith  crude peak 
integration  capability. The h igh er resolu tion  
Ge(Li) detectors m ade m u ltielem en t analysis 
com m on. A lth ou gh  these analyzers had crude 
peak integration capabilities, most data reduction  
w as accom plished  through the use o f large 
com puters. D uring this tim e, m any com plex  
com puter reduction programs w ere w ritten  and 
w ere in  com m on use. The hand calculators were  
n o w  a th in g  of the past.

In the late 1970s, m ultichannel analyzers w ith  
large m em ories w ere introduced. A lthou gh  the 
larger m em ory w as ach ievab le e lsew h ere , the 
large capacity coupled  w ith  h igh ly  d evelop ed  
software was a major breakthrough. Also during 
th is tim e, the effic ien cy  and resolu tion  o f de­
tectors had steadily increased. The com bination  
produced an analytical m ethod  w h ich  required  
o n ly  that the sam ple be irradiated and placed  in  
front of the detector. The analysis of the samples 
and com putation o f concentrations could be 
d on e virtually  on -lin e , and a sum m ary report 
could be typed at the con clu sion  o f the day. 
A utom atic sam ple changers had already been  
in troduced w h ich  a llow ed  the operation o f the 
equ ipm ent on  a 24-h-a-day basis.

The end  result w as that analytical p ersonnel 
could reliably perform large numbers of analyses 
on a daily  basis. This trend w as duplicated  in 
other analytical techn iques.

For the 1980s, I b elieve  that w e  w ill see a con ­
tinuation  o f autom ation w ith  a gradual im ­
provem en t in  the softw are and detectors, but 
n oth in g  as revolutionary as the breakthroughs  
in  the 1970s.

I n d u c t i v e l y  C o u p le d  P la sm a
The application o f em ission  spectroscopy for 

elem ental determ ination  by the analytical labo­
ratory has b een  popular for over 40 years. A 
sim ple w ay to excite atom s for em ission  spec­
troscopy is to burn the sam ple in  a flam e. Flame 
em ission  is largely restricted to those elem ents  
that are easily  excited, such as thé alkali earths, 
because o f the relatively  low  tem perature of 
flam es (approxim ately 3000°C). A m uch higher

temperature is needed to suitably excite elem ents  
such as Zn, Pb, Si, V, and Cd to achieve em ission  
signals adequate for m odern trace analysis.

Electric arcs or sparks are capable of producing 
the h igh er tem peratures necessary for determ i­
nation o f e lem en ts w h ich  cannot be ach ieved  
w ith  flam es. M ultie lem en t determ inations are 
possible w ith  arc/spark spectroscopy through the 
use o f direct reading spectrom eters. U se o f the 
arc/spark w ith  a direct reader greatly increases 
the speed  at w h ich  a sam ple can be analyzed  for 
m ore than on e elem ent. U nfortunately, arc/ 
spark spectroscopy is not a procedure that works 
w ell for a large variety o f sam ples. It is esp e­
cially useful for w ell characterized materials such  
as a lloys, but it is d ifficu lt to use for sam ples of 
a variable matrix.

A relatively  recent d ev elop m en t in  m u ltie le­
m ent analysis is the use o f in d u ctiv ely  coupled  
plasma (ICP). ICP offers many of the advantages 
of the arc/spark w h ile  e lim in atin g  m any o f the 
difficu lties. The ICP is a hot discharge (ap­
proxim ately 10 000°K) w h ich  is a very effic ien t  
excitation source for em ission  spectroscopy, so  
that a w id e range o f e lem en ts can be excited. 
This m akes the ICP ideally  su ited  as a source for 
m u ltielem en t analysis.

Attachment of an ICP to a direct reader, similar 
to those used  in arc/spark spectroscopy, has 
created a very con ven ien t instrum ent for m u l­
tielem ent analysis. Com m ercial instrum ents 
(using direct readers or a scannin g m onochro­
mator) w h ich  are available today, can determ ine  
in  excess o f 40 elem en ts sim ultaneously .

N o w  that w e  have the ability  to determ ine a 
large num ber of elem ents per sam ple, a problem  
of presenting the data in  a usable form  has been  
created. For exam ple, if 25 e lem en ts are deter­
m ined in  100 sam ples, then  2500 in d iv id u al e l­
em ental determ inations m ust be organized  in  a 
readily understood and readable m anner. Such 
a co lla tin g  problem  can easily  be hand led  by  
com puter. U nfortunately, present com m ercial 
ICP data reduction system s do not allow  for such  
organization.

A second problem  of data m anagem ent is 
sim ply "getting the num bers in  the correct 
units." For exam ple, in  determ in in g  copper in  
a liver sam ple, the desired units are probably  
m icrogram s o f copper per gram (fig /g ) o f liver. 
C urrently, ICP data system s present the data as 
Mg copper per mL diluted sam ple and the analyst 
m ust then  transpose f ig /m L  valu es to Mg/g by  
hand calculation. Som e com m ercial ICP data 
system s present the data in  units of ¿tg/g, but 
these system s require that the sam e sam ple
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w e ig h t and d ilu tion  factor be used  for all sam ­
ples, a situation that rarely exists.

Several "custom" data reduction system s have 
b een  d ev elop ed  to facilitate the calculation and  
com p ilation  o f data. T hese system s have been  
very beneficial to organizations analyzing a large 
num ber of sam ples. In m ost cases, how ever, the  
system s have b een  b u ilt around a second com ­
puter and hard copy facility, the cost o f w h ich  
can be excessive. The n eed  for im proved data 
reduction  is an area that m any m anufacturers of 
ICP instrum entation  shou ld  address in  the fu ­
ture.

G a s -L iq u id  C h r o m a to g r a p h y !  H ig h  P r e s s u r e  
L iq u id  C h r o m a to g r a p h y

G as-liquid chrom atography (GLC) has d ev e l­
op ed  over the past years in  m uch the sam e w ay  
as N A A  d evelop ed . In the 1960s, co lum ns  
started w ith  a crude liquid phase such as stopcock 
grease and d ev elop ed  through Carbowax to 
super Carbowax and to "polym er cages" such as 
Texex. At the sam e tim e, detectors w ere d ev e l­
o p in g  from  general detectors based on  therm al 
condu ctiv ity  and flam e ion ization  to m ore sp e­
cia lized  detectors such  as the n itro g en -p h o s­
phorus detectors and those based on  flam e p h o­
tom etry. There w ere also advances in  tem per­
ature control, purer carrier gases, and m ore e f­
fic ien t d esigns. F inally, m icroprocessor con ­
trollers and data reduction facilities w ere d e­
velop ed .

A n outgrow th and exten sion  o f liqu id  chro­
m atography w as h ig h  pressure liqu id  chrom a­
tography (HPLC). Im provem ents in colum ns and 
colum n packing com bined w ith  detectors w h ich  
have ranged from the universal refractive index  
detectors through u ltraviolet (UV) and variable 
UV fluorescence to electrochem ical detectors 
have m ade this tech n iq u e extrem ely usefu l. 
Again, m icroprocessor controllers for the pum ps 
and autom ated data reduction capabilities com ­
b in ed  w ith  graphics have further advanced the  
technique.

In each instance the addition  o f m icroproces­
sors and autom ated techn iques have increased  
sam ple throughput and aided in  the interpreta­
tion  o f the results. In n o n e  of these techn iques  
w ill the addition  o f autom ated features m ake a 
poor analyst good, nor is it a so lu tion  to all 
problems. H ow ever, it w ill make a good analyst 
better and im prove sam ple throughput. C om ­
puters are on ly  as good  as the inform ation go in g  
into them  and as good as the software controlling  
the process. As softw are gets better, the same

analyst also gets better and m ore effic ien t, and  
m ore inform ation can be obtained reliably from  
on e  analysis.

T h e  A n a ly t i c a l  M e t h o d
M any analytical techniques are incorporating  

autom ated procedures as an integral part o f the  
instrum ent. W hat w ill th is m ean to the co llab­
orative study and to the AOAC?

A n analytical m ethod m ay be d iv id ed  into the  
fo llo w in g  steps:

(1) selection  o f a representative sam ple;
(2) preparation o f the sam ple for determ ina­

tion  by d isso lu tion , etc.;
(3) determ ination o f the elem en t/com p ou n d  

in  question;
(4) reduction o f th e data; and
(5) use o f h ig h  quality k n ow n  standards.
D uring the 1960s and in to  the 1970s, the sk ill

o f the analyst in  each o f these steps had a direct 
in flu en ce on  the precision  and accuracy o f the  
analysis. W ith the introd uction  o f autom ation, 
the determ inative step w as standardized. Late 
in  the 1970s and in to  the 1980s th e autom ated  
reduction of data becam e standard. The success 
of the analysis becam e a function  o f sam ple co l­
lection , preparation, and the adequacy o f soft­
w are con tro llin g  the autom ated portions o f the  
analysis.

If w e  assum e that the rules for obtain in g a 
representative sam ple have b een  w e ll d efin ed , 
this leaves on ly  the preparation of the sam ple for 
the determ inative step as an analyst variable. In 
som e cases ev en  this step has b een  autom ated. 
This d oes not m ean that the autom ated answ ers  
w ill be more correct, however; it on ly  m eans that 
the analyst variability w ill  be reduced.

D uring the 1980s w e  w ill  see  con tin u ou s im ­
provem ents in the software controlling analyses. 
Thus several questions sh ou ld  be addressed re l­
ative to the AOAC standard m ethods. D oes a 
change in  softw are m ean that th e stu dy sh ou ld  
be redone? This w o u ld  in clu d e any chan ge in  
the determ inative step or the data-reduction step. 
If th e collaborative stu dy w as d on e usin g  on e  
com pany's autom ated system , w o u ld  the study  
still be valid  usin g  a d ifferen t com pany's auto­
m ated system ?

F inally, there are the standards to consider. 
For the past few  years Standard R eference M a­
terials (SRMs) such as flour, spinach, oyster, and  
b ov in e liver, w h ich  are certified  for elem ental 
content, have been  m ade available by th e N a­
tional Bureau o f Standards. There is still a need  
for organic standards in  food matrices, as show n
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in a recent conference on nutrient SRMs1. Many 
problem s are in v o lved  in  producing nutrient 
SRMs, but I b elieve  that during the 1980s m any  
of these w ill be resolved  and SRMs w ill be 
available. Standards are an integral part o f the 
analytical system  because they a llow  checks on  
the m eth od ology  and procedures.
U p c o m in g  M e t h o d o lo g y

In each area there is usually one m ethod w hich  
becom es the w orkhorse. I have listed  several 
areas in w hich the FDA is currently w orking and 
the m ethod(s) w h ich  workers in those areas feel 
w ill be the m ost useful.

N u trien ts .— HPLC w ill be used  ex ten sively  
during this decade. Versatility and speed  com ­
bined w ith  autom ated features and im proved  
colum ns ensure w idespread applications for this 
technique.

Elemental Analysis.— Clearly, the workhorse for 
elem ental analysis, both  toxic and nutritional, 
w ill be ICP. A bility to determ ine 25 elem ents at 
one tim e and reduce the data alm ost on -lin e  are 
very attractive features. If N A A  is com bined  
w ith  ICP, the ability to determ ine about 40 e le ­
m ents in clu d in g  som e overlap for checking  
purposes makes this a very attractive com bina­
tion.

Fats and O ils.—A combination of GLC m ethods 
w ill be the preferred approach, w ith  a trend

1 Workshop on Reference Materials for Organic Nutrient Measurement, National Bureau of Standards, Oct. 23, 1980, Washington, DC 20234.

toward capillary techn iques com bined w ith  in ­
strum ent autom ation.

Pesticides and Industrial Chem icals.— The use of 
capillary GLC w ill contin ue, and it w ill be d e ­
ve lop ed  from  a qualitative into a quantitative 
technique. HPLC w ill receive w id esp read use 
as m ore selective detectors are d eveloped .

M yco to x in s.— The area o f m ycotoxins w ill use 
a variety of techniques such as capillary GLC and 
HPLC w ith  im proved detectors and capillary  
chrom atography. In addition , radioim m uno­
assay and en zym e-lin k ed  im m unoassay w ill be 
im portant techniques. GLC-mass spectrom etry 
w ill con tin u e to be useful.

C o n c lu s io n s
D uring the 1980s there w ill still be a push for 

low er and low er detection  lim its and for im ­
proved accuracy at low  levels. Im provem ents  
w ill be m ade in  each of the analytical fie ld s but 
efforts w ill be concentrated on  autom ated m i­
croprocessor-controlled and softw are-controlled  
instrum ents and data reduction to conserve an­
alyst tim e and m in im ize  analyst-to-analyst 
variability.
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A s m icro b io lo g ists  d ev e lo p  and m o d ify  m eth od s and  
turn  to  autom ated  eq u ip m e n t to  decrease a n a ly sis  
tim e, th e p recision  and accuracy o f th e  m eth od s m ust 
b e en su red  th rou gh  co lla b o ra tiv e  s tu d y . R ap id , 
v a lid a ted  m eth o d s  are n eed ed  in  m a n y  areas. S te ­
r ility  te s t in g  and th e u se  o f b io lo g ic a l in d ica tors  are 
a m on g  sub jects o f in terest to  FD A  and in d u stry . 
T h ese g ro u p s are a lso  s tu d y in g  p articu la te a n a ly sis . 
T he lim u lu s am ebocyte ly sa te  test is  b ein g  considered  
for u se in  d etectin g  en d o to x in s  in  drugs and m ed ica l 
d ev ic es , in  d ia g n o s in g  il ln e s s , and  in  a ssess in g  the  
m icrob io logica l q u ality  o f fo o d s and water. R eliable  
m eth o d s  are n eed ed  for d e tec tin g  v iru ses  in  fo o d s  to  
assure a safe fo o d  su p p ly . S tu d ies are n eed ed  on  the  
V ib rion a ceae to  b etter  u n derstand  th e m ech an ism s  
o f in v a s iv e n e ss  and h o st resp on se . M eth o d s  m ust 
also  be d evelop ed  to study  p athogens in  th e w ater and  
fo o d  su p p ly .

The 1980s sh ou ld  bring m icrobiologists a n ew  
challenge in  m ethod developm ent, based on  the 
success o f the past decade. Our progress, h o w ­
ever, has b een  slo w  and a bit d isap p oin tin g  
com pared to that o f chem istry, for w h ich  in ­
strum ents have b een  in  use for som e 20 years. 
M icrobiology is largely a labor-intensive activity. 
This point is em phasized in  the 75th Anniversary 
issue o f the FDA C onsum er, w h ich  contains a 
picture o f bacteriologists in  the o ld  Bureau of 
Chem istry laboratories about 1912. The picture 
reveals analysts preparing tubes and tubes of 
media. The startling fact is that in  our laboratory 
just last m onth, our analysts w ere still preparing 
tubes and tubes o f media, on ly in  a more modern  
facility  and in  a m ore effic ien t m anner.

Progress has b een  slow . H ow ever, in  that 
sam e laboratory our analysts w ere u sin g  gas 
chrom atographs, com puter term inals, API sys­
tem s, and electrical im pedance equ ipm ent. 
T hese instrum ents sh ou ld  lead to m ethods that 
make the work o f the m icrobiologist easier. We 
m ust keep in  m ind that as w e  autom ate our 
m ethods w e  m ust m aintain the precision  and 
accuracy o f m anual m ethods. W e m ust ensure
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th is through the collaborative study approach  
that the AOAC and other scientific organizations 
have fostered for alm ost a century. The goal o f  
the collaborative study is to ensure that m ethods 
w ill  perform  w ith  the necessary accuracy and  
precision  under usual laboratory conditions. 
T hese m ethods m ust be reliable for regulatory  
purposes. This approach has brought the va li­
dation o f analytical m ethods to a h ig h  degree of 
perfection.

This d iscussion  w ill cover a w id e  variety o f  
areas currently o f interest to the Food and Drug  
A dm inistration (FDA) and industry, in clu d in g  
sterility , particulate, p yrogen , p athogen , and  
sanitation testing. A n y reference to specific  
equ ipm ent is o n ly  for illustration and does not 
represent an endorsem ent.
S t e r i l i t y  T e s t in g  — B io lo g ic a l  I n d ic a to r s

Sterility testing has been  an official test in  the  
U.S. Pharmacopeia  (USP) for d eterm in in g  if  
products to be sterilized  w ere, in  fact, "sterile."  
The concept o f sterilization  and, co nsequently , 
the d efin itio n  o f "sterile" have b een  seriously  
question ed  for the past decade by m ost experts 
in  this field . The destruction k inetics or steril­
ization  death tim e o f m icroorganism s is n ow  
recogn ized  as a probability fu n ction  and subse­
quently leaves the old definition o f sterile, w hich  
w as "the absence o f viab le m icroorganism s", 
open to interpretation. In other words, w h en  is 
a product considered  to be sterile, at 10~2,1 0 -4 , 
or 10-6  probability of survivors? The sterility  
test, a lthough  usefu l to determ ine gross con­
tam ination, is not adequate to determ ine the  
degree o f sterilization  o f product. The ad v en ­
titious contam ination rate during sterility testing  
is genera lly  considered  to be on e in  a thousand. 
Thus the reliability o f determ ining the degree of 
sterilization  can n ever be greater than 10-3  and  
m ay be m uch less.

A more accurate determ ination of the probable 
degree o f sterilization  is b ein g  accom plished  
through the use o f process control sterilization  
cycles. Process control p rovides the m anufac­
turer w ith  the data to determ ine if a desired  
sterilization  process has been  accom plished. 
Som e of the parameters that m ust be kn ow n  in ­
clud e the fo llow in g: (1) The bioburden on  the
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product, that is, the num ber and type o f m icro­
organism s found. This in  itse lf is usefu l in for­
m ation. H ow ever, the sterilization  k inetics of 
the bioburden sh ou ld  be know n.

(2) The penetration  rate o f the sterilant into  
the product, be it steam , dry heat, a gas such  as 
e th y len e  oxide, or a liqu id  sterilant.

(3) The reliability o f the equ ipm ent b ein g  
used, such as the sterilizer itself, the gauges used, 
or the gas concentration detectors in  the case of 
eth y len e oxide.

(4) Physical parameters such as tem perature, 
steam  quality, relative h um id ity , and gas con ­
centrations, all o f w h ich  m ay affect the pro­
cess.

(5) The effect o f the sterilization  process on  
bio log ica l indicators.

W hen all the necessary parameters are know n  
for a sterilization process, a sterilizati ~n cycle can 
be d esign ed  to accom plish any degree o f m icro­
bial destruction. W hen a sterilization  process 
has proven to be su ffic ien tly  reliable, FDA may 
choose to a llow  "process release," or release  
w ith ou t en d  product sterility  testing. Process 
release or dosim etric release is b ein g  accom ­
p lish ed  on a routine basis by m any o f the radia­
tion  sterilization  facilities. M ore recently  pro­
cess release has been  granted to certain facilities 
d oin g  e th y len e  oxid e sterilization.

M uch o f the process control is n ow  b ein g  ac­
com p lish ed  by com puterized  autom ated equ ip­
m ent. The equ ipm ent provides a m eans of 
precisely duplicating a sterilization process, and  
provides m ost o f the quality assurance data.

The MSI (M icrobial Survivor Index) is a con ­
cept b ein g  prom oted by the Canadian gov ern ­
m ent to indicate the degree o f sterility  o f a 
product. The MSI reflects the probability of 
sterility; for exam ple, a product that has under­
gon e a sterilization  process adequate to have a 
probability o f a survival o f less than 10-6  w ill  
have an MSI o f 6.

There has been  m uch d iscussion  in  th is coun­
try about the effect o f MSI, for exam ple, on  
products used in  a hospital. If a d ev ice having  
an MSI of 3 were used  on a patient instead of one  
h avin g  an MSI o f 6, w hat w ou ld  be the liab ility  
of the user? If it w ere fou n d  to be necessary  
because o f liab ility  reasons for everyth in g  to 
have an MSI o f 6, the cost o f m any products 
w ou ld  be greatly increased. The MSI, how ever, 
w o u ld  provide the user w ith  m ore k n ow led ge  
concerning the "sterility" o f a product w h ich , in  
turn, w o u ld  a llow  h im  to make decision s con ­
cerning the use o f that product. Other questions 
are w h eth er a product sterilized  to a 10~6 prob­

ability w ill truly m aintain that probability and  
w h eth er the MSI num ber sh ou ld  reflect the  
sterilization process or the probability of sterility 
w h en  used.

B iological indicators (Bis) have b een  used  to 
m onitor a sterilization  process for m any years. 
T hey dem onstrate the ability  o f a sterilization  
process to kill a certain num ber o f resistant 
m icroorganism s, usually  spores. The d egree of 
reliability of Bis has been questioned in  the past 
because o f the variability encountered  in  this 
resistance. M ore recently, m ethods and equ ip­
m ent have b een  d ev elop ed  to produce uniform  
spore crops w ith  k n ow n  resistance and to pro­
vide the sterilization industry w ith  a reliable tool 
for m onitoring a sterilization  process.

W hen the resistance o f a BI to a sterilization  
process is k n ow n  and the bioburden is know n , 
a process can be d esign ed  to m axim ize the ster­
iliza tion  w h ile  m in im izin g  the exposure o f the  
product to the sterilant. N ew  Bis are b ein g  d e ­
veloped  for steam sterilization processes that use 
tem peratures less than 118°C. This is necessary  
because Bacillus stearotherm ophilus is usually  not 
killed b elow  that temperature and consequently  
makes a poor indicator.
P a r t ic u la te s

The FDA becam e interested  in  determ in ing  
num bers o f particulates in  large vo lu m e paren- 
terals in  the early 1960s, and in 1976 m icrobiol­
ogists from  five laboratories in  the fie ld  w ere  
trained to perform  particulate analysis. Initial 
training consisted  o f m icroscopic d etection  and  
enum eration and equ ipm ent clean ing and use.

Part of the clean ing procedure entailed use of 
Freon as a final rinse. The suspected build-up  
of this h igh ly  volatile substance in the laboratory 
and especially  in  lam inar flow  clean b en ches  
posed  a potential hazard to the analysts. Tests 
w ere m ade to determ ine if the Freon w as n eces­
sary and u ltim ately  sh ow ed  that in d eed  it was 
not. Data were presented at the Parenteral Drug 
A ssociation m eetin g  to support the n on -u se of 
Freon and u ltim ately this w as accepted by the  
USP. A  change w as m ade in  the USP XIX, 2nd  
Supplem ent.

FDA has evaluated the m icroscope procedure 
for enum eration  over the past 4 years to deter­
m ine its repeatability and reliability. The 
m ethod, as described in  USP XX, w ill provide  
reliable data on ly  w h en  used by a h igh ly  trained  
analyst w h o  does the w ork on  a regular basis. 
The m icroscopic m ethod  w as ted iou s and tim e- 
consu m in g and required total com m itm ent by  
the analyst. The use o f the automatic electronic
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particle counter was investigated  and was found  
to be much faster and to provide more repeatable 
counts. H ow ever, it w as necessary to use the  
m icroscope to calibrate the equipm ent. A study 
by 4 laboratories com paring the electronic par­
ticle counter and the m icroscopic m ethod  re­
vealed  w h at on e w o u ld  expect. Those w h o  did  
w e ll w ith  the m icroscopic m ethod also did  w e ll 
w ith  the autom atic counter. The FDA is pres­
en tly  w ork ing on  m eth od ology  to calibrate the  
autom atic counter w ith ou t rely in g  on  the m i­
croscope. The use o f standard particles at first 
appears to be a logical approach to calibration; 
the difficu lty lies w ith  the num erous shapes and  
sizes o f the particles to be enum erated and the  
type o f electronic counters to be used. Som e 
counters size particles by light blockage, som e by 
ligh t scattering, and som e by displacem ent. 
Spherical particles of latex material m ay be used  
as a standard o n ly  if spherical particles are to be 
analyzed  in  the product; oth erw ise the en u m ­
eration o f particles o f various s izes w ill not be 
eq u ivalen t on  various instrum ents because the 
instrum ents w ill see lo n g  th in  particles d iffer­
en tly  d ep en d in g  on  the detection  system . For 
exam ple, a lon g  th in  particle w ill be seen  by a 
lig h t blockage d ev ice as a surface area in  refer­
ence to its orientation  as it passes through a 
sensor, the displacem ent device w ill see the same 
particle as a vo lu m e, and the ligh t scattering  
d ev ice w ill see it d ifferen tly  d ep en d in g  on  the  
refractiveness and com position . A ll of the au­
tom atic counters w ill provide accurate data but 
th ey  m ust be calibrated w ith  a particle standard  
capable o f sim ulating the types o f particle to be 
counted.

Particle enum eration has been in the forefront 
of particle analysis, and iden tifica tion  o f the  
particles is becom in g more im portant. Som e  
particles may not be dangerous even  though they  
are present in  a product, for exam ple, a starch 
particle. On the other hand, a particle o f asbes­
tos, w h ich  has been  sh ow n  to be a carcinogen, 
w o u ld  be o f m uch greater sign ificance. Recent 
stu d ies sh o w in g  particulates derived  from  g lu ­
cose in  g lu cose so lu tion s leave op en  to question  
the extent to w h ich  particle enum eration should  
be relied  upon.

The particulates problem  w ith  sm all vo lu m e  
parenterals is som ew hat sim ilar in  that the par­
ticle enum eration  and iden tification  n eed  to be 
evaluated. It is un iq u e, how ever, in  the degree  
of particulate contam ination  and the source of 
the particles. A m pu les, for instance, w h en  
broken open tend to contam inate the contents  
w ith  glass particles. The type o f glass and the

way it is opened  significantly affect the num ber 
and size o f particulates form ed.

Standards have not been  set for sm all volu m e  
particulates prim arily because th e m ethods of 
particle analysis quantitatively lack the accuracy 
and reliability  to provide the data base. FDA is 
w orking in  the laboratory and on com m ittees  
w ith  industry to help  solve som e of the problem s 
associated w ith  particulate analysis and to help  
set standards c f  ex cellen ce in  both industries.
Limulus Amebocyte Lysate

Lim ulus am ebocyte lysate (LAL) is a b io lo g i­
cally active flu id  derived  from  the am ebocytic  
blood  cells  o f the horseshoe crab, Limulus p o ly-  
phemus. The protein portion o f the blood acts as 
a pro-clotting en zym e, and in  the presence o f a 
diva len t cation such as a Ca2+ or M g2+ and en ­
dotoxin , a clot is form ed. In 1956 w h ile  d o in g  
research on  the diseases of m arine anim als, F. B. 
Bang observed that the blood of a horseshoe crab 
clotted w h en  it w as injected w ith  inactivated  
Gram-negative marine bacteria. In 1968 J. Levin  
and Bang determ ined that flu id  from  th e rup­
tured am ebocyte b lood cells  w as the sen sitiv e  
portion o f the blood. U n fortunately , the crabs 
could on ly  be b led  at certain tim es o f the year 
because of the production of an inhibitor in  their 
blood. By 1972 S. W atson had succeeded  in  re­
m oving the inhibitors via chloroform  extraction, 
thus a llo w in g  the production o f LAL reagent at 
any tim e o f the year. In 1977 the first com m er­
cial m anufacturer w as licen sed  by the Bureau of 
B iologies to produce LAL. In the fo llo w in g  
years 7 m ore m anufacturers have b een  licensed  
and the sensitiv ity  o f the LAL test w as increased  
from the nanogram to the picogram level. These 
and m any m ore d evelop m en ts have aroused in ­
terest in  usin g  the LAL test for a variety o f anal­
yses ranging from  the d etection  of en d otoxin  in  
drugs and m edical d ev ices to the d iagnosis of 
Gram -negative m enin gitis or the determ ination  
of the m icrobiological quality of foods and  
water.

The im pact o f the LAL test on  both the phar­
m aceutical and m edical d ev ice industries has 
b een  considerable. It offers the e lim in a tio n  of 
the expense o f h ou sin g  and feed in g  rabbit co lo­
n ies (it is on ly  1 /1 5  to 1 /30  as ex p en sive), and  
results are available after a 1 h  incubation period  
rather than the 3 -8  h n eed ed  for the rabbit p y­
rogen test. M any drugs such as anesthetics and  
radiopharm aceuticals that p reviously  could  not 
be tested  or that required considerable d ilu tion  
to be tested because o f their lethal effects on  
rabbits can n ow  be tested  for the presence of
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end otoxin  w ith  the LAL test. M any m anufac­
turers n ow  perform the LAL test in  parallel w ith  
the rabbit test to obtain data that w ill support the 
replacem ent of the rabbit test by the LAL test. 
O ne o f the b iggest problem s facing the phar­
maceutical industry w ith  the use of the LAL test 
is overcom ing in h ib ition  problem s that occur 
w ith  som e drugs (m ostly sm all vo lu m e peren- 
terals) and m aking them  com patible w ith  the 
LAL test. In the m edical d ev ice industry per­
haps a w h o le  n ew  approach can be used. N o  
longer w ill devices have to be rinsed w ith  20-40  
mL of liquid to obtain a sufficient am ount to test; 
the LAL test only requires 0.1 mL per test. What 
is n eed ed  n ow  is a procedure that is capable of 
recovering the very sticky en d otoxin  m olecu les  
from the surfaces o f devices. Inh ib ition  prob­
lem s that may occur from substances b ein g  
leached out of the d ev ices during the rinsing  
procedure w ill have to be overcom e.

The LAL test is also dem onstrating that in  the 
future it may play an im portant role in  the c lin ­
ical field . It has already been  h elp fu l in  d iag­
nosin g  several illnesses' such as G ram -negative 
m enin gitis , m astitis, urinary in fection s, and en- 
dotoxemia. Its rapid detection of endotoxin (and 
therefore the sure k n ow led g e that Gram -nega­
tive bacteria w ere or may still be present) could  
result in a patient receiving the correct treatment 
sooner than if a physician  m ust w ait 24-48  h for 
a bacterial culture to grow. It has proven useful 
w h en  w orking w ith  cerebrospinal flu ids. A 
great deal of work is being done to adapt the LAL 
test to detect endotoxin in hum an blood. In the 
past its usefulness has been lim ited because of the 
presence of inhibitors in hum an b lood  but sev ­
eral m ethods are n ow  b ein g exam ined for their 
ability to overcom e these inhibitors.

In the area of the m icrobiological quality of 
food  and water the LAL test is again p roving to 
be a valuable tool. Num erous comparisons have 
been m ade betw een  the direct serial d ilu tion  
m ethod o f d etecting end otoxin s and the M ost 
Probable N um ber (M PN) m ethods in  meats. It 
is possible that in  the future, rather than the 
m inim um  w ait of 48 h for a coliform  M PN, the 
LAL test w ill be able to g ive  a quantitative an­
swer in 2 h and may prove to be more economical 
by elim inating the need for hundreds o f tubes of 
m edia and incubator space in  w h ich  to keep  
them .

It is clear that the LAL test is go in g  to play an 
im portant part in the future o f m icrobiology. 
The FDA is expected to issue new  gu id elin es for 
replacing the rabbit pyrogen test w ith  the LAL 
test for the end  product testing and release of

drugs and m edical dev ices. W ith these g u id e­
lines a trem endous increase in the use of the LAL 
test for parenteral drugs is g o in g  to d ev elop  in  
the next 2 -3  years. In order to sw itch  from  the  
rabbit to LAL test, manufacturers w ill on ly  have  
to prove that their product is not inh ib itory and  
through their quality assurance departm ents be 
able to dem onstrate that their laboratories and  
personnel are qualified  to do the test.
P a th o g e n s  a n d  V iru se s

According to the W orld H ealth O rganization, 
laboratories in  on ly  12 countries have research  
program s in  food v irology. Trained m icrobiol­
ogists capable o f d o in g  food v iro logy  are few . 
To address the problem s o f virus transm ission  
through foods, increased com m unications and 
better coord ination  b etw een  researchers is 
n eeded . The m ost pressing n eed  is for the d e­
ve lop m en t o f reliable m ethods to detect viruses  
in  foods. U ntil reliable and acceptable m ethods 
are d evelop ed , it w ill be d ifficu lt to assess the 
public health  significance o f such problem s. In 
1979 there w ere 460 reported outbreaks o f food  
p oison in g  in  the U n ited  States and in  37% of 
them  etio log y  w as confirm ed (1). W hat about 
the other 63%? W ere any, in  reality, virus 
pathogens? Viral hepatitis is reported to account 
for 2.9% of the outbreaks and other virus-asso­
ciated illn ess  about 0.6%. Lack o f data, due pri­
m arily to lack of reliable m ethods, m akes as­
sessm ent o f the ep id em iology , in fectiou s dose, 
and contam ination control recom m endation  
difficult, and w e need to better understand these 
in  order to assure the consum er a safer food  
supply.

H um ans are one o f the greatest po llu tion  
sources through both excretions and secretions 
(2). R ecycling dom estic w astes to im prove the  
environm ent, low er costs, and find  suitable uses 
has encouraged the use o f treated sew age as fer­
tilizer. Studies sh ow  that the use o f such fertil­
izer on vegetab le crops presents hazards (3). 
M ethods are n eed ed  to rem ove, or inactivate, 
heavy m etals, parasites, and viruses in  treated 
sew age.

The use o f indicator organism s is another area 
that has caused controversy; h ow ever, further 
research is needed (4, 5). The indicator organism  
approach could  result in low  cost, rapid, and ef­
fective m onitoring o f the environ m en t, partic­
ularly sh ellfish  harvest waters.

Reports vary, but indicate that 1-20% of 
sh ellfish  contain  hum an viruses. V iruses have  
been  detected  in  cow 's and goat's m ilk; beef, 
pork, and fish  products; processed meats; v e g e ­
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tables; and fruits. Future studies need to address 
the effects o f processing and distribution on  v i­
ruses in  the final product. Current virus d etec­
tion m ethods indicate that m any foods contain  
som e hum an viruses. H um an viruses do not 
m u ltip ly  in  foods. V iruses require susceptib le  
liv in g  ce lls  and appropriate tem peratures to 
m ultiply. These sm all accidental contam inants 
are very d ifficu lt to separate from  h igh  protein  
foods.

Som e viruses do not replicate in  the currently  
used tissue culture system s. It w ill be necessary  
to fin d  additional susceptib le ce ll-lin es. M eth­
ods other than ce ll-lin e  system s do provide al­
ternatives. The scan n in g  electron  m icroscope  
is currently used to detect rotaviruses, a cause of 
infant diarrhea. Enzyme linked im m unosorbent 
assay (ELISA) has b een  used ex ten siv ely  for 
bacteriological stu d ies and m ay becom e equally  
im portant to v irology.

The future w ill require tim e, equ ipm ent, lab­
oratory space, trained m icrobiologists, and an 
interested and sym pathetic m anagem ent to solve 
the problem s faced by the food virologist.
V ib r io

Vibrio cholerae non-01 was im plicated in  5 cases 
of food poisoning in 1979 (1). Som e people refer 
to these cholera organism s as n on-agglutinab le  
or non-cholera vibrios. Five cases seem s quite 
a sm all num ber; th ey  represent 0.1% of the total 
reported to the Centers for D isease Control 
(CDC). Yet 1979 w as the first year that th is il l­
ness was reported in  the U nited States D oes this 
m ean w e n ow  have a n ew  agent to look  for or is 
it one that has been overlooked in  the past? An  
outbreak o f V. cholerae 01 w as reported in  1978. 
(This illn ess  w as once th ou gh t to be an African  
and A sian exclusive.) T hese illn esses w ere as­
sociated w ith  eating raw sh e llfish  in  the U n ited  
States. The sh ellfish  consum ed w ere traced to 
harvest areas h av in g  elevated  fecal coliform  
counts. The in cid en ce o f cholera p o ison in gs  
w ill probably be kept low  by th e contin ued  
m onitoring o f harvest areas by the N ational 
S h ellfish  Sanitation Program.

Vibrio parahaem olyticus w as im plicated  in  1.2% 
of the food poisoning outbreaks reported to CDC 
in  1979 (1). Very often  m ore outbreaks occur in  
the sum m er, but 1979 w as an exception; all out­
breaks occurred in  February and all sh ellfish  
w ere consum ed at hom e w ith  no deaths reported. 
A ll sh e llfish  w ere cooked. This m eans that er­
rors in  refrigeration, cooking, and food handling  
h y g ien e w ere to blam e. The sm all num ber o f V. 
parahaemolyticus food poisonings show s that most

food h an d lin g  at the com m ercial lev e l is ade­
quate. Studies sh ow  that the organism  is found  
in  all U.S. coastal waters.

V. parahaem olyticus is a very im portant cause 
of illn ess in  Japan, due prim arily to the con ­
sum ption  o f raw fish  (6). In th is country the  
freezin g  o f seafood in  storage and our habit of 
eating cooked fish  have kept th is poten tia l food  
p oison in g  organism  as a m inor cause o f illness. 
Its constant presence should  not be disregarded, 
how ever.

The Vibrionaceae, considered here, are spread 
by contam inated w ater and food. If is the con­
valescent carrier or asym ptom atic ind iv id u al 
w h o pollutes the water supply. The illness is not 
spread by person-to-person contact as lon g  as 
reasonable personal h y g ien e  is m aintained. It 
was found that 10s—1010 organism s were required 
to produce illn ess in  volu nteers (7).’

The present laboratory analytical m ethods are 
reliab le but cum bersom e. Better m ethods  
sh ou ld  aim  at m aking analyses easier and faster 
and reducing costs. N ot all m icrobiologists  
agree on  w hat is the "best" m ethod. There is a 
need  to do collaborative studies and studies that 
w ill provide us w ith  an understanding o f the  
m echanism s in vo lv ed  in  in va siven ess and host 
response. By th is m eans, better approaches to 
p revention , control, and patient care w ill be 
possible. This could in vo lve  adherence studies, 
plasm id  m ediation, and use o f tissue culture in  
in vasiven ess studies or toxin  production.
P a th o g e n s /  P a r a s ite s

The increase in  land application o f dom estic  
w aste w ill increase the risk o f exposure to m any  
parasites. The d isposal o f w aste through d is­
charge to w ater system s provided  an in itia l pro­
tection through dilution  plus a period o f natural 
purification before sign ifican t hum an contact 
w as m ade w ith  the p ollu ted  w ater dow nstream . 
This protective barrier does not exist w ith  land  
application.

The occurrence o f bacteria and viruses in  
w astew ater, slu d ge, and receiv in g  so ils  has cap­
tured the interest o f m any investigators. N o  
such interest has been  stim ulated in  the occur­
rence of the larger p athogen ic organism s; few  
studies have included the study for protozoa and  
helm in th s. This is a sign ificant om ission  be­
cause som e o f these organism s can survive waste  
treatm ent of land longer than any o f the bacteria 
or viruses.

Secondary sew age treatm ent, in clu d in g  nor­
m al d isin fection  concentrations o f ch lorine and  
ozone, is ineffective in destroying parasites. In
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fact, treatm ent conditions m ay encourage the  
em bryonation of h elm in th  eggs. The heavier  
eggs of som e parasitic species, e.g., A scaris, settle 
out during sew age treatm ent and appear in  
slu d ge, w h ile  the lighter cysts and eggs appear 
in  the effluent. Most cysts and ova are relatively  
dense because the majority o f the parasitic forms 
are fou n d  in  the sludge.

The protozoans appear in  sew age in  cyst form. 
From the trophozoite stage in the intestinal tract, 
the organism s round up to form  a precyst, and  
then  secrete a tough  m em brane to becom e the  
cyst. These cysts are excreted in  the feces.

The protozoan o f greatest interest in  recent 
years has been Giardia lamblia. As late as 1965 the 
pathogen icity  o f th is organism  w as questioned. 
R enew ed interest w as stim ulated by a large 
num ber o f cases of giardiasis that occurred in  
Am ericans returning from the Soviet U nion . In 
an A spen , Colorado, outbreak, cysts w ere de­
tected in  2 of 3 sewage lines serving the town. In 
1979, an outbreak of foodborne giardiasis appears 
to be the first docum ented  case sh o w in g  fecally  
contam inated food to be a v eh ic le  for the trans­
m ission o f giardiasis, even  though the fecal-oral 
route of transm ission has b een  w e ll estab­
lished.

At least 15 d ifferent parasitic h elm in th s may 
be capable o f producing a health  problem  from  
sew age exposure. N o n e of the intestinal n e­
matodes requires an interm ediate host and most 
produce prodigious num bers of eggs. The eggs, 
particularly those of Ascaris and Trichuris, are very 
resistant to environm ental effects.

The presence o f protozoans and h elm in th s as 
m entioned earlier provides us w ith  an excellent 
reason for w anting to control or m onitor the use 
of sew age on  agricultural lands. To accom plish  
this, m ethods m ust be d evelop ed  that can quan­
titatively check the sew age placed on  field s and  
can sample crops grow n on  these particular fields 
for the presence o f parasites.

Ascaris eggs are the m ost resistant o f all the 
sew age pathogens to treatm ent and en v iron ­
mental stresses. Therefore, Ascaris w ould appear 
to be the lim itin g  organism  in  determ in in g  the  
health risk from sew age-treated soils. If d e­
tectable num bers w ere present in  raw sew age, 
the quantification o f Ascaris eggs in  treated  
sludge or soil could possibly serve as an index of 
the potential health  risk o f in fection  from any  
pathogen originally  present in  the sew age. 
M ethods for the recovery o f Ascaris eggs m ust be 
collaborated until a fast and effic ien t m ethod is 
found  w h ich  can be used w ith  confid ence.

It is go in g  to becom e a b ig problem  in the fu­

ture w h en  stricter law s are put in to  effect for 
regulating the p o llu tion  o f our rivers and  
streams. Som e p eop le suggest usin g  o n ly  pas­
ture land for sew age disposal. A ll this may do  
is delay the inevitable. Cattle, sheep , and other 
anim als used for hum an food can pick up d if­
ferent parasites and even tu ally  pass them  on to 
the consum er. We m ust have control over the 
sew age being used on the land and h ow  the land 
is used. Fifty percent of our sew age is currently 
disposed of in  various land application programs 
and the am ount is continually increasing. N o w  
is the tim e to d ev elop  m eth od ology  required to 
ensure the health  o f the consum er.

S a n ita t io n
At the b eg in n in g , I alluded to the fact that our 

laboratory w as still preparing racks and racks of 
tubes w h ich  w ill be predom inan tly  used  for the  
d etection  of Escherichia coli and the coliform  
bacteria. This analysis is conducted  in  con­
junction w ith  the determ ination of Staphylococci 
and aerobic p late counts in an effort to establish  
m icrobial criteria for food.

This analysis can be very costly. The spiral 
plating instrum ent has been  successfu lly  co l­
laborated for use in the aerobic plate count area. 
A lth ou gh  it costs about $6,000-$7,000, the sav­
ings in petri dishes and media may w ell make up 
th is in itia l outlay. O ther techn iques that could  
be used for plate count are b iolum inescence and  
the radiometric method; how ever, the sensitivity  
of the procedures at present leaves som ething to 
be desired. W ith som e m odification o f the 
dilu tion s, the spiral p lating equ ipm ent may be 
adaptable to E. coli or Staphylococcus organism s. 
This w ill naturally require m ore selective media  
in concert w ith  rapid biochem ical identification  
m ethods. In sum m ary, the entire area o f san i­
tation m icrobiology may lend itself to som e form  
of autom ation.

In conclusion , a lthough w e have m ade con ­
siderable strides in the d ev elop m en t o f m icro­
biology m ethods in the past decade, w e  still have 
quite a ch a llen ge before us.
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Analytical Methods for Drugs in the Next Decade
J O H N  E. Z A R E M B O
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T od ay's research for n ew  drug su b sta n ces  is m o v in g  
tow ard  m o lec u les  o f m uch  larger m olecu lar  w e ig h t  
and co m p lex ity  than th e  sm a ll, m odern  drug m o le ­
cu les , e .g ., p o ly p e p tid e s , in terferon , s lo w -r e le a s in g  
sub stances, and b lo od  and plasm a com p on ents. T he 
co m p lex ity  o f natural products d er ived  from  hum an  
or o th er a n im al b o d ies  requires a n ew  a n a ly tica l 
ch em istry . S im p le  tests  for drug s ta b ility , d is so lu ­
tio n , and b io a v a ila b ility  w il l  n o  lo n g er  su ffic e  to  
p ro v id e  and en su re p u rity  and structura l id e n t ity  o f  
such  drugs. D u rin g  th e next decade, th e dem an ds on  
a n a ly tica l ch e m ists  w il l  increase; m ore b io lo g ic a l 
organ ic and p h ysica l ch em istry  w il l  be required  by  
ana ly sts  to perform  th e ir  jobs. C riteria  for p u rity  
w il l  require e v e n  greater ch rom atograph ic in v o lv e ­
m ent but th is  w il l  h ave to b e  co m p lem en ted  b y  n u ­
clear m agn etic  reson an ce and m ass spectrom etry . 
T he dem ands m ade on  AO A C  to validate and approve 
m eth od s to  assay drugs and d eterm in e  th e ir  p u rity  
w ill  increase en o rm o u sly  in  th is  next decade. T he  
u n d ersta n d in g  o f drug p u rity  w il l  take on  a n ew  
m ea n in g  becau se o f th e  co m p lex  nature o f  natural 
products. S ta b ility  in d ic a tio n  w il l  be s ig n ific a n t  
o n ly  w h en  ch em ica l and b io lo g ic a l tests  can co m ­
p le m en t and d e f in e  th e  a ctive  co m p o n en ts  and the  
im p u ritie s. A O A C  w il l  be required  to  p la y  a major 
ro le in  assuring th e m anufacturer and the p u b lic  that 
th e ir  drugs are a d eq u a te ly  tested , sa fe , and e ffic a ­
cious.

Since the enactm ent o f the D elan ey  Clause and  
the good  laboratory and good m anufacturing  
requirem ents o f the Food, D rug, and Cosm etic  
Act, drug consum ers have becom e n ew ly  aware 
o f the serious and possib ly  adverse effects and 
poten tia lly  lethal dangers o f poorly m anufac­
tured, im pure, and unstable drugs. T his reali­
zation has had a profound im pact and has in ­
creased dem ands that inform ation about any  
potential hazards be m ade know n by regulatory 
officers w h o  rev iew  applications to test and  
market n ew  drugs and w h o  insist that all such  
in form ation be inclu ded  in  the applications. 
The result of this public aw areness and dem and  
has in flu en ced  the research and d evelop m en t  
p hilosoph y of drug manufacturers and research
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scientists, and has had a marked effect on  drug  
research, quality control, and quality assur­
ance.

Drug purity and drug safety w ould  seem  to be 
equivalent terms. It m ight seem  logical that the 
purer the drug substance and dosage form, the 
safer the drug. H ow ever, this can be determ ined  
o n ly  through adequate safety tests on  anim als 
and hum ans. In addition, drug potency has been  
equated w ith  stability, availability, and efficacy. 
This is certainly an im portant consideration b e­
cause the consum er is the final test of drug e ffi­
cacy and safety.

T hese concerns w ill contin ue and in ten sify  
during the 1980's as m ore sophisticated  instru­
m entation  and diagnostic test m ethods are in ­
troduced and as w e  learn m ore about the long- 
range effects o f drugs, especially  on  chronically  
treated ind ivid uals. M ost o f us w ill eventually  
suffer the pain and diseases of age and aging, and 
it w ill becom e im portant to us to have drugs to 
h elp  us cope as p ain lessly  as p ossib le w ith  the  
increasing liab ilities that o ld  age brings to our 
lives. Because of our dem ographic trend toward 
an older and longer surviving population, w e are 
am assing data by w h ich  w e  can determ ine the  
long-range effects o f our wonder-w orking drugs. 
Exam ples are osteoporosis, the d ev elop m en t of 
carcinomas, and m utagenic and teratogenic e f­
fects, w h ich  do not seem  ev id en t in  the early or 
lim ited stages of drug safety testing and research. 
M any of these adverse effects surface on ly  after 
m any years, ev en  after therapy or exposure has 
term inated. M uch o f the inform ation that can 
be correlated w ith  adverse drug effects and that 
w e n eed  to help  overcom e these problem s w ill  
be derived from the sophisticated determ inations 
of purity, stability , and integrity as w e ll as the  
kinetics and m echanism s o f chem ical change  
(w hich may be detrim ental or even  lethal) made 
in  the analytical laboratory.

Currently, one of the major assays used in drug 
research is the stability assay, w h ich  assures the  
consum er that the active com p onent in  the dos­
age form w ill dissolve and be available so that the 
body's b iological system  can do its job. This test 
also helps to ensure the quality and safety of the  
drug. It perm its us to deal effective ly  w ith  the  
problem s o f estab lish ing the com p osition  of 
drugs all through their sh elf-life , during devel-
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opm ent as w e ll as during use. For such  studies  
and for drug surveillance, the assays u sed  m ust 
necessarily be stability-indicating.

A stability-indicating assay, therefore, not only  
m ust be able to determ ine the p oten cy o f the  
intact drug in  the dosage form  but, equally as 
im portant, m ust be able to detect and quantita­
tiv ely  determ ine m ost o f the d ecom position  
products, especially  any poten tia lly  dangerous  
ones. If there is any possib ility  that these d e­
com p osition  products can negate the assay re­
sults, it is im perative that the analyst correct for 
them. Equally important, the analytical stability 
m easurem ents m ust be able to determ ine the 
occurrence o f crystalline changes, such as p o ly ­
m orphic m odification , hydration, or solvation , 
w h ich  can change the availability and hen ce the 
rate o f d isso lu tion  and efficacy o f the dosage  
form.

An assay o f this type is quite com plex because 
of the m ultitude o f com p onents m aking up a 
drug preparation. In addition  to the active 
substance, a drug m ay contain excip ients, so l­
ven ts, w ater, lubricants, d ispersing agents, co l­
orants, and flavors, etc. Certain drug form ula­
tions may contain as m any as 40 or 50 d ifferent 
substances. The m eth od o logy  used to obtain  
m ean in gfu l and accurate data requires con sid ­
erable sam ple preparation, such  as extractions 
and isolations o f the com p onents b ein g  sought, 
w ithou t alteration o f the true drug com position. 
T his is a form idable assignm ent.

The determ ination  o f the physical changes, 
such as polym orphism , requires other ap­
proaches, since polym orphism  is destroyed w h en  
a drug is d issolved; solvation  and hydration are 
also affected by the sam ple preparation process 
and m ight produce fictitious data. We therefore 
have to resort to m ethods that do not decom pose  
or alter the physical con d ition  of the drug sub­
stance; today's analytical sophistication  is per­
m ittin g us to do that.

Polym orphism , for exam ple, can n ow  be d e­
term ined by a variety of techniques, such as x-ray 
powder diffraction, infrared analysis, differential 
therm al analysis, and chem ical m icroscopy. 
From the n ew  techn ique o f solid-state cross­
polarization nuclear m agnetic resonance, w e  are 
learn ing that d ifferent crystalline and p o ly ­
m orphic form s exhibit d ifferent features that are 
easily  detectable and in  som e cases can be quan­
titated. For the other aspects of drug integrity  
and purity, n ew  detectors o f greater sen sitiv ity  
and specificity  are either available or b ein g  d e­
velop ed . Exam ples are liqu id  chrom atography  
w ith  its m ultitude o f approaches and n ew  d e­

tectors, and fie ld  desorption , MS /M S, and fast 
atom bom bardm ent mass spectrom etry. Ion 
chrom atography also appears prom ising for d e­
term ination of inorganic anions and cations and  
som e organic m olecu les and contam inants. In 
som e cases it is possib le to detect and quantitate  
com pounds at picogram  levels.

The validation  o f m eth od o logy  for drug sta­
b ility  assays prom ises a major role for AOAC. 
There is the n eed  to establish  that current and  
future drug m eth od ology  is in d eed  stability- 
indicating and does produce accurate results for 
drug purity. In m any cases th in  layer chrom a­
tography has b een  used in  com bination  w ith  
liq u id  chrom atography, and th is approach to 
fingerprinting and p rofilin g  drugs has proved  
to be invaluable. A neutral referee body is 
n eed ed  to critique and test m any o f these m eth­
ods to determ ine their su itability  and value. 
AO AC could p lay a major role in  in itiating, 
coordinating, and d irecting such studies. Such  
inform ation w o u ld  enable us to han d le the ana­
lytical problem s o f drug research and d ev e lo p ­
m ent m uch m ore effective ly  in  the 1980's.

D uring the next decade w e  can anticipate the  
introduction o f m any n ew  organic m olecu les of 
higher molecular w eigh t and greater com plexity. 
We are on  the threshold o f a fam ily of drugs that 
treat not only the major killers such as cancer and 
heart d isease but also m any o f the gen etic  d is­
eases. At the last count, m ore than 2000 such  
diseases have been  described.

N ew  drug substances are n o w  em erging not 
on ly  from organic synthetic and natural product 
laboratories but also from  com puterized  auto­
matic m olecule synthesizers and m ost especially  
from gen etic  en g in eer in g  and b iological labo­
ratories. They are b ein g  isolated  from  hum an  
plasma, blood, and tissue fractions, from  aquatic 
anim als, and from isolates o f th e entire anim al, 
vegetab le, and m ineral w orld  around us. The 
num ber is uncountable. M olecu les such as 
hum an and anim al in su lin s, g am m a g lob u lin s , 
horm onal factors, hum an and anim al calcitonin, 
leukotrienes, slow -releasin g  substances, antib i­
otics, in terferons, prostaglandins, b lood  com ­
pon en ts like Factor VIII and Factor IX, p o ly p ep ­
tides, oligosaccharides, and en zym es are m erely  
a few . Each year brin gs hund reds, if not thou­
sands, of n ew  therapeutically  and b io log ica lly  
active m olecules. T hese m olecu les n eed  to be 
characterized chem ically and biologically. Their 
stability and integrity w ill have to be determ ined  
not o n ly  on  the com pound or m ixture itse lf but 
also on the final dosage form at manufacture and 
during its shelf-life .
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Figure 1. P re lim inary  in fo rm a tio n  required  for d e term in in g  sa fe ty  and effica cy  o f n ew  drugs.

Figure 1 outlines the prelim inary inform ation  
required for determ ining the safety and efficacy 
that is even tu ally  filed  in a request for an Inves­
tigational N ew  Drug (IND) and subsequently for 
a N ew  Drug Application (NDA). These data are 
required not on ly  for the regulatory agency but 
also for each o f the research staff. This infor­
m ation help s to set the standards for drug ade­
quacy, purity, chem ical and biological integrity, 
and therapeutic effic ien cy , and g iv es a m ore 
com plete understanding o f the drug. We begin  
a n a ly tica lly  w ith  structure, con fo rm ation , 
m ethods of analysis, and stability. We also d e­
term ine so lu b ility , d isso lu tion  rate, k inetics of 
decom position , and bioavailability  in the blood  
stream. From solubility data w e  can predict the 
tim e for onset o f drug action and determ ine  
w h ether the drug w ill partition from the gastric 
m ilieu  and be available for absorption into the  
blood stream. D issolution rate, one o f the major 
factors in drug analysis and quality control, helps 
in evaluating the quality of the dosage form  
throughout its com plete shelf-life . The kinetics 
of decom position  and the decom position  prod­
ucts provide inform ation on  drug action in  the 
body from  the tim e the drug com es in  contact 
w ith  h ig h ly  acidic stom ach flu ids u n til it is d is­
so lved , absorbed, and produces its action in  the 
biological system  in  the presence o f a variety of 
en zym es and other chem icals. Identification  of 
w hat is hap p en in g  becom es a major analytical 
and biological undertaking. The scientist is al­
w ays concerned w ith  w hat is hap p en in g  to the  
m olecu le as w e ll as to the consum er as chem ical 
changes occur. This m ust be determ ined com ­
p letely , and w e alw ays n eed  to assure ourselves  
that the chem ical environ m en t from all th is re­

activity is safe and that the chem ical changes  
occurring do not yie ld  chem ical species that w ill 
produce adverse effects. The question of toxicity 
and the am ounts o f poten tia lly  toxic material 
form ed must be determ ined analytically. Since 
w e cannot com p letely  equate laboratory anim al 
toxicity w ith  hum an toxicity, the critical analysis 
and drug safety m ust be determ ined by hum an  
tests and the necessary analytical inform ation  
m ust be derived  from  them .

Physical changes are equally im portant. It is 
possib le to convert a solu b le drug in to  an in so l­
uble concretous mass that sim ply passes through  
the body and is com p letely  ineffective . It is in ­
deed important to follow  drug integrity not only  
in  the body but also outside it to establish  that 
toxic im purities are not form ed, that drug p o­
tency is m aintained, and that the drug w ill d is­
so lve  and be com p letely  available to the pa­
tient.

Figure 2 lists several o f the analytical tech­
niques currently used in profilin g and id en ti­
fy in g  im purities. Som e o f the present and  
em erg in g  tech n iq u es m en tion ed  here w ill  
ligh ten  the job ahead o f us. Infrared spectros­
copy, com bined w ith  Fourier transform  and  
com puter capability usin g  en h an cem en t and  
subtraction techn iques, provides spectral id en ­
tification in  com plex m ixtures and at nanogram  
levels. The techn ique is usefu l for both quan­
titative and qualitative work. Polym orphism , 
for exam ple, can be determ ined not o n ly  on  a 
pure com pound but ev en  in  the presence o f ex­
cipients and other active com ponents in the final 
dosage form. The form ation o f hydrates, so l­
vates, and chelates can be determ ined by infrared 
techniques. Chem ical changes, such as oxida-
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METHODS IN IMPURITY  PR O FI L I N G

CHEMISTRY REACTIVITY-? FINGERPRINT REACTIONS—?
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3H
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19c

DOUBLE QUANTUM TECHNIQUES 
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-> FUNCTIONAL GROUP 
-? X-RAY DIFFRACTION

Figure 2. M eth od s in  im p u r ity  p ro filin g .

tion, reduction, isom erization , hydrolysis, and  
polym erization , can also be m onitored  by in ­
frared spectroscopy.

In th is past decade, h igh  pressure liqu id  
chrom atography (HPLC) has becom e on e o f the 
m ost valuable tools in  drug analysis and research. 
It is used for drug assays, for d eterm in in g  im ­
purities in  drugs, and for determ in in g  chem ical 
instab ility  of drugs. M uch of our energy n ow  
and in  the next decade w ill be d evoted  to refin ­
in g  this valuable techn ique in to  a com p letely  
autom ated, m ach ine-contro lled , and integrated  
system . W ith com plem entary instrum entation  
to do drug analysis, HPLC w ill probably provide 
the bulk o f inform ation  n eed ed  to determ ine  
drug integrity and drug chem istry in routine use. 
W e anticipate greater speed , résolu tion , sen si­
tiv ity , and specificity . In conjunction w ith  
doub le quantum  NM R techn iques, NM R w ill 
permit us to look at m olecules w hich  contain two  
carbon-13 atoms; it w ill provide a n ew  capability  
to determ ine the structure o f m olecu les in  so lu ­
tion  w h ich  w ill rival that o f single-crystal x-ray 
diffraction analysis.

In the 1980's w e  can expect dramatic, new  
NM R capabilities and uses in  both drug analysis

and drug research. W e can expect m ore use of 
NM R w ith  b iological and com plex m olecu les of 
h igh  m olecular w eigh ts. S en sitiv ity  n ow  is in  
the picogram  range for protons and in  the m il­
ligram  range for carbon-13. Inform ation on  
chem ical structure o f m olecu les is b ein g  pro­
v id ed  m ost appropriately by NM R and mass 
spectrom etry and by com bined techn iques. 
H igh  resolu tion  NM R w ith  m u lti-n u clei capa­
bility  and solid-state NM R are m aking structure 
d eterm in ation  less  co m p lica ted . C om plex  
spectra can be reduced to first order spectra to 
perm it easier interpretation of data. U sing  
telephone-com puter connections, w e are getting  
lon ger and im proved instrum ent operation, 
quicker m aintenance, and greater reliability. 
H igh  resolu tion  instrum ents (greater than 250 
M Hz) provide h igh  sensitiv ity  and require on ly  
a m inim um  of sam ple and a m in im um  num ber  
of transients. Samples can be analyzed just about 
as quickly as th ey  can be prepared, and the 
com puter a llow s ex cellen t quantitation. NM R  
is both  a qualitative and a h ig h ly  specific and  
precise quantitative technique. A nsw ers ob­
tained  by NM R are u nequivocal, u n lik e those  
from  chrom atographic techn iques, w h ich  have
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CHLORPHENIRAMINE BASE
TLC TLC Prep of Sample Proposed Structure Molecular Weight
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F igure 3. T yp ica l a n a ly tica l s tu d y  to  iso la te , id e n t ify , and  q u an tita te  a drug and its  im p u ritie s.

no real specificity  because th ey  d ep en d  on  re­
ten tion  tim e alone as the id en tify in g  param­
eter.

Probably the m ost exciting n ew  area o f ana­
lytical research and analytical pow er is mass 
spectrom etry; considerable progress is b ein g  
made. Three mass spectrom etric techn iques, 
electron ionization impact, field  desorption, and 
chem ical ion ization , a llow  us to look  at large 
m olecular w e ig h t m olecu les, up  to approxi­
m ately 1000 mass units. F ield  desorption  es­
sentia lly  p rovides on e m olecular ion  peak plus  
its isotope peaks, i.e., a cluster o f peaks, for each 
com pound present, so that it is possib le to d e­
term ine if im purities are present. The spectrum  
is uncom plicated . As a soft ion ization  tech­
n ique, it d oes not break up the m olecu le in to  a 
peak for each p ossib le mass up to the m olecular  
ion . The next decade w ill see the d evelop m en t  
and expansion  of n egative ion  mass spectrom e­
try, tandem  mass spectrom etry (M S/M S), and  
secondary ion  mass spectrom etry (SIMS). SIMS

sputters sam ple particles from  a so lid  target 
surface; these ejected particles are then  mass 
analyzed. Lower m olecular w eigh t nonvolatile  
com pounds m ay thus be successfu lly  analyzed .

The laser desorption technique, w hich  has not 
b een  fu lly  d ev elop ed , appears to have prom ise  
for the analysis o f n on vo la tile  m olecu les that 
n ow  appear to be intractable. O ne of the m ost 
prom ising mass spectral techn iques is fast atom  
bom bardm ent. It m ay be a valuable too l for 
looking at the large peptide m olecules w e  expect 
to encounter in  drug research. At present, laser 
desorption  can be used to inspect and exam ine  
m olecules w ith  m olecular w eights o f 4000-6000. 
Work in  th is area at som e u n iversities suggests  
that com pounds w ith  m olecular w e ig h ts  up to
15,000 or m ore produce m olecular ions. Laser 
desorption  appears to be on e of the better w ays  
in  w h ich  w e  can study these h ig h  m olecular 
w e ig h t  m aterials, for exam p le, in terfero n , 
slow -releasin g  substances, fragm ents o f hPTH, 
and sm all enzym es. W hen coupled  w ith  x-ray
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GC/MS OF CHLORPHENIRAMINE DISTILLED BASE
Instrument — Finnigan Model 1015
Column — 6x2mm 3% OV-225100/120Gas Chrom Q
Column Temperature 190°-270° 8°/min
Injector 225°C
Sample Size 0.02 pi neat

Method of Identification
GC/EI
GC/EI and TLC 
GC/EI
GC/EI and TLC 
GC/EI and TLC 
GC/EI, Cl and TLC

GC/EI

GC/EI/CIFDandTLC
GC/EI/CI TLC

Figure 4. Im p u rity  p ro filin g  u s in g  gas ch rom atograph y and m ass spectrom etry .

single-crystal analysis MS enables us to study the 
in tegrity  o f these structures and the subtle  
chem ical changes th ey  undergo that have a 
profound  effect on  their therapeutic efficacy.

A nother area o f considerable interest and  
valu e to the drug industry is the use o f radio­
pharm aceuticals. Early in  a drug study, infor­
m ation is n eed ed  on the b ioavailability  o f the  
n ew  drug substance, the body areas in  w h ich  it 
accum ulates, and the m etabolic changes it 
undergoes. R adiolabeled drugs can be used  to 
study questions o f w h eth er the m olecu le asso­
ciates w ith  other m olecu les or tissues and  
w h ether n ew  species are form ed w h ich  are then  
therapeutically active. A nalytical tech n o logy  
is required to solve these problems. By coupling  
radiochem ical detectors w ith  HPLC, MS, IR, 
NM R, Fourier transform  MS, and m odern data 
system s, w e  can m onitor and establish the 
structure, excretion , and d isposition  o f these  
com ponents in  the body organs and body fluids. 
This helps us to establish their safety and efficacy 
as w e ll as the m echanism s and k inetics o f drug  
action. The n ew  radiochem ical detectors w ith  
their h igh  degree of sensitiv ity  are op en in g  new  
capabilities for the 1980's. Even extrem ely small 
am ounts of h igh ly  active drugs can n ow  be

studied and their action can be understood. The 
use, study, and validation o f radiochem icals can 
present n ew  possib ilities for AO AC to d esign  
procedures to validate analytical m ethod ology .

O ne other area w ill still be o f great concern  
during the 1980's: the problem  of im purities 
present in  com m ercial drugs. This very real 
concern is often  either ignored  or on ly  casually  
investigated . W e are learn ing m ore and m ore 
of the toxic effects o f extrem ely lo w  lev e ls  of 
drug after lon g , contin uous exposure. This is 
w h y  drug purity and in tegrity  m ust be studied  
and understood in  lig h t o f the advances in  drug  
preparation. Penicillin  contam ination can cause 
serious problem s and ev en  life-th reaten in g  e f­
fects in  sen sitiv e ind ivid uals. N -N itrosam in es  
at a few  parts per m illion  can produce hepatic  
cancer in  dogs; m any drugs and their nitrosated  
products may be a real concern for safety in  h u ­
m ans. A noth er hazardous chem ical class is the  
sym m etrical tetrachlorodioxins, w h ich  m ay be 
form ed w h en  chloroarom atics, frequ ently  used  
as interm ediates in  drug m anufacture, are con ­
verted to dioxins under the appropriate synthetic  
conditions. Sym m etrical tetrachlorodioxin  is 
probably the m ost toxic sm all m olecu le know n; 
it produces death at parts per m illio n  lev els  and
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Figure 5. D eterm in a tio n  o f o r ig in  o f im p u r itie s  in  a drug.

even  less. A chem ically m odified  H 2 antagonist 
that may be present in drugs at a lev el o f 0.01% 
not on ly  can cancel the therapeutic effect of the  
drug but can even  produce the exact opposite and 
aggravating effect.

Besides these potential dangers, there is an­
other issue regarding im purities in  drugs: the  
case in w h ich  there are no dangers or pharm a­
ceutical liab ility , yet excessive and unnecessary  
dem ands are m ade on  the pharm aceutical in ­
dustry. The pharmaceutical industry recognizes 
the problem  of drug im purities and the n eed  to 
control their presence. There is a need , h o w ­
ever, for g u id e lin es  on  perm issib le im purity  
lim its so that excessive and unnecessary analyt­
ical tim e, m anufacturing, and purification steps  
are not required that w ill increase manufacturing 
costs, result in higher drug prices, and even  delay 
the approval of much needed therapeutic agents. 
W here the LD50 and other drug safety tests show  
no dangerous or adverse effects, a gu id e lin e  
should be established and the regulatory agency  
and the m anufacturer shou ld  reach a general 
consensus.

Figure 3 dem onstrates the thorou gh n ess and

com pleteness (and cost) o f an analytical study of 
a com m on antih istam inic drug, ch lorphenira­
m ine, w hich is present in m any over-the-counter 
and ethical drug preparations. This work re­
quired m any isolations and the use o f a com bi­
nation of analytical techniques and instrum ents. 
Mass spectrom etry and NM R w ere em p loyed  
throughout. The study w as carried out to dem ­
onstrate the type of inform ation on im purities in  
drugs that can be obtained in  a major effort to 
establish  drug safety. Figure 3 sh ow s the TLC 
profile o f the drug fo llow ed  by preparative TLC; 
the num ber o f com p onents increases as m ore 
material is spotted. Thus each im purity itse lf  
co n ta in s " im p u rities."  T h eoretica lly , the  
num ber of im purities in  a com pound could be so 
large that such a study could go on ad infinitum . 
Im agine the am ount o f effort and cost required  
to isolate, identify, and quantitate each im purity  
and to establish  its structure and m olecular  
w eigh t.

Figure 4 sh ow s a typical exam ple o f im purity  
profilin g usin g  GC and MS. Several of the MS 
techn iques m en tion ed  earlier w ere used, v iz ., 
electron ionization impact, chem ical ionization,
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F igure 6. A d d itio n a l step s  in  ch em ica l drug an a ly sis .

and field  desorption. Final iden tifica tion  in  
som e cases required TLC a n d /o r  preparative 
iso lations and the use o f NMR. This m ultitude  
of instrum entation  and tech n ology  (over $1 
m illion  w orth) w as required to resolve this 
problem  because no single m ethod ever provides 
all the required inform ation. C ertainly this 
problem  could  be hand led  o n ly  by a h ig h ly  so­
phisticated  scientific staff w ith  an array o f in ­
strum ents.

Figure 5 dem onstrates the steps taken, once  
structures are established . W e n ow  w ish  to d e­
term ine the orig in  o f these im purities and de­
term ine h ow  w e m igh t prevent their form ation  
or rem ove them . O xidation and hydrolysis are 
com m on sources of d ifficu lty . Som e o f the im ­
purities result from earlier synthetic steps and are 
carried through to the final product, thereby  
increasing the num ber o f d ifferent im purities  
present because o f secondary reactions.

Figure 6 provides an ex ten sion  o f som e o f the  
chem istry m en tion ed  earlier. O xidation and  
com b ined  oxidation  and decarboxylation fo l­
lo w ed  by d ech lorin ation  during th e d istillation  
step explain  som e o f the orig in  o f these im puri­
ties. Im purities seem  to arise from  every possi­
b le ch em ica l/p h ysica l reaction process, such as 
heat, ligh t, oxidation , and hydrolysis. Such

com p lexity in  chem ical drug analysis accounts 
for som e o f the h ig h  cost o f drug develop m en t.

D u ring the 1980's w e  can therefore look  for 
greater use of com puters to sp eed  th is process 
w ith ou t d im in ish in g  the th orou gh n ess that en ­
sures the safety of our drugs and p revents the  
tragedy o f adverse drug effects such as the m ore 
than 60 drug-related deaths due to selacryn (ti- 
crynafen) reported in  the press. A nalytical in ­
strum ents during the 1980's w ill becom e the ac­
cessories of the com puter rather than the reverse 
situation that exists today. Full autom ation and  
ev en  the use o f robots to carry out repetitive, 
routine, and dangerous or com plicated analyses  
is a reality. This sh ou ld  re lieve the burden and  
en n u i o f routine w ork, im prove precision  and  
accuracy, and enable m any m ore analyses to be 
carried out in  nriuch less tim e.

W e face one major problem  that the com puter  
could help  solve: the problem  of data hand ling, 
storage, and m anagem ent. Final reports o f work  
and recom m endations to rework, reject, or re­
lease could  be prepared autom atically. At the  
sam e tim e the possib ility  o f om ission , operator 
error, transcription error, and delays could  be 
reduced and elim inated .

A n oth er area o f concern is the d ev elop m en t 
o f rapid m ethods and overn igh t or unattended
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instrum ent m ethods u sin g  com puterized  and  
m u ltiso lven t and variable program m able steps. 
Such m ethods not only can be developed but also 
can be optim ized , validated, and statistically  
evaluated w ith ou t operator in terven tion , once  
th ey  are set up. In the past few  years AO AC has 
p rovided  a forum  for evaluating m eth od ology , 
settin g standards for perform ance, and en lig h t­

en in g  the analytical com m unity about progress 
and requirements in  our scientific discipline. In 
the 1980's, AO AC should  play a major role in  the  
interface o f industry, academ ia, the com pendia, 
and regulatory agencies to prepare adequate, 
critical, and w e ll tested  and d ocum ented  m eth­
ods and standards for the analysis of our food  and 
drug products.
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R eg u la to ry  a g en c ies  b ecom e in v o lv e d  in  n u m ero u s  
“ leg a l action s."  N o t o n ly  do th ese  a g en c ies  in it ia te  
le g a l a ction s to  en force  la w s, th ey  p ro m u lg ate  ru les, 
is su e  sta tem en ts  o f  p o lic y , and  d e v e lo p  and d e fin e  
statu tory  standards. N o t su r p r is in g ly , th ese  pro­
gram s are ch a llen g e d  in  courts b y  m em b ers o f  regu ­
la ted  in d u stry , trade a sso c ia tio n s, co n su m er group s, 
and in d iv id u a l c itiz en s . R egu la tory  a gen c ies  a lso  
in it ia te  and  resp on d  to  a v a r ie ty  o f  issu e s  b y  a d m in ­
is tr a tiv e , rather than  ju d ic ia l, a ction . T h ese  to o  are 
"legal actions"  and freq u en tly  concern  th e adequacy  
o f laboratory and sc ien tif ic  m eth od o logy . W here the 
a gen cy  in it ia te s  a ction  to  en fo rce  th e  la w , it  carries 
th e burden o f proof. W here agency action  or inaction  
is  ch a llen g e d , th e ch a lle n g in g  party  carries the bur­
d en  o f  p ro o f and  th e  courts h a v e  fr eq u en tly  g iv e n  
great d eference to the v ie w s  o f the agency. H ow ever, 
th e courts w il l  freq u en tly  eva luate for th em selves  the 
s c ie n tif ic  b a s is  fo r  th e  agen cy 's  d ec is io n , re g u la tio n , 
or program . E xam ples o f  ju d ic ia l reaction  to  s c ie n ­
t i f ic  q u es tio n s  in  recent years w il l  b e  d iscu ssed .

I w o u ld  like to id en tify  five  form s o f "legal 
action."

(1) O ne form  is rulem aking. This is the pro­
cess by w h ich  a regulatory agency makes law  by 
proposing a rule, so liciting com m ents, and then  
prom ulgating a final order, w h ich  is cod ified  in  
the Code of Federal Regulations. Rules in  the Code 
of Federal Regulations have the force and effect of 
law; th ey  are b in d in g  and those subject to them  
m ust com ply. W hen an agency w ants to make 
a rule that is based on  som e assum ption  about 
scientific reality, the scien tific  data and the  
m eth od ology  to support that rule m ust exist and 
be carefu lly  articulated.

(2) A  secon d  form  of "legal action" is called  
"adm inistrative adjudication;" how ever, it is not 
decided  (in itially) in  a court, but rather betw een  
th e p roponen ts o f som e product or v iew p o in t  
and the regulatory agency. The d ecision  to ap­
prove or not approve a N ew  Drug A p plication  
(or a supplem ent) is an adm inistrative adjudica­
tion. The agency acts like a judge. Its decision, 
the adjudication, d irectly affects on ly  the pro­
ponent. The impact of such a decision is usually
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individual and contemporary; the impact of rule- 
m aking, how ever, is general and prospective  
because it affects the future conduct o f everyone. 
H ere too, regulatory agencies rely on  scientists 
to provide sound  data, e ither to support the  
agency's position or question a proponent's data 
or analysis.

(3) A n oth er form  o f "legal action" is leg isla ­
tion . Every year th e D epartm ent o f H ealth  and  
H um an Services and other execu tive branch  
agencies propose that C ongress am end o n e  or 
m ore o f the statutes it enforces. O bviously , 
chances o f obtain in g the desired am endm ent 
exist on ly  w h en  there is va lid  scien tific  support 
for the proposition  or program  proposed to be 
enacted into law.

(4) The forms o f "legal action" w ith  w h ich  w e  
are m ost familiar, and think o f im m ediately , are 
those brought before federal judicial courts to 
enforce the la w — seizure o f products, proposed  
injunctions o f firm s, prosecutions o f persons.

(5) Finally, there are legal actions in  w h ich  the 
D epartm ent or the agency is the defendant. 
T hese are suits against the governm ent. Som e 
groups sue the govern m en t cla im in g that the  
gov ern m en t doesn 't do en ou gh . O ther groups 
su e the govern m en t cla im in g that the govern ­
m ent d oes too m uch. M ost o f these suits chal­
lenge agency policies, programs, and regulations. 
The agency prom ulgates a rule and som eon e  
com es into court and says, "That's a bad rule. It 
w on't stand careful scrutiny." The agency, in  its 
d efen se , w ill relv on  the scien tific  data in  w hat 
is called the "adm inistrative record" to support 
th e rule. Thus, rulem aking and d efen siv e  lit i­
gation  are frequently tw o sid es o f the sam e 
coin.

The interaction of science w ith  the courts is not 
n ew . O ne benchm ark in  the m odern relation­
ship  betw een judges and scientists dates from the 
1930's: a case in v o lv in g  a ch ild  labor law  passed  
by the State o f O regon. The statute w as chal­
len ged  by persons w h o  argued that the State had 
no right to dictate h o w  m uch a ch ild  could w ork, 
and claim ed that the O regon statute prohibiting  
excessive ch ild  labor w as unconstitutional. The 
State o f O regon hired a law yer to represent it, 
and that law yer hired an assistant. The case 
w en t to the Supreme Court. In those days, states
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could pass law s if the law s w ere reasonable; that 
w as the legal standard. The brief that the law ­
yers for the State of O regon filed  in  the Suprem e 
Court had 2 parts. The first consisted  of a state­
m ent that a state can do that w h ich  is reasonable. 
The second section  o f the legal brief contained, 
in essence, one sentence: “The State o f O regon  
has acted reasonably." A nd then, a footnote, of 
m any pages, w en t on to cite sociological studies, 
m edical treatises, p sychologica l studies, and  
other statistical and scientific data sh o w in g  that 
excessive work was detrim ental to children. N o  
on e on  the Suprem e Court w as a socio logist, 
psychologist, or pediatrician. N evertheless, the 
Court undertook to rev iew  those references to 
the scientific literature and decided  on that basis 
that the State o f O regon had  acted reasonably. 
This kind of legal brief cam e to be nam ed the 
Brandeis Brief, after the primary law yer for the 
State o f O regon, Louis D. Brandeis, later to b e­
com e a justice o f the U n ited  States Suprem e 
Court, as d id  h is assistant, Felix Frankfurter.

I have b een  asked to speculate on  the rela­
tionship betw een  sound m ethodology and legal 
actions in  the next decade. I w ou ld  like to start 
w ith  a disclaim er. I am not talking about the 
physical sciences, but about social science. 
W hen w e enter the realm  of social science, on ly  
social scientists believe that they can predict the 
future. Lawyers know  better. There are several 
reasons w h y  it is hard to anticipate w hat is goin g  
to happen in  the next decade in the relationship  
b etw een  sound m eth od o logy  and legal actions.

First, that relationship is largely predicated on 
the courts, and the person n el o f the courts is 
currently very m uch in flux. A statute passed  
during the Carter adm inistration sign ifican tly  
increased the num ber o f federal judges. The 
perspectives of these new  judges are substantially 
u nkn ow n. President Reagan has b egu n  to ap­
point other n ew  federal judges. As a result, the  
judicial arena in  w h ich  science is evaluated  is 
chan gin g  noticeably.

Second, the Suprem e Court, the court o f last 
appeal, is also in  a state o f flux, as w e  are all w ell 
aware. The Court has just in sta lled  one n ew  
m em ber and according to the n ew s m edia, there 
m ay be 3 to 5 n ew  m em bers w ith in  the next few  
years. What those justices do w ill have a very  
sign ifican t effect on  the relationship  b etw een  
science and law.

A nother factor is the U n ited  States A ttorneys 
in  each o f the 94 federal judicial districts 
throughout the U nited  States. W hen w e  talk of 
FDA judicial actions, w e are talking about a legal 
action that occurs on ly  w ith  the approval o f the

local U.S. A ttorney. FDA does not have the  
pow er to file  cases; on ly  the D epartm ent o f Jus­
tice can file  FDA cases, and it does so through its 
prim ary field  agents, U n ited  States A ttorneys. 
T hey report to the A ttorney General of the  
U nited States. The v iew s of these U.S. Attorneys 
very m uch determ ine w hat kinds o f cases are 
goin g to be presented to the courts and w ith  how  
m uch vigor. O ne o f the reasons.it is d ifficu lt to 
predict the '80s is that there are about 90 n ew  U.S. 
A ttorneys.

A nother factor adding som e uncertainty is the  
im pact o f the n ew  era o f federalism . Executive 
branch agencies are b eg in n in g  to cope w ith  re­
duced resources. D uring th is period it w ill be 
hard to foretell h ow  the relationship  b etw een  
science and law may be altered.

Finally, there is a bill currently pending before 
C ongress w h ich  w ou ld  g ive  C ongress a leg isla ­
tive veto  over the rules prom ulgated by regula­
tory agencies. Should that b ill pass in  one form  
or another it w ill sign ificantly affect an agency's 
in d ep en d en ce in  determ in ing w h at is good  
science.

T hose are som e o f the factors w h ich  w e  have  
to keep in  m ind  as w e  speculate about the '80s 
and the relationship  b etw een  sound  m eth od ol­
ogy and legal actions.

As a law yer, I deal in rules. I w o u ld  like to 
discuss the rules that the courts apply to the d if­
ferent kinds o f regulatory actions I have id en ti­
fied.

W hen an agency makes a rule, and that rule is 
ch a llen ged , courts ask the fo llo w in g  question: 
Was the rule arbitrary or capricious? If it wasn't 
arbitrary or capricious, it stands; if it was, it falls. 
A few  passages from a recently decided  case in ­
v o lv in g  EPA regulations for sm elters should  
provide a sense o f w hat arbitrary and capricious 
m eans.

"The reviev/ing court [the court review ing the 
regulation] is required to engage in  a "substantial 
inquiry," i.e., a thorough, probing, in -depth  re­
v iew . To determ ine w h eth er the d ecision  was 
arbitrary or capricious, the court m ust consider  
w h eth er the decision  w as "based on  a consider­
ation o f the relevant factors and w h eth er there 
has been  a clear error in judgm ent." Id. Al- 
th ougn  the scope o f inquiry is to be "searching 
and careful" the ultim ate standard of rev iew  is 
narrow. "The court is not em pow ered  to sub­
stitute its judgm ent for that o f the agency." . . . 
A satisfactory explanation  o f agency action is 
essential for adequate judicial review , because 
the focus o f judicial review  is not on the w isdom  
of the agency's decision , but on  w h eth er the
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process em p loyed  by th e agency to reach its d e­
cision  took in to  consideration  all th e relevant 
factors. . . . The focal p o in t o f judicial rev iew  is 
the adm inistrative record already in  existence, 
"not som e n ew  record m ade in itia lly  in  the re­
v ie w in g  court." . . . The EPA m ust provide a 
reasoned basis for its actions, fu lly  explain ing its 
course o f conduct, i.e., that is its reason ing, its 
analysis, and its inquiry."

W hat do w e  glean  from  that passage? Courts 
do not (are not supposed  to) consider w h eth er  
the agency decided  the issue the sam e as the  
court. They ask: What w as the issue? What are 
the factors that m ust be considered  in  d ec id in g  
the issue? D id the agency look at all the factors? 
The courts do not decid e the case based on  w hat 
the judges b e liev e  is the right answer; th ey  do  
not, in  the legal rhetoric, "substitute their judg­
m ent for that o f the agency."

Second, as a general rule, the courts do not 
hear n ew  ev id en ce. W hen an agency passes a 
rule, it has before it a body o f data, and it m akes 
its decision  on  the basis o f that body of data, the 
"administrative record," as it is called. Decisions 
are m ade on  a fixed record so that everyon e  
know s w h at matters w ere or w ere n e t con sid ­
ered. Thus, ev en  if I d iscover a great theory 4 
m onths after the regulation was passed as to w h y  
it is a good regulation, but no one considered that 
theory w h en  it w as w ritten , the court norm ally  
w ill not consider m y view s. The regulation rises 
or falls on  the ev id en ce in  the adm inistrative  
record, not n ew  ev id en ce added later by agency  
law yers or by the courts th em selves As the  
Suprem e Court recently said in  its Benzene d eci­
sion: "Because our review  o f this case in vo lved  
a m ore detailed  exam ination  of the record than  
is customary, it must be em phasized that w e  have 
n either m ade any factual determ inations o f our 
o w n  nor have w e  rejected any factual fin d in gs  
m ade by the Secretary." The Suprem e Court 
looked at the pream ble, w h ich  explains the final 
rule, and references in  that pream ble to various 
scien tific  data and evaluated OSH A's basis for 
acting as it did on that record.

The rules gov ern in g  h o w  courts look at rule- 
m aking place great em phasis on  the ability  to 
com m unicate. Science cannot just sit on  the 
sh elf. C itizens, law yers, and judges n eed  to 
understand each other. W hen scientists, regu­
lators, and law yers w rite a regulation, :hey must 
educate th em selves so that they can explain  the  
rule to the public and so that it w ill  be clear to a 
poten tia l rev iew in g  court. Thus, com m unica­
tion  sk ills are very im portant. M any readers 
m ay recall the M on san to  case, a ch a llen ge to an

FDA decision  declaring that acrylonitrile, used  
to m ake unbreakable beverage containers, w as 
an unsafe food  additive. The "legal" issue be­
fore the court w as the retention  o f residual ac­
ry lon itrile m onom er, w h ich  had not b een  p o ly ­
m erized in  the m anufacturing process. The 
court d ecided  that it could not be sure w h eth er  
the C om m issioner o f Food and D rugs had ap­
p lied  w hat the court called  the secon d  law  of  
therm odynam ics, w h ich  the court took to d efine  
as the d iffu sion  prin cip le, or w h eth er the Com ­
m ission er had extrapolated the applicable data. 
I don't kn ow  the d ifference b etw een  projection  
and extrapolation, and I don't know  w h ether the 
secon d  law  of therm odynam ics is syn on ym ou s  
w ith  d iffu sion  or not. (I stu died  h istory before  
I w en t to law  school.) W h ile a lleg ed ly  asking  
only  w hether the agency considered the relevant 
questions (the standard for th e arbitrary and  
capriciousness test), the court appears to have  
engaged in considerable scientific evaluation. If 
the agency carefully states w hat it is that it has 
d one, if  it com m unicates clearly, then  it can en ­
courage courts to lim it their review . Because the 
court fou n d  that the C om m issioner d id  not ex­
p lain  w h ich  theory he w as ap p ly in g , it w as u n ­
able to affirm  the rule. Thus, com m unication  
and drafting skills are part of a court's rulem ak­
in g  rev iew  process, and can affect h o w  m uch  
d eference a court w ill g ive  to th e agency's sci­
entific decisions.

Let's m ove from rulem aking to adm inistrative 
adjudication. What's the lega l standard for re­
v ie w  for adm inistrative adjudication? The 
C om m issioner m ust have substantial ev id en ce  
supporting his position  if, for exam ple, he is 
go in g  to w ithdraw  the N ew  D rug A pplication. 
The d ifference b etw een  arbitrary or capricious 
is becom in g d ifficu lt to articulate. In a few  re­
cent d ecisions, courts have su ggested  that the 
tw o are m ore the sam e than th ey  are different. 
After all, assum ing the agency has considered all 
the relevant factors, and has a sound  basis for 
m aking one selection , even  th ou gh  another is 
conceivable and even defensible, obviously there 
is som e substantial ev id en ce in  the agency's 
favor. Regulatory agencies do not act u n less  
they have a substantial basis to do so.

W hat "standard" o f sound scientific m eth od ­
o log y  applies tc leg isla tive proposals? I th ink  
it is fair and acequate to say that it has to be 
sou n d  en o u gh  to w ithstand  th e q u estion in g  of 
congressm en and congressional staffers, w h o , 
like m yself, are lik ely  trained in  the social, not 
physical sciences.

For judicial enforcem ent the rules are easy,
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although law yers, judges, and scholars have 
filled  rooms w ith  w ritings on the subject. In  an 
FD A  seizure or in junction our science must pre­
va il by a preponderance of the evidence. What's 
a preponderance? More than 51% and less than 
95%. I f  it's a crim inal case, our methodology 
must be sound beyond a reasonable doubt. 
That's the 95% degree of confidence area.

There is one simple requirem ent concerning 
sound methodology and legal actions w hen we 
are talking about enforcement cases. Va lid  
methods w in  cases; unverified  methods don't. 
In  U n ite d  S ta te s  v . M o r tc m -N o r w ic h , one allegation 
was adulteration of drugs due to lack of sterility. 
The court said: " In  proving adulteration, the 
court is not lim ited to any particu lar manner of 
proof. And is especially not lim ited to use of 
tests conducted in  accordance w ith  the USP. 
Th is  court was able to rev iew  the analytica l test 
sheets and listen to numerous expert witnesses' 
opinions w ith  regard to the valid ity of those tests. 
The court has concluded that those tests con­
ducted were va lid  and demonstrated that the 
product was not stable." In  a separate but related 
motion, the defendants moved to exclude certain 
of the government's sterility test results because 
FD A  did not "preserve and produce records re­
lating to the preparation and sterilization , by 
autoclaving, of the culture medium used in  the 
testing ." The Court denied the motion: " In  
light of the use by the FD A  analysts of both

positive and negative controls, a ll of w h ich  in ­
cluded results ind icative of satisfactory testing 
conditions, the court determines that the results 
of the tests are accurate and relevant and, there­
fore, should not be excluded." There are not as 
many court opinions in  FD A  enforcement cases 
as m ight be expected because, much like  other 
law  enforcement cases, the great majority of them 
are settled by a plea or consent. There is no trial. 
Thus, not every example of sound methodology 
is recorded.

What is the message? Courts are te lling  us 
that if  we w ant to re ly  on something scientific, 
we must prove it. A fter we have proved it, we 
must explain it. And when it comes to that form 
of legal action called rulem aking, we must ex­
p lain  it in  a certain w ay—on the record, at one 
point in  time. We can't pass a rule today and 
develop the requisite data to substantiate it 6 
months later. Therefore, regulatory scientists 
must continue to emphasize method validation, 
continue to use the appropriate controls, w hat­
ever they may be, and fu lf il l their obligation as 
scientists w ork ing  for regulatory agencies to be 
able to explain their actions. Those comm uni­
cations sk ills  may be just as important as the 
science that was done; not to scientific colleagues, 
who are capable of understanding scientific data, 
but to people like  me who w ork w ith  the regu­
latory scientist and to other citizens we u lt i­
mately w ork for.
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I N D U S T R I A L  C H E M I C A L S

G l a s s  C a p i l l a r y  G a s  C h r o m a t o g r a p h y  f o r  S e n s i t i v e ,  A c c u r a t e  
P o l y c h l o r i n a t e d  B i p h e n y l  A n a l y s i s

BRIAN BUSH, STEVEN CONNOR, and JOHN SNOW
New York State Department of Health, Department of Laboratories, Albany, N Y 12201
A sim p le  m e th o d  is  d escrib ed  fo r p re p a rin g  A p iezon  
L -coated g lass cap illa ry  co lu m n s fo r p o ly ch lo rin a te d  
b ip h e n y l (PCB) an a ly s is . T h e  m ass rep re se n te d  b y  
each of 72 c h ro m a to g rap h ic  p ea k s  sep a ra ted  o n  th is  
co lu m n  fro m  a m ix tu re  o f A roclo rs 1221,1016,1254, 
a n d  1260 w as d e te rm in e d ; th e  m ix tu re  co u ld  th e n  be 
u sed  as a u n iv ersa lly  ap p licab le  ca lib ra tio n  s ta n d a rd  
fo r an a ly s is  o f e n v iro n m e n ta lly  m o d if ied  p o ly c h lo ­
r in a te d  b ip h e n y l m ix tu re s  a t th e  p a r ts  p e r  b ill io n  
(ng /g ) level. A naly tical sen sitiv ity  is <10 n g /m L  for 
to ta l PCBs an d  <0.1 n g /m L  fo r  in d iv id u a l PCB co n ­
geners.

Q uantitative analysis of polychlorinated b i­
phenyls (PCBs) in  the environm ent has been 
performed, to date, almost exclusively on packed 
gas chromatographic columns w ith  electron 
capture or H a ll electro lytic conductivity detec­
tion. Because of the inab ility  of the colum ns to 
separate PCB m ixtures into their ind iv idua l 
components, quantitation methods have been 
empirical (1). Earlier methods in  w hich patterns 
for PCB residues did not closely match com­
mercial PCB-m ixture patterns were obviously 
unsatisfactory. A  peak-by-peak method pro­
posed by A lbro  and Fishbein in  1972 (2) and 
Webb and M cCall in  1973 (3) was shown in  a 
collaborative study (4) to be superior to earlier, 
more em pirical methods and was adopted by 
A O  A C  as o ffic ia l first action (5). H ow ever, the 
present F ed e ra l R e g is te r  method (6 ) has reverted 
to an entire ly  em pirical procedure.

The great majority of PCB congeners could be 
separated on SCO T cap illary columns (7), but 
analysis times were long and modern m icroliter 
injection systems were not then available, pre­
cluding routine trace analysis. A s a result of 
considerable developmental innovation during 
the past 10 years (8 ), glass cap illary columns are 
manufactured sim ply and inexpensively , so true 
compound-by-compound analysis is possible (9). 
Retention times have been reduced by using 
th in , wall-coated film s and temperature pro­
gramming, and the resultant sharp peaks allow  
sensitive quantitation.

Received July 13,1981. Accepted November 4, 1981.

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

The group of compounds addressed are the 
chlorinated hydrocarbons separated by a simple 
Florisil-based cleanup method (14) and found in  
the northeast United States; PCB m ixtures 
Aroclors 1221,1242,1248,1254, and 1260 (m an­
ufactured by Monsanto Co .), p lus hexachloro- 
benzene (H C B ), octachlorostyrene, m irex, and 
p , p ' - D D E. The same method can be used to 
quantitate o,p '-DDE and photo-mirex, but be­
cause these are rarely found in  the environm ent 
they were not included in  the detailed study.

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

Experimental
Apparatus and Reagents

(a) G a s c h r o m a to g r a p h .—H ew lett-Packard  
5840A w ith  Hewlett-Packard 5880 cap illary in ­
jection system used in  the splitless mode, auto­
sampler w ith  2  juL injection volum e, electron 
capture detector, extended memory, and A S C II 
computer interface boards. Typ ica l operating 
conditions: column-head pressure 15-20 psi
helium ; in itia l temperature 70°C ; in itia l time 0 
m in ; program rate 10°/m in  to 130°C, 4 ° /m in to 
230°C, and hole for 10 m in. Colum ns d iffe r 
s lig h tly ; vary conditions as needed to separate 
m irex, H C B , and p , p '-DDE from a ll PCBs. Th is  
norm ally results in  linear gas velocity of 25-30 
cm / s. Sw itch  valve  to purge at 0.5 m in after in ­
jection. Other conditions; argon-methane (95 
+ 5) make-up gas flow  30 m L/m in ; injection 
250°C; electron capture detector 300°C; recorder 
chart 1 cm /m in.
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Table 1. Comparison of chromatographic peaks

Retention
time,
min

Assigned
structure

Sissons
&

Welti No.

Jenson
&

Sundstrom No.

Authentic
sample

supplier3

No. of Cl 
atoms by 

MS

5.33 2 2 __ A 1
6.59 2,2' 3 — A 2
6.79 4 4 — A 1
7.86 2,5' 5 — A 2
7.98 2,4 6 — A 2
8.10 2,3' 7 — A 2
8.21 2,3 — — A 2
8.36 2,4' 8 — A 2
9.37 2,2'5' 9 — A 3
9.62 2,2'4' 10 — A 3
9.79 2,2'3' + 3,2'6' 11 — — 3

10.18 4,2'6' 12 — — 3
10.41 4.4' 13 — A 2
11.09 2,2'4'6' 14 — — 4
11.32 3,2'5' 15 — A 3
11.39 2,3'5' 16 — — 3
11.49 CI3 — — — 3
11.55 CI3 — — — 3
11.65 3,2'4' 17 — R 3
11.85 3,2'3' + 4,2'4' 18,19 — A 3
12.12 2,3'4' 20 — — 3
12.62 25,2'5' 21 1 A 4
12.90 24,2'5' 22 2 A 4
13.07 23,2'5' 24 3 A 4
13.22 24,2'4' — — A 4
13.40 CI4 — — — 4
13.56 23.2',3' 27 — — 4
13.65 CI4 — — — 4
13.82 CI4 — — — 4
14.52 CI5

25,2'3'6’ 29 6 R
55

15.03 23,2’3'6' 32 — — 5
15.45 25,3'4' 33 — A 4
15.66 24,3'4' 35 — A 4
15.96 25,2'3’5' — 10 — —
16.03 4,2'3'4' 36 — — 5
16.13 236,2'3'6' — 11 A —
16.36 25,2'4'5' 39 12 A 5

(b) A p ie z o n  L. — R .F .R . C o rp ., Hope, R I 
02831.

(c) G la ss-d ra w in g  m a c h in e .—GDM-1, Shimadzu 
Scientific Instrum ents, Inc ., Colum bia, MD. 
Oven temperature 760°C; bent-pipe temperature 
setting 64 for Pyrex glass tubing (7 mm od, 3 mm 
id); gear ratio 80 for 0.34-0.35 mm id capillary ca 
60 m long, or 100 for 0.29-0.31 mm id cap illary 
ca 80 m long.

(d) M ic r o c o lu m n  tr e a t in g  s t a n d .— M C T 1A, 
Shim adzu Inc. Used only to provide easy con­
nection to variable nitrogen pressure source.

(e) P C B  s ta n d a r d s .— Com m ercia l m ixtures 
were provided by Monsanto Co. in  1971, except 
for Aroclor 1016, w h ich  was provided in  1973. 
No lot numbers were given. Ind iv id ua l PCB 
congeners were obtained from suppliers shown 
in Table 1. A lthough some samples contained 
detectable im purities when examined by the gas

chromatographic (GC) system described here, no 
im purity contributed more than 1% to total 
electron capture signal produced by the com­
pound.

(f) P es tic id e  s ta n d a r d s .—  Obtained from E n v i­
ronmental Protection Agency Pesticide Reposi­
tory, Research Triangle Park, N C .

(g) S o lv e n t s .—Om nisolve grade (M CB, Inc ., 
C inc innati, O H  45212).

(h) M e r c u r y .— Redistilled (F isher Scientific 
Co ., Fa ir Law n , N J).

(i) G a s e s .—U ltra-high purity for G C ; oxygen 
traps m aintained for helium  carrier gas; hydro­
gen chloride (Matheson, East Rutherford, N J).

C apillary Column Preparation
Wash glass tubing successively w ith  acetone, 

dichloromethane, aqueous K O H  (1.0%), and 
methanol before draw ing into cap illary . De-
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Table 1. (continued)

Retention
time,
min

Assigned
structure

Sissons
&

We ti No.
Jenson

&
Sundstrom No.

Authentic
sample

supplier3
No. of Cl 
atoms by 

MS
16.68 24,2'4'5' 41 13 __ 5
16.85 23,2'4'5' 42 14 — 516.92 25,2'3'4' 43 15 — 5
17.37 23,2'3'4' 44 16 — 5
17.66 25,2'3'5'6' — 20 — 617.97 23,2'3'5'6' — 21 — 618.16 234.2'3'6' 47 22 __ 618.50 CI5 — — — 5
18.78 236,2'3'5'6' 51 24 — 7
18.95 34,2'4'5' 52 25 — 5
19.28 236,2'3'4'6' — 26 __ 719.44 235.2'4'5' — 27 — 619.72 CI5 — — — 5
19.87 34,2'3'4' 52 28 — 5
20.06 245,2'4'5' 56 29 — 6
20.29 CI6 — — — 6
20.46 CI6 — — — 6
20.66 234,2'4'5' 59 32 — 6
20.87 235,2'3'5'6' — 33 — 7
21.01 245,2'3'5'6' — 36 — 7
21.18 C17 — — — 7
21.27 234,2'3'4' 52 37 — 6
21.51 2356,2'3'5'6' — 41 — 8
21.79 234,2'3'4'6' 55 42 — 7
22.13 245,3'4'5' 56 44 — 6
22.58 236,2'3'4'5'6' — 45 — 8
23.13 34,2'3'4'5' 54 — — 6
23.27 235.2'3’4'5' — 48 — 7
23.63 245.2'3'4'5’ — 49 — 7
24.22 234,2'3'4'5' — 50 — 7
24.37 2345,2'3'5'6' — 51 — 8
24.56 CI7 — — — 7
24.71 2345,2'3'4,6' — 53 — 8
24.86 245,2'3'4'5'6' — 54 — 8
25.49 234,2'3'4'5'6' — 56 — 8
27.27 345,2'3'4'5' — 58 — ND6

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

termine cap illary dim ensions by w eighing one 
turn before and after f il lin g  w ith  water. 
Straighten ends of rem aining colum n, f i l l  col­
umn w ith  HC1 gas at 5 psi, and seal ends. Place 
column in m uffle furnace 3 h at 350°C. Remove 
from furnace and cool. B low out HC1 gas w ith  
nitrogen. D raw  in hexamethyl disilazane to f ill 
half column length, and then expel it under n i­
trogen pressure (10 psi). Rinse column w ith  one 
volum e of toluene under suction, and dry 2  h 
w ith  nitrogen.

Draw isooctane solution of Apiezon L  (2%) into 
column under suction until column is fu ll ; then 
draw in plug of mercury, ca 4 cm long. A llow  air 
space to form, and then introduce second plug of 
m ercury. Force coating solution out of column 
into secondary cap illary ca 10 m long under n i­
trogen pressure sufficient to m aintain coating

speed of 2 cm/s. Second column is attached to 
prevent coating solution from accelerating when 
end of column is approached. M aintain n itro­
gen flow  through column for 2  h to evaporate 
residual isooctane. Insta ll column in  the GC 
apparatus, and condition at 0 .5°C/m in  to 270°C. 
H old overnight

M ethod Calibration
P eak  s tr u c tu r e  a s s ig n m e n t .— Figure 1 shows the 

separation of 72 ?CBs (a mixture of Aroclors 1221, 
1016, 1254, and 1260) on a typical column (20 m 
X 0.29 mm). Aroclors 1242 and 1248 contain 
3,4,3',4'-tetrachlorobiphenyl in  small proportion. 
Th is  congener is important toxicologically (15) 
and is also available comm ercially; therefore, we 
add it to the calibration m ixture of Aroclors so 
that it may be quantitated, and also used to in-



INTEGRATED 9 0'  I I I  I 1 2
FUNCTION

F ig ure  1. C h ro m a to g ram  of m ix tu re  o f A ro clo rs 1221,1016,1254, an d  1260 (2 /ig /m L  each) on 29 m g lass ca p illa ry  c o lu m n . In te g ra to r  fu n c tio n s  are  sh o w n ;
c o n d itio n s  a re  g iv en  in  text.
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TIME (min)

F ig ure  2. C h ro m ato g ram s of A roclo rs 1242,1254, an d  1260.

dicate the presence of residues of these 2 Aroclor 
mixtures. Figure 2 shows the chromatograms of 
ind iv idua l Aroclor m ixtures. We assigned 
structures by comparing both the retention times 
and pattern of peaks w ith  the Sissons and W elti
(10) chromatograms of Aroclors 1242, 1254, and 
1260. We also assigned structures (Table 1) by 
comparing retention times w ith  those in another 
study w ith  Apiezon L , by Jensen and Sundstrom
(13), and w ith  those of authentic samples of 
synthetic PCB. In  addition we determ ined the 
chlorine content of each peak by mass spec­
trometry using a resolving power of 5000-7000 
(Kratos MS-25 w ith  Carlo Erba chromatograph 
and jet m olecular separator).

Where the previous authors were undecided, 
we have sim ply named the peak C ln where n is 
the number of chlorines in the molecule. When 
there are several isomers they are also given a 
letter, e.g., C15A , C15B, etc., to make computer 
treatment of the data possible.

In te g r a to r  o p e r a tio n . —O f the options available 
w ith  the Hewlett-Packard 5840 chromatograph 
integrator, those used (Figure 1) were applied at 
the time appropriate for each colum n. The ir 
locations on the standard PCB chromatogram are 
always as shown The setting "9 "  indicates 
“ Inh ib it bunch ing ," w h ich  also renders inoper­
ative a particular Hewlett-Packard routine which 
is unsuitable for this w ork. The setting " 0 "  in-
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F igure 3. C hrom atogram s of (A), so lv en t b lan k ; (B), 10 n g /m L  of a m ix tu re  of A roclors 1221,1016,1254, and 
1260; (C), b o v in e  m ilk  sam ple co n cen tra ted  10 tim es; (D), h u m an  m ilk  sam ple  co n cen tra ted  15.6 tim es.

dicates “ Set baseline now ." The setting "1 " in ­
dicates "Set baseline at next va lley "—a function 
w ell suited to the complex chromatogram of PCB. 
The setting "2 " indicates "Reset baseline at a ll 
valleys." At the point shown, it compensates for 
the sloping baseline, which is not apparent in  the 
Figure 1 chromatogram of a 2 |iig/m L solution, 
but is apparent when more dilute solutions 
(10-100 ng/m L) are run (Figure 3).

D e te r m in a tio n  o f  re sp o n se  c o e f f ic ie n ts . — Figure 
4 shows the chromatogram of a m ixture of 29 
PCBs (Table 1) dissolved at a concentration of 1 
ng/m L isooctane. The second chromatogram of 
the same mixture is reproduced to illustrate the

great im provem ent in efficiency achieved w ith  
the glass capillary column. A  sim ilar comparison 
can be made by comparing Figure 1 w ith  the 
chromatogram in  the report by Pastel et al. (14) 
w h ich  specified the same packed column shown 
in  Figure 4.

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

The complete mixture of commercial products 
(Figure 1) was then analyzed; response coeffi­
c ie n t  derived from the regression curve were 
used for peaks for which no standard sample was
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T IM E  (m in)
F igure  4. C h ro m ato g ram  of th e  sam e m ix tu re  o f 0.1 fig /m L  each of 29 a u th e n tic  PCB congeners: (top ), on 

p ack ed  A piezon  L co lu m n  (co n d itio n s  in  Ref. 13); a n d  (bo tto m ), o n  g lass ca p illa ry  co lum n.

available. The results are g iven in  Table 2, col­
umn 3, along w ith  the quantities found in  the 
ind iv idua l commercial products (colum ns 4-7) 
and the sum of those quantities (last colum n).

Data H andling
The GC reports are transmitted to a cassette 

deck (S ilent 700) v ia  the A S C II interface and 
processed batchwise w ith  the PD P 11/45 com­
puter program w hich  applies the d ilution factor 
to the result for each congener and pesticide and 
lists the results w ith  the congener's structure. It 
also sums the PCB concentrations, reports "Total 
PC Bs," and (where appropriate) prints sample 
identification data.

Results and Discussion 
Peak A ssignm ents

PCB structures shown in  Figure 1 and in  the 
subsequent tables were deduced by 4 d ifferent 
procedures. The first step relies heavily  on the 
work of Sissons and Welti (10). The ir work w ith  
an Apiezon L  SCO T column is particu larly re li­
able because it combined mass spectrometry and 
nuclear magnetic resonance at 220 M H z w ith  an 
innovative use of retention index (V2 R I values) 
to predict substitution patterns. The latter is a 
development of the orig inal theory of partition 
chromatography of M artin and Synge (16), 
w h ich  was exploited by I. E. Bush in  steroid 
structure determ ination by paper partition
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Figure 5. Response coefficient as function of num­
ber of chlorine atoms per molecule for 29 authentic 
PCBs which occur in the environment (identified in 

Figure 3, bottom, and Table 1).

chromatography (17). We have related our 
chromatograms to those of Sissons and Welti first 
by pattern matching and then by measuring re­
tention times relative to a prom inent peak in  
each Aroclor m ixture (C I3A  in Aroclor 1242; 
2,4,5,2',4',5'-hexachlorobiphenyl in  Aroclor 1254; 
2,4,5,2',3, ,4',5'-heptachlorobiphenyl in  Aroclor 
1260) by using isothermal chromatography. 
Th is process was started w ith  packed columns in 
1973 (18). The procedure was also applied to 
Jensen and Sundstrom's work (13); they provide 
additional structural data indicating o-chlorin- 
ation by prelim inary separation on carbon.

Once peaks had been assigned structures, 
temperature programming was commenced for 
analytical convenience. A nalysis times were 
drastically reduced and peaks were sharpened, 
im proving sensitiv ity  of integration. The 
overall pattern of peaks did not change w ith  
programming. We have never observed a 
change in elution order of the PCBs at d ifferent 
temperatures. It is possible that the order 
changes reported by Sissons and W elti could 
have been the result of an adsorptive interaction 
w ith  the support material of the SCO T tube. 
Molecules w ith  a different carbon skeleton do 
behave d ifferently as predicted and observed for 
steroid skeletons by I. E. Bush. Th is effect is used 
in the present work for resolving m irex, H C B , 
and p , p ' - D DE.

The prim ary peak assignments were next

checked by comparing retention times of 29 
com m ercially available authenticated standard 
materials. F in a lly , the chlorine substitution 
numbers of the peaks in  the programmed run 
were determ ined, using a resolving power of 
5000-7000.

Because peak structures were deduced by 
empirical means, the confidence in  each assign­
ment is different. It w il l  be some time before 
enough data are accumulated to assign structures 
to a ll observed peaks by the stringent standards 
norm ally laid down for synthetic chemical au­
thentication. H ow ever, the availab ility  of syn­
thesized and characterized compounds is in ­
creasing (19) and, although chromatographic 
matching of retention parameters does not nec­
essarily constitute perfect authentication of a 
peak assignment, several authors are reaching a 
consensus on the structure of compounds sepa­
rated on Apiezon L  (19, 20) and other phases (9). 
We consider that the structures of the major 
peaks are now w e ll enough established to w ar­
rant reporting them quantitatively as described 
here. Th is  w ill  enable the task of determ ining 
the toxicological significance of residues of PCB 
to be started, a hopeless task when results are 
expressed in  terms of Aroclor m ixtures as has 
been the practice hitherto.

Accuracy
The accuracy of the method can be assessed by 

exam ining the totals in Table 2. O n ly  29 of the 
72 values are based on true response coefficients. 
Despite this, the totals for each component and 
for each complete m ixture are close to the ex­
pected totals, i.e ., 2.0 /xg/mL for ind iv idua l 
Aroclors and 8 p g / m L  for all four. There is also 
agreement between the calibrated amount in  a 
complete m ixture and the sum of Aroclors de­
termined separately. A lthough repeating the 
process one or more times and adjusting the es­
timated response coefficients s lig h tly  at each it­
eration would have produced greater exactitude, 
this was considered unnecessary in  v iew  of the 
accuracy norm ally accepted in  PCB analysis.

The total for Aroclor 1221 is obviously too high 
in v iew  of the fact that this m ixture contains 
unchlorinated biphenyl. However, this Aroclor 
m ixture rarely occurs in  the environm ent alone 
and, when it occurs in a m ixture, the only peak 
unique to it (by w h ich  it can be estimated) is 2- 
ch lorobiphenyl. More effort to obtain an accu­
rate sum is thus unwarranted. Also the trace 
contributions of peaks later than 2,4'-dichloro- 
biphenyl are ignored for the summation.
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P r e c i s i o n

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

C learly , the less w e ll separated peaks are in ­
tegrated less precisely than the w e ll separated 
peaks. For 2-dichlorobiphenyl, the integrator 
precision is at its worst, both because of baseline

irregularities resulting from injection and be­
cause of the very  rapid changes in  signal this 
early in this chromatogram.

Day-to-day reproducib ility is illustrated in  
Table 4.

L i n e a r i t y
The response of most electron capture detec­

tors is not linear w ith  concentration. In  this 
w ork , the response for 15 PCBs from monochlo- 
rinated biphenyls through hexachlorinated b i­
phenyls was observed from 0 to 4 y g / m L .  A ll 
showed a common quasi-linear curve from 0  to 
1 /ug/mL and a second quasi-linear portion from 
1 to 4 /ug/mL. In  the m ixed solutions shown in  
Table 2, all responses lie  w ith in  the linear range, 
even for 2 -chlorobiphenyl, w h ich  has a particu­
larly low response coefficient (Figure 5). C learly 
all samples should be diluted, if  necessary, so that

Table 2. Analysis of mixture and separate Aroclor mixture

Retention 
time. min. Structure

Calib.
amt, Mg/mL

Aroclor (2.0 /¿g/mL)
Sum of 

Aroclors1221 1016 1254 1260

5.33 2 0±94 1.264 1.264
6.59 2,2' 0.182 0.118 0.094 0.212
6.79 4 0.425 0.400 0.400
7.86 2,5 0.026 0.018 0.008 0.026
7.98 2,4 0.035 0 033 0.008 0.041
8.10 2,3' 0.092 0.069 0.034 0.103
8.21 2.3 0.047 0.030 0.026 0.059
8.36 2,4' 0.323 0.213 0.166 0.379
9.37 2,2'5' 0.216 Ta 0.185 0.202
9.62 2,2'4" 0.074 T 0.065 0.073
9.79 2,2'3' + 3,2'6' 0.096 T 0.094 0.102

10.18 4,2'6' 0.074 T 0.057 0.074
10.41 4,4 0.158 0.104 0.064 0.168
11.09 2,2'4'6' 0.018 T 0.015 0.018
11.32 3,2'5' 0.040 T 0.032 0.039
11.39 2,3'5' 0.038 T 0.034 0.037
11.49 CI3 0.021 T 0.017 0.020
11.55 CI3 0.025 T 0.023 0.024
11.65 3,2'4' 0.167 T 0.149 0.166
11.85 3,2'3' + 4,2'4' 0.267 T 0.238 0.271
12.12 4,2'3' 0.140 T 0.127 0.147
12.62 25,2'5' 0.233 T 0.115 0.133 0.268
12.90 24,2'5' 0.151 T 0.113 0.042 0.161
13.07 23,2'5' 0.166 T 0.105 0.067 0.179
13.22 24,2'4' 0.057 T 0.047 0.011 0.063
13.40 CI4 0.050 0.039 0.008 0.047
13.56 23,2'3' 0.049 0.039 0.011 0.050
13.65 CI4 0.050 0.043 0 015 0.058
13.82 CI4 0.110 0.107 0.057 0.164
14.52 CI5 0.165 0.115 0.081 0.196
15.03 23,2’3'6' 0.085 0.078 0.025 0.103
15.45 25,3'4' 0.134 0.105 0.013 0.118
15.66 24,3'4' 0.042 0.032 0.006 0.038
16.03 4,2'3'4' 0.053 0.059 0.015 0.074
16.13 236,2'3’6' 0.086 0.041 0.056 0.097
16.36 25,2'4'5’ 0.181 0.136 0.072 0.208
16.68 24,2'4'5' 0.070 0.069 0.006 0.075
16.85 23,2'4'5' 0.080 Not integrated
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Table 2. (continued)

Retention 
time, min. Structure

Calib.
amt, /rg/mL

Aroclor (2.0 pg/mL)
Sum of 

Aroclors1221 1016 1254 1260

16.92 25,2'3'4' 0.116 0.149 0.024 0.173
17.37 23,2'3'4' 0.269 0.289 0.049 0.338
17.66 25,2'3'5'6' 0.112 0.037 0.087 0.124
17.97 23,2'3'5'6' 0.029 0.012 0.021 0.033
18.16 234,2'3'6' 0.206 0.083 0.145 0.228
18.50 0 5 0 014 0.013 0.007 0.020
18.78 236,2'3'5'6' 0.096 0.051 0.054 0.105
18.95 34,2’4'5' 0.058 0.015 0.051 0.066
19.28 236,2'3'4'6' 0.135 0.128 0.017 0.145
19.44 235,2'4'5' 0.032 0.015 0.020 0.035
19.72 0 5 0.051 0.024 0.034 0.058
19.87 34,2'3'4' 0.082 0.080 0.005 0.085
20.06 245,2'4'5' 0.369 0.127 0.253 0.380
20.29 0 6 0.025 0.015 0.011 0.026
20.46 0 6 0.045 0.027 0.021 0.048
20.66 234,2'4'5' 0.266 0.130 0.165 0.295
20.87 235,2,3'5'6' 0.051 0.035 0.028 0.063
21.01 245,2'3'5'6' 0.010 0.008 0.008
21.18 0 7 0.118 0.009 0.127 0.136
21.27 234,2'3'4' 0.053 0.040 0.040
21.51 2356,2'3'5'6' 0.193 0.022 0.170 0.192
21.79 234,2'3'4'6' 0.068 0.011 0.060 0.071
22.13 245,3'4'5' 0.048 0.008 0.047 0.055
22.58 236,2'3'4'5'6' 0.026 0.009 0.018 0.027
23.13 34,2,3'4'5' 0.047 0.033 0.019 0.052
23.27 235,2'3'4'5' 0.029 0.005 0.023 0.028
23.63 245,2'3'4'5' 0.278 0.027 0.250 0.277
24.22 234,2'3'4'5' 0.120 0.020 0.102 0.122
24.37 2345,2'3'5'6' 0.064 T 0.059 0.064
24.56 07 0.033 T 0.028 0.035
24.71 2345,2'3'4'6' 0.035 T 0.032 0.036
24.86 245,2'3'4'5'6' 0.042 T 0.038 0.043
25.49 234,2'3'4'5'6' 0.033 0.030 0.030
27.27 345,2'3’4’5' 0.065 7 0.062 0.063

Total 8.238 2.249 2.044 2.393 2.339 9.225

3 T = Trace.

Table 3. Integrator precision for 6 replicates

Structure
Mean,

Mg/rnL SD RSD, % Structure
Mean,

Mg/mL SD RSD, %

2 0.375 0.031 8.26 24,2'4' 0.273 0.008 2.93
2,2' 0.215 0.005 2.33 23,2'3' 0.306 0.006 1.96
4 0.484 0.021 4.34 25,3'4' 0.200 0.003 1.50
2,5 0.140 0.006 4.28 24,3'4' 0.122 0.002 1.64
2,4 0.104 0.003 2.88 236,2'3'6' 0.279 0.004 1.43
2,3 0.085 0.002 2.35 25,2'4'5' 0.234 0.019 8.12
2.4’ 0.175 0.006 3 43 23,2'4'5' 0.285 0.017 5.96
2,2'5' 0.253 0.008 3.16 25,2'3'5'6' 0.085 0.001 1.17
4.4' 0.149 0.008 5.37 245,2'4'5' 0.282 0.007 2.48
3,2',5' 0.316 0.009 2.85 234,2'4'5' 0.087 0.002 2.30
3,2'4' 0.148 0.004 2.70 234,2'3'4' 0.081 0.002 2.47
4,2'4' 0.228 0.007 3.07 2356,2'3'5'6’ 0.090 0.005 5.55
25,2'5' 0.319 0.007 2.19
24,2'5' 0.119 0.003 2.52
23,2'5' 0.117 0.003 2.56

Total3 5.5 0.125 2.25

Known 5.47 ftg/mL.
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Table 4. Day-to-day reproducibility of total PCBs

Mixtures, 
(Mg/mL)

Calibr. 
amt. 

Mg/mL
Day 1, 
Mg/n-L Day 4, Mg/mL

Mean,
Mg/mL SD RSD, %

All 29 (5.8) 5.8 5.473 5.441 5.676 5.423 5.605 5.709 5.554 0.125 2.3
1221 (2.0) 2.0 2.145 1.99
1016(2.0) 2.0 2.083 1.919
1254(2.0) 2.0 2.392 2.548
1260(2.0) 2.0 2.339 2.494
Sum (8.0) 8.2 8.475 8.296 7.784 8.601 8.048 8.241 0.329 4.0

the concentration of each ind iv idual component 
is <1 pg/m L.

D etection Lim it
D efin ing  the detection lim it for this type of 

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

Often analytica l sensitiv ity  is determined in  
practice by the residual impurities in  the solvents 
w h ich  was the case w ith  Tessari and Savage (22) 
whose practical detection lim it was approxi­
mately 50 ng/m L for A roclor 1254. Figure 3 
shows the chromatogram of a solution contain­
ing 10 ng/m L of each of the 4 Aroclors treated 
here, along w ith  chromatograms of a solvent 
blank and 2 samples of m ilk . The overall de­
tection lim it lies in  the region from 1 to 5 ng/g 
for the m ilk but is as low as 0.05 ng/g for indi-

10 20 3 0  4 0
MINUTES

F igure  6 . C h ro m ato g ram s o f A roclo r 1254 (2 fig /m L  hexane) o b ta in e d  from  M o n san to , Inc. in 1971 and
1978.
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vidual components. Th is high sensitivity is due 
in  large part to the rapid concentration changes 
produced by the efficient chromatography, a l­
low ing very  sm all peaks to be detected.

A pplication
The method can be applied to purified  PCB 

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

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

The method can also be employed for chro­
matographic fractions containing a lim ited 
number of other chlorinated xenobiotics com­
monly found in  the biological matrices for which 
th is method is p rim arily  designed. In  our re­
gion, after the sim ple one-step F lo ris il cleanup
(14), those commonly found are H C B , p ,p ' - D D E, 
octachlorostyrene (in  Lake Ontario fish samples), 
and m irex.
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F L A V O R S  A N D  N O N A L C O H O L I C  B E V E R A G E S

Rapid High Performance Liquid Chromatographic Determination of 
Monosodium Glutamate in Food
PETER SPORNS
The University of Alberta, Department of Food Science, Edmonton, Alberta, Canada T6G 2P5
A rapid, accurate high performance liquid chroma­
tographic method is described for determination of 
glutamic acid in food. Average recovery of added 
glutamic acid was 99.2% by this method. The method 
could be used to analyze samples such as soy sauce, 
which contain a large amount of other potentially 
interfering soluble compounds.
Monosodium glutamate (M SG) is an important 
food additive. In  the United States alone, in' 
1979, the market for M SG was valued at about 
fifty-five  m illion  dollars ( 1).

Both consumers and food processors have an 
interest in  m onitoring levels of M SG in  food. 
The main consumer concern is a condition w hich 
has come to be know n as "Chinese Restaurant 
Syndrom e" (2). The U .S . Food and Drug A d ­
m inistration Select Committee o r G RA S Sub­
stances reported "there is no evidence in  the 
available inform ation on . .  . (a ll common forms 
of g lutam ate). . . that demonstrates, or suggests 
reasonable grounds to suspect, a hazard to the 
public when they are used at levels that are now 
current and in  the manner now practiced." But 
in  the same report they go on to state that some 
people w ill react to relatively small doses of MSG 
and that further research to evaluate this reaction 
is under w ay (3). The food processor is in ter­
ested in  adding M SG to food at levels w h ich  
provide the best flavor enhancement at the 
lowest cost, usually levels from 0.2 to 0.8% MSG 
(3).

Various methods for detecting M SG can be 
found in  the literature. A  paper chromato­
graphic method (4) has been reported, w h ich  
requires overnight development c f  paper chro­
matograms after extraction of M SG, followed by 
an approximate estimation of M SG concentra­
tions by comparison w ith  s im ila rly  chromato­
graphed standards. The A O A C  official method
(5), o rig ina lly  reported by Fernandez-Flores et 
al. (6 ), invo lves extraction of MSG followed by 
a time-consuming ion exchange separation and 
Sorenson formol titration. Coppola et al. (7)

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

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

The fo llow ing  procedure is a rapid, accurate 
H P LC  method for determ ining M SG in  food.

M E T H O D

Apparatus and Reagents
(a) H P L C  s y s t e m .—Beckm an M odel 110A 

pump w ith  50 p L  loop injector, Pharm acia R I 
monitor cooled to 20°C w ith  a constant temper­
ature ethylene glycol bath, and attached strip 
chart recorder. Whatman 25 cm X  4.6 mm id 
Partisil SA X  column protected by 7 cm X 2.1 mm 
id guard column containing pe llicu lar anion 
exchanger and, before the injector, a 25 cm X  4.6 
mm id precolumn (Solvecon) containing silica 
gel.

(b) E v a p o ra t o r .— Buch i Rotavapor-R w ith  
water bath m aintained at <60°C .

(c) S o lv e m s .—H P L C  water was purified  by 
reverse osmosis (M illi-R O ) and further purified  
by using a M illi-Q  system. A ll  other solvents 
and reagents were reagent grade or better.

(d) B u ffe r  — pH 4.0, 0.175M ammonium ace­
tate. D ilute 20 m L glacial acetic acid to just 
under 2 L  w ith  H P LC  water and adjust to pH  4.0 
w ith  5M N H 4O H. Make up to 2 L  w ith  H P LC  
water.

(e) C h a r c o a l .—N orit A  (BD H  Chem icals).(f) C e li te .— Celite 545 (F isher Scientific).
(g) G lu ta m ic  a c id  s ta n d a rd . —Dissolve ca 50 mg, 

weighed to 0.1 mg, L-glutamic acid (A  grade, 
Calbiochem -Behring Corp ., PO Box 12087, San 
Diego, C A  92112) in  50 m L water. Prepare fresh 
daily .

(h) P y r o g iu ta m ic  acid  s ta n d a r d .—Dissolve ca 50 
mg, weighed to 0.1 mg, D ,L-pyroglutamic acid 
(Puriss, Koch-Light Laboratories Ltd, Poyle Estate

0004-5756/82/6503-0567-05$01.00
©  Association of Official Analytical Chemists, Inc.
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W il lo w  R d , C o l n b r o o k ,  S L 3  O B Z , B u r k s h i r e ,  U K ) 
i n  5 0  m L  w a t e r .  P r e p a r e  f r e s h  d a i l y .

(i) Ion exchange resin. — D o w e x  5 0 W - X 8  a c id  
f o r m ,  2 0 - 5 0  m e s h  (J .T . B a k e r  C h e m i c a l  C o .) .

Glutam ic A cid  Determ ination
E x t r a c t i o n  s t e p  is  s i m i l a r  t o  t h e  p r o c e d u r e  o f  

F e r n a n d e z - F l o r e s  e t  a l .  (6 ).
I n t o  1 5 0  m L  b e a k e r  c o n t a i n i n g  m a g n e t i c  s t i r  

b a r ,  w e i g h  c a  5  g  ( t o  1 m g )  w e l l  m i x e d  f o o d  s a m ­
p l e  a n d  d i l u t e  to  3 5  m L  w i t h  w a t e r .  S t i r  1 5  m in ,  
a n d  t h e n  a d d  3  g  c h a r c o a l  a n d  3 0  m L  a c e t o n e .  
S t i r ,  l e t  s t a n d  c a  15  m i n ,  a n d  t h e n  f i l t e r  t h r o u g h  
C e l i t e  p a d .  W a s h  b e a k e r  a n d  r e s i d u e  w i t h  7 5  m L  
a c e t o n e - w a t e r  (1 +  1). E v a p o r a t e  to  s m a l l  v o l ­
u m e  a n d  d i l u t e  t o  e x a c t l y  5 0  m L  w i t h  w a t e r .  
I n j e c t  5 0  p L  s a m p l e  i n t o  H P L C  s y s t e m ,  a l t e r n a t ­
i n g  w i t h  i n j e c t i o n s  o f  s t a n d a r d  (g )  ( s o m e t i m e s
(h)). C h r o m a t o g r a p h ,  w i t h  (d) a s  m o b i l e  p h a s e ,  
a t  f l o w  r a t e  o f  1 .5  m L / m i n .  I d e n t i f y  p e a k s  b y  
r e t e n t i o n  t i m e .  C a l c u l a t e  g l u t a m i c  a c i d  ( o r  p y -  
r o g l u t a m i c  a c id ) ,  u s i n g  a r e a  c o m p a r i s o n  ( p e a k  
h e i g h t  X  w i d t h  a t  h a l f  h e i g h t )  w i t h  s t a n d a r d  ( s td )  
a v e r a g e d  b e f o r e  a n d  a f t e r  s a m p l e  ( s a m ) .

% G l u t a m i c  a c i d  =  ( a r e a  s a m / a v e r a g e d  a r e a  
s t d )  X ( w t  s t d  ( m g )  / 1 0  X  w t  s a m  (g ) )

% M S G  =  % g l u t a m i c  a c i d  X  1 .1 5

A cid  Resin Purification
F i l l  3 5  X  2 .2  c m  i d  c o l u m n  ( f i t t e d  w i t h  s t o p ­

c o c k )  w i t h  5 0  m L  w a t e r ,  a n d  p o u r  i n  1 5  g  i o n  e x ­
c h a n g e  r e s i n  w i t h  a i d  o f  a n o t h e r  5 0  m L  w a t e r .  
L e t  w a t e r  f l o w  u n t i l  i t  is  l e v e l  w i t h  t o p  o f  r e s i n .  
T a k e  e x a c t l y  10  m L  o f  t h e  5 0  m L  f o o d  e x t r a c t  
( f r o m  a b o v e  d e t e r m i n a t i o n ) .  A d j u s t  t o  b e t w e e n  
p H  1 .5  a n d  2 .0  w i t h  1 M  H C 1 . A p p l y  c a r e f u l l y  
( d o  n o t  d i s t u r b  r e s i n )  to  c o l u m n  a n d  a g a i n  l e t  t h i s  
s l o w l y  p e n e t r a t e  u n t i l  l i q u i d  is  l e v e l  w i t h  t o p  o f  
r e s i n .  W a s h  c o l u m n  w i t h  5 0  m L  w a t e r .  E lu t e  
b a s ic  c o m p o u n d s  ( m a i n l y  a m i n o  a c id s )  w i t h  2 5 0  
m L  5 M  N H 4O H . F o r  f i r s t  2 5  m L  e l u a t e ,  r u n  f l o w  
r a p i d l y ,  b u t  s l o w  d o w n  to  a b o u t  1 d r o p / s  f o r  l a s t  
2 2 5  m L . E v a p o r a t e  t h i s  e l u a t e  to  d r y n e s s .  A d d  
a  f e w  d r o p s  o f  f o r m i c  a c i d  a n d  c a  10  m L  w a t e r ,  
a n d  e v a p o r a t e  to  d r y n e s s  a g a i n .  T a k e  u p  i n  e x ­
a c t l y  10  m L  w a t e r .

Results and Discussion
A l t h o u g h  t h e  p e a k  s h a p e  o f  g l u t a m i c  a c id  

v a r i e d  s o m e w h a t  w i t h  c o n c e n t r a t i o n ,  a r e a  m e a ­
s u r e d  a s  p e a k  h e i g h t  t i m e s  w i d t h  a t  h a l f  h e i g h t  
g a v e  a  l i n e a r  r e s p o n s e  ( T a b le  1). A  p r a c t i c a l  l i m i t  
f o r  e a s y  q u a n t i t a t i o n  i s  a b o u t  0 .1  m g  g l u t a m i c  
a c i d / m L  f o r  m o s t  s a m p l e s ,  u s i n g  t h e  a b o v e  p r o ­
c e d u r e  o r  f o l l o w i n g  m o d i f i c a t i o n s .  F o r  s a m p le s  
c o n t a i n i n g  m a t e r i a l  t h a t  c a u s e s  a  s l o p i n g  b a s e l i n e

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

coefficient = 0.9999)

Glutamic acid 
concn, mg/mL

Area, 
sq. mm

Area (sq. m m )/ 
concn (mg/mL)

3.078 2017 655
1.231 805 654
0.616 406 659
0.246 164 666
0.123 83 675

( s o y  s a u c e ) ,  a  v a l u e  o f  0 .1 5  m g  g l u t a m i c  a c i d / m L  
is  a  m o r e  r e a s o n a b l e  l i m i t ,  a l t h o u g h  l o w e r  l e v e l s  
c a n  b e  r e a d i l y  d e t e c t e d .  A d j u s t m e n t s  i n  t h e  
p r o c e d u r e  c o u ld  b e  m a d e  f o r  s a m p le s  h i g h  o r  lo w  
i n  g l u t a m i c  a c id .  F o r  C h i c k e n - i n - a - M u g  ( h i g h  
i n  g l u t a m i c  a c id ) ,  a  1 g  r a t h e r  t h a n  a  5  g  s a m p l e  
w a s  t a k e n .  F o r  b a c o n - f l a v o r e d  c r o u t o n s  ( l o w  i n  
g l u t a m i c  a c id ) ,  t h e  f i n a l  s a m p l e  w a s  t a k e n  u p  i n  
2 5  m L  r a t h e r  t h a n  i n  5 0  m L  to  f u r t h e r  c o n c e n t r a t e  
t h e  g l u t a m i c  a c id .

W e  f e l t  t h a t  a  d r y  s a m p l e  l o w  i n  g l u t a m i c  a c id  
w o u l d  b e s t  t e s t  t h e  e x t r a c t i o n  a n d  r e c o v e r y  o f  
g l u t a m i c  a c id .  B e c a u s e  r e c o v e r y  u s i n g  a l m o s t  
e x a c t l y  t h e  s a m e  e x t r a c t i o n  h a d  b e e n  s t u d i e d  b y  
o t h e r  a u t h o r s  ( 6 - 8 ) ,  w e  d i d  n o t  e x p e c t  ( o r  f i n d )  
i t  t o  b e  a  p r o b l e m .  E i g h t  r e p l i c a t e  d e t e r m i n a ­
t i o n s  o n  b a c o n - f l a v o r e d  c r o u t o n s  g a v e  a n  a v e r a g e  
o f  0 .1 4 4 %  g lu t a m i c  a c id  (0 .1 3 9 , 0 .1 4 7 , 0 .1 3 7 , 0 .1 4 6 , 
0 .1 3 9 , 0 .1 5 1 , 0 .1 5 1 , 0 .1 4 4 % ) w i t h  a  s t a n d a r d  d e ­
v i a t i o n  o f  0 .0 0 5 5 % . R e c o v e r y  o f  a d d e d  g l u t a m i c  
a c id  a v e r a g e d  9 9 .2 %  ( T a b l e  2 ).

T o  c h e c k  f o r  c o m p o u n d s  t h a t  m i g h t  b e  e x ­
p e c t e d  t o  i n t e r f e r e  w i t h  t h e  g l u t a m i c  a c i d  p e a k ,  
s t a n d a r d s  o f  s e v e r a l  c o m p o u n d s  w e r e  i n j e c t e d  
i n t o  t h e  H P L C  s y s t e m .  T h e s e  i n c l u d e d  o r g a n i c  
a c id s :  c i t r i c ,  s u c c i n i c ,  m a l i c ,  l a c t i c ,  q u i n i c ,
s h i k i m i c ,  a n d  p y r o g l u t a m i c ;  o t h e r  a m i n o  a c id s :  
a s p a r t i c  a c id ,  a l a n i n e ,  s e r i n e ,  l y s i n e ,  a n d  a s p a r ­
a g i n e ;  i n o r g a n i c  c o m p o u n d s :  s a l t  a n d  p h o s -

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

(0.144%)

Added, mg Total found, mg Recovery, %

4.8 1 2 . 3 106
9.7 17.5 106

14.4 21.0 97.9
19 25.1 94.2
26.7 33.9 95.9
28 34.7 98.2
37.1 44.2 99.7
39.7 46.9 95.5
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F igure 1. C h rom atogram  of soy sauce extract (0.93% 
g lu tam ic  acid), gl - g lu tam ic  acid; as = aspartic  acid; 
Py = p y ro g lu ta m ic  acid . V ertica l scale: RI u n its  X 
105. F low  ra te  of b u ffe r  m o b ile  p h ase  1.5 m L /m in .

F igure 2. C h ro m ato g ram  of soy  sauce ex trac t a f te r  
acid resin  pu rifica tio n  (1.00% g lu tam ic acid). V ertical 
scale: RI u n its  X 105. F low  ra te  of b u ffe r  m o b ile  

p h ase  1.5 m L /m in .

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

Food sample
Before
purif.

After
purif.

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

p h o r i c  a c id .  N o n e  o f  t h e s e  c o m p o u n d s  i n t e r ­
f e r e d  w i t h  t h e  g l u t a m i c  a c i d  p e a k .  A l l  a m i n o  
a c id s  t e s t e d  e x c e p t  a s p a r t i c  a c id  e l u t e d  n e a r  o r  a t  
t h e  s o l v e n t  f r o n t .

T o  f u r t h e r  c h e c k  f o r  i n t e r f e r i n g  c o m p o u n d s ,  
4  s a m p le s  w e r e  a n a l y z e d  f o r  g lu t a m i c  a c id  b y  t h e  
H P L C  p r o c e d u r e ,  a n d  t h e n  w e r e  p u r i f i e d  o n  a c id  
r e s i n  a n d  a g a i n  a n a l y z e d  b y  t h e  s a m e  p r o c e d u r e  
( T a b le  3  a n d  F i g u r e s  1 - 3 ) .  T h i s  p u r i f i c a t i o n  r e ­
m o v e s  s a l t s ,  s u g a r s  a n d  o t h e r  n e u t r a l  c o m ­
p o u n d s ,  a n d  a c id s ,  l e a v i n g  o n l y  b a s i c  c o m ­
p o u n d s .  T h e  v a l u e s  f o r  s o y  s a u c e  ( T a b le  3 )  a r e  
p a r t i c u l a r l y  s i g n i f i c a n t  b e c a u s e  o f  t h e  v a r i e t y  o f  
p o s s i b l e  i n t e r f e r i n g  c o m p o u n d s  i n  t h i s  f o o d  (9 ). 
T o  f u r t h e r  c h e c k  i f  a n y  a m i n o  a c id s  w e r e  i n t e r ­
f e r i n g  i n  t h e  g l u t a m i c  a c id  d e t e r m i n a t i o n ,  t h e  
r e s i n - p u r i f i e d  s o y  s a u c e  a n d  w o n  t o n  s o u p  m ix  
s a m p l e s  w e r e  c h r o m a t o g r a p h e d  b y  a  p r o c e d u r e
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F igure 3. C h ro m ato g ram  of w o n  to n  so u p  m ix ex­
trac t (1.86% g lu tam ic  acid). V ertica l scale: RI u n its  

X 105. Flow  ra te  of b u ffe r  m o b ile  p h ase  1.5 m L / 
m in .

s i m i l a r  to  t h a t  o f  B a i le y  a n d  S w i f t  (4 ). I n s t e a d  o f  
a  4 0  c m  s t r i p  w i t h  a s c e n d i n g  c h r o m a t o g r a p h y ,  a  
5 0  c m  s t r i p  a n d  d e s c e n d i n g  c h r o m a t o g r a p h y  
w e r e  u s e d .  B y  c o m p a r i s o n  w i t h  s t a n d a r d s  
s p o t t e d  a t  a  l a r g e  v a r i e t y  o f  c o n c e n t r a t i o n s ,  w e  
e s t i m a t e d  t h a t  t h e  p e r c e n t a g e  o f  g l u t a m i c  a c id  
w a s  ~ 1 . 0  f o r  s o y  s a u c e  a n d  ~ 2 . 0  f o r  t h e  s o u p  m ix . 
T h e s e  r e s u l t s  a g r e e  w e l l  w i t h  v a l u e s  o b t a i n e d  
u s i n g  t h e  H P L C  m e t h o d  ( T a b le  3 ).

B e c a u s e  t h e  g l u t a m i c  a c id  i n  s o y  s a u c e  w a s  a l ­
r e a d y  d i s s o lv e d  i n  w a t e r ,  a  s a m p l e  w a s  p r e p a r e d  
d i r e c t l y  b y  d i l u t i n g  5  g  o f  s o y  s a u c e  to  5 0  m L . 
T h i s  g a v e  a  s l i g h t l y  m o r e  c o lo r e d  s o l u t i o n  ( t h a n  
b y  t h e  e x t r a c t i o n  p r o c e d u r e )  b u t  o n  i n j e c t i o n

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

coefficient = 0.9999)

Pyroglutamic 
acid concn, mg/mL

Area, 
sq. mm

Area (sq. m m )/ 
concn (mg/mL)

2.947 1060 360
1.179 413 350
0.472 169 358
0.189 67 354

g a v e  a  t r a c e  v i r t u a l l y  i d e n t i c a l  to  F i g u r e  1. T h i s  
s u g g e s t s  t h a t  t h e  g l u t a m i c  a c id  d e t e r m i n a t i o n  i n  
l i q u i d  s a m p l e s  c o u l d  b e  m a d e  e v e n  f a s t e r ,  i f  
n e c e s s a r y ,  b y  e l i m i n a t i n g  t h e  e x t r a c t i o n  s t e p  
e n t i r e l y .  T h i s  m a y  n e c e s s i t a t e  c l e a n i n g  t h e  
H P L C  c o l u m n  m o r e  f r e q u e n t l y .  B e c a u s e  t h i s  
w a s  t h e  o n l y  l i q u i d  s a m p l e  e x a m i n e d ,  i t  is  n o t  
c e r t a in  i f  t h i s  s h o r t e n e d  p r o c e d u r e  c a n  b e  a p p l i e d  
to  a l l  l i q u i d  f o o d  s a m p le s .

R e s u l t s  f o r  s o y  s a u c e  a l s o  i l l u s t r a t e  a n o t h e r  
a d v a n t a g e  o f  t h e  H P L C  m e t h o d .  P y r o g l u t a m i c  
a c id  is  w e l l  s e p a r a t e d  f r o m  g l u t a m i c  a c id  ( a l ­
t h o u g h  i t  o v e r l a p s  s l i g h t l y  w i t h  a s p a r t i c  a c id )  
( F i g u r e  1). T h i s  m e a n s  t h a t  t h i s  c o m p o u n d  c a n  
a l s o  b e  d e t e c t e d  i n  a  g lu t a m i c  a c id  d e t e r m i n a t i o n .  
P y r o g l u t a m i c  a c id  h a s  a l s o  s h o w n  f l a v o r  e n ­
h a n c e m e n t  (1 0 ) ,  a n d  c a u s e s  o f f - f l a v o r  (1 1 )  i n  
s o m e  f o o d  s y s te m s .  N o n e  o f  t h e  o t h e r  m e t h o d s  
o f  a n a l y s i s  f o r  g l u t a m i c  a c id  m e n t i o n e d  i n  t h i s  
p a p e r  w o u l d  d e t e c t  t h e  p r e s e n c e  o f  p y r o g l u t a m i c  
a c id .  I n  t h e  c y c l i z a t i o n  o f  g l u t a m i c  a c id  o r  g l u ­
t a m i n e  to  p y r o g l u t a m i c  a c id ,  t h e  b a s ic  n i t r o g e n  
i s  lo s t ,  s o  p y r o g l u t a m i c  a c id  is  n i n h y d r i n - n e g a -  
t i v e  a n d  is  n o t  r e t a i n e d  b y  a c id  r e s i n s .  A l l  o t h e r  
g l u t a m i c  a c id  a n a l y s e s  e l i m i n a t e  a l l  n o n - b a s i c  
c o m p o u n d s .  M o r e o v e r ,  p r o l o n g e d  h e a t i n g  o f  
a  s o l u t i o n  o r  m i x t u r e  c o n t a i n i n g  g l u t a m i n e  (1 2 , 
1 3 ) o r  t h e  h i g h e r  c o n c e n t r a t i o n s  o f  g l u t a m i c  a c id  
f o u n d  i n  f l a v o r - e n h a n c e d  f o o d s  c o u l d  l e a d  to  a n  
i n c r e a s e  i n  p y r o g l u t a m i c  a c id ,  w h i c h  w i l l  m o s t  
c e r t a i n l y  c h a n g e  t h e  f o o d 's  f l a v o r .  W i t h  t h e  
H P L C  m e t h o d ,  s u c h  p y r o g l u t a m i c  a c id  p r o d u c ­
t i o n  c a n  b e  c h e c k e d .

P y r o g l u t a m i c  a c id  a l s o  g a v e  a  l i n e a r  r e s p o n s e  
f o r  a r e a  ( T a b le  4 ) . T h e  a v e r a g e  r e c o v e r y  o f  p y ­
r o g l u t a m i c  a c id  a d d e d  to  c r o u t o n s  w a s  1 0 4 %  
( T a b l e  5 ).

I n  f o o d s  w h i c h  c o n t a i n  a  l a r g e  a m o u n t  o f  a s ­
p a r t i c  a c id ,  s u c h  a s  s o y  s a u c e  ( a b o u t  0 .5 %  a s p a r t i c  
a c id ) ,  a c c u r a t e  q u a n t i t a t i o n  o f  p y r o g l u t a m i c  a c id  
w o u l d  b e  l i m i t e d  t o  l e v e l s  o f  a b o u t  0 .5  m g  p y r o ­
g l u t a m i c  a c i d / m L  b y  t h e  d e s c r i b e d  p r o c e d u r e s ;  
h o w e v e r ,  i n  t h e  m a j o r i t y  o f  f o o d  s a m p l e s  a n a ­
ly z e d  u s i n g  t h i s  m e t h o d  ( w i th  l i t t l e  o r  n o  a s p a r t i c
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Table 5. Recovery of pyroglutamic acid added to bacon- 
flavored croutons

Added, mg Found, mg Recovery, %

10 11.6 116
22.3 21.9 98.2
30.0 30.5 102
37.9 38.1 101

a c id ,  F i g u r e  3 ) m u c h  l o w e r  l e v e l s  o f  p y r o g l u ­
t a m i c  a c i d  c o u l d  b e  q u a n t i t a t e d .
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A c o llab o ra tiv e  s tu d y  d e te rm in in g  g ly cy rrh iz ic  acid 
o r g ly cy rrh iz ic  ac id  sa lts  co n te n t o f  v a r io u s  lico rice  
p ro d u c ts  h as  b een  co n d u c ted  u s in g  h ig h  p re ssu re  
liq u id  c h ro m a to g rap h y  (HPLC). F ive sam p les  co n ­
ta in in g  v ario u s  c o n c en tra tio n s  o f g ly cy rrh iz ic  acid  
w ere  a n a ly zed  in  b lin d  rep lic a tes  b y  8 c o llab o ra to rs . 
T h e  resu lts  in d ic a te  ex cellen t re p e a ta b ili ty  an d  re ­
p ro d u c ib ility  w ith  coeffic ien ts o f v a r ia tio n  less th an  
7.5%. In  ad d it io n , th is  m e th o d  a llo w s th e  d e te rm i­
n a tio n  of g ly cy rrh iz ic  acid  in  less th an  15 m in  com ­
p a red  w ith  3 d ays fo r  th e  co n v e n tio n a l g ra v im e tric  
an d  co lo rim e tric  m eth od s. T h e  m e th o d  has been  
ad o p te d  o ffic ia l f irs t ac tion .

G lycyrrh iz ic  acid or g lycyrrh iz ic  acid salt is one 
of the most important components of licorice 
products that determines their quality and cost. 
The current gravim etric and colorimetric meth­
ods (1, 2 ) are nonspecific, time-consuming, and 
not applicable to a ll licorice products. A n  ac­
curate, simple, and rapid procedure for deter­
mining glycyrrh izic acid or g lycyrrh izic acid salts 
by high pressure liquid chromatography (H PLC ) 
(3) was reported in  1980. Th is  paper is a report 
on the results of collaborative study of the 
method.

19. FLAVORS
The following liquid chromatographic method 

for the determ ination of g lycy rrh iz ic  acid or 
g lycyrrh iz ic  acid salts in  licorice products was 
adopted official first action:

Glycyrrhizic Acid or Glycyrrhizic Acid Salts 
in Licorice

Liquid Chromatographic Method 
Official First Action

19.C01 Apparatus
(a) Liquid chrom atograph.—W ith  M odel 

M6000A solv. de livery system, Model U 6K  u n i­
versal injector, and Model 440 U V  absorbance 
detector set at 254 nm, 0.2-0.1 A U FS  range (Wa­
ters Associates, Inc .), or equiv.

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

(H ouston Instrum ent O m ni Scribe M odel 
B5Z17-1, or equiv.). Chart speed 0.2 in ./m in .

(c) Column.—/rBondapak C is , 10 p m  particle 
size, 30 cm X  4 mm id (Waters Associates, Inc .), 
or equiv.

( d )  Solvent and sample clarification kits .—Org. 
and aq. (Waters Associates, Inc ., or equiv.).

19.C02 Reagents
(a) Mobile phase.—Use chromatgy grade re­

agents. H 20 - H 0 A c-C H 3CN  (61 + 1 + 38). 
F ilte r and degas mobile phase w ith  solv. c la r if i­
cation k it. F low  rate 2.0 m L/m in .

(b) Glycyrrhizic acid salt std soln.—0.1 m g/m L. 
D issolve 10 mg monoammonium g lycyrrh iz- 
inate (available from MacAndrews & Forbes Co., 
Camden, NJ 08104) in  100 m L mobile phase. 
F ilte r thru 0.45 p m  filte r , using org. sample 
clarification k it. Prep, fresh std soln daily .

19.C03 Sam ple Preparation
Dissolve 50 mg licorice product in  50 m L H 20 . 

Use mobile phase if  not sol. in  H 20 .  Vortex- 
shake until sample is completely dissolved. 
F ilte r through 0.45 ^m filte r, using aq. sample 
clarification kit.

19.C04 D eterm ination
Warm up U V  detector 15 m in before start-up. 

Run mobile phase thru column at specified op­
erating conditions > 2 0  m in before injecting first 
sample. Using 10 p L  syringe, inject accurately 
measured vo l. of std soln in  duplicate. Inject 
s im ilar vo l. of sample soln. I f  samples are ana­
lyzed in  series, re-inject std soln at regular in ­
tervals. Use peak ht (peak area in  case of elec­
tronic integrator) to calc, concn of g lycy rrh iz ic  
acid or g lycy rrh iz ic  acid salt as follows:
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G lycyrrh iz ic  acid monoammonium salt, %
= ( C ' / C )  X  ( P H / P H ')  X  ( V ' / V )  X  100

where C ’ and C = concn of std and sample soln 
in  mg (d ry basis) /m L, resp.; P H ' and P H  = peak 
ht of std and sample, resp.; V '  and V  =  vol. of std 
and sample injected in  f iL ,  resp.

Results and Discussion
Samples of 5 licorice products (Ship SD, 'S' SD, 

Forbex BS-CS, ammonium g lycyrrh iz inate , and 
ammonium g lycyrrh iz inate  CW ) were sent to 8 
laboratories. Samples were packed in  plastic 
bags to m inim ize exposure. Samples were sent 
as b lind duplicates and were numbered in  a w ay 
that no participant analyzed the samples in  the 
same sequence nor were any duplicates analyzed 
in  sequence. Exp lic it instructions, a practice 
sample, standard sample, and reporting forms 
were provided. The standard sample was pre­
pared by 3 additional crystallizations of com­
m ercially available monoammonmm g lycyr­
rh izinate  from methanol and water.

The results of duplicate determ inations of 5 
samples by the H P L C  method are presented in 
Table 1. Data were examined to see if  any labo­
ratory shows consistently high or low  values. 
The sum of each replicate from Table 1 is shown 
ranked in  Table 2. According to Duncan's range 
test (4), a ll laboratories were w ith in  the range, 
ind icating no outlying laboratory. D ixon 's test
(4) to determine the outlying ind iv idua l results 
indicated Laboratory 1 for Sample 3 and Labo­
ratory 5 for Sample 1 did not satisfy the criterion. 
Statistical analyses have been carried out w ith  
and w ithout these outlying ind iv idua l results.

A  one-way analysis of variance is used to 
compare precision w ithin-laboratory and be- 
tween-laboratories (Table 3).

Results indicate that the precision of the 
technique is excellent w ith in-labcratory as in ­
dicated by repeatability standard deviation and 
coefficient of variation. Precision between 
laboratories is s lig h tly  lower, as expected; how­
ever, the reproducibility standard deviation and 
respective coefficient of variation of less than 
7.5% indicate excellent precision. Variation in 
concentration of g lycy rrh iz ic  acid showed no 
significant effect on either test repeatability or 
reproducib ility. Exclusion of 2 outlying in d i­
v idua l results increased the precision of repeat­
ability and reproducibility, but not significantly. 
Results obtained by collaborators matched w ell 
w ith  known results obtained in  our laboratory.

No major problems were indicated by collab­
orators. One collaborator requested a change in
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Table 2. Ranking of data from Table 1

Coll.

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Total
rankSum Rank Sum Rank Sum Rank Sum Rank Sum Rank

1 11.55 6 53.83 7 5.56a 8 66.66 6 16.27 8 35
2 11.38 5 54.93 8 4.99 7 67.95 8 15.31 7 35
3 11.67 7 51.44 6 4.92 6 67.28 7 14.99 6 32
4 11.02 3 49.73 4 4.83 5 60.88 2 13.86 2 16
5 9.94a 1 48.11 2 4.56 1 61.35 3 14.01 3 10
6 11.70 8 50.40 5 4.70 3 62.70 5 13.60 1 22
7 10.98 2 47.98 1 4.80 4 60.63 1 14.49 5 13
8 11.32 4 49.70 3 4.63 2 62.52 4 14.10 4 17

a Outlier (4).

Table 3. Statistical analysis of collaborative data

Statistic Sample 1 Sample 2 Sample 3 Sample 4 Samp e 5

Including Outlying Individual Results

Mean 5.598 25.383 2.437 31.873 7.289
Std dev. 0.1021 1.6338 0.0279 2.7923 0.2437
F-Ratio 2.751 6.382 3.713 3.036 2.903
Repeatability std dev. 0.2447 0.7045 0.1146 1.2359 0.3798

Coeff. of var., % 4.37 2.78 4.70 3.89 5.09
Reproducibility std dev. 0.3353 1.3534 0.1758 1.7556 0.5134

Coeff. of var., % 5.99 5.33 7.22 5.51 7.11

Excluding Outlying Individual Results

Mean 5.687 25.383 2.388 31.873 7.289
Std dev. 0.0515 1.6338 0.0126 2.7923 0.2437
F-Ratio 0.635 6.382 0.799 3.036 2.908
Repeatability std dev. 0.2582 0.7045 0.1225 1.2359 0.3708

Coeff. of var., % 4.54 2.78 5.13 3.89 5.09
Reproducibility std dev. — 1.3534 — 1.7556 0.5184

Coeff. of var., % 4.54 5.33 5.13 5.51 7.11

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

Recommendation
Based on the excellent precision obtained 

w ith in- and between-laboratories, w ith  a coef­
fic ient of variation less than 7.5%, it is recom­
mended that this method be adopted official first 
action.
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P E S T I C I D E  F O R M U L A T I O N S

Evaluation of Silica and Polar Bonded Columns for Liquid 
Chromatographic Analysis of Temephos Formulations
DW IGHT L. M O UN T and  JAMES W. MILES
C e n t e r s  f o r  D i s e a s e  C o n t r o l ,  C e n t e r  f o r  I n f e c t i o u s  D i s e a s e s ,  P a r a s i t i c  D i s e a s e s  D i v i s i o n ,  A t l a n t a ,  
G A  30333

In  th e  course of d ev e lo p m en t o f an  HPLC m e th o d  for 
d e te rm in a tio n  of te m ep h o s  in  tech n ica l g rad e  te m e ­
p h o s  an d  its  fo rm u la tio n s , a v a r ie ty  o f co lu m n s an d  
so lv e n t sy stem s w ere  ev a lu a te d . T h ree  sa tis fa c to ry  
m e th o d s  ev o lv ed  an d  w ere ev a lu a te d  fo r  re p ro d u c ­
ib i l i ty ,  co n v en ien ce , cost, a n d  o p tim u m  re so lu tio n  
of ac tive in g re d ie n t from  p o ssib le  im p u ritie s . A fter 
co n s id e ra tio n  of ad v a n tag es  a n d  d isa d v a n tag e s  o f 
each system , a m eth o d  based  on  th e  use o f a s ilica  gel 
co lu m n  e lu te d  w ith  e th y l ac e ta te -h ex an e  (10 +  90) 
a n d  p -n i t ro p h e n y l  p -n i tro b e n z o a te  as in te rn a l  
s ta n d a rd  w as se lec ted  fo r te s tin g  in  an  in te rn a tio n a l 
c o llab o ra tiv e  tr ia l.

Temephos (0 ,0 '-(th io d i-4 ,l-p h eny len e)fc ;s-  
(0 ,0 -dim ethyl phosphorothioate) was intro­
duced in  1965 as a mosquito larvicide . The 
compound is w idely used in  the United States for 
mosquito control; it is the pesticide of choice for 
control of S im u l iu m  d a m n o s u m  in  the W orld 
H ealth Organization (W H O ) Onchocerciasis 
Control Program in  West A frica where it has 
been applied as a 2 0 % em ulsifiable concentrate 
since 1974 (1).

Methods of analysis for active ingredient 
content are required in  specifications for the 
purchase of temephos form ulations used in  
public health programs. In  1973, W H O  adopted 
an ultraviolet absorption method (2 ) based on the 
w ork of Pasarela and O rloski (3) in  w h ich  both 
u ltravio let and gas chromatographic methods 
were described. In  the u ltravio let method, in ­
terfering substances were removed on a silica gel 
colum n. In  the gas chromatographic method, 
cleanup was accomplished on an acidic alum ina 
colum n. In  1979, W H O  adopted a m odified ul-

These studies were conducted as part of a contractual agreement between the Centers for Disease Control and the World Health Organization.Presented in part at the 181st meeting of the American Chemical Society, Atlanta, GA, April 1981.Use of trade names or commercial sources does not constitute endorsement by the Public Health Service or by the U.S. De­partment of Health and Human Services.Received September 15, 1981. Accepted December 4, 1981.

traviolet method in  w h ich  the silica gel column 
was replaced by a silica gel th in  layer plate (4).

A lthough these methods have been usefu l, it 
was considered that a h igh performance liqu id  
chromatographic (H P L C ) procedure m ight pro­
vide a faster and more precise analysis. In  efforts 
to develop a suitable H P L C  method, 4 H P L C  
columns and 2  solvent systems were tested for 
their ability to resolve temephos from impurities 
like ly  to be present in  the product. O f the sys­
tems tested, 3 gave adequate resolution. A  crit­
ical evaluation of the 3 selected systems was 
based on the degree of resolution, reproducib il­
ity , ava ilab ility , and cost of the colum n and re­
agents as w e ll as the convenience of the proce­
dure.

Experim ental

Apparatus and Reagents
(a) L iq u id  c h r o m a to g r a p h .— Equipped w ith  

Varian Model 5000 pump; Valeo loop injector; 
L K B  UVicord Model 2138 detector w ith  mercury 
discharge lamp, 254 nm filter, and flow  cell w ith  
a 2.5 mm optical path length ; and Varian Model 
CD S 111 data system.

(b) C o lu m n s .— (1) pPorasil (Waters Associates, 
Inc., M ilford, M A): stainless steel, 300 X  3.9 mm 
id packed w ith  10 pm porous silica. (2) Part- 
isil-10 (W hatman, Inc ., C lifto n , N J): stainless 
steel, 250 X  4.6 mm id packed w ith  10 pm porous 
silica. (3) M icropak CN-10 (Varian Associates, 
Sunnyvale , C A ): stainless steel, 300 X  4 mm id 
packed w ith  a ik y ln itr ile  bonded to 10 pm Li- 
Chrosorb. (4) M icropak N H 2 (Varian  Asso­
ciates): stainless steel, 300 X 4 mm id packed 
w ith  a lkylam ine bonded to 10 pm LiChrosorb .

(c) n -H e x a n e .— Non-spectro, d istilled in  glass 
(Burdick & Jackson Laboratories, Muskegon, M I). 
D ry  over molecular sieve, 5A, 8 -1 2  mesh beads 
(Davison Chemical Co., Baltimore, M D) and filter 
through 0.45 pm M illipore  filte r (M illipore  
Corp ., Bedford, M A).

(d) T e tr a h y d r o fu r a n  ( T H F ) .— U V  grade (Bur­
dick & Jackson Laboratories). Pack lower part

0004-5756/82/6503-0575-05$01.00
©  Association of Official Analytical Chemists, Inc.
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of 75 X 2.5 cm id glass column w ith  100 g alu­
mina, neutral, Brockman Activity I , 80-200 mesh, 
dried at 250°C; pack upper part w ith  100 g silica 
gel, grade 950, 80-200 mesh, dried at 175°C. Fit 
column into 2-hole stopper and place in  500 m L 
flask containing 100 g 5Â molecular sieve (8-120 
mesh beads) dried at 250°C. Place drying tube 
in  other hole of stopper. Pass T H F  through 
column. Filter TH F  through M illipore filter and 
store under nitrogen.

(e) E th y l  a c e ta te .— (Burd ick & Jackson Labo­
ratories). D ry  over molecular sieve, 5À, 8-12 
mesh beads.

(f) A n th r a c e n e  m e th a n o l .—A ld rich  Chem ical 
Co., Inc ., M ilw aukee, W I.

(g) p - N i t r o p h e n y l  p -n it r o h e n z o a te  (N P N B ).— 
Prepare by reacting p-nitrobenzoyl chloride 
(A ld rich  Chem ical Co.) w ith  an excess of p-ni- 
trophenol sodium salt (Eastman Kodak Co., 
Rochester, N Y ) in  acetonitrile.

(h ) B is ( p - c h lo r o p h e n y l )  s u l fo n e .— A ld rich  
Chem ical Co.

(i)  S ta n d a r d s .— Temephos, 99.6% (Am erican 
Cyanam id Co., Princeton, NJ).

(j) Im p u r it ie s .— See below.

1. (CH30)2P(S)0< ^>

2. (CH30 )2P ( S » ( Q ) c i

3. (CH;10)2P(S)0< T j ) s C H 3

Determ ination o f  Resolution
For each of the experimental systems, the res­

olution of temephos from like ly  im purities was 
determined by injecting a m ixture of pure tem­
ephos and im purities into the liquid  chromato­
graph. Structures of these im purities are shown 
above. A ll im purities except 0 ,0 -d im e th y l 
O-p-thiom ethylphenyl phosphorothioate were 
furnished by the American Cyanam id Co. Th is 
latter compound was synthesized by first react­
ing 4-(methylmercapto)phenol (A ld rich  Chem ­
ical Co.) w ith  sodium hydride (50% dispersion in 
m ineral o il, A ldrich  Chemical Co.) in  acetonitrile

to form the sodium salt. Th is  salt was reacted 
w ith  0 ,0 -dim ethyl chlorophosphorothioate 
(A ldrich Chemical Co.) in  acetonitrile to give the 
desired product. W ith the exception of the 
d isu lfide analog, a ll im purities were easily 
separated from temephos by each of the sys­
tems tested. The S-methyl isomer of temephos 
(structure 6 , above) did not elute from any of the 
columns tested.

Resolution of temephos from the d isu lfide 
analog was determined by injecting a mixture of 
comparable concentrations of each of the 2 
compounds into the various systems. R-values 
were calculated according to the form ula R  =  2 
At / (Wj + W2), where t = difference in retention 
times of the compounds, and Wj and W2 are peak 
w idths in  units of time measurement at their 
bases.

M ethod I: Silica Column Eluted w ith  THF- 
Hexane

In te r n a l  s ta n d a r d  s o lu t io n .—W eigh 0.2 g an­
thracene methanol into 250 m L volum etric flask 
and dilute to volum e w ith  treated T H F .

S ta n d a r d  a n d  s a m p le  s o lu t io n s .— Accurately 
weigh quantity of material equal to ca 60 mg ac­
tive ingredient into 50 m L volum etric flask. 
Add , by pipet, 5 m L internal standard solution 
and 15 m L treated T H F . Shake flask to ensure 
dissolution of temephos, and dilute to volum e 
w ith  n-hexane.

M o b ile  p h a s e .— Add, by pipet, 150 m L treated 
T H F  to 1 L  volum etric flask and dilute to volume 
w ith  dry n-hexane.

C o lu m n .— Install silica gel column. To render 
column essentially dry, pump 50 m L anhydrous 
methanol through colum n, followed by 100 m L 
treated T H F . A fter th is treatment, pump su ffi­
cient mobile phase through column to equ ili­
brate system.

L iq u id  c h r o m a to g r a p h y  c o n d i t io n s .— Colum n 
temperature ambient, flow  rate 1.0 m L/m in , 
detector sensitiv ity 1.0 A U FS , injection volum e 
10 p L ,  retention times: temephos 10.6  m in, in ­
ternal standard 14.6 m in.

C a lib ra tio n .— Calibrate system by injecting 10 
p L  aliquots of standard solution until relative 
factors agree ±2%. When this requirement is 
met, system is ready for analysis of samples.

A n a ly s i s .— Analyze unknow n samples by in ­
jecting 10 p L  aliquots of sample solutions and 
measuring areas of internal standard and teme­
phos peaks. Quantitate unknow ns by compar­
ison of relative factors of unknown and standard 
solutions.



M OUNT & MILES: J. ASSOC. OFF. ANAL. CHEM. (VOL 65, NO. 3, 1982) 577

M e t h o d  I I :  S i l i c a  C o l u m n  E l u t e d  w i t h  E t h y l  
A c e t a t e - H e x a n e

In te r n a l  s ta n d a r d  s o lu tio n .— 1.5 g p-nitrophenyl 
p-nitrobenzoate/250 ml dry ethyl acetate.

S ta n d a r d  a n d  s a m p le  s o lu t io n s .— Accurately 
weigh quantity of material equal to ca 60 mg ac­
tive ingredient into 50 m L volum etric flask. 
Add , by pipet, 5 m L internal standarc solution 
and 25 m L dry ethyl acetate. Shake flask to en­
sure dissolution of temephos and dilute to vo l­
ume w ith  dry »-hexane.

M o b ile  p h a se .— Add, by pipet, 100 m L dry ethyl 
acetate to 1 L  volum etric flask and dilute to vo l­
ume w ith  dry «-hexane.

C o lu m n .— Install silica gel column. To render 
column essentially dry, pump 50 m L anhydrous 
methanol through column followed by 100 m L 
dry ethyl acetate. A fter this treatment, pump 
suffic ient mobile phase through column to 
equilibrate system.

L iq u id  c h r o m a to g r a p h y  c o n d i t io n s .— Colum n 
temperature ambient, flow  rate 1.0 m L / m in (1.5 
m L/m in  for Partisil-10 colum n), detector sensi­
tiv ity  1.0 A U FS , injection volum e 10 p L ,  reten­
tion times: internal standard 11.0  m in , teme­
phos 13.3 m in.

C a lib r a tio n .— Same as Method I.
A n a ly s i s .— Same as Method I.

M e t h o d  I I I :  A l k y l a m i n e  B o n d e d - P h a s e  
C o l u m n  E l u t e d  w i t h  E t h y l  A c e t a t e - H e x a n e

I n te r n a l  s ta n d a r d  s o lu t io n .— W eigh 1.5 g bis(p- 
chlorophenyl) sulfone into 250 m L volum etric 
flask and dilute to volum e w ith  dry ethyl ace­
tate.

S ta n d a r d  a n d  s a m p le  s o lu t io n s .— Accurately 
w eigh quantity of material equal to ca 60 mg ac­
tive ingredient into. 50 m L volum etric flask. 
Add , by pipet, 5 m L internal standard solution 
and 25 m L dry ethyl acetate. Shake flask to en­
sure dissolution of temephos and dilute to vo l­
ume w ith  «-hexane.

M o b ile  p h a se .— Add, by pipet, 150 m L dry ethyl 
acetate to 1 L  volum etric flask and dilute to vo l­
ume w ith  dry «-hexane.

C o lu m n .— Insta ll a lkylam ine bonded-phase 
colum n. To render column essentially dry, 
pump 50 m L anhydrous methanol through col­
umn followed by 100 m L dry ethyl acetate. 
A fter th is treatment, pump suffic ient mobile 
phase through co lum n to equilib rate  the 
system.

L iq u id  c h r o m a to g r a p h y  c o n d i t io n s .— Colum n 
temperature ambient, flow  rate 1.0 m L/m in , 
detector sensitiv ity 1.0 A U FS , injection volume 
10 p L ,  retention times: internal standard 12.7 
m in , temephos 16.9 m in.

C a lib r a tio n .— Same as Method I.
A n a ly s i s .— Same as Method I.

Results and Discussion

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

Table 1. R esults of analysis of tem ep h o s, tech n ica l, ob tained  with 3 d iffe ren t HPLC system s

Method

Std soin rel. factors Active ingredient found, %
Resolution

(R )aAv. ± SD Rel. SD, % Av. ± SD Rel. SD, %

1. Silica column,/iPorasil; X3 = 84.40 ± 0.26 0.31 X4 = 86.57 ± 0.07 0.08
THF-hexane (15 + 85)

X6 = 82.56 ±0.27 0.33 X4 = 86.04 ±  0.92 1.07
X5 = 81.51 ±0.07 0.09 1.9
X4 = 92.2 ± 1.80 1.95
X4 = 102.07 ± 1.77 1.73

II. A. Silica column, ^Porasil; X4 = 66.44 + 0.16 0.24 X4 = 86.16 ±0.32 0.37
ethyl acetate-hexane X4 = 66.09 ±0.36 0.54 1.5
(10 + 90)

II. B. Silica column, Partisil-10; X4 = 66.63 ±0.22 0.33 X4 = 86.14 ±0.24 0.28
ethyl acetate-hexane X4 = 66.40 ± 0.40 0.60 1.5
(10 + 90)

III. Alkylamine bonded-phase X4 = 62.58 ± 0.20 0.32 X4 = 86,12 ±0.35 0.41
column, Micropak NH2;
ethyl acetate-hexane X4 = 62.22 ±0.19 0.31 1.3
(15 + 85)

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

Chromatograms of a m ixed standard (teme­
phos p lus the 6 im purities) obtained on each of 
the systems are presented in  Figure 1. Those of 
the technical product obtained w ith  each of the 
3 methods are presented in Figure 2.

E v a lu a tio n  o f  M e th o d  1.— O f the 3 methods, this 
method gave the best resolution between teme­
phos and its d isu lfide analog (R  =  1.9). H ow ­
ever, reproducib ility of the method was depen­
dent on the quality of T H F  w ith  respect to the 
presence of peroxides. Temephos was very  
sensitive to oxidation by peroxides when injected 
onto a silica column. Thus, the response factor 
for temephos depends on the amount of perox­
ides present at the time of injection. The re­
producib ility of the system was acceptable (a l­
though not as good as for the other methods) 
w hen fresh ly prepared T H F  was used in  pre­
paring the mobile phase. Severe problems w ith  
reproducib ility were observed w hen week-old 
T H F  was used, even though it had beer, stored 
under nitrogen. In  addition, the retention time 
( f  r )  of the internal standard (anthracene metha­
nol) was very  sensitive to the activ ity of the col­
umn. H ow ever, this presented no major prob­
lem in the analyses once the system had stabi­
lized.

E v a lu a tio n  o f  M e th o d  11.— Two different silica 
columns, /rPorasil and Partisil-10, were evaluated 
for use in  this method. The resolution of the 
temephos and d isulfide peaks was calculated to 
be the same for both columns ( R  = 1.5). H ow ­
ever, due to a larger ta iling  effect observed for 
the Partisil-10 colum n, the pPorasil column ap­
pears to give a better separation of temephos 
from the d isulfide analog (see Figure 1). From 
Table 1 it can be seen that reproducible results 
were obtained on both columns and both are

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

Figure 1. HPLC traces o f a m ixture o f tem ep h os and  
6  p o ss ib le  im p u ritie s.

A, yuPorasil eluted with THF-hexane; B-l, ¿¿Porasil 
eluted with ethyl acetate-hexane; B-2, Partisil-1.0 eluted 
w ith ethyl acetate-hexane; C, MicroPak N H ; eluted 
with ethyl acetate-hexane; D, MicroPak CN-10 eluted 
with ethyl acetate-hexane. For peak identity see 

structures.
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TIME (min)

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

E v a lu a tio n  o f  M e th o d  I I I .— Th is  method was 
developed to compare the performance of 
polar-bonded-phase columns and silica . A  Mi- 
croPak CN-10 column was first considered. This 
column failed to separate temephos from the 
d isu lfide analog and, therefore, was abandoned 
early. The M icroPak N H 2 colum n separated 
these 2 compounds adequately (R  = 1.3), a l­
though not quite as w e ll as the silica column. 
The amino column gave results comparable to 
the silica column in  terms of reproducib ility; 
however, for some unexplained reason, a slow 
systematic shift of retention times of the eluants 
was observed in  this system. The magnitude of 
the shift was observed to be about 1-1.5 min over 
a period of 3-4 h. Th is  presented no major 
problems in  obtaining good results. A n  ad­
vantage of this method over Method I I  is the 
commercial availab ility of the internal standard, 
b is(p-chlorophenyl) sulfone.

In  v iew  of the stab ility, reproducib ility , con­
venience, and universal ava ilab ility  and accept­
ab ility  of silica columns, Method I I  was the 
method of choice for the determ ination of tem­
ephos in  technical and formulated products. 
Th is  method was selected for testing in  an in ­
ternational collaborative study.
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Figure 2. HPLC traces o f m ixture o f tech n ica l grade 
tem ep h o s  and in tern a l standards.

A, pPorasil eluted w ith THF-hexane; B-l, pPorasil 
eluted with ethyl acetate-hexane; B-2, Partisil-10 eluted 
w ith ethyl acetate-hexane; C, MicroPak NH2 eluted 

with ethyl acetate-hexane.
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Collaborators: J. B. Audino; A. A. Carlstrom; C. S. Crisp; R. L. Denning;
J. Gardiner; G. M. Gentry; P. Hitos; W. E. Hodgins; P. Jung; W. King; M. W. Law;
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A n HPLC m eth od  for the determ in ation  o f tem ep h os  
in  tem ep h o s  tech n ica l and form u la ted  p rod ucts has  
been  subjected to an in ternational co llaborative study  
w ith  14 lab oratories p artic ip a tin g . S am p les w ere  
extracted w ith  e th y l acetate and e lu ted  on  a s ilica  gel 
co lu m n  w ith  e th y l a ce ta te-h exa n e  (1 +  9); p -n itr o -  
p h e n y l p -n itro b e n zo a te  serv ed  as the in tern a l s ta n ­
dard. C ollab orators w ere fu rn ish ed  sam p les  o f  
techn ical, 20 and 50% em u lsifia b le  concentrates, 50% 
w a ter -d isp ers ib le  p ow d er , and 1 % sand  granu les. 
T h e c o e ffic ie n ts  o f  var ia tio n  o f th e  v a lu es  o b ta in ed  
on the 5 sam p les w ere 1 .2 1 ,2 .0 2 ,1 .26 ,1 .8 9 , and 9.90%, 
resp ective ly . T he m eth od  has b een  adopted  o ffic ia l 
first action .

Temephos is available in  a variety of form ula­
tions includ ing water-dispersible powders, em­
ulsifiab le concentrates, and granules. In  v iew  
of the increased interest in  temephos in  both 
agriculture and public health and the lack of a 
convenient method for analysis of temephos 
formulations, Mount and M iles (1) studied high 
pressure liquid chromatographic (H PLC ) systems 
w h ich  could be used for determ ining temephos. 
O f 4 systems tested, a method based on the use of 
a silica gel column eluted w ith  ethyl acetate- 
hexane was best suited for this purpose. Three 
laboratories subjected the method to a p re lim i­
nary collaborative trial. Results of this trial were 
presented at the 25th Annual Meeting of the 
Collaborative International Pesticides Analytical 
Council (C IP A C ) by M iles and Mount (2).

The method w ith  m inor modifications was 
then submitted to 14 collaborating laboratories
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Received A ugust 28, 1981. Accepted O ctober 26, 1981.
This report was presented at the 95th Annual M eeting of the 

AOAC, Oct. 19-22, 1981, at W ashington, DC.
The report was approved by the G eneral Referee and Com­

mittee A and was adopted by the Association. See /. /Issoc. Off.  
Anal. Cileni. (1982) 65, March issue.

includ ing  5 from C IP A C  member countries. 
Samples of temephos technical, 50% emulsifiable 
concentrate, 50% water-dispersible powder, and 
1% sand granules were furn ished by Am erican 
Cyanam id Co., Princeton, NJ. A  sample of 20% 
em ulsifiable concentrate was furn ished by Pro- 
cida, Groupe Roussel U C LA F , Marseilles, France. 
Each collaborator was furn ished w ith  a subsam­
ple of the technical material and each of the for­
mulations along w ith  purified reference standard 
temephos and the internal standard. Collabo­
rators were requested to weigh 2  aliquots of each 
sample and analyze each aliquot in  duplicate. 
The experiment was designed according to sug­
gestions g iven by Youden and Steiner (3).

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

Official First Action

C I P A C - A O A C  H i g h  P r e s s u r e  L i q u i d  
C h r o m a t o g r a p h i c  M e t h o d

(Method is suitable for tech, temephos and for­
m ulations w ith  temephos as only active ingre­
dient.)

P r i n c i p l e
Sample is dissolved in  ethyl acetate, p-nitro- 

phenyl p-nitrobenzoate is added as internal std 
and, after d iln  w ith  M-hexane, sample is injected 
into liq . chromatgc colum n. H P LC  response 
ratio of insecticide to internal std is compared 
w ith  response ratio of std to give temephos 
content in  sample.

A p p a r a t u s  a n d  R e a g e n t s
(a) L iq u id  c h r o m a to g r a p h .— Able to generate 

>2000 psi and measure A  at 254 nm.
(b) C h r o m a to g ra p h ic  c o lu m n .— Stainless steel, 

300 X 3.9 mm id packed w ith  10 pm silica gel 
(p-Porasil, Waters Associates, Inc ., is suitable.)

0004-5756/82/6503-0580-04$01.00
© Association of Official Analytical Chemists, Inc.
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(c) E th y l  a c e ta te .— Burdick & Jackson Labora­
tories, Inc . D ry  over m olecular sieve, 5A, 8-12 
mesh beads (Davison Chem ical Co., Baltim ore, 
M D). F ilte r through 0.45 (im  M illipore  filte r 
(M illipo re  Corp ., Bedford, M A  01730).

(d) n - H e x a n e .— Non-spectro, distd in  glass 
(Burdick & Jackson Laboratories, Inc.). D ry over 
m olecular sieve, 5A, 8 -1 2  mesh, and filte r 
through 0.45 pm M illipore  filter.

(e) p - N i t r o p h e n y l  p - n i t r o b e n z o a te  in te r n a l  
s td .— 1.5 g/250 m L ethyl acetate. React p-ni- 
trobenzoyl chloride (A ldrich Chemical Co.) w ith  
excess p-nitrophenol sodium salt (Eastman 
Kodak Co.) in  C H 3CN . Alternatively, prep. 1.1% 
(w /v ) dim ethyl 4-nitrophthlate in  ethyl ace­
tate.

(f) R e fe re n ce  s td  so ln .—Accurately weigh ca 50, 
60, and 70 mg temephos, anal, reagent (American 
Cyanam id Co.) into sep. 50 m L vo l. flasks. Add 
by pipet 5 m L internal std soln and 25 m L dry 
ethyl acetate to each flask. Shake flasks to ensure 
dissolution of std, and d il. to vol. w ith  «-hexane. 
Designate solns as A , B , and C . Use soln B as 
w ork ing  std soln for liq . chromatgy; use solns A  
and C to check linearity  of liq . chromatograph 
(see L in e a r ity  C h e c k ) and to guard against 
w eighing error in  prepn of std soln. Supply of 
soln B can be replenished from time to time 
w ithout prepg new supplies of solns A  and C , 
provided linearity requirement described under 
L in e a r ity  C h e c k  can be met.

(g) L C  m o b ile  p h a s e .— Add 100 m L dry ethyl 
acetate to 1 L  vo l. flask and d il. to vo l. w ith  dry 
«-hexane.(h) H P L C  o p e ra tin g  c o n d itio n s .— Colum n temp, 
ambient; flow  rate 1.0 m L/m in  (ca 450 psi); re­
tention times: internal std ca 9.6 m in, temephos 
ca 11.5 m in. Pump 50 m L anhyd. M eO H thru 
column followed by 100 m L dry ethyl acetate. 
Pump LC  mobile phase thru column until system 
is equilibrated (flat baseline). Inject 5 p L  aliquots 
of std soln B until const, response is obtained. I f  
necessary, adjust instrum ent or injection vol. 
(usually 3-6 p L ) to give 50-60% FSD for internal 
std peak. Use same injection vol. and instrument 
settings for a ll samples and stds.

L i n e a r i t y  C h e c k
Inject triplicate aliquots of appropriate vo l. (as 

detd above) of std solns A , B, and C into liq . 
chromatograph, det. response ratio for each in ­
jection, and av. resu lting ratios for each soln. 
D iv id e  av. response ratio for each soln by corre­
sponding content (in  mg) and compare resulting 
response factors. These factors should agree 
w ith in  2%.

L iq . chromatograph should be checked for 
linearity  at least once a w eek, and same check 
should be carried out whenever new std solns are 
prepd and w henever colum n, new  or used, is 
installed in  instrum ent.

S a m p l e  P r e p a r a t i o n
(a) T e c h n ic a l  a n d  e m u ls i fia b le  c o n c e n tr a te s .— 

Accurately w eigh amt sample contg ca 60 mg 
temephos d irectly into tared 50 m L vo l. flask. 
For temephos tech., warm and thoroly m ix before 
sam pling. Add by pipet exactly 5 m L internal 
std soln and 25 m L dry ethyl acetate. Shake flask 
to ensure dissolution and d il. to vo l. w ith  n -  
hexane.

(b) W a te r -d is p e r s ib le  p o w d e r s  a n d  s a n d  g r a n ­
u le s .— Accurately w eigh amt sample contg ca 60 
mg temephos directly into 2  oz bottle fitted w ith  
plastic screw cap. Add by pipet 5 m L internal std 
soln and 25 m L dry ethyl acetate and shake 1 min. 
Add 20 m L «-hexane, m ix thoroly, and let parti­
cles settle. F ilte r portion of soln and hold for 
H P LC  analysis. (In  some cases, centrifugation 
may be sufficient to remove particles before 
H P LC  analysis.)

A n a l y s i s  o f  S a m p l e  S o l u t i o n s
Inject duplicate aliquots of std soln. B. Calc, 

response ratios by d iv id ing  area (or ht) of teme­
phos peak by that of internal std peak. Response 
ratios should agree w ith in  2%. Average dup li­
cate response ratios obtained w ith  std solns.

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

Inject duplicate aliquots of std soln B. Average 
response ratios of stds im m ediately before and 
after sample solns, w h ich  should agree w ith in  
2%. Use th is av. to calc, temephos content of 
sample solns.

C a l c u l a t i o n s
For each injection, response ratio (R ) = (area 

temephos peak/area internal std peak).
Temephos, wt% = (R  X  W '  X  P ) /(R ' X W) 

where R '  and R  =  average response ratio for std 
soln B and sample soln , resp.; W '  and W = w t 
(mg) of temephos std taken (for std soln B) and 
sample, resp; and P = purity of temephos std 
(%).
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Table 1. Data ob tained  in co llaborative  tria l o f HPLC m eth o d  fo r analyzing tem ep h o s tech n ica l and fo rm u la tio n s

Coll.

Technical 20% EC 50% EC 50% WDP 1 % SG

i 2 1 2 1 2 1 2 1 2

1 94.17 95.06 22.04 22.01 48.84 49.05 48.91 48.85 1.00 1.00
94.72 95.49 21.94 21.92 48.18 48.90 49.03 48.93 1.01 1.01

Av. 94.44 95.27 21.99 21.96 48.51 48.97 48.97 48.89 1.00 1.00

2 95.55 94.22 21.72 22.08 50.813 49.90 47.89 48.70 1.02 0.98
93.04 93.94 21.61 21.37 50.02 50.03 48.48 48.82 0.99 1.01

Av. 94.29 94.08 21.66 21.72 50.41 49.96 48.18 48.76 1.01 0.99

3 93.78 93.38 21.87 22.04 49.48 49.19 49.16 49.72 1.03 0.99
94.37 93.18 21.79 22.01 49.48 48.96 49.16 49.47 1.04 1.00

Av. 94.07 93.28 21.83 22.02 49.48 49.07 49.16 49.60 1.03 0.99

4 92.50 92.95 20.723 21.13 48.86 48.79 49.66 49.30 1.08 1.12
91.96 92.60 20.683 21.07 49.39 48.75 49.61 49.47 1.08 1.13

Av. 92.23 92.77 20.70 21.10 49.13 48.77 49.63 49.38 1.08 1.13

5 94.14 93.70 21.71 21.60 48.97 49.92 50.72 50.23 0.95 1.08
93.86 93.86 21.83 21.52 49.30 50.703 50.953 49.89 0.97 1.10

Av. 94.00 93.78 21.77 21.56 49.13 50.31 50.83 50.06 0.96 1.09

6 85.103 85.103 21.30 21.10 48.00 47.80 48.10 47.60 1.00 1.09
85.203 85.403 21.30 21.10 47.90 47.70 48.10 47.50 1.01 1.09

Av. 85.15 85.25 21.30 21.10 47.95 47.75 48.10 47.55 1.01 1.09

7 92.50 93.60 21.60 21.60 48.20 48.20 49.20 48.90 1.22 1.22
93.20 94.10 21.70 21.70 48.20 48.20 49.30 48.90 1.24 1.23

Av. 92.85 93.85 21.65 21.65 48.20 48.20 49.25 48.90 1.23 1.22

8 94.87 94.76 21.59 21.69 49.53 50.77 3 49.10 47.13 1.11 1.10
94.32 94.18 21.66 21.53 48.32 48.98 47.23 47.16 1.10 1.10

Av. 94.60 94.47 21.63 21.61 48.93 49.88 48.16 47.15 1.10 1.10

9 94.33 93.98 21.98 22.00 49.11 48.96 49.86 49.98 0.94 1.07
94.40 94.04 21.90 21.93 49.06 48.90 49.88 49.96 0.94 1.06

Av. 94.36 94.01 21.94 21.96 49.08 48.93 49.87 49.97 0 94 1.07

10 96.14 95.10 22.36 22.48 49.69 49.87 49.48 50.19 1 25 1.27
96.55 95.43 22.31 22.37 49.60 49.96 49.83 49 86 1 25 1.27

Av. 96.35 95.26 22.33 22.42 49.65 49.91 49.65 5002 1.25 1.27

11 93.50 93.50 21.60 21.30 49.40 49.90 48.10 48.00 1.23 1.24
93.20 93.80 21.40 21.40 49.70 50.00 48.10 49.00 1.23 1.22

Av. 93.25 93.65 21.50 21.35 49.55 49.95 48.10 48.50 1.23 1.23

12 93.80 93.80 22.60 22.60 48.40 48.80 50.00 49.80 1.01 1.00
94.00 93.80 22.70 22.70 48.20 49.00 49.80 49.70 1.01 0.90

Av. 93.90 93.80 22.65 22.65 48.30 48.90 49.90 49.75 1.01 0.95

13 92.20 91.07 21.93 22.05 49.66 49.57 47.97 48.79 1.08 0.97
92.30 91.29 21.95 21.76 49.76 49.80 48.02 48.59 1.08 0.97

Av. 92.25 91.18 21.94 21.91 49.71 49.69 48.00 48.69 1.08 0.97

14 92.99 93.02 22.86 22.95a 49.14 48.94 47.20 46.783 1.28 1.20
92.85 92.86 22.93a 22.99 3 49.16 48.98 46.79s 47.14 1.29 1.20

Av. 92.92 92.94 22.90 22.97 49.15 48.96 47.00 46.96 1.28 1.20
N 52 51 52 53 56
Mean 93.77 21.83 49.09 48.93 1.090
SD 1.13 0.44 0.62 0.93 0.108
cv, % 1.21 2.02 1.26 1.89 9.90

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

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

Participants used 10 brands of pumps, 8 brands 
of injectors, 7 brands of columns, and 8 brands of 
detectors in  conducting their analyses. Eleven 
participants used irregular silica gel, whereas 3 
used spherical silica gel. Ten usee variable 
wavelength detectors and 4 used filters; 5 used 
an Hg source and 9 used a D 2 source. Cell paths 
of the detectors varied from 2.5 to 10 mm, volume 
of sample injected varied from 5 to 20 p L , pres­
sures varied from 200  to 1600 psi, and flow  rates 
varied from 1.0 to 1.5 m L/m in .

Eleven participants determined response ratios 
w ith electronic integrators to measure peak areas 
w h ile  3 participants used peak height measure­
ments.

Excellent agreement among the collaborating 
laboratories was obtained on the technical grade 
sample and a ll form ulations except the 1% sand 
granules. The coefficient of variation for this 
sample was 9.9%. It is our opinion that the 
nonhomogeneity of this sample contributed to 
the re lative ly large variance observed. The 
coefficients of variation for the other samples 
ranged from 1.21 to 2 .0%, after e lim inating all 
values outside the 95% confidence interva l.

One disadvantage of the proposed method is 
the lack of a commercial source of the internal 
standard p-n itrophenyl p-nitrober.zoate, a l­
though it can be easily prepared in  the laboratory 
(1). Subsequent to the completion of the col­
laborative tria l, d im ethyl 4-nitrophthalate was 
found to serve satisfactorily as an internal stan­
dard. U nder the chromatographic conditions 
described above, this internal standard emerges 
in  about 18 m in as compared w ith  9.6 m in for 
p-nitrophenyl p-nitrobenzoate.

The H P LC  method was adopted for temephos

techn ica l, w ater-d ispersib le  pow ders, and 
em ulsifiable concentrates by C IP A C  at its 25th 
A nnual Meeting in  Gembloux, Belgium . It is 
recommended that the method be adopted o ffi­
cial first action by A O A C .
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A L C O H O L I C  B E V E R A G E S

Malt Beverages and Brewing Materials: Screening and Confirmatory 
Methods for Nitrosamines in Beer
ANTHONY J. CUTAIA
T h e  S t r o h  B r e w i n g  C o . ,  O n e  S t r o h  D r ,  D e t r o i t ,  M I  4 8 2 2 6

S creen in g  m eth o d s  for n itro sa m in es in  b eer w ere  
s tu d ied  b y  15 co llab orators. C ollab orators s tu d ied  
4 extraction  tech n iq u es and 2 ca lcu lation  procedures. 
A ll m eth o d s  sh o w ed  accep table recover ies and  n o  
s ig n ific a n t d iffer en ce s  b e tw e en  m eth od s. Based on  
accuracy, s im p lic ity  and sp eed , th e  C elite  extraction  
w ith  in tern a l standard  ca lcu la tion  is  reco m m en d ed . 
F ifteen  co llab orators a lso  s tu d ied  a d is t il la t io n  co n ­
firm atory  m eth od  com pared  w ith  a d irect extraction  
w ith  d ich lorom eth ane . Because the form er g iv e s  an 
extract m ore su ita b le  fo r  m ass spectrom etr ic  co n fir ­
m a tio n  o f n itro sa m in es, it is  th e  reco m m en d ed  re f­
erence m eth od . T he screen in g  and  con firm atory  
m eth o d s  h av e b een  a d o p ted  o ffic ia l first action .

The Am erican Society of Brew ing Chemists 
(ASBC) has released 2 extraction methods for 
nitrosamines in  beer to the Associate Referee, 
who is also liaison between ASBC and A O  A C , for 
recommendation for adoption as o ffic ia l first 
action. One method, recommended for screen­
ing purposes, invo lves Celite extraction of beer 
followed by dichloromethane (D CM ) elution. 
The second method, recommended as a confir­
matory procedure, is a dichloromethane extrac­
tion of a beer d istilla te—an operation requiring 
considerably more time and effort.

Norm ally, ASBC collaboratively tests methods 
of interest to the brewing industry and publishes 
the standardized protocol in  the ASBC Journal. 
Assum ing no untoward member reaction, these 
methods are published in  the ASBC  M e th o d s  o f  
A n a ly s i s  handbook. U nder normal circum ­
stances, such methods are presented to A O A C  
after several years of industry usage. Th is  pro­
cedure, however, has been changed in  the 
present instance because of the importance of the 
analysis and the public health implications of the 
class of compounds commonly known as n itro­
samines.

Received Septem ber 14, 1981. Accepted Decem ber 15, 1981.
This report of the Associate Referee was presented at the 95th 

Annual Meeting of the AOAC, Oct. 19-22,1981, at W ashington, DC.
The recom m endations of the  Associate Referee w ere ap­

proved by the  G eneral Referee an d  Com m ittee D and w ere 
adopted  by the  Association. See the  report of the  comm ittee, 
M arch 1982 issue, for detailed  recom m endations.

The recommended screening method for n i­
trosamines in  beer, using Celite 545 extraction 
followed by dichloromethane elution, was col­
laboratively tested in  1980. Fifteen collaborators 
participated, exam ining 4 extraction methods 
and 2 calculation procedures for each method on 
4 spiked samples. The 4 methods were d istilla ­
tion of beer followed by dichloromethane ex­
traction; direct dichloromethane extraction of 
beer; Preptube® extraction of beer fo llow ed by 
dichloromethane elution; and Celite 545 extrac­
tion of beer followed by dichloromethane e lu­
tion. The 2 calculation procedures invo lved  
external N -n itrosod im ethylam ine (N D M A ) 
standard addition curve, using the ratio of the 
N D M A  peak height or area to the Ar-nitrosodi- 
propylam ine (N D P A ) (in ternal standard) peak 
height or area.

For a ll methods, the dichloromethane eluate 
was concentrated and injected into a gas chro­
matograph equipped w ith  either a H a ll electro­
ly tic  conductivity detector modified for nitro- 
samine analysis or a therm al energy analyzer.

The design of the study conformed to a com­
bined Youden unit block. Analysis of variance 
on all beer data, w ith  the exception of outliers, 
showed no significant differences between 
methods (P > 0.05). Significant differences were 
noted between calculation procedures w hen 
samples contained low N D M A  amounts (1-2 
ppb). Combined laboratory errors expressed as 
coefficients of variation ranged between 7.2 and 
22.8%. In  general, however, the coefficients of 
variation were lower for the d istilla tion and the 
Celite methods. The calculation procedure in ­
vo lv ing  the ratio of N D M A  to N D PA  (internal 
standard) peak resulted in  generally h igher re­
coveries and values closer to theoretical than did 
the external standard procedure. A ll  methods 
showed acceptable recoveries for the preferred 
calculation method w ith  results ranging from 88 
to 113% of theoretical.

Based on a combination of favorable precision 
(combined coefficient of variation range from 7.2 
to 16.0%), reasonable accuracy (recovery range 
of 88.3 to 98.4%), sim plicity, and speed, the Celite
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method and the standard addition curve based 
on the ratio of N D M A  to internal standard is the 
recommended screening method.

The recommended confirm atory method for 
nitrosamines in  beer, using distillation followed 
by dichlorom ethane extraction of the distillate , 
was studied in  1979 and 1980. Fifteen collabo­
rators participated in  both studies. The d istil­
lation methods examined in  both collaborative 
studies were identical w ith  the exception that a 
25 m L sample of beer was used in  the first study 
and a 50 m L sample was used in  the second. The 
1979 study examined 2 methods applied to each 
of 6 spiked and 2 unspiked samples: distillation 
of beer followed by dichloromethane extraction 
of the distillate ; and direct dichloromethane ex­
traction of beer. Two calculation methods were 
used for the d istilla tion method: external stan­
dard curve and external standard curve w ith  
correction for internal standard recovery. Three 
calculation procedures w ere  used for the direct 
extraction method: the 2 mentioned above and 
a third procedure using a standard addition curve 
based on the ratio of N D M A  to N D PA  (internal 
standard).

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

The 1980 study applied the refined calculation 
procedure invo lv ing  standard addition based on 
the ratio of N D M A  to N D P A  to the d istilla tion  
procedure. In  this case, the combined laboratory 
errors expressed as coefficients of variation 
ranged between 7.9 and 14.8%. Recoveries for 
this method ranged from 93.9 to 105.6%.

Thus, it was seen that the d istillation method, 
using the standard addition calculation proce­
dure, possessed adequate precision and accuracy 
for recommendation as a nitrosam ine detection 
method. H ow ever, th is method also results in  
an extract w h ich  is more suitable for mass spec­
trométrie confirmation of the presence of n itro­
samines. Therefore, it is a preferred reference 
method.

R e c o m m e n d a t i o n
It is recommended that the following methods 

for nitrosam ine in  beer be adopted offic ia l first

action and that the official first action method for 
moisture in  barley (10.B01) be adopted officia l 
fina l action.

N-Nitrosodimethylamine (NDMA) in Beer 
Gas-Liquid Chromatographic Method

Official First Action 

Method I

ASBC-AOAC Method

10.C01 P r i n c i p l e
N D M A  is isolated by either adsorption on 

Celite or distn and is detd by G LC  w ith  either 
electrolytic conductivity or thermal energy an­
alyzer w ith  N-nitrosodipropylam ine (N D P A ) 
internal std.

10.C02 S a f e t y  P r e c a u t i o n s
Nitrosam ines are considered potent carcino­

gens. Exercise extreme care in  handling n itro­
samines or solns of nitrosam ines. Avo id  skin  
contact. Use mech. pipetting aids for a ll p i­
petting procedures. A ll  samples contg n itro­
samines should be properly labeled as “ spiked 
w ith  nitrosamines" or “ not for consumption," or 
w ith  other adequate w arning .

10.C03 G e n e r a l  P r e c a u t i o n s
Thoro ly clean all glassware used for nitrosa­

m ine analyses w ith  Chrom erge, or equiv., and 
thoroly rinse w ith  H 2O and C H 2C I2.

Some nitrosam ines degrade w hen exposed to 
U V  light. A vo id  prolonged exposure to fluo­
rescent lights unless lights are covered w ith  
ye llow  translucent shields to filte r out U V  light. 
A lternative ly , cover sample containers w ith  foil 
or other suitable m aterial to provide protection 
from light.

Store stds and C H 2C I2 exts in  freezer in  amber 
bottles or foil-covered containers.

10.C04 R e a g e n t s
(a) C e li te  5 4 5 .— Not acid-washed (F isher Sci­

entific Go. No. C-212). F ire  contents of each 
bottle 16 h at 700° before use.

(b) D ic h lo r o m e th a n e .— C H 2C I2, distd in  glass. 
(Bu rd ick  & Jackson Laboratories, In c ., or 
equiv.).

(c) S o d iu m  s u l fa te .—A n h yd ., granular.
(d) E th a n o l .—Anhyd . (National D istillers and 

Chem ical Corp ., N ew  Yo rk , N Y  10016, or 
equiv.).

(e) N D M A  s td  so ln . — 100 /¿g N D M A /m L a l­
cohol (Therm o Electron Corp ., 115 Second Ave, 
W altham, M A 02154).
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(f) I n te r n a l  s td  s o ln .— 100 ng N D P A /m L alco­
hol. D il. 100 p g l m L  soln (Therm o Electron 
Corp .) and d il. aliquot w ith  EtO H  to 100 ng/ 
m L.

(g) B o ilin g  c h ip s .—Carborundum , sm all size, 
or equiv.; Boileezers (F isher Scientific Co. No. 
B-365), or equiv.

(h) D r y  n i tr o g e n .—U ltra-high purity .
(i) A q u e o u s  e th a n o l .—4% v /v , prepd w ith  

glass-distd H 20 .
(j) W a te r .—Distd in  glass. H 20  processed 

thru deionizer may contain nitrosamines.

10.C05 A p p a r a t u s
(a) D is ti l l in g  f l a s k s .—Round-bottom, 1 L  w ith  

connecting adapter and Graham condenser set 
vertica lly .

(b) H e a tin g  m a n t l e s .—For 1 L  flasks, w ith  
variable transformers.

(c) F u n n e ls .—Fritted glass, 60 m L.
(d) E v a p o r a tiv e  c o n c e n tr a to r .—Kuderna-Dan- 

ish, 250 m L capacity, 24/40 ¥  column connection, 
19/22 lower ¥  joint. Concentrator tube size 425, 
19/22 ¥  jo int, 4 m L capacity, graduated, w ith  
19/22 ¥  stopper. Snyder distn colum n, 3 sec­
tions, size 121 w ith  24/40 ¥  joint (available from 
Kontes Glass Co., SG A Scientific , and others).

(e) T a m p in g  rod . — 19 mm diam. disk.
(f) G la ss  w o o l .— Pyrex, or equiv.
(g) C h ro m a to g ra p h ic  c o lu m n .—  Glass, 28 mm id 

X  400 mm long w ith  stopcock.
(h) G a s-liq u id  c h ro m a to g ra p h s .—Interfaced w ith 

therm al energy analyzer (T E A ), or w ith  H a ll 
electrolytic conductivity detector and nitrosa- 
m ine k it. The fo llow ing examples of columns 
and conditions are suitable for nitrosamine sepn. 
Variations in  columns and conditions are ac­
ceptable; N D M A  response for 0.5 ppb beer std 
should be >5% FSD  w hen recorder is used.

( i) Gas chromatograph interfaced w ith  T E A  
analyzer (Model 502, Thermo Electron Corp.): 6 
ft X  6 mm id glass column packed w ith  10% 
Carbowax 20M + 5% K O H  on 100-120 mesh 
Anakrom  A B ; column 145°; injection port 200°; 
He carrier gas 35 m L/m in . T E A  conditions: 
furnace 475°; vac. w ith  O, 1.0 torr; trap —120 to 
-1 3 0 ° .

(if) Tracor Model 560/700A gas chromato­
graph equipped w ith  electrolytic conductivity 
detector and nitrosam ine detector k it: 6 ft X  6 
mm id glass column packed w ith  15% LAC-2R- 
446 on 80-100 mesh Chromosorb W , acid- 
washed; column 140°; He carrier gas 20 m L/m in ; 
injection port 200°; H a ll in le t 250°; H a ll reactor 
700°; H  flow  50 m L/m in ; electrolyte, 50% v /v  
n-propanol; electrolyte flow  0.5 m L/m in .

10.C06 C a l i b r a t i o n  S a m p l e s
Prep, beer contg 0, 0.5, 1.0, 2.5, and 5.0 ppb 

( p g / L )  added N D M A  as fo llows:
Decarbonate two 12 oz bottles of beer, contg 

negligible N D M A  content, according to 10.001, 
w ithout paper filtration . Th is  is base beer. 
Prep. N D M A  d il. stds from 100 p g / m L  std (e), 
using EtO H  for d iln  as fo llows:
D iln  A  = d il. 1.0 m L of 100 p g / m L  to 10 m L

= 10 p g / m L
D iln  B = d il. 5.0 m L of A  to 100 m L

= 500 ng/m L

D iln  C .=  d il. 5.0 m L of B to 10 m L
= 250 ng/m L

D iln  D = d il. 2.0 m L of B to 10 m L
= 100 ng/m L

D iln  E  = d il. 1.0 m L of B to 10 m L
= 50 ng/m L

Add 1 m L of the follow ing to sep. 100 m L vol. 
flasks: E tO H , d iln  E , d iln  D , d iln  C , and d iln  B; 
d il. each to vol. w ith  previously decarbonated 
base beer. These samples contain 0, 0 .5 ,1 .0 , 2.5, 
and 5.0 ppb (p g / L ) of added N D M A , resp.

10.C07 C e l i t e  S e p a r a t i o n
C arry each calibration sample thru entire 

procedure.
Weigh 25 ± 0.1 g decarbonated beer (10.001, 

without paper filtration) into tared 600 m L beak­
er. Add 1.0 m L internal std soln and 25 g Celite. 
S tir m ixt. u n til uniform  (ca 30 s). M ixt. w il l  not 
pour but w ill  appear light and flu ffy . Place 
sm all glass wool plug in  bottom of chromatgc 
column and cover w ith  20 g Na2SC>4. Place 
tamping rod and powder funnel in  column w ith  
end of tamping rod extending into column thru 
funnel. Transfer Celite m ixt. to column thru 
funnel and tamp, a little  at a time, to depth of 
8-10 cm. Place K-D  evaporator w ith  4 m L con­
centrator tube under colum n. Add 75 m L 
C H 2C12 to beaker, sw ir l w ith  spatula, and pour 
thru funnel before rem oving tamping rod. 
Adjust stopcock so C H 2C12 flows at 1-2 m L/m in  
into evaporator. Let column run  dry (ca 35 m L 
C H 2C12 w il l  be recovered). Add 3 small boiling 
chips, fit K-D app. w ith  distg colum n, and cone, 
to ca 4 m L in  60° H 20  bath. Let Snyder column 
drain , remove, and further cone. solv. to 1.0 m L 
under gentle stream of N  at room temp, (this 
final concn should take ca 30 min). Inject aliquot 
into gas chromatograph, using either G LC /T E A  
or G LC /H E C D  conditions.
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Prep, reagent blank by substituting 4% v /v  
EtO H in H 2O for beer, and carry thru analysis. If  
reagent blank shows peak for N D M A , check 
C H 2C12 by concg 95 m L to 1 m L and chromato­
graphing. I f  C H 2C12 does not show N D M A  
peak, check other reagents. Do not use reagents 
show ing background nitrosamines.

10.C08 D i s t i l l a t i o n  S e p a r a t i o n
Carry each calibration sample th ru  entire 

procedure.
Decarbonate ca 55 m L beer by 10.001, w ithout 

paper filtration. Transfer 50.0 m L beer to 1 L  r-b 
distn flask contg 8 g Ba(O H )2 and Boileezers. 
Add 1.0 m L internal std soln. D is t ill s low ly 
(variable transformer setting 60%), collecting ca 
48 m L in  ice-cooled 250 m L separator. Add 0.4 
g Na2CC>3. Ext 4 times w ith  20 m L portions of 
C H 2C12, shaking each for 1 m in. Pool exts in  
second 250 m L separator. Pass ext thru 30 g 
Na2S 0 4 (held in  60 m L fritted glass funnel 
prewetted w ith  C H 2C12) into 250 m L K-D  evap­
orator w ith  4 m L concentrator tube attached. 
Wash Na2S 0 4 w ith  15 m L C H 2C12 and add wash 
to evaporator flask. Add one Boileezer and 
Snyder column and carefully cone, to 4 m L in  60° 
H 20  bath. Remove Snyder column and further 
cone, to 1.0 m L under gentle stream of N  at room

temp, (this fina l concn should take ca 30 m in). 
Inject aliquot into gas chromatograph, using e i­
ther G L C /T E A  or G LC /H E C D  conditions.

Prep, reagent blank as in 10.C07.

10.C09 C a l c u l a t i o n s
Measure peak ht (or area) of N D M A  and 

N D PA  (internal std) peaks on chromatograms 
and det. ratio

_  peak ht (or area) N D M A  
peak ht (or area) N D PA

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

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

Calcn of unknowns: Measure peak ht (or area) 
for N DM A and N D PA  peaks and calc. R  as above. 
Det. /ag/L in  beer by calcn using regression 
equation-and so lving for X  as fo llows:

, ,  R  — intercept
Mg/L = ------ ;----------slope

Report results to one decimal place.
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P R E S E R V A T I V E S  A N D  A R T I F I C I A L  S W E E T E N E R S

Gas Chromatographic Determ ination of Sorbitol, M annitol, and 
Xylitol in Chewing Gum and Sorbitol in M ints
DANIEL H. DANIELS, CHARLES R. WARNER, and THOMAS FAZIO 
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  C h e m i s t r y  a n d  P h y s i c s ,  W a s h i n g t o n ,  D C  2 0 2 0 4

A m eth od  has b een  d ev e lo p ed  for d e term in ation  o f  
so r b ito l, m a n n ito l, and x y lito l in  c h e w in g  gum  and  
sorb ito l in  m in ts. C h ew in g  gum  is  p artitio n ed  b e­
tw een  m eth y le n e  ch lor id e  and water; th e  m in t is  
s im p ly  d is so lv ed  in w ater. T he a q u eou s extract is  
dried  and th e resid u e is  d er iv a tized  w ith  p y r id in e -  
acetic an h y d rid e to  form  th e co rresp on d in g  perace- 
tates. T he d er iv a tiv es  are q u an tita ted  b y  gas chro­
m atography u sin g  a 9 ft X 2 m m  colu m n  packed  w ith  
10% S ilar 10C on  C hrom osorb  W /A W . A verage re­
co v er ies  o f th ese  sugar a lco h o ls  ranged  from  96 to  
102%.

In  recent years, the need to quantitate D-manni- 
tol (m annitol), D-glucitol (sorbitol), and xy lito l 
in  sugarfree m ints and chew ing gum has been 
recognized. Sorbitol is a sweetener that is gen­
era lly  recognized as safe for use in foods (1); 
nevertheless, sorbitol content in food may not 
exceed certain levels that are based on current 
good manufacturing practice. Sorbitol is pres­
ently permitted at maximum levels of 98 and 99% 
in  soft and hard candy, respectively, and 75% in 
chewing gum (2). Maximum allowable levels of 
m annitol are 98% in  pressed m ints and 31% in 
chew ing gum (3). A  p re lim inary survey in  our 
laboratory indicated that sugarfree mints contain 
sorbitol as the exclusive sweetener at the highest 
perm issible levels, whereas sugarfree chewing 
gums contain 50 to 75% sorbitol and approxi­
mately 5% m annitol. X y lito l is not currently 
used in  the United States; xy lito l is found, how­
ever, in  Canadian samples of chew ing gum. 
Th is  paper presents a sim ple, rapid gas chroma­
tographic (G C) method for determ ination of 
these 3 substances, w hich are known collectively 
as sugar alcohols, in chewing gum and m ints.

Several researchers have determined sugar 
alcohols by gas and liquid chromatography (LC ). 
Solutions have been analyzed by GC after con­
version of the sugar alcohols to the correspond­
ing fu lly  acetylated esters (4-6) or trim ethylsily l 
ethers (7, 8 ). Sondack (9) and Brooks and
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Maclean (10) u tilized  the n-butylboronic esters 
for the GC determ inative step. Samarco (11) 
partitioned the sugarless chewing gum between 
toluene and water. The aqueous solution was 
analyzed by LC . O ur objective was to develop 
a method based on a single GC separation, which 
would permit quantitation of the sugar alcohols 
commonly found in  food.

In  our work we partitioned the chew ing gum 
samples, using a methylene chloride-w ater 
system, and extracted sorbitol from the mints 
w ith  water. A fter removal of water from an a l­
iquot, we then formed peracetate derivatives, 
using pyridine-acetic anhydride; the derivatives 
were determined using a 9 ft X  V4 in. od (2 mm id) 
column containing 10% Silar 10C on Chromosorb 
W /AW .

Experim ental

A p p a r a t u s
(a) G a s c h r o m a to g r a p h .—Varian Model 3700 

(Varian Associates, Inc ., Instrum ent Group, Palo 
A lto , C A  94303), or equivalent, equipped w ith  
flame ionization detector (F ID ). Colum n: 9 ft 
X V4 in . od (2 mm id) glass containing 10% S ilar 
10C on 60-80 mesh Chromosorb W /A W . Op­
erating conditions: column temperature, 200°C; 
injector temperature, 250°C; detector tempera­
ture, 330°C ; nitrogen flow  rate, 20 m L/m in .

(b) S y r in g e .  — 10 p L  m icrosyringe (Ham ilton 
Co., Reno, N V  89510, or equivalent).

(c) B o ile e ze r  b o ilin g  c h ip s .—  (F isher Scientific 
Co., P ittsburgh, PA  15219) ground to a fine 
powder. Isolate fraction w h ich  passes through 
20 mesh screen but is retained by 40 mesh 
screen.

(d) O x fo r d  s a m p le r .— 50-200 p L  range and 
200-1000 p L  range plus disposable tips (F isher 
Scientific Co.)

(e) V ia ls . —3 m L vials w ith  Teflon-lined screw 
caps (PG C Scientifics Corp ., Gaithersburg, MD 
20877, or equivalent).

(f) H e a te r -m ix e r .— Buchler Vortex-Evaporator 
(Buchler Instrum ents, Inc ., Fort Lee, NJ 07024), 
or equivalent, equipped to hold 3 m L vials. This
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instrum ent must be capable of sim ultaneously 
heating v ia l and subjecting it to vortex sw irlin g  
at 3-5 excursions/s.

(g) C e n tr i fu g e .— Sorvall RC-3 (DuPont In- 
struments-Sorvall Biomedical D iv ., Newton, C T  
06470), or equivalent, equipped to hold 250 m L 
plastic centrifuge bottles and operate at 3000 
rpm.

(h) C e n tr i fu g e  b o t t le s .— 250 m L plastic (F isher 
Scientific Co., or equivalent).

(i) V a c u u m  o v e n .— National Appliance Co., 
Portland, O R 97204.

R e a g e n t s
(a) M e th y l e n e  c h lo r id e .— D istilled  in  glass 

(Burdick & Jackson Laboratories, Inc., Muskegon, 
M I 49442).

(b) A c e tic  a n h y d r id e -p y r id in e  (1 +  1 ) .—In 50 m L 
graduated cylinder add 25 m L acetic anhydride 
(F isher Scientific Co., or equivalent) and 25 m L 
pyrid ine  (F isher Scientific Co., or equivalent).

(c) L -In o s ito l .—IC N  Nutritional Biochemicals, 
C leveland , O H  44128.

(d) S o rb ito l (9 7 % ), m a n n i to l ,  a n d  x y l i t o l .—A l­
drich  C hem ical Co ., In c ., M ilw au kee , W I 
53233.

(e) S o rb ito l h e x a a c e ta te , x y l i to l  p e n ta a c e ta te ,  a n d  
m a n n ito l  h exa a ce ta te . —Chemical Standard Quality 
(Supelco, Inc ., Bellefonte, P A  16823).

P r e p a r a t i o n  o f  S t a n d a r d  C u r v e
C h e w in g  g u m .—Quantitatively transfer to each 

of three 25 m L volumetric flasks 0.5X, X , and 1.5X 
mg of each sugar alcohol, where X  is quantity in 
mg expected in  analytical sample. Add 20 mg 
L-inositol as internal standard to each flask. 
D ilute to volum e w ith  water. Continue as de­
scribed in  Determ ination.

M i n t s .—Q uantitatively transfer to each of 
three 100 m L volum etric flasks 0.5X, X , and 1.5X 
mg of each sugar alcohol except xy lito l, where X 
is quantity in  mg expected in  analytica l sample. 
Add 50 mg xy lito l to each flask. D ilute to vo l­
ume w ith  water. Continue as described in  De­
term ination.

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

S a m p l e  P r e p a r a t i o n
C h e w in g  g u m .—Thoroughly chop and dice 1 

stick chewing gum w ith  single edge razor blade. 
Transfer 1.0 g fine ly divided chewing gum to 250 
m L plastic centrifuge bottle. Add 50 m L meth­
ylene chloride and 25 m L water. Add 20 mg

L-inositol as internal standard. Shake until 
chew ing gum is thoroughly dispersed. Take 
known quantity of aqueous phase for analysis as 
indicated under Determ ination. Centrifuge 20 
m in at 3000 rpm to separate aqueous and organic 
layers. Proceed as directed under Determ ina­
tion.

M i n t s .—Break up m ints by any convenient 
process. Transfer an accurately weighed quan­
tity of pieces equivalent to ca 1 g to 100 m L vo l­
umetric flask. Add 0.5 g xy lito l as internal 
standard. Add 75 m L water. Shake u n til ma­
terial is thoroughly dispersed. (Excipients w il l  
still be visible in solution; however, sugar alcohol 
w ill  be dissolved.) D ilute to volume w ith  water. 
A lso prepare blank sample (w ithout xy lito l in ­
ternal standard) for GC analysis to ensure that 
area corresponding to retention time of xy lito l 
is free from interferences. Continue as described 
in  Determ ination.

D e t e r m i n a  t i o n
Using 50-200 p L  Oxford sampler system w ith  

disposable tips, transfer known aliquot (based on 
estimated sugar alcohol content of sample) of 
aqueous phase of sample to 3 m L v ia l and add 1 
mg fin e ly  ground boiling chips. Evaporate 
sample to dryness in  50°C oven under vacuum 
of 10 in . Hg. Cool to room temperature and add 
400 p L  acetic anhydride-pyrid ine reagent, using 
Oxford sampler system w ith  disposable tips. 
M ix and heat 1 h at 80°C in Buchler Vortex- 
Evaporator. Inject 0.5-3 p L  solution into gas 
chromatograph. Attenuation of GC system must 
be accomplished by automatic or manual means 
during chromatographic analysis to keep all 
peaks on scale. (A fter more than 100 injections 
the column showed no signs of deterioration.)

C a l c u l a t i o n s
Calculate relative response, R ,  of each sugar 

alcohol of interest for sample, using equation 
described for standard curve. From standard 
curve determine quantity (mg) of sugar alcohol 
present in sample. Calculate mg sugar alcohol/g 
sample. Calculate % (w /w ) sugar alcohol in  
sample according to the fo llow ing  equation:

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

R e c o v e r y  S t u d i e s
Recovery studies were carried out by sp iking 

1 g chew ing gum w h ich  was free of sorbitol, 
m annitol, and xy lito l but carried a label decla­
ration: sugar, gum base, corn syrup, natural and
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Table 1. Recovery of su g ar alcohols added to chew ing 
gum

Sugar
alcohol

Level,
% (w /w ) Ree.,3 % CV, %

Mannitol 0.5 99.8 0.92
1 100.8 0.65
5 98.8 2.28

Sorbitol 5 100.8 0.71
10 101.3 1.12
33 97.9 2.21

Xylitol 5 101.5 1.32
10 99.1 1.90
33 96.3 1.33

3 Each recovery value is the average of 8 determina­
tions.

artific ia l flavoring , and artific ia l colors. The 
samples were spiked at each of 3 levels for xylito l, 
m annitol, and sorbitol as indicated in  Table 1. 
For example, the lowest sp iking leve l, 0.5% 
m annitol, 5% sorbitol, and 5% xy lito l, was 
achieved by adding 4 m L of an aqueous solution 
containing 1.25 mg m annito l/m L, 12.5 mg sor- 
b ito l/m L, 12.5 mg xy lito l/m L , and 5 mg L-ino- 
sito l/m L (internal standard). To ensure an ad­
equate challenge for the method, the bottles were 
shaken until the gum base was thoroughly dis­
persed in the solvents. The recovery studies 
were completed as described under Determ ina­
tion.

Resu lts and D iscussion
Figure 1 illustrates the GC separation of a 

standard mixture of the peracetate derivatives of 
xy lito l, m annitol, and sorbitol. As can be seen, 
the sugar alcohol derivatives are w ell resolved. 
No interferences were encountered w ith  any of 
the sucrose-containing chew ing gum samples 
selected for the recovery studies. These samples 
contained sugar, gum, and corn syrup along w ith 
spearmint and cinnamon flavorings.

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

Table 2 shows the amounts of m annitol, sor-

Figure 1. GC separation  o f sugar peracetate s ta n ­
dards (/ig , as sugar a lco h o l on -co lu m n ): 1 , x y lito l  
(0.16); 2, m annitol (0.16); 3, sorbito l (0.32); 4, L -inositol 

(0.32).

bito l, and xy lito l in  commercial sugarfree 
chew ing gums. In  each case the m annitol con­
tent is below the legally permitted level of 31% 
(3). The Canadian sample of Brand A  is the only 
chew ing gum sample containing xy lito l, w h ich

Table 2. S ugar alcohols found  in com m ercial sam ples of 
sugarfree  chew ing gum s

Found3
Gum sample Sugar alcohol mg/g % (w /w )

Brand A
Spearmint mannitol 18 1.8

sorbitol 717 71.7
Peppermint mannitol 16 1.6

sorbitol 711 71.1
Peppermint mannitol 98 9.8
(Canadian) sorbitol 504 50.4

xylitol 137 13.7
Brand B

Bubble gum mannitol 94 9.4
sorbitol 593 59.3

Brand C
Fruit flavor mannitol 33 3.3

sorbitol 691 69.1
Cinnamon mannitol 32 3.2

sorbitol 701 70.1
3 Sorbitol results are corrected for 97% purity of reference 

standard.
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Table 3. Sorbitol found  in com m ercial sam ples of 
su g arfree  m in ts

Mint sample
Sorbitol found 

mg/g
3
% (w /w )

Brand A
Peppermint 9 7 0 b 97.0
Fruit 980 98.0
Wintergreen 970 97.0

Brand B
Wintergreen 1000 100.0
Cinnamon 1000 100.0

Brand C
Spearmint 975 97.5

a Results corrected for 97% purity of sorbitol reference 
standard. Values are based on 2 determinations.

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

is not used in chew ing gum produced in the 
United States. Table 3 gives the results obtained 
w ith  sugarfree m ints. The composition of the 
m ints proved to be mostly sorbitol w ith  added 
excipients and flavoring agents.

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

W hile  developing a convenient and reliable 
method, we evaluated the essential elements of 
a number of other procedures. The n-butylbo- 
ronate esters of m annitol and sorbitol produced

skewed peaks w ith  the columns we used. The 
tr im e th y ls ily l ethers could not be formed 
reproducibly in  the presence of moisture. In 
many cases derivative/column combinations did 
not give complete resolution of the sugar alco­
hols and the internal standard. The method 
described above produces excellent results w ith  
m ints and chew ing gum.

In  summary, a method has been described 
w h ich  permits the determ ination of sugar alco­
hols in  chewing gum and m ints. The method 
u tilizes peracetate derivative formation of the 
sugar alcohol followed by G C analysis. We 
found this method rapid and easy to use.
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B I O C H E M I C A L  M E T H O D S

Procedures for Measuring Accuracy and Sensitivity of 
Immunochemical Pregnancy Test Kits
L I L L IA N  J. G IL L
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  9 0 0  M a d i s o n  A v e ,  B a l t i m o r e ,  M D  2 1 2 0 1

A n alytica l p rocedures w ere used  to  m easure the ac­
curacy and sen sitiv ity  o f im m unochem ical pregnancy  
test k its . P erform ances o f a ll cu rrently  m arketed  
h em a g g lu tin a tio n  in h ib it io n , latex  a g g lu tin a tio n  
in h ib it io n , and direct latex agg lu tin a tion  pregnancy  
k its  w ere eva lu ated .

Hum an chorionic gonadotropin (H C G ) is a g ly­
coprotein that is secreted during pregnancy from 
the time of the formation of the syncytiotro- 
phoblast throughout the growth of the placenta. 
The protein is secreted into the blood and ap­
pears in  the urine after glom erular filtration , 
reaching its highest level during the first tr i­
mester ( 1 ). Qualitative analysis for H C G  is used 
p rim arily  to detect pregnancy, whereas quanti­
tative analyses can indicate certain pathological 
conditions and monitor the progress of therapy 
in these conditions.

Four immunochemical methods are currently 
available for measuring H C G : latex agglutina­
tion inh ib ition  (L A I) , hemagglutination in h ib i­
tion (H A I), direct latex agglutination (D LA ), and 
radioimmunoassay (R IA ). The L A I and H A I 
procedures are based on antigen-antibody re­
actions in  w h ich  latex particles (for the LA I 
method) or erythrocytes (for the H A I method) 
are sensitized w ith  H C G  antigen and used as the 
test indicator. The D L A  procedure, also based 
on an antigen-antibody reaction, uses latex par­
ticles coated w ith anti-HCG. Biological tests (2) 
as w ell as the R IA  and the more modern radio­
receptor assays (R R A ) (3) are also used in  preg­
nancy testing. How ever, our study evaluated 
only the immunochemical agglutination reaction 
tests.

Recent studies have compared im m uno­
chemical procedures w ith  one another and w ith  
other diagnostic techniques to determine their 
quality and re liab ility . In  comparing im m uno­
chemical methods to R RA , Roy et al. (4) found 
that although H A I was less sensitive than R RA  
in  detecting early pregnancies, its positive and 
negative results were just as accurate. They also

Received A pril 15,1981. Accepted N ovem ber 3,1981

showed that the c lin ical sensitiv ity of the L A I 
was poorer than the H A I and RRA . In  a study of 
5 commercial immunochemical pregnancy kits, 
H orw itz et al. (5) concluded that the H A I kits 
were more accurate and sensitive than the L A I 
or D L A  kits.

In  August 1977, the Food and Drug A dm in is­
tration (FD A ) began analytical evaluation of the 
performance of various im munochem ical preg­
nancy test kits used to detect H CG . The testing 
included validation of consumer complaints, 
evaluation of the performance of kits w hich  had 
been submitted by the manufacturer for release 
approval, and development of laboratory pro­
tocols for possible future compliance programs. 
The need for a standardized, transferable ana­
lytical method for evaluating k it performance 
was reinforced by increased over-the-ccunter 
sales of these products. The protocols developed 
for testing the performance of these kits are 
presented here along w ith  data on the tests of 
manufacturers' claim s for 206 assorted lots of 
these products.

Experim ental

P r i n c i p l e
Antiserum  (antibody) is produced in rabbits 

that have been injected w ith  H CG . For the H A I 
reaction, erythrocytes used as an indicator are 
coated w ith  H CG  (antigen). When the anti-HCG 
serum reacts w ith  the HCG-coated indicator 
particles, agglutination (precipitation) occurs. 
How ever, w hen urine from a pregnant woman, 
w h ich  contains H C G , is m ixed w ith  the antise­
rum , the antiserum is neutralized by antigen in 
the urine, and agglutination of erythrocytes is 
inh ib ited . The erythrocytes then settle in a 
doughnut pattern at the bottom of the round- 
bottom test v ia l. U rine  from a nonpregnant fe­
male, which contains no H CG  and therefore does 
not inh ib it agglutination, reacts w ith  the eryth­
rocytes to form a brownish yellow homogeneous 
solution.

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

0004-5756/82/6503-0592—06$01.00© Association of Official Analytical Chemists, Inc.



GILL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 3, 1982) 593

coated w ith  H C G  are used as the indicator in ­
stead of erythrocytes. When antiserum is mixed 
w ith  a suspension of these coated latex particles, 
agglutination occurs, indicating a negative re­
action. W hen urine from a pregnant woman is 
m ixed w ith  the antiserum , the antiserum  is 
neutralized by the H C G  in  the urine , and ag­
glutination w ith  the latex particles is inh ib ited ; 
thus, no agglutination occurs and the result is 
positive. Th is  k it has both slide and tube vari­
eties.

U n like  H A I and L A I, the D LA  im m uno­
chemical p rincip le  invo lves fixation of the anti­
body (as opposed to antigen) to the latex parti­
cles. In  the presence of the H C G  antigen (as in  
pregnancy) these latex particles agglutinate. In  
D L A  testing, agglutination indicates the pres­
ence of H C G  (pregnancy) and no agglutination 
indicates the absence of H C G  in  the sample (no 
pregnancy).

A p p a r a t u s
For H A I use a-c; for L A I use a, b, and d; for 

D L A  use a, b, and d.
(a) F ilte r  p a p e r .— Whatman No. 4 or equiva­

lent, or centrifuge (IE C , c lin ica l, or equivalent) 
capable of 1000 X g.

(b) P re c a lib ra te d  d ro p p e r s  (s u p p lie d  in  k i t )  o r  p i-  
p e t s .—Capable of de livering  100 p L  (for each 
urine specimen) and 400 p L  (for buffer). Pipets 
can be fixed volum e (e.g., Eppendorf) or gradu­
ated.

(c) M ir r o r e d  r a c k .—Test rack must hold test 
v ia ls  absolutely vertical over angled m irror (ca 
30°) to facilitate reading of results w ithout d is­
turbing rack or tubes.

(d) G la ss  or p a p e r  s lid e .—W ith circles outlined 
on background for detection of agglutination 
(precipitation).

R e a g e n t s
(a) A n t i s e r u m ,  a n t i g e n .—Both supplied in  kit. 

M aterials may be premeasured liqu ids or 
freeze-dried solids.

(b) B u f f e r .—Supplied in  k it. Prepare ac­
cording to manufacturer's instructions.

(c) P r im a r y  s to c k  s o lu t io n .—International ref­
erence standard for H C G , 10 IU  H C G /m L a li­
quots (W orld Health O rganization, obtained 
through FD A , Bureau of Medical Devices, S ilve r 
Spring , M D 20910). An  international unit (IU ) 
is defined as the biological activ ity of the hor­
mone in  relation to an existing international 
standard. In  this study an IU  is based on the 
activ ity for H C G  in 1.279 p g  of the second in ­
ternational standard.

(d) P o s it iv e  a n d  n e g a t iv e  c o n tr o ls . —Filte r or 
centrifuge u rine  from c lin ic a lly  confirm ed 
pregnant and nonpregnant human females. If  
controls are net supplied by m anufacturer, use 
negative pooled urine or physiological saline. 
Analyze and confirm  ind iv idua l negative urines 
from nonpregnant females before pooling. 
Prepare positive controls by adding H C G  to 
urine or saline.

(e) P h y s io lo g ic a l  s a l in e .—8.5 g N aC l in  1 L  d is­
tilled water. Caution: Lyophilized reagents are 
hygroscopic. Do not expose to atmosphere until 
just before use. Do not use reagents w h ich  are 
shrunken or hydrated. Do not freeze kits. Re­
agents are damaged by extremes of temperature. 
Refrigerate kits at 2-8°C .

A c c u r a c y  D e t e r m i n a t i o n
Prepare a panel of urines consisting of 10 

known positives and 10 know n negatives. The 
urines must be female patient specimens w h ich  
have been assayed for H C G  content; they must 
not contain protein or other substances w h ich  
could interfere w ith  th is procedure. Vary 
specimens in  panels so that positives and nega­
tives are from as many d ifferent sources as pos­
sible. Include some positive specimens from 
patients in  their first month of pregnancy. Filter 
or centrifuge urines 5 m in at ca 1000 X g. Use 
on ly filtrate or supernate.

S e n s i t i v i t y  D e t e r m i n a t i o n
Prepare a series of d ilutions of the reference 

standard using known pooled negative urines 
(collected from nonpregnant females and con­
firm ed negative before pooling) as d iluent 
w ith in  the sensitiv ity range stated on k it. Pre­
pare dilutions fresh da ily  and include at least 2 
concentration levels above and below the de­
clared sensitiv ity factor. I f  declared sensitiv ity 
of k it is 1, <1-2, or >2, prepare H C G  concentra­
tions in increments of 0.1, 0.2, and 0.3 IU /m L , 
respectively.

T e s t  P r o c e d u r e s
Perform  test on urine panel and prepared 

reference standard solutions exactly as stated in  
instructions included w ith  k it sample (in form a­
tion insert). Use apparatus and reagents sup­
plied w ith  kit. I f  sample is received in  bulk form 
or test instructions are not supplied, perform test 
on urine panel and on prepared reference stan­
dard solutions.

H A L —Add 0.1 m L urine or appropriate ref­
erence standard dilution to round-bottom v ia l or 
test tube containing manufacturer's premeasured
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R O R-l R 2 R-3 R-4 R 5 M
Figure 1. Interpretation  o f resu lts  for H AI test. R -0 =  so lid  sm a ll b u tto n  ce lls  (p o sitiv e); R - l  =  th ick  ring  
o f ce lls  w ith  sm a ll clear area in  cen ter o f tu b e (p o sitiv e); R -2 =  th ick  ring  o f ce lls  w ith  p erip h ery  o f ring  at 
half or less than h alf the radius from  center o f tube (positive); R-3 =  th inner but d efin ite  ring at h alf the radius 
(p o sitiv e); R -4 =  th in  but d e f in ite  rin g  c loser  to  p er ip h ery  o f tu b e ( in c o n c lu s iv e , repeat); R-5 =  very  th in  or 

in d e f in ite  rin g  at th e  p erip h ery  ( in c o n c lu s iv e , repeat); M =  sm o o th  m at o f ce lls  w ith  no rin g  (n egative).

amounts of anti-H CG serum and HCG-coated 
erythrocytes for lyophylized products, or anti- 
H C G  serum from calibrated droppers for liquid  
reagent kits. S w ir l gently to m ix. For freeze- 
dried reagents, prom ptly add 0.4 m L buffer to 
each test v ia l. For liquid reagents, add 2 drops 
of w ell mixed HCG-coated erythrocytes.

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

L A I  ( s l id e s ) .— At 90° angle to glass or paper 
slide and in  center of circle , place 1 drop (50 p L) 
of anti-HCG serum. Add 1 drop (50 pL) of urine 
or reference standard d ilution to anti-H CG 
serum. Use provided dropper or micropipet. 
M ix w ith  applicator sticks u n til m ixture is ho­
mogeneous over entire area of circle . S lo w ly  
rotate slide in  c ircu lar motion for 30 s. Thor­
oughly mix latex suspension by gentle inversion 
and add 1 drop (50 f iL )  of suspension to u rine- 
antiserum m ixture. G ently rotate slide in  c ir­
cular motion for 2 m in. Read results.

L A I  ( tu b e s ) .— Into 10 X  75 mm test tube con­
taining 2 m L antiserum reagent (supplied by 
manufacturer) add 1000 f iL  u rine or reference 
standard d ilution . Add 2 drops of thoroughly 
mixed latex suspension w ith  supplied dropper. 
Cap tube w ith its fitted stopper and invert 4 times 
to ensure proper m ixing . Place tube in  a 37 
± 2°C  water bath or heating block. Read results 
after 90 m in of incubation. Lack of agglutina­

tion, w h ich  is a positive reaction, appears as a 
smooth m ilky  suspension on slides after 2  m in 
and after 90 m in in  tubes. Negative reactions 
may display any degree of precipitation (+ , ++ , 
or + + + ).

D L A . —Thoroughly mix latex suspension. At 
90° angle to glass or paper slide and in  center of 
circle , place 1 drop (50 p L ) of latex suspension. 
Add 1 drop (50 pL) of urine or appropriate ref­
erence standard d ilution . S tir w ith  applicator 
sticks until m ixture is homogeneous over entire 
area of circle . S lo w ly  rotate slide in  circu lar 
motion for 1 m in. Read results. Positive reac­
tions show various degrees of precipitation (+ , 
+ + , or + + + ) (Figure 2). A  negative reaction 
shows no agglutination and is evidenced by a 
smooth m ilky  solution.

Resu lts and D iscussion
Table 1 presents a list of pregnancy k its sub­

mitted by 6 d ifferent manufacturers and tested 
in  our laboratory from January 1978 to A p ril 
1979. The products included samples of every 
immunochemical pregnancy test kit marketed as 
of December 30, 1978. The samples were re­
ceived in  the form intended for c lin ica l or hos­
pital laboratory use: Some kits were ready to 
use; others were received in bulk form w ithout 
labeling, packaging, or apparatus. The analyz-

+ + +  + + +  0
Figure 2. Interpretation  o f resu lts for LAI and DLA  
tests. LAI: 0 =  to ta l in h ib it io n , no a g g lu tin a tio n , 
sm ooth  m ilk y  appearance (positive); +  = tin y  clum ps  
or fin e  p recip ita te  at en d  o f tim e p eriod  (n egative);  
+  +  =  sm a ll c lu m p s th rou g h o u t (n egative); + + +  =  
m axim u m  a g g lu tin a tio n  (n ega tiv e ). DLA: 0 =  no  
a g g lu tin a tio n  (n egative); +  =  tin y  c lu m p s b efo re  or 
at en d  o f  tim e p er iod  (p o sitiv e); + +  =  sm a ll c lu m p s  
th rou g h o u t (p o sitiv e); + + +  =  m axim u m  a g g lu tin a ­

tio n  (p o sitiv e).
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Table 1. Im m unochem ical p regnancy  te s t  kits on m ark e t as of D ecem ber 3 0 ,1 9 7 8

Product Manufacturer
Type of 

test
Type of reagent 

(antigen-ant body)

Stated 
reaction 

time (min)

Range of 
stated 

sensitivities 
(IU/mL)

Placentex Hoffmann-LaRoche LAI tube liquid 90 1.25
Pregnosis Hoffmann-LaRoche LAI slide liquid 2 2.0
Gest-State Lederle/Fisher LAI slide liquid 2 2-4
Neogestic3 Organon LAI slide dried on slide 2 1-2
Planosec3 Organon LAI slide dried or si de 2 1-2
Dri-Dot Organon LAI slide dried or si de 2 1-2
Pregnosticon Slide Organon LAI slide liquid 2 2
Gravindex • Ortho LAI slide liquid 2 3.5
UCG-Slide Princeton LAI slide liquid 2 2.0
Pregna-B International Diagnostics LAI slide liquid 2 2
D.A.P. Test Princeton DLA slide liquid 2 2-1000
Pregnosticon Accuspheres Organon HAI tube lyophilized 120 0.65-0.7
Neocept Organon HAI tube lyophilized 120 0.2
UCG-Tube Princeton HAI tube liquid 120 0.5
UCG-Lyphotest Princeton HAI tube lyophilized 120 0.7
UCG-Titration Princeton HAI tube liquid 120 1.0
UCG-Quiktube Princeton HAI tube liquid 120 1.0
Pregna-B international Diagnostics HAI tube lyophilized 120 0.7

3 Names on exported Dri-Dot kits.

ing capacity of the products ranged from 10 to 
300 tests. O f the kits submitted, 56% were L A I, 
39% were H A I, and 5% were D LA . O f the 206 
lots tested, 42% were L A I, 55% were H A L  and 3% 
were D LA .

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

know n negatives. These c lin ica lly  confirmed 
specimens were random ly selected from more 
than 4000 frozen specimens from approximately 
200 d ifferent patients. The urines were frozen 
in 3-5 m L portions to elim inate the possibility of 
bacterial growth caused by refreezing or resam­
pling from the same container over a period of 
days. A  brief medical history accompanied each 
specimen.

To m inim ize personal bias in  interpreting re-

Table 2. A ccuracy of LAI, DLA, and HAI kits

No. of No. of Positives Negatives

Test Product
lots

tested3
tests

performed No. % Correct No. % Correct
False

positives
False

negatives Inconclusives

LAI Placentex 18 360 180 100 180 100 0 0 0
Pregnosis 6 120 58 96.7 56 93.3 4 2 0
Gest-State 3 60 30 100 30 100 0 0 0
Dri-Dot 11 220 110 100 109 99.1 1 0 0
Pregnosticon Slide 11 220 104 94.5 101 91.8 7 6 2
Gravindex 13 260 130 100 130 100 0 0 0
UCG-Slide 22 440 219 99.5 216 98.2 3 1 1
Pregna-B Slide 3 60 30 100 30 100 0 0 0

Total LAI 87 1740 361 99.0 852 97.9 15 9 3
DLA D.A.P. Test 6 120 60 100 60 100 0 0 0
HAI Accuspheres 33 660 330 100 330 100 0 0 0

Neocept 7 140 70 100 70 100 0 0 0
UCG-Tube 23 460 230 100 230 100 0 0 0
UCG-Lyphotest 23 460 230 100 230 100 0 0 0
UCG-Quiktube 10 200 100 100 100 100 0 0 0
Pregna-B Tube 2 40 20 100 20 100 0 0 0

Total HAI 98 1960 980 100 980 100 0 0 0

Each sample was tested on 10 known positive and 10 known negative urine specimens.
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Table 3. A ccuracy study  of defective  LAI kits tes ted  by lot

Product

No. of 
lots

tested3

No. of 
lots

defective
Lot
No.

Pregnosis 6 1
Dri-Dot 11 1
Pregnosticon Slide 11 2 A

B
UCG-Slide 22 2 A

B

Specimens
correct False positive False negative Inconclusive

No. % No. % No. % No. %

14 70 4 20 2 10 0 0
19 95 1 5 0 0 0 0
10 50 4 20 4 20 o 10
15 75 3 15 2 10 0 0
18 90 1 5 0 0 I 5
17 85 2 10 1 5 0 0

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

suits, the know n urines were set up as a “ b lind " 
panel. The numbered specimens were known 
at time of selection to ensure an equal number of 
positives and negatives, then rearranged so that 
their identities remained unknow n during the 
testing. These 20 urines were tested as regular 
unknown specimens; results were recorded and 
compared w ith  c lin ica l results.

False positives were defined as those w hich  
gave positive results on confirmed negative 
urines; those w h ich  gave negative results on 
confirmed positive urines were defined as neg­
ative. The guides used to interpret the results for 
each of the 3 techniques are shown in Figures 1 
and 2. Because the U CG -Titration k it is manu­
factured exclusive ly to quantitate H C G , the 15 
lots received for evaluation were included only 
in  the sensitiv ity study.

None of the 98 FfA I kits tested gave false pos­
itive or false negative results. The L A I kits gave 
24 false and 3 inconclusive results. The data 
showed that the H A I kits were more accurate 
than the L A I kits. The data in  Table 2 seemed to 
favor D LA  over L A I  k its; however, the D L A  kits 
have been reported to display the prozone phe­

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

N ine products were tested further for sensi­
tiv ity of H CG  detection. Although selection was 
lim ited by the amount of sample available, a 
representative number of each of the 3 types of 
im munochem ical kits was included from a vari­
ety of manufacturers. Two additional lots each 
of Pregnosis and D A P  kits not evaluated in  the 
accuracy testing were included in the sensitivity 
study (Table 4).

Each k it was subjected to a u rine d ilution 
panel, ranging from 0.6 to 2.75 IU  H C G /m L. If  
the declared sensitivity was between 1.0 and 2.5 
IU /m L, urine standards in  increments of 0.2-0.25 
IU /m L  were used. I f  the declared sensitiv ity 
was < 1.0 IU  /m L, urine standards in increments 
of 0.1 IU /m L  were used. A n  example of the 
latter scheme is shown in Table 5.

H A I k its w ith  a declared sensitiv ity  of 0.65 
IU /m L  gave a number of faint patterns. These 
questionable reactions were not included in 
calculating the mean sensitiv ity values. The 
mean level of H C G  detected by H A I kits was

Table 4. HCG sensitiv ity  m ean  and  range  of LAI, DLA, and HAI kits

Type of
Declared Av. Sensitivity

Product
No. of lots sensitivity sensitivity range

test tested (IU/mL) (IU/mL) (IU/mL)

LAI Pregnosticon Slide 11 2.0 1.64 1.2-2.25
UCG-Slide 10 2.0 1.92 1.8-2.2
Placentex 10 1.25 0.96 0.8-1.2
Pregnosis 8 2.0 2.08 1.8-2.25

Mean 1.8 1.65 1.4-1.98
DLA D.A.P. Test 8 2-1000 1.98 1.8-2.2
HAI UCG-Titration 15 1.0 0.93 0.7-1.25

UCG-Lyphotest 10 0.7 0.65 0.5-0.8
UCG-Quiktube 10 1.0 0.93 0.8-1.0

Mean
Accuspheres 10 0.7 0.56 0.5-0.6

0.85 0.77 0.63-0.91
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Table 5. Dilution sch em e fo r HCG sensitiv ity  te s t fo r kits 
with declared  sensitiv ity  of < 1 .0  IU /m L a

Concn
(IU HCG/mL)

Intermediate std 
(mL)

Pooled negative 
urine diluent (mL)

1.0 0.50 1.50
0.9 0.45 1.55
0.8 0.40 1.60
0.7 0.35 1.65
0.6 0.30 1.70
0.5 0.25 1.75
0.4 0.20 1.80
0.3 0.15 1.85
0.2 0.10 1.90
0.1 0.05 1.95

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

below that obtained w ith  L A I and D L A  kits 
(Table 4). Thus, the H A I detects pregnancy at an 
earlier stage. Average sensitiv ity of a ll kits 
tested was greater than or equal to that claimed 
by the manufacturer. It was concluded that the 
H A I kits provided a more accurate and sensitive 
measurement of H C G  in  urine and easier in ter­
pretation of test results than the L A I and D LA  
kits.

The fo llow ing points should be ncted in  the 
evaluation of pregnancy k it performance: (a) 
Denaturation of the antisera may enhance the 
sensitiv ity and give an increase of false positive 
reactions (6 ). Therefore, both positive and 
negative controls must be used to provide a check 
on reagent quality, (b) Low  concentrations of 
H C G  standard in  d ilute solutions, i.e ., <10 
IU  / m L were unstable because of adsorption of 
H C G  on glass surfaces. Thus, dilutions must be 
prepared fresh daily , (c) False positive results 
may be caused by H C G  secreted in  pathological 
conditions, e.g., hydatidiform  moles, choriocar­
cinoma, and certain tumors (7). Low  H CG  titers, 
as in  ectopic pregnancy (7), may give false neg­
atives. Large amounts of protein in  urine can 
neutralize H C G  antiserum, producing false 
positives (8 ). Drugs, such as phenothiazines and

methadone, can also give erroneous results (9). 
False positive urine from menopausal women (8 ) 
may be checked by retesting a 1:2 d ilution of the 
specimen, (d) Data from repeat analyses could 
be misleading. Improper packaging, absorption 
of moisture, and nonuniform ity in  m ixing could 
cause a reagent to give incorrect results on the 
first analysis and correct results on subsequent 
re-analysis; thus an analyst may w rong ly con­
clude that the product was functioning properly. 
A l l  false and inconclusive results must be re­
ported. (e) Reagents should be v isu a lly  in ­
spected before use to detect bad reagents, as ev­
idenced, for example, by clum ping of the latex 
or erythrocyte suspensions. In  the H A I test, 
jagged rings w h ich  appear to contain particles 
may indicate a problem w ith  the lyoph ilization  
process. Fa in tly positive rings may be due to an 
inadequate number of red cells in  the suspen­
sion.
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C O S M E T I C S

Gas Chromatographic Determination of Synthetic Musk (7-Acetyl~6-Ethyl-l,l/4,4-Tetramethyltetralin) in Fragrances
HARRIS H. WISNESKI, RONALD L. YATES, and HENRY M. DAVIS 
F o o d  a n d  D r u g  A d t n i n i s t r a t i o n ,  D i v i s i o n  o f  C o s m e t i c s  T e c h n o l o g y , W a s h i n g t o n ,  D C  2 0 2 0 4

A gas ch rom atograph ic m eth od  has b een  d ev e lo p ed  
fo r  th e d eterm in ation  o f th e  sy n th e tic  fragrance  
m u sk , 7 -a c e ty l-6 -e th y l- l,l ,4 ,4 -te tr a m e th y lte tr a lin  
(AETT). T he fragrance is  first added to w ater and  
extracted w ith  ether to separate the fragrance o il from  
th e w ater-a lcoh ol m ixture. The AETT, present in the  
e th er -so lu b le  fraction , is  p u r ified  further by pre­
p a r a tiv e  h ig h  p ressu re l iq u id  ch rom a to gra p h y  
(HPEC). T he AETT in  th e co llec ted  HPLC fraction  
is  th en  d eterm in ed  by gas ch rom atograph y  u sin g  
ex tern a l stan d ard ization . R ecover ies from  sam p les  
sp ik e d  w ith  AETT at le v e ls  ran gin g  from  100 to 1000 
jig /m L  varied  from  80 to  96% w ith  an average o f 90%. 
AETT w as v er ified  in  each sam p le  by gas chrom a- 
to g ra p h y /m a ss  spectrom etry.

7-Acetyl-6-ethyl -1,1,4,4- tetram ethyltetralin  
(A E T T ) is a synthetic fragrance material w hich 
was w id e ly  used until recently as a fixative in 
fragrances found in  cosmetics, toiletries, and 
perfumes. In  1977 it was reported that a me­
tabolite of A E T T  has a potential for producing 
neurotoxic effects and/or generalized tissue 
discoloration in  several species of laboratory 
anim als (1-3).

A  survey of the literature indicated that the 
identification and determ ination of A E T T  in 
fin ished  cosmetic products have not been in ­
vestigated. In itia l investigations that were 
conducted by our laboratory and were directed 
toward the detection and determination of A ETT  
used either gas chromatography (G C ) or high 
pressure liquid  chromatography (H P LC ). We 
found that most commercial fragrance compo­
sitions were so complex that neither method was 
able to resolve A E T T  from various interferences. 
A fter A E T T  along w ith  the other carbonyl com­
pounds was isolated from the fragrances by G i­
rard T  reagent, these m ixtures were still too 
complex for direct determination by GC or 
H P LC .

Received Septem ber 22, 1981. Accepted Novem ber 16, 1981.
This paper was presented at the 95th A nnual M eeting of the AOAC, Oct. 19-22, 1981, at W ashington, DC.

The proposed method uses preparative H P LC  
to fractionate the fragrance oil before determ i­
nation by GC. The fragrance oil is first extracted 
from the cosmetic product w ith  ether, and then 
the A E T T  contained in  an aliquot of the extract 
is separated by preparative H P LC . The A E T T  
fraction is collected from the H P LC  column, 
concentrated, and diluted to a known volum e. 
An  aliquot of this solution is analyzed by GC and 
the amount of A E T T  is determined from a stan­
dard calibration curve. The method was verified 
by conducting recovery studies on a number of 
commercial fragrance compositions. A  gas 
chromatographic/mass spectrometric (G C/M S) 
system for identification of A E T T  was also de­
veloped. A ETT  identity was verified by GC/M S 
in  each of the samples used in  the recovery 
studies.

Experim ental

A p p a r a t u s
(a) H ig h  p r e s s u r e  l iq u id  c h r o m a to g r a p h .—  

Equipped w ith  U V  detector (254 nm) and gradi­
ent elution capability. Waters Model 244 w ith  
two Model 6000 A  solvent pumps, Model U 6 K 
universal detector, Model 440 U V  detector w ith  
254 nm filter and Model 660 solvent programmer 
(Waters Associates, Inc., M ilford , M A 01757), or 
equ iva lent. O perating conditions: so lvent 
program, linear, 30 m in, 20 to 80% B; solvent flow 
rate, 4 m L/m in .

(b) H P L C  c o lu m n .— Partisil-M -9 10/50 PA C , 
500 X  9.4 mm id , Cat. No. 4230-226 (Whatman, 
Inc ., C lifton , NJ 07014), or equivalent.

(c) H P L C  g u a r d  c o lu m n .— 75 X  4.6 mm id w ith  
in -line  filte r (10 gm porosity), packed w ith  Cor- 
asil Type I I ,  37-50 (im (Waters Associates, Inc.), 
or equivalent.

(d) G a s c h r o m a to g r a p h .— M odel 3920 B 
equipped w ith  flame ionization detector (Per- 
k in-Elm er Corp ., N orw alk , C T  C6856), or equiv­
alent. Colum n: 6 ft X  V4 in . od, glass, packed 
w ith  80-100 mesh Gas Chrom R coated w ith  3% 
polyethylene glycol (PEG ) 20M, 0.2% Alkaterge 
C , and 0.2% Span 80. Operating conditions:

0004-5756/82/6503-0598-04$01.00
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carrier gas (helium ) flow  rate, 80 m L/m in ; col­
umn temperature, 170°C; injector and interface 
temperature, 220°C.

(e) R e c o r d e r  (H P L C ).— 10 in . strip chart w ith  
10 m V input.

(f) R eco rd er  (GC).— 10 in . strip chart w ith  1 mV 
input.

(g) Gas c h r o m a to g r a p h  I m a s s  s p e c t r o m e te r
(G C / M S ) s y s te m .— Hewlett-Packard Model 5992 
A  (Hewlett-Packard Co., Palo A lto , C A  94304). 
G C  colum n: 180 cm X  2 mm id, glass, packed 
w ith  3% SP-2100 on 100-120 mesh Supelcoport 
(Supelco, Inc ., Bellefonte, PA  16823). GC oper­
ating conditions: column temperature, 180—
210°C at 10°/m in ; injection temperature, 250°C ; 
flow  rate (helium ), 30 m L/m in . MS operating 
conditions: MS peak detection threshold, 5
linear counts; sample/0.1 amu, 4; scan speed, 380 
am u/s; electron m ultip lie r, 2600 V ; total abun­
dance, from 45 to 350 amu.(h) V o lu m e tr ic  f la s k ,  m ic r o .— 2 m L. (No. K- 
297000, Kontes Co., V ineland , NJ 08360, or 
equivalent.)

R e a g e n t s
(a) H P L C  s o l v e n t s .— Isooctane, m ethylene 

chloride, and acetonitrile. Spectrophotometric 
or H P L C  grade. (D istilled  in  glass, Burdick & 
Jackson Laboratories, Inc., Muskegon, M I 49442, 
or equivalent.) (1) S o lv e n t  A .— Isooctane; degas 
and filter. (2) S o lv e n t  B .— Isooctane-methylene 
chloride-acetonitrile (350 + 150 + 3). Degas and 
filter. A ll other solvents and reagents were ACS 
grade or equivalent.

(b) 7 - A c e t y l - 6 - e th y l  - 1 ,1 ,4 ,4 -  te t r a m e th y lte t r a l in  
( A E T T ) .— Versalide extra. G ivaudan Corp ., 
C lifto n , NJ 07014.

(c) S ta n d a r d  s o lu t io n s .— (1) S to c k  s o lu t io n .— 0.5 
m g/m L. Accurately weigh ca 50 mg A E T T  in  10 
m L beaker. D issolve in  isooctane and transfer 
quantitatively to 100 m L volum etric flask. D i­
lute to volum e w ith  isooctane, and m ix. (2 ) 
W o r k in g  s o lu tio n  A .— 0.05 m g/m L. Pipet 10 m L 
stock solution into 100 m L volum etric flask , d i­
lute to volum e w ith  isooctane, and m ix. (3) 
W o r k in g  s o lu tio n  B .— 0.025 m g/m L. Pipet 5 m L 
w orking solution A  into 10 m L volum etric flask, 
d ilute to volum e w ith  isooctane, and m ix. (4) 
W o r k in g  s o lu tio n  C .— 0.005 m g/m L. Pipet 1.0 m L 
working solution A  into 10 m L volum etric flask, 
dilute to volum e w ith  isooctane, and m ix.

P r e p a r a t i o n  o f  S a m p l e
Pipet 5.0 m L fragrance into 100 m L separatory 

funnel containing 15 m L water. Extract w ith  
two 15 m L portions of ethyl ether. Combine

ether extracts and wash w ith  two 20 m L portions 
of water. D ry ether extract over anhydrous 
N a2S0 4  for 2 h. Transfer dried ether extract to 
a 50 m L tapered-tip centrifuge tube. Add a 
boiling chip and evaporate care fu lly  on steam 
bath to ca 2 m L. Add 1-2 m L isooctane and 
concentrate under gentle air jet to 1-1.5 m L. 
Using a syringe, transfer to a 2.0 m L volum etric 
flask. Rinse centrifuge tube w ith  several sm all 
portions of isooctane and add to volumetric flask. 
D ilute to volum e w ith  isooctane and m ix. I f  
solution appears cloudy, add sm all amount of 
anhydrous Na2S0 4. Retain solution for pre­
parative H P LC .

Using conditions outlined under (a) H ig h  
p re s s u r e  licjuid c h r o m a to g r a p h , obtain analytical 
chromatogram of A E T T  by injecting 10 p L  of 
stock solution at 0.2-0.5 A U FS . Repeat until 
repetitive retention times are obtained (±45 s). 
Obtain an analytical chromatogram of the sample 
by injecting 10 p L  at 0.1-0.2 A U FS . Compare 
chromatogram w ith  that of the A E T T  standard to 
determine w hich peak corresponds to A E T T . I f  
there is any d ifficu lty  determ ining w h ich  peak 
corresponds to A ETT , spike 10 p L  of sample w ith
5-10 p L  of A E T T  stock solution and obtain an 
additional analytical chromatogram of the sam­
ple. A fter locating A E T T  peak, change absorb­
ance setting appropriate to a larger sample and 
inject an accurately known volum e of ca 100  p L  
of sample solution. Collect eluate over the 
predetermined retention volume range of A ETT . 
Concentrate eluate on steam bath under a gentle 
air jet to ca 2 m L and quantitatively transfer to a
5.0 m L volumetric flask. D ilute to volume w ith  
isooctane, and m ix.

D e t e r m i n a t i o n
Using conditions outlined under (d) G as  

ch ro m a to g ra p h , obtain gas chromatogram of A ETT  
by injecting several m icroliters of stock solution. 
Obtain analytical chromatogram of sample to 
identify peak corresponding to A E T T . Inject an 
accurately know n volum e of 6 - 8  p L  of w ork ing  
solution A  into gas chromatograph, using ap­
propriate attenuation to keep peak 50-90% fu ll 
scale. S im ila rly , obtain G C data for w orking 
solutions B and C . Inject an accurately known 
volum e of 6 -8  p L  of sample, adjusting attenua­
tion to keep A E T T  peak at 50-90% fu ll scale. 
Obtain 3 sets of data for each w ork ing  standard 
and sample.

C a l c u l a t i o n
For each w ork ing  standard, measure peak 

heights and calculate average. Correct averaged
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peak h eigh ts to a com m on attenuation and plot 
p g  AETT vs peak heights. Obtain average peak 
h eig h t o f sam ple, correct to attenuation o f stan­
dards, and obtain p g  AETT from calibration  
curve. Calculate C, concentration o f AETT in  
sam ple (pg/m L):

C =  Ve *  I'g ^ M x /I I 'h X Vx X l / s )
w here P E =  mL sam ple extract (2.0 mL); V c  =  mL 
HPLC eluate (5.0 mL); M x =  pg AETT from cali­
bration curve; V H =  mL sam ple extract injected  
in to  h igh  pressure liquid  chrom atograph; V x  = 
mL HPLC eluate injected into gas chrom ato­
graph; V s  = mL sam ple.

If concentration o f AETT is to be determ ined  
in  p g /g ,  w e ig h  sam ple before extraction and  
substitute M s (g) for V s (mL) in  above equa­
tion.
C o n f i r m a t i o n

U sin g  conditions g iven  under (g) G C /M S  sys­
tem , inject a vo lu m e o f the final sam ple solution  
that contains 100-200 n g  AETT. Confirm  id en ­
tity o f AETT by com paring mass spectrum  of 
sam ple w ith  that o f a standard.

Results and Discussion

Fragrances are com plex m ixtures o f natural 
and syn th etic  ingred ien ts, typically  conta in ing  
over 100 com pounds. Initial investigation s  
em p lo y in g  HPLC and GC (packed and w all- 
coated open tubular colum ns) demonstrated that 
neither technique alone was able to resolve AETT 
from  interferences. To reduce the com plexity  
of the m ixture to be analyzed , AETT and other 
carbonyl com pounds w ere separated as a group  
from the other fragrance com pounds w ith Girard 
T reagent. After regeneration, the carbonyl 
fraction w as analyzed  by GC and by HPLC, but 
it w as still too com plex for the separation of 
AETT from other interfering ingredients. From 
these prelim inary investigations, it was apparent 
that the com ponents in  the AETT fraction w ould  
have to be separated further before chrom ato­
graphic analysis to rem ove interfering sub­
stances. Prelim inary separation experim ents 
w ith  the isolated fragrance oil, using preparative 
HPLC fo llo w ed  by GC analysis, indicated that 
adequate separation o f interferences could be 
obtained.

W hen preparative HPLC is used  as a sam ple 
cleanup procedure w ith  relatively  nonpolar 
HPLC so lven ts, it is im portant that the sam ple  
contain no polar solvents or diluents. Fragrance 
com p osition s, how ever, contain large am ounts  
o f a lcoh ol w ith  sm aller am ounts o f water. If

injected into the HPLC chrom atograph, alcohol 
and water cause changes in retention volum e and 
loss of resolu tion , w h ich  in  turn require the fre­
quent use of colum n reactivation procedures. To 
m in im ize  these adverse effects, m ost o f the al­
cohol and water are rem oved from the fragrance 
by extraction w ith  ether fo llow ed  by w ash in g  
th e extract w ith  water. A lth ou gh  m ost polar, 
w ater-soluble com pounds are extracted from the 
fragrance o il, s ligh t variations can be expected  
in  the AETT retention  volu m es of the standard 
and the sam ple. These variations are m ore 
pronounced  w h en  preparative runs are made, 
esp ecia lly  w h en  gradient elu tion  is used. In 
com plex sam ples having a low  AETT level, it may 
be d ifficu lt to establish  the d efin ite  location of 
the AETT peak by retention data alone. For this 
reason, it is recom m ended that analytical chro­
m atogram s o f the unspiked  sam ple and the  
sam ple spiked w ith  AETT be obtained to resolve 
any ambiguities. Dead volum e betw een detector 
and co llection  port shou ld  be taken into consid ­
eration in determ in ing w h en  to start and stop  
eluate collection .

After several preparative runs, the HPLC co l­
um n m ay exhib it decreased retention  vo lu m es, 
an unstable baseline, and som e loss of resolution. 
At this point the colum n should be w ashed w ith  
polar solvents and reactivated by reconditioning  
w ith  dry isooctane. The colum n m anufacturer 
usually supp lies specific d irections for accom ­
p lish in g  this. W e have found  that com plete  
recond ition in g  is need ed  on ly  after lon g  use. 
H ow ever, because o f the relatively large quantity 
of sam ple analyzed , it is good practice to w ash  
the colum n w ith  a m ore polar so lv en t after the  
analysis is com pleted to elute rem aining sam ple 
com ponents. The w ash so lven t sh ou ld  be able 
to accom plish this w ithout significantly affecting  
colum n activity. Initial efforts usin g  w ash  so l­
ven ts conta in ing m oderate and lo w  lev e ls  o f  
m ethyl or isopropyl alcohol adversely affected  
colum n activity and retention  vo lu m e repro­
ducibility, even  after prolonged equilibration at 
in itia l conditions. We fou n d  that the colum n  
can be restored to good w ork ing conditions by  
w ashing w ith  250-300 mL of m eth y len e ch lo ­
ride-aceton itrile (25 +  1) fo llow ed  by 250 mL of 
initial HPLC solvent (80% A +  20% B). Flow rate 
can be increased to 6 - 8  m L /m in  to reduce the 
tim e requirec .

It is im portant to reduce the vo lu m e o f the  
collected  HPLC eluate to approxim ately 2 mL 
before d ilu tion  to vo lu m e to ensure that nearly  
all of the m ethylene chloride has been rem oved. 
M eth ylen e ch loride tends to produce a lon g ,
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T a b le  1 . R e c o v e r ie s  o f  A E T T  f r o m  sp ik e d  c o m m e r c ia l  
f r a g r a n c e s

Sample
AETT added, 

Mg/mL

AETT recovered

M g/nL %

1 1000 910 91
900 90
900 90

2 1000 910 91
920 92
920 92

3 1000 910 91
920 92
920 92

4 500 460 92
470 94
460 92

5 500 460 92
460 92
470 94

6 500 480 96
470 94
480 96

7 100 87 87
87 87
85 85

8 100 94 94
93 93
88 88

9 100 80 80
8: 81
81 81

Av. 90

ta iling, so lven t peak on  the gas chrom atogram , 
w h ich  m ay prevent reduction o f attenuation to 
the proper range.

Ten com m ercial fragrance oils  w ere selected  
for recovery studies. O ne o f the 10 w as rejected 
because it contained  AETT. The fragrance 
com positions w ere prepared by addin g know n  
am ounts o f AETT to 10 mL of fragrance oil and  
diluting to 100.0 mL w ith  ethanol. The recovery 
data are sh ow n  in  Table 1. A ll sam ples w ere  
analyzed by GC/M S, and in all cases the presence 
of AETT was confirm ed.

Conclusion

A m ethod has b een  d ev elop ed  for the GC d e­
term ination and GC/M S verification o f AETT in  
com plex fragrance com positions. Preparative 
HPLC is used for efficient sam ple cleanup. The 
accuracy of the m ethod w as verified  by recovery 
studies conducted w ith  9 com m ercial fragrance 
oils. The average o f all recoveries is 90%.
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C o l l a b o r a t i v e  S t u d y

IRA J. MEHLM AN, AIDA ROMERO, JOH N C. ATK IN SON,1 CALVIN AULISIO, 
and ARVEY C. SANDERS
Food and Drug Administration, Division of Microbiology, Washington, DC 20204
C ollaborators: W. Cam pbell; J. C holenski, J. Ferreira; E. Forney; K. O 'Brian;
M. Palm ieri; S. W eagant

I n  a  c o l l a b o r a t i v e  s t u d y  o f  2  s t a n d a r d  p r o c e d u r e s  
( P r o c e d u r e  I ,  p r e s e n t e d  in  / .  A s s o c . O f f .  A n a l .  C h e m . 
6 0 ,  5 4 6 - 5 6 2  ( 1 9 7 7 )  a n d  P r o c e d u r e  I I  i n  t h e  B a c t e r io ­
lo g ic a l  A n a ly t i c a l  M a n u a l ,  1 9 7 8 ) ,  7  l a b o r a t o r i e s  
e v a l u a t e d  t h e  i n v a s i v e  p o t e n t i a l  o f  E s c h e r ic h ia  c o l i .  
M o n o l a y e r s  o f  H e L a  c u l t u r e s  w e r e  i n f e c t e d  w i t h  E . 
c o l i  ( i n f e c t i v i t y  r a t i o  1 0 0  b a c t e r i a / m a m m a l i a n  c e l l )  
s u s p e n d e d  i n  2  m e n s t r u a :  h e a t - i n a c t i v a t e d  f e t a l
b o v i n e  s e r u m  ( P r o c e d u r e  I )  a n d  0 .2 %  b o v i n e  a l b u m i n  
F r a c t i o n  V  d i s s o l v e d  i n  E a r l e ' s  b u f f e r e d  s a l t s  ( P r o ­
c e d u r e  I I ) .  A f t e r  u p t a k e  o f  t h e  b a c t e r i a ,  i n t r a c e l l u l a r  
g r o w t h ,  a n d  d i f f e r e n t i a l  s t a i n i n g ,  t h e  p e r c e n t a g e s  o f  
H e L a  c e l l s  c o n t a i n i n g  a  m i n i m u m  o f  5  b a c t e r i a  w e r e  
d e t e r m i n e d  m i c r o s c o p i c a l l y .  A l l  l a b o r a t o r i e s  c o r ­
r e c t l y  i d e n t i f i e d  i n v a s i v e n e s s  o f  E . c o l i  b y  P r o c e d u r e  
I ;  5  o f  6  l a b o r a t o r i e s  r e c o g n i z e d  i n v a s i v e n e s s  b y  
P r o c e d u r e  I I .  A l t h o u g h  P r o c e d u r e  I  w a s  m o r e  r e ­
p r o d u c i b l e  t h a n  P r o c e d u r e  I I ,  r e p e a t a b i l i t y  d i d  n o t  
d i f f e r  s i g n i f i c a n t l y .  P r o c e d u r e  I  w a s  a d o p t e d  o f f i c i a l  
f i r s t  a c t i o n  f o r  p r e s u m p t i v e  r e c o g n i t i o n  o f  i n v a s ­
i v e n e s s  in  E . c o l i .

Invasive Entcrobnctcriaccnc invade the ep ithelial 
cells  o f the sm all and large in testines, grow ing  
intracellularly or using the cells for passage 
across the gastrointestinal barrier and into the 
blood or lym ph to produce a dissem inated  in ­
fection (1). The classical test for invasiveness of 
Escherichia coli and Shigella spp. in vo lves the 
production of diarrhea an d /o r  dysentery in pri­
mates after administration in food or fluids (2-4). 
A m ore practical test is the Sereny reaction, in 
w h ich  keratoconjunctivitis fo llow s topical ap­
plication o f a heavy bacterial susp ension  in the 
conjunctival sac o f the guinea pig (5-7). This 
reaction g ives results equ ivalent to those ob-

Rcceivod June 22, 1981. Accepted September 11, 1981.This report of the Associate Referee, I. J. Mehlman, was presented at the 94th Annual Meeting of the AOAC, Oct. 20-23. 1980. at Washington, DC.The recommendation of the Associate Referee was approved by tlie General Referee and Committee F and was adopted by the Association. See /. / I s s u e .  Of/. A n a l .  C l ie n t . 65, 000-000 (1982).1 Division of Mathematics.

tained in  prim ate feed in g  studies for E. coli. 
R outine use o f anim als for estim ation o f patho­
gen icity , how ever, is precluded by resources, 
tim e factors, and potential danger to per­
son n el.

In previous studies (8-14), pathogenic strains 
of in va sive bacteria penetrated a variety of 
m am m alian cell lin es and m u ltip lied  intracel­
lularly. R outine use of cell cultures, how ever, 
was hindered by the difficulty in d istinguish ing  
intra- from extra-cellular bacteria and the loss of 
the m onolayer, w h ich  resulted from the m icro­
bial production of cytotoxin. To m inim ize these 
difficu lties, w e  d ev elop ed  a procedure (15), 
know n here as Procedure I, w hich recom m ended
( 1) controlled  conditions for preparation o f the 
monolayer; (2 ) optimal growth conditions for the 
bacteria; (3) control o f the in fection  phase (i.e., 
infectivity ratio, length of contact, and medium); 
and (4) an intracellular phase. The procedure 
w as d eveloped  for E. coli, Shigella spp., Salmonella 
spp., Yersinia entcrocolitica, and Y. pseudotubercu­
losis. In later efforts, another procedure, know n  
here as Procedure II, was found to be effective for 
Salm onella  and Yersinia  species (16). This study  
evaluated  the repeatability and reproducibility  
of both procedures for detection  of the invas­
iven ess o f m am m alian cells bv E. coli.

E sc h e r ic h ia  c o l i  
Detection of Invasiveness 

Official First Action

46.C01 P r in c ip le
In vasiven ess is d etected  by in tracellu lar  

growth on m onolayer of HeLa cells on slides. To 
m in im ize extracellular bacterial m ultip lication , 
host-pathogen interaction is resolved  in to  2 
phases, in fective and intracellular, u sin g  ap­
propriate substrates and the fo llow ing protocols:

0004-5756/82 / 6503-0602-06$01.00
©  Association of Official Analytical Chemists, Inc.
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grow th  o f m onolayer in  cham ber slides, using  
controlled  inocu lum  and period o f incubation; 
detn o f optim al pre-infection grow th conditions 
for pathogen; w ashing pathogen to rem ove toxic 
en d  products; in fection  o f host cell under con­
trolled conditions o f num ber and m ultiplicity of 
infection, and m edium  and length o f incubation; 
subsequent rem oval o f unattached bacteria; use 
of p ost-in fection  m edium  to perm it on ly  intra­
cellu lar bacterial grow th  for lim ited  period.

46.C02 C u l t u r e  M e d i a
(a) M in im al essential m edium  (M E M ).— Eagle- 

type w ith  Earle's salts. D issolve 126.4 m g L- 
argin ine.H C l, 24 m g L-cystine, 292 m g L-gluta- 
m ine, 41.9 m g L-histidine.H C I.H 2C>, 52.5 m g L- 
iso leu c in e, 52.4 m g L-leucine, 73.1 m g L-ly- 
sine.HCl, 14.9 mg L-methionine, 33.3 mg L-phe- 
nyla lan in e, 47.6 m g L-threonine, 10.2 m g L- 
tryptophan, 36.2 m g L-tyrosine, 46.8 m g L-valine, 
1 m g D-calcium pantothenate, 1 m g ch o lin e  
ch loride, 1 m g fo lic acid, 2  m g isoir osito l, 1 m g  
pyridoxal H C 1,1 m g n icotin am ide, 0.1 m g ribo­
flav in , 1 m g thiam ine.HC1, 1 g g lucose, 265 mg 
CaCl2. 2H zO, 400 m g KC1, 200 m g M g S 0 4.7H 20 ,
6.8  g NaCl, 2.2 g NaHCC>3, 140 m g N aH 2- 
P 0 4.H 20 ,  and 10 m g p h en o l red :n 1 l  H 20 .  
Sterilize by filtration. Final pH  should  be 7.2 ±
0.2. Check sterility  of all culture flu id s before 
use. Store at 4 -8 ° .

(b) Fetal bovine serum  (FBS).—Sterile, virus- 
screened, m ycoplasm a-free, obtained aseptically  
d u r in g  sla u gh ter  (F low  Laboratories, Inc., 
M cLean, VA 22102). Store at 4 -8 ° .

(c) A n tib io tic  co n cen tra te  (A C ) .— D isso lv e  
500 000 international units (IU) p en icillin  G and 
500 m g streptom ycin (Flow Laboratories, Inc.) in  
100 mL H 20  and sterilize by filtration. Store at 
- 1 0 °.

(d) M E M -F B S -A C  m edium .—Routine m edium  
for cu ltivation  o f HeLa m am m alian cells. Mix 
90 mL MEM (a), 10 mL FBS (b), and 1 mL AC (c). 
Store at 4 -8 ° .

(e) M E M -F B S m ediu m .— M edium  for cu ltiva­
tion  o f HeLa cells  before in fection . M ix 90 mL 
MEM (a) and 10 mL FBS (b). Store at 4 -8 ° .

( f ) Earle's salts. —Prep, w ith ou t p h en o l red as 
fo llow s: D isso lve 6.8  g  NaCl, 400 m g KC1, 265 
m g CaCl^ 200 mg M gS 0 4.7H20 ,  140 m g N aH 2- 
P 0 4.H 20 ,  1.0 g g lucose, and 2.2 g  NaHCC>3 in  1 
L H 20 .  Sterilize by filtration. Final pH  should  
be 7.2 ±  0.2.

(g) Veal infusion bro th .— D isso lve 500 g  veal 
(in fu sion ) and 10 g proteose pep ton e in  1 L H zO 
w ith  g en tle  heating. D ispen se 5 mL portions

into 13 X 100 mm screw-cap tubes. Autoclave 15 
m in at 121°. Final pH  sh ou ld  be 7.3 ±  0.2.

(h) B rain-heart infusion (B H 1).— D isso lve 12.5 
g BHI (powder) in  1 L Earle's salts (f). Sterilize  
by filtration. Final pH  sh ou ld  be 7.2 ±  0.2.

(i) Bile salts N o. 3. — D isso lve 5 g b ile salts N o. 
3 form ulation in  1 L Earle's salts (f). Sterilize by 
filtration.

(j) H eat-inactivated  HFBS.— Heat FBS (b) 2 h at 
55 ± 1 ° .  Store at 4 -8 ° .

(k) H FB S-BH I-BS m ed iu m .—M ix 20 mL heat- 
inactivated FBS (j), 10 mL BHI (h), 10 mL bile salts 
N o. 3 (i), and 60 mL Earle's salts (f). Store at
4 -8° .

(l) Veal infusion agar slant. —For m aintenance  
of cultures. D issolve 500 g veal (in fusion), 10 g 
proteose p ep tone N o. 3, 5 g NaCl, and 15 g agar 
in  1 L H 20  w ith  gen tle  heating. D ispen se 7 mL 
aliquots to 16 X 150 mm  screw-cap tubes. A u­
toclave 15 m in at 121°. Final pH  should  be 7.3 
± 0 .2 .

(m) Dulbecco's phosphate-buffered saline (PBS). 
— D isso lve 8 0 g  NaCl, 200 m g KC1, 1.15 g 
N a2H P 0 4, 200 m g KH2P 0 4, 100 m g CaCl2, and  
100 m g M gCl2.6H 20  in  1 L H 20 .  S terilize by 
filtration. Final pH 7.2 ±  0.2.

(n) C alcium - and m agnesium -free D ulbecco's 
PBS.— D isso lve 8.0 g NaCl, 200 m g KC1, 1.15 g 
N a2H P 0 4, ar.d 200 m g KH2P 0 4 in  1 L H zO. 
Sterilize by filtration. Final pH  7.2 ±  0.2.

(o) Calcium , m agnesium , phenol red-free Hank's 
PBS.— D isso lve 8.0 g  NaCl, 400 m g KC1, 90 mg 
N a2H P 0 4.7H 20 ,  60 m g K H 2P 0 4, 1.0 g  glucose, 
and 350 m g NaHCC>3 in  1 L H 20 .  Sterilize by 
filtration. Final pH 7.2 ±  0.2.

(p) Trypsin stock so ln .— 2.5%. Suspend 2.5 g 
1:250 trypsin (D ifco Laboratories) in  100 mL Ca- 
and M g-free H anks' PBS (o) and let particles 
settle. Sterilize by filtration. D il. 10 mL stock  
so ln  w ith  90 mL sterile Ca- and M g-free D u l­
becco's PBS (n) to prep. 0.25% trypsin. Store at 
- 1 0 °.

(q) G entam icin stock so ln .— D isso lve  50 m g  
gentam icin  (Schering Corp., K enilw orth, NJ 
07033) in 100 mL Dulbecco's PBS (m) to g ive soln  
contg 500 p g /m L . D il. 1 +  9 w ith  D ulbecco's 
PBS to soln  contg 50 p g /m L . Store at 4 -8 °

(r) L ysozym e so ln .—W eigh 0.3 g  lysozym e, 3X 
crystalline, salt-free, ca 12 000 Shugar u n its /m g  
(Calbiochem-Behring, San D iego, CA 92112), into 
100 mL D ulbecco's PBS and stir to d isso lve. 
Store at 4 -8 °  not > 2  w eeks.

(s) Intracellular grow th  phase m ediu m .—M ix 80 
mL MEM-FBS m edium  (e), 10 mL gentam icin  
soln (50 p g /m L )  (q), and 10 mL lysozym e soln (r). 
Prep, im m ediately before use.
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46.C03 D i a g n o s t i c  R e a g e n t s
(a) M a y-G ru n w a ld  sta in .—W eigh  2.5 g stain  

(M atheson, Colem an & Bell) into 50 mL absolute 
M eOH, dissolve by grinding, and dil. to 1 L w ith  
M eOH. Stir 16 h at 37°. H old  stain 1 m onth at 
22° (room  tem p.). Filter for use.

(b) Gietnsa s ta in .—D isso lve 1 g stain (M athe­
son, Colem an & Bell) in  66  mL g lycerol by 
heating 1.5-2.0 h at 55-60°. Add 66  mL absolute 
M eOH. Store stain 2 w eeks in  tightly  stoppered  
bottle at 22°. D il. stock so ln  (1 +  9) before 
use.

(c) D ecolorizing and deh ydra tin g  reagents.-— 
Acetone; acetone-xylene (50 +  50) and (33 +  67); 
xylene.

(d) M oun tin g  m edium .— Dil. m ou n tin g  m edi­
um w ith  xylene to g ive easily dispensed colloidal 
suspension; 20 mL Permount™ (Fisher Scientific 
Co.) d ild  w ith  5 mL xy len e is satisfactory.

(e) Human cervical epithelial cell culture.—ATCC 
HeLa culture. O ther cultures, in clu d in g  H en le  
407 hum an in testine and hum an laryngeal car­
cinom a gave comparable data; h ow ever, HeLa 
cell culture was more suitable w ith  regard to 
culture characteristics.
46.C04 A p p a r a t u s

(a) W ater baths.—M aintained at 35 ±  1° and 55 
±  1 °.

(b) M icroscopes.—Standard 900X m agnifica­
tion; inverted stage, 100X m agnification (Preiser 
Scientific, Charleston, WV 25322), or equiv.; 
m icroscope illum inator.

(c) Carbon d iox ide in cu b a to r.— 95% air-5%  
C0 2 -moisture-satd atmosphere, maintained at 36 
± 1 °  (Lab-Line Instrum ents, Inc., M elrose Park, 
IL 60160, or equiv.).

(d) Tissue culture chamber slides.—Clean m i­
croscope slides m ounted w ith  partitions on  
plastic gasket to facilitate m ultip le testing. 
Lab-Tek units contg 4 cham bers are satisfactory 
(M iles Laboratories, Inc., N aperv ille, IL 60540), 
or equiv.

(e) Culture con tainers.—Sterile 3 flu id  oz (85 
mL) glass prescription bottles or plastic tissue 
culture flasks (Costar, Cam bridge, MA 02139, or 
equiv.).

(f) Glass cover slips. — \  X 2 in. (2.5 X 5.1 cm).
(g) C ell-coun tin g  ch am ber.—Spencer Bright 

Line, Fuchs-Rosenthal (Preiser Scientific), or 
equiv.

(h) R efrigerated centrifuge w ith  a d a p ter .— To 
accom m odate 13 X 100 mm tubes and covered  
centrf. cups to prevent aerosolization o f patho­
gens.

(i) M em brane f ilte r s .—  0.45 qm  pore diam.

(M illip o re  Corp., B edford, M A 01230, or 
equiv.).
46.C05 P r e p a r a t i o n  o f  H e L a  C e l l  C u l t u r e

U sin g  std  cell culture technics, grow  HeLa 
strain on inner surface of 3 oz glass or plastic  
container, usin g  5 mL M EM -FBS-AC m edium ,
(d), for 7 days at 36° in  CO2 incubator. Replace 
w ith  fresh culture m edium  on fourth day to 
prevent accum ulation of toxic m etabolites. In 
prepg cells in  m onolayer for transfer to chamber 
slides, w ash  once w ith  5 mL D ulbecco's PBS (m) 
prewarm ed at 36 0. A dd 5 mL prewarm ed (36 0) 
0.25% trypsin and h old  at room  tem p. 2 m in. 
A septically rem ove ca 4.5 mL trypsin. Incubate 
flask at 36° w ith  occasional agitation. After 
m onolayer has detached and cells  are fairly 
uniform ly distributed in  residual trypsin, add 25 
mL prew arm ed (36°) MEM-FBS m edium , (e). 
Est. cell den sity , usin g  counting chamber. Add  
MEM-FBS m edium , if necessary, to dil. su sp en ­
sion  to d en sity  o f 1 X 105 cells/m L . W ith occa­
sional agitation, rapidly transfer 1 mL aliquots 
to chambers of slide. Incubate 20-24 h at 36° in  
CO2 incubator. A septically  rem ove spent m e­
dium  before in fection . W ash each m onclayer  
once w ith 1 mL prewarmed (36°) Earle's salts, (f), 
and 1 mL prewarm ed (36°) uninocu lated  in fec­
tion  m edium , (k) (see below ).
46.C06 P r e p a r a t i o n  o f  B a c t e r i a

Inoculate, w ith  n eed le, 5 mL veal in fu sion  
broth, (g), using grow th from veal infusion  agar 
slant (1) incubated at 22°. Incubate presum ptive
E. coli broth cultures 18-24 h at 36°. Centrf. 
suspension 20 min at 1200X g at 18°. Resuspend  
cells  in equal vo l. o f Earle's salts, (f). R ecentri­
fuge 20 m in at 1200X g. Resuspend cells in 5 mL 
Earle's salts. D il. latter susp ension  w ith  pre­
warm ed (36°) H FBS-BHI-BS m edium , (k), to 
final density o f 5 X 107 cells/m L . Add 0.2 mL of 
each suspension  to prepd chamber (above). Use  
0.2 mL H FBS-BHI-BS for uninocu lated  neg. 
control.
46.C07 I n f e c t i o n  S t a g e

Incubate cham bers 2.5 h at 36° in  CO2 incu­
bator. Time factor is critical; shorter period re­
sults in m in. num ber o f in fected  host cells and  
lon ger period may result in  cytotoxic effect 
arising from m edium  and possib ly bacterial 
m etabolites.
46.C08 I n t r a c e l l u l a r  G r o w t h  S t a g e

Rem ove infection m edium  from chamber w ith  
Pasteur pipet. To prevent contam ination, use
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sep. pipet for each chamber. Wash each chamber 
tw ice w ith  1 mL aliquots o f prew arm ed (36°) 
Earle's salts. Subsequently w ash  w itn  1 mL a li­
quot o f prewarm ed intracellular grow th phase 
m edium  (s) prepd im m ediately before use. Add  
0.8 mL prewarm ed intracellular grow th  phase 
m edium  to each chamber. Incubate 5 h at 36° in  
CO2 incubator. Control o f extracellular growth  
is critical at this stage; sen sitiv ity  o f culture to 
gentam icin  and other antibiotics sh ou ld  be ex­
am ined by std procedures before pathogen icity  
testing. Problem  is critical in  m eats and dairy 
products w h ere antibiotics m ay have been  used  
in  therapy or in  feeds.

46.C09 S t a i n i n g
R em ove flu id  contents o f cham bers. Wash 

m onolayer 3 tim es w ith  1 mL Dulbecco's PBS (n). 
Add 1 mL absolute M eOH fixative per chamber. 
H old at room temp. 5 m in. Rem ove M eOH and 
side w alls o f cham ber slide. Insert s in g le -ed g e  
razor blade betw een gasket and slide, and gently  
pry gasket from  slide. If necessary, cautiously  
rem ove rem nants of gasket from slide w ith  razor 
blade. Do not let specim en  dry w h ile  s lid e is 
prepd for sta ining. Im m erse s lid es in  M ay- 
G runwald stain (a) 10 m in. W ithdraw slides, 
rem ove excess stain, and imm erse in Giemsa stain 
(b) 20 m in. W ithdraw slides, rem ove excess 
stain, and immerse in H 20  10-20 s. Briefly rinse 
tw ice in  acetone. Briefly im m erse slides in fo l­
lo w in g  sequence o f solvs: a ceton e-x y len e  (50 
+  50), a ceto n e-xy len e  (33 +  67), and xylene. 
Evenly distribute 4 drops of m ounting m edium , 
(d) to slide. Place large cover slip  on  prepn. 
Remove excess m ounting m edium  and xylene by 
gen tly  b lotting. G ently apply pressure to re­
m ove air bubbles from  prepn.

46.C10 D e t e c t i o n  a n d  C r i t e r i a  o f  I n v a s i v e n e s s
Examine specim ens w ith  900X m agnification. 

Criterion for intracellular location o f bacteria is 
parfocality of cytoplasm ic ground substance and 
bacteria. If invasive , E. coli. occur w ith in  cyto­
plasm . Frequently, th ey  may be located along  
nuclear m em brane. In addition , th ey  may be 
elongated . Finally, bacteria may occur w ith in  
a m em brane (phagolysosom e) in d ivid ually  or in 
groups, in d icative of intracellular grow th. Ex­
am ine, at random , 10 fie ld s contg 15-25 HeLa 
cells. Count bacteria in  each cell. Criterion for 
in fection  is > 5  bacteria per cell. Criterion for 
in va siven ess o f bacterial culture is > 1 .0 % in ­
fected  HeLa cells.

HeLa cells  results w ith  E. coli strains m ust be

confirm ed by Sereny keratoconjunctivitis test 
(1-3).
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Results and Discussion

The collaborative study orig in ally  inclu d ed  7 
participating laboratories. H ow ever, because  
on e  laboratory reported on ly  qualitative data, 
th is paper in clu d es o n ly  data from  the other 6 
laboratories (Table 1). A ll laboratories identified  
the in vasiven ess of E. coli by Procedure I. Lab­
oratory D  was unable to recogn ize in va sive p o­
tential by Procedure II in  the 5 strains provided. 
N o n in va siven ess w as correctly id en tified  in all 
strains by all laboratories using both procedures; 
h ow ever, laboratory data varied considerably, 
w ith  som e participants ten d in g  to obtain con­
sisten tly  h igh  or lo w  values. U sing the nu ll 
d ifference hyp oth esis that the laboratory is not 
a variable, the F  values (ratio = laboratory mean  
square/error m ean square) for Procedures I and  
II w ere 31.6 and 71.6, respectively  (17). The 
probability o f this occurrence by chance is 
< 1 /1 0  000. N o  d ifference w as n oted  b etw een  
the procedures for repeatability w ith in  a labo­
ratory, based cn  the calculation o f error m ean  
squares w ith  54 degrees o f freedom  for all vari­
ables. The values were 0.00227 and 0.00329 w ith  
an 8 .8% probability o f this d ifference to occur. 
W ith respect to reproducibility, the statistical 
param eter w as the variance com p onent am ong  
laboratories p lus the repeatability value. The 
valu es for Procedures I and II w ere 0.0092 and  
0.0264, respectively . Thus, Procedure I is more 
reproducible than Procedure II.

F inally, the D uncan analysis (18) confirm ed  
the earlier observation o f consistent trends 
am ong the laboratories to report h igh  or low  
valu es (Table 2). U sing Procedure I, the 6 labo­
ratories could be ranked in  5 groupg, each re­
portin g values s ign ifican tly  d ifferent from the  
other laboratories. U sing Procedure II, the lab­
oratories co u lc  be ranked in 4 groups. Labora­
tory C tended to report h igh  valu es usin g  both  
techn iques, w hereas laboratory A tended to re­
port lo w  values. These data su ggest the exis­
tence o f controlled  and u ncontrolled  variables. 
The form er may inclu de interpretation of m i­
croscopic data; the latter may include variability 
of the m edia used for grow in g the bacteria and  
m am m alian cells  and for in fection . These fac­
tors sh ou ld  be em phasized  in  training session s
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T a b le  1 . P e r c e n t a g e  o f H e L a  c e l ls  in fe c t e d  b y  E sc h e r ic h ia  c o li

Laboratory

A B  C D -E F

Culture la I I 0 1 II 1 II 1 II 1 II 1 II

l ( - ) c o , o d 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0 .0 0 ,0 0 ,0 0 ,0

2 ( —) 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0 .0 0 ,0 0 ,0 0 ,0
3 ( + ) e 3 3 ,3 3 1 4 ,1 8 3 ,6 5 1 ,5 7 9 4 ,9 8 9 4 ,9 8 5 1 ,9 0 0 ,2 2 2 ,2 8 7 7 ,7 8 5 2 ,5 8 5 8 ,6 3
4 ( —) 0 .0 0 ,0 0 .0 0 .0 0.0 0.0 0.0 0.0 0.0 0 ,0 0 .0 0 ,0

5 ( + ) 5 ,1 2 3 2 ,3 5 1 .3 ,3 .4 3 9 ,4 7 9 9 ,1 0 0 9 9 ,1 0 0 5 3 .7 0 0 ,0 4 0 ,4 0 7 6 ,7 6 2 8 .5 1 4 3 ,5 7
6 ( + ) 2 3 ,2 4 1 9 ,2 0 4 5 ,6 .1 2 6 ,4 9 9 8 .1 0 0 9 8 .1 0 0 7 0 ,7 0 0 ,1 2 1 ,2 6 7 5 ,7 6 3 9 .6 2 7 1 ,7 9
7 ( —) 0 ,0 0 ,0 0 ,0 0 ,0 0 ,0 0.0 0 ,0 0 ,0 0 .0 0 ,0 0.0 0 ,0
8 ( + ) 1 5 ,2 1 1 1 .1 9 2 . 3 . 3 2 4 7 ,6 0 1 0 0 ,1 0 0 1 0 0 ,1 0 0 5 2 .6 5 1 .2 3 1 ,3 2 8 4 .9 3 1 5 .3 2 3 5 ,5 6

9 ( —) 0 ,0 0 .0 0 ,0 0.0 0.0 0 ,0 0 ,0 0,0 0.0 0,0 0 0 0,0
1 0 (+ ) 1 0 ,1 0 2 1 ,2 4 1 0 ,1 3 43,57 9 5 ,1 0 0 9 5 ,1 0 0 4 0 ,7 6 0 ,1 2 8 .2 9 8 6 ,9 5 1 8  21 3 8 ,5 0

a I = AOAC procedure. 
b II = BAM procedure. 
c (— ) = Noninvasive. 
d Duplicate determinations. 
e (+) = Invasive.

and in the d evelop m en t o f other tests for 
pathogen icity .

Conclusion

This study represents the second attempt of the 
Food and Drug A dm inistration to conduct a 
co llab ora tiv e  stu d y for standard ization  of 
pathogen icity  tests. The first sou gh t confirm a­
tion  o f the reliability and valid ity o f the m eth­
od o logy  in w h ich  Clostridium botulinum  toxins in 
food  (19, 20) w ere detected through an interac­
tion  b etw een  the toxins and a liv in g  anim al sys­
tem , the m ouse. The test used in the present 
study in vo lv es an interaction o f viab le bacterial 
cells and m am m alian cell cultures. It is lik ely  
that w ith in  the near future, other com plex tests 
for attributes of pathogenicity w ill be developed  
and recom m ended for adoption , w ith  statistical 
analysis need ed  to evaluate their repeatability

and reproducibility. Variability w ill probably  
be encountered  m ore often in pathogen icity  
testing than in other m icrobiological assays b e­
cause pathogenicity testing in vo lves  3 system s: 
the pathogen, the un infected  host, and the in ­
fected host.

Based on the results of this collaborative study, 
w e recom m end that Procedure I be adopted o f­
ficial first action for presum ptive recognition of 
invasiveness of E. coli. HeLa cell data, how ever, 
m ust be confirm ed by the Sereny reaction.
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S U G A R S  A N D  S U G A R  P R O D U C T S

Mass Spectrometric 13C /12C Determinations to Detect High Fructose 
Corn Syrup in Orange Juice: Collaborative Study
LANDIS W. DONER and  DONALD D. BILLS
U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research 
Center, Philadelphia, PA 19118
Collaborators: O. Carro; R. D rim m ie; P. Fritz; J. N. G earing; C. H illaire-M arcel;
P. L. Parker; R. M. Reesem an; B. N. Sm ith; H. Z iegler

T h e  ,3 C / 12C  r a t i o s  i n  o r a n g e  j u i c e  a r e  s u f f i c i e n t l y  
u n i f o r m  a n d  d i f f e r e n t  f r o m  t h o s e  i n  h i g h  f r u c t o s e  

c o r n  s y r u p  ( H F C S )  s o  t h a t  t h e  a d d i t i o n  o f  H F C S  t o  
o r a n g e  j u i c e  c a n  b e  d e t e c t e d .  H F C S  a v e r a g e s  — 9.7% o  
( p a r t s  p e r  t h o u s a n d )  5 13C ,  o r a n g e  j u i c e  a v e r a g e s  

— 2 4 .5 % o , a n d  m i x t u r e s  o f  H F C S  a n d  o r a n g e  j u i c e  
p o s s e s s  i n t e r m e d i a t e  v a l u e s .  O n e  p u r e  o r a n g e  j u i c e  
a n d  4  o r a n g e  j u i c e - H F C S  m i x t u r e s  c o n t a i n i n g  f r o m  
2 5  t o  7 0 %  o r a n g e  j u i c e  w e r e  p r o p e r l y  c l a s s i f i e d  b y  7  
c o l l a b o r a t o r s .  S a m p l e s  w i t h  5 13C  v a l u e s  l e s s  n e g a t iv e  
t h a n  — 2 2 .1 % o , 4  s t a n d a r d  d e v i a t i o n s  f r o m  t h e  m e a n  o f  

p u r e  j u i c e s ,  c a n ,  w i t h  a  h i g h  d e g r e e  o f  c o n f i d e n c e ,  b e  
c l a s s i f i e d  a s  a d u l t e r a t e d .  S a m p l e s  w i t h  v a l u e s  m o r e  

n e g a t i v e  t h a n  — 2 2 .1 % o  m u s t  b e  c o n s i d e r e d  u n a d u l ­
t e r a t e d  w i t h  H F C S ,  b e c a u s e  p u r e  o r a n g e  j u i c e s  p o s s e s s  
a  r a n g e  o f  5 13C  v a l u e s .  T h e  13C / 12C  m a s s  s p e c t r o ­
m e t r i c  m e t h o d  w a s  a d o p t e d  o f f i c i a l  f i r s t  a c t i o n  f o r  
d e t e c t i n g  H F C S  i n  o r a n g e  j u i c e .

The econom ic in cen tives to adulterate orange 
juice w ith  less exp en sive solu tions o f sugars are 
sign ifican t, and previous m ethods d evelop ed  to 
indicate such adulteration have been review ed  
(1-3). O range juice is also adulterated by addi­
tion of orange pulpw ash (water-extracted soluble 
orange solids from orange pulp), and recently an 
effective  spectrophotom etric m ethod was de­
ve lo p ed  to detect such adulteration (4). A m i­
crobiological assay procedure has been  d ev e l­
oped  (5) w h ich  indicates the content o f orange 
juice in  a product; the versatility  o f this latter 
m ethod  has been  dem onstrated by ex tension  to 
other food adulteration problem s, such as de­
tecting grape juice added to apple juice (6 ).

Reference to brand or firm  nam e does not constitute en ­
dorsem ent by the U.S. D epartm ent of A griculture over others 
of a sim ilar nature  not m entioned.

Received A ugust 28, 1981. Accepted Septem ber 9,1981.This report of the  Associate Referee, L. W. Doner, was p re­
sen ted  at the  95th A nnual M eeting of the  AOAC, Oct. 19-22, 1981, at W ashington, DC.

The recommendation of the Associate Referee was approved 
by the  G eneral Referee and Com mittee D and was adopted by 
the Association. See the report of the committee, March 1982 issue, for detailed  recom m endations.

The present report dem onstrates the applica­
tion  o f stable carbon isotope ratio analysis 
(SCIRA) for detecting illega l addition  o f h igh  
fructose corn syrup (HFCS) to orange juice. 
Sugar analysis is not suitable for this purpose, 
because HFCSs are available w hich, w h en  added 
to orange juice, w ill result in glucose and fructose 
lev e ls  w ith in  the range found  for authentic  
juices. We p reviously  applied SCIRA to the d e­
tection of HFCS in  h oney (7) and apple juice (8 ), 
and the AOAC official first action m ethods are 
w id e ly  used. The SCIRA approach takes ad­
vantage of the fact that organic materials derived  
from  C4 plants such as corn have elevated  13C / 
12C ratios com pared w ith  those derived from C3 
plants such as apple trees and all h on ey  floral 
sources. W e recently reported (9) that pure or­
ange juices (42 sam ples) from several locations 
are extrem ely  uniform  in 5I3C, averaging  
—24.5%o w ith  a coefficient of variation o f 2.41%. 
The orange juice sam ples included dom estic  
b len d s, sam ples o f varietal purity, and foreign  
sam ples. The results agreed w ith  earlier analy­
ses by N issenbaum  et al. of Israeli and French  
juices (10). Being derived from a C4 plant, HFCS 
is richer in  13C, w ith  513C values averaging —9.7
(7).

Experimental

M a t e r i a l s
Pure orange juice was sq ueezed  from oranges 

of the N avel variety and determ ined to contain  
11.60% solids. N avel orange juice w as chosen  
because its 513C values have been sh ow n  (9) to 
fall in the range o f values for pure juices. HFCS 
w as obtained from  Corn Sw eeteners Co. (Cedar 
Rapids, IA), and d ilu ted  to 11.60% solids w ith  
water. O range juice and HFCS w ere then  com ­
b in ed  to g ive  adulterated m ixtures conta in ing  
th e fo llo w in g  proportions o f orange juice: 
A, 70.0%; B, 25.0%; C, 100.0%; D, 40.0%; and E, 
55.0%. T hese 5 sam ples w ere freeze-dried, and

0004-5756/82/6503-0608-03$01.00© Association of Official Analytical Chemists, Inc.
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T a b le  1 . In s t r u m e n t s  a n d  c o n d it io n s  u se d  in  c o lla b o r a t iv e  s tu d y

Coll. Mass spectrometer

Combustion3

Temp., Recirc. 
°C time, min Coll, study working std

1 Micromass 602 D 600 sealed tube 
with CuO

AER vacuum pump oil

2 Micromass 602 D 850 10 charcoal (613C = -23.3*» vs PDB) and 
marble (513C = 0.0%» vs PDB) calibrated 
against NBS-20 solenhofen limestone 
(613C = -29.57»» vs PDB)

3 Micromass 602 C 1200 — UQ2 marble vs NBS-22 and PDB
4 Nier type, 6 in. 60° sector, 

dual collecting
810 20 BYU carbonate calibrated against NBS-22, 

NBS-oxalate, and NBS-21
5 Micromass 602 >1500 — bender limestone
6 Mat 250, Varian 750 — flask C02 vs PDB
7a Micromass 903 — — tank C02

a Sample combustion in Parr bomb, electrically ignited after charging with 12 atmospheres 0 2.

portions w ere added to screw -top vials labeled  
A through E and sent to collaborators.
S a m p l e  C o m b u s t i o n  a n d  D e t e r m i n a t i o n  
o f  ô 13C

Various isotope ratio mass spectrom eters are 
u sed  in  laboratories w h ich  determ ine 13C /12C 
ratios. A lso, d ifferent procedures are used  to 
quantitatively burn the sample to carbon dioxide 
and water. O verall accuracy, in clu d in g  com ­
bustion  and 13C /12C determ ination , is 0.3%o or 
better. The instruments, combustion conditions, 
and standards used by the collaborators are given  
in  Table 1. ô13C (%o) valu es are reported from  
comparisons w ith  carbon dioxide generated from 
the reference standard P eeD ee belem nite (PDB) 
and calculated from the fo llow in g  formula after 
com parison o f the 13C I60 2  and 12C160 2  ion  
beams:

5I3C  (%o)
( 13C / 12C )sampie 

. ( 13C / 12C )PDb .
-  1 X  103

A 513C valu e o f —25%o m eans that the 13C /12C 
ratio of the sam ple is 2.5% less than that o f the

PDB standard (13C / 12C PDB = 0.011237). Cor­
rections are applied to the m easured differences, 
in clu d in g  any zero enrichm ent in the capillary  
in le t system , va lve m ixing b etw een  sam ple and  
standard valves, and tailing of major onto m inor 
peak signal.

Results and Recommendations

The results o f our recent survey (9) are g iven  
in  Table 2. The probability o f a g iv en  orange 
juice sam ple b ein g  unadulterated may be deter­
m ined  from m ultiples of the standard deviation, 
as show n in Table 3. A sam ple w ith  a value less 
n egative than —2 2 .1%o sh ou ld  be classified  as 
adulterated. Because o f the range o f valu es  
fou n d  for pure orange ju ices (—23.4%o to 
—25.6%o), a statistical approach is necessary to 
interpret the results o f the test.

The results o f the collaborative study are 
com piled in Table 4. Regression lines o f percent 
orange juice on 513C (range o f va lu es for all co l­
laborators) dem onstrate the good  agreem ent 
am ong the collaborators and are show n in Figure
1. These lines w ere all s ign ifican t (P <  0.01) 
w ith  very h igh  correlation coeffic ien ts, —1.00  <  
r <  —0.99. A ll adulterated sam ples in  the study

T a b le  2 .  5 13C  V a lu e s  o f  o r a n g e  ju ic e  a n d  H F C S a

No. of 
samples

Mean,%0
Range, %

CV,
%Sample Low High SD

Orange juice 
HFCS

42
4

-24.5
-9 .7

-25.6  -23 .4  
-9 .8  -9 .5

0.591
0.14

2.41
1.4

a See ref. 9 for individual values for 42 orange juice samples, 
including 3 domestic blends, 7 samples of varietal purity, and 
4 foreign samples.

T a b le  3 . P ro b a b il it y  o f 613C  v a lu e  o f a u t h e n t ic  o ra n g e  
ju ic e  s a m p le  b e in g  m o r e  n e g a t iv e  t h a n  s ta te d  l im it

Probability, % Limit of ô13c,

5 of 6 = 84.1 -2 3  9
43 of 44 = 97.72 -23.3

769 of 770 = 99.87 -22.7
24 999 of 25 000 = 99.997 — 22.1
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T a b le  4 . 5 I3 C  (%« v s  P D B )  fo r  c o lla b o r a t iv e  s a m p le s

Coll.

Sample

A B C D E

1 -20.2 — 13.2 -24.9 -15.5 -18.0
2 -21.3 -14.8 -25.9 -17.2 -19.2
3 -21.3 -14.5 -26.0 -16.7 -19.2
4 -20.7 -14.2 -24.7 -16.0 -19.0
5 -21.5 -15.2 -25.3 -16.6 -18.9
6 -21.5 -14.5 -26.1 -16.7 -18.8
7 -21.2 -14.5 -26.2 -16.4 -18.8

Mean -21.1 -14.4 -25.6 -16.4 -18.8

(A, B, D, E) w ere properly classified , according  
to the h igh est probability lim it set in Table 3.

From these results, the A ssociate Referee rec­
om m ends that the 13C /12C mass spectrom etric 
m ethod be adopted official first action for d e­
tecting HFCS in  orange juice.

8 °C, %.

F i g u r e  1 . G r a p h i c  r e p r e s e n t a t i o n  o f  c o l l a b o r a t i v e  
s t u d y  r e s u l t s ,  s h o w i n g  r a n g e  i n  5 ,3 C  v a l u e s  r e p o r t e d  
b y  a l l  c o l l a b o r a t o r s  f o r  o r a n g e  j u i c e  w i t h  v a r i o u s  

l e v e l s  o f  H F C S  a d d e d .
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D A I R Y  P R O D U C T S

C o l l a b o r a t i v e  E v a l u a t i o n  o f  R o l l i n g  B a l l  V i s c o m e t e r  f o r  M e a s u r i n g  
S o m a t i c  C e l l s  i n  A b n o r m a l  M i l k

GARY H. RICHARDSON, RODNEY J. BROWN, RON CASE,* 1 ROY E. GINN,2 
TED KASANDJIEFF,3 and RICK C. NORTON4
Utah State University, Department of Nutrition and Food Sciences, Logan, UT 84322
T h e  R u a k u r a  r o l l i n g  b a l l  v i s c o m e t e r  w a s  e v a l u a t e d  
i n  3  l a b o r a t o r i e s  a l o n g  w i t h  c u r r e n t l y  a p p r o v e d  i n ­
s t r u m e n t a l  m e t h o d s  f o r  m e a s u r i n g  s o m a t i c  c e l l s  i n  
m i l k  a n d  t h e  W i s c o n s i n  m a s t i t i s  t e s t .  R e p l a c e m e n t  
o f  t h e  T e e p o l  r e a g e n t  w i t h  W i s c o n s i n  m a s t i t i s  t e s t  
r e a g e n t  i n  t h e  r o l l i n g  b a l l  v i s c o m e t e r  w a s  a l s o  e v a l ­
u a t e d .  B o t h  r e p e a t a b i l i t y  a n d  r e p r o d u c i b i l i t y  w e r e  

s a t i s f a c t o r y  f o r  a l l  m e t h o d s  e v a l u a t e d .  T h e  i n s t r u ­
m e n t a l  m e t h o d s  e a c h  g a v e  h i g h e r  r e a d i n g s  t h a n  t h e  

o t h e r  3  m e t h o d s .  U s e  o f  W i s c o n s i n  m a s t i t i s  t e s t  r e ­
a g e n t  i n  t h e  r o l l i n g  b a l l  v i s c o m e t e r  i m p r o v e d  b o t h  
r e p e a t a b i l i t y  a n d  r e p r o d u c i b i l i t y .  A d d i t i o n a l  w o r k  
o n  s t a n d a r d i z a t i o n  i s  s u g g e s t e d  t o  m a t c h  r o l l i n g  b a l l  
v i s c o m e t e r  r e a d i n g s  w i t h  t h o s e  o f  t h e  i n s t r u m e n t a l  
m e t h o d s .

The Ruakura ro lling ball viscom eter (RBV) has 
been  used  in  m any N ew  Zealand dairy plants to 
estim ate som atic cell counts in m ilk (I, 2). Use 
of the device has apparent advantages over other 
m ethods w h ich  rely on  the d evelop m en t of v is ­
cosity by addition o f neutral detergents to m ilk
(3). The scale o f the instrum ent extends above 
that o f the W isconsin m astitis test (WMT) and it 
is not subject to orifice p lu gg in g  problems. The 
ability  to test 60 sam ples per hour and the rela­
tively  lo w  instrum ent and operational costs 
su ggest the RBV as a prom ising d ev ice for the 
dairy laboratory. A coefficient of variance (CV) 
for repeatability of 16-21% has been reported for 
the RBV (4). The CV for the WMT has been  re­
ported to vary from 3.5 to 64%, depending on the 
age o f the sam ple before testing (5, 6 ). The RBV 
w as previously evaluated in the United States (4); 
h ow ever, it has not been  subjected to collabora­
tive study. The AOAC G eneral R eferees for
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2 Dairy Quality Control Institute, 2353 Rice St, St. Paul, MN 
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St, Tulare, CA 93274.4 K roger Co., 1212 State Ave, C incinnati, OH 45204.

M ention of com panies or products does not constitute en ­
dorsem ent by  Utah State U niversity  over com parable p rod­
ucts.Received N ovem ber 12, 1980. Accepted O ctober 27,1981.

Dairy Products and for M icrobiological M ethods 
su ggested  a m odified  collaborative study o f the 
RBV. D ifferent sam ples w ere a llow ed  in  each 
collaborating laboratory because of rapid d ete­
rioration b eyond  36 h (7). This paper sum m a­
rizes the results o f the study.

E xperim ental
A utom ation E ngineering (Refrigeration En­

g in eerin g  Co., Ltd, 26 Great South Rd, Otahuhu, 
PO Box 12072, Aukland, N ew  Zealand) supplied  
RBV instrum ents to each o f the collaborating  
laboratories. Calibration and operational pro­
cedures w ere fo llow ed  as outlined  in the m anu­
facturer's 1979 m anual su p p lied  w ith  each in ­
strum ent. Because the Teepol reagent used in 
N e w  Zealand is neither b iodegradable nor 
readily available in  the U nited  States, the WMT 
reagent was considered as a substitute. Both the 
standard T eepol reagent (RBV(T)) and the stan­
dardized WMT reagent d ilu ted  as in  the WMT 
test (RBV(W)) w ere evaluated as reagents for the 
RBV tests. Procedures for the WMT w ere fo l­
low ed  as ou tlin ed  in Standard M eth ods for the 
Exam ination of D a iry P roducts, as updated (7, 8 ).

In addition to WMT, RBV(T) and RBV(W), each 
laboratory also used on e instrum ental m ethod. 
Collaborator 1 used a M odel MCC Coulter 
Counter (CC), Collaborator 2 used the D N A  filter 
m eth od  (D N A ), and Collaborator 3 used the 
Fossom atic m ethod (FOSS). Each sam ple was 
tested  in  duplicate by each o f the 3 com m on  
m ethods and by on e instrum ental m ethod in 
each laboratory.

Each collaborating laboratory tested 50 fresh  
sam ples of raw milk w hich had been held  for less 
than 36 h before testing. To obtain sam ples w ith  
a range o f som atic ce ll counts, Collaborator 1 
obtained  m astitic m ilk from a sin g le  cow  and  
blended it w ith  normal milk samples. The other 
2  collaborators found bulk m ilk sam ples over  
w id e  ranges o f som atic cell counts.

C ell num bers w ere estim ated from  WMT re­
sults, using data of Thom pson and Postle (9). A 
regression  equation:

0004-5756/82/6503-0611 -0 5 Î0 1 .00
©  Association of Official Analytical Chemists, Inc.
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T a b le  1 . S e p a ra te  a n a ly s e s  o f v a r ia n c e  f o r  e a c h  o f 3  m e t h o d s  u se d  in  a ll  3  la b o r a t o r ie s

Source of var. DF Mean sq. F-ratio Alpha Expected mean sq.

RBV(T)

Laboratory 2 2.022 16.43 0.0001 o f  +  n o  1 4- SK L
Sample 63 0.123 41.81 0.0001 a \  + n a \  —
Error 66 0.003 — — o l  —  —
Corrected total 131 — — — —  —  —

RBV(W)

Laboratory 2 0.939 10.23 0.0001 o \ + n a \ + spkI
Sample 63 0.092 67.75 0.0001 o \ + n a l —
Error 66 0.001 — — <*E --- ---
Corrected total 131 — — — — --- ---

WMT

Laboratory 2 1.329 35.06 0.0001 o \ + nel + sn^L
Sample 63 0.038 27.37 0.0001 o \ + to

Error 66 0.001 — — --- ---
Corrected total 131 — — — — --- ---

Som atic ce ll count = (m m  left in  WMT tube — the lim its o f the RBV(T), RBV(W), and WMT
5.88)/20  w h ich  had a correlation coeffic ien t o f m ethods (10). The SAS statistical package was
0.91 in  the original study w as used to m ake this 
transform ation. Som atic cell count data for all 
6  m ethods w ere converted to log  valu es before  
further statistical analysis (10). The RBV(T) and 
RBV(W) m ethods are lim ited  to the range o f 2.0 
X 105 to 3.0 X 106 counts/m L. The WMT m ethod  
is restricted to the range from  6.0 X 103 to 1.2 X 
106 cells/m L . For this reason, all sam ples w h ich  
gave readings outside these lim its w ere d is­
carded, even  if valid  m easurem ents w ere possi­
b le by the other methods. The data range for the 
study w as thus set from  2.0 X 105 to 1.2 X 106 by

u sed  for m uch o f the statistical analysis (11).
R esu lts and D iscu ssion

Variability' betw een  sam ples w as adequate for 
statistical testing even  after extrem e values were  
elim in ated  as described above (Tables 1 and 2). 
Standard d ev iation  (SD) and CV values for re­
peatability  o f the 6 m ethods sh ow n  in  Tables 1 
and 2 w ere, respectively , RBV(T) 0.054. 0.94%; 
RBV(W) 0.037, 0.65%; WMT 0.037, 0.64%; CC 
0.012, 0.20%; D N A  0.052, 0.85%; and FOSS 0.022, 
0.38%. These same measures for reproducibility

T a b le  2 .  S e p a r a te  a n a ly s e s  o f  v a r ia n c e  f o r  e a c h  o f  3  m e t h o d s  u se d  In  o n e  la b o r a t o r y  e a c h

Source of var. DF Mean sq. F-ratio Alpha Expected mean sq.

CC

Sample
Error
Corrected total

26
27
53

0.115
0.0002

769.1 C.0001 o f +  O c
<x| —

DNA

Sample 10 0.025 9.5 0.0004 a \  + cr|
Error 11 0.0027 — ___

Corrected total 21 — — —

FOSS

Sample 27 0.042 91.58 0.0001 o f + <7|
Error 28 0.0005 — ___

Corrected total 55 — — —
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T a b le  3 . A n a ly s is  o f v a r ia n c e  a n d  D u n c a n 's  m u lt ip le  r a n g e  t e s t  c o m p a r in g  R B V (T ) ,  R B V (W ), a n d  W M T  m e t h o d s  fo r  
e s t im a t io n  o f  s o m a t ic  c e l l  c o u n t s  in  a ll  3  la b o r a t o r ie s

Analysis of Variance

Source of var. DF Mean sq. F-ratio Alpha Expected mean sq.

Laboratory 2 4.084 20.2 0.0001 0E + tn o 2s + tsn/<l
Method 2 0.803 31.5 0.0001 <A + na (s + IsriK?
Laboratory- 4 0.103 4.0 0.0041 a i + n o j s + S/7K?t

method
interaction

Sample 63 0.202 106.5 0.0001 a i + t r ia l —
Method-sample 126 0.026 13.5 0.0001 a i + n a 2TS —

interaction
Error 198 0.002 — — --- ---
Corrected 395 — — — --- ---

total

Duncan's Multiple Range Test

Method
Number of 
samples

Mean
reading3 * Groupings6

RBV(T) 132 5.801 a
WMT 132 5.793 a
RBV(W) 132 5.662 —

a Values are log of count or conversion to comparable numbers as explained In text.
6 Methods with the same letter are not significantly different at the alpha = 0.05 level.

o f the m ethods in  Table 1 w ere RBV(T) 0.215, 
3.70%; RBV(W) 0.144, 2.54%; and WMT 0.175, 
3.03% (10). This experim ent did  not a llow  d e­
term ination  of SD and CV for reproducibility of 
the m ethods in  Table 2. Even thou gh  repeat­
ability w as excellen t for all 6 m ethods, the 
Coulter counter was m ost precise and the RBV(T)

w as least precise. R eproducibility o f the 3 
m ethods com m on to all 3 laboratories w as also  
good. The replacem ent o f T eepol reagent w ith  
WMT reagent in the RBV m ethod im proved both  
repeatability and reproducibility.

Com parison o f the m ethods com m on to all 3 
laboratories (Table 3) indicates that RBV(T) and

T a b le  4 .  A n a ly s is  o f  v a r ia n c e  a n d  D u n c a n 's  m u lt ip le  r a n g e  t e s t  c o m p a r in g  R B V (T ) ,  R B V (W ), W M T , a n d  C C  m e t h o d s  fo r
e s t im a t io n  o f  s o m a t ic  c e l l  c o u n t s

Analysis of Variance

Source of variation DF
Mean

sq. F-ratio Alpha Expected mean sq.

Method 3 0.871 28.81 0.0001 ai + nais + sriKj
Sample 26 0.387 290.46 0.0001 ai + tn a i —
Method-sample 78 0.030 22.70 0.0001 a \ + nojs —

interaction
Error 108 0.001 — — ai —  —

Corrected 215 — — — —  —  —

total

Duncan's Multiple Range Test

Method Number of samples Mean reading3 Groupings6

CC 54 6.108 —
RBV(T) 54 6.009 a
WMT 54 5.959 a
RBV(W) 54 5.804 —

3 Values are log of count or conversion to comparable numbers as explained in text.
b Methods with the same letter are not significantly different at the alpha = 0.05 level.
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T a b le  5 . A n a ly s is  o f  v a r ia n c e  a n d  D u n c a n 's  m u lt ip le  r a n g e  t e s t  c o m p a r in g  R B V (T ) ,  R B V (W ), W M T , a n d  D N A  m e t h o d s
f o r  e s t im a t io n  o f s o m a t ic  c e l l  c o u n t s

Analysis of Variance

Source of variation DF Mean sq. F-ratio Alpha Expected mean sq.

Method 3 1.149 66.51 0.0001 of + n a js  +  sriKj
Sample 10 0.084 23.44 0.0001 of + t n j  § —
Method-sample 30 0.017 4.85 0.0001 of + nofs —

interaction
Error 44 0.004 _ __ a \ —  —
Corrected 87 — — — —  —  —

total

Duncan’s Multiple Range Test

Method Number of samples Mean3 reading Groupings6

DNA 22 6.075 __
WMT 22 5.748 a
RBV(T) 22 5.710 a
RBV(W) 22 5.526 —

3 Values are log of count or conversion to comparable numbers as explained in text.
6 Methods with the same letter are not significantly different at the alpha = 0.05 level.

WMT gave results w h ich  are not s ign ifican tly  
different from  each other and w h ich  are greater 
than those for RBV(W). These conclusions w ere  
verified w h en  data from individ ual laboratories 
w ere analyzed separately (Tables 4-6). In every  
case RBV(T) and WMT gave results w ith  in s ig ­
nificant differences and RBV(W) gave low er  
readings. Each of the instrum ental m ethods  
gave h igh er readings than RBV(T) and WMT 
(Tables 4-6). The lim itations o f test sam ple

range w h ich  apply to the RBV(T), RBV(W), and  
WMT m ethods do not apply for any o f the in ­
strumental methods. The RBV(W) m ethod could  
be calibrated to m atch the other m ethods by  
better selection o f reference glycerol solution  or 
readjustm ent o f g lycerol concentration C on­
centration of reagent may have m ore effect than  
type or source o f reagent (1).

A ll of the collaborators preferred their in ­
strum ental m ethods to the WMT or RBV. N ei-

T a b le  6 . A n a ly s is  o f  v a r ia n c e  a n d  D u n c a n 's  m u lt ip le  r a n g e  t e s t  c o m p a r in g  R B V (T ) ,  R B V (W ), W M T , a n d  F O S S  m e t h o d s
f o r  e s t im a t io n  o f  s o m a t ic  c e l l  c o u n t s

Analysis of Variance

Source of variation DF Mean sq. F-ratio Alpha Expected mean sq.

Method 3 0.130 12.71 0.0001 of + r)Oys + SHKj
Sample 27 0.212 196.69 0.0001 of + tn<j% —
Method-sample

interaction
81 0.010 9.52 0.0001 of + nafs —

Error 112 0.001 __ _ of --- ---
Corrected

total
223 — — —

Duncan’s Multiple Range Test

Method Number of samples Mean reading3 Groupings5

FOSS 56 5.694
WMT 56 5.651 a
RBV(T) 56 5.636 a
RBV(W) 56 5.578 —

a Values are log of count or conversion to comparable numbers as explained in text. 
b Methods with the same letter are not significantly different at the alpha = 0.05 level.
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ther o f these m ethods w o u ld  be appropriate in  
applications w h ere reduction to 106 ce lls/m L  is 
m onitored (12). The RBV and WMT m ethods  
did correlate w e ll w ith  instrum ental m ethods  
w ith in  the range lim itations. H igh  som atic cell 
count sam ples p lugged  the glass tube of the RBV 
and clean ing b etw een  sam ples reduced the rate 
of this m ethod to 40-80 sam ples per hour. Duirs 
and Cox (1) have indicated that a throughput of 
up to 300 sam ples per day could m ake the RBV 
suitable for use in  sm all laboratories. The CC 
and FOSS units used  in  th is study n ow  operate 
at over 210  sam ples per hour.

Recommendations

D ue to its reproducibility w h en  com pared  
w ith  WMT and RBV(T) and its excellen t repeat­
ability, it is suggested  that the RBV(W) m ethod  
be subjected to additional studies for refinem ent 
of the standardization and operaticnal proce­
dures, and then  be considered for official action. 
The use o f WMT reagent in  the RBV is recom ­
m en d ed  because o f its availability  and its 
biodegradability  as w e ll as perform ance at least 
equal to that o f the T eepol reagent. The stan­
dardization procedure could be adjusted to match 
RBV(W) results w ith  those of WMT or RBV(T) by 
m od ify in g  glycerol concentration.
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D e t e r m i n a t i o n  o f  n i t r i t e  i n  n o n f a t  d r y  m i l k  p o w d e r s  
b y  c h e m i l u m i n e s c e n c e  d e t e c t io n  w a s  c o m p a r e d  w i t h  

a  c o l o r i m e t r i c  m e t h o d  s p e c i f y i n g  G r i e s s  r e a g e n t s .  
T h e  c h e m i l u m i n e s c e n t  t e c h n i q u e  r e q u i r e s  n o  s a m p le  
p r e p a r a t i o n ,  i s  f r e e  f r o m  a p p a r e n t  i n t e r f e r e n c e s ,  a n d  
i s  s e n s i t i v e  to  2 5  p p b  n i t r i t e .  S t a t i s t i c a l  a n a l y s i s  

s h o w s  n o  d i f f e r e n c e  a t  P  =  0 .0 5  b e t w e e n  t h e  c o l o r i ­
m e t r i c  a n d  c h e m i l u m i n e s c e n t  m e t h o d s ,  b a s e d  o n  t h e  
a n a l y s i s  o f  1 6  c o m m e r c i a l  n o n f a t  d r y  m i l k  s a m p l e s .

N itrite in nonfat dry m ilk (NFDM ) pow der re­
sults from  n itrogen  oxides generated by the d i­
rect-fired dryers n ow  com m only used in  the 
U n ited  States. Recent reports (1, 2) o f the pres­
ence o f d im ethyln itrosam ine in NFDM  have  
placed new  im portance on the determ ination of 
nitrite because o f its role as a precursor in  nitro- 
sam ine form ation.

N itrite in  m ilk is genera lly  determ ined color- 
im etrically usin g  som e form of Griess reaction, 
w hich is the basis of the m ethod proposed by the 
International O rganization for Standardization  
(ISO) in  1979 (3). H ow ever, the colorim etric  
m ethod requires considerable sam ple prepara­
tion  and is subject to error resu lting from  so lu ­
tion turbidity, color caused by p igm en t form a­
tion , and naturally occurring reductants. A 
ch em ilu m in escen ce detection  (CLD) m ethod, 
unaffected by these problem s, has been reported 
by W alters et al. (4) for nitrite analysis in  a sim ­
ulated food matrix. Cox (5), using sodium  iodide  
as a reductant, determ ined nitrite in w ater so lu ­
tions by CLD. Dahn and L oew e (6 ) stu d ied  the 
quantitative reduction of nitrite by ascorbate and 
reported a 92% conversion  to nitric oxid e at pH  
5. Doerr et al. (7) used sodium  ascorbate as a 
reductant to m easure nitrite in cured m eat 
slurries by CLD. The purpose o f the present 
study is to determ ine w h eth er the CLD m ethod  
is suitable for m easuring low  lev e ls  o f nitrite in  
NFDM .

E xperim ental
M i l k

Two and on e-h alf g  of com m ercial NFDM  
pow der was reconstituted w ith  double deionized  
w ater to 25 mL. Two drops o f D ow  C orning

A ntifoam  A s ilicon e defoam er w ere added to 
prevent excessive foam ing during m ixing.
R e a g e n t s

A ll chem icals w ere reagent grade or h igh est  
purity available and w ere used  w ithou t further 
purification.

D ouble d eio n ized  w ater w as prepared by  
passing tap w ater through a charcoal filter, a 
m ixed bed ion  exchange resin, a Barnstead stan­
dard ion exchange cartridge, and, fin a lly , a 
Barnstead organic rem oval colum n.
C h e m i l u m i n e s c e n c e  M e t h o d  (7)

Two mL of reconstituted milk was added to the 
reaction flask conta in ing ca 56 m g so lid  sodium  
ascorbate, 44 m g solid  tartaric acid, and 20 g L  
s ilicon e antifoam  agent and stirred vigorously . 
The ev o lved  nitric oxid e w as injected into a 
therm al energy analyzer (M odel 502, Therm o  
Electron Corp., W altham , MA) by m eans o f a 
Carle N o. 5518 6 -port m in iva lve (Carle Instru­
m ents, Inc., A naheim , CA) as described e lse ­
w h ere (7). Peak areas w ere m easured by the  
integrator sup p lied  w ith  the therm al en ergy  
analyzer. Sodium  nitrite concentrations w ere  
calculated by com paring sam ple peak areas w ith  
those obtained from aqueous standard solutions  
of sodium  nitrite at sim ilar concentrations. 
Standards w ere m easured several tim es a day to 
assure good  repeatability. Solvent and reagent 
blanks w ere analyzed  daily  and conta ined  in ­
significant levels of nitrite. H ow ever, all sample 
calculations were corrected for these low  values. 
A m inim um  of 3 injections for each sam ple was 
used  to determ ine the m ean injection value.
C o l o r i m e t r i c  M e t h o d

S o lu tio n s .— (a) C arrez I. — 17.2 g potassium  
ferrocyanide (K4Fe(CN )6.3H 20 )  d ilu ted  t o  100 
mL w ith  water.

(b) C arrez 11.— 53.5 g z in c sulfate (Z n S 0 4.7 
H 20 )  d ilu ted  to 100 mL w ith  water.

Received Septem ber 15, 1981. Accepted N ovem ber 20, 1981.
Reference to brand or firm nam e does not constitute en­

dorsem ent by the U.S. D epartm ent of A griculture over others 
of a sim ilar nature not m entioned.
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T a b le  1 . N it r it e  in  c o m m e r c ia l  n o n f a t  d r y  m ilk  p o w d e rs

S a m p le

C h e m ilu m in e s c e n c e C o lo r im e t r ic  ( G r ie s s )

N a N 0 2, a ppb S D C V , % NaNC>2, a p p b S D C V , %

1 3 5 7 2 0 3 5 0 0 0
2 4 2 5 1 2 0 2 8 7 2 0 1 7 0 2 4
3 9 9 0 1 2 7 13 1 4 0 0 1 4 8 11
4 1 0 9 0 191 17 1 6 7 0 2 2 6 13
5 1 1 1 0 8 5 7 .6 1 2 8 0 0 0
6 1 5 1 0 1 4 8 9 .8 1 5 1 0 7 0 .5
7 1 6 3 0 5 7 3 .5 1 7 8 0 7 4 .0
8 2 1 6 0 4 9 2 .3 2 3 5 0 1 9 8 8 .4
9 2 5 5 0 1 0 6 4 .1 2 3 7 0 4 9 2 .1

1 0 2 5 8 0 7 0 .3 2 8 0 0 6 4 2 .3
11 2 6 1 0 3 2 5 1 2 3 1 2 0 4 0 3 13
12 3 4 8 0 9 9 2 .8 3 4 4 0 2 9 0 8 .4
13 3 7 1 0 5 1 6 1 4 3 7 4 0 1 3 4 3 .6
1 4 3 9 1 0 3 6 1 9 .2 4 2 0 0 3 1 1 7 .4
15 4 2 8 0 8 4 2 .0 4 2 3 0 1 5 6 3 .7
16 8 6 7 0 9 5 5 11 7 7 5 0 2 9 0 3 .7

a A v e ra g e  o f d u p lic a te  a n a ly s e s .

(c) Buffer. —5 mL concentrated HC1 added to 
50 mL so lu tion  con ta in in g  10 mL concentrated  
N H 4OH and 40 mL water. R esulting solu tion  
w as d ilu ted  to 100 mL w ith  water.

(d) Griess reagen t.— 0.133 g  N -(l-n ap h th y l)-  
eth y len ed iam in e d ih yd roch loride (NED) and  
0.333 g  su lfan ilam ide d isso lved  in  100 mL 15% 
acetic acid solution .

P rocedure.—T w enty mL reconstitu ted m ilk  
w as added to a 50 mL centrifuge tube; 4.0 mL 
Carrez II, 4.0 mL Carrez I, and 3.0 mL buffer were 
added in  sequence. The solu tion  w as stirred  
th orou gh ly  after each addition  and left to stand  
5 m in  after the final addition. The solution  was 
centrifuged at 15 000 rpm for 15-20 m in, and the  
supernatant liq u id  w as filtered  through W hat­
m an N o . 50 paper w h ich  had b een  p reviously  
w ash ed  for 30 m in  w ith  d eio n ized  w ater to re­
m ove residual nitrite and then  dried in  a 115°C  
o ven  for 1.5 h. O ne mL Griess reagent w as 
added to 5 mL filtrate, and the so lu tion  w as d i­
luted to 10 mL. After a color develop in g  tim e of 
20 m in , the absorbance w as m easured at 515 nm  
w ith  a Sargent W elch M odel 6-550 U V /v is ib le  
spectrophotom eter. The nitrite concentration  
was calculated by comparing the final absorbance 
to a calibration curve. The final absorbance was 
determ ined by m easuring absorbance o f the  
sam ple p lus Griess reagent vs Griess a lon e and  
subtracting from  this valu e the absorbance of 
undiazotized milk. It was necessary to make this 
correction because the m ilk sam ples had a slight 
color that w o u ld  be m easured erroneously  as 
nitrite.

The colorim etric procedure used in this study  
is sim ilar to the ISO m ethod for nitrite in  dried  
m ilk except that w e  add a centrifugation  step  
before filtration, and our final sam ple con cen ­
tration is approximately 3 tim es greater than that 
recom m ended. The h igh er concentration  w as 
necessary to measure nitrite at the lo w  ppb level. 
As a result, the vo lu m e o f precipitate form ed  
represented a significant part of the total volum e, 
thereby m aking it necessary to m easure the v o l­
um e o f supernatant liqu id  after centrifugation  
in  order to calculate the final nitrite concentra­
tion.

R esu lts and D iscu ssion
R e c o v e r y  o f  A d d e d  N i t r i t e

M ilk pow der dried by indirect heat and con­
tain in g  lo w  apparent nitrite w as sp iked  w ith  
sodium  nitrite to y ie ld  a final concentration of 
250, 2000, and 10 000 ppb. R ecoveries o f du p li­
cate analyses w ere 75% at the 250 ppb lev e l, 81% 
at the 2000 ppb lev e l, and 91% at the 10 000 ppb  
lev e l for CLD, and 82 and 8 8 % at the 2000 and  
10 000 ppb lev els, respectively , for the Griess 
m ethod.
L i n e a r i t y ,  S e n s i t i v i t y ,  R e p e a t a b i l i t y

The nitric oxide response w as linear over a 
range equivalent to 25-20 000 ppb sodium  nitrite 
in  NFDM  pow der. The theoretical detection  
lim it for a 10 mL sam ple and assum ing a 2:1 sig- 
nal-to-noise ratio was 2.5 ppb in  the reconstituted  
m ilk. From a practical p o in t o f v iew , 25 ppb
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T a b le  2 .  A n a ly s is  o f v a r ia n c e  fo r  C L D  v s  c o lo r im e t r i c  m e t h o d s  f o r  n it r i te

Source DF SS MS F Signif. level

Sample 15 22.4 X 107 14.9 X 106 220 * * #

Method 1 24.3 X 104 24.3 X 104 3.58 NSa
Sample X method 15 18.1 X 105 12.1 X 104 1.78 NS
Error 32 21.7 X 105 67.7 X 103 — —
Total 63 22.8 X 107 — — —

<'*i  P<  0.001. 
a NS = not significant.

sodium  nitrite w as considered  the m inim um  
lev el of reliable m easurem ent, based on  75% av­
erage recovery from spiked  sam ples conta in ing  
low  lev els  o f norm ally incurred nitrite.

For the determ ination  o f instrum ent repeat­
ability , 16 determ inations {n = 16) of 500 ppb  
NaNC>2 standard so lu tion s w ere m ade over a 
period of several weeks. The standard deviation  
(SD) and coeffic ient o f variation (CV) w ere 23 
ppb and 4.6%, respectively . D uring the same 
period, a com m ercial m ilk sam ple w as analyzed  
5 tim es and w as determ ined to contain 600 ±  16 
ppb sodium  nitrite (CV 2.7%).
N i t r i t e  S t a b i l i t y

Great care sh ou ld  be exercised w h en  using  
very dilute standard nitrite solutions. We found  
that, ev en  for sam ples stored under ideal con d i­
tions (brow n bottle, cool en vironm ent), sudden  
loss of nitrite can occur w ithout apparent reason. 
In several cases, after days o f rem aining at a 
constant valu e, a so lu tion  of 500 ppb sodium  n i­
trite decreased in  concentration by 90% over­
n ight. Therefore, it is recom m ended that stan­
dards, particularly very low  concentrations, be 
checked regularly to ensure that no loss has oc­
curred.
C o m p a r a t i v e  D e t e r m i n a t i o n  o f  N i t r i t e

Table 1 lists the m ean results o f duplicate n i­
trite analyses, uncorrected for percent recovery, 
of 16 comm ercial nonfat dry m ilk sam ples by the 
CLD and colorim etric m ethods. A  com parison  
of the m ean d ifferences and coefficients o f vari­
ation by a 2 -tailed paired f-test indicates no sig ­
n ificant differences at the P =  0.05 level.

Table 2 sh ow s the results o f analysis o f vari­

ance of the com parison o f the CLD and Greiss 
nitrite analyses. The data show  that over a w id e  
range o f sam ple lev els  there is no sign ifican t (P 
=  0.05) d ifference betw een  the 2 m ethods. In 
addition , the interaction b etw een  the range of 
sam ple lev els  and the d ifferent m ethods sh ow s  
no sign ificant effect statistically.

Since sign ifican t differences w ere not appar­
en t in  the statistical tests (P = 0.05), it w as con ­
clud ed that the results o f the 2 m ethods w ere  
equivalent.

These results indicate that inorganic nitrite can 
be determ ined reliably in  pow dered  m ilk by 
CLL> w ith  no sam ple preparation at a m inim um  
detectable level of 25 ppb that is unattainable by  
other m ethods.
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ERIKA R. M. HA CK M AN N
Universidade de Sao Paulo, Faculdade de Ciencias Farmacéuticas, Caixa Postal 30.786,
Sao Paulo, Brasil
V i t a m i n s  A  a n d  D  w e r e  d e t e r m i n e d  s i m u l t a n e o u s l y  
i n  o i l y  s o l u t i o n s ,  o i n t m e n t s ,  a n d  e l i x i r s ,  b u t  o n l y  
v i t a m i n  A  c o u ld  b e  d e t e r m i n e d  i n  c a p s u le s .  S a m p l e s  
w e r e  s a p o n i f i e d  w i t h  K O H  i n  i s o p r o p a n o l - w a t e r ,  

u s i n g  h y d r o q u i n o n e  a s  a n t i o x i d a n t ,  a n d  e x t r a c t e d  
w i t h  e t h e r - p e t r o l e u m  e t h e r  ( 1  +  1 ) . A f t e r  e v a p o r a ­
t i o n  o f  s o l v e n t ,  r e s i d u e s  w e r e  d i s s o l v e d  i n  i s o p r o ­
p a n o l .  V i t a m i n s  i n  t h e s e  s o l u t i o n s  w e r e  d e t e r m i n e d  
b y  r e v e r s e  p h a s e  h i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a ­
p h y ,  u s i n g  m e t h a n o l - w a t e r  a s  m o b i l e  p h a s e  a n d  d e ­
t e c t i o n  a t  2 5 4  n m .  T h e  r e p r o d u c i b i l i t y ,  u s i n g  e x t e r ­
n a l  s t a n d a r d s ,  w a s  1 .6 - 2 .5 %  a n d  1 .2 - 3 .8 %  f o r  v i t a m i n s  
A  a n d  D ,  r e s p e c t i v e l y .

The classic and official m ethods for determ ina­
tion  o f v itam ins A and D are genera lly  len g th y  
because they require m any steps to elim inate  
in terfering substances. The problem  increases 
w ith  the com plexity of the samples, especially for 
the determ ination  o f vitam in  D in  the presence  
of v itam in  A.

In the past few  years, h igh  pressure liqu id  
chrom atography (HPLC) has been  a useful 
tech n iq u e for an a lyzin g  m any com p ou n d s  
present in  m ixtures and, am ong them , the fat- 
so lu b le vitam ins. A n ex ten sive rev iew  o f anal­
ysis of drugs and their m etabolites by HPLC was 
p u blished  by W heals and Jane (1).

A  collaborative study was carried out in  w hich  
vitam in D in  concentrates and in  the presence of 
vitam in A was determ ined. Two HPLC m ethods 
w ere d evelop ed  (2 - 6 ) and com pared w ith  the 
official (chem ical) AO AC m ethod for vitam in  D 
in  concentrates.

Mackay et al. (7) described an HPLC m ethod  
for determ ination o f vitam in D 2 in m ultivitam in  
tablets. O ther fat-solub le v itam ins such as v i­
tam ins A (acetate), A (alcohol), and E present in  
the sam ples did  not interfere w ith  the assay. 
W illiam s et al. (8 ) studied a m ethod that permits 
the determ ination  o f fat-solub le v itam ins and  
their esters, and Krol et al. (9) applied  a chrom a­
tographic system  to the separation o f vitam ins A  
(acetate), A  (palmitate), A (aldehyde), A (alcohol), 
E, and D. The separation o f vitam ins A, D, and

E w as also reported by V erm ont et al. (10) and  
Bom baugh (11). V itam in D 3 and its isom ers in  
D 3 resins and in  m ixtures w ith  v itam in  A  (ace­
tate) w ere separated and quan titatively  deter­
m ined  by HPLC by Steuerle (12). Osadca and  
Araujo (13) described a m ethod  for determ in in g  
the presence o f vitam in D 2 an d /o r  vitam in D 3 in  
various preparations contain ing vitam ins A  and
E. Sim ultaneous determ ination  o f v itam in s A, 
D, and E in m ultivitam in tablets was reported by 
Eriksson et al. (14) and Barnett and Frick (15).

Because o f the im portance o f the studies bein g  
carried out in  this field , w e  develop ed  a m ethod  
that has su ffic ien t se lectiv ity , precision , and ac­
curacy to be applied to the determ ination  o f v i­
tam ins A  and D contained  in  various com m er­
cially available dosage forms. The efficien cy of 
an HPLC m ethod for the analysis o f fat-soluble 
vitam ins, in  m ost cases, d ep en d s on  the sam ple 
preparation. Three im portant factors m ust be 
considered: the effective extraction o f the vita­
m ins; the elim ination , as far as possib le , o f in ­
terfering substances; and the conservation of the 
in tegrity o f the vitam ins. C onsidering these  
factors, w e  tested the extraction procedures in ­
dicated by W illiam s et al. (8 ) and Barnett and  
Frick (15). In these procedures, sam ples are not 
saponified. K nown am ounts o f vitam in A w ere  
added to placebo capsules, extracted, and ana­
lyzed  by the u ltraviolet spectrophotom etric  
m ethod and colorimetric m ethod w ith  Carr-Price 
reagent.

In add ition , p lacebos co n ta in in g  k n ow n  
am ounts o f vitam in  A or D w ere sap on ified , ex­
tracted w ith  eth er-p etro leu m  ether (1 +  1), and  
an alyzed  by the m ethods m en tion ed  above.

M ETH O D
R e a g e n t s

(a) M eth a n o l.—Spectrograde (Aldrich).
(b) HPLC w a te r .—Baker.
(c) Isopropanol.—Spectrograde (Merck).
(d) Standards .— Vitam in A (acetate) standard
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T a b le  1 . D a ta  f o r  r e c o v e r y  o f v it a m in  A ( a c e t a t e )  a d d e d  to  c a p s u le s  *

IU added

Ultraviolet Colorimetric

Extn
ref.

Found,
IU

Recovery,
%

Found,
IU

Recovery,
%

25 000 15 152 60.6 17 000 68.0 (8)
25 000 16 757 67.0 18 382 73.5 (8)
50 000 27 500 55.0 36 600 73.2 (8)
25 000 6307 25.2 6175 24.7 (15)
50 000 22 230 44.4 24 665 49.3 (15)
50 000 31 690 63.3 31 430 62.8 (15)

a Samples analyzed without saponification. Final concentration 10 lU/mL.

solution: con ta in in g  240 or 500 IU / mL isopro­
panol. Vitam in D 2 or D 3 standard solution: 
conta in ing 80 IU /m L  isopropanol. K eep stan­
dards in  the dark at 4°C and prepare fresh each  
day.
A p p a r a t u s

(a) High pressure liquid chrom atograph.—Varian 
M odel 5020, equipped w ith  254 nm  UV detector, 
m anual sam ple injection va lve w ith  10 p L  loop , 
M odel 261 recorder, and M odel CDS-111 in te­
grator.

(b) Colum n.—Stainless steel, 30 cm X 4 mm id, 
conta in ing M icroPak CH-10.
S a m p l e s

Sam ples, sim ulating com m ercially available 
preparations, w ere com posed o f the fo llow in g:

(a) O ily  so lu tion .—25 000 IU vitam in  A (ace­
tate) and 4000 IU vitam in  D 3/m L

(b) O in tm en t.—5000 IU vitam in A (palm itate) 
and 800 IU vitam in D 3 /g .

(c) Elixir.—3000 IU vitam in A (palmitate), 1000 
IU vitam in D 2, 3 m g th iam ine hydrochloride, 3 
m g riboflavin  phosphate, 2  m g pyridoxine h y ­
drochloride, 1 m g n icotin am ide, and 0.5 m g 
p a n th en o l/5  mL.

(d) C apsule.— 25 000 IU vitam in  A (acetate), 
4000 IU vitam in D2, 10 m g thiam ine mononitrate, 
5 m g riboflavin  phosphate, 5 m g pyridoxine  
hydrochloride, 100 m g ascorbic acid, 5 m g a-to-  
copherol acetate, 2 m g m enadione, 50 m g niaci­
nam ide, and 10 m g calcium  pan toth en ate/500  
mg.

Keep sam ples in  the dark at 4°C  and in  amber 
glassware. Carry out experim ents in subdued  
light.
S a p o n i f i c a t i o n  a n d  E x t r a c t i o n

A n am ount of sam ple conta in ing 25 000 IU 
vitam in  A and 4000 IU vitam in  D (o ily  so lu tion ,

oin tm ent, and capsule) or 12 000 IU vitam in  A 
and 4000 IU vitam in  D  (elixir) w as refluxed 30 
m in on a water bath w ith  100 mL isopropanol 
and 10 mL 50% w /v  aqueous KOH in the pres­
ence o f 500 mg h ydroquinone antioxidant. 
G elatin-coated vitam ins from capsules w ere re­
fluxed  15 m in first w ith  hydroquinone, KOH, 
and 20 mL w ater to facilitate the d isso lu tion  of 
gelatin . Then the isopropanol w as added.

After coolin g , 100 mL of a saturated solu tion  
of NaCl was added and the mixture was extracted 
w ith  100 and 50 mL ether-p etro leu m  ether (1 +  
1). The organic extracts w ere w ashed w ith  25 
mL of a saturated so lu tion  of NaCl, m ixed w ith  
10 g anhydrous N a2S 0 4, and evaporated in  a ro­
tatory evaporator to dryness. The residue was 
dissolved in 50 mL isopropanol for analysis. The 
sam e conditions of saponification and extraction 
w ere repeated for a placebo o f each sam ple and  
for the isolated standards of each vitam in.

H i g h  P r e s s u r e  L i q u i d  C h r o m a t o g r a p h y
The final so lu tion  of sam ples, standards, and  

placebos in isopropanol w ere injected in to  the  
liqu id  chrom atograph and elu ted  w ith  m etha­
n o l-w a ter  (95 +  5) at a gradient from  1.0 mL to
2.0 m L /m in  in 5 m in. All analyses w ere carried 
out at am bient temperature; 10 injections w ere  
m ade for each sam ple. Standards and placebos 
w ere injected 3 tim es for each analysis. C on­
centrations o f v itam ins w ere obtained by com ­
paring peak areas o f sam ples w ith  the average of 
peak areas o f standards.

R esu lts and D iscu ssion
Extraction procedures w ithout saponification  

did  not provide quantitative results, as sh ow n  in 
Table 1. Probably the extraction of vitam in  A 
under the experim ental con d ition s w as not 
com plete; ev en  after the e igh th  extraction, the
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Table 2. Data for recovery of vitamins A (acetate or palmitate) and D (D2 or D3) added separately to placebos
Vitamin A Vitamin D

IU added to Ultraviolet Colorimetric Ultraviolet Colorimetric
placebos

Sample A D
Found,

IU
Recovery,

%
Found,

IU
Recovery,

%
Found,

IU
Recovery,

%
Found,

IU
Recovery,

%

Oil soin 5000 2000 5000 100.0 5000 100.0 __b 2063 103.1
5000 4737 94.7 5000 100.0

Ointment 5000 500 000 5490 109.8 5026 100.5 _6 473 250 94.6
25 000 24 382 97.5 25 000 100.0

Elixir 10 000 9976 99.7 10 401 104.0
12 000 12 867 107.2 11 964 99.7

Capsule 25 000 500 000 23 525 94.1 25 555 102.2 487 250 97.4 486 600 97.3
1000 000 898 100 89.1 974 non 97.4

3 Samples analyzed with saponification. Final concentrations: A = 10 lU/m L; D = 400 lU/mL. 
b It was not possible to calculate concentrations because of interference by other substances in the formulation.

SANTORO ET AL.: 
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T a b le  3 . V it a m in s  A a n d  D  fo u n d  b y  p ro p o s e d  H P L C  m e th o d  in  s im u la t e d  c o m m e r c ia l l y  a v a ila b le  p r e p a r a t io n s

Preparation
Declared,

IU
Found,IU 
(CV, %)

Retention,
min

1. Oily soin:
A (acetate), lll/m L 25 000 25 215 (2.5) 4.05
D3, lU /m L 4000 3989 (1.9) 7.12

2. Ointment:
A (acetate), lU /g 5000 5011 (2.5) 4.05
D3, IU/g 800 798 (1.2) 7.15

3. Elixir:
A(palmitate), lU /m L 3000 3036 (1.6) 4.04
D2. lU/nnL 1000 1006 (3.8) 8.45

4. Capsule:
A (acetate), IU/cap. 25 000 24 974 (2.6) 4.04
D2 , IU/cap. 4000 — —

qualitative reaction o f the organic extracts w ith  
Carr-Price reagent w as still positive.

Recovery o f v itam ins A and D added sepa­
rately to placebos w as quantitative w h en  sa­
ponification  and extraction w ere included. 
Results are presented in  Table 2. Based on  these 
results, extraction in clu d in g  saponification  w as 
chosen  for the preparation o f sam ples to be ana­
lyzed  by HPLC.

A good separation of v itam ins A and D in  
dosage form s w as obtained by usin g  reverse 
phase HPLC. Figures 1 and 2 illustrate the  
chrom atogram s o f o ily  so lu tion  and elixir, re­
spectively. V itam in concentrations in  the 4 
sim ulated commercial preparations assayed and 
their retention tim es are sh ow n  in  Table 3. The 
coefficients o f variation range from  1.6 to 2.5% 
for vitam in A, and 1.2 to 3.8% for v itam in  D. 
These results dem onstrate that the m ethod is 
adequate for quantitative and qualitative deter­
m ination o f vitam ins A and D in  o ily  so lutions, 
ointm ents, and elixirs.

The results for vitam in  D refer to the total 
content o f this vitam in in  the pharm aceutical 
preparations studied. U nder the experim ental 
chromatographic conditions tested, w e  could not 
separate vitam in D, previtam in D, and other 
isomers that could be formed during the process. 
For this reason, standards and sam ples w ere al­
w ays treated exactly the same.

For gelatin-coated vitam ins A and D in  cap­
sules, vitam in  D w as not separated from  in ter­
ferences of substances resu lting from  the h y ­
drolysis of gelatin . N everth eless, w e  could  
quantitatively analyze vitam in  A in  the same 
sam ple.

Received June 29,1981. Accepted N ovem ber 14,1981.

Placebos, sam ples, and standards w ere treated 
under the sam e conditions so w e could  observe  
in terference due to the com p onents o f the for­
m ulations ir. the chrom atogram s in  the regions  
corresponding to the vitam in peaks. Peaks that 
appeared w ere in  regions that did not interfere  
w ith  those c f  the vitam ins.

Recovery data for vitam ins added to placebos, 
p resented  in  Table 2, sh ow  the effic ien cy  o f ex­
traction w ith  saponification. Results o f the  
chrom atographic analysis indicate that this  
m ethod can be applied to various pharmaceutical 
preparations con ta in in g  vitam ins A  and D, al­
th ough  it cannot id en tify  the presence o f previ­
tam in D dr other v itam in  D isom ers.
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High Performance Liquid Chromatographic Determination of 
Vitamin D in Fortified Milks, Margarine, and Infant Formulas
JAMES N. THO M PSON , GEORGE HATINA, WILLIAM B. MAXWELL, and  
SUZANNE DUVAL
H e a l t h  a n d  W e l f a r e  C a n a d a ,  N u t r i t i o n  R e s e a r c h  L a b o r a to r i e s ,  F o o d  D i r e c t o r a t e ,  T u n n e y ' s  
P a s t u r e ,  O t t a w a ,  O n t a r i o ,  C a n a d a  K 1 A  0 L 2

F ortified  m ilk s  w ere sa p o n ifie d  o v e rn ig h t at room  
tem perature w ith  1% eth an o lic  p yrog a llo l and  K O H . 
T he d ig est w as extracted w ith  h exan e after a dd ing  
w ater and e th a n o l, and  th e extract w a s  w ash ed  co n ­
se c u t iv e ly  w ith  5% K O H , w ater , and  55% a qu eou s  
eth an o l to  rem ov e p olar lip id s . A fter  ev a p o ration , 
th e  resid ue w as first ch rom atograph ed  o n  a co lu m n  
o f 5 fim s ilica . A fraction  c o n ta in in g  v ita m in  D  w as  
co llec ted , evaporated , and rech rom atograp h ed  on  a 
reverse p h ase co lu m n  for the sep aration  and q u a n ti­
ta tion  o f v ita m in s  D 2 and D 3. R ecovery w as 96-99%  
and the co e ffic ien t o f variation  w as 3% (8  replicates). 
In fan t form u la  w as d ilu ted  and th en  sa p o n ifie d  and  
extracted as in  th e  a n a ly sis  o f m ilk . M argarine w as  
sa p o n ifie d  b y  sh a k in g  o v e rn ig h t w ith  1 % eth a n o lic  
p y r o g a llo l and 80% K O H . W ater and e th a n o l w ere  
added to  the d ig est b efore  extraction . Extracts from  
form u la  and m argarine w ere ch rom atograph ed  as 
m ilk  excep t, b efore  HPLC, th e extract w a s  d is so lv ed  
in  iso p r o p a n o l-h ex a n e  (1 +  99) and p assed  through  
5 cm alum ina in  a Pasteur p ip et, and the concentration  
o f isop rop a n o l in  th e  first h ig h  p erform ance liq u id  
chrom atographic (HPLC) so lv e n t system  w as halved  
to  im p rov e th e sep aration  o f v ita m in  D  from  o th er  
ab sorb in g  lip id s . U su a lly  severa l p eak s w ere o b ­
ta in ed  d u rin g  th e fin a l HPLC a n a ly sis , and  the  
id en tifica tio n  o f v ita m in s D 2 and D 3 w as le ss  certain  
than  in  the a n a ly sis  o f  m ilk . T h e c o e ffic ie n ts  o f  
varia tion  for form u la  and m argarine w ere 6 % (5 rep­
lica tes) and 9% (6  rep licates), resp ectiv e ly .

Of all the vitam ins added to food, probably none 
should arouse more concern or m erit more v ig i­
lance than vitam in D added to m ilk . It is at the 
same time the most beneficial of v itam in addi­
tions, preventing in fantile  rickets and adult os­
teomalacia, and potentially the most dangerous 
because of the possible toxicity of sm all ex­
cesses.

A lthough the determination of vitam in D has 
been attempted w ith  a variety of chromato­
graphic and colorimetric techniques ( 1, 2 ), 
methods suitable for routine use were developed 
only after the introduction of high performance 
liquid chromatography (H PLC ). This technique

Received Septem ber 21, 1981. Accepted D ecem ber 8,1981. 
This paper was presented in part at the 95th A nnual Meeting 

of the  AOAC, Oct. 19-22,1981, at W ashington, DC.

has been used to measure v itam in D  in  various 
fortified and unfortified materials including feed 
and food supplements (3-5), cod live r oil (6 ), fish 
products (7), commercial resins (8 ), and foods and 
feeds (9-11).

We earlier published a routine procedure for 
m ilk  in  w h ich  samples were saponified and the 
unsaponifiable lip id  was purified  in  a time- 
consuming cleanup chromatography on a lipo­
p h ilic  gel, h yd ro xya lko xyp ro p y l Sephadex 
(H A P S). A  portion of the eluate containing v i­
tamin D was then subjected to H P LC  on a silica 
column ( 12 ).

Henderson and W ickroski (13) later described 
a method in  w h ich  the unsaponifiable lip id  was 
chromatographed on a column of alumina before 
H P LC  in  a reverse phase system. More recently
(14), it has been claimed that the cleanup chro­
matography on alum ina can be omitted. H ow ­
ever, we have been unable to confirm  that v ita­
m in D can be measured d irectly in  unsaponifia­
ble lip ids from m ilk  by reverse phase H P LC .

Adachi and Kobayashi (15) used several steps, 
includ ing column chromatography, th in  layer 
chromatography, and H P L C , in  the measure­
ment of natural levels of v itam in D in  m ilk  but 
th is procedure is too complicated for routine 
analysis. Cohen and Wakeford (16) measured 
vitam in D relatively rapidly in nonfat dried m ilk 
by using H P L C  but their method was not app li­
cable to w hole or partia lly  skimmed m ilk .

We modified several steps in our orig inal 
procedure (12), and the H A PS  column has been 
eliminated. The method described below can be 
used routinely for the analysis of m ilk , and 
modifications are described for the analysis of 
other fortified foods such as margarine and in ­
fant formula.

M E T H O D

A p p a r a t u s  a n d  R e a g e n t s
(a ) L iq u id  c h r o m a to g r a p h .— Two isocratic sys­

tems includ ing 2 pumps (Model 6000A. Waters 
Associates Inc .), 2 loop injectors (LT6K , Waters 
Associates Inc.), 2 pen recorders, two 254 nm U V

0004-5756/82/6503-0624-08$01.00© Association of Official Analytical Chemists, Inc.
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detectors (Model 440, Waters Associates Inc.), and 
one calculating integrator (M inigrator, Spectra- 
Physics, Santa C lara, C A  95051). A lthough it is 
possible to perform the 2 H P L C  steps w ith  one 
H P L C  system, it is more convenient and less 
time-consuming to use 2  independent systems.

(b) S ilica  c o lu m n  fo r  H P L C .—Colum n 4.6 X  150 
mm of 5 m spherical silica (Supelcosil LC -S i; 
Supelco).

(c) R e v e r s e  p h a s e  c o lu m n  fo r  H P L C . —Colum n
4.6 X 250 mm of 10 pm spherical packing 
(Spherisorb 10 O DS; Spectra-Physics) or 8 mm 
C18, 5 pm Radial-Pak (Waters Associates Inc .).

(d) S o lv e n ts .—Reflux absolute alcohol 8 h w ith 
s ilve r nitrate (5 g /L ) and K O H  (10 g /L ) and dis­
t ill. Use glass-distilled hexane for extractions 
and H P L C  grade hexane, cyclohexane, acetoni­
trile , methanol, and isopropanol for chroma­
tography.

(e) A lu m in a . —Immerse 200 g neutral alum ina 
(AG7, Bio-Rad Laboratories) in hexane in mortar, 
add 10 m L water, and grind gently until uniform. 
Store deactivated alum ina under hexane in  a ir­
tight 500 m L screw-cap bottle. Test activ ity of 
alum ina and recovery of v itam in D as fo llow s: 
Add s lu rry  of alum ina in  hexane, using Pasteur 
cap illary pipet fitted w ith  rubber teat, to 3 Pas­
teur pipets (230 mm) clamped vertica lly  and 
plugged w ith  glass wool. Add suffic ient a lu­
m ina to produce a colum n ca 5 cm high. Pass 
through each column 5 m L 1% isopropanol in 
hexane and discard eluate. Add 1 m L standard 
solution of vitam in D  in  hexane (ca 40 IU  /m L; see 
below) to each column followed by 12 m L 1% 
isopropanol in  hexane and collect the eluates in 
15 m L centrifuge tubes. Place second set of tubes 
beneath columns and elute again w ith  12 m L 1%  
isopropanol in  hexane. Evaporate solvent in 
tubes under nitrogen, transfer w ith  hexane to 1 
m L Reactivials (Pierce Chem ical Co., Rockford, 
IL )  and redissolve in 1 m L (first set) or 0.1 m L 
(second set) hexane. Inject 80 p L  of each solu­
tion and the standard into H P L C  silica column 
(see below) and measure v itam in  D concentra­
tion. V itam in  should be recovered completely 
in  first eluates and should not be detectable in 
second. I f  vitam in D is detected in  second set of 
tubes, add more water to alum ina and repeat 
test.

(f) S o lv e n t  s y s te m s  f o r  H P L C .— For silica col­
umn: 0.5% (m ilk  analysis) or 0.25% (margarine 
and in fant form ula analysis) isopropanol in  cy­
clohexane-hexane (1 + 1). For reverse phase 
systems: m ethanol-acetonitrile (1 + 9) w ith
Spherisorb 10 ODS or methanol w ith  Waters 
Radial-Pak A .

(g) S ta n d a r d  s o lu t io n s  o f  v i t a m in s  D 2 a n d  
D 3. —Store crystalline vitam in D 2 and vitam in D 3 
at —10°C. Prepare solutions of each v itam in in  
methanol containing ca 10 pg v itam in  D /m L , 
read in  spectrophotometer at 265 nm , and cal­
culate exact concentration in  IU  from:

Concentration (IU /m L ) =
100 X absorbance/0.120 

D ilute 10-fold in  reverse phase solvent system to 
prepare solutions containing ca 40 IU /m L . 
Prepare also solution containing mixture of 40 IU  
v itam in  D 2 and 40 IU  v itam in  D 3/m L. Store at 
— 10°C. Before use, equilibrate flask >30 m in at 
room temperature. Store at — 10°C immediately 
after use. Prepare solutions of s im ilar concen­
tration in  hexane and in  isopropanol-cyclohex- 
ane-hexane to test alumina cleanup columns and 
to measure retention times on H P L C  silica 
colum n.

S a p o n i f i c a t i o n  a n d  E x t r a c t i o n  o f  M i l k
Place 15 m L m ilk  in  50 m L stoppered Erlen- 

meyer flask. Add 15 m L 1% ethanolic pyrogal- 
lo l, and cool the flask in  crushed ice. Add 6 g 
solid K O H  and qu ick ly  replace stopper. S w ir l 
until K O H  is completely dissolved, remove from 
ice-bath, and let stand 18 h in  darkness at room 
temperature. Transfer to 125 m L separatory 
funnel, using 15 m L water and 5 m L ethanol, 
followed by 45 m L hexane to rinse flask. Shake 
vigorously 1 m in and let separate. I f  necessary, 
add a few drops of ethanol to induce separation. 
Transfer hexane layer to 250 m L separatory 
funnel and re-extract residue tw ice w ith  45 m L 
hexane, shaking vigorously 1 m in as before. 
Add 20 m L water to pooled hexane extracts and 
drain off water. Shake hexane once w ith  100 m L 
5%c K O H , twice w ith  100 m L water, and once 
w ith  100 m L 55% ethanol. Evaporate in  500 m L 
boiling flask under reduced pressure at 50°C . 
Add 5 m L ethanol and re-evaporate to remove 
traces of water.

H P L C  o f  E x t r a c t s  f r o m  M i l k  o n  S i l i c a  
C o l u m n

Set pen recorder at fu ll scale deflection (FSD ) 
of approxim ately 0 .0 2  and, if  possible, monitor 
also at lower sensitiv ity as in  Figure 1. Integra­
tor is not required but timer is needed to measure 
elution times c f peaks. Degas solvent im m edi­
ately before use by placing flask in  sonic bath and 
applying 5-10 s bursts of suction from water as­
pirator. Degassing process may have to be re­
peated several times a day. Set pressure lim iter
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Figure 1. T yp ica l liq u id  chrom atogram  o f m ilk  
u n sa p o n ifia b le  lip id s  on  15 cm  S u p e lc o s il LC silica  
co lum n, recorded sim u ltan eou sly  at lo w  (A) and h igh  
(B) s e n s it iv ity . P o s itio n  o f e lu tio n  o f v ita m in  is  in ­
d icated  by D  in  (A), and portion  o f eluate co llec ted  is  
in d icated  b y  arrow s in  (B). P eaks Y and Z are char­
acteristic o f m ilk . Im properly  w ash ed  extracts y ie ld  
large peak  at X (see text). S o lv e n t system : 0.5% 
isop rop a n o l in  cy c lo h e x a n e-h e x a n e  (1 +  1). F low  
rate: 1 m l / m in .  O rd inate in d ica tes  absorbance at 

254 nm .

on pump to 1000 psi.1 Inject 80 p h  v itam in D 
standard solution (40 IU  v itam in D /m L in  sol­
vent system) and note time of elution of vitam in 
(identical for vitam ins D 2 and D 3; retention time 
of peak ca 10-12 m in). Transfer sample w ith  
hexane to 15 m L centrifuge tube and evaporate 
under nitrogen. Transfer to 1 m L Reactivial 
w ith  hexane and evaporate. D issolve in  100 p L  
solvent system and inject 80 p L ,  taking care not 
to lose solvent by evaporation. Identify peaks 
Y  and Z  (Figure 1), using FSD = 0.5 A U , and then 
increase sensitiv ity FSD  = 0.02 A U  and collect 
eluate containing vitam in D in 5 m L Reacti- 
v ia l.

In  routine analysis, increase flow  rate to 3 
m L/m in  after collection of v itam in D to accel­

1 Cyclohexane has been observed by o thers to freeze in 
HPLC equipm ent operating at high pressures, and pumps have 
been seriously damaged. Caution is therefore needed w hen  
experim enting w ith this solvent. This problem  has not been 
encountered  in the present m ethod in w hich the operating 
pressures w ith  the  Supelcosil colum n are below 500 psi.

Figure 2. L iq u id  chrom atogram  o f standards o f v i ­
tam in  D 2 and  D 3 on  5 pm R ad ial-P ak  co lu m n . R e­
te n tio n  tim es  m arked in  seco n d s. S o lv e n t system : 
m eth an o l. F low  rate: 1 m L /m in . O rd inate in d i­

cates absorbance at 254 nm .

erate elution of remaining peaks. A. sample can 
then be applied every 15 m in.

Column may be washed at w eekly intervals or 
after analysis of 50 samples w ith  20 m L chloro­
form -m ethanol (2  + 1).

R e v e r s e  P h a s e  C h r o m a t o g r a p h y
Connect detector to integrator and set pen at 

FSD  = 0.01 A U . Inject 60 p h  standards (40 IU  
v itam in D /m L in  solvent system) and measure 
areas under peaks. Repeat until consistent va l­
ues are obtained. V itam in D 2 should separate 
from vitam in D 3. Radial-Pak column is recom­
mended (Figure 2) because of the complete sep­
aration, but satisfactory results can be obtained 
w ith  other columns (Figure 3). Evaporate el- 
uates from silica column under nitrogen, dissolve 
in  80 p L  solvent system, and inject 60 p L .  
Identify  form of vitam in D from retention time 
and measure areas under peak (Figure 3).

S a p o n i f i c a t i o n  a n d  E x t r a c t i o n  o f  I n f a n t  
F o r m u l a

M ix or dilute formula w ith  water to give final 
concentration of 300-400 IU  vitam in D /L . Pipet 
10 m L diluted form ula and 5 m L water into 50 
m L flask for saponification and extraction as 
described for m ilk .

S a p o n i f i c a t i o n  a n d  E x t r a c t i o n  o f  M a r g a r i n e
M elt and m ix ca 50 g margarine in  beaker at 

40°C . D issolve 5.0 g in  100 m L hexane and 
evaporate 5 m L aliquot in 50 m L stcppered flask.
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Figure 3. (A) R everse p h ase  liq u id  chrom atogram
o f fraction  from  m ilk , co llec ted  as in  F igure 1, on  25 
cm  Sp herisorb  O D S co lu m n  com pared  w ith  (B) 
standards o f v ita m in s  D 2 and  D 3. R eten tio n  tim es  
m arked  in  seco n d s. M ilk  co n ta in ed  24 IU  v ita m in  
D 3 /IOO m l  according  to  area u n der peak  at 965 s. 
S o lven t system : m eth an o l-aceton itr ile  (1 +  9). F low  
rate: lm L /m i n .  O rd inate in d ica tes  absorbance at 

254 nm .

Add 15 m L 1% ethanolic pyrogallol and 2 m L 
aqueous K O H  (1 + 1, w /v ) . Shake overnight at 
room temperature. Add 29 m L water and 5 m L 
ethanol, and extract as described for m .lk .

C l e a n u p  o f  E x t r a c t s  f r o m  I n f a n t  F o r m u l a  a n d  
M a r g a r i n e  o n  A l u m i n a

Prepare 5 cm columns of alum ina in  Pasteur 
pipets and wash w ith  5 m L 1% isopropanol in 
hexane as described above (see A lum ina). D is­
solve unsaponifiable lip id s from sample (after 
evaporation in  500 m L boiling flask) in  2 m L 
isopropanol-hexane and transfer w ith  Pasteur 
pipet to alum ina colum n, collecting eluate in  15 
m L centrifuge tube. R inse flask w ith  another 2 
m L isopropanol-hexane and transfer rinse to 
colum n. Repeat this process w ith  4 more por­
tions (each 2 m L) of isopropanol-hexane and 
collect entire 12 m L as it passes from column.

H P L C  o f  E x t r a c t s  f r o m  I n f a n t  F o r m u l a  a n d  
M a r g a r i n e

Evaporate eluate from alumina column under 
nitrogen and fo llow  procedures for H P L C  of

Time (min)

F igure 4. L iq u id  chrom atogram  o n  s ilica  o f u n sa ­
p o n ifia b le  lip id s  from  m argarine a fter clean u p  on  
co lu m n  o f alum ina. C on d itio n s as in  Figure 1 except 
0.25% isop rop a n o l u sed  in  so lv e n t  sy stem . P ortion  
o f e lu a te  co llec ted  is  in d ica ted  b y  arrow s. O rd inate  

in d ica tes  absorbance at 254 nm .

extracts from m ilk , but use 0.25% isopropanol in  
cyclohexane-hexane (1 + 1) as solvent system on 
silica column. V itam in D should be eluted after 
17-19 m in (Figures 4 and 5). A fter collection of 
v itam in  D , increase flow  rate to 3 m L/m in  to 
speed elution of later peaks. A  sample can thus 
be applied every 40 m in.

C a l c u l a t i o n  o f  R e s u l t s
Concentration of each v itam in  in  m ilk , C , is 

g iven by:
C(IU /100 m L) = (P A I P A ') X  C X  0.08 X 

(100/80) X (100/15) = ( P A I P A ' )  X  C X  0.667

F igure 5. R everse p h ase liq u id  chrom atogram  o f  
fraction  from  m argarine, co llec ted  as in  F igure 4, on  
R adial-P ak  co lu m n . C o n d it io n s  as in  F igure 2. 
M argarine co n ta in ed  629 IU v ita m in  D 2 /IOO g. O r­

d in ate in d ica tes  absorbance at 254 nm .
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where P A  =  area beneath peak for sample; P A '  
=  area beneath peak for standard; C = concen­
tration of standard (IU /m L).

Concentration in  form ula and margarine is:
C (IU /g  or m L) = (P A / P A ' )  X  C X  0.08 X 

(100/80) X  (1/W ) = ( P A / P A ' )  X ( C / W )  X  (1/10) 
where W = the weight or volum e of the sample 
placed in  the saponification flask.

Results and Discussion
The present methods for fortified m ilk , mar­

garine, and form ula were developed in  stages 
over a period of several years from one described 
previously for m ilk , w h ich  o rig ina lly  invo lved 
saponification, chromatography on H A P S , and 
H P L C  on silica (12).

In  the new  method, v itam in  D  was measured 
in  m ilk  in  4 steps: saponification, extraction, 
H P L C  on a column of silica , and H P L C  in  a re­
verse phase system. A  cleanup step w ith  a small 
alum ina column was introduced and m inor 
changes were made in  the H P L C  systems for the 
analysis of margarine and formula.

The saponification step was retained from the 
previous method because it proved to be an ef­
ficient w ay to remove a large amount of lip id . 
Another advantage of saponification was that it 
sim plified the extraction of m ilk and formula by 
so lubiliz ing their constituents and releasing the 
added vitam in from any protective matrix. The 
alternative, extraction of lip id  w ithout saponi­
fication, was rejected not only because it yielded 
bu lky extracts requiring unreasonably large 
chromatography columns for analysis, but also 
because w ith  m ilk  and form ula it was at least 
equally laborious.

The vitam ins are therm ally isomerized to 
previtam ins (17) and this interconversion must 
be considered in  the design of the saponification 
step, especially w hen it includes refluxing  in  
aqueous alcohol. The previtam ins are w e ll 
separated from the v itam ins in  many straight 
phase and reverse phase chromatography sys­
tems (18) and thus in  most methods of analysis 
for v itam in D they are not recovered for direct 
measurement. Some w orkers have overlooked 
this source of error w hen measuring v itam in  D 
in  foods whereas others have obtained correction 
factors by passing standards through their pro­
cedures (6 ,7 )  or by analyzing heated solutions of 
the v itam in  (10). In  the present method, as in  
our previous procedure ( 12 ), many of the prob­
lems associated w ith  isomerization were avoided 
by perform ing the saponification at room tem­
perature. Th is  technique was more convenient 
than the usual hot saponification because it re­

quired less equipment, and the overnight delay 
was of no consequence in  routine analysis. 
Ethanol was recommended in  preference to other 
alcohols in  spite of the fact that its purchase is 
sometimes subject to restrictions. Metnanol is 
more read ily available in  many laboratories but 
it was discovered that soaps tended to precipitate 
from it during saponification. W hen propanol 
or higher alcohols were used, the saponification 
m ixture often separated into 2  phases.

The extraction step was greatly im proved in  
the new method by substituting hexane for ethyl 
ether. Ether is hazardous because of its vo la til­
ity , flam m ability, and tendency to form perox­
ides. The requirement that it be freshly distilled 
adds to the risks and inconvenience in  its use. In  
the development of the present method, a pro­
cedure was devised for the extraction of vitam in 
D from the saponification digest w i:h  re lative ly 
sm all volumes of hexane. Hexane is a conve­
n ient solvent w h ich  is not dangerously volatile  
at room temperature. It can be evaporated in  a 
reasonable time at temperatures below 50°C 
under reduced pressure and thus its use does not 
lead to significant isomerization of v itam in  D.

The proportions of ethanol, water, and hexane 
in  the extraction steps were carefu lly chosen to 
avoid the formation of emulsions and the ex­
traction of lip ids more polar than v itam in  D . 
Considering the solvents alone, addition of the 
quantities used in  each step reveals that 45 m L 
hexane were shaken w ith  approxim ately 30 m L 
water and 20 m L ethanol (i.e., 40% ethanol) in the 
first extraction. Tests w ith  standards revealed 
that in s ig n if ica n t amounts of v itam in  D 3 
(cholecalciferol) were extracted from hexane by 
aqueous ethanol w hen the ratio of ethanol to 
water was less than 6:4 (see below).

In  tests of the completeness of extraction of 
lip ids after saponification, it was discovered that 
prolonged vigorous shaking was as efficient as 
several short extraction steps; in  the present 
method 3 extractions of specified duration were 
therefore substituted for the 5 or more used 
previously.

A fter washing w ith  water, the extract was 
shaken w ith  aqueous K O H  solution to remove 
traces of polar constituents w h ich  probably in ­
cluded soaps (19). Before th is step was intro­
duced, it was not possible to chromatograph even 
the extracts from m ilk  on sm all H P L C  columns 
w ithout some form of p re lim inary purification , 
such as filtration  through a disposable column 
of alum ina prepared in  a Pasteur pipet. O ther­
w ise , a large ta iling  peak was observed during 
H P L C  on silica at the position marked X  in  Fig-
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Figure 6. P artition  o f v ita m in  D 3 (ch o leca lc ifero l) , 
retino l, and 25-hydroxycholeca lcifero l b etw een  equal 
v o lu m e s  o f h exan e and a q u eou s e th a n o ls  o f  v ar ious  
s tren gth s. O rd in ate  in d ica tes  p ercentage o f  each  
v ita m in  recovered  in  th e hexane layer after v igorou s  

sh a k in g .

ure 1, and the performance of the column dete­
riorated rap id ly .

The wash w ith  55% ethanol had a less dra­
matic, and in  fact barely v is ib le , effect on the 
subsequent H P L C  but it was included to remove 
polar m aterial w h ich  could be present in  the 
samples or reagents. The design of th is step was 
based on a study of the partition of v itam in D 
between hexane and aqueous alcohols. In  a se­
ries of experiments, hexane solutions of vitam in 
D  (3 m L) were shaken w ith  equal volum es of 
aqueous ethanols (20-85%) and then separated 
by centrifugation. The recovery of vitam in D in 
the hexane layer was measured by injecting a li­
quots (50 p L ) into an H P L C  system (silica col­
um n). The results indicated that little  v itam in 
D (cholecalciferol) was extracted from the hexane 
layer when the strength of the alcohol was below 
60% (Figure 6 ). More polar lip id s, however, 
were removed by 50% ethanol. The behavior of 
d ihydroxy compounds, for example, was in d i­
cated by sim ilar tests w ith  25-hydroxycholecal- 
ciferol (Figure 6 ).

The washed extract from m ilk  was then evap­
orated rap id ly at 50°C (conditions in  w h ich  
therm al isom erization to previtam in is neg lig i­
ble) and subjected to H P L C  first on silica column 
and second in  a reverse phase system, w h ich  to­
gether provided a degree of separation rem in is­
cent of " 2-dim ensional" paper or th in  layer

chromatography. The extract was poorly soluble 
in  methanol but more readily soluble in  hexane, 
w hich  is one reason w hy the silica column, rather 
than the reverse phase colum n, was used first. 
The extract was actually dissolved in  the solvent 
system (isopropanol, hexane, cyclohexane) rather 
than hexane before chromatography, not merely 
because th is is accepted practice in  chromatog­
raphy, but because the isopropanol and cyclo­
hexane sign ificantly im proved the so lub ility  of 
the sample w hich was at this stage m ainly sterols. 
Cyclohexane was included in  the solvent system 
on ly for this reason, that is , to im prove the sol­
ubility of the sample; it had no other effect of any 
consequence on the chromatography other than 
that it increased the back-pressure because of its 
re lative ly h igh viscosity and it caused a sm all 
change in  retention times because of its po­
la r ity .1

Vitam in  D was separated from the bu lk of the 
unsaponifiable lip ids from m ilk  on the silica 
column and was detectable, but not measurable, 
in a recording of the absorption at 254 nm. Thus 
a peak or shoulder was observed at the retention 
time of v itam in D in  a "va lle y "  between large 
peaks eluted at the beginning of the chroma­
tography, and those of vitam in A  and its isomers 
eluted later (Figure 1). It can be calculated that 
there is sufficient vitam in D in properly fortified 
m ilk  to account for a substantial part of the ma­
terial observée at this retention time, but it is not 
possible to obtain accurate measurements of the 
level of the v itam in w ithout fu rther chroma­
tography. Th is  is emphasized because often a 
sharp peak was observed during chromatogra­
phy and there was a strong temptation to assume 
that it tru ly  represented the v itam in  D content; 
actually the appearance proved to be deceptive, 
and significant and variable amounts of other 
absorbing substances were always present. The 
chromatograpny was performed on other mod­
ern efficient columns in  addition to Supelcosil, 
but sm all changes in  the concentration of iso­
propanol in  the solvent system were necessary. 
Colum ns w h ich  have been used successfully 
include LiChrosorb S i 60, 5 pm , and Waters Ra- 
dial-Pak B.

It was important in  th is step to collect the v i­
tamin D fraction at precisely the correct time but 
this was a straightforward procedure w hen the 
pump was functioning properly. H ow ever, 
w hen the flow  rate was erratic, because of leaks 
or m alfunctioning pistons, collection of the v i­
tamin D fraction was d ifficu lt. It was therefore 
important to keep the equipment in  good con­
dition and to degas the solvents to avoid cavita-
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Table 1. Determination of vitamins D2 and D3 (IU/100 mL or IU/100 g) in infant formulas

Sample3
Label
claim Result

Percent 
label claim

Form 
of vitamin

1M 328 461 140 d2
2M 288 403 140 d2
3M 86 121 141 d2
4M 43 64 149 d2
5S 84 94 112 d2
6M 304 330 108 D;
7M 304 337 111 Ds
8M 40 41 102 d3
9M 80 86 108 d3

10S 80 67 84 d3
11M 40 40 100 d3
12S 40 32 80 d3
13M 80 76 95 d3
14M 330 449 136 d3

a M indicates milk base, S indicates soy base. Each sample analyzed once.

tion in  the pumps. U sua lly  m ilk  samples gave 
s im ilar elution patterns and, w ith  a little  expe­
rience, the position of vitam in D was recogniz­
able even w hen, for one reason or another, the 
duration of the chromatography changed. The 
substances responsible for peaks Y  and Z  have 
not been identified but they were characteristic 
of m ilk , and their retention times and those of 
sm aller peaks could be used to monitor the re­
producib ility of the chromatography.

The eluted vitam in D was evaporated under 
nitrogen, again taking care to avoid unnecessary 
heating, and then a portion was rechromato­
graphed on a reverse phase column. This system 
separated the v itam in D from rem aining traces 
of absorbing substances and also separated vita­
min D 2 from vitam in D 3. Again, several modern 
columns have been used successfully for this 
step. The most efficient separation of the 2 v i­
tamins was achieved w ith  a 5 qm Waters Ra- 
dial-Pak A  column eluted w ith  methanol, a sys­
tem recommended to us by the Applications 
Laboratory of Waters Scientific Ltd.

The analysis of fortified m ilk  was straightfor­
ward. W ell separated peaks were obtained in  
the reverse phase system and the identification 
and measurement of the v itam in presented few 
problems. Reproducib ility was good and in  a 
test, a coefficient of variation of 3% was obtained 
in  the analysis of 8 replicate samples. Recovery 
of v itam in D added to samples of unfortified 
m ilk  just before saponification was 96-99%.

The analysis of infant formula and margarine 
was more demanding than that of m ilk  and a 
cleanup column of alum ina was used before 
H P LC . Improved separation of vitam in D from 
interfering substances was also achieved on the

H P LC  silica column by weakening the polarity 
of the solvent system at the cost of increased time 
of analysis. Because formula and margarines can 
contain a w ide variety of ingredients, the H P LC  
recordings varied from one sample to another. 
Sometimes many peaks were observed in  the 
fina l reverse phase chromatography and the 
identification of vitam ins D 2 and D 3 was less 
certain than in  the analysis of m ilk . These 
problems were attributable in  large part to sub­
stances chromographing w ith  retention times 
sim ilar to those of vitam ins D 2 and D 3 on the 
silica colum n, w h ich  were encountered in  corn 
o il, soybean o il, and other vegetable oils.

Sm all peaks runn ing  close to v itam in  D also 
had an adverse effect on quantitative measure­
ments, especially those based on areas. Results 
were therefore usually calculated from peak 
heights as w e ll as from areas and w hen a large 
discrepancy (i.e ., ratio >1.3) was observed be­
tween the 2  values, the analysis was considered 
to be inva lid  and it was repeated.

Although the results were routinely calculated 
from areas, in  the analysis of m argarine, peak 
heights sometimes appeared to be more consis­
tent. The coefficients of variation for the anal­
ysis of form ula and margarine were 6% (5 rep li­
cates) and 9% (6 replicates), respectively, based 
on areas and 9 and 5%, respectively, based on 
peak heights.

The results of the analysis of various samples 
of form ula and margarine are listed in  Tables 1 
and 2. M argarines contained only v itam in  D 2. 
V itam in D 2 and vitam in D 3 were encountered in 
formula.

As discussed previously (12), the currently 
accepted definition of the International U nit (IU )
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Table 2. Determination of vitamin D2 (IU/100 g) in margarines

Sample3 Type6
Label
claim Result

Percent 
label claim

IS S 660 680 103
2S S 660 807 122
3H S 550 714 130
4S C 660 659 100
5H C 660 618 94
6H C 550 479 87
7S F 550 606 110
8S V 660 831 133
9S V 660 625 95

10H V 550 332 69
11H V 550 629 114
12H V + M  + A 550 415 75

3 S indicates soft margarine, H indicates hard margarine. Each sample analyzed once. 
b Coded: S— soybean; C— corn; F— sunflower; V— mixed vegetables; M— marine; A— animal.

as 0.025 pg vitam in D 2 or 0.025 pg v itam in  D 3 
does not take into account the difference be­
tween the v itam ins in  m olecular w eight and it 
complicates the calculation of the results of 
analyses. A  more logical defin ition , first sug­
gested by Norman (20), is 65 pmoles (i.e ., 0.0250 
pg vitam in D 3 or 0.0258 pg vitam in D 2). I f  it is 
also accepted that the molecular extinction 
coefficients of both vitam ins are 18 300 in  etha­
nol (2 1 ), it can be calculated that the absorbance 
of a solution containing 100 IU /m L  is 0.119 (i.e., 
100 X 65 X H T 12 X  18 300 X 103). Th is  rela­
tionship is useful in  H P L C  analysis because it 
sim p lifies the spectrophotometric assay of stan­
dard solutions. M oreover, as the areas under 
peaks are proportional to absorbance, it fo llows 
that s im ilar factors can be used for both v itam in 
D 2 and vitam in D 3 w hen the results are calcu­
lated in  IU .
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D R U G  R E S ID U E S  IN A N IM A L  T IS S U E S

Screening Test for Sulfamethazine and Sulfathiazole in Swine Liver
OWEN W. PARKS
U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research 
Center, Philadelphia, PA 19118
A screen in g  m eth od  is  d escrib ed  for es tim a tio n  o f  
su lfa m e th a z in e  and su lfa th ia zo le  resid u es in  sw in e  
liv e rs . T issu es  are h o m o g en iz ed  w ith  C H C b -e th y l 
acetate (1 +  1). T h e drugs are extracted from  the or­
g a n ic  so lv e n t  w ith  pH  10 carbonate b u ffer  and  
b ack -ex tracted  in to  d ich lorom eth a n e , as an io n -p a ir  
w ith  te trab u ty la m m on iu m  h yd rox id e, w ith o u t pH  
adju stm en t. F o llo w in g  evap oration  o f th e  so lv e n t , 
th e residue is d isso lv ed  in  m ethanol, subjected to th in  
la y er  ch rom atograph y , and d etected  b y  th e B ratton- 
M arshall reaction. R ecoveries o f su lfam ethazine and  
s u lfa th ia z o le , d eterm in ed  by h ig h  pressure liq u id  
ch rom a to gra p h y , w ere 50.8 and 42%, re sp e ctiv e ly , 
w ith  c o e ffic ie n ts  o f var ia tion  o f 4.2 and 4.7%.

Su lfa drugs are w id e ly  used in  anim al produc­
tion. In  sw ine , sulfamethazine and, to a lesser 
degree, sulfathiazole, are the drugs of choice. 
A lthough federal regulations require anim al 
w ithdraw al from drug use long enough to lim it 
residues in  sw ine live rs to 0.1 ppm, the Food 
Safety and Inspection Service (FS IS ), U .S . De­
partment of Agricu ltu re , reported (1) that 4.2% 
of the live rs examined in 1980 were in vio lation 
of the tolerance level. The vio lation rate, a l­
though unacceptable, represents a significant 
decrease compared w ith  the 15% rate determined 
in  1978 (2).

FSIS and the Food and Drug Adm inistration 
have relied p rim arily  on a m odification of the 
T ish le r et al. procedure (3) to detect and quanti­
tate sulfa drug residues in  sw ine live rs . The 
lim itations of this procedure w ith  regard to time 
for analyses (5-7 sam ples/analyst/day) and re­
liab ility  of results are w e ll established (4). The 
economic advantage of a more rapid and reliable 
screening procedure, especially in  v iew  of the 
decrease in-violations in  the past 2  years, is ev i­
dent.

To be totally effective, a laboratory screening 
procedure must be re lative ly  rapid, capable of

Received September 9, 1981. Accepted November 6, 1981.
Reference to brand or firm name does not constitute en­

dorsem ent by the U.S. Department of Agriculture over others of a similar nature not mentioned.

detecting drug residues at the violative level, free 
of false positive results, and must tentatively 
identify  the contaminating drug and demon­
strate reproducible results over a w ide range of 
concentrations. The screening methods cur­
ren tly  proposed for detecting sulfa drugs in 
sw ine tissues fa il to meet one or more of these 
criteria. The procedure for detecting sulfa­
m ethazine and sulfathiazole in  sw ine live rs 
presented here was designed specifically to meet 
these requirements.

M E T H O D

R e a g e n t s
(a) S o lv e n t s .— Eth y l acetate and d ich lo ro­

methane (DCM ) (Distilled-in-Glass®, Burdick and 
Jackson Laboratories, Inc., Muskegon, M I 49442); 
CHCI3, "Baker A nalyzed" reagent (J. T . Baker 
Chem ical Co., Ph illipsburg , NJ 08665).

(b) T e tr a b u ty la m m o n iu m  h y d r o x id e  {T B A H ). 
—A ld rich  Chem ical Co., Inc ., M ilwaukee, W I 
53233. 40% aqueous solution.

(c) N - l ~ ( N a p h t h y l ) e t h y l e n e d i a m i n e  ( N E D A )  
d ih y d r o c h lo r id e .—Sigma Chem ical Co., St. Lou is, 
M O 63178. 0.4% methanol solution.

(d) 0 .1 M  C a rb o n a te  b u f f e r .—pH 10. Prepare 
from 0.1M solutions of sodium carbonate and 
sodium bicarbonate.

(e) S u l fa m e th a z in e .—American Cyanamid Co., 
Princeton, NJ 08540.(f) S u l fa th ia z o le .—Sigma Chem ical Co.

A p p a r a t u s
(a) T issu e  g r in d e r .— Brinkm ann Polytron®ho- 

mogenizer (B rinkm ann Instrum ents Inc ., West- 
bury , N Y  11590).

(b) C e n tr i fu g e s .—International c lin ica l cen­
trifuge-rotor No. 273 (International Equipment 
Co ., Needham Heights, M A 02194); Sorvall su­
perspeed centrifuge-type SS-1 rotor (Ivan  Sor­
v a ll, In c ., N orw alk , CT).

(c) H ig h  p re ssu re  liq u id  c h ro m a to g ra p h ic  (H P L C )  
s y s te m .—  Laboratory Data Control (R iviera Beach, 
F L  33404) Constametric pump controlled by 
gradient master programmer and connected to
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Schoeffel Model SF770 Spectroflow monitor 
operated at 254 nm. Rheodyne 7120 sampling 
valve . Colum n, 30 cm X 4 mm id qBondapak 
Cis- Mobile phase, water-methanol-acetic acid 
(80 + 20 + 0.5) w ith  0.1% TBAH . Samples eluted 
isocratica lly at flow  rate of 1 m L/m in .

(d) V o r te x  s tir re r . —Super m ixer (Lab-Line In ­
strum ents, In c ., Melrose Park, IL  60160).

(e) T h in  la y e r  c h r o m a to g r a p h ic  (T L C ) s y s t e m .—
2.5 X 10 cm glass plate w ith  250 p m  layer of silica 
gel G (Analtech , N ew ark, DE 19711). Devel­
oping solvent, ethyl acetate-methanol (4 + 1).

P r o c e d u r e
Weigh 2.5 g ground frozen liver (5) into 50' mL 

polypropylene centrifuge tube. Let live r  par­
tia lly  thaw. Add 16 m L cooled (4 .4-10°C) 
C H C h -e th y l acetate (1 + 1) and blend 30 s w ith  
Polytron homogenizer at low speed. Centrifuge
2 m in at 3000 rpm. Remove solvent w ith  dis­
posable Pasteur pipet and filte r through small 
p lug of glass wool packed in  disposable super 
Pasteur pipet, collecting filtrate (ca 12.5 m L) in  
15 m L screw-cap centrifuge tube. Add 2 m L pH 
10 buffer and shake carefu lly in  rocking motion 
for 2 m in. Centrifuge 2 m in at 2500 rpm. 
C are fu lly  transfer aqueous phase to a second 15 
m L screw-cap centrifuge tube w ith aid of Pasteur 
pipet. Add 30 p L  TBA H  solution and vortex-mix 
15 s. Add 13 m L D CM  and shake vigorously 3 
m in. Centrifuge 2 m in at 2500 rpm. Carefu lly 
pour contents of centrifuge tube into 60 m L 
separatory funnel containing 2 m L D CM  in 
m anner to prevent m ixing of phases. Let stand 
1 m in. S lo w ly  draw off DCM  phase into 23 m L 
screw-cap specimen v ia l. Evaporate solvent in
9 m L screw-cap specimen v ia l at 53°C under 
stream of nitrogen, transferring entire solution 
w ith  disposable Pasteur pipet.

Dissolve residue in  0.2 m L methanol and spot
10 p L  in  1 .0- 1 .5 p h  increments, drying spot w ith  
aid of stream of nitrogen between applications. 
M aintain diameter of spot at <4 mm. Develop 
plates 0.5 cm from orig in . D ry  plates in  60°C 
forced air oven and redevelop plates to height of
3 cm from orig in . D ry  plates in forced air oven 
before spraying w ith  v isua liz ing  reagents.

M o d i f i e d  B r a t t o n - M a r s h a l l  ( B M )  C o l o r  
D e v e l o p m e n t  ( 6 )

Expose plates for 5 s to nitrous acid vapors 
generated by addition of sodium n itrite  to 8 % 
aqueous phosphoric acid (use hood). A llo w  10 
s for excess nitrous acid to dissipate. Spray w ith  
N ED A  reagent to produce p ink spots.

R e c o v e r y  S t u d i e s
Absolute drug recoveries by the screening 

procedure were determined by H P L C  of live r 
extracts. Drug-free live r samples were spiked 
by injection into tissue w ith  sulfamethazine and 
sulfathiazole at 0.10, 0.20, 0.44, and 0.60 ppm 
before analysis. In  addition, extracts of drug- 
free live rs were spiked w ith  the various con­
centrations of the drugs to prepare standard 
curves. Drug-free live r extracts served as a 
control for both. Residues of live r extracts were 
dissolved in  0.08 m L m ethanol, and 0.32 m L 
water-acetic ac id -TBA H  (80 + 0.5 + 0.1) was 
added. M ixture was vortexed 30 s, fo llowed by 
centrifugation for 1 m in at 2500 rpm. T h irty  
m icroliter samples were injected onto the H P LC  
column. Recoveries were determined on the 
basis of peak heights. Retention times were 10.5 
m in for sulfam ethazine, and 7.0 m in for su l­
fathiazole.

Resu lts and D iscussion
The method described has been successfully 

applied to sw ine live rs spiked w ith  sulfametha­
zine and sulfathiazole, as w e ll as live rs contain­
ing natura lly incurred sulfam ethazine at or 
above the vio lative leve l. The use of ethyl ace­
tate-methanol (4 + 1) as the T L C  developing 
solvent, together w ith  restricting the diameter 
of sample spot applied at the origin to 4 mm and 
solvent m igration to 3 cm, results in  compact 
bands (sulfam ethazine, Rf 0.9; sulfathiazole, Rf 
0.8) on the T L C  plates. A s a result, this enables 
the detection of 0 .0 2  ppm of the drugs in  live r.

The use of the pH  10 carbonate buffer for ex­
tracting the sulfa drugs from an organic solvent, 
rather than the use of an acid solution as in  most 
proposed methods, serves 2  important purposes. 
First, it lim its potentially interfering BM-positive 
aromatic amines (e.g., procaine) to amphoteric 
compounds. Second, and more important, by 
the technique of ion-pairing w ith  T B A H  (7), the 
sulfa drugs are back-extracted into an organic 
solvent w ithout the need for pH adjustment of 
the aqueous solution.

Analyses of approximately 25 live rs consis­
tently resulted in  the detection of an unknow n 
BM-positive compound in  varying  concentra­
tions. The unknow n (Rf 0.6), characterized by 
its slow color development relative to su lfa­
methazine and sulfathiazole, does not, however, 
interfere w ith  determ ining the presence or ab­
sence of the drugs. The identification of the 
unknow n is currently under investigation.

The absolute percent recoveries of sulfa-
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Table 1. Recovery of sulfathiazole and sulfamethazine 
added to swine liver

Added, ppm

Recovery, a %

Sulfathiazole Sulfamethazine

0.1 44.0 50.50.1 45.8 50.80.1 40.5 50.10.1 40.9 46.5

0.2 41.0 47.7
0.2 43.2 49.7
0.2 39.6 53.8
0.2 44.4 55.1

0.44 40.7 52.1
0.44 38.5 50.1
0.44 41.3 51.2
0.44 42.9 48.9

0.6 42.6 54.1
0.6 39.6 51.0
0.6 43.7 50.8
0.6 43.1 50.8

a HPLC recovery, based on actual quantity of drug recov­
ered relative to quantity of drug added.

methazine and sulfathiazole, as determ ined by 
H P LC , from 16 sw ine live r samples spiked w ith  
concentrations ranging from 0.1 to 0.6  ppm are 
presented in  Table 1. The mean recoveries were
50.8 and 42.0%, respectively, w ith  coefficients of 
variation of 4.2 and 4.7%. Because relative ly 
consistent recoveries were obtained over a range 
of sulfa drug concentrations, an internal standard 
is not considered necessary in  the procedure.

Furtherm ore, the approximate concentration of 
the contaminating drug can be determined by 
comparing the color intensities of positive sam­
ples w ith  that of appropriate drug standards. 
Analysts, therefore, can determine those positive 
samples which merit more lengthy and elaborate 
quantitation and confirmation studies.

In  the method outlined, h igher absolute re­
coveries of the sulfa drugs were sacrificed to 
m inim ize the time of analysis. In  this respect, 
an ind ividual analyst who performs 4 concurrent 
analyses can complete 20  samples in  an 8-h pe­
riod.
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Radioimmunoassay of Oxfendazole in Sheep Fat
CLINTON NERENBERG, IRENE TSINA, and SHAIKH MATIN
Syntex Research, Institute of Pharmacology and Metabolism, Department of Analytical and 
Metabolic Chemistry, Palo Alto, CA 94304
O x fen d a zo le  (m e th y l 5 -(p h e n y lsu lfin y l)-2 -b e n z im -  
idazo le-carbam ate) is  a broad spectrum  a n th elm in tic  
agent designed  for use in  food-producing  anim als. A 
s im p le  rad io im m u n oa ssay  (RIA) for d eterm in ation  
o f  o x fen d a z o le  in  p lasm a w as m o d ifie d  for d eter­
m in in g  o x fen d a z o le  in  sh eep  fat. Fat t issu e  w as e n ­
z y m a tic a lly  h y d r o ly z ed  to  an o ily  resid u e w ith  co l-  
la g en a se-h y a lu ro n id a se , and  o x fen d a z o le  w as then  
extracted in to  an acid ified  aqueous phase. A n aliquot 
o f  th is  p h ase  w as u sed  d irectly  for RIA B ound ra­
d io a c tiv ity  w a s  separated  from  free b y  u s in g  p o ly ­
e th y le n e  g ly c o l-b o v in e  gam m a g lo b u lin  because o ils  
and o th er co m p o n en ts  in  th e a qu eou s a liq u ot p re­
c lu d e  th e u se  o f charcoal for the sep aration . T he 
lo w e r  lim it  o f s e n s it iv ity  o f th e assay is  0.003 ppm . 
A ccuracy exp er im en ts  carried out in  th e  range
0 .0 1 -0 .5  ppm  g av e a regression  lin e  o f y  (n g /g )  =
0 .91x  (n g /g )  +  2.89, w ith  r  =  0.99. Fat tissu e derived  
from  sh e ep  g iv e n  an oral d ose  o f 6.0 m g /k g  w as ana­
ly z e d  b y  th is  m eth od  and b y  a h ig h  p ressure liq u id  
ch rom atograp h ic  (HPLC) m eth od . V a lu es  obta ined  
b y  th e 2 m eth o d s  agreed  w e ll.

O xfendazo le  (m ethyl 5-(pheny lsu lfiny l)-2- 
benzimidazole-carbamate), a new anthelm intic 
agent, is active against a broad spectrum of gas­
trointestinal nematodes, lungworm s, and tape­
worm s found in  cattle, sheep, and pigs (1). To 
be able to adm inister this drug to anim als that 
provide edible tissues for man, it is important to 
determ ine tissue residue levels w ith  respect to 
tim e so that a w ithho ld ing  period can be estab­
lished before human consumption of the tissue 
can safely begin. One of the edible tissues is fat 
and, to determine oxfendazole in  this tissue, an 
analytica l method was required w ith  sufficient 
sensitiv ity  and u tility  to perm it the analysis of a 
large number of samples in  a re lative ly  simple 
m anner. We modified a sim ple radioimm uno­
assay (R IA ) for determ ining oxfendazole in  
plasma (2 ) and used it to determine residues in 
fat tissue. Th is assay was validated by a high 
pressure liquid chromatographic (H PLC ) method 
(3). The R IA  method has sufficient sensitivity 
to provide data on residue depletion of ox­
fendazole in  fat tissue.

Received July 22,1981. Accepted N ovem ber 20,1981.

Experim ental 

M a t e r i a l s  a n d  A p p a r a t u s
Collagenase (C LS , Type I, W orthington Bio­

chemical Corp .), hyaluronidase (Type I I ,  ovine 
testes, Sigma Chemical), bovine gamma globulin 
(Bovine, Fraction I I ,  Calbiochem ), and polyeth­
ylene glycol (Carbowax 6000) were purchased 
com m ercially. The radioimmunoassay buffer 
was 0.05M phosphate-buffered saline, pH 8.0, 
w ith  or w ithout 0.1% gelatin. The tissue-pro­
cessing buffer was 0.1M phosphate-buffered sa­
lin e , pH  7.0. Labeled oxfendazole was synthe­
sized in  our laboratory and was tritiated at the 
4'-phenyl position w ith  a specific activ ity of 
24-27 C i / mmole.

The centrifuge (International Equipment Co., 
Model HN-S) was a bench top model w ith  
swing-out head. L iqu id  scintillation  counting 
was done in a scintillation spectrometer (Packard 
Tri-Carb , Model 3330), using comm ercially 
available scintillation flu id  (Aquasol or Oxi- 
fluor-HaO, N ew  England Nuclear).

A n t i s e r a  P r o d u c t i o n
Preparation of the conjugate and im m uniza­

tion of the anim als has been described in  a pre­
vious publication (2 ).

T i s s u e  P r e p a r a t i o n
Approxim ately 1.0 g frozen fat tissue was 

weighed to the nearest mg. The tissue was 
fin e ly  minced w ith  a razor blade on a glass plate 
and then transferred to a scintillation  v ia l. To 
the v ia l was added 5.0 m L collagenase-hyal- 
uronidase enzym e m ixture. Th is  enzyme m ix­
ture was prepared by d isso lving the enzymes in 
0.1M phosphate-buffered saline, pH  7.0, such 
that 5 mg collagenase and 3 mg hyaluronidase 
are contained in  5.0 m L. The v ia ls were loosely 
capped and the fat tissue was then incubated 2  h 
at 37°C . A fter completion of the incubation, 2 
drops of concentrated HC1 were added to each 
via l and the vials were heated 30 min in a boiling 
w ater bath. The contents of the hot v ia ls  were 
transferred to 13 m L centrifuge tubes, the v ia ls 
were washed w ith  an additional 1.0 m L 0.1N 
HC1, and the washings were added to the cen-
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R

Figure 1. Structure of oxfendazole. R = H.

trifuge tubes. The tubes were kept in a hot water 
bath and, w hile  the upper aqueous layer was still 
liqu id , the centrifuge tubes were vigorously 
vortexed 15-20 s. The tubes were then centri­
fuged, making sure that the oily layer on top had 
not solidified. I f  it had solidified, the tubes were 
warmed in a hot water bath until the o ily  layer 
liqu ified , and then centrifuged. A fter centrif­
ugation, a 1.0 m L aliquot of the aqueous layer was 
w ithdraw n and the pH was adjusted to pH 
7.0-7.5 using pH paper. U sua lly  1 drop of 6N 
N aO H  brings the pH w ith in  the required range. 
I f  the samples required d ilution , 0.1M phos­
phate-buffered saline at pH 7.0 was used. A t this 
point, a 0.1 m L aliquot was taken for R IA . Con­
trol tissue from untreated animals was processed 
in  a manner identical to the unknow n samples. 
A  0.1 m L aliquot was added to a ll tubes in  the 
standard curve and the nonspecific binding tubes 
to create a medium environm ent chem ically 
equivalent to the unknow n samples.

R a d i o i m m u n o a s s a y
Oxfendazole standards for the standard curve 

were obtained by diluting a stock solution of 1.0 
mg oxfendazole in 10.0 m L propylene g lyco l- 
0.2N HC1 (1 + 1). The series of standard solu­
tions, 20, 50,100, 200, 500,1000, and 1500 pg/0.1 
m L, were prepared in  0.05M phosphate-buffered 
saline, pH 8.0, w ithout gelatin in  10.0 m L vo l­
umes and stored in  the refrigerator. Gelatin was 
w ithheld from the buffer in the standards to give 
them a longer shelf life .

The bovine gamma globulin was prepared 
fresh each day by dissolving it in water at a con­
centration of 1.0% (w /v ). Polyethylene glycol 
was prepared in  volumes suffic ient for several 
assays by dissolving it in  water at a concentration 
of 30% (w /v ).

A  stepwise procedure for setting up the assay 
is as follows: Add buffer, label, standards, un­
knowns, antiserums, etc., to the appropriate 12 
X 75 mm disposable culture tubes. Vortex all 
tubes 1-3 s to wash down sides and then cover 
w ith  sheets of waxed film  (Parafilm ). Incubate 
overnight at room temperature. After overnight

incubation, place tubes in an ice bath and add 1.0 
m L bovine gamma globulin  and 1.0 m L po ly­
ethylene glycol to each tube. Vortex 20 s, let 
stand 15 m in , and centrifuge 8 m in at 2000 rpm. 
Add 0.8 m L aliquot to the scintillation flu id . 
Addition of scintillation flu id  causes heavy 
precipitate to settle before counting can begin. 
Th is can be as long as 12 h. Count for 10 m in 
after settling is complete.

C a l c u l a t i o n s
Data can be processed manually by converting 

free to bound cpm. A  standard curve can then 
be constructed and the unknow ns can be deter­
m ined by interpolation. We used the Rodbard 
and LeW ald Model I computer program (5) in 
conjunction w ith  a paper tape reader. Th is  re­
quired a preprocessor program to read the paper 
tape, convert free to bound radioactivity, and 
organize the data for submission to the Rodbard 
program.

Accuracy and precision of the method were 
determined by adding know n amounts of ox­
fendazole to sheep fat and then assaying rep li­
cates. A  solution containing accurately know n 
amounts of oxfendazole in  0.1N HC1 was added 
to weighed amounts of tissue obtained from 
untreated anim als. The tissue was then pro­
cessed through the described procedure and the 
oxfendazole was measured by R IA . The mea­
sured values were used to calculate the ratios of 
measured to added (Table 1).

Resu lts and D iscussion
Th is paper describes an enzym atic digestion 

procedure as a tissue-processing technique, 
w h ich  is a departure from the more usual ap­
proach of solvent extraction. Solvent extractions 
usually extract oils and residues w h ich  are 
sometimes d ifficu lt to resolubilize into an 
aqueous aliquot required for R IA . These solvent 
extraction residues may even require further 
chromatographic purification to make them 
amenable for R IA . W hen several steps are in ­
volved in  the procedure, corrections for proce­
dural losses are necessary.

The technique described here was developed 
so that the sample aliquot could be used directly 
for R IA  and a correction for losses was r  ot re­
quired.

Treatment w ith  collagenase-hyaluronidase 
disperses the tissue to the consistency of an o ily  
liqu id  w h ich  floats to the top in  aqueous buffer. 
Oxfendazole is fa ir ly  soluble in  strong acid and 
this property was used to advantage in extracting 
it from the oily layer into the aqueous phase. By
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Table 1. Accuracy and precision measurements carried out over the concentration range 0.01-0.5 ppm

Concn,
ppm

Exp.
No.

Oxfendazole
added,
ng/g

Oxfendazole
found,3

ng/g

Ratio
measured:

added

Group
mean,

measured:
added SD

CV,
%

0.5 1 463.0 477.0 1.03 0.91 0.07 7.7
470.0 391.0 0.83
■498.0 442.0 0.89

2 504.0 453.0 0.90
487.0 430.0 0.88
482.0 436.0 0.90

0.3 1 279.0 298.0 1.07 0.97 0.10 10.3
286.0 272.0 0.95
288.0 240.0 0.84

2 278.0 251.0 0.90
286.0 272.0 0.95
281.0 310.0 1.10

0.2 3 202.0 179.0 0.88 0.90 0.05 5.56
208.0 179.0 0.86
205.0 202.0 0.98

4 189.0 168.0 0.89
190.0 177.0 0.93
182.0 154.0 0.84

0.1 1 99.9 109.0 1.09 0.93 0.12 12.9
95.8 87.0 0.91
94.7 77.0 0.81

3 93.7 91.0 0.97
98.7 74.0 0.75
97.3 102.0 1.05

4 98.0 99.0 1.01
99.6 78.0 0.78
90.4 90.0 1.00

0.05 1 49.0 42.0 0.86 0.93 0.14 15.1
48.3 38.0 0.79

3 46.8 44.0 0.94
49.8 55.0 1.10
45.5 54.0 1.19

4 48.0 40.0 0.83
48.9 44.0 0.90
48.7 41.0 0.84

0.01 3 9.6 9.0 0.94 0.93 0.04 4.30
9.4 8.0 0.85
9.5 8.7 0.92

4 9.7 9.0 0.93
9.7 9.5 0.98
9.5 8.7 0.92

a Each value is the mean of 6 RIA replicates.

acidification w ith  concentrated HC1 to pH  1.0, 
about 97% (n  = 6 ) of the oxfendazole preferen­
tially partitioned into the aqueous phase. When 
the same extraction was carried out in  0.1M 
phosphate buffer, pH  8.0, on ly 29% ( n =  9) par­
titioned into the aqueous phase. D uring the 
tissue-processing phase of method development, 
experiments w ith  radioactive oxfendazole were 
carried out to determine w hether any oxfenda­
zole degradation had occurred as a result of the 
acid ification or enzym atic treatment. Chrom a­
tography on th in  layer chromatographic plates 
indicated that no radioactive components were 
present other than oxfendazole.

W hen the sample aliquot for radioimm uno­

assay is prepared according to the procedure 
described, the resulting sample contains oils and 
other residues which preclude the use of charcoal 
for separation of bound from free radioactivity. 
T h is  separation was therefore carried out by 
using polyethylene glycol-gamma globulin  as 
described by Twom ey and Sweat (6 ). They used 
125I as the label and the precipitated pellet con­
tain ing the bound radioactivity was counted d i­
rectly . Because we used a tritium  label in  our 
method, the procedure was modified to accom­
modate the use of a scintillation spectrometer 
and scintillation  flu id . W hen the scintillation 
flu id  is added to the sample aliquot a rather 
heavy precipitate is formed. I f  th is precipitate
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PICOGRAMS
Figure 2. Plot of the displacement curve (or standard curve). The antiserum dilution was 1:1000. The reaction was carried out overnight at room tempera­ture. Separation of bound from free was carried out with polyethylene glycol-bovine gamma globulin.

is allowed to settle, the radioactive counting is 
not affected. A  typical R IA  standard curve pre­
pared by this procedure is shown in  Figure 2.

The extent of cross-reactivities by metabolites 
and by compounds s im ilar in  structure to ox-

Table 2. RIA of oxfendazole residues in sheep fat *

Day
Animal

No.
Oxfendazole,

ppm

3 15 0.0278
16 0.0284
26 0.0194
33 0.0341

Mean 0.0274
7 21 0.0053

24 0.0067
31 0.0057
32 0.0059

Mean 0.0059
14 19 BDLfc

22 0.00360
23 BDL
28 BDL

a Animals were given a single oral dose of 6.0 m g/kg and 
were sacrificed in groups of four on days 3, 7, and 14. 

b BDL = below the detectable limit (I.e., 0.003 ppm).

fendazole have been tested using the present 
antisera. Oxfendazole free am ine, oxfendazole 
thioether, oxfendazole free amine thioether, and 
oxfendazole sulfone cross-reacted 11.3, 2.0, 0.33, 
and 0.25%, respectively (2).

The accuracy and precision of the method are 
sum m arized in  Table 1. A  regression line  of y 
(ng/g) = 0.91r (ng/g) + 2.89 w ith  a correlation 
coefficient of r = 0.99 was obtained for the con­
centration range 0.01-0.5 ppm. The accuracy of 
the method was em pirically estimated to be 
±15% from many experiments over a period of 
time.

The method was used to measure oxfendazole 
residue level in  fat tissue of experimental an i­
mals. A  total of 20 animals were given an oral 
suspension of oxfendazole at a dose level of 6.0 
m g/kg. The anim als were sacrificed ir. groups 
of four at days 3, 7, and 14. The fat tissue was 
analyzed by R IA  and the results are listed in  
Table 2.

The assay was further validated by comparing 
the results obtained by R IA  w ith  those obtained 
by an H P L C  method (3). In  th is method ox-

Figure 3. Liquid chromatograms obtained from fat tissue in A, untreated sheep; B, untreated tissue spiked with 0.05 ppm oxfendazole (1) and 0.1 ppm 
internal standard (2).
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Table 3. Comparison of HPLC and RIA determinations of oxfendazole residues in sheep fat

Daya Animal

HPLC RIA

Found,
ppm

CV,
%

Found,
ppm

CV,
%

3 15 0.025 15.3 0.0278 10.1
16 0.036 5.03 0.0284 15.8
26 BDL6 --- 0.0194 12.9
33 0.036 5.03 0.0341 12.0

7 21 BDL — 0.0053 26.4
24 BDL — 0.0067 5.9
31 BDL — 0.0057 26.3
32 BDL — 0.0059 32.2

14 19 BDL — BDL —
22 BDL — 0.0036 —
23 BDL — BDL —
28 BDL — BDL —

3 Day of sacrifice after dosing.
6 BDL = below the detectable limit (i.e., 0.003 ppm for RIA and 0.025 ppm for HPLC).

fendazole was extracted from fat tissue w ith  ac­
etone, and the acetone extract was then defatted 
at low  temperature. Further purification was 
carried out by so lvent-so lvent and pH  parti­
tioning. The fina l residue was reconstituted in 
methanol and an aliquot was injected onto a 
Waters C is  ^Bondapak reverse phase column. 
The m obile phase was acetonitrile-water (25 + 
75). Oxfendazole was monitored by U V  detec­
tion at 254 nm. The retention time was 8  m in, 
and the low er lim it of measurement was 0.025 
ppm. A  typical H P L C  chromatogram is shown 
in  Figure 3.

A  comparison of measurements by the 2 
methods, R IA  and H P L C , are given in Table 3. 
The analytica l results were in  good agreement. 
Due to the differences in  the sensitivities of the 
2 methods, day 7 and day 14 samples could not 
be assayed by the H P L C  method, whereas the 
R IA  procedure was able to provide measureable 
values.

In  summary, a relatively simple R IA  procedure 
was developed for measurement of oxfendazole 
residues in  sheep fat. The method has a lower 
lim it of sensitivity of 0.003 ppm and an estimated 
accuracy of ±15%. The 0.003 ppm lower lim it of 
sensitiv ity  was established because the lowest

point on the standard curve w h ich  can be re li­
ably measured is 50 pg in  a 0.2 m L sample a li­
quot.
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A gas ch rom a to gra p h ic-m a ss spectrom etric m eth od  
w ith  se le cted  io n  m o n ito r in g  (G C /M S -S IM ) is  d e ­
scrib ed  for id e n tific a tio n  o f p yran te l- and  m oran- 
tel-related  residues in  sw in e  and b ee f liver. A lk a lin e  
h y d r o ly s is  o f tissu e  lib era tes  and co n verts  p yran tel- 
and m orantel-related  residues to 3 -(2-thienyl)-acrylic  
acid  (T A A ) and 3 -(3 -m e th y l-2 -th ie n y l)-a cr y lic  acid  
(M T A A ), resp ectiv e ly . T h ese th ie n y l acrylic  acids  
are recovered  b y  io n  ex c lu sio n  ch rom atograph y and  
co n verted  to  m eth y l ester d er iv a tiv es  (TAAE and  
M TA A E) fo r  id e n tific a tio n  b y  G C /M S -S IM . W hen  
th e re la tive  in te n sitie s  o f th e m olecu lar io n , the base 
p ea k , and a th ird  s ig n ific a n t io n  o f th e sam p le  cor­
resp o n d  to  io n  in te n s it ie s  o f th e  p reform ed  or pro­
cessed  stan d ard s, th e  id e n tity  o f th e  resid u e is  co n ­
firm ed . T h e m eth od  w as v a lid a ted  b y  a n a ly sis  of 
s w in e  and b ee f liv e r  sam p les  c o n ta in in g  incurred  
resid ues o f pyran tel and m orantel under w ithd raw al 
co n d itio n s .

Pyrante l and its analog morantel are effective 
anthelm intic agents that belong to a fam ily 
classified as tetrahydropyrim idines (Figure 1). 
In  the United States, pyrantel tartrate (Banminth) 
is approved for use in  sw ine; it is fed contin­
uously in  feed at 0.0106% (96 g/ton) and w ith ­
draw n for 24 h before slaughter, M orantel tar­
trate (Rumatel) was recently approved by the 
Food and Drug Adm inistration for use in  cattle. 
U nder proposed conditions of use, it is form u­
lated in  a bolus or a feed prem ix, and is adm in­
istered to cattle in  a single dose at 9.7 mg/kg. 
Cattle are not to be treated w ith in  14 days of 
slaughter.

Radiotracer metabolism studies w ith  morantel 
in  cattle (J. C. Faulkner and A . G. Davidson, 
P fize r Ltd ., Drug Metabolism, Sandw ich , U K , 
private communication) and pyrantel in  sw ine 
(1 , 2 ) demonstrated that each drug is rapid ly 
metabolized to a large variety of compounds. 
W h ile  no single chemical represents a ll of the 
tissue residues, the m ixture of metabolites 
present in  edible products hydro lyzes in  a lka li 
to N -m ethyl-l,3-propanediam ine (M A PA ) and 
thiophene acrylic acid analogs as major and 
m inor components, respectively, of total radio­

Received October 27, 1981. Accepted December 4, 1981.

activ ity . Some live r radioactivity apparently 
arises from the re-incorporation of small labeled 
fragments into natural constituents. Residues 
of the 2  drugs are distinguished by liberation of
3-(3-methyl-2-thienyl)-acrylic acid (M TAA) from 
morantel and 3-(2-thienyl)-acrylic acid (TA A ) 
from pyrantel as low level components of tissues 
(Figure 1). Hence, M A PA , M TA A , and T A A  
constitute m arker compounds for these drugs 
(3).

Chemical assay residue depletion studies have 
been performed for major residues of morantel 
in  cattle (4) and pyrantel in  sw ine (5), using a 
procedure based on determ ination of the major 
fragm ent M A PA  in  tissue hydrolysates. L iv e r  
was identified  as the rate-lim iting tissue for de­
pletion of residues after w ithdrawal of morantel 
and pyrantel from their respective use species 
under fie ld  tria l conditions. W hen assayed as 
the hydrolysis product M APA , pyrantel residues 
of 10 ppm or less in  sw ine live r, and morantel 
residues of 0.5 ppm or less in  bovine live r are 
required for clearance. However, assays for this

ch3
N-Methyl-1,3-propanediamine (MAPA)

Pyramel CH3 3-(2-thitnyl)acrylie acid
(TAA)

Figure 1. A lk a lin e  h y d r o ly s is  o f m orantel and  
p yran tel.

0004-57 56/82/6503-0640-07$01.00 © Association of Official Analytical Chemists, Inc.



LYNCH & BARTOLUCCI: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 3, 1982) 641

hydro lysis product do not identify  the parent 
drug even though the use of these drugs is 
species-specific in  the United States. Hence, this 
difference in  required sensitiv ity  levels for the 
hydro lysis product M A PA  and the absence of 
complete specificity in the determ inative assay 
required development of an identification pro­
cedure.

The analytical problem of identifying residues 
of morantel and pyrantel was solved by devel­
oping a specific chemical method for the m inor 
fragments M T A A  and T A A . Th is  method is 
based on application of the technique of com­
bined gas chromatography-mass spectrometry 
w ith  selected ion m onitoring (G C /M S-S IM ), 
w h ich  has been u tilized  in  other methods (6-9), 
for identification of M TA A  and T A A  as their 
m ethyl ester derivatives.

Th is report is a description of this confirmatory 
identification method and its application to the 
analysis of live r samples containing physiolog­
ica lly  incorporated residues of morantel and 
pyrante l near their respective tolerances.

M E T H O D

P r i n c i p l e
Morantel- and pyrantel-related residues in  

live r  are converted to th ienyl acrylic acid ho­
mologs by a lkaline hydro lysis. These marker 
compounds, M TA A  and T A A , are separated from 
major interfering  tissue components by ion ex­
clusion chromatography and then are concen­
trated by extraction w ith  C H C I3 under acid 
conditions. Esterification w ith  m ethanolic 
H 2SO 4 and extraction of their m ethyl ester de­
rivatives , M T A A E  and T A A E , w ith  hexane pro­
vide further separation and concentration. Each 
compound is identified by m onitoring the rela­
tive  intensities of 3 major ions, using G C /M S- 
SIM . The ions monitored are the molecular ion, 
the base peak, and a th ird significant ion for the 
respective compounds.

Reagents
(a) S o lv e n t s .—Glass-distilled, or equivalent. 

No special precautions taken w ith  glassware.
(b) C h e m ic a ls .— Reagent grade.
(c) Io n  e x c lu s io n  r e s in .—Macroporous, strong 

acid cation exchanger, AG  M P-50 ,100-200 mesh 
(Bio-Rad Laboratories, Richm ond, C A  94804).(d) A n a l y t i c a l  s t a n d a r d s .—  M T A A , T A A , 
M T A A E , and T A A E . Provided by P fizer Inc ., 
Central Research, Groton, C T  06340.

(e) M e t h a n o l - H z S O i  re a g e n t (9 7  + 3 ) .—Dilute
3.0 m L concentrated H 2SO 4 to 100 m L w ith

methanol that was dried over anhydrous Na2S0 4. 
Prepare daily and use ice bath.

(f )  S ta n d a r d  s o l u t io n s .— ( 1 ) M T A A E  (3-(3- 
m e th y l - 2 - t h ie n y l ) - a c r y l i c  a c id  m e th y l  e s te r ) . — 1 
/xg/mL. Dissolve 10.0 mg M T A A E  in  100 m L 
hexane. Dilute 1.0 m L of this solution to 100 m L 
w ith  hexane.

(2) T A A E  (3 - ( 2 - t h i e n y l ) - a c r y l i c  a c id  m e th y l  
e s te r ) .— 10 /xg/mL. Dissolve 1.0 mg T A A E  in  100 
m L hexane.

(3) M T A A . —Dissolve 2.50 mg M T A A  in 
methanol and dilute to 100 m L (concentration
25.0 g g / m L ) .  D ilute 1.0 m L of th is solution to 
100 m L w ith  methanol (2.50 /xg/mL).

(4) T A A .—Dissolve 5.00 mg T A A  in methanol 
and dilute to 100 m L (concentration 50.0 jUg/mL). 
D ilute 2.5 m L of this solution to 10.0 m L w ith  
methanol (12.5 jiig/m L).

A p p a r a t u s
(a) G C / M S - S I M  s y s t e m .— Finn ig an  Model 

3200 quadrupole mass spectrometer equipped 
w ith  P ro m io  un it for m onitoring selected ions 
in conjunction w ith  Model 9500 gas chromato­
graph. H elium  carrier gas, 34 lb/sq in ; ioniza­
tion energy, 70 eV; emission current, 0.74 ma. 
Vacuum diverter was used to vent effluent. Ion 
chromatograms were recorded on m ulti-pen 
Houston recorder at chart speed of 1 cm /m in.

For analysis of pyrantel residues as T A A E : 
Pack 4 ft X 2 mm id glass colum n w ith  3% S ila r 
10C on 80-100 mesh Gas-Chrom Q. Operate 
injector, column oven, separator oven, and 
transfer line  at 225,175, 220 and 245°C, respec­
tive ly . Approxim ate retention time of T A A E  
was 1 m in.

For analysis of morantel residues as M T A A E : 
Pack 3 ft X 2 mm id glass column w ith  3% OV-17 
on 100-120 mesh Chromosorb Q. Operate in ­
jector, column oven, separator oven, and transfer 
line  at 190, 150, 220, and 190°C, respectively. 
Approximate retention time of M T A A E  was 1 
m in.

(b) C h r o m a to g ra p h ic  c o lu m n s .— 25 cm X  10.5 
mm id , w ith  Teflon stopcocks and 200 m L reser­
vo ir capacity (No. JC-1506, SG A  Scientific Inc ., 
B loom field, NJ 07003).

P r e p a r a t i o n  o f  A G  M P - 5 0  R e s i n
Transfer 100 g A G  MP-50 resin to Buchner 

funnel equipped w ith  coarse fritted disk and 
filte r flask. Wash resin in  sequence w ith  1 L 
m ethanol, 1 L  water, and 500 m L IN  HC1. Stir 
resin w ith  glass rod and use suction to m aintain 
moderate filtration rate. Store filte r cake in  
capped amber jar.
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P r e p a r a t i o n  o f  I o n  
E x c l u s i o n  C o l u m n s

M ix ca 7.0 g washed A G  MP-50 resin in  IN  HC1 
and transfer to 10.5 mm id glass colum n con­
taining sm all glass wool plug to retain resin. 
Pack resin to height of 4 in ., using glass rod, and 
cap resin bed w ith  glass wool plug. M aintain 
level of IN  HC1 slig h tly  above resin bed.

P r o c e d u r e
D is so lu tio n  a n d  h y d r o ly s i s .—Transfer 5.0 g 

fresh ly sliced frozen tissue to 50 m L centrifuge 
tube. Pipet 10.0 m L 3M NaOH into tube, stopper 
lightly  and place in  a preheated silicone oil bath 
at 95-100°C for 16-22 h. (Note: Leve l of s i li­
cone oil bath should exceed that of tissue sam­
ple.) Cool hydrolysate in  an ice bath, acidify (pH 
<1) w ith  4.0 m L concentrated HC1, and m ix 
thoroughly. To validate detection of morantel- 
and pyrantel-related residues at levels consistent 
w ith  regulatory requirem ents, fo rtify  5 g live r 
w ith  250 ng M TA A  or 1.25 qg T A A . Add a lka li 
and proceed as directed above.

Io n  e x c lu s io n  c h r o m a to g r a p h y . —Attach powder 
funnel containing rapid filte ring , fluted filte r 
paper to top of an ion exclusion colum n, pre­
pared as described above. Decant hydrolysate 
through filte r paper and drain filtrate to resin. 
Wash residue of tissue hydrolysate in  digestion 
tube through filte r bed w ith  10 m L IN  HC1. 
Remove filte r, wash resin w ith  four 10 m L por­
tions of IN  HC1, and drain washes to top of resin 
bed. D iscard these effluents. Elute column 
w ith  75 m L 10% methanol in  water and collect 
eluate in  250 m L separatory funnel. Colum n 
may be run d ry  in  this step.

C o n c e n tr a t io n  o f  T A A  or M T A A  a c id  e lu a te s . — 
Add 1.0 m L concentrated HC1 to eluate and ex­
tract w ith  two 50 m L portions of C H C I3. Collect 
extracts in  250 m L round-bottom flask and 
evaporate to dryness on rotary evaporator at 
45-50°C . Transfer residue to 15 m L centrifuge 
tube by washing flask w ith  3 sm all portions (ca
1.0 m L each) of methanol. Place tube in  55°C 
hot water bath and evaporate solvent to dryness 
under stream of nitrogen. Esterify this residue 
as indicated below.

E s te r if ic a tio n  o f  T A A  or M T A A . — Reconstitute 
residue w ith  0.2 m L fresh ly prepared metha­
nol-sulfuric acid (97 + 3). Stopper and heat 1 hr 
in 50-55°C water bath. Remove tube from water 
bath, add 0.2 m L hexane to the tepid esterifica­
tion solution, and thoroughly m ix on test tube 
m ixer. Fo llow  w ith  addition of 1.0 m L water, 
m ix thoroughly, and centrifuge to clarify. With

aid of disposable Pasteur pipet, remove most of 
aqueous layer. Process hexane extract by G C / 
M S-SIM . (Note: Hexane extracts are stable for 
at least 1 month w hen stored at reduced tem­
perature to prevent losses through evapora­
tion.)

P r e p a r a tio n  o f  p ro ce ss  s ta n d a r d s  fo r  GC/M S - S I M  
a n a ly s is .— Pipet 0.1 m L w ork ing  standard solu­
tion of T A A  (12.5 qg/m L) or M TA A  (2.50 jug/mL) 
into 15 m L centrifuge tube and evaporate to 
dryness at 55°C under stream of nitrcgen. Add 
0.2 m L m ethanol-sulfuric acid (97 + 3), stopper, 
and incubate 1 h at 55°C . As indicated in  ester­
ification procedure, add 0.2 m L «-hexane to es­
terification solution, m ix, add 1.0 m L water, and 
centrifuge. Exam ine hexane layer by GC/M S- 
S IM . Prepare standards in  triplicate.

G a s c h r o m a to g r a p h y -m a s s  s p e c t r o m e tr y .—Set 
mass spectrometer to detect ion current profiles 
at m /z = 168,137, and 109 for T A A E , or 182,151, 
and 122 for M T A A E  v ia  Prom im  units. Inject 5 
ng preformed T A A E  or M T A A E  into gas chro­
matograph to determine their retention times 
and to evaluate response of G C/M S detector. 
Optim um  ion source voltages were adjusted for 
maximum sensitivity consistent w ith  good peak 
shape. Fo llow ing  this tuning procedure, injec­
tion of neat hexane should give no response at 
ions of interest. Fo llow  this w ith  m icro liter in ­
jections of process standard, control, and sample 
tissue extracts. A llo w  10 m in between sample 
injections to clear instrum ent of background 
peaks. Measure peak height (mm) of samples 
and standards for each ion current profile . 
N orm alize results w ith  respect to intensity of 
base peak at m /z = 137 for T A A E  and m /z - 151 
for M T A A E .

Resu lts and D iscussion
Pre lim inary  studies were conducted to opti­

m ize conditions for the hydrolysis, isolation, 
derivatization , and analysis of pyrantel- and 
morantel-related residues in  tissue, using in fo r­
mation obtained from radiotracer metabolism 
studies.

A n  overnight hydro lysis of tissue in  2 to 4 
molar N aO H is required to convert pyrantel and 
morantel to their respective th ienyl acrylic  acid 
products. The maximum yie ld  and recovery of 
these products fo llow ing alkaline hydro lysis is 
about 75%. Prolonged hydrolysis or performing 
this reaction under nitrogen did not improve the 
yie ld .

The conversion of pyrantel- and morantel- 
related residues to th ienyl acrylic acid products 
in the presence of tissue also converts natura lly



LYNCH & BARTOLUCCI: J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, N O . 3, 1982) 643
1 0 0  1 3 7

F igure 2. M ass spectrum  o f 3 -(2 -th ien y l)-a cry lic  acid  m eth y l ester (TAAE).

occurring materials to potential in terfering  ma- in  their un-ionized forms are sorbed by the ma­
terials. The bulk of these are removed by an ion trix  of the resin polym er and excluded as the 
exclusion process that has been described for dissociated species w hen the pH  of the eluting 
residues of carbadox (10). L ike  other aromatic solvent is raised above the pKa of the organic 
and aliphatic carboxylic acids, T A A  and M T A A  acids. Several examples of th is technique have

1 0 0  1 5 1

M/*
F igure 3. M ass spectrum  o f 3 -(3 -m e th y l-2 -th ie n y l)-a cr y lic  acid  m eth y l ester (M TAAE).
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CONTROLLIVER WITHDRAWAL BOVINE LIVER
PROCESS STANDARD OF MTAA

CONTROLSWINELIVER
WITHDRAWAL SWINE LIVER PROCESS STANDARD OF TAA

F igure 4. G C /M S -S IM  a n a ly sis  o f  w ith d ra w a l b o ­
v in e  liv e r  sam p les  for incurred  resid u es o f m orantel 
as M TAAE. P en s w ere o ffse t to m o n ito r  io n s  at 182, 

151, and 122.

been reported for organic acids (11-15). In  the 
application described here, an organic modifier, 
methanol, is added to the eluting solvent to ex­
pedite the recovery of T A A  and M TAA . Among 
strong cation exchange resins examined, the 
macroporous resin A G  MP-50 was selected be­
cause of its nonsw elling properties and its ap­
parently greater sorptive capacity for nonelec­
trolytes. Under the conditions required for 
assay of w ithdraw al samples, 250 ng of T A A  or
1.25 n g of M T A A  is recovered in  the ion exclu­
sion chromatographic and subsequent extraction 
steps w ith  >80% efficiency. Am ong several es­
terification procedures examined (16), su lfu ric  
acid catalysis w ith  dried methanol provided the 
best yie lds, convenience, ease of extraction, and 
com patibility w ith  the GC / MS system. The es­
terification of TA A  to T A A E  or M TA A  to M TA A E 
is complete under the recommended conditions 
for derivatization. The facile extractability of 
each ester into small volumes of hexane from the 
derivatization medium also provides a simple 
method for concentrating the sample.

T A A E  and M T A A E  are w e ll separated ac­
cording to the gas chromatographic conditions 
recommended for analysis. Selected ion m oni­
toring also provides additional specificity. No

F igure 5. G C /M S -S IM  a n a ly sis  o f w ith d raw a l 
s w in e  liv e r  fo r  incurred  p yran tel resid u es as TAAE. 
P en s w ere o ffs e t  to  m o n ito r  io n s  at 168, 137, and  

109.

interference was detected when 100 ng of T A A E  
or M T A A E  was injected and analyzed for the 
homolog ester.

The overall y ie ld  of T A A  from pyrantel or 
M TA A  from morantel is about 50% of theory, and 
is attributed to yie lds of 75, 85, and 80% in  the 
hydro lysis, ion exclusion, and esterification 
steps, respectively.

The mass spectra of T A A E  and M T A A E  under 
electron impact ionization conditions at 70 eV are 
presented in  Figures 2 and 3. The spectrum of 
T A A E  is characterized by prom inent ions above 
m /z 100 at 109,137 (base peak), and 168 (molec­
ular ion), and the relative intensities of these ions 
are monitored. The spectrum of M T A A E  is 
characterized by prominent ions 14 units greater 
than those of TA A E . Thus, the molecular ion at 
m /z 182, the base peak at 151, and the 122 ion in  
the 121-123 cluster were chosen for selected ion 
m onitoring of M TA A E . A  fragmentation pat­
tern consisting of the sequential loss of methoxyl 
and carbonyl groups from the m olecular ion is 
indicated for T A A E  and M T A A E , thus account­
ing for the ions indicated.

The procedure described here was evaluated 
by assaying control and homogenized w ith-
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Table 1. GC/MS-SIM analysis of bovine liver withdrawal samples containing incurred residues of morantei

Intensity ratios3

Standard or sample identity No. of replicates 182 151 122

Trial 1

Preformed MTAAE 3 0.59 ± 0.00 1 0.70 ±0.02
MTAA converted to MTAAE (process stds) 3 0.60 ± 0.02 1 0.71 ±0.01
Withdrawal liver No. 1 6 0.56 ± 0.03 1 0.68 ±0.03

Trial 2

Preformed MTAAE 3 0.53 ±0.01 1 0.71 ±0.01
MTAA converted to MTAAE (process stds) 3 0.50 ±0.01 1 0.71 ±0.03
Withdrawal liver No. 2 6 0.52 ±0.02 1 0.66 ± 0.02

Trial 3

MTAA converted to MTAAE (process stds) 3 0.51 ±0.02 1 0.68 ± 0.03
Withdrawal liver No. 3 3 0.52 ±0.01 1 0.64 ±0.03

a Mean ± SD.

drawal live r  specimens containing physio logi­
cally incorporated residues of morantei and py­
rantel under w ithdraw al conditions. Three 
homogenized specimens (2-4 kg) were obtained 
from cattle that were sacrificed 4-6 days after 
receiving a bolus of morantei tartrate at the rec­
ommended use level (9.7 m g/kg). A  specimen 
(0.3 kg) containing pyrantel-related residues was 
obtained from a pig that was m aintained on py­
rantel tartrate in  feed at 96 g/ton for 117 days and 
sacrificed on day of w ithdraw al. Determinative 
assays for the major hydro lysis product, M A PA , 
indicated that these live r samples contained 
residues near tolerance, i.e ., 0.5, 0.6, and 0.8 ppm 
of morantei- and 9.6 ppm of pyrantel-related 
residues. Hence these specimens were suitable 
for evaluation by the identification procedure. 
U nder these conditions, 0.25 and 0.05 ppm of 
T A A  and M T A A  are detected in  hydrolysates of 
sw ine  and bovine live r , respectively. Three 
tria ls were conducted for morantei and one for 
pyrantel. Representative chromatograms for the 
identification of incurred residues of morantei

and pyrantel are presented in  Figures 4 and 5. 
These analyses (Tables 1 and 2) demonstrated 
that w ith in  each tria l, peak height ratios of 
M T A A E  or T A A E  in  the w ithdraw al samples 
corresponded to w ith in  ± 10% of ion intensities 
of the processed and preformed standards. No 
major interference was found in  control live r. 
Contro l sw ine live r  supplemented w ith  2 ppm 
of T A A  and assayed for morantel-related residues 
as M T A A E  shows no interference. The identity 
of T A A E  was read ily confirmed in  this sample, 
ind icating that pyrantel residues may not be 
identified  as morantei residues by this proce­
dure.

Based on These results, the G C/M S-SIM  pro­
cedure is suitable for ve rify ing  the identity of 
pyrantel or morantei residues in  live r  at their 
respective tolerances.

Acknow ledgm ent
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for obtaining mass spectral data.

Table 2. GC/MS-SIM analysis of swine liver containing incurred residues of pyrantel

Intensity ratios;a

Standard or sample identity No. of replicates 168 137 109

Preformed TAAE 3 0.40 ±0.01 1 0.23 ±0.01
TAA converted to TAAE (process stds) 3 0.39 ±0.01 1 0.22 ±0.01
Withdrawal liver 8 0.38 ± 0.01 1 0.20 ±0.01

3 Mean ± SD.
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A dry  a sh in g , fla m e less  a tom ic ab sorp tion  spectro ­
m etric m eth od  w as ev a lu ated  to  d eterm in e  arsen ic  
and se len iu m  in  foods. Sam ples w ere dry-ashed w ith  
M g (N 0 3 >2-M g 0  and d isso lv ed  in  HC1. Selenate w as 
reduced to  se len ite  by  b o ilin g  in  4N  HC1, and arsenate 
to  a rsen ite  b y  trea tm ent w ith  KI. H y d r id es  o f ar­
se n ic  and  se le n iu m  w ere gen erated  b y  th e  a d d itio n  
o f N aB H i and w ere sw ep t by n itrogen  and h yd rogen  
in to  a th erm a lly  heated  s ilica te  tu b e furnace. T he  
d etec t io n  l im it  w as abou t 5 ppb for each e lem e n t  
b ased  on  a 10 g  sam p le . A n a ly tica l resu lts  o b ta in ed  
for several sam ples o f NBS reference m aterials agreed  
w ith  th e certified  v a lu es. T he p rocedure w a s  ev a l­
u ated  b y  a n o th er lab oratory  and resu lts  w ere sa tis ­
fa ctory.

Trace lev e ls  o f arsenic and selen iu m  have been  
determ in ed  in  foods by hydride generation  
atom ic absorption spectrom etry (1-4). A  co l­
laborative study conducted by H olak (4) on  a 
closed  system  d igestion  technique and a speci­
fied  hydride generator sh ow ed  good agreem ent 
am on g the 7 participating laboratories. H o w ­
ever, another collaborative study by 28 labora­
tories, w h ich  specified  a H N O 3-H C IO 4-H 2SO4 
digestion  procedure but a llow ed  the free choice  
of h ydride generation  and spectrom etric in ­
strum entation, w as reported by Ihnat and co­
w orkers (5, 6 ). Their results sh ow ed  poor 
w ith in - and am ong-laboratory precision , al­
th ou gh  results averaged over all laboratories 
agreed  reasonably w e ll w ith  reference values. 
T hey recom m ended reassessm ent o f acid d iges­
tion  and dry ash in g  procedures for d isso lu tion  
o f b iolog ica l materials.

Several dry ash ing procedures (7-9) used to 
decom pose biological samples, including marine 
sam ples, gave good recoveries o f As. O ne o f the 
dry ash in g  procedures (9) also gave good  recov­
ery o f Se in  plant and anim al tissue (10). A  sur­
v e y  o f th e literature indicates that As has been  
determ in ed  by atom ic absorption spectrom etry  
(AAS) after dry ashing to decom pose rhe sam ple 
(3, 11, 12), but n o  sim ilar study on  Se has been

Received August 24,1981. Accepted November 6, 1981.

reported. The present study evaluates the pro­
cedure for determ ination  o f both As and Se in  
food  products, usin g  the established  dry ashing  
technique (9,10) fo llow ed by hydride generation  
AAS. The procedure w as studied in 2 laborato­
ries usin g  d ifferent hydride generation  sys­
tems.

E xperim ental
Apparatus

Varian Techtron AA  120 spectrom eter, Varian 
M odel 64 vapor generation accessory, and Vycor 
tube furnace w ere used in  the authors' labora­
tory. D eta iled  description is g iv en  in  ref. 11.

A  secon d  laboratory used a Perkin-Elm er AA  
360 spectrom eter equ ipped w ith  D 2 arc back­
ground  corrector, EDLs for As and Se, and  
M HS-1 hydride generator, set up according to 
m anufacturer's suggestion .
Reagents

(a) M a g n e s iu m  o x id e .—A sh analytical grade 
Mg(NC>3)2-6H 2 0  overn igh t in  500°C m uffle  
furnace and grind  to fin e  pow der. This M gO  
w ill g iv e  low er blank for As and Se compared  
w ith  com m ercial MgO.(b) A sh in g  aid. —Dissolve 80 g M g(N 0 3 )2-6H 2 0  
in  200 mL water. A dd 8 g  M gO  and shake w e ll  
before use.

(c) P o ta ss iu m  io d id e  s o lu tio n .—30% w /v .  Pre­
pare in  w ater and store in  refrigerator.

(d) S o d iu m  b o r o h y d r id e  s o lu t io n .— 3% w /v .  
D isso lve 3 g NaBH4 (Fisher Scientific Co.) in  100 
mL 0.5% N aO H  so lu tion  and filter through M il- 
lipore paper (type DA, 0.65 p m ) .  Store in  re­
frigerator.

(e) A r s e n ic  s ta n d a r d  s to c k  s o lu t io n .— 1000 ppm . 
D isso lve  1.320 g AS2O 3 in  m inim um  vo lu m e of 
20% w /v  N aO H  solu tion  and neutralize w ith  
HC1. D ilu te tc 1 L w ith  water.

(f) A r s e n ic  s ta n d a r d  w o r k in g  s o lu tio n s .— (2) 10 .0  
p p m :  Pipet 1.00 mL As standard stock solu tion  
in to  100 mL volum etric flask, add 5 mL 6N  HC1 
and d ilu te to volu m e. (2) 100 ppb: P ipet 1.00

0034-5756/82/6503-0647-04$01.00 
Association of Official Analytical Chemists, Inc.
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Table 1. E ffect of m agnesium  oxide on recovery  of 50 ng 
As o r S e a

Mg+2 concn,5 
mg/mL

As recd,c
%

Se reed, 
%

0 100 100
0.6-6.0 100 100

9.0 86 87
12.0 72 80

a Average of duplicate analyses. 
b Volume of solution 20 mL. 
c Data from ref. 11.

mL of the 10.0 ppm  solu tion  in to  100 mL v o lu ­
metric flask and dilute to volum e. Prepare fresh 
daily.

(g) Selenium standard stock solution.— 1000 ppm. 
D isso lv e  1.000 g  Se in  H N O 3 and d ilu te to 1 L 
w ith  water.

(h) Selenium standard w orking solutions. — 10.0 
ppm  and 100 ppb. Prepare as described in  (f).
Sample Digestion and Dissolution

A dd 10 mL ash ing aid to sam ple (1 to 10 g) in  
150 mL beaker and mix w ell. Cover beaker w ith  
w atch glass and dry contents in  110°C oven. 
Transfer beaker to cold  m uffle furnace and  
slo w ly  raise tem perature o f furnace to 500°C. 
A sh overn igh t according to the m ethod o f Tam 
and Conacher (9). Cool sam ple to room  tem ­
perature. A dd 5 mL w ater to w et ash and d is­
so lv e  in  35 mL 6 N  HC1. Heat solu tion  on  hot 
plate alm ost to b o ilin g  and m aintain 20-30  m in  
to reduce selenate to selenite. Transfer to 50 mL 
volu m etric flask and d ilu te to vo lu m e w ith  6N  
HC1. Prepare duplicate blanks by carrying 10 
mL ash ing aid solu tion  through the proce­
dures.
Determination

Pipet duplicate aliquots conta in ing <100 ng  
As or Se into hydride generation tubes. Add 6N  
HC1 to bring vo lu m e to 20 mL. To determ ine

selen iu m , inject 3 mL 3% NaBH 4 so lu tion  
through a syringe to generate hydrogen selenide, 
and m easure peak h eig h t of signal. To deter­
m in e As, add 1 mL 30% KI so lu tion  and let m ix­
ture stand 15-20 m in  before addition o f NaBH 4. 
(A rsenate is reduced to arsenite by KI.)

P ipet standard so lu tion  con ta in in g  10, 20, 40, 
60, 80, and 100 ng As or Se into 20 mL 6N  HC1 
solution . Treat standards in  sam e m anner as 
sam ples. Calculate concentration o f As or Se in  
sam ple, usin g  standard calibration curve.
Interference Studies

Add various am ounts o f M gO , com m on cat­
ions and anions to a solu tion  conta in ing 50 n g  
selen ite. Adjust fin a l vo lu m e to 20 mL w ith  6 N  
HC1. Generate h ydrogen  se len id e as described  
above. Calculate recovery o f Se through the  
hydride generation  step.

R esu lts and D iscu ssion  
Effect of Ashing Aid

Because Mg(NC>3)2 and M gO  w ere used for 
decom position , the resu lting ashed so lu tion  
contained  a large am ount o f m agnesium  ion. 
The effect o f th is on the recovery o f As has been  
reported previously  (11). We fou n d  a sim ilar 
pattern for Se, as show n in Table 1. Quantitative 
recovery of As and Se w as observed  up to 6.0 
m g/m L  of M g+2. This am ount o f M g+2 added  
w as equ ivalent to the am ount of M g+Z in  10 mL 
of the d isso lved  ashed sam ple, w h ich  had a total 
volu m e of 50 mL. Recoveries of As and Se d e­
creased w ith  larger am ounts of M g+2 Thus, w e  
decided to lim it the aliquot taken from the ashed  
solu tion  to a m axim um  of 10 mL.
Effect of Common Ions

The effect o f com m on cations and an ions on  
the recovery of As has b een  reported in  a p revi­
ous study (11). The effect o f these sam e ion s on  
the recovery o f Se is sim ilar. N o  interferences  
on the recovery o f 50 ng Se w ere observed in  the

Table 2. Suppression  effec t of several ions on th e  recovery (%) of 50 ng selenium

Ion
Amt -------------------------------------------------------------------------------------------------

present, jtg Bi+3 Sb+5 Sn+4 As+5 As+3

5 100 100 100 100 55
10 100 100 100 100 23
20 87 100 72 80
50 80 85 60 60

100 58 60 52 55
200 36 50 32 50
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Table 3. A ccuracy evaluation  of d ry  ashing-AAS m ethod  by analysis of NBS S tandard  R eference M aterials

As, ppm Se, ppm

Sample3 Dry ashing-AAS Certified value Dry ashing-AAS Certified value

NBS 1577 Bovine Liver 
NBS 1568 Rice Flour 
NBS 1571 Orchard Leaves

0.023 ± 0.012b 
0.436 ± 0.018 

12.0 ±0.38

0.055 ± 0.005 
0.41 ± 0.05 

10 ± 2

1.14 ± 0.0916 
0.338 ± 0.003 
0.070 ± 0.020

1.1 ±0.1 
0.4 ±0.1 

0.08 ± 0.01

a Sample size 0.8-1.2 g.
b Average ± standard deviation (triplicate analyses).

Table 4. Recovery of As and Se added to  NBS sam ples

Sample3 As added,ng As reed,% Se added, ng Se reed,%

NBS 1577 Bovine Liver 200 105.8 ± 3.1b c 200 93.0 ± 7.9b c
NBS 1568 Rice Flour 200 116.6 ± 3.0 200 92.0 ±6 .2
NBS 1751 Orchard Leaves 2200 79.3 ± 12.1 200 80.6 ± 4.0

a Sample size 0.8-1.2 g.
b Average ± standard deviation (triplicate analyses). 
c Recovery based on the results from dry ashing-AAS.

presence o f up to 500 p g  N a +, K+, Ca+2, CrOJ2, 
Cr2O f2, M nO J', or PO4 3. Recovery o f selen iu m  
was reduced 10% by the presence of 250 pg  Z n+2, 
Cd+2, Pb+2, Co+2, Cu+2, or Fe+3. H ow ever, more 
significant interference on  the recovery of Se was 
observed for Bi, Sb, Sn, and As (Table 2). A  
suppression effect of 13 to 28% was observed for 
Bi+3 and S n +2 respectively  w h en  present in  a 
400-fold  w e ig h t excess o f these ion s to selen ite . 
The m ost serious suppression effect, that o f A s+3, 
w as fortunately not im portant because arsenic 
exists on ly  as arsenate after dry ash ing. N o  at­
tem pt w as m ade to reduce or elim inate the in ­
terference effects from  these ions in  the present 
study.
Accuracy and Precision

Previous studies have sh ow n  that As and Se 
could be quantitatively recovered u sin g  the  
above dry ash ing procedure (9, 10). The accu­
racy of the present m ethod (dry ashing-AAS) was 
tested by determ in ing both As and Se in  several 
NBS Standard Reference M aterials. Certified  
lev els of As and Se in these sam ples ranged from  
0.055 to 10 ppm  and from  0.08 to 1.1 ppm , re­
spectively. Table 3 show s the results of triplicate 
analyses. Experimental results agreed w e ll w ith  
the certified values, w ith  the exception of arsenic 
in  the b ovine liver sam ple. For this sam ple, the 
concentration o f arsenic is 0.055 ppm  w h ich  is 
approxim ately the detection  lim it for a 1 g sam ­
ple. Recoveries of As and Se added to these NBS

sam ples before dry ash in g  at lev e ls  o f 2 0 0 -2 0 0 0  
ng ranged from 79 to 117% as sh o w n  in  Table
4.

To study the repeatability o f the m ethod , sev ­
eral freeze-dried pow der sam ples (milk, chicken, 
and cod) w ere dry ashed and an a lyzed  in  qua­
druplicate on 2 d ifferent days. The results are 
sh o w n  in  Table 5. The coeffic ien ts o f variation  
ranged from  3 to 22% and 1.6 to 16% for As and  
Se, respectively. They were significantly higher  
at lo w  concentrations near the d etection  lim its  
(50 ppb for a 1 g sam ple for both elem ents, based 
on 3 tim es standard deviation o f the blanks). At 
h igh er concentrations, the coeffic ien ts o f varia­
tion  w ere approxim ately 5% or less.
Evaluation of the Method

The described m ethod  w as evaluated in  the  
authors' laboratory and in  another regional lab­
oratory o f the H ealth Protection Branch. Five

Table 5. R epeatability  study  of dry ashing-AAS m ethod  3

Sample As, ppm Se, ppm

Cod 9.07 ± 3.0Ò 5.65 ± 4.6 b
Chicken 0.371 ± 5.9 0.746 ± 1.6
Milk powder 0.081 ± 22.2 0.128 ± 16.4

3 Samples were individually dry ashed and analyzed in 
quadruplicate on 2 days.

b Average ± coefficient of variation (%).
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Table 6 . D eterm ination  of As and  Se in check  sam ples in 2 labora tories a

Sample6

As, ppb Se, ppb

Lab. A Lab. B Lab. A Lab. B

Apple powder <50 <50 <50 <50
Milk powder 61, 79 <50 92,82 102, 124
Chicken powder 65,64 56, 57 620,698 613,660
Liver powder 362, 403 350, 384 940, 1008 866, 815
Cod powder 8756,9323 9450,8710 1137,1213 1085, 1204
Lobster paste 5030, 5065 4900,4720 1050, 1085 868,1055
Ham <10 <10 148, 155 146, 149
Beets <10 <10 <10 <10
Apple sauce <10 <10 <10 <10
Apple juicec 156, 170 180, 187 <10 <10

3 Duplicate analyses.
b Sample size: 0.8 to 1.2 g for powder, 2 to 10 g for others. 
c Sample spiked with 150 ppb As.

sam ples w ere prepared by each laboratory and  
portions w ere sent to the other laboratory. Each 
laboratory analyzed  the 10 sam ples in  duplicate  
for both As and Se. The dry ash ing procedure 
w as strictly follow ed, but the hydride generation  
system s w ere d ifferent as m en tion ed  in  the ex­
perim ental procedure. Table 6 sh ow s that the  
results for As and Se agree w e ll. Recoveries of 
A s and Se added to the sam ples ranged from 80 
to 117%.

A fter com p letion  of the study, an article by  
Reamer and V eillon  w as p u blished  (13). They  
sh ow ed  that Se could be determ ined accurately 
by hydride generation AAS after decom position  
o f the sam ple by a very sim ilar dry ashing pro­
cedure. The present study agrees very w e ll w ith  
their results.

In conclusion, the described m ethod provides 
a co n v en ien t and accurate m eans for determ in­
in g  As and Se, usin g  a specified  dry ash ing pro­
cedure and 2  com m ercially available hydride  
generators. It avoids the use o f HCIO4 w h ich  
requires a specific fum e h ood  for safety precau­
tions. The disadvantage is that the sam ple size 
is lim ited  to 10 g (1 g for dry pow der) because of 
increased losses of fine ashes w ith  a large sample. 
T his m ethod  is currently b ein g  used to survey  
the lev e ls  o f both elem ents in  food products in  
Canada.
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P L A N T S

Effects of Particle Size and Method of M illing on Determination of 
Morphine in Papaver som niferum  L. Straw
BEATRIZ FERREIRA ENGELKE and PHILLIP G. VINCENT
U .S . D e p a r tm e n t  o f  A g r ic u l tu r e , A g r ic u ltu r a l  R e sea rch  S e rv ic e . B e l ts v i l le  A g r ic u l tu r a l  R e sea rch  
C e n te r ,  B e l ts v i l le ,  M D  2 0 7 0 5

Different particle sizes of blade- and ball-milled  
poppy straw were separated and analyzed for mor­
phine by high pressure liquid chromatography. 
Morphine content varied up to 70% among the dif­
ferent size particles. This may account for dis­
crepancies observed in percentages of morphine 
found among random aliquots. Homogenizing a 
carefully quartered sample of blade-milled straw by 
further pulverization in a percussion ball mill 2 min 
and taking a quartered aliquot for morphine analysis 
improved the reproducibility of results.

Poppy straw, the dry, ripe, non-incised deseeded  
capsule o f P apaver som niferum  L. harvested w ith  
20  cm of stem  attached, is an im portant com ­
m ercial com m odity (1, 2 ) and in  som e countries 
has replaced opium  (3) as the raw material for 
m edically  im portant p henanthrene alkaloids. 
Disparity am ong results obtained by d ifferent 
laboratories and w ith in  the sam e laboratory for 
m orphine determ inations in m illed  poppy straw 
led  to a study o f m orphine content in  Lie d iffer­
en t size particles constitu ting the sam ple (4). 
B lade-m illed popp y straw was passed throu gh  a 
set o f sieves of p rogressively  decreasing m esh  
apertures, and the resulting different size groups 
of particles w ere analyzed  separately. Results 
sh ow ed  large d ifferences (up to 70%) in  the per­
centages o f m orphine fou n d  am ong the groups. 
The need  for further p u lverization  o f blade- 
m illed  straw becam e ev ident.

Experim ents w ere carried out using a percus­
sion  ball m ill for various len gth s o f tim e w ith  
different numbers of balls and different am ounts 
of tissue to produce optim al particles. The 
problem  of obtain in g a representative aliquot 
from  the original sam ple before subjecting it to 
further pulverization  w as so lved  by u sin g  the  
quartering technique.

Results o f this study w ill contribute to the re-

Mention of a trademark or proprietary product does not constitute a guarantee or warranty of the product by the De­
partment of Agriculture, and does not imply its approval to the exclusion of other products that may also be suitable.Received October 15,1981. Accepted December 14,1981.

producib ility  o f alkaloid analyses in  poppy  
straw.

E xperim ental
Apparatus and Reagents

(a) High pressure liquid chrom atograph.—Spec- 
tra-Physics, equ ipped w ith  gradient system  
pum ping and so lven t program m er; 30 cm X 4 
mm stainless steel co lum ns packed w ith  10 yum 
porous silica ge l (yuPorasil, Waters Associates), 
w ith  5 yum steel end  frit fittings. M ultip le  
w a v e len g th  u ltra v io le t-v isib le  d etector  
(Schoeffel SF 770). O n-colum n injections made 
w ith  syringe-load ing injector (M odel 7120, 
R heodyne) equ ipped w ith  10 yuL loop.

O perating conditions: colum n oven  tem ­
perature 25°C; so lven t system  n -h exan e-m eth -  
y len e ch lorid e-eth an ol-d ieth ylam in e (300 +  30 
+  40 +  0.5); flow  rate 2.4 m L /m in  at 1850 psi; 
detection  at 285 nm  at 0.04 absorbance u n it fu ll 
scale (AUFS) (5).

(b) A lkaloid  stan dard so lu tion .— D isso lve  0.2 g 
m orphine in  100 mL ethanol. D iv id e m ixture 
in to 5 mL portions and store at — 10°C in  tear­
aw ay sealed serum  vials.

(c) S olven ts.— G lass-d istilled , reagent grade, 
degassed  and filtered  to pass 0 .20  yum sieve.

(d) Sieves for particle separation.—U.S. Bureau of 
Standards, Standard Screen Series, 1919, s ieve  
N os. 20, 40, 60, and 80, correspon ding to s ieve  
op en in g s o f 840. 420, 250, and 177 yum, respec­
tively.

(e) Percussion ball-m ill p u lverizer .— Prolabo, 
M icroboyeur Q uantitatif D angoum au (Prolabo, 
12 rue Pelie, 75 Paris XI, France): M ill in  w h ich  
matter to be pu lverized  is put into cham ber to­
gether w ith  steel balls. Cham ber is m oved  ver­
tically at 700 cy c les /m in . H ead of m ill accom ­
m odates on e 150 mL or tw o 65 mL cham bers. 
Each m ill chamber comes w ith  a set of steel balls,
e.g., 65 mL chamber, one 20 mm ball, four 12 mm  
balls, or tw elve 8 mm balls to be used w ith  hard, 
brittle, or in term ediate substances, respec­
tively .

0004-5756/82/6503-0651 -04$01.00© Association of Official Analytical Chemists, Inc.



652 ENGELKE & VINCENT: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 3, 1982)

Extraction of Poppy Straw
Procedure is described in refs 4 and 5. Briefly, 

30 mL of 5% aqueous acetic acid is added to the  
poppy straw and sonicated for 30 min. Resultant 
susp en sion  is adjusted to pH  8.5 w ith  con cen ­
trated N H 4O H , and 10 mL CH Cl3-m eth an ol (3 
+  1) is added. Mixture is agitated, and sonicated  
10 m in. Em ulsion form ed is broken by centrif­
ugation and the aqueous phase is re-extracted  
tw ice. O rganic phase conta in ing m orphine is 
concentrated under vacuum , reconstitu ted  in  2 
mL absolute ethanol, filtered through a Sw inney  
syringe filter, and stored at — 10°C in tear-away 
sealed serum  vials.
Procedure

Ind ividually  mix the u n ev en ly  b lade-m illed  
sam ples o f poppy straw, using quartering tech­
nique, i.e., place entire sam ple on  sm ooth surface, 
pile it into a cone, cut cone into 2 equal parts, and 
then cut these 2 halves into 2 equal parts. O f the 
4 equal parts obtained, take the 2 furthest apart. 
Mix them  together. Repeat quartering as m any  
tim es as necessary to reduce sam ple to ca 10 g. 
Take 1 g aliquots for experim entation and dry 
w eight determ ination (100 m g in  104° C oven  for 
18 h). Place aliquots separately into 65 mL 
cham ber o f ball m ill w ith  either on e 20  mm ball 
or six 8 mm balls and p u lverize for 1, 2, 3, and 4 
m in. (M illin g  for 1 m in w as not su ffic ien t to 
make a sign ificant d ifference in  the size o f par­
ticles and experim entation  for this tim e w as 
term inated.) Take pow ders obtained from  2, 3, 
and 4 m in  m illin g , quarter them , take 250 m g  
aliquot, and extract for m orphine determ ination  
(5). W eigh  rem ainder of each sam ple and sep ­
arate d ifferent size particles by s iev in g  through  
set of 4 sieves. D eterm ine w e ig h t o f each size  
group, take an aliquot, and extract for m orphine  
determ ination  by HPLC (5).

Results and D iscussion
Sam ples 12A and 15A w ere ch osen  as proto­

types from am ong 20  samples used in our studies. 
Data obtained on the effect o f m illin g  tim e and 
m illin g  procedure on  the HPLC determ ination  
of m orphine in poppy straw Sample 12A show ed  
for 2-, 3-, and 4-m in p u lverization  in a 65 mL 
cham ber usin g  on e 20 mm ball, 0.51, 0.32, and  
0.29% m orphine, respectively . U sin g  six 8 mm  
balls, 0.53, 0.30, and 0.31% m orp hine w as found  
in  sam ples m illed  2, 3, and 4 m in , respectively . 
These values on aliquots taken by quartering are 
m eans o f 3 HPLC determ inations corrected for 
dry w eight. The standard deviation w as 0.01 in

all determ inations on ball-m illed  sam ples. D e­
term inations on  b lade-m illed  sam ples sh ow ed  
m orphine content of 0.55%.

Results show  that length of time of m illing was 
important: 2 -m in pulverization w as optim al for 
m orphine recovery; 3- and 4-m in p u lverization  
sh ow ed  a loss o f recovery o f 40 and 42% m or­
p h in e in  com parison w ith  2 -m in pulverization , 
respectively . Results also indicate that pu lver­
ization w ith  either set o f balls was equally e f­
fective. U se o f six 8 mm  balls w as preferred be­
cause o f d im in ish ed  m achine noise

In th is particular sam ple, the percentage of 
m orphine obtained from  the b lade-m illed  sam ­
ples, 0.55, was 5% higher than the average o f the 
percentages obtained from  tissue that w as ball- 
m illed  2  m in, w h ich  is an acceptable analytical 
difference. Extreme care w as taken in  quar­
tering the b lade-m illed  sam ples, thus d im in ­
ish in g  the possib ility  o f error. This has not a l­
ways been the case w ith the different laboratories 
perform ing the analyses because there has been  
no agreem ent on  sam ple preparation protocol. 
This sam ple had been  reported as conta in ing  
0.76, 0.69, 0.55, 0.46, and 0.42% m orphine in  in ­
terlaboratory tests.

The am ount of poppy straw subjected to ball­
m illin g  also w as im portant. Sm all quantities 
(about 250 m g) adhered to the ball bearings and  
had to be rem oved by w a sh in g  directly w ith  ex­
tracting solution. The percentages of m orphine 
found  in  these sam ples w ere sm aller than per­
centages found  w h en  >250 m g w as pu lverized  
for the sam e len g th  o f tim e. For exam ple, for 
Sam ple 15A w e obtained 0.25, 0.37, 0.39, and  
0.40% m orphine for the respective size particles 
840, 420, 250, and 177 ¿im w h en  ball-m illin g  
<250 m g for 3 m in; the w e igh ted  average w as 
0.35%  m orphine vs 0.40% found  w h en  pu lver­
izing am ounts of >250 m g for the same length  of 
tim e (Table 1). B all-m illing am ounts <1 g 
sh ou ld  be avoided . W e believ ed  this deteriora­
tion  o f m orphine to be, in  part, caused by in ­
creased heat o f friction during ball-m illing.

Table 1 sh ow s variations in  m orphine deter­
m inations that are encountered  for d ifferent 
particle sizes o f poppy straw tissue because of 
sites o f b iosyn th esis and accum ulation o f alka­
lo ids are located in  tissues o f d ifferent con sis­
tencies, e.g ., laticifers are m uch finer ce ll types  
than are sclerenchym a. This laboratory coop­
erated in  an electron m icroscopy study w ith  M.
E. Zavala w h ich  id en tified  cellular and subcel- 
lular sites o f alkaloid syn th esis and localization  
in  P. somniferum  by using radio-labeled alkaloids 
(3H-morphine, 3H-salutaridine, and 14C-reticu-
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Table 1. HPLC de te rm in a tio n  of m orph ine  in sieved p artic les of pulverized poppy straw  (Sam ple 15A )8 prepared  by

blade- and ball-m illing

Size of
Blade-milled Ball-milled 2 min Ball-milled 3 min

g Par- Mor- Mor- g Par- Mor- Mor- g Par- Mor- Mor-sieved
particles, tid e s / phine, phine, 6 tid e s / phine, phine, tid e s / phine, phine.

jtim 1 0 0  g % g 1 0 0  g % g 1 0 0  g % g

>840 4.5 0.55 0.025 NDC ND ND ND ND ND
840 60.5 0.47 0.284 18.5 0.45 0.083 4.82 0.23 0.011
420 15.2 0.44 0.067 31.2 0.47 0.147 63.5 0.38 0.241
250 6 . 6 0.43 0.028 17.4 0.49 0.083 13.3 0.45 0.059

<177 13.2 0.35 0.046 32.4 0.43 0.139 18.46 0.54 0.099
X = 0.45 2 = 0.45 X = 0.46 2 = 0.45 X = 0.40 2 = 0.41

Max. A% d 57 14 135

a Aliquots taken by quartering. Results are the mean of 3 determinations corrected for dry weight. 
b Proportion in which the morphine is distributed of the different groups of particles or weighted average. 
c Not determined. This fraction was reduced on milling and passed to the next sieve. 
d A% = (x-y/y) X 100.

lin e) (M. E. Zavala and P. G. M ahlerg, Indiana 
U n iversity , D epartm ent of B iology, B loom ing­
ton, IN (1980) private com m unication). Results 
indicated  that the labeled  alkaloid uptake and  
accum ulation w as restricted to the vascular 
b und les in  the mature organs o f P. scm niferum . 
A ll sizes of vascular bundles have laticifers that 
lie  b etw een  the xylem  and ph loem . S ilver  
grains from radioactive decay of 14C- or -^ -p re­
cursors were deposited over laticifers, xylem , and 
vascular parenchym a. T hey w ere not found  
over m esophyll or epiderm al cells. Because our 
m illed  plant tissue contained  all these tissues, it 
w as im perative to h om ogen ize  the sam ple to 
obtain a representative specim en.

Table 1 sh ow s the variation in  m orp hine con ­
tent am ong the different size groups of particles, 
the percentage of each group by w eigh t, and the 
m orphine present in each size group. These last 
valu es w ere usefu l in  ascertaining the true con ­
tent of m orphine in  unsieved  sam ples, their sum  
b ein g  the w e ig h ted  average o f m orphine in  the 
sam ple.

Our research sh ow s the im portance o f taking  
aliquots by quartering, because if an aliquot 
taken at random  happ ens to contain a d ispro­
portionate share o f a g iv en  particle size, h igh  or 
lo w  in  m orphine as the case m ight be, the re­
su ltin g  analysis w ill not reflect the real va lu e of 
m orphine in  the sample. This may have adverse 
econom ic con sequences either for the buyer or 
the producing country. The problem  o f the ac­
curacy o f analysis o f popp y straw has becom e  
m ore pressing because the trend in  the interna­
tional legal narcotic market is toward harvesting  
pop p y straw instead o f opium  to prevent d iver­
sion  o f the latter to the illic it traffic (1-3).

Table 1 sh ow s that p u lverizin g  in  a ball m ill 
for 2  m in im proves the probability o f taking a 
h om o gen eou s aliquot; the percentage o f m or­
p h in e does not vary so w id e ly  am ong the d if­
ferent size particles as it does in  the blade-m illed  
sam ples. Table 1 sh ow s that particles obtained  
by b lade-m illin g have a m axim um  d ifference of 
57% am ong them selves (max. A%), w hereas the
2 -m in ball-m illed  particles have a m axim um  
difference o f on ly  14%. The percentages by 
w eig h t of the particles are also m ore ev en ly  d is­
tributed. The advantage o f a finer particle size  
is that it offers a greater surface area for so lven t  
extraction.

The reproducibility o f results usin g  the  
m ethod ou tlin ed  here w as tested by se lectin g  
som e o f the sam ples that had previously show n, 
in  both inter- and intralaboratory studies, large 
discrepancies am ong reported results o f m or­
p h in e analysis. The sam ples w ere sp iked  w ith  
14CH3-N -cod ein e, an aliquot w as taken by  
quartering and w as ball-m illed  for 2  m in, and  
then  quartered again. This last aliquot w as ex­
tracted and the m orphine content w as deter­
m ined (5). U sing sam ple 18A as an exam ple, w e  
obtained a value of 0.45% and 0.43% m orphine  
(<5% difference) for 2 replicates and recovered  
98.86% of the radioactive codeine. This sam ple  
had been  reported by the d ifferent laboratories 
as having from 0.47 to 0.28% of m orphine. Thus, 
sam ple preparation proved to be the determ ining  
factor in  the reproducibility o f results, all other 
factors b ein g  equal.
Summary and Conclusions

Preparation o f poppy straw to obtain a h om o­
gen eou s sam ple is as critical to quantitative
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analysis o f its m orphine content as are the sub­
sequent analytical procedures. We recom m end  
preparing sam ples as follow s: Quarter the dry 
poppy straw to obtain a representative sam ple of 
about 1 g. Ball-m ill for 2 m in w ith  six 8 mm  
balls. Quarter again, w eigh  250 mg aliquot, and 
extract for m orphine. Correct for dry w eigh t. 
This laboratory used  an HPLC m ethod but that 
does not preclude the use o f other procedures for 
m orphine analysis.
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Factors Affecting the Determination of Citrate-Insoluble Phosphorus
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Interlaboratory imprecision of results for citrate- 
insoluble P2O5 is greater than desired, especially for 
analyses of triple superphosphate (TSP). A system­
atic study of the method indicates that the most sig­
nificant contributor to the imprecision is the fineness 
of the ground sample. Other factors affecting results 
are sample weight, bath temperature, and extraction 
time. Comparable results are reported for TSP ana­
lyzed by the AOAC official method on samples pre­
pared by grinding to —20 +  200 mesh, on unground 
samples, and on samples disintegrated by an ultra­
sonic bath. Similar tests on diammonium phosphate, 
using the same 3 sample preparation techniques, yield 
results that are not comparable.

The interlaboratory variation in  the determ ina­
tion o f citrate-insoluble phosphorus (Cl P2O 5) by 
the AOAC official final action m ethod  (1) is 
greater than expected. For exam ple, on  1980 
M agruder sam ples, the average h igh  valu e re­
ported for Cl P2O 5 w as 44% greater than the  
grand average, and the average low  valu e re­
ported w as 43% b elo w  the grand average. Val­
ues o f 31 and 37% w ere obtained w h en  the sam e 
observations w ere m ade in  the A ssociation of 
Florida Phosphate C hem ists (AFPC) check sam ­
p le  program.

Two recent sudies w ere concerned w ith  Cl 
P2O 5 in  diam m onium  phosphate (DAP). O ne of 
these studies, carried out at the Tennessee Valley 
A uthority (TVA) (2), concluded that th e use of 
m arginal-quality phosphate rock and increased  
use o f slu d ge from  phosphoric acid have in ­
creased the quantity o f Cl P2O 5 in DAP. The 
other study, conducted by the AFPC (R. J. Hirko 
(1980) AFPC, unpublished report), systematically 
stu d ied  the m any (som ew hat loo se ly  defined) 
steps in  the official m ethod for determ ination of 
Cl P2O5. The TVA study identified som e reasons 
w h y  DAP currently b ein g  produced m ay have a 
greater Cl content, but it did not address varia­
tions in  its determ ination. The study by AFPC 
attem pted to separate the contribution o f each
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step in  the Cl procedure to the final result, but 
their fin d in gs w ere inconclusive.

The purpose o f our study w as to exam ine the  
several factors that may in flu en ce the results 
obtained by the Cl P2O5 m ethod and to make 
appropriate recom m endations.

M ETH O D
C itrate-insolu ble phosphorus. — 2.044-2.046(a) 

w ith  noted  m odifications.
D iscu ssion

Because the flush in g  action o f the water wash  
and the bathing action o f the citrate extraction  
may both d ep en d  on  particle s ize o f the sam ple, 
this w as the first param eter investigated  in  the 
search to find  the cause o f im precision  in  the Cl 
P2O 5 m ethod. Five sam ples o f triple super­
phosphate (TSP) from  d ifferent manufacturers 
and d ifferent regions o f the country w ere se­
lected for study. About 250 g of each sam ple was 
ground in  a M ikro-sam plm ill fitted w ith  1 mm  
screen. Each ground sam ple w as screened, and  
the size fractions are tabulated in Table 1. The 
distributions o f size fractions w ere surprisingly  
similar, even  though the unground sam ples were  
sign ifican tly  d ifferent in  physical appearance.

Sam ple 1 was selected for analysis to see if the 
chem ical com position  o f the s ize fractions w as 
different. Size fractions sm aller than 100 m esh  
w ere com bined, and the sam ples w ere analyzed  
for the major constituents. The data in  Table 2 
sh ow  that the chem ical com p osition  is not d if­
ferent for the 3 fractions.

Cl P2O 5 w as determ ined in  each o f the frac­
tions from the 5 samples. These data are show n  
in  Table 3. In addition, an unground portion of 
each sam ple w as analyzed  for Cl P2O 5 and 3 
sam ples w ere analyzed for Cl P2O 5 after d is in ­
tegration in an ultrasonic bath. These data are 
also show n in Table 3. A lthough there was some 
variation, in  general, the data sh ow  consistency  
for the 3 larger screen sizes and sign ificantly  
low er values for the 2 sm allest screen sizes. 
Sam ple 5 was an exception  to the norm; it gave 
essen tia lly  the sam e result for all screen sizes.

OOC4-5756/82/6503-0655-04$01.00
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Table 1. Size frac tio n s (% of to ta l) of g round  trip le  su p erp h o sp h a te  sam ples

Sample

Screen fraction

- 2 0  

+40 a
-4 0  

+ 1 0 0

- 1 0 0

+ 2 0 0

- 2 0 0

+325 -325

1 2.4 48.3 29.4 16.4 3.5
2 1 . 8 49.1 30.0 16.6 2.5
3 2 . 1 49.7 30.1 16.7 1,4
4 2.7 47.0 27.7 18.9 3.7
5 2.4 44.1 26.6 19.2 7.7

3 Passed No. 20 screen, retained on No. 40 screen.

Because the values obtained on the —20 +  200 
m esh fractions w ere more consistent and more 
nearly m atched the values obtained on  the un­
ground sam ples and by ultrasonic disintegration, 
this fraction was used  in all succeed ing work. 
The extrem e difference found am ong the screen  
fractions may explain the w id e differences found  
in som e interlaboratory com parisons for Cl
p 2o 5.

The experim ent on size fractions o f TSP was 
repeated using 3 DAP sam ples that had s ig n if i­
cant Cl P2O 5. Little or no d ifference w as found  
am ong screen fractions for DAP sam ples, and 
reasonably good agreem ent w as found am ong a 
ground sam ple, the 3 screen fractions, and u l­
trasonic bath disintegration. Values obtained on  
unground sam ples all tended to be h igher than 
on the prepared samples. These data are show n  
in Table 4.

Som e in d ivid ual steps in the Cl procedure 
w ere selected  for further study. The official 
m ethod specifies use o f W hatman N o. 5 filter  
paper to separate the insolub le residue after the 
sam ple is extracted w ith  am m onium  citrate. A 
—20 +  200 m esh portion o f TSP sam ple 1 was 
used for this test. It was analyzed  first by the 
official procedure and then 5 additional tim es by 
substituting Whatman filter papers N os. 1, 4, 7,

Table 2. M ajor c o n s titu en ts  (%) of size frac tio n s of trip le  
su perphospha te  Sam ple 1

Element, %

Screen fraction

- 2 0  

+40 a
-4 0  

+ 1 0 0 - 1 0 0

Total P2 O5 48.16 48.18 48.23
Ca 16.0 16.1 15.7
Mg 0.36 0.37 0.38
Fe 1.29 1.30 1.30
A! 0.81 0.81 0.82

3 Passed No. 20 screen, retained on No. 40 screen.

40, and 42. The result by the official m ethod was 
1.78% P2O 5, and ranged from 1.72 to 1.83% P2O 5 
for the other papers. These differences are not 
significant.

The 2 m ost com m on pieces of apparatus for 
con tin u ou sly  agitating the so lu tion  and sam ple  
during extraction are a water bath w ith  wrist- 
action shakers and an air bath w ith  end-over-end  
tum bling action. The TSP used in the previous 
trial was analyzed 6 tim es by each m ethod of 
agitation. Extraction by end-over-end tum bling  
yielded an average of 1.77% P2O5 w ith a standard 
d eviation  (SD) o f 0.04. By wrist-action shakers, 
the average was 1.67%  P2O5 (SD 0.03). There was 
a difference betw een the averages found, but not 
of a m agnitude that warranted further in vesti­
gation.

To test the m any steps in the official m ethod, 
a ru ggedness test w as dev ised  according to the 
Youden design  (3). The variables and the effect 
of the com binations are sh ow n  in Table 5. The 
differences from these results were Da (0.31), Db 
(0.10), Dc (0.09), Db (0.16), D e (0.151, Df (0.02), 
and Dg (0.03). These results indicate that size of 
sam ple caused a sign ifican t d ifference and that 
tem perature o f the citrate bath and tim e o f ex­
traction may be sign ifican t factors.

A second ruggedness test was d esign ed  ex­
cluding the 3 factors noted above as contributing  
to im precision. The conditions chosen for test­
in g  and the results are sh ow n  in Table 6 . The 
sum  differences from these results were: Da
(0.03), Db (0.02), Dc (0.06), Dd (0.03), De (0.04), Df  
(0.07), and Dg (0.06). These results indicate that 
under the conditions tested these 8 variaoles did  
not contribute to im precise values.

In som e instances throughout the study, 
w ater-soluble P2O 5 w as determ ined on size  
fractions, u n ground  sam ples, u ltrason ically  
disintegrated  sam ples, etc.; w ith ou t exception , 
the results obtained w ere in inverse ratio to the  
Cl P2O 5 found in the sam ple. This fin d in g  was
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Table 3. Cl P2O5 (%) in g round  frac tio n s , unground , and  u ltrason ic-d isin teg ra ted  trip le  su p erp h o sp h a te  sam ples

Sample
-2 0  
+40 3

-4 0  
+ 100

Ground

-100
+200

-200
+325 -325 Unground 6 Ultrasonic

1 1.77 1.77 1.89 1.15 0.78 1.74 1.77
2 1.70 1.95 1.83 0.96 0.73 1.75 —

3 1.28 1.50 0.51 0.12 0.07 1.00 0.91
4 1.42 1.75 1.77 0.75 0.43 1.51 1.49
5 0.39 0.44 0.44 0.45 0.48 0.53 —

a Passed No. 20 sieve, retained on No. 40 sieve. 
b Average of 2 independent determinations.

Table 4. Cl P2O5 (%) in se lec ted  d iam m onium  p h osphate  sam ples

Ground

-2 0 -100
Sample Mixed + 100a +325 -325 Unground Ultrasonic

1 0.54 0.58 0.50 0.38 0.71 0.55
2 0.27 0.25 0.21 0.19 0.44 0.27
3 0.64 0.76 0.70 0.64 0.80 0.69

a Passed No. 20 sieve, retained on No. 100 sieve.

Table 5. Variables and  resu lts  fo r ruggedness te s t No. 1 T a b le 6  variab les and resu lts  fo r ruggedness te s t  No. 2
Key Key

Variable Designation Values Variable Designation Values

Sample weight, g A,a 1.2, 0.8 Water-sol. wash
Citrate pH B.b 7.1. 6.9 time, min A,a 75, 45
Initial citrate Citrate pH B,b 7.1. 6.9

temp., °C C.c 65, 27 Citrate sp. gr. C.c 1.095, 1.085
Bath temp., °C D,d 70, 60 Temp, citrate
Extraction time, measured, °C D,d 65, 27

min E,e 70, 50 Filter paper E,e No. 2 pulp. No. 42 paper
Water-sol. wash time, Final water wash,

min F,f 75, 45 mL F,f 300, 200
Final wash Final wash

temp., °C G,g 65, 27 temp. °C G.g 65, 27

Results Results

Condition Cl P20 5, Condition Cl P20 5,
No. Combination % No. Combination %

1 A,B,C,D,E,F,G 1.86 1 A,B.C,D,E,F,G 1.71
2 A,B,c,D,e,f,g 2.09 2 A,B,c,D,e,f,g 1.73
3 A,b.C,d,E,f,g 1.91 3 A,b,C,d,E,f,g 1.66
4 A,b.c,d.e,F,G 2.16 4 A,b,c,d,e,F,G 1.72
5 a,B.C,d,e,F,g 1.83 5 a.B,C,d,e,F.g 1.57
6 a,B,c,d,E,f,G 1.82 6 a,B,c,d,E,f.G 1.83
7 a.b.C.D.e.t.G 1.61 7 a.b.C.D.e.f.G 1.64
8 a,b,c,D,E,F,g 1.51 8 a,b,C,D,E,F,g 1.74

Av. 1.85 Av. 1.70
Std dev. 0.22 Std dev. 0.077
Range 0.65 Range 0.26
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consistent w ith  the results p reviously  reported
(4).

C o n c lu s i o n s  a n d  R e c o m m e n d a t io n s
The official m ethod for the determ ination  of 

citrate-insoluble phosphorus in  triple super­
phosphate is greatly affected by the fin en ess of 
the ground sam ple. Therefore, it is m andatory 
that sam ples be extrem ely w e ll h om o gen ized  
after grinding.

O ther factors that may affect reproducible re­
sults for CI P2O 5 are size of sam ple, temperature 
of citrate bath, and extraction tim e.

Factors that had previously been thought to be 
high ly  critical in the CI P2O5 m ethod were found

to be reasonably rugged. T hese in clu d ed  pH  
and specific gravity o f the citrate, filter m edium  
used to separate citrate-insoluble residue, and  
tem perature o f the final w ash water.
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M Y C O T O X IN S

S u s c e p t i b i l i t y  o f  S t r a w b e r r i e s ,  B l a c k b e r r i e s ,  a n d  C h e r r i e s  to  
A sp e rg illu s  M o l d  G r o w t h  a n d  A f l a t o x i n  P r o d u c t i o n

GERALD C. LLEWELLYN, THOMAS EADIE,1 and WILLIAM V. DASHEK2
V irg in ia  C o m m o n w e a lth  U n iv e r s i t y , D e p a r tm e n t  o f  B io lo g y , R ic h m o n d , V A  2 3 2 8 4

T h e su sc e p t ib il ity  o f  b lack b erries, ch erries, and  
straw b err ies to  Aspergillus g ro w th  and a fla to x in  
p rod uction  has b een  exam in ed . Three a fla tox igen ic  
iso la tes  o f  Aspergillus, A. flavus ATCC 15548 and  
NRRL 3251 as w e ll as A. parasiticus NRRL 2999, w ere  
cu ltu red  on  h o m o g en a tes  o f  th e  fru its  fo r  14 d ay s at 
28 ±  2°C . P ercent m y ce lia l g ro w th  and spore in fe s ­
ta tion  w ere d eterm in ed  each d ay  w ith  a calib rated  
grid. A t day 14 each culture w as frozen at —5°C u n til 
a fla to x in s  w ere extracted  w ith  m e th y le n e  ch lor id e  
and w ater. A fla to x in s  w ere separated  b y  th in  layer  
ch rom atograph y  (TLC) w ith  b e n z e n e -m e th a n o l-  
acetic  acid  (90 +  5 +  5). T h is  ex traction  and  so lv e n t  
system  p ro v id ed  sa tisfacto ry  sep aratio n s o f th e  a f­
la to x in s  and w as free o f  b ack grou n d  in terferen ce  on  
th e  TLC p la tes. A lth o u g h  a ll fru its  serv ed  as su b ­
strates fo r  b oth  Aspergillus g ro w th  and a fla to x in  
p rod uction , cherries appeared to  be a m ore favorab le  
substrate than  d id  b la ck b erries, and  th e  la tter  w as  
m ore favorable than straw berries. W hereas A. flavus 
produced  b oth  B2 and Gi on  a ll sub stra tes, it  y ie ld e d  
B2 and  G2 o n ly  on cherries. A lth o u g h  A. parasiticus 
N RRL 2999 sy n th e s iz e d  B2, B2, Gi, and G2 o n  b oth  
blackberries and cherries, n o  afla toxins w ere detected  
on straw b erries. In contrast, A. flavus N R R L  3251  
fa iled  to produce detectable le v e ls  o f afla toxin  on  any  
substrate. A ll sub stra tes sup p orted  b oth  m y celia l 
g ro w th  and su b seq u en t sp o ru la tion  w ith  ch erries >  
b la ck b erries >  straw b erries.

A flatoxins are secondary m etabolites o f A sp er­
gillu s fla vu s  and A . parasiticus (1, 2). The m etab­
o lites  are a quadruple threat in  that th ey  are 
hepatocarcinogens, m utagens, teratogens, and  
toxins. A  variety of substrates have been  tested  
for potential grow th  o f aflatoxigenic isolates of 
A sperg illu s, in clu d in g  caraway, celery seed , c in ­
nam on, cloves, g in ger, mustard, rosem ary, and  
sesame (3). O nly a few  investigations have been  
carried out u sin g  fruits as substrates. T hese in ­
clude intact citrus fruits (4, 5) and dried figs, 
apricots, p ineapples, and raisins (6 ).

1 Commonwealth of Virginia, Department of General Ser­vices, Division of Consolidated Laboratory Services, 1 N 14th 
St, Richmond, VA 23219.2 West Virginia University, Department of Biology, Mor­
gantown, WV 26506.Received September 9, 1981. Accepted December 8, 1981.This paper was presented at the 95th Annual Meeting of the 
AOAC, Oct. 19-22, 1981, at W ashington, DC.

Blackberries (Eubatus spp.), cherries (Prunus 
spp.), and strawberries (Fragaria spp.) are fruits 
w h ich  result from p o llin a tio n  and subsequent 
fertilization . W hereas the strawberry is an ex­
am ple o f an accessory fruit w ith  achenes on  the  
surface, the blackberry and the cherry are ex­
am ples o f m ultip le and s in g le  drupes, respec­
tively .

T hese fruits are sold  in  m arkets and are also  
available for the consum er to pick in  the field . 
Because storage and sh e lf  lives  o f th ese com ­
m odities are quite lim ited, aged an d /or damaged  
fruit w h ich  becom es m oldy is rem oved  before  
se llin g  the n on -m old y  portion. H ow ever, w e  
have observed extensive growth and sporulation  
of an A sperg illu s-like  m old on  cherries d isplayed  
at a local superm arket. T his observation  
prom pted the present in vestigation  w h ich  is 
concerned w ith  the aflatoxigenic p oten tia l o f  
blackberries, cherries, and strawberries.

E xperim ental
Preparation of Fruit Substrates

Raw, u nw ash ed  fruits w ere used. Straw­
berries and blackberries w ere picked locally. 
Cherries, purchased from  a local superm arket, 
w ere a Bing Cultivar from  M ontana. Straw­
berries and blackberries w ere not w ash ed  and  
thus contained  the natural flora associated w ith  
their grow ing environm ent. W e believe that the 
cherries w ere spray-washed by the packer. Five 
gram lots o f the fruits w ere chopped  w ith  a 
sterile scalpel. Cherries w ere pitted  aseptically  
before chopping. C hopped fruits w ith  their  
respective juices w ere h om ogen ized  to a slurry  
w ith  a sterile mortar and pestle.

Preparation of Aspergillus Isolates
Aspergillus flavus isolate ATCC 15548, A . flavus  

isolate NRRL 3251, and A. parasiticus isolate  
NRRL 2999 were m aintained as stock cultures on  
potato-dextrose-yeast-agar slants as previously  
described (7). These isolates are k n ow n  to pro­
duce aflatoxins (8 ).

000+5756/82/6503-0659-06$01.00 
©  Association of Official Analytical Chemists, Inc.



660 LLEWELLYN ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 3, 1982)

Inoculation of Fruit Substrates
Five gram w et-w eig h t batches of each sub­

strate w ere placed in 60 mL sterile Pyrex pre­
scription bottles w ith  both flat and rounded  
sides. Bottles conta in ing the substrates w ere  
then  transferred to a n egative pressure hood  
w h ich  had been sterilized w ith both 25% sodium  
h ypoch lorite and a 30-m in exposure to ultravi­
olet light. Substrates were inoculated w ith  equal 
aliquots o f spores taken from  sin g le  slants, and  
inoculated substrates were incubated in the dark 
for 14 days at 25 ±  2°C.
Growth Rate Quantification

To determ ine percentage mycelial growth and 
spore infestation , a clear plastic grid consisting  
of 100 squares spaced over a 60 X 35 mm area was 
placed over each prescription bottle. Com ­
p letely  filled  squares v iew ed  below  but through  
the grid w ere counted as 1% each. Except for day 
4, determ inations w ere carried out daily  for 2 
w eeks.
Replication of Experiment

Data w ith in  the tables represent m eans and  
standard deviation s of triplicate observations. 
A ll experim ents w ere perform ed in triplicate, 
and triplicate determ inations w ere m ade w ith in  
each experim ent.
Aflatoxin Analysis

At day 14, each culture was observed, capped, 
and frozen  at —5°C until tested. C ontents of 
ind iv id u al culture bottles in clu d in g  substrate, 
m ycelia, and spores were extracted and analyzed. 
M eth ylen e ch loride (25 mL) and water (2 mL) 
w ere added to the frozen contents of each bottle, 
w h ich  w as then  a llow ed  to com e to room  tem ­
perature. Each bottle w as capped fo llo w in g  
addition  of the extracting solven ts. A ll bottles 
w ere shaken v igorou sly  on  a m echanical wrist- 
action shaker for 1 h fo llow ed  by gravity filtra­
tion  through W hatman N o. 2V paper. Aliquots 
(10 mL) of each filtrate w ere evaporated under  
nitrogen for thin layer chromatography (TLC) on  
A dsorbosil-P lus 1, hard layer plates (A pplied  
Science Laboratories, State C ollege, PA 16801), 
according to AO AC m ethods (9). The alternative 
d ev elo p in g  so lven t, b en zen e-m eth a n o l-ace tic  
acid (90 +  5 +  5), y ielded  excellent separations of 
the aflatoxins and was free o f background in ­
terference. A ccordingly, th is so lven t w as used  
instead of the sp ecified  aceton e-C H C l3 (1 +  9) 
d ev elo p in g  solven t. Data are reported as n g /g  
substrate. Separate control sam ples of each fruit 
substrate used  in  the study w ere tested before

experim ental use to confirm  the absence o f af­
latoxins or interfering materials. V isual read­
in gs w ere m ade for each determ ination by com ­
paring fluorescent spots w ith  reference sam ples 
and m aking the necessary d ilu tion s o f the spot­
ted extracts until they m atched.

R e s u lt s

Aflatoxin Synthesis by Aspergillus Isolates on Fruits
Blackberries (Eubatus).— M arkedly d ivergen t  

results w ere observed on inocu lation  and sub­
sequent incubation o f blackberry hom ogenates  
w ith  3 A spergillus isolates (Table 1). W hereas 
nearly equ ivalent am ounts o f Bi and Gj w ere  
form ed by A .f la v u s  isolate ATCC 15548, no afla­
toxins w ere syn th esized  by A . flavu s  isolate  
NRRL 3251 w h en  blackberry w as used  as a sub­
strate. P lacem ent in to  and m aintenance of 
blackberry h om ogenates w ith  A . parasiticus iso ­
late NRRL 2999 y ie ld ed  approxim ately 3 tim es 
as m uch Bj as Gi-

Strazvberries (F ra g a n a ).— W h en straw berry  
h om ogenates w ere inoculated  and incubated  
w ith  spores of A . flavu s  isolate ATCC 15548, both  
Bj and Gj w ere syn th esized , w ith  slig h tly  m ore 
of the latter (57% of the total toxin  recovered) 
than the former (43% of the total toxin recovered) 
form ed (Table 1). In contrast, neither A . parasi­
ticus isolate NRRL 2999 nor A . flavu s  isolate  
NRRL 3251 produced anv aflatox:n on  straw­
berry hom ogenates.

Cherries (P runus).— A lth ou gh  inocu lation  and  
then  incubation o f cherry hom ogen ates w ith  A . 
flavu s  isolate NRRL 3251 did  not result in  any 
aflatoxin, procedures usin g  A . flavu s  isolate  
ATCC 15548 resulted in  nearly equ ivalent 
am ounts o f Bj and G! (Table 1). In contrast, 98 
tim es m ore Bt than Gi w as syn th esized  w h en  
cherry hom ogenates were subjected to and then  
cultured w ith  A . parasiticus isolate NRRL 2999.

The results presented  in  Table 1 revealed  that 
of the 3 fruits, strawberries appear to be the least 
favorable substrate for aflatoxin production; 
cherries seem  to be the m ost favorable, w ith  
blackberries interm ediate b etw een  the two.
Spore Infestation on Fruit Substrates

Blackberries.— Dissimilar results for percentage 
substrate area covered by spores w ere observed  
w h en  blackberry h om ogenates w ere inoculated  
w ith  3 aflatoxigenic A spergillus isolates (Table 2). 
W hereas o n ly  15% of the h om ogenate w as cov­
ered by spores 5 days after inoculation  and in ­
cubation w ith  A . flavu s  isolate ATCC 15548,
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Table 1. Aflatoxin syn thesis by 3 A spergillus  iso lates on  3 fru its  a

A. flavus A. parasiticus A. flavus
ATCC 15548, % of NRRL 2999, % of NRRL 3251, %of

Aflatoxin ng/g total ng/g total ng/g total

Blackberries

Bi 7551 ± 5041 46 3175 ± 2848 71 ND* —

b2 ND — 30 ± 5 2 <1 ND —

Gi 8842 ± 6842 54 1237 ± 1195 28 ND —

G2 ND — 12 ± 21 <1 ND —

Total 16 393 4454 —

Strawberries

Bi 111 ± 46 43 ND ND
b2 ND — ND — ND —

Gl 149 ± 50 57 ND — ND —

G2 ND — ND — ND —

Total 260 — —

Cherries

Bi 21 345 ± 1667 48 154 862 ± 15 266 98 ND
b2 347 ± 65 <1 1924 ± 544 1 ND —

Gi 22 711 ± 463 51 122 ± 14 <1 ND —

G2 468 ± 73 <1 1114 ± 601 <1 ND —

Total 44 871 158 022 —

a Means and standard deviations from CHCI3-extracted fruit substrates for 3 replicate experiments with 3 replicates within 
each experiment.

* ND = none detected.

percentages o f 70 and 80 w ere seen  at 2 and 3 
days w ith  A . parasiticus isolate NRRL 2999 and A. 
fla vu s  isolate NRRL 3251, respectively . B etw een  
the 6 th and 7th days, the substrate area covered  
by spores rose from 50 to 80% and then  to 100% 
b etw een  days 8 and 9 for hom ogen ates in ocu ­
lated and incubated w ith  A . flavu s  isolate ATCC 
15548. In contrast, isolates NRRL 2999 and NRRL 
3251 y ie ld ed  changes o f 90 to 100% and 95 to 
100% b etw een  days 3 and 5 and betw een  8 and 9, 
respectively .

Straw berries.— W hereas 50% of the strawberry 
hom ogenate was covered w ith  spores 3 days post 
inoculation and incubation w ith  A . flavu s  isolate 
ATCC 15548, 60% w as covered at 2 days w ith  A . 
parasiticus isolate NRRL 2999 and A . flavus isolate 
NRRL 3251. The substrate area covered  by 
spores increased from  60 to 70% (b etw een  days 
2 and 3) and 75 to 80% (betw een days 7 and 8 ) for 
the form er isolate and 60 to 80% (b etw een  days 
2 and 3) and 80 to 85% (betw een days 5 and 6 ) for 
the latter isolate.

Cherries.— A lth ou gh  the percentage o f sub­
strate area covered  by spores did  not increase 
until the 6 th day (75%) after inocu lation  and in ­
cubation o f cherry hom ogenates w ith  Aspergillus 
isolate ATCC 15548, these percentages increased  
to 80 and 90 by day 3 w ith  A spergillus isolates

parasiticus NRRL 2999 and fla vu s  NRRL 3251, 
respectively . A 100% substrate area covered  by  
spores w as reached on  days 14 (isolate ATCC 
15548), 7 (isolate NRRL 2999), and 5 (isolate  
NRRL 3251).
Mycelial Growth on Fruit Substrates

Blackberries.—The area o f blackberry h om og­
enate covered by m ycelia w as >70% w h en  the  
hom ogenates w ere inoculated and incubated for 
2 days w ith  Aspergillus isolate ATCC 15548, NRRL 
2999, or NRRL 3251 (Table 3). B etw een days 2 
and 3 the area o f substrate occupied  by m ycelia  
increased from 70 to 90% and from 80 to 85% and  
then  rem ained constant for the next 11 days 
w h en  blackberry hom ogenates were treated w ith  
spores o f e ither A . flavu s  isolate ATCC 15548 or 
A . parasiticus isolate NRRL 2999, respectively, and  
subsequen tly  m aintained. In contrast, for in ­
oculation  and incubation w ith  A . fla vu s  NRRL 
3251, area covered by m ycelia increased from 85 
to 90, 90 to 95, and 95 to 100% betw een days 2 and 
3, 5 and 6 , and 7 and 8 , respectively .

Straw berries.— W hen A spergillus isolate ATCC 
15548, NRRL 2999, or NRRL 3251 was introduced  
into and cultured on strawberry hom ogenates for 
2 days, >50% of the h om ogenates w ere covered  
w ith  m ycelia. B etw een days 2 and 3, the area



Table 2. M ycelial s u b s tra te  a rea  (%) covered by spo res
Days after inoculation

A s p e r g i l l u s ---------------------------------------------------------------------------------------------------------
Fruit isolate 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blackberry A. flavus ATCC 15548 _a 0 0 _a 15 50 80 80 100 100 100 100 100 100
A. parasiticus  NRRL 2999 — 70 90 — 100 100 100 100 100 100 100 100 100 100
A. flavus NRRL 3251 — — 80 — 90 95 95 95 100 100 100 100 100 100

Strawberry A. flavus ATCC 15548 — 0 50 — 50 50 50 50 50 50 50 75 75 75
A. parasiticus  NRRL 2999 — 60 75 — 75 75 75 80 80 80 80 80 80 100
A. flavus NRRL 3251 — 60 80 — 80 85 85 85 85 85 85 85 85 85

Cherry A. flavus ATCC 15548 — 0 0 — 0 75 75 75 75 75 80 80 80 100
A. p a ra s iticu s  NRRL 2999 — 0 80 — 80 95 100 100 100 100 100 100 100 100
A. flavus NRRL 3251 — 0 90 — 100 100 100 100 100 100 100 100 100 100

a No observations made.

Table 3. S u b s tra te  a rea  (%) covered  by m ycelia
Days after inoculation

Aspergillus ----------------------------------------------------------------------------------------------------------
Fruit Isolate 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blackberry A. flavus ATCC 15548 __a 70 90 __a 90 90 90 90 90 90 90 90 90 90
A. paras iticus  NRRL 2999 — 80 85 — 85 85 85 85 85 85 85 85 85 85
A. flavus NRRL 3251 — 85 90 — 90 95 95 100 100 100 100 100 100 100

Strawberry 71. flavus ATCC 15548 — 50 75 — 80 80 80 80 80 80 80 80 80 80
A. parasiticus  NRRL 2999 — 50 75 — 75 75 75 80 80 80 80 80 80 80
A. flavus NRRL 3251 — 60 80 — 80 80 80 80 80 80 80 80 80 80

Cherry A. flavus ATCC 15548 — 95 95 — 100 100 100 100 100 100 100 100 100 100
4. paras iticus  NRRL 2999 — 95 95 — 95 100 100 100 100 100 100 100 100 100
A. flavus NRRL 3251 — 80 90 — 90 90 95 100 100 100 100 100 100 100

a No observation made.
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Table 4. S um m ary  of t im e-d ep en d en t ch an g es  in sp o re  in fes ta tion  and m ycelial grow th re la ted  to  aflatox in  syn thesis 
by 3 afla tox igenic  A spergillus  iso lates grow n on b lackberry , straw berry , and ch erry  su b s tra tes

Fruit
A. flavus 

ATCC 15548
A. parasiticus 
NRRL 2999

A. flavus 
NRRL 3251

Aflatoxin Type Synthesized, % of Total

Blackberry 46 Bi 54 Gi 71 B j28 Gr ND Bi NDGi
Strawberry 43 Bi 57 Gi NDBj NDGi NDBi NDGi
Cherry 48 Bi 51 Gi 98 Bi 1 Gi NDBi NDGi

Mycelial Growth, %

Blackberry
% 0-70 70-90 0-80, 80-85 0-85 85-100
Days 0-2 2-14 0-2  2-14 0-2  2-14

Strawberry
% 0-50 50-80 0-50 50-80 0-60 60-80
Days 0-2 2-14 0-2 2-14 0-2 2-14

Cherry
% 0-95 95-100 0-9595-100 0-80 80-100
Days 0-2 2-14 0-2  2-14 0-2 2-14

Spore Infestation

Blackberry
% 0-1515-100 0-7070-100 0-80 80-100
Days 0-5  5-14 0-2  2-14 0-3 3-14

Strawberry
% 0-50 50-75 0-60 60-100 0-60 60-85
Days 0-3 3-14 0-2  2-14 0-2 2-14

Cherry
% 0-75 75-100 0-80 80-100 0-90 90-100
Days 0-6  6-14 0-3  3-14 0-3  3-14

covered by mycelia accelerated from 50 to 75% for 
A . fla vu s  ATCC 15548 and A . parasiticus NRRL 
2999, but for A . fla vu s  NRRL 3251 the en h an ce­
m ent was from 60 to 80%. Whereas the substrate 
area covered by m ycelia did not increase during  
14 days for strawberry h om ogenates inoculated  
and incubated w ith  A. flavus NRRL 3251, the area 
did  increase from  75 to 80% in those h om o ge­
nates subjected to and cultured w ith  either A . 
flavus isolate ATCC 15548 or A. parasiticus isolate 
NRRL 2999. The prom otions were betw een days 
3 and 5 for the form er and days 7 and 8 for the  
latter.

C herries.— The area o f cherry h om ogenate  
covered by m ycelia  w as >80% fo llo w in g  in ocu ­
lation  and incubation for 2 days w i t h  A spergillus  
isolate ATCC 15548, NRRL 2999, or NRRL 3251. 
The area increased from 95 to 100% betw een days 
3 and 5 ,5  and 6 , and 7 and 8 w h en  h om ogenates  
w ere inoculated  and incubated w ith  spores of 
isolates A . flavus ATCC 15548, A. parasiticus NRRL 
2999, and A. flavu s  NRRL 3251, respectively .
Correlations Between Aflatoxin Synthesis and Area Covered by Mycelia and Spores

Table 4 sum m arizes the tim e-d ep en d en t  
changes in mycelial growth and spore infestation

as related to aflatoxin syn th esis by the 3 aflatox­
igenic Aspergillus isolates. There does not appear 
to be a correlation b etw een  total quantity o f af- 
latoxins, type of aflatoxins, and either percentage 
of m ycelial grow th or sporulation.

Discussion
Table 5 com pares the aflatoxigenic rankings 

for fruits and A spergillus fla vu s  ATCC 15548 as 
w ell as A. parasiticus NRRL 2999. It is apparent 
that the substrates differ w ith  respect to the type  
of aflatoxin produced by A. flavu s  and A. parasi­
ticus. For A. flavu s  the rankings for EL w ere  
cherry >  blackberry >  strawberry. In contrast, 
B2 w as produced on ly  on  cherry and blackberry 
w ith  the form er serv in g  as a m ore effective sub­
strate than the latter. The rankings for Gi w ere  
strawberry >  blackberry >  cherry. Aflatoxin G2 
y ie ld s w ere observed o n ly  on cherry. The 
rankings for A. parasiticus w ere Bj and B2, cherry 
>  blackberry; Gi, blackberry >  cherry; and G2, 
cherry and blackberry about the same.

A. flavu s  isolate 3251 w as a consistent n on ­
producer of aflatoxin in  this study a lthough  it 
both grew  and sporulated w ell. These results 
agree w ith  those obtained w h en  the isolate was 
grow n on  spices (3).
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Table 5. A flatoxigenic rank ings fo r f ru its  and  Aspergillus parasiticus  NRRL 2999  and A. flavus  ATCC 15548  3

Aflatoxin production

Rank Bi b2 Gi G2

A. flavus ATCC 15548

1 cherry cherry strawberry cherry
2 blackberry blackberry blackberry
3 strawberry cherry

A. parasiticus  NRRL 2999

1 cherry cherry blackberry cherry-blackberry
2 blackberry blackberry cherry

Rankings determined from data in Table 1.

A num ber of factors w h ich  have not been  
considered  in  the present investigation  m ay in ­
fluence m ycelial grow th, sporulatm n, and afla- 
toxin production. These factors are necessary  
nutrients from the substrate, com p eting m icro­
organism s in  the substrate, inhibitory chem icals, 
natural barriers such as seed coat, water content, 
pH, temperature, and length o f time for the mold  
to grow  (3).

In sum m ary, the fruits studied , especially  
cherries and blackberries, are susceptib le to 
toxigenic m old grow th. R outine but s ligh tly  
abbreviated m ethods for aflatoxin analysis ap­
pear satisfactory. We do not recom m end m on­
itoring such fruits for aflatoxins w h en  the former 
are selected  by the ind iv id u al consum er, but if 
mass harvesting and processing are in vo lved , 
then  an occasional analysis o f blackberries and 
cherries appears to be warranted. Strawberries 
do not appear to be an aflatoxigenic supportive  
substrate. They may even  be inhibitory to toxin  
production but are not antim ycotic.
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A rapid m eth od  for th e  d eterm in ation  o f a fla to x in s  
w as d ev e lo p ed  u sin g  h ig h  pressure liq u id  chrom a­
tography and a radial com pression  separation system . 
A standard  so lu t io n  o f a fla to x in s Bj, B2, Gj, G2, and  
M i w as analyzed  at f lo w  rates o f 2.0 and 6.0 m L /m in . 
R eten tion  tim es, peak  h e ig h ts , and  peak  areas w ere  
rep ro d u cib le  o ver a 3-day  p er iod . C o e ff ic ie n ts  of 
variation  for a fla toxin  Bi at 2.0 and 6.0 m L /m in  w ere, 
re sp e ctiv e ly , 1.04 and 0.87% (reten tio n  tim e); 2.9 and  
4.7% (peak  h eigh t); and 8.2 and 4.7% (peak  area). At 
6.0 m L /m in  there w as an app roxim ate 25% lo ss  in  
s e n s it iv ity  bu t a greater than  50% red u ction  in  re­
te n tio n  tim e. Sep aration  o f  a ll the a fla to x in s  w as  
ex c e llen t u sin g  a dual f lo w  rate o f 2.0 m L /m in  w ith  
a change to 8.0 m L /m in  at 15 m in  post-in jection . The 
a p p lica b ility  o f th e  radial co m p ressio n  sep aration  
system  for the rapid d eterm in ation  o f a fla to x in s  in  
h um an tissu es  w as a lso  tested . S p ik ed  sam p les  o f  
liver , serum , and u rine sh o w ed  good  reso lu tion  o f all 
a fla to x in  p eak s at th e h ig h er  f lo w  rates.

The aflatoxins are a group o f toxic fungal m e­
tabolites produced by several species o f A sper­
gillus. There are at least 16 naturally occurring  
aflatoxins, but the 4 major toxins are aflatoxins 
Bi, B2, G j, and G2 (1). A flatoxin B: is a potent 
hepatocarcinogen (2) and m utagen (3) that has 
been found in a variety of foods and feeds (4). Its 
consum ption has been  linked to hum an diseases 
such as prim ary hepatocellu lar carcinoma and  
Reyes syndrom e (5). The public health  im por­
tance and w idespread occurrence of aflatoxin Bi 
has stim ulated the d evelop m en t of num erous  
chrom atographic m ethods o f analysis.

Early m ethods for aflatoxin analysis in vo lved  
extraction into interm ediate polarity solven ts, 
separation by thin layer chrom atography (TLC), 
and visualization of the characteristic fluorescent 
spot(s) (6 ). H ow ever, a lthough  su ited  to mass 
screening, TLC lacks the precision and sensitivity  
of h igh  pressure liquid chromatography (HPLC). 
M any HPLC m ethods have been  d ev elop ed  for 
determ ining aflatoxins. Normal phase methods, 
such as the on e d evelop ed  by Pons (7), have the

1 Address correspondence to this author.Received September 1, 1981. Accepted November 2, 
1981.This study was supported by Texas Agricultural Experiment 
Station Projects H6215, AH6397, and AH6529

advantages of w ide applicability, good resolution  
of the majority of the aflatoxins, and detection in  
the range 1-2  n g /g . Reverse phase m ethods 
u sin g  fluorescence detection  o f the aflatoxins 
have also been d ev elop ed  (8-10). These m eth ­
ods have the advantages o f increased sensitiv ity , 
so lven t safety, and increased colum n stability. 
The major lim itation o f fluorescence detection  
is the possibility of errors due to quenching from  
contam inant com pounds.

The w id e range in  polarity b etw een  the 4 
major aflatoxins and their m etabolites has made 
it d ifficu lt to d evelop  an ideal HPLC m obile  
phase so lven t system  that w ill g iv e  optim um  
resolution. The closest to an ideal so lven t sys­
tem  for norm al phase HPLC separation o f the 
aflatoxins has been  described by Pons (7).

In th is study, w e  report an adaptation o f the 
Pons HPLC m ethod usin g  radial com pression  
separation w ith  UV detection  at 365 nm , and its 
application in the determ ination  o f aflatoxins 
from hum an tissues and b iological fluids.

E xperim ental
Apparatus

(a) Liquid ch ro m a to g ra p h .— W aters M odel 
ALC-204 HPLC system  (Waters A ssociates, Inc., 
M ilford, MA) equ ipped  w ith  M -6000 and M-45 
pum ps, U 6K septum less injector, M odel 440 UV  
absorbance detector w ith  365 nm  prim ary filter  
in  series w ith  M odel 420-E fluorescence detector 
(365 nm  excitation, 425 nm  em ission), M odel 
970-A variable w a velen gth  U V -v isib le  detector  
(Tracor Instrum ents, Austin, TX), and M odel 660 
so lven t program m er (Waters).

(b) HPLC colum n.—Waters radial compression  
separation system  consisting o f RCM-100 radial 
com pression m odule and norm al phase Radial- 
Pak cartridge (10 pm  particle size).

(c) Tissue hom ogenizer.— Polytron tissue ho- 
m ogenizer (Brinkmann Instrum ents, W estbury, 
NY).

(d) Liquid sc in tilla tio n  sp ec tro p h o to m e ter .— 
Beckman LS 7500 (Beckman Instrum ents, Palo 
A lto, CA).

(e) HPLC recorder.— H ouston Instrum ent Se­
ries B-5000 dual-pen O m ni-Scribe (Austin, TX).
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(f) In tegra tor.—H ewlett-Packard M odel 3390 
A (A vondale, PA).
Reagents

(a) A fla tox in s .—A flatoxins Bi, B2, Gi, G2, and  
M i (Sigma Chem ical Co., St. Louis, MO). Purity 
was confirm ed by TLC and HPLC. 3H-Aflatoxin  
Bi (15 C i/m m o l) w as obtained from M oravek  
Biochem icals (City of Industry, CA).

(b) S olven ts.— CHCI3, acetone, cyclohexane, 
acetonitrile, 2-propanol, and hexane (Burdick & 
Jackson, M uskegon, MI); triple d istilled  and  
dem in eralized  water.

(c) H PLC  m obile p h a se .—W ater-saturated  
CHCl3-cyclohexane-acetonitrile (75 +  22.5 +  2.5) 
w ith  2% 2-propanol.

(d) Scintillation flu id .—Beckman Ready-Solv  
HP (Beckman Instrum ents).
Tissues and Biological Fluids

H um an liver tissues (10-20 g each) w ere ob­
tained at autopsy through the cooperation of 
Ralph M. Garruto, N ational Institutes o f H ealth, 
Bethesda, MD. H um an plasm a and urine sam ­
ples w ere co llected  from laboratory staff.
Extraction oí Samples

Sam ples of hum an liver, plasm a, and urine 
were spiked w ith  aflatoxins Bi, B2, Gi, G2, and M i 
at lev els  o f 32, 38.4, 44.8, 38.4, and 320 n g /g , re­
spectively. Spiked sam ples and unsp iked  con­
trols w ere extracted according to the m ethod of 
Siraj and coworkers (11) as follow s; Briefly, 
w eig h  2.5 g sam ples in  50 mL screw -top tubes. 
Add 8 mL water to liver, plasma, or urine samples 
and mix. H om ogenize liver sam ple 20-30 s w ith  
Polytron tissue h om ogenizer. To all tubes add 
30 mL acetone, mix w e ll, and centrifuge 10 m in  
at 1500 rpm. Transfer supernatant flu id  to clean  
50 mL tube. To liver sam ple add 2 mL saturated 
lead acetate solution . C entrifuge tubes and  
transfer supernatant fluid  to clean test tube. To 
all samples add 10 mL hexane to rem ove residual 
lipids. Extract aflatoxins from  the aqueous ace­
tone w ith  3 successive 10 mL aliquots o f CHC13. 
Com bine CHC13 aliquots and add 5 mL 5% NaCl 
solution. Mix w ell, centrifuge, and then discard 
the NaCl solution. Evaporate CHC13 extracts to 
dryness under nitrogen. R edissolve in 100 pL 
Pons solution (HPLC m obile phase) and inject 20 
pL onto the HPLC colum n.

Recovery and loss o f aflatoxin B! at key steps 
in the extraction procedure w ere checked by 
using tritium-labeled aflatoxin Bj. Liver samples 
(2-3 g) were spiked w ith 14.2 pCi 3H-aflatoxin Bx, 
and then extracted. Extracted sam ples and la­

beled  standard w ere separated by HPLC and the  
efflu en t w as co llected  at 12 s intervals in to  7 mL 
scintillation vials. Vials were dried under gentle  
stream of nitrogen, and then 4 mL scintillant was 
added and the contents o f the v ia ls w ere m ixed. 
Counts per m inute (cpm ) w ere converted  to 
disintegrations per m inute (dpm ), u sin g  auto­
matic internal standardization and a p reviously  
prepared quench correction curve.
HPLC Procedure

Standards and extracted tissues w ere analyzed  
by HPLC usin g  the conditions established  by  
Pons (6 , 7) for norm al phase chrom atography of 
the aflatoxins. This system  specifies a norm al 
phase silica ge l colum n and a m obile phase of 
C H C l3-cy c lo h ex a n e -a ce to n itr ile  and 2-p ro­
panol.

Pure aflatoxin standards were run at flow  rates 
of 2 and 6  m L /m in. Com parisons w ere made of 
retention  tim es, peak h eig h ts, and peak areas 
w ith  standard solutions. L inearity o f response  
and m inim um  detection  lev e l w ere determ ined  
by injecting standard solutions at levels of 3.5-60  
ng-

Extracts o f control and sp iked  tissues w ere  
analyzed  at a flow  rate o f 6 m L / m in. A flatoxin  
standards, control liver, and spiked liver samples 
w ere also analyzed  by a dual flow  rate pro­
gram.

R esu lts and D iscu ssion
Effect of Flow Rate Changes

The effect o f flow  rate on colum n pressure, 
retention  tim e, and capacity ratio for the reso­
lu tion  o f aflatoxins Bi, B2, G i, G2, and M i is 
sh ow n  in  Table 1. C olum n pressure ranged  
from  50 psi at a flow  rate of 1 m L /m in  to a m axi­
m um  of 2600 psi at a flow  rate of 9.9 m L /m in  
w ith  the radial com pression m odule. This sys­
tem  is m ore versatile than conven tion a l HPLC  
colum ns w h ere flow  rates of 1 -2  m L /m in  pro­
duce pressures in  the range o f 1 0 0 0 -2 0 0 0  psi. 
The lo w  pressures exh ib ited  w ith  the radial 
com pression m odule permit changes in flow  rate 
to be used as a determ inant in  shorten in g  afla­
toxin  analysis time.

At a f lo w  rate of 1 m L /m in  there w as good  
separation of the aflatoxin peaks, but the extreme 
peak broadening and lon g  analysis tim e make 
this flow  rate impractical. At flow  rates of 2 and  
4 m L /m in  the resolu tion  of the aflatoxins was 
good, but the lon g  retention  tim e for M t still 
makes the analysis o f this com p onent tedious. 
At flow  rates above 6 m L /m in  the retention tim e
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Table 1. E ffect of Increasing flow ra te  on  co lum n  pressu re , re ten tio n  tim e, and  capacity  ra tio  fo r reso lu tion  of 
aflatoxin a by HPLC with radial com pression  m odule

Flow rate, 
m l/m ln

Pressure,
psi

Retention time. min Capacity ratio, H b

Bi b2 Gi G2 Mi Bi b2 Gi G2 M!

1.0 50 15.8 19.6 24.9 31.5 _ 5.3 6.8 8.9 11.6 _
2.0 210 6.0 7.2 9.2 11.3 55.3 3.1 3.8 5.2 6,6 36.5
4.0 600 3.1 3.7 4.8 5.8 27.7 2.9 3.7 5.1 6.4 34.5
6.0 1000 2.2 2.6 3.3 4.0 19.6 3.5 4.3 5.7 7.1 39.0
8.0 1400 1.7 2.1 2.5 3.1 14.7 4.8 6.2 7.6 9.6 49.6
9.9 2600 1.3 1.6 2.1 2.4 11.3 5.5 7.0 9.5 11.0 55.5

a 20 /aL of a standard aflatoxin mixture of EL (20 ng), B2 (24 ng), Gj (28 ng), G2 (24 ng), and Mi (200 ng) dissolved in Pons 
solution.

b k1 = Vi — V0/V q where Vi = peak elution volume and V0 = void volume.

for aflatoxin  Mj is short en ou gh  to be usefu l for 
rapid analysis, but the resolution o f aflatoxins Bi, 
B2, G i, and G2 deteriorates. The capacity ratio, 
k', is in d icative o f the relative retention  and  
resolu tion  o f a com pound. A k' va lu e in  the 
range of 2 - 6  tends to optim ize resolu tion  and is 
usually changed by varying the solven t strength. 
The data in Table 1 show  that acceptable capacity 
ratios w ere obtained for aflatoxin Bj at all flow  
rates tested. R epresentative chrom atogram s at 
flow  rates o f 2, 4, and 6 m L /m in  are sh ow n  in  
Figure 1.
Reproducibility of Peak Parameters

R etention  tim e reproducibility for aflatoxins 
Br and Gi at f low  rates of 2 and 6 m L /m in  is

sh ow n  in Table'2. R eproducibility w as good at 
both flow  rates as indicated by the coefficients of 
variation o f 1.04 and 1.08% at 2 m L /m in  and 0.87 
and 1.12% at 6 m L /m in .

Precision was evaluated at both  f lo w  rates by 
injecting ten 20  p L  aliquots o f a m ixed aflatoxin  
standard containing aflatoxins Bj (20  ng) and Gi 
(28 ng). The calculated results for these injec­
tions are sh ow n  in  Table 3. R eproducibility of 
peak h eig h t and peak area at both f lo w  rates (2 
and 6 m L /m in) w as acceptable. There w as a 
25-30% decrease in  peak h e ig h t and peak area 
values w h en  the f lo w  rate w as increased from  2 
to 6 m L /m in . To determ ine the d etection  lim it 
at 2 and 6 m L /m in , a standard so lu tion  o f afla­
toxin  Bj was injected at lev e ls  from 0.5 to 60 ng.

F igure 1. R ep resen ta tiv e  liq u id  chrom atogram s o f m ixed  a fla to x in  standard (B i, 20 ng; B2, 24 ng; G i, 28 ng; 
G2, 24 ng; M i, 200 ng) separated  at 3 f lo w  rates (A , 6 m L /m in ; B, 4 m L /m in ; C, 2 m L /m in ). Separation  on  10 

^im s ilica  g e l w ith  P on s so lu tio n  as m o b ile  p hase and d etectio n  at 365 nm , s e n s it iv ity  at 0.005 AUFS.
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Table 2. R eproducibility  of re ten tio n  tim es in HPLC 
d e te rm in a tio n  of aflatox ins Bi and Gi a t 2 flow ra te s 3

2 mL/min 6 mL/min

Statistic Bi Gi Bi Gi

Injections, N 
Retention time (s)

10 10 10 10

Range 336-488 496-513 128-132 197-204
Mean 343.6 509.0 129.5 200.9
SD 3.6 5.5 1.13 2.26

CV (%)b 1.04 1.08 0.87 1.12
Mean retention 

time (min)
5.7 8.5 2.1 3.3

3 Repeated 20 /tL injections of a standard aflatoxin mixture 
containing 20 ng Bi and 28 ng Gi assayed over a 3-day 
period.

b Coefficient of variation (%) = std dev./mean X 100.

There was a linear detector response at both flow  
rates w ith  correlation coefficients of 0.996 and 
0.997, respectively . The calibration curves and  
the data in Table 3 indicated that aflatoxin Bj 
could be detected at lev els  less than 1 ng at a 2 
m L /m in flow  rate and 1.5 ng at 6 m L /m in. The 
m inim um  am ounts that could be accurately  
quantitated w ere 1.6 ng at 2 m L /m in  and 2.2 ng  
at 6 m L /m in.
Determination of Aflatoxins in Human 
Urine, Serum, and Liver

The applicability o f radial com pression sepa­
ration in the rapid analysis o f aflatoxins in

Table 3. R eproducibility  of peak heigh t and peak area  in 
HPLC dete rm in a tio n  of aflatox ins Bi and Gi a t 2 flow 

ra te s 36

2 mL/min 6 mL/min

Statistic Bi Gi B] Gi

Injections, N 10 10 10 10
Peak height (mm)

Range 85-95 66-73 63-73 45-50
Mean 90.3 68.5 67.2 48.7
SD 2.7 3.0 3.2 2.4

CV(%) 2.9 4.3 4.7 5.0
Sensitivity 4.5 2.4 3.4 1.7

(m m /ng)c 
Peak area (mm2)

Range 128-164 157-187 94-109 135-161
Mean 142 172 101 146
SD 11.7 10.2 4.8 7.14

CV (%) 8.2 5.9 4.7 4.8
Sensitivity 7.1 6.1 5.04 5.21

(mm2/n g )c

3 Repeated 20 fiL injections of a standard aflatoxin mixture; 
refer to Table 2.

6 Chart speed = 0.2 in./min. 
c Calculated at maximum sensitivity, 0.005 AUFS.

F igure 2. L iquid  chrom atogram  o f a fla tox in  Bi 
standard (25 ng) co n ta in in g  2 nC i 3H -aflatox in  Bi (15 
C i/m M o le ). C olum n e fflu e n t analyzed  at 365 nm  and  
th en  co llec ted  at 12 s in terva ls for m easurem ent o f  
ra d io activ ity . S eparation  on  10 fim s ilica  g el w ith  

P on s so lu tio n  at a f lo w  rate o f 2 m l /m in .

hum an tissues was tested at a flow  rate o f 6 
m L /m in . Sam ples o f hum an urine, serum , and  
liver w ere analyzed by HPLC w ith  and w ith ou t  
the addition  o f a m ixed aflatoxin standard con ­
taining B^ B2, Gj, G2, and Mi. HPLC analysis of 
the 3H -aflatoxin B5 used to spike liver tissue  
sh ow ed  a s in g le  peak o f radioactivity corre­
sp on d in g  to a s in g le  absorption peak at 365 nm  
(Figure 2). Recovery o f 3H -aflatoxin Bi from 5 
in d iv id u ally  sp iked  liver sam ples averaged  
84.4%. A nalysis o f interm ediate steps in the 
extraction procedure sh ow ed  that 9% of the ra­
d ioactivity w as lost in the hexane wash and the 
final aqueous solu tion  left after CHC13 parti­
tion.

R epresentative liquid  chrom atogram s o f ex­
tracted sam ples are presented in Figures 3-5. 
Figure 3 show s an HPLC tracing for hum an urine 
before and after the addition o f aflatoxins. 
Resolution and recovery were excellent w ith  no 
interfering peaks in the B] to Mj region. Figure 
4 show s typical results for human serum. There
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J__________ I__________ I__________ I__________ I__________ I0 5 10 15 20 25TIME (min)
Figure 3. Typical liquid chromatograms of extracted human urine. Unspiked control (A) and aflatoxin spiked 
(B) at levels of 32 ng Bj/g,38.4 ng B2/g, 44.8 ng Gi/g, 38.4 ng G2/g, and 320 ng M i/g. Separation on 10 pm silica 

gel with Pons solution and detection at 365 nm, sensitivity at 0.005 AUFS.

w ere 2 peaks that eluted  10-30 s before the I?! 
peak. T hey tailed into the Bx peak and their in ­
terference w o u ld  raise the d etection  lim it for Bj 
in  serum . Figure 5 sh ow s the representative  
HPLC scans for the extracted liver sam ple. 
There w ere 2 u n id en tified  peaks that e lu ted  on  
either side of the Gi peak, w h ich  interfered w ith  
the detection  of aflatoxins Gj and G2. There 
were no interfering peaks in  the Bi region w hich  
affected its detection . A contam inant peak 
elu ted  approxim ately 3 m in  after the Mj peak, 
but caused no problem  w ith  detection.
Program m ed Flow Rate A nalysis

To couple the resolu tion  o f aflatoxins Bj, B2, 
Gj, and G2 at s low  flow  rates w ith  the speed  of 
fast f low  rates attained w ith  the radial com pres­
sion  system  and desirable in  the norm al phase  
elu tion  o f aflatoxin M i, an HPLC analysis usin g  
a flow  rate change w as perform ed. Sam ples of 
the m ixed aflatoxin standard, extracted blank, 
and sp iked  hum an liver w ere analyzed  w ith  a 
dual flow  rate program. R epresentative HPLC

scans are sh ow n  in Figure 6 . The sam ples w ere  
injected at a flow  rate of 2 m L /m in . At this flow  
aflatoxins Bx, B2, G ,, and G2 eluted betw een 6 and 
14 m in. At the 15 m in  post-injection mark the  
f lo w  rate w as increased to 8 m L /m in . A p­
proxim ately 30 s was required for the baseline to 
stabilize at w h ich  tim e the chart p en  w as repo­
sition ed  at the original baseline. A flatoxin  Mj 
then eluted at 26 min. This procedure gave good  
resolu tion of all aflatoxin peaks w ith  the excep­
tion  o f Gx, w h ich  was still partially overlapped  
by an interfering peak.

This HPLC m ethod is suitable for the primary 
analysis of aflatoxins from tissues and biological 
flu ids and for the rapid analysis o f a w id e range 
of polar aflatoxin m etabolites that are produced  
by mammalian systems. This is possible because 
of the pressure characteristics o f the radial com ­
pression system , w h ich  allow  flo w  rate changes  
to be used  as an instrum ent variable. W ith this 
m ethod, retention tim es are sh ifted  by changing  
the flow  rates.

The ability to make w id e ch an ges in flow  rate
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TIME (min)
Figure 4. Typical liquid chromatograms of extracted 
human serum. Unspiked control (A) and aflatoxin 
spiked (B) at levels of 32 ng Bi/g, 38.4 ng B2/g, 44.8 ng 
G i/g , 38.4 ng G2/g, and 320 ng M i/g. Separation on 
10 fim silica gel with Pons solution and detection at 

365 nm, sensitivity at 0.005 AUFS.

TIME (min)
Figure 5. Typical liquid chromatograms of extracted 
human liver tissue. Unspiked control (A) and afla­
toxin spiked (B) at levels of 32 ng Bi/g, 38.4 ng B2/g, 
44.8 ng G i/g , 38.4 ng G2/g, and 320 ng M j/g. Separa­
tion on 10 m silica gel with Pons solution and de­

tection at 365 nm, sensitivity at 0.005 AUFS.

Figure 6. HPLC separation using a programmed 
flow rate change (2 m i/m in  for 15 min then changed 
to 8 mL/min). Aflatoxin standard (A) containing B2 
(20 ng), B2 (24 ng), G2 (28 ng), G2 (24 ng), and Mt (200 
ng). Control liver (B) showing interfering peak (X) at 
10.6 min. Human liver sample (C) spiked with mixed 

aflatoxin standard.

w ith  the radial com pression system  m akes this 
m odification  of the Pons m ethod extrem ely  
versatile. It a llow s the flex ib ility  c f  s low  flow  
rates for m axim um  d etection  sen sitiv ity  or fast 
flow  rates for shorter analysis tim es. Dual flow  
rate separations may also be used, provid ing the 
advantages o f both.

Failure to evaluate the hum an health  im p li­
cations o f the aflatoxins has resulted frequently  
from lack o f a rapid, sensitive, reliable diagnostic 
technique for the identification o f the aflatoxins 
and m etabolites in  tissues and b iological flu ids. 
This report describes m ethods o f analysis w h ich  
do not require extensive analysis tim e and w hich  
may be usefu l in  early detection  and clin ical d i­
agnosis o f aflatoxicosis or aflatoxin-related d is­
ease in  hum ans and anim als.
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High Pressure Liquid Chromatographie Determination of Aflatoxins 
in Peanut Butter Using a Silica Gel-Packed Flowcell for Fluorescence 
Detection
OCTAVE J. FRANCIS, JR, LEO J. LIPINSKI, JEAN A. GAUL, and 
ALFRED D. CAMPBELL1
Food and Drug Administration, 4298 Elysian Fields Ave, New Orleans, LA 70122

A high pressure liquid chromatographic method has 
been developed for determining aflatoxins B2, B^ Gi, 
and G2 in peanut butter. The method is based on 
extraction with acidified aqueous methanol, partition 
of the aflatoxins into methylene chloride, and puri­
fication of the extract on a 2 g silica gel column. The 
extracted aflatoxins are resolved on a microparticulate 
(10 pm) porous silica gel column in ca 10 min with a 
water-washed chloroform-cyclohexane-acetonitrile 
solvent that contains 2% isopropanol. The fluores­
cence detection system determines aflatoxins Bt, B2, 
Gi, and G2 at low levels, i.e., 0.25 ppb Blr 0.5 ppb Gi, 
and 0.2 ppb B2 and G2. Multiple assays of 5 samples 
of naturally contaminated peanut butters containing 
total aflatoxins (B2 + B2 + G2 +  G2) at levels of 1,2,3, 
9, and 17 ppb gave intralaboratory coefficients of 
variation of 7,4,4,11, and 3%, respectively. Samples 
spiked at levels of 5, 9, and 17 ppb total aflatoxins 
showed recoveries of 79, 81, and 81%, respectively.

Fligh pressure liquid  chrom atography (HPLC) 
and fluorescence detection  are excellen t tech­
niques for im proving the accuracy and precision  
of aflatoxin quantitation and are increasingly  
b ein g  incorporated into m ethods for determ in­
in g  aflatoxins in  various agricultural com m odi­
ties.

Several investigators have used som e o f the 
techn iques described here for peanut products 
and com . Pons and Franz (1) reported that the  
m ost consistent results for all types o f peanut 
products w ere obtained  by extracting w ith  
m eth a n o l-0 .IN  HC1 (4 +  1), fo llow ed  by parti­
tion ing into m ethylene chloride and subsequent 
purification o f the extract on a 2 g silica ge l co l­
um n. The aflatoxins w ere detected  by HPLC 
usin g  the sam e m obile phase described here. 
The purified  aflatoxins Bj and B2 w ere deter­
m ined by ultraviolet (UV) absorbance at 360-365  
nm; Gj and G2 w ere determ ined by usin g  flu o ­
rescence in  a silica gel-packed flow th rou gh  
cell.

The w ork reported here com bines the extrac­

1 Food and D rug A dm inistration, Bureau of Foods, W ash­ington, DC 20204.
Received Septem ber 9, 1981. Accepted N ovem ber 27, 1981.

tion and cleanup of Pons and Franz (1) w ith  the  
packed flow cell fluorescence detection  system  
d evelop ed  by Panalaks and Scott (2) and later 
used by Pons (3). This com bined procedure  
elim inates the need  for 2  detectors for deter­
m in in g  the 4 aflatoxins in peanut butter. It 
provides for precise and sensitive detection of all 
toxins at levels as low  as 1.0 p g /k g , total, w ithout 
the need  tc derivatize Bj and Gi to B2A and G2A 
as is required in  reverse phase-fluorescence  
system s because o f the lack o f fluorescence of Bj 
and Gi in  such system s. The problem  of weak  
solu tion  fluorescence exhib ited  by Bi and B2 in  
norm al phase-fluorescence system s is also e lim ­
inated. In this system , fluorescence detection is 
preferred because it offers greater sensitivity and  
selectiv ity  than does UV detection

M ETH O D
Apparatus

(a) Liquid chrom atograph.—M odel ALC/G PC  
204 (Waters Associates, M ilford, MA 01757) w ith  
6000-A pum p and U 6K septum less injector; Flu- 
orichrom  fluorescence detector (Varian Instru­
m ent D ivision , Palo Alto, CA 94303); 7-54, + 7 -6 0  
excitation filters (360 nm ), 3 -73, + 4 -7 6  glass 
em ission  Liters, or 430 nm  interference filters, 
fitted w ith  Varian flow cell packed w ith  Li- 
Chrosorb 60 silica ge l (30 pm); Spectrum  1021 
electronic n oise filter, 0.01 H z cutoff (Spectrum  
Scientific Corp., N ew ark, DE 19711); 10 in. re­
corder w ith  1 mV input, 0.2 in ./m in  (0 .5cm /m in )  
chart speed.(b) C olum n .— Waters Associates silica ge l (10 
pm ), 3.9 mm id X 30 cm long . A ny other m i­
croparticulate colum n capable o f separating af­
latoxins in  standards w ith  near-baseline resolu­
tion  can be substituted.

(c) Cleanup colum n .— Econo (Bio-Rad Labora­
tories, R ichm ond, CA 94804), 1.0 cm id X 30 cm  
lon g , n y lo n  stopcock, p o ly eth y len e so lv en t res­
ervoir, porous 35 pm  p o ly eth y len e bed su p ­
port.(d) Butt tu be.— 2.8 cm id X 22 cm lon g  (N o. 
92195, C orning Glass Works, C orning, NY  
14830).

0004-5756/82/6503-0672-05$01 CO© Association of Official Analytical Chemists, Inc.
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Reagents
(a) S olven ts .— A nhydrous ethyl ether (0.05% 

ethan ol), CHCI3, cyclohexane, acetonitrile, and  
w ater, d istilled  in  glass and suitable for HPLC 
(Burdick & Jackson Laboratories, Inc., M uskegon, 
MI 49442).

Caution: CHCI3 is a suspected  carcinogen. 
U se necessary safety m easures w h en  han d lin g  
th is chem ical.

(b) HPLC elution so lv en t.— W ash 1 L CHCI3 
w ith  four 100 mL portions o f d istilled  (HPLC) 
water, shak ing ca 1 m in  each tim e in separatory 
fu n n el. A fter fourth w ash, let phases separate 
and let CHCI3 equilibrate overn igh t Draw off  
low er CHCI3 layer for use in  preparing HPLC 
elu tion  solvent. Use w ater-washed CHCI3 on ly  
for HPLC.

Prepare HPLC elu tion  so lven t by m ixing  
w ater-w ashed C H C U -cycloh exan e-aceton itrile  
(750 +  225 +  30); mix w ith  isopropanol to contain  
2% isopropanol. A lcohol content may be varied  
s lig h tly  to adjust retention  tim es.

(c) Silica g e l 6 0 .— E. M erck (D arm stadt) 
0.063-0 .2  mm. Activate by drying 1 h at 105°C. 
Place dried silica gel in  air-tight container, add 
1 mL w a te r /100 g  silica gel, seal container, shake 
u n til thoroughly  m ixed , and store at room  tem ­
perature > 1 5  h in  air-tight container before 
use.

(d) A flatoxin  stan dards .— In HPLC elu tion  
so lven t, prepare standard so lu tion  conta in ing  
0.25 ng each of Bj and Gj, and 0.075 ng each of B2 
and G z/mL. Com m ercial m ixed standards (A p­
plied Science Laboratories, Inc., State College, PA 
16901, or Supelco, Inc., B ellefonte, PA 16823) are 
suitable for preparing HPLC standard. Store 
HPLC standards in  threaded v ials (5 mL) fitted  
w ith  size 21 M ininert valve (K ontes Glass Co., 
V in eland , NJ 08360).

Extraction
W eigh 50 g sam ple in to  1 L b len der, add ca 5 

g acid-w ashed diatom aceous earth filter aid, 50 
mL 0.1N  HC1, and 200 mL m ethanol, and b len d  
3 m in at high speed. Filter through folded 24 cm 
W hatm an 2V paper, or equ ivalent, pouring first 
ca 30 mL filtrate back through filter. Collect >50  
mL clear filtrate.
Partition

M easure £0 mL filtrate into 250 mL separatory 
fun n el. Add 50 mL 10% NaCl so lu tion  and 50 
mL hexane (bp 68-69°C ) and v igo rou sly  shake  
ca 1 m in. Let phases separate and drain low er  
aqueous layer into another 250 mL separatory 
fun n el. Discard hexane layer. A dd 25 mL 
CH2CI2 and v igo rou sly  shake ca 1 m in. Let 
phases separate and drain low er CH 2CI2 layer 
through Butt tube containing ca 4 cm anhydrous 
granular N a2S0 4 , w h ich  has b een  prew ashed  
w ith  CH2CU. Collect eluate in  125 mL P hillips  
beaker. Repeat partition w ith  additional 25 mL 
CH2CI2 and pass through sam e Butt tube. Wash 
Butt tube w ;th ca 25 mL CH2CI2. A dd b o ilin g  
chips and evaporate com bined CH 2CI2 extracts 
on steam  bath under stream of n itrogen  to ca 1 
mL.
Colum n Chrom atography

A dd anhydrous ethyl e th er-h exan e (3 +  1) to 
Econo colum n until tube is ca one-h alf full; then  
add 2 g silica gel. W ash sides of tube w ith  
ether-hexar.e ( 3 + 1 )  and stir to disperse silica  
gel. W hen rate o f settlin g  slow s, drain som e  
ether-hexane w h ile  g en tly  tapping side o f tube 
to aid settlin g , lea v in g  5 -7  cm ether-hexane  
above silica gel. S low ly  add ca 1.5 g N a2SC>4 to 
top of silica gel. Drain ether-hexane to top of 
N a2S 0 4.

T a b le  X. R e p r o d u c ib i l i t y  o f  r e t e n t io n  t im e  a n d  p e a k  h e ig h t s ,  1 1  s u c c e s s iv e  s t a n d a r d  in je c t io n s  *

Statistic Bi b2 Gi G2
Retention time, m inb

Range 6.41-6.81 7.35-7.95 8.29-8.90 9.88-10.89
Mean 6.52 7.53 8.51 10.19
Std dev., min 0.14 0.22 0.26 0.38
Coeff. of var., % 2.1 2.9 2.7 3.7

Peak height, mm
Range 53-60 31-36 48-51 31-35
Mean 56.0 33.1 49.0 33.0
Std dev. 2.72 1.81 1.27 1.15
Coeff. of var., % 4.9 5.5 2.6 3.5

a Each injection of aflatoxin standard mixtu- 
b Measured by electronic integrator.

e contained 0.25 ng Bi and Gi and 0.075 ng B2 and G2.
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T a b le  2 .  D e te r m in a t io n  o f  a f la t o x in s  (ng/V.g) in  n a t u r a l ly  c o n t a m in a t e d  p e a n u t  b u t te r  s a m p le s

Sample Statistic Bi b2 Gi G2 Total
1 Range 0.62-0.75 0.14-0.17 0.11-0.20 0.11-0.15 1.01-1.24

Mean9 0.71 0.16 0.15 0.13 1.16
Std dev. 0.05 0.01 0.04 0.02 0.08
Coeff. of var., % 7.0 7.4 26.7 15.4 6.9

2 Range 13.4-14.3 3.1-3.3 ND6 ND 16.5-17.6
Meanc 13.7 3.14 ND ND 16.8
Std dev. 0.38 0.08 ND ND 0.47
Coeff. of var., % 2.8 2.5 ND ND 2.8

3 Range 0.90-0.96 0.20-0.21 0.33-0.41 0.13-0.16 1.57-1.71
Meanc 0.92 0.20 0.36 0.15 1 63
Std dev. 0.03 0.01 0.03 0.01 0 06
Coeff. of var., % 3.3 5.0 8.3 6.7 3 7

4 Range 1.78-1.88 0.40-0.44 0.54-0.71 0.25-0.28 2.99-3.26
Meanc 1.82 0.42 0.60 0.27 3 11
Std dev. 0.04 0.02 0.07 0.01 0 12
Coeff. of var., % 2.2 4.8 11.7 3.7 3 9

5 Range 5.53-6.46 1.07-1.23 1.22-2.01 0.31-0.44 7.62-10.02
Mean0 6.02 1.16 1.72 0.38 9 28
Std dev. 0.35 0.07 0.31 0.06 0 98
Coeff. of var., % 5.8 6.0 18.0 15.8 11.0

a Average of 6 subsamples, independent assays. 
6 None detected.
c Average of 5 subsamples, independent assays.

D isso lve sam ple extract from partitioning  
procedure in ca 3 mL CH 2CI2 and transfer to 
colum n. Wash beaker tw ice w ith  ca 2 mL 
CH2C12, add w ash to colum n, and drain to top of 
N a2S0 4. W ash colum n first w ith  40 mL b en ­
zen e-acetic  acid (9 +  1), and then  w ith  50 mL 
eth er-h exan e (3 +  1), dra in ing each w ash  to top  
of N a2S 0 4. Discard w ashes. Elute aflatoxins 
w ith  60 mL CH 2Cl2-aceton e (9 +  1), and collect 
eluate in  125 mL P hillips beaker. Add b o ilin g  
chips and evaporate to near dryness on  steam  
bath under stream of n itrogen.

If guard colum n is used in  HPLC system , 
quantitatively transfer sam ple to 5 mL screw-cap  
vial, usin g  several sm all vo lu m es o f CH 2C12. 
Evaporate so lven t to dryness under stream of 
nitrogen, and seal v ial w ith  foil-backed or Tef­
lon-lined screw cap. Reserve for HPLC. Sample 
can be stored as dry film  until ready for use.

If no guard colum n is used in HPLC system , 
disso lve extract in  ca 1 mL CH2CI2; pour through
2 mL Buchner funnel fitted w ith  coarse porosity 
fritted disk overlaid  w ith  tigh tly  pressed circle 
of W hatman G F/A  glass fiber paper sligh tly  
larger than fritted disk (N o. 9 cork borer). C ol­
lect in 5 mL screw-cap vial. W ash beaker w ith
3 ca 1 mL portions o f CH2C12, pouring w ashes  
through fu n n el to rem ove particulate matter, 
w h ich  could p lug HPLC colum n filter, and co l­
lect in vial. Evaporate to dryness under stream  
of n itrogen , and seal w ith  foil-backed or Tef­

lon-lined screw cap. Reserve for HPLC. Sample 
can be stored as dry film  u n til ready for use.

Figure 1. Chromatogram of standard solution of Bj 
and Gj, 0.25 ng, and B2 and G2, 0.075 ng. Fluorescence 
detection, silica gel-packed column; 10 /¿L injection 
of aflatoxin standard solution.
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M IN UTES
Figure 2. Chromatogram of naturally contaminated 
peanut butter sample fortified to contain 17 pg total 
aflatoxins Bi, B2, Gi, and G2/kg. Fluorescence de­
tection, silica gel-packed column; 10 gL injection.

Figure 3. Chromatogram of naturally contaminated 
peanut butter sample. Fluorescence detection, silica 
gel-packed column; 10 gL injection.

High Pressure Liquid Chrom atography
Set up detector and HPLC apparatus, using  

h ig h  lam p, h igh  gain , and attenuation o f 20  or 
50X. Stabilize HPLC at flow  rate o f ca 1.0 
m L /m in . F low rate can be adjusted for best 
resolu tion  o f aflatoxins. B aseline n oise shou ld  
be <0.5%.

Inject 10 g L  standard solution; peaks should be 
off scale. D ilu te aliquot o f standard solu tion  
w ith  HPLC so lven t so that 10-20 g L injection  
yields Bi peak ca 50% full-scale deflection  (FSD). 
U sually  0.3 ng B; g ives ca 50% FSD. U se this  
standard as w ork in g  standard. U se standard  
d ilu tion  factor for sam ple d ilu tion . Inject in d i­
vidual aflatoxin standards to determ ine order of 
aflatoxin elu tion . Order o f elu tion  by th is sys­
tem  is Bj, B2, G i, G2.
Sam ple D ilu tion

Sam ple d ilution  is dep enden t on  sensitiv ity  of 
packed ce ll and in d iv id u al fluorescent detector, 
and is also determ ined by desired screen ing  
level. Optim um  instrumental conditions permit 
d etection  o f 0.25 ppb B! (10% FSD), 0.5 ppb Gi, 
and 0.2 ppb B2 and G2.

D isso lve sam ple extract in  500 g L  HPLC so l­
ven t for lev els o f B; ranging from  m in im um  d e­
tectable lev el to 2.5 ppb for 10 g L  injection. 
H igh er screen ing lev e ls  w ill necessitate further  
d ilu tion s to adjust sam ple concentration  to ap­
proximate peak area or height o f standard. Inject 
10 g L  sam ple extract and record chrom atogram  
b eyon d  tim e for elu tion  of G2.

F ollow in g  HPLC elu tion  o f aflatoxins in  
sam ples, flush  system  w ith  m obile so lv en t 15 
m in at ca 4 m L /m in to rem ove crop co-extractants 
that fo llo w  aflatoxins and w h ich  w ill interfere  
w ith  next in ection.

From either electronic integrator area, or peak 
h eig h t (mm) m easured from  b aseline to apex of 
Bj peak, calculate Bi content.
Bi, n g /g  = L4X X Cs X Vs X D ) I ( A S X V x X W )

w h ere A x =  area count, or peak h eigh t, o f Bj 
sam ple peak; Cs =  concentration o f Bi in  stan­
dard, n g /p L ; V s =  g L  standard injected; D = 
dilution  volu m e o f sam ple extract, gL;  A s =  area 
count, or peak h eig h t o f Bi standard peak; V x =  
g L  sam ple extract injected; W =  g  sam ple repre­
sented  by sam ple extract, 10 g. For other afla­
toxins, substitute appropriate concentrations, 
areas, or peak heights.
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Resu lts and D iscussion
The quantitative reproducibility of the 4 afla- 

toxin standards conta ined  in  a m ixture w as de­
term ined by repetitive injections at constant 
vo lu m e and concentration over a 6 -h period. 
Sam ple extracts w ere injected betw een  standard 
injections. Measured retention times, m in, were 
6.52 (BO, 7.53 (B2), 8.51 (Gi), and 10.19 (G2), w ith  
coefficients of variation ranging from 2.2 to 3.7%. 
Results are sh ow n  in Table 1. R eproducibility  
of aflatoxin peak h eigh ts is also sh ow n  in  Table
1. Linearity studies o f the 4 aflatoxins sh ow ed  
each to be linear for the concentrations tested (Bj 
and Gi, 0.090-0.750 ng and B2 and G2, 0.025-0.225  
ng); correlation coefficients (r) o f 0.9998, 1.000, 
0.9992, and 0.9999 w ere obtained for aflatoxins  
B], B2, G i , and G2, respectively.

To find an aflatoxin-free peanut butter sample, 
5 d ifferent sam ples w ere analyzed . Sam ples 1, 
3, and 4, w h ich  w ere n egative for aflatoxins by 
the CB m ethod (4), w ere exam ined. N o n e  of 
those sam ples w ere negative for aflatoxins w h en  
analyzed by the m ethod reported here. Sam ple 
1 (Table 2) was the least contam inated of all those 
exam ined and subsequently w as selected for use 
in  the recovery study.

Six portions o f a naturally contam inated pea­
nut butter (Sample 1) w ere fortified in duplicate 
at three levels, w ith total aflatoxins Bi, B2, Gi, and

G2. The percentages of aflatoxins recovered at 
the 5 ppb level were: B^ 78, 84; B^ 83, 85; Gj, 76, 
77; Gz, 71,75; total, 77,80. At the 9 ppb level, the 
percentages were: Bj, 82, 85; B2, 85, 87; G j, 77,80; 
G2, 71, 76; total, 79, 82. At the 17 ppb lev e l, the  
percentages were: Bj, 83,80; B2, 86,84; Gi, 79,79; 
G2, 77, 77; total, 81, 80.

A flatoxins B^ B2, G i, and G2 w ere com p letely  
resolved in chromatograms of standards, fortified  
sam ples, and naturally contam inated peanut 
butter extracts, as sh ow n  in  Figures 1-3. In the  
desired detection area, sam ples w ere essentially  
free of the interference frequently caused by crop 
co-extractants.
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P E S T IC ID E  R E S ID U E S

Simple, Low-Cost Method for Determination of Selected Chlorinated 
Pesticides in Fat Samples
STEFAN M. WALISZEWSKI an d  GRZEGORZ A. SZYMCZYNSKI1 
Institute of Plant Protection, Poznan, Poland

A method is described for the quantitative and 
qualitative determination of selected chlorinated 
pesticides in fat samples. Pesticide residues are ex­
tracted with petroleum ether and separated from fat 
with concentrated H2SO 4 instead of the commonly 
used adsorbents Florisil, alumina, or silica gel. 
Residues were analyzed by gas chromatography with 
electron capture detection. Recoveries of fortified 
samples were approximately 100%.

M any d ifferent m ethods are used to determ ine  
residu es of persistent chlorinated pesticides in  
sam ples w ith  h igh  fat content. The pesticides  
are separated from  fat by colum n chrom atogra­
ph y on  Florisil (1 -6), AI2O 3 (7-11), or silica  
(12-16), by sw eep -cod istilla tion  (17-20), and by 
extraction w ith  concentrated H 2SO4 (21-23). 
The latter m ethod  is suitable o n ly  for pesticides  
stable to concentrated H 2SO4. The m ethods  
sp ecify in g  fat adsorption are exp en sive  because  
of th e relatively  h igh  costs o f these adsorbents. 
Solvent partitioning requires large quantities of 
reagents, and sw eep -cod istilla tion  is a labor- 
in ten sive  techn ique. Thus, w e  focused  on  con ­
centrated H 2SO 4 as a m eans of extracting per­
sisten t ch lorinated  insecticides.

O n the basis o f the experience o f other re­
searchers (21-23) and our ow n  experience (24, 
25), w e  w ish ed  to d evelop  a sim ple, low -cost 
m eth od  for determ ination  o f persistent ch lori­
nated pesticides in  hum an fat tissue. H ow ever, 
our sam ples o f hum an adipose tissue had been  
co llected  during post-m ortem  exam inations and 
during therapeutic surgery (25) and were h igh ly  
contam inated. Therefore, recoveries for the 
m eth od  w ere determ ined on  butter fat.

Experim ental

Reagents and Apparatus
(a) P e tr o le u m  e th e r .—b p 40 -5 0°C .
(b) G a s c h r o m a to g r a p h .—Varian M odel 2100

1 Department of Andrology, Medical School of Poznan, Jacowskiego 41, PL-60-513 Poznan, Poland. Address corre­spondence to this author.Received May 8,1981. Accepted October 14,1981.

w ith  63N i electron capture detector and glass, 
U -shaped colum n, 360 cm X 2 m m , packed w ith  
1.5% OV-17 +  1.95% OV-210 on  80-100 m esh  
Gas-Chrom Q. O p e r a t in g  c o n d itio n s : nitrogen  
carrier gas at 30 m L/m in; colum n 185°C; detector 
210°C; injector 250°C.

(c) E v a p o r a to r .— Buchi (Sw itzerland).
Extraction and Cleanup

The hom ogenized  fat sam ple was ground w ith  
en o u g h  anhydrous N a2S0 4  to form  a coarse 
pow der. The sam ple w as transferred to a chro­
m atographic colum n and residues w ere eluted  
w ith  150 mL petroleum  ether. The eluate w as 
evaporated at 38-40°C  in  a rotary evaporator to 
reduce fat concentration to ca 500 m g /10 mL. 
The exact fat content in  the concentrated extract 
w as determ ined gravim etrically.

A n  aliquot conta in ing < 50 0  m g fat w as p i­
p etted  into a 10 mL calibrated tube w ith  a cut- 
glass stopper. The vo lu m e w as adjusted to 10.0 
mL w ith  petroleum  ether. Then 0.5 mL con ­
centrated H 2SO4 w as added and the tube was 
tigh tly  stoppered and vigorously shaken ca 20  s. 
The tube w as left for 1 m in; 5 mL supernate was 
rem oved by pipet and dried by passing through
3 -5  g N a2SC>4. The N a2SC>4 w as w ash ed  w ith  
petroleum  ether and the ether extract w as evap­
orated to 0.1 mL and quantitatively transferred  
to a 1.0 mL volum etric tube. The vo lu m e was 
adjusted and an aliquot was injected into the gas 
chrom atographic colum n.

Pesticides w ere determ ined quantitatively by 
both  peak h eig h t and peak area.

Discussion
Table 1 presents results for 237 m g butter fat 

w ith  the fo llow ing chlorinated pesticides: HCB, 
a-BH C, 7 -BHC, /3-BHC, 5-BHC, e-BHC, hepta- 
ch lor epoxide, DDE, K epone, o ,p '~ DDT, p ,p '~  
DDT, and m irex. The recoveries (n  =  10) 
sh ow ed  good  repeatability and ranged from  89 
to 104% except 76.9% for 5-BHC and 47.9% for 
K epone. T hese lo w  recoveries w ere caused by 
increased so lu b ility  o f these p esticides in  the 
fa t-H 2SC>4 phase (unpublished  data).

0004-5756/82/6503-0677-03$01.00
© Association of Official Analytical Chemists, Inc.
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T a b le  1 . F o r t if ic a t io n  le v e ls  a n d  r e c o v e r ie s  o f  s e le c t e d  c h lo r in a t e d  p e s t ic id e s  in  2 3 7  m g  b u t te r  f a t

Compound
Fortification 
level, ppm

Mean
recovery, %a SD CV, %

HCB 0.090 95.9 6.6 6.9
a-BHC 0.090 96.6 9.4 9.7
y -bhc 0.190 100.4 7.7 7.7
ß - B H C 0.180 97.8 4.4 4.5
6-BHC 0.186 76.9 5.0 6.6
f-BHC 0.182 90.1 4.0 4.4
Heptachlor epoxide 0.198 88.7 4.6 5.2
DDE 0.202 101.5 6.8 6.7
Kepone 1.450 47.9 6.0 12.5
o ,p '  -DDT 0.532 104.3 7.0 6.7
p,p'-DDT 0.758 98.4 11.6 11.8
Mirex 1.072 96.4 6.7 7.0

a n  = 10.

G ood extraction o f fat was observed w ith  0.5 th is m ethod  than that reported by V eierov and  
mL concentrated H 2SO4, and the dry residue was A h aronson  (21, 22).
never h igher than 1% of the initial fat content of Extracting a larger am ount o f fat, up to 1.5 g, 
a sam ple. About 20 tim es less H 2SO4 is used  in  d id  not increase the percentage o f n on v olatile

0

«-------------*-------------------------1-------------------------1-------------------------1-------------------------1-------------------------f-------------------------1-------------------------1------------------------J____________1___1________1____________I____________1____________I

t[min] 48 44 40 36 32 28 24 20 16 12 8 4 0

Figure 1. Gas chromatogram of 237 mg fortified butter fat samples. 0, solvent; 1, HCB; 2, a-BHC; 3 ,7 -BHC; 
4, |8-BHC; 5, 5-BHC; 6, e-BHC; 7, heptachlor epoxide; 8, DDE; 9, Kepone; 10, o ,p '-DDT; 11, p,p'-DDT; 12,

mirex.
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residues. Instead, recoveries decreased due to 
th e increased  so lu b ility  in  th e fa t-H 2S0 4 
phase.

A  chrom atogram  of a sam ple o f butter fat for­
tified w ith  the am ounts of chlorinatec pesticides 
sh o w n  in  Table 1 is presented in  Figure 1. The 
m ethod  a llow s for sim ple and in exp en sive  rou­
tin e m onitoring of sam ples w ith  a h igh  fat con ­
tent for ch lorinated  pesticides contam ination, 
alth ou gh  it cannot be recom m ended for deter­
m in in g  K epone. The cost o f analysis is low ered  
sig n ifican tly  by replacing 30 g ex p en sive adsor­
bent by 0.5 mL concentrated H 2 SO4 . To increase 
the sensitivity of the analytical m ethod, 2 extracts 
of the sam e sam ple may be com bined, evaporated 
to 1.0 mL, and determ ined by GLC.
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Terbufos and Its Metabolites: Identification by Gas-Liquid 
Chromatography and Mass Spectrometry
LESTER Y. WEI and ALLAN S. FELSOT
Illinois Natural History Survey, Section of Economic Entomology, Champaign, IL 61820

Methods have been developed for identification of 
terbufos, terbufos sulfoxide, terbufos sulfone, ter- 
bufoxon, terbufoxon sulfoxide, and terbufoxon sul­
fone by mass spectrometry. Residues of terbufos and 
terbufos sulfone fortified in soil samples at 5 ppm 
were extracted and analyzed successfully by gas 
chromatography and mass spectroscopy.

T erbufos (Counter®), S -((l , l-d im e th y le th y l-  
th io)m eth yl) O ,O -diethyl phosphorodith ioate, 
has been used as a soil insecticide throughout the 
M idw est since 1975 for control o f corn root- 
w orm s. Approxim ately 4 m illion  pounds of 
technical terbufos w ere applied on corn acreage 
in  both Illin o is and Iowa in  1980. Terbufos is 
extrem ely  toxic (LD50 acute oral, m ale m ouse =
3.5 m g /k g ) and is enzym atically  converted  in  
bio log ica l system s to its phosphorothioate form  
(terbufoxon) and thioether oxygen hom ologs ( 1,
2 ), terbufos su lfoxide, terbufoxon su lfoxide, 
terbufos sulfone, and terbufoxon sulfone (Figure 
1 ).

The major m etabolites of terbufos in  soil have 
b een  id en tified  by th in  layer radiochrom ato­
graphy as terbufos sulfoxide and terbufos sulfone
(3). C olum n chrom atography and gas chrom a­
tography (GC) w ere used  by Chapm an and  
Harris (4) to study the persistence o f terbufos, 
terbufos su lfoxide, and terbufos su lfon e in  soil. 
A lth ou gh  GC-mass spectrom etry (MS) m ethods  
are n ow  routin ely  used for p esticide residue 
analysis and confirm ation (5), the m eth od ology  
for the analysis o f terbufos and its oxidative  
m etabolites has not been  published . The ob­
jective of our study w as to id en tify  terbufos 
residues in soil by gas chromatography and mass 
spectrom etry.

E xperim ental 
Instrum en ta tion

Low resolu tion  spectra w ere recorded on  a 
Varian MAT CH-7 mass spectrom eter under the 
fo llo w in g  conditions: electron energy, 70 eV; 
em ission  current, 300 pA; ion  source tem pera­
ture, 200°C. The mass spectra w ere recorded on  
a Spectrosystem  100. A glass colum n (0.7 m X 3

Received May 13, 1981. Accepted N ovem ber 4, 1981.

m m  id) packed w ith  1% EGSS-X on Gas-Chrom  
Q w as used in  the Varian M odel 1700 interfaced  
to the mass spectrom eter. Tem peratures used: 
ov en , 135-170°C  (program m ing rate 1 0 ° /m in); 
in jection  port, 200°C; H e flow  rate 40 m L /m in . 
Chem ical ionization mass spectra were recorded 
w ith  a Varian MAT 311A instrum ent (Depart­
m ent o f Chem istry, U n iversity  o f Illinois).

For GLC detection , a Varian M odel 1400 gas 
chrom atograph equipped w ith  an alkali flam e 
ion ization  detector w as operated at conditions  
id en tical to those used in  GC-MS analysis.
M aterials and M eth od  o f  Extraction

Terbufos, terbufos sulfoxide, terbufos su lfone, 
terbufoxon, terbufoxon su lfoxide, and terbu­
foxon su lfone w ere obtained from the Am erican  
C yanam id Co., Princeton, NJ.

Terbufos and oxidative m etabolites w ere ex­
tracted from  soil by m ixing 45 m in w ith  h ex­
an e-a ceton e ( 2 + 1  v /v ,  2 mL so lv en t/1  g soil). 
The so lven t w as filtered  through anhydrous 
N a2SC>4. The soil residue was re-extracted and  
the com bined filtrate w as concentrated on  a 
steam  bath by usin g  a Snyder colum n. Extracts 
w ere not concentrated to dryness because ter­
bufos is volatile .

Individual aliquots o f a Flanagan silty  loam  
so il (3.5% organic carbon) and a G ilford- 
H oop erston -A d e sandy loam  soil (1.2% organic 
carbon) w ere fortified  at 5 jug/g (5 ppm ) w ith  
terbufos or its oxidative m etabolites :n acetone. 
A fter the acetone evaporated, these so ils  w ere  
extracted as described above to determ ine ex­
traction efficien cy. C om posite soil sam ples 
con sistin g  o f eig h t 2.5 X 15 cm cores taken from  
a corn p lo t (Fayette silty loam , 0.9% organic car­
bon) 5 days after treatm ent at 1 lb A l/a cre  w ere  
also extracted and analyzed  by gas chrom atog­
raphy and mass spectrom etry.

R esu lts and D iscu ssion
Extraction Efficiency o f  Terbufos and Its 
M etabolites from  Soil

A ll extracts from  fortified  sam ples w ere ana­
lyzed  d irectly by gas chrom atography except 
terbufos su lfox id e and terbufoxon sulfoxide. 
T hese su lfox id es could not be analyzed directly

0004-57 56/82/6503-0680-05$01.00© Association of Official Analytical Chemists, Inc.
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S
(c2h5o)2 p— s— ch2— S— c ( ch3) 3

(a) J
S 0Il II(C2H50 )2 p— s— ch2— s— c ( ch3) 3

(b)
S 0Il II( c2h5o) 2 p— s— ch2— s— c ; ch3) 3 
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(d) 1

0
(C2HsO)2 P— S— CH2— S— C (CH3) 3

(e)
0

( C2H50 )2 P— s— ch2— s— c ( ch3) 3II0
( f )

Figure 1. Molecular structures of terbufos and oxidative metabolites: (a) terbufos; (b) terbufos sulfoxide;
(c) terbufos sulfone; (d) terbufoxon; (e) terbufoxon sulfoxice; (f) terbufoxon sulfone.

because o f their instability  on  the heated GLC 
colum n. This phenom enon has apparently been  
observed  by others (1 ,4).

Terbufos su lfoxide and terbufoxon su lfoxide  
had to be ox id ized  to the m ore stable su lfon es  
before GLC analysis. The terbufos su lfoxide  
extract w as oxid ized  to terbufos su lfon e by re­
action w ith  potassium  perm anganate (4). The 
terbufoxon su lfoxide extract w as oxid ized to the 
terbufoxon su lfon e by oxidation w ith  meta- 
chloroperbenzoic acid (1). These su lfones were  
then  determ ined by GLC.

Percentage recoveries o f terbufos and its m e­
tabolites from fortified sam ples w ere at least 81% 
except for the terbufoxon su lfoxide from  the  
Flanagan silty  loam  (Table 1).
GLC and M S Characterization o f  Terbufos 
and Its M etabolites

Terbufos, terbufos su lfon e, terbufoxon, and  
terbufoxon su lfon e w ere in d iv id u a lly  analyzed  
by GLC-MS. Their retention time data are given  
in  Tables 2 and 3. Terbufos su lfoxide and ter­
b ufoxon  su lfox id e w ere introduced by direct 
probe because these 2  com pounds could not be

T a b le  1 . R e c o v e r y  (% )  o f  t e r b u fo s  a n d  it s  m e t a b o lit e s  
f r o m  so il  s a m p le s  fo r t if ie d  a t  5 p p m

Compound
Flanagan 

silty loam soil
Gilford-Ho Dperston- 
Ade sandy loam soil

Terbufos 82 84
Terbufos sulfoxide 92 91
Terbufos sulfone 89 97
Terbufoxon 86 81
Terbufoxon sulfoxide 68 85
Terbufoxon sulfone 85 86

analyzed  d irectly by GLC. The com m on frag­
m en t ion s and the characteristic fragm ent ions  
of terbufos, terbufos su lfoxide, and terbufos 
su lfo n e  are g iven  in  Table 2.

An examination of the molecular ions in  Table
2  indicates that the parent peak o f terbufos is 
m uch stronger than those o f the su lfox id e or 
su lfone. O ne possib le correlation b etw een  
m olecular ion  abundance and structure o f these
3 com pounds m igh t relate to the degree of 
crow ding b etw een  the bulky tert-butyl group

T a b le  2 .  T h e  7 0  e V  m a s s  s p e c t r a  a n d  G L C  r e t e n t io n  t im e  
o f  t e r b u fo s ,  t e r b u fo s  s u lfo x id e , a n d  t e r b u fo s  s u lfo n e

m /e

Rel. intensity, %

Terbufos
Terbufos
sulfoxide

Terbufos
sulfone

Common Ions
57 100 100 100
65 25 47 29
93 11 31 14
97 44 67 76

121 16 28 20
125 22 60 54
153 30 66 76
186 21 50 4

Characteristic Ions
199 _ 48 37
231 69 — —
248 — 42 —
264 — — 19
M l 288(17) 304(1.2) 320(1.3)

RTa (min) 2.5 — 13

a Initial column temperature was 135°C, programmed at 
10°/m in  up to 170°C.
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m/e 199 (II)
- C4H9SO2 C2H5O \  11

C2H5O/

C2H„

HO
/ P = S c2h5o '

m/e 125 (VI)

P---S---CH2---S---C4H9
0

- (C„H9-1)
m/e 264 ( III)

M• 320 (I)

UH9SO2CH2S

C2H50 x P = SC2H5O ^
m/e 153 (IV)

0 ^
/

- C2H„

P - SH
C2H50 \

c2h5o
m/e 125 (V)

C2H5O /
m/e 121 (VII)

Figure 2. Fragmentation pathways of terbufos sulfone.

and th io, su lfin y l, and su lfon y l groups, respec­
tively (Figure 1). The abundance of ion  m /e  199 
(Figure 2) from the su lfoxide and su lfon e also 
reflects the steric h indrance o f the tert-butyl 
group.

The com m on fragm ent ion s and the charac­
teristic fragm ent ions of terbufoxon, terbufoxon

T a b le  3 .  T h e  7 0  e V  m a s s  s p e c t r a  a n d  G L C  r e t e n t io n  t im e  
o f  t e r b u fo x o n , t e r b u fo x o n  s u lfo x id e , a n d  t e rb u fo x o n  

s u lfo n e

Rel. intensity, %
Terbufoxon Terbufoxon

m /e Terbufoxon sulfoxide sulfone
Common Ions

57 100 100 100
65 17 52 44
81 35 82 65
93 11 48 35

109 23 95 73
137 9 56 36
170 54 101 4

Characteristic Ions
183 _ 60 61
215 51 — —

232 — 75 —
248 — — 20
M l 272(31) — —

RTa (min) 3.5 — 15

a Initial column temperature was 135°C, programmed at 
10°/m in  up to 170°C.

su lfoxide, and terbufoxon su lfon e are sh ow n  in  
Table 3. The ion s at m /e  8 1 ,1 0 9 ,1 3 7 ,1 7 0 ,1 8 3 ,  
215, 232, and 248 are analogous to those at m /e  
9 7 ,1 2 5 ,1 5 3 ,1 8 6 ,1 9 9 , 231, 248, and 264 in  Table
2 .

The major fragmentation pathways of terbufos 
su lfone are g iven  in  Figure 2. Sim ilar pathw ays

10000 -

CO 1
-P j ____ AÖ3OO I

-

A__. i|iiii| iiijimp
0  8 0  

S c a n  n u m b e r  
4 ta  b

Figure 3. GLC-MS trace of 2 ppm terbufos (a) and 
0.3 ppm terbufos sulfone (b).



Figure 4. Mass spectrum  of terbufos.
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can be en v isaged  to explain the major ions  
present in the spectra o f the other 5 com pounds. 
Figure 2 sh ow s that the in tense peaks at m /e  125 
are a com posite peak m ade up o f 2 ion s (V, VI): 
the fragm ent ion  produced by M cLafferty rear­
rangem ent (6 ) and the fragm ent ion  resu lting  
from the loss of C2H 4 from  the ethoxy group of 
ions m /e  153 (IV).

Terbufos and its m etabolites w ere also exam ­
ined  by chem ical ion ization  mass spectrom etry. 
The Cl spectra sh ow ed  in ten se (M +  H )+ ions  
w h en  isobutane was used as a reaction gas.
Identification o f  Terbufos and Terbufos 
Sulfone in Soil Sam ples

Insecticide residues extracted from  the field  
soil w ere analyzed by GLC-MS. Ions w ere  
m onitored  at m /e  199, 231, 264, and 288. A  
typical GLC-MS chrom atogram  of terbufos and  
terbufos su lfon e is sh ow n  in  Figure 3. Their 
spectra are given  in Figures 4 and 5. Other major 
fragm ent ions o f terbufos and terbufos su lfon e  
may also be suitable for m onitoring if the co­
extractive o f a so il sam ple interfered in  the  
analysis for ions at m /e  199, 231, 264, and 288. 
Terbufoxon and terbufoxon su lfon e w ere not  
observed in  soil sam ples and, as indicated  pre­
v iou sly , the su lfoxides could  not be detected  d i­
rectly by GLC-MS.

Separate solu tions o f terbufos and terbufos 
su lfon e w ith  concentrations ranging from  1 to 
100 ppm  w ere analyzed. The calibration curves 
gen era ted  w ere lin ear and in d icated  that

GLC-MS could be used for quantitative anal­
ysis.

Previous quantitative analyses o f terbufos 
residues in  soil or insects have in v o lv ed  th in  
layer radiochrom atography and colum n chro­
matography (2-4). The advantage of our method  
is that it requires on ly  a sim ple extraction and is 
free from interference. It is probably applicable 
to the analysis o f derivatized su lfoxides in  soil 
sam ples. This possib ility  o f direct GLC-MS d e­
tection is b ein g explored.
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Application of the AOAC Multi-Residue Method to Determination of 
Synthetic Pyrethroid Residues in Celery and Animal Products
HEINZ E. BRAUN and JANA STANEK
Provincial Pesticide Residue Testing Laboratory, Ontario Ministry of Agriculture and Food, 
Guelph, Ontario, Canada NIG 2W1

A procedure based on current multi-residue meth­
odology is described for the determination of syn­
thetic pyrethroid residues in vegetable and animal 
tissues. Permethrin, cypermethrin, and fenvalerate 
are extracted from celery, egg yolk, beef muscle, and 
m ilk with acetonitrile, partitioned into hexane, and 
cleaned up on Florisil for quantitation by electron 
capture gas chromatography. Recoveries of the 3 
pyrethroids averaged 94-103% from celery and 82- 
97% from animal products. Minimum detectable 
levels of <5 ng/g are readily attainable. The method 
also allows for the simultaneous extraction and 
cleanup of the organochlorine hydrocarbon insecti­
cides which have been routinely analyzed in the 
past.

The syn th etic  pyrethroids have becom e a com ­
m ercially successful group of insecticides because 
o f their desirable environm ental properties of 
short persistence and nontoxicity to mammals. 
T hese features, com bined w ith  their broad 
spectrum  of insecticidal activity and the com ­
paratively low  application rates required for in ­
sect control, have m ade the pyrethroids en v i­
ronm entally  safe and acceptable alternatives to 
the older organochlorine com pounds such as the 
dip h en yleth an es and cyclodienes. Perm ethrin, 
cyperm ethrin , and fenvalerate are 3 synthetic  
pyrethroids w hich  are com ing into increased use 
for insect control on dom estic anim als and field  
crops; this report describes an analytical proce­
dure for the determ ination o f these com pounds  
at the residue lev el in  plant and anim al tissues. 
Structural form ulas for p erm ethrin , cyper­
m ethrin , and fevalerate are illustrated in  Figure
1. W ith the expectation that registered uses of 
the pyrethroids in  food production w ill becom e  
m ore general, it may be necessary for the residue 
analyst to inclu de these com pounds in  m on i­
toring and regulatory programs.

Perm ethrin , (3 -p h en oxyp h en yl)m eth yl ris,- 
fra«s-(±)-3-(2,2-d ichloroethyl)-2,2-d im ethylcy- 
clopropanecarboxylate, has been  described in 
Synth etic  P yrethro ids  (1). The active ingred ien ts  
in form ulations (e.g., Ambush®, Ectiban®) are the 
cis and trans isom ers w h ich  are present in an 
approxim ate ratio o f 2:3, respectively. W illiam s
(2 ) reported an analytical procedure for deter­
m ination  o f perm ethrin in  potato tubers. Fujie

and Fulm er (3) described the determ ination  of 
perm ethrin residues in  plant, anim al, and soil 
matrices by u sin g  various extraction m edia and  
quantitating the individual cis and trans isom ers 
by gas chrom atography w ith  either electron  
capture or electrolytic conductiv ity  detection . 
M ore recently, Chiba (4) reported on  the deter­
m ination o f perm ethrin isom ers on  peach fo­
liage. A m ethod for the determ ination  o f cyp­
erm ethrin , a -cy a n o -3 -p h en o xy b en zy l 2,2-di- 
m eth y l-3 (2 ,2 -d ich lorov in y l) cyclopropanecar- 
boxylate (Ripcord®, Barricade®), in various crops 
has been described by Chapm an and Harris 
(5).

Fenvalerate, cyano(3-phenoxyphenyl)m ethyl
3-chloro-a-(l-m ethylethyl)2-(4-chlorophenyl)-3- 
benzeneacetate (Pydrin®, Sumicidin®), is a non- 
cyclopropanecarboxylate pyrethroid w h ich  has 
b een  sh ow n  to be effective against several v e g ­
etable insect pests. Lee et al. (6 ) described the 
determ ination  of fenvalerate in  cabbage and  
lettuce by using acetonitrile extraction, cleanup  
on partially deactivated Florisil, and determ i­
nation by electron capture gas-liquid  chrom a­
tography (GLC). Estesen et al. (7) in vestigated  
the disappearance of fenvalerate and permethrin  
from treated cotton and described the details of 
their determ inative procedure.

The analytical m ethods described in  the  
present report are based on ex isting  m ulti-resi­
due m ethods for organochlorine in secticid es (8 , 
9); this investigation was undertaken partly w ith  
the in ten t to incorporate pyrethroid residue 
m eth od ology  into the AOAC m ulti-residue  
m ethod. The described procedure perm its the 
sim ultaneous determ ination o f perm ethrin , cy­
perm ethrin , and fenvalerate in  vegetab le and  
anim al tissue and also a llow s for concurrent d e­
termination of those organochlorine insecticides 
w h ich  have been  routinely determ ined in  the 
past.

M ETH O D
Apparatus and Reagents

(a) Gas chromatograph .—Tracor M odel 222 w ith  
electron capture detector (63N i source) operated  
in the constant current m ode.

0004-5756/82/6503-0685-05$01.00
© Association of Official Analytical Chemists, Inc.
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0 H H HIl I I > /o—c—c -c —c=c\  /  \
A

HjC CHj

CI

CI

sam ples; macerate and com posite in  food chop­
per. M acerate m eat tissue in  h ou seh old -typ e  
food  processor until h om ogen eo u s puree is ob­
tained. Extract m ilk and eg g  yolk s d irectly as 
described in  fo llo w in g  section.

P E R il E T H R I N
H 0 H H H cl
I li I I I /c -o -c -c —c-c=c
1 C Cl
C s" HjC CH3

C Y P E R M E T H R I N

H O H  I II Ic-o-c-c-c.
C=N H3C CH.

C|

F E N V A L E R A T E
Figure 1. Structural formulas for permethrin, Cy­

permethrin, and fenvalerate.

(b) GLC columns. — 1.8 m X 2 mm id Pyrex 
packed w ith  Ultra-Bond® 20M (RFR Corp., H ope, 
RI); pre-conditioned 48 h at 240°C under n itro­
gen  flow  of 20 m L /m in .

(c) B lender.— W aring, or equ ivalent, 1 L jar 
capacity.

(d) Chromatographic tubes.—22 mm id X 40 cm 
w ith  T eflon  stopcocks and so lven t reservoirs.

(e) Reference sta n d ards .—98+% cis and trans 
perm ethrin, 98+% technical cyperm ethrin, and  
98+% technical fenvalerate (Im perial Chem ical 
Industries Ltd, UK, available through Chipm an  
Inc., S toney Creek, O ntario, Canada).

(f) Florisil. — 60 -1 0 0  m esh  (F lorid in  Co., 
Pittsburgh, PA). Heat 24 h at 135°C before use 
and store in  sealed container at room  tem pera­
ture.

(g) Solvents. -Redistilled acetonitrile, hexane, 
dich lorom ethane, and 2,2,4-trim ethylpentane  
(Caledon Laboratories Ltd, G eorgetown, Ontario, 
Canada).
Sam ple Preparation

Rinse intact vegetab le sam ples ligh tly  w ith  
water to rem ove adhering soil particles and shake 
dry; where necessary to obtain a practical sample 
size, rem ove symmetrical section(s) from original

Extraction
(a) Vegetable tissue.—Transfer 50 g subsam ple 

of h om o gen ized  tissue to b len der jar. A dd 170 
mL acetonitrile and en o u gh  w ater to bring total 
liquid  vo lu m e to 250 mL (w ith  a llow ance for 
sam ple m oisture content and volu m e shrinkage  
betw een  acetonitrile and water). B lend 5 m in at 
high  speed and filter 125 mL aliquot (equivalent 
to 25 g sam ple).

(b) Beef muscle and egg y o lk .— Blend 25 g 
m uscle puree or eg g  yolk  5 m in  at h ig h  speed  
w ith  250 mL aceton itrile-w ater (85 +  15). Let 
susp en sion  settle and filter ca 125 m i, w ith  vac­
uum , co llectin g  filtrate in  graduated cylinder. 
Place filtrate in freezer at -2 0 ° C  until water and  
lip ids are frozen, and decant 85 mL supernatant 
acetonitrile phase (equ ivalent to 10 g sam ple al­
iquot).

(c) M ilk .—  B lend 100 g m ilk p lus 200 mL ace­
tonitrile 5 m in at h ig h  speed  and filter aliquot 
equ ivalent to 50 g sam ple.
Partitioning

Transfer filtered  sam ple aliquots to 1 L separ­
atory fu n n el, add 100 mL hexane, and snake 30 
s. Add 400 mL 2% sodium  chloride in water and  
shake again 1 m in. Let phases separate and  
discard aqueous layer. Rinse hexane extract by  
shaking gen tly  30 s w ith  50 mL water. Drain  
hexane through 2 -3  cm anhydrous N a2SC>4 and  
collect in  250 mL b o ilin g  flask; rinse separatory 
fu n n el w ith  25 mL hexane and com b ine w ith  
extract by passage through Na2S0 4. Concentrate 
to ca 5 mL volu m e w ith  a rotary vacuum  evap o­
rator at 45°C preparatory to colum n cleanup.
Column Chrom atographic Cleanup

Introduce 25 g Florisil in to  chrom atographic 
colum n and tap sides o f colum n to produce even  
packing; top w ith  1 cm layer o f anhydrous 
N a2SC>4 and pre-w ash colum n w ith  50 mL h ex­
ane. Q uantitatively transfer concentraied  hex­
ane extract to colum n, u sin g  3 successive sm all 
rinses (2-3 mL) of hexane; as last of sam ple enters 
top of adsorbent, rinse in sid e o f co lum n w ith  
additional 5 mL hexane.

Elute sequentially at ca 5 m L /m in w ith  (A) 200 
mL d ich lorom eth an e-h exan e (20 +  80) and (B) 
200 mL aceton itrile-d ich lorom eth an e-h ex an e  
(0.35 +  50 +  50), co llectin g  eluates in 300 mLReceived M arch 17, 1981. Accepted December 8, 1981.
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b oilin g  flasks. Evaporate eluate fractions just to 
dryness w ith  rotary vacuum  at 45 °C and re-dis- 
solve in  measured am ounts o f trim ethylpentane  
to g ive  analysis so lu tion s w ith  eq u ivalen t con ­
centrations o f vegetable, meat, and egg at 5 g /m L  
and m ilk at 10 g /m L .

Permethrin, cyperm ethrin, and fenvalerate are 
contained  in  eluate fraction B.
G as-Liquid Chrom atography

M easure perm ethrin , cyperm ethrin, and fen ­
valerate by GLC w ith  electron capture detection, 
usin g  the fo llo w in g  operational parameters: 
colum n tem perature, isotherm al at 220°C; n i­
trogen carrier gas at 100 m L /m in; detector tem ­
perature, 350°C; injection vo lu m e, 5 q.L.

Recoveries and Extraction Efficiency
Recoveries w ere determ ined at fortification  

lev els ranging from 0.01  to 1.0  ppm  w ith  respect 
to each o f perm ethrin , cyperm ethrin, and fen ­
valerate. D uplicate fortifications w ere made 
directly  onto  celery, b eef m uscle, egg  yolk , and  
m ilk  before the b len d in g  operation, and the 
fortified  sam ples w ere then  carried through the 
procedure as outlined .

The effic ien cy  o f extraction by b len d in g  w ith  
acetonitrile was determ ined by comparison w ith  
exh au stive m eth an ol-C H C l3 Soxhlet extraction
(10). F ield-treated sam ples o f celery (4 rep li­
cates) w ere analyzed  3 days fo llo w in g  the ap­
p lication  o f the 3 pyrethroids at rates of 0.08 
k g/h a . Egg yolks from laying hens (3 replicates) 
w ere ana lyzed  7 days fo llo w in g  the cerm al ap­
p lica tion  o f perm ethrin to h en s at the rate o f 20 
m g perm ethrin  per bird.

Results and Discussion
Various m ethods o f extraction and cleanup of 

th e in d iv id u a l pyrethroids are described in  the  
literature; h ow ever, because there are close  
sim ilarities in  chem ical structure, the use o f a 
com m on procedure for extraction and cleanup  
w as d eem ed feasible. The described m ethod is 
based on  current m ulti-residue tech n ology  for 
organoch lorine com pounds and is therefore  
readily com patible w ith  m ethods now  in  use for 
m on itor in g  and screen ing programs. The use 
of acetonitrile as an extractant for fatty foods  
(e.g ., m eat, egg  yolk ) is a s ligh t departure from  
recom m en ded  procedure but the property of 
relatively  low  fat so lu b ilities in  acetonitrile  
com b in ed  w ith  the freeze-out operation results 
in  extracts w h ich  are su ffic ien tly  free o f lip ids  
and w h ich  do not overload the Florisil cleanup  
colum n.

The colum n cleanup procedure, originally  
described by M ills et al. (10), offers superior re­
jection of lip id  co-extractives compared w ith  the 
elu tion  system  of 6% and 15% eth y l ether in 
hexane. Perm ethrin, cyperm ethrin , and fen ­
valerate elu te com p letely  in  the secon d  fraction  
w h ich  w o u ld  also contain, if present in the 
sam ple, organochlorines such as dieldrin, endrin, 
hep tachlor epoxide, end osu lfan , and m ethoxy- 
chlor. The retention times of the pyrethroids on 
GLC colum ns, how ever, are considerably longer  
so that no interferences b etw een  the analytes  
occur.

Typical gas chrom atogram s o f celery and egg  
yolk s fortified  at lev els  of 0.1 ppm  perm ethrin  
and 0 .2  ppm  cyperm ethrin  and fenvalerate are 
sh o w n  in  Figures 2A and 2B. U nder the speci­
fied  GLC conditions, permethrin is almost totally 
reso lved  into its 2  pairs o f enantiom ers w ith  re­
ten tion  tim es of 3.5 and 4.1 m in  (2.67 and 3.14 
relative to p ,p '~DDT); cyperm ethrin , w h ich  
contains a third asym m etric center, is partially  
resolved  into an en v elop e of 3 peaks w ith  re­
ten tion  tim es of 8.0, 8 .6 , and 9.1 m in (6.10, 6.52, 
and 6.95 relative to p ,p ' - DDT); fenvalerate is 
partially resolved into its 2  pairs of enantiom ers 
w ith  retention  tim es of 11.5 and 14.2 m in (8.76 
and 10.8 relative to p ,p '~DDT). Several GLC 
liq u id  phases w ere in vestigated  in clu d in g  2% 
OV-1/3%  OV-210, 3% OV-210, 3% OV-225, and  
Ultra-Bond 20M. The nonpolar OV-1 resulted  
in  peaks w h ich  sh ow ed  little  or no isom eric res­
o lu tion  and produced essen tia lly  one major 
com posite peak for each pyrethroid; a nonpolar  
phase could, therefore, be the colum n of choice  
if  quantitaticns are m ade on  a sum m ation basis 
w ithout regard for actual isomeric contents. Best 
resolu tion  o f isom ers was obtained w ith  the 
Ultra-Bond 20M, w h ile  colum ns of interm ediate 
polarities produced correspon dingly  in term e­
diate resolu tion  of isom ers.

Ultra-Bond 20M is prepared com m ercially by 
ex ten siv e  deactivation of a diatom aceous earth 
fo llo w ed  by coating w ith  Carbowax 20M , treat­
m ent at h ig h  tem perature, and then  exhaustive  
extraction w ith  solven ts to produce a bonded  
support having approxim ately 0 .2 % loading of 
the liqu id  phase. C olum ns packed w ith  Ultra- 
Bond 20M  have consistently  resulted in  h igher  
effic ien cy  ar.d better resolu tion  o f individ ual 
pyrethroid isom ers than do con ven tion a lly  
packed colum ns.

Previous workers (11, 12) have reported that 
perm ethrin  and fenvalerate are susceptible to 
thermal decom position on GLC colum ns and that 
repeated injections w ith  large am ounts o f the
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Figure 2. Gas chromatograms of celery and egg yolk fortified with (1) 0.1 ppm permethrin; (2) 0.2 ppm Cy­
permethrin; and (3) 0.2 ppm fenvalerate.

pyrethroids are necessary before peak height 
reproducibility is acceptable. These difficulties 
w ere not observed w ith  the use of Ultra-Bond 
20M. P re-conditioning w ith  heavy injections 
w as not necessary and peak h eigh t reproduc­
ib ility  was acceptable. The possib ility  o f on- 
colum n decom position was investigated by using 
a standard mixture of permethrin, cypermethrin, 
and fenvalerate in com bination w ith  decachlo- 
robiphenyl as an internal standard; peak heights 
(based on the major peak of each pyrethroid) 
w ere m onitored over a 4-w eek period by calcu­
lating peak h eig h t ratios relative to the internal 
standard peak (Table 1). The coefficients of

T a b le  1 . G L C  c o m p a r is o n  o f p e a k  h e ig h t  of p e r m e t h r in ,  
c y p e r m e t h r in ,  a n d  f e n v a le r a t e  v s  d e c a c h lo r o b ip h e n y l  a s  

in t e r n a l s t a n d a rd

Day
Peak height ratio

Perm ethrin C yperm ethrin Fenvalerate
1 0.87 0.76 0 .862 0.91 0.77 0.894 0.94 0.81 0.917 0.90 0 .80 0 .8414 0.85 0.75 0 .7821 0.85 0.76 0 .7928 0.89 0.79 0.83SD 0.033 0.023 0.048CV, % 3.72 2.96 5.69
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T a b le  2 .  A v e ra g e  r e c o v e r ie s  (2  r e p l ic a t e s )  o f  p e r m e t h r in ,  c y p e r m e t h r in ,  a n d  fe n v a le r a t e  f r o m  c e le r y ,  b e e f  m u s c le ,  eg g
y o lk ,  a n d  m ilk

Compound
Added,

ppm
Recovery, %

Celery Beef muscle Egg yolk Milk
Permethrin 0.01 94.2 82.9 86.8 90.5

0.10 94.9 89.1 86.0 97.2
1.0 97.0 89.9 90.9 94.8

Cypermethrin 0.01 93.8 83.4 84.1 91.1
0.10 102.0 87.6 89.3 91.1
1.0 97.2 86.9 92.6 94.8

Fenvalerate 0.01 99.2 89.1 85.2 89.0
0.10 96.1 86.4 81.9 94.4
1.0 103.4 91.3 88.7 91.3

variation equal to 3.72, 2.96, and 5.69% for per­
m ethrin , cyperm ethrin, and fenvalerate, did not 
su g g est decom position  on  the colum n, nor was 
there a consistent peak h eig h t ratio variation  
from  day 1 to day 28.

W ith standing current and pulse w id th  ad­
justm ents set according to specifications o f the 
instrum ent and w ith  an attenuation of 4X , peak 
h eig h t responses approxim ated 3 n g /m V  for 
perm ethrin , 10 n g /m V  for cyperm ethrin, and 7 
n g /m V  for fenvalerate. A lthou gh  these re­
sp on ses are considerably low er than w ith  m ore 
h ig h ly  chlorinated com pounds, detection lim its 
of 0.005 ppm  are readily attainable for each py- 
rethroid.

Recovery data at 3 levels of fortification of each 
of the 3 pyrethroids are sh ow n  in Table 2. Val­
ues for the 4 substrates represent the average of 
duplicate determ inations. Recoveries for all 3 
com p ounds w ere good in  celery w ith  averages 
b etw een  94 and 103%. Recoveries from  beef

T a b le  3 . E x t r a c t io n  e f f ic ie n c y  o f  a c e t o n it r i le  b le n d in g  v s  
m e t h a n o l- c h lo r o f o r m  S o x h le t  e x t r a c t io n ,  u s in g  -e p lic a t e  

f ie ld - t re a te d  s a m p le s

Sample Compound
Residues, ppm 

Blending Soxhlet
Celery permethrin 0.10 0.11

0.18 0.16
0.19 0.16
0.24 0.22

cypermethrin 0.068 0.077
0.045 0.041
0.053 0.049
0.052 0.067

fenvalerate 0.16 0.16
0.26 0.29
0.16 0.14
0.22 0.27

Egg yolks permethrin 0.031 0.034
0.020 0.023
0.024 0.029

m uscle, eg g  yolk , and m ilk w ere approxim ately  
1 0% lower; these low er recoveries are probably 
associated w ith  the h igh er fat contents. The 
com parison of acetonitrile extraction b len d in g  
vs 12 h Soxhlet extraction w ith  m eth a n o l-ch lo ­
roform  (13) is sh ow n  in  Table 3. N o  sign ificant 
differen ces w ere ev id en t in  the extraction e f­
fic ien c ies o f the pyrethroid from  field-treated  
celery. In the case o f eg gs co llected  from  
ch ickens w h ich  had been  treated w ith  per­
m ethrin , the exhaustive Soxhlet techn ique ap­
peared to produce slig h tly  h igh er valu es for 
perm ethrin  than w ere obtained by b len d in g  
w ith  acetonitrile, but the differences, based on  
the num ber o f com parisons m ade, w ere not sta­
tistically  significant.

References
(1) Elliott, M. (Hd.) (1977) Synthetic Pyrethroids, ACS 

Symp. Ser. No 42, American Chemical Society, 
W ashington, DC

(2) Williams, I. H. (1976) Pestic. Sci. 7, 336-338
(3) Fujie, G. H., & Fulmer, O. H. (1978) /. Agric. Food 

Chem. 2 5 ,395-398
(4) Chiba, M. (1978) /. Emhron. Sci. Health B13, 261- 

268
(5) Chapman, R. A., & Harris, C. R. (1978) J. Chroma- 

togr. 166, 513-518
(6) Lee, Y. W„ Westcott, N. D„ & Reichle, R. A. (1978) 

J. Assoc. Off. Anal. Chem. 61, 869-871
(7) Estesen, B. J , Buck, N. A., & Ware, G. W. (1979) 

Bull. Environ. Contain. Toxicol. 22, 249-257
(8) Official Methods of Analysis (1980) 13th Ed., AOAC, 

Arlington, VA, secs 29.011, 29.012
(9) Pesticide Analytical Manual (1980) Food and Drug 

Administration, W ashington, DC, Sec 211.1, 
212.1

(10) Mills, P. A., Bong, B. A., Kamps, L. R., & Burke, J. 
A. (1972) J. Assoc. Off. Anal. Chem. 55, 39-43

(11) Kikta, E. J„ & Shierling, J. P. (1978) /. Chromatogr. 
150,229-232

(12) Mourot, D„ Delepine, B., Boisseau, J., & Gayot, G. 
(1979) J. Chromatogr. 168, 277-279

(13) Burke, J. A., Porter, M. L., & Young, S. J. V. (1971) 
/. Assoc. Off. Anal. Chem. 54, 142-146



69 0 FOX ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, NO. 3, 1982)

M E A T  A N D  M E A T  P R O D U C T S

Interaction Between Sample Preparation Techniques and Three 
Methods of Nitrite Determination
JAY B. FOX, ROBERT C. DOERR, and LEON LAKRITZ
U.S. Department of Agriculture, Science and Education Administration, Agricultural Research 
Service, Eastern Regional Research Center, Philadelphia, PA 19118

Meat samples containing nitrite and varying con­
centrations of ascorbate, cysteine, and sodium chlo­
ride were prepared for nitrite analysis. The methods 
used were the AOAC method of dilution and heating; 
the addition of mercuric chloride, charcoal, and 
Carrez reagents at 2 different pH values; and direct 
analysis of sample supernatants with no treatment 
(control). The effect of these initial conditions and 
preparation methods on measured nitrite was deter­
mined by using 3 different Griess reagent combina­
tions and chemiluminescent and differential pulse 
polarographic techniques. Systematic variations 
were observed in samples treated with mercuric 
chloride, while the addition of Carrez reagents had 
little or no effect. Best results were obtained by the 
AOAC dilution/heating method under alkaline 
conditions, or by charcoal addition followed by 
chemiluminescent or colorimetric nitrite determi­
nation. Statistical analysis of the nitrite concentra­
tions determined in the several samples showed that 
these 3 procedures were precise to about 5-6% CV, 
which was not significantly different from the CV 
value of 4% determined from replicate analyses.
Sam ple preparation m ethods for the determ i­
nation  o f nitrite in v o lv e  a num ber of processes 
and reagents designed to clarify the solutions for 
colorim etric analysis and to im prove the yie ld  of 
nitrite by either cleaving en d ogen ou s nitroso  
com pounds (1, 2) or elim inating interferences (3,
4). Com m on clarifying agents are borate (borax) 
(1, 2, 5 -8), mercuric ch loride (1, 2, 6-9), Carrez 
reagents (1-3 , 5 -8 , 10, 11), iron (Fe+3) (12, 13), 
an d /o r alum inum  (A1+3) (14-17), all of w hich are 
com m only used to precipitate proteins. M er­
curic ch loride also has been  claim ed to cleave 
nitrosothiols, presumed form of the bound nitrite 
in  m eats (1, 2). O ther procedures inclu ded  al­
kalization (1 -3 ,1 2 -1 7 ), d ilution  o f the sam ple to 
various lev els  (1-3 , 7, 10, 13, 14, 16-19), and  
heatin g  (1, 2, 5, 7 -1 1 ,1 3 -1 6 ,1 8 , 19).

Evaluations o f these m ethods have alw ays 
been  carried out as entire procedures, w ithou t 
assessm ents o f the effect o f the in d ivid ual steps

Received A ugust 6,1981. Accepted N ovem ber 5,1981.

on either clarification or total nitrite, and seldom  
as direct com parison w ith  others. Som e of the 
m ethods involved  as many as 4 different reagents 
and several processing steps, but it is not readily 
evident that they are all necessary. Furthermore, 
excessive handling of nitrite sam ples is not good  
procedure because nitrite is readily lost through  
reduction a n d /o r  oxidation reactions w ith  en ­
dogenous com pounds and w ith  oxygen in the air 
during the preparation procedure. If nitrite is 
in  fact bound to proteins, the use of protein  
précipitants could lead to a loss o f nitrite, d e­
p en d in g  on  the p oin t at w h ich  they are used in 
the preparation procedure.

A system atic com parison of sam ple prepara­
tion  m ethods for nitrite analysis therefore re­
quires a direct com parison of the effect of each 
reagent or procedure on  the am ount o f m easur­
able nitrite in  the sample. In an earlier study of 
nitrite in  frankfurters (2 0 ), w e  used the criteria 
of m axim al nitrite recovery and elim ination  of 
turbidity. In that study, the AOAC official first 
action m ethod (18), w h ich  specifies d iluting and 
heatin g  the sam ple, gave the best results. Re­
cen tly , w e  have sh ow n  that residual ascorbate 
has a d ifferentia l effect on p igm ent production  
from d ifferent Griess colorim etric reagent com ­
binations (2 1 ) and that this effect may be used to 
determ ine the effectiven ess of sam ple prepara­
tion  procedures (4). U sing this criterion, it was 
fou n d  that the AOAC m ethod w as not as effec­
tive as m ercuric ch loride addition.

We have contin ued  these studies to inclu de  
other sam ple preparation m ethods a rd  nitrite- 
m easuring techn iques to determ ine if there are 
m ore effective procedures a n d /o r  reagents, and  
to establish  a criterion o f accuracy by w h ich  to 
gau ge their effectiveness.

Experim ental
Reagents and Substrate

A ll reagents w ere reagent grade or h igh est 
purity obtainable. Darco G-60 activated carbon, 
tested  to be free of nitrite, was used. The meat
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substrate w as a 1:2 slurry o f pork skeletal m uscle  
and w ater prepared by first b len d in g  an equal 
w eigh t of pork and 6mM nitrite solution sparged 
w ith  nitrogen. This slurry was then divided into  
4 portions, and to each w as added llz vo lu m e of 
w ater con ta in in g  either 0 ,9 , or 36mM  ascorbate 
or 60mM  cysteine. Each portion, conta in ing  
2m M  ascorbate or 20mM  cysteine, w as then  d i­
v id ed  again and each half w as m ade 1M in  sod i­
um  chloride by the addition o f w eigh ed  portions 
o f salt. The sam ples w ere then  heated 1 h at 
70°C  to react the nitrite w ith  the tissue com po­
n en ts and the added reductants. The resulting  
curd w as reblended under nitrogen. The pH  of 
the final slurry w as 5.53.

Sam ple Preparation Techniques
D irect A n a lys is .—A  portion o f the slurry was 

centrifuged  and m easured vo lu m es of -he clear 
supernate w ere w ithdraw n w ith  a syringe pipet 
for nitrite determ ination.

M ercu ric  chloride a d d itio n .— Sam ples w ere  
prepared by adding 0.2 mL saturated HgCl2 to 2.0 
mL slurry. After 30 m in , the slurries w ere cen ­
trifu ged  and portions o f the supernate w ere  
w ithdraw n for nitrite m easurem ent. The pre­
cipitates were resuspended and the sam ples were 
heated  l!z h  at 60°C, cooled , and centrifuged. 
The supernate w as again analyzed  for nitrite.

For the AO AC preparation, 1 mL slurry was 
m easured by a positive d isp lacem ent in to  a 100 
mL volum etric flask, d ilu ted  to 80 mL, and  
heated 2 h at 80°C. The flasks w ere c o d e d , and 
the solutions were diluted to 100 mL an c filtered  
through W hatm an N o. 2 paper w h ich  had been  
w ashed  free o f nitrite. The filtrates w ere ana­
lyzed  for nitrite.

Carrez reagents addition.—Exactly 0.1 mL Carrez 
I (0.3M K4Fe(CN)6) and 0.1 mL Carrez II (1.0M  
Z n S 0 4) w ere added successively to 2.0 mL slurry. 
A fter V2 h, the slurries w ere centrifuged and the 
supernates w ere analyzed  for nitrite.

Charcoal treatment was performed by d iluting  
1 mL slurry to 10 mL and adding 0.1 g charcoal. 
The sam ples w ere shaken l/z h and centrifuged, 
and the supernates w ere analyzed  for nitrite.

A n a lysis under alkaline con dition s.—The effect 
of a lkaline con d ition s on  the m ercuric chloride, 
AOAC, and charcoal preparations w as deter­
m ined  by adjusting portions o f the slurry to be­
tw een  pH  10.0 and 10.3, w h ich  w as the pH  of  
m ost a lkaline extractions. The various proce­
dures were performed as before, m aintaining the 
pH  as necessary. Because the sam ples w ere not 
buffered, the pH  w as below  3.0 after addition of

th e Griess reagents, but w ith in  th e range of 
m axim al p igm en t form ation (2 2 ).

Saturated  sodium  borate (borax) and Carrez 
rea g e n ts .— Saturated N a 2B40 7 , Carrez I 
(K4Fe(CN)6), Carrez II (Z n S 0 4), and the last 2 
together were tested for their effect on the Griess 
reagents w ith  and w ith ou t 3mM  ascorbate, by  
addin g 0.1 mL of each reagent to 1 mL Griess 
reagent and 0.1 mL 2mM  nitrite, and diluting the 
so lu tion  to 10 mL.
N itr ite  Determ inations

For Griess colorim etric analysis, a suitable 
portion o f the clear supernate or filtrate was 
added to 1.0 mL Griess reagents in  a 10 mL v o l­
um etric flask and diluted  to 10 mL. The reagent 
com binations w ere su lfan ilic  a c id -N -(l-n a p h -  
th yl)eth y len ed iam in e (SAA), su lfan ilam id e-1 -  
n a p h th y la m in e1 (SA N ), and su lfa n ila m id e-
1,7-Cleve's acid (S am ino-2-naphthalene sulfonic  
acid) (1,7-C). The latter w as used to test 1,7- 
C leve's acid as a substitute for 1-naphthylam ine  
w h ich  has been  classified  a Class I carcinogen
(23) . After Vz to 1 h, absorbances w ere measured  
in  a Cary 14 spectrophotom eter.

N itrite concentrations w ere also determ ined  
by differentia l pu lse polarography (DPP) ac­
cording to the technique of Chang et al. (24) and  
by a chem ilum inescen t techn ique d ev elop ed  in  
th is laboratory (25). The form er m eth od  was 
chosen because it :s sensitive to residual ascorbate
(24) , and the latter because it uses large excesses  
of ascorbate to generate nitric oxide from nitrite 
for chem ilu m in escen t detection  (CLD) and  
w o u ld  therefore be assum ed to override the ef­
fect o f residual ascorbate.

N itrite content o f the various sam ple prepa­
rations w as determ ined by all 3 techniques.

R esults
van Eck (26) found  that borate s low ed  the  

Griess reaction, w h ich , in  v iew  o f the com plex  
nature o f the reaction, m ight be expected  to re­
su lt in  d ifferent am ounts o f p igm en t form ed  
from  d ifferent Griess reagent com binations. 
Prelim inary experim ents confirm ed van Eck's 
observation or rates, but did  not sh ow  any re­
agent combination differences in the final nitrite 
concentrations. Therefore, w e  did  not in v esti­
gate the use of borate further, particularly since  
w e had previously found that the reagent had no 
effect except tc increase the pH  of the solu tions  
(2 0 ).

The addition  o f Carrez I alon e elim inated
1 1-N aphthylam ine has been classified as a toxic and  haz­

ardous substance (23).
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Table 1. Effects of NaCI, red u c tan t, sam ple  p repara tion  m ethods, and Griess reagen t on m easured  n itrite  (rrM  N 0 2) 
in pork sam ples heated  1 h a t 70°C  ([NOz] = initial 2.0mM )

NaCI
(D a

Reductant
(2)

Reagent6
(3)

Direct
HgCI2 AOAC

Carrez

( ID

Charcoal
Day

1
(4)

Day
2

(5)
H+c
(6)

A
(7)

OH~d
(8)

H+
(9)

0H -
(10)

H+
(12)

OH“
(13)

0 0 SAA 1.36 1.35 1.27 1.09 1.25 1.63 1.59 1.38 1.36 1.45
1,7-C 1.31 1.33 1.16 1.05 1.53 1.58 1.54 1.29 1.43 1.54
SAN 1.41 1.40 1.24 1.09 1.41 1.62 1.57 1.37 1.47 1.53

3mM SAA 1.53 1.47 1.18 0.89 1.09 1.66 1.54 1.47 1.46 1.26
Asc. 1,7-C 0.50 0.50 1.07 0.80 1.31 0.88 1.24 0.58 1.39 1.36

SAN 0.86 0.84 1.14 0.79 1.25 1.12 1.38 0.87 1.38 1.36
12mM SAA 0.78 0.76 1.02 0.36 0.90 1.01 1.35 0.78 1.06 1.04

Asc. 1,7-C 0.12 0.12 0.94 0.23 1.08 0.26 0.96 0.14 1.03 1.16
SAN 0.28 0.28 0.98 0.25 0.98 0.48 1.10 0.27 1.02 1.16

20mM SAA 0.86 0.91 1.10 0.61 1.02 1.00 1.35 0.83 1.13 1.17
Cys. 1,7-C 0.90 0.92 0.99 0.56 1.22 1.06 1.31 0.76 1.12 1.22

SAN 1.14 1.01 1.07 0.58 1.12 1.13 1.35 0.82 1.13 1.32
1M 0 SAA 1.39 1.47 1.68 1.63 1.21 1.47 1.68 1.25 1.21 1.43

1,7-C 1.24 1.16 1.45 1.50 1.45 1.40 1.45 1.22 1.19 1.37
SAN 1.34 1.25 1.50 1.51 1.43 1.44 1.46 1.24 1.16 1.45

3mM SAA 0.97 1.00 1.03 0.79 0.68 1.01 1.11 0.88 0.86 0.81
Asc. 1,7-C 0.44 0.38 0.78 0.72 0.83 0.66 0.91 0.42 0.85 0.83

SAN 0.58 0.65 0.87 0.73 0.83 0.76 0.91 0.59 0.82 0.83
12mM SAA 0.56 0.51 0.83 0.35 0.50 0.67 0.69 0.49 0.67 0.51

Asc. 1,7-C 0.11 0.10 0.31 0.22 0.58 0.18 0.60 0.09 0.64 0.58
SAN 0.22 0.19 0.45 0.19 0.58 0.33 0.64 0.18 0.60 0.59

20mM SAA 0.93 1.00 1.01 0.59 0.89 0.95 1.12 0.82 0.91 0.90
Cys. 1,7-C 0.80 0.76 0.91 0.46 1.04 0.89 1.00 0.74 0.86 1.00

SAN 0.86 0.84 0.92 0.48 0.97 0.91 1.01 0.77 0.85 0.96

a Column number.
6 SAA = reagent combination of sulfanilic acid and N-(l-naphthyl)ethylenediamine. 1,7-C = reagent combination of sul­

fanilamide and 1,7-Cleve's acid. SAN = reagent combination of sulfanilamide and 1-naphthylamine. 
c Acidic samples, pH 5.53. 
d Alkaline samples, pH 10.

pigm ent production from all 3 reagent com bi­
nations regardless o f the presence o f ascorbate 
or cysteine. Ferrous ions interfere in  Griess 
p igm en t form ation (27) through reaction w ith  
the intermediate diazonium  ion. This effect was 
reversed by adding Carrez II w h ich  precipitated  
Z n 2Fe(CN)6/ but w e  suspected that com p lete re­
versal o f Carrez I in h ib ition  by Carrez II w ould  
not occur in  m eats if su ffic ien t zinc w ere re­
m oved from the system  by protein precipitation. 
Since ferrocyanide is thus contraindicated, w e  
w o u ld  not have inclu d ed  it in  further studies 
except that it is used in several p ublished  m eth­
ods (3, 5, 8 ,11 ).

The results o f the Griess colorim etric analyses 
of the sam ples are g iv en  in  Table 1. The data in  
colum ns 4 and 5 are replicates run on 2 different 
days. The p oo led  estim ate o f the standard d e­
viation betw een  replicates was 0.038 (X =  0.848, 
CV =  4.4%). For assessing the results o f this 
study, a g iven  value or average w ill be con sid ­
ered outside the norm al population if it is 4.56 a  
(±0.17) or more than the average (28). There was 
a 30% loss of nitrite in the samples w ith no added

ascorbate or cysteine (first row, Table 1) due to 
reaction w ith  en d ogenous com pounds, but they  
had no residual effect on the Griess reaction be­
cause all 3 reagents gave the sam e nitrite con ­
centration. In the sam ples containing salt, SAA  
valu es are h igh er than are 1,7-C or SA N  values  
due to en h ancem ent o f SA A -N E D  p igm ent  
production by chloride (29). W ith added as­
corbate, the effects of en h ancem ent o f p igm ent 
production w ith  SAA and decreased p igm ent 
form ation w ith  SAN are observed (4). The in ­
terference of ascorbate in pigm ent production is 
greater w ith  1,7-Cleve's acid and is due to the 
slow er coup lin g  rate o f the acid w ith  the su lfa­
n ilam ide diazonium  ion as com pared w ith  NED  
or 1-NA (21). Because the interference by as­
corbate is due to reduction o f the d iazonium  ion  
(21 ), s low er coup lin g  reagents produce less p ig ­
m ent in com petition w ith  a reductant. Cysteine 
caused a loss o f nitrite, but did not affect the 
Griess reaction because the d ifference in m ea­
sured nitrite values (0.074) is not s ign ifican tly  
greater than the expected popu lation  variation  
(±0.038).
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Table 2. Effects of NaCI, red u ctan t, and  sam ple  p repara tion  m eth o d s on n itr ite  m easu red  (mill N 02) in cu red  m ea t
slu rries  by Griess, CLD, and  DPP m ethods

NaCI
(D a

Reductant
(2)

Method6
(3)

Preparation method

Direct
(4)

AOAC
(5)

AOAC(OH-)
(6)

Charcoal
(7)

HgCI2
(8)

Carrez
(9)

0 0 Griess 1.41 1.62 1.59 1.46 1.24 1.37
CLD 1.52 1.52 1.51 1.07 1.16
DPP 1.00 1.64 1.59 1.06 1.13

3mM Griess 0.86 1.12 1.38 1.34 1.14 0.87
Asc. CLD 1.44 1.36 1.32 1.00 1.07

DPP 0.63 1.00 1.30 0.94 0.56
12mM Griess 0.28 0.48 1.10 1.11 0.98 0.27

Asc. CLD 1.02 1.03 1.19 0.73 0.66
DPP 0.17 0.40 1.16 0.79 0.23

20mM Griess 1.14 1.13 1.17 1.16 1.07 0.82
Cys. CLD 1.13 1.15 1.17 0.80 0.44

DPP 0.58 1.13 1.01 0.64 0.57
1M 0 Griess 1.34 1.54 1.46 1.48 1.50 1.38

CLD 1.48 1.59 1.45 1.28 1.13
DPP 1.27 1.51 1.45 1.23 1.21

3mM Griess 0.58 0.51 0.91 0.93 0.87 0.56
Asc. CLD 0.96 0.93 0.90 0.67 0.67

DPP 0.52 0.16 0.87 0.64 0.52
12mM Griess 0.22 0.14 0.65 0.65 0.45 0.20

Asc. CLD 0.60 0.65 0.64 0.22 0.35
DPP 0.02 0.06 0.58 0.30 0.00

20m M Griess 0.86 1.09 1.01 1.00 0.92 0.69
Cys. CLD 0.96 1.00 0.99 0.44 0.30

DPP 0.2C 0.87 0.87 0.46 0.19

a Column number.
b CLD = chemiluminescent detection. DPP = differential pulse polarography.

M e r c u r i c  C h l o r i d e
W hile the addition  o f m ercuric ch loride was 

largely effective  in  e lim in atin g  the ascorbate 
effect as judged by the com parable nitrite con ­
centrations m easured by the 3 colorim etric re­
agents, a detailed  exam ination o f the data in Ta­
b les 1 and 2  raises a question as to the efficacy of 
the use of HgCL- Table 1 show s that the amount 
o f measured nitrite for the 3 Griess reagents is in 
the order SAA >  SA N  >  1,7-C in the ac id -H g  
sam ples (colum n 6 ), and 1,7-C >  SAN >  SAA for 
the alkaline H g sam ples (colum n 8 ). This order 
w as com m on to all sam ples and is sign ificant at 
the P =  0.001 level. The order in  the acidic (H +) 
sam ples is the same as that for residual ascorbate, 
su g g estin g  that mercuric ion  is not totally ef­
fective in  rem oving residual ascorbate.

The sam ples w ere heated and m ade alkaline, 
to determ ine if the observations o f O lsm an and  
van Leeuw en (1) on the release of protein-bound  
nitrite w ere applicable to w h o le  meat system s. 
T hey found  that add in g H gC l2 before heating  
and k eep ing the pH betw een  5 and 6 resulted in 
h igh er y ie ld s  o f nitrite. Our results sh ow  that 
h ea tin g  w h o le  m eat sam ples at the low er pH  
results in  overall n itrite loss, w h ile  m aking the

sam ples alkaline results on ly  in  reversing the  
order o f p igm ent y ie ld s  w ith  the 3 reagent com ­
binations. A lthou gh  the release o f protein- 
bound nitrite m ay be a factor in nitrite analysis  
of cured m eats, it is ev id en t that there are other 
factors in vo lv ed  that are o f greater im portance. 
M ercuric ion  interfered in  the CLD and DPP  
m easurem ents (Table 2, colum n 8 ). The m ea­
sured nitrite values for these 2  m ethods w ere  
consistently, significantly, and appreciably low er  
than w ere the Griess values. The m ost con sis­
tent argum ent for the low ering is a mercuric ion  
interference in the nitrosation reaction w h ich  is 
the first step in  the sequences in vo lv ed  in  all 3 
m ethods o f m easurem ent.
C a r r e z  R e a g e n t s

The addition of Carrez reagents did not result 
in  any change over direct m easurem ent in the  
am ounts o f nitrite m easured by the Griess re­
agents (Table 1) or by DPP (Table 2). T hey also  
interfered w ith  the CLD m easurem ent of nitrite 
in that the Carrez-CLD values w ere about % of 
the direct m easurem ent valu es (com pare co l­
um ns 4 and 9, Table 2) w ith  the no added re­
ductant and ascorbate sam ples, and about one
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half w ith  the cysteine sam ples. To the extent 
that neither the CLD nor the DPP m ethod re­
quires solu tion  clarification, the fin d in g  is su ­
perfluous except that it does indicate an inter­
ference in nitrosation reactions that probably also 
takes place in the Griess reaction.
A O A C  M e t h o d

U se o f the AOAC m ethod resulted in  an in ­
crease in  m easured nitrite in  the m eat sam ples 
w ith no reductant but was on ly  partially effective  
in elim inating ascorbate interference because the 
residual reductant effect on the d ifferent Griess 
reagents was still observed. M aking the samples 
alkaline alm ost com p letely  elim inated  the re­
sidual ascorbate effect (Table 1, colum n 10) and  
gave h igh  nitrite values (Table 1, colum n 10; 
Table 2, colum n 6). A  pH  of 8 has been effective  
in  elim ination  of ascorbate interference (30, 31) 
and it is apparent that pH  values of 6 or above in  
the d ilu te AOAC solu tions during h eatin g are 
effective (32). The effect is attributed to the ox­
idation o f ascorbate at a pH  at w h ich  nitrite is 
essentially  unreactive (30).

C h a r c o a l  P r e p a r a t i o n
Of the preparation techniques tested, charcoal 

gave the m ost uniform  results, both for the 3 
Griess reagent com binations (Table 1, colum ns  
12 and 13) and for the 3 d ifferent m easurem ent 
m ethods (Table 2, colum n 7). The m easured  
nitrite values for any given  reductant level w ere  
the same and the pooled a  value for both the H + 
and O H -  charcoal data in Table 1 w as 0.0734, 
indicating no residual ascorbate or cysteine e f­
fect. The values so obtained w ere also the  
h ighest for any preparation m ethod tested (Ta­
bles 1 and 2 ).
C h e m i l u m i n e s c e n t  a n d  P o l a r o g r a p h i c  
D e t e c t i o n

The nitrite concentrations m easured by CLD 
w ere the h ighest and m ost uniform  of any of the 
measurement m ethods for the direct, AOAC, and 
charcoal-treated samples. As previously noted, 
the addition of HgCH or Carrez reagents in ter­
fered in the CLD determination. In contrast, the 
DPP m easurem ents gave low  values w ith  added  
reductants, w ith  an even  greater interference by 
ascorbate in the DPP m easurem ent than w as 
observed in the Griess m easurem ent. Further­
more, there was an interference by su lfhydryl 
groups in  the DPP m easurem ents (direct read­
in g), w h ich  w as rem oved by using either the  
AOAC m ethod or charcoal addition. In v iew  of

the sen sitiv ity  to interference, the s low n ess of 
the procedure, and the inferior results, d iffer­
entia l pulse polarography does not recom m end  
itse lf as a nitrite m easurem ent m ethod.

D iscu ssion  
N i t r i t e  M e a s u r e m e n t

Because nitrite reacts w ith  the substrate to 
w h ich  it is added, particularly m eat products, 
there can be no absolute value by w h ich  to judge 
th e effectiven ess of any preparation procedure 
or n itrite m easurem ent m ethod. N evertheless, 
it is on ly  in  a system  w here nitrite has had an 
opportunity to react that the effectiveness of any  
procedure can be assessed. U nder these cir­
cum stances, effectiveness may be gau ged by a 
con sen su s o f those techniques, w h ich  by practi­
cal experience, on  theoretical grounds, or both, 
g iv e  the h igh est and m ost consistent y ields. 
A p p ly in g  these criteria to the present study, the 
relevant sam ple preparation a n d /o r  nitrite 
m easurem ent m ethods are charcoal addition , 
ch em ilu m in escen t detection , and, to a lesser  
degree, the AOAC m ethod under alkaline con ­
d itions. The m ean values for the charcoal- 
treated sam ples o f Table 1 and the CLD, charcoal, 
and AO AC alkaline m ethod data c f  Table 2 are 
listed  in  Table 3. It is ev id en t that the 2 sets of 
data are equ ivalent. The data for 1M N a C l/O  
reductant do d iffer sign ificantly , but on  exam i­
n ation  o f the data in  Table 1, there appears to be

Table 3. Maan values for n itrite  m easured  (mM N 0 2) by 
d ifferen t sam ple p repara tion  p rocedures and nitrite  

m easu rem en t m ethods

NaCI
Reduc­

tant

Charcoal/Griess 
Table 1 

n =  6

CLD,9 Charcoal, 
AOAC (OH- ), Table 2 

n -  6

0 0 1.46 ±0.067 1.52 ± 0.046
0 3mM

Asc.
1.37 ±0.065 1.35 ±0.054

0 12mM
Asc.

1.08 ±0.065 1.08 = 0.10

0 20mM
Cys.

1.18 ±0.077 1.12 ± 0.065

1M 0 1.30 ±0.13 1.47 ±0.017
1M 3mM

Asc.
0.83 ±0.018 0.92 ±0.038

1M 12mM
Asc.

0.60 ±0.055 0.62 ±0.033

1M 20m M
Cys.

0.91 ±0.058 0.96 ±0.059

Spooled 0.073 0.059
CV, % 6.7 5.2

3 Excluding the HgCI2 and Carrez values.
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a system atic error in  the acidic charcoal samples. 
The p oo led  standard d eviations in  bo:h sets are 
less than tw ice the expected value from replicate 
analysis (0.038) and w e conclude that both  sets 
o f data are for the sam e population , and that the 
criterion o f uniform ity is valid. The criterion of 
m axim al y ie ld  is also m et w ith  respect to ascor­
bate for the charcoal and AOAC alkaline m eth­
ods, since they gave the same measured nitrite as 
did  th e CLD m ethod. Because the latter gen er­
ates N O  w ith  excess ascorbate, w h ich  is a m ore 
p ow erfu l reductant than su lfhydryl groups, the  
criterion also applies to the cysteine interference. 
The results indicate, therefore, that uniform  and 
m axim al y ie ld  o f m easured nitrite in  m eat sys­
tem s m ay be obtained colorim etrically w ith  the 
use o f either charcoal or the AOAC alkaline  
procedure, or by chem ilum inescent detection of 
nitric oxide produced from  nitrite by reduction  
w ith  ascorbic acid. We fou n d  that the use of 
mercuric ion  or Carrez reagents is not advisable, 
eith er as a preparation procedure or as a step  
therein .

R e m o v a l  o f  T u r b i d i t i e s
A ll of the referenced m ethods (1-3, 5-18) filter 

the sam ples to rem ove precipitates generated by 
the added reagents or procedures. In this study, 
w e  used  centrifugation  to rem ove precipitates. 
O n occasion, especially  in  sam ples conta in ing  
m ercuric chloride, w e  found that turbidities that 
w ere not rem ovable by filtration w ere readily  
cleared by centrifugation. As a result, w h en  w e  
tested for turbidity in the samples, w e found that 
it w as a n eg lig ib le  factor.

W e recom m end that the use o f charcoal and  
th e AOAC alkaline procedures as sam ple prep­
aration m ethods be in vestigated  in  a collabora­
tiv e  study, w ith  the objective o f replacing the  
present AOAC m ethod. Such a study should, if 
p ossib le , in clu d e an evaluation  o f the effective­
ness of centrifugation and filtration in rem oving  
turbid ities from  sam ples before colorim etric 
analysis. W hile the use o f chem ilum inescen t  
determ ination  o f nitrite does not appear to be a 
suitable standard m ethod  n ow  because o f the 
tim e and equ ipm ent in vo lved , it m ay be used  as 
a reference m ethod by w h ich  to judge standard 
m ethods. Further studies on  reagent additions  
and/or preparation techniques should be strictly 
co n fin ed  to the dem onstration, by direct com ­
parisons, o f the effectiven ess, u tility , and n e­
cessity  for the reagent or technique.
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Multicomponent Analysis of Meat Products by Infrared 
Spectrophotometry: Collaborative Study
OLE-CHRISTIAN BJARNQ)
N .  F o s s  E le c t r i c  A / S ,  6 9  S l a n g e r u p g a d e , H il le r i / id  D K - 3 4 0 0 ,  D e n m a r k  

Collaborators: W. Arneth; W. Noack; G. Pfeiffer
A new method for rapid multicomponent analysis of 
meat products based on infrared transmission was tested in a collaborative study with 4 laboratories. A 
series consisting of 31 samples of different meats, 
cooked sausage, liver sausage, and fermented sausage was distributed and analyzed at all laboratories for 
protein, fat, and water by the present method and by 
well established reference methods. There was no 
significant difference between the infrared method and reference methods at the 95% confidence level for 
determination of protein, fat, and w *er in meat 
products.
There is a great dem and for quality control in the 
processed m eat industry, especially m ethods for 
protein  determ ination. Several m ethods have 
b een  reported, but n on e has been  accepted, e i­
ther because o f lack o f accuracy or speed  or be­
cause o f the requirem ent for com plicated chem ­
ical apparatus.

In the last 10 years, infrared transm ission  
spectroscopy has proved very successful in  the  
analysis o f m ilk for the constituents fat, protein, 
and lactose. The accuracy for the AOAC official 
first action m ethod, 16.078-16.097 (1), is about 
1.5% relative. This prin cip le has since been  ex­
ten d ed  to m eat products (2). The m ethod  con ­
sists o f reacting the meat sample w ith  an alkaline 
reagent com bined w ith  m echanical su bdivision  
to obtain a m ilk-like em ulsion. Protein, fat, and 
m oisture can then  be determ ined by infrared  
spectrophotom etry in  m uch the same w ay as for 
m ilk. A n apparatus d esign ed  for th is purpose 
consists o f spectrophotom eter, reactor, reagents, 
and softw are for m icroprocessor connection .

E xperim ental
The sam ple series was selected to represent the 

norm al range o f constituents found  in m eat 
products and com prised 5 cooked sausages, 6 
liver sausages, 16 raw materials, and 4 ferm ented  
sausages. T hese sam ples w ere also selected  b e­
cause o f variation o f con n ective tissue content.

Sam ples w ere prepared and distributed from  
on e  o f the participating laboratories after the

Received June 30, 1981. Accepted Septem ber 22, 1981.

fo llo w in g  pretreatm ent: Raw m aterials w ere
ground  in  a doub le knife chopper w i:h  plate 
openings of 2 mm (M ohle Boy FW 70 N) and then  
frozen . A ll sam ples w ere distributed frozen  in  
cans.

After thaw ing, sam ples were re-hom ogenized  
in  a M oulinex grinder at each o f the 4 laborato­
ries. Shortly after rem ixing, sam ples w ere ana­
lyzed  on the infrared instrum ent (Suner-Scan, N. 
Foss Electric, 69 Slangerupgade, DK-3400 H il- 
lerpd, Denm ark) as w ell as by standard m ethods 
for protein , fat, and water. Sam ples w ere pre­
pared for IR determ ination  by w e ig h in g  and  
transferring 11 g sam ple to reaction beaker, 
adding 100 mL reagent, and reacting the mixture 
4 m in  in  the reactor. A ll sam ples were analyzed  
in  duplicate.

Participating laboratories used d ifferent but 
m ostly  w e ll established  standard m ethods:

For protein determ ination, 2 laboratories used  
Kjeldahl d igestion  w ith  selen iu m  catalyst, and  
2 laboratories used a Kjel-Foss automated m ethod  
w ith  m ercury catalyst (AOAC 24.037).

Three laboratories analyzed  fat: on e by
soxh let (AOAC 24.005), one by Foss-Let (AOAC  
24.006), and on e by refractom etry w ith  1- 
brom o-naphthalene.

Finally, all 4 laboratories determ ined water: 3 
by the sea san d /o v en  m ethod (AOAC 24.003), 
and one by m icrow ave oven.

To adjust Kjeldahl results for varying Kjeldahl 
factors for connective tissue (5.55 for connective  
tissue protein  vs 6.25 for m uscle protein), on e  
laboratory analyzed  the content o f co nnective  
tissue protein  by m easuring the content of hy- 
d roxylproline and m u ltip ly in g  by 8 .

R esults
The collaborative test and evaluation c f  results 

w as d esign ed  according to the Statistical M anu al 
of the A O A C  (3).

Repeatability (betw een-sam ple, w ith in -labo- 
ratory variation) was calculated and is presented  
in  Table 1.

Before the calculation of outliers, readout from  
instrum ents w h ich  w ere not calibrated had to be 
adjusted via linear regression vs the best estimate
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Table 1. R epeatability  s tan d ard  dev iation , % c o m p o n en ts

Lab.

Fat Protein Water

Std IR F-test Std IR F-test Std IR F-test

1 0.25 0.18 * 0.47 0.26 * 0.16 0.38 *
2 0.14 0.28 * 0.28 0.20 0.12 0.34 *
3 — 0.29 0.25 0.28 — 0.40
4 0.17 0.22 * 0.25 0.14 * 0.14 0.28 *

Mean 0.19 0.24 * 0.32 0.23 * 0.14 0.35 *

* Significant difference at 95% confidence level.

of th e true con ten t o f th e sam ples. Tnis best es­
tim ate is d efin ed  as the m ean valu es o f the stan­
dard determ inations. U sin g  the D ixon test for 
outliers (3, p. 8 6 ), 4 protein  determ inations by 
standard m ethods and 3 by the instrum ent 
m ethod w ere rejected. The m ean of the standard 
determ inations w as then  calculated, and these

m ean valu es w ere corrected for the d ev iating  
Kjeldahl factor for con n ective tissue protein.

R egression  analyses w ere run to calibrate the  
instrum ent m eans vs standard m eans from  all 
laboratories. The group o f ferm ented  sausages 
did  not fit the general regression , and, because 
it is statistically m ean in gless to run a separate

Table 2. P e rcen t p ro tein  (m ean  of d u p lica te  d e te rm in a tio n s , co rrec ted  fo r conn ec tiv e  tissue)

Sample Type

Lab. 1 Lab. 2 Lab. 3 Lab. 4

MeanStd IR Std IR Std IR Std IR

1 Cooked 11.16 10.69 11.07 11.06 11.75 _ 10.18 10.73 11.04 10.83
sausage

II 10.28 9.89 9.81 9.99 10.19 — 10.48 11.10 10.19 10.33
III 15.37 15.49 15.30 15.71 — 15.34 15.17 16.21 15.28 15.69
IV 11.41 11.38 10.58 10.84 10.94 10.51 10.12 10.63 10.76 10.84
V 10.23 9.43 10.14 10.41 10.25 9.79 9.78 10.18 10.10 9.95
LI Liver 15.95 16.40 15.90 16.06 15.82 16.30 — 15.91 15.89 16.17

sausage
L2 15.87 16.63 16.33 16.13 16.20 16.54 15.25 16.14 15.91 16.36
L3 15.95 16.40 16.15 15.99 16.52 16.01 15.27 16.00 15.97 16.10
L4 11.92 12.63 12.02 11.82 12.38 12.54 11.56 12.08 11.97 12.27
L5a 11.9 12.29 12.26 12.28 11.90 12.15 11.17 12.19 11.81 12.23
L6 12.34 12.17 11.75 11.52 12.22 12.25 12.68 12.64 12.25 12.15

1 Pork 16.75 17.20 16.81 16.91 17.58 16.30 16.55 16.93 16.92 16.84
meat

2 a 10.24 10.00 10.05 9.75 10.95 9.65 9.37 9.84 10.15 9.81
3 18.44 18.46 18.16 18.49 — — 18.08 18.67 18.23 18.54
4 12.45 12.40 11.94 12.02 12.80 11.70 11.39 11.97 12.15 12.03
5 17.45 17.66 17.65 16.70 — 17.08 17.40 17.28 17.50 17.18
6 b 12.27 11.83 12.36 11.55 12.45 11.77 11.69 11.33 12.19 11.62
7a 19.89 18.34 19.51 18.94 20.30 18.81 17.72 18.50 19.35 18.65
8 15.79 14.46 15.48 15.25 15.54 15.19 14.53 14.74 15.34 14.91
9 Beef 17.55 18.23 17.95 18.78 18.45 18.33 17.70 18.50 17.91 18.46

10 12.27 12.17 11.92 12.41 12.21 13.02 11.56 12.02 11.99 12.40
11 18.52 19.25 18.67 19.30 19.91 18.91 18.16 19.64 18.82 19.28
12 13.04 13.32 13.08 13.60 13.76 13.80 12.76 13.36 13.16 13.52
13 18.85 18.91 13.92 19.35 19.62 19.55 18.37 18.94 18.94 19.19
14 14.36 14.46 14.58 14.65 15.37 15.00 13.22 14.15 14.38 14.57
15a 20.21 19.60 19.46 19.96 21.25 19.97 18.60 19.72 19.88 19.81
16a 14.58 14.92 15.03 15.12 15.92 15.10 14.47 15.19 15.0 15.08

Regression equation P == 1.14X P == 1.04X P =’ 0.965X P = 1.029X
converting read-out p# -  1.64 P* + 0.64 P* + 0.58 P* -- 0.04X
from IR F* + 0.21

Correlation
coefficient 0.990 0.991 0.984 0.991 0.997 c

a F-test for difference in between-lab. variation significant at 95% confidence level. 
b F-test for difference in mean values significant at 95% confidence level.
c This correlation coefficient is corrected for influence from repeatability and between-lab. variation.
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T able  3. Key figu res from  analysis o f variance  of p rotein  
resu lts

Protein, %

Statistic3 IR Std

Repeatability 3D (So) 0.23 0.32
Between-laboratory SD (Sl) 0.27 0.53
Between-methods SD (Sm) 0.23 —
Reproducibility SD (Sx) 0.35 0.62
Accuracy SD (S y) 0.35 0.53

a So = repeatability on same sample.
SL = variation from lab. to lab. on same sample.
Sm = variation of mean standard vs means of all IR mea­

surements.
Sx = statistical sum of So and SL.
Sy = statistical sum of Sl and Sm.

regression analysis on  so few  samples, the results 
on these sam ples w ere not included in the rest of 
th e calculations.

P rotein  results are sh ow n  in  Table 2, and re­
su lts from  the analysis o f variance are sh ow n  in  
Table 3.

Results for fat and w ater w ere treated exactly  
th e sam e. The D ixon test for outliers rejected 4 
reference va lu es and 4 IR valu es for fat. In ad­
d ition , all results from on e sam ple w ere rejected 
because o f marked nonhom ogeneity. The Dixon  
test rejected 8  standard water m easurem ents and  
6  IR w ater results.

Discussion

The use o f d ifferent standard m eth od s proba­
bly results in  a poorer perform ance than could  
be expected w ith  a s in g le  reference m ethod; 
how ever, this situation more realistically reflects 
the analytical conditions o f actual use. Sam ples 
were handled under w e ll defined conditions, but 
m inor variations in  h om o gen iza tio n , w ater loss  
during re-hom ogen ization , etc., could  produce  
sam ple-to-sam ple variation, w h ich  is in clu d ed  
in  the betw een-laboratory variation.

Repeatability standard deviations (Table 1) are 
all acceptably low , and sign ifican tly  low er for

Table 4. P e rcen t fa t (m ean  of dup lica te  de te rm in a tio n s)

Sample Type

Lab. 1 Lab. 2 Lab. 3 Lab. 4

MeanStd IR Std IR Std IR Std IR

1 Cooked 27.11 27.23 26.43 27.10 __ 26.50 27.2 26.96 26.9 26.94
sausage

II 37.24 37.12 37.20 37.60 — 36.83 — — 37.22 37.18
III 16.47 16.54 15.76 16.60 — 16.49 16.1 16.98 16.1 16.65
IV — — 25.19 25.62 — 25.30 25.1 25.74 25.14 25.55
V 24.32 24.22 24.10 25.25 — 24.32 24.2 24.77 24.2 24.64
LI Liver 34.45 34.51 33.86 33.85 — 33.93 34.7 33.67 34.3 33.99

sausage
L2 36.18 35.87 36.02 35.78 — 35.85 34.8 35.28 35.7 35.70
L3a 33.69 32.66 32.68 32.59 — 32.65 31.8 — 32.7 32.63
L4 51.04 50.93 50.55 51.05 — 50.09 49.8 51.17 50.5 50.81
L5a 51.04 49.6 48.12 — — 49.30 49.6 49.58 49.6 49.49

1 Pork 17.78 17.51 17.26 17.22 — 17.73 17.6 17.43 17.6 17.47
meat

2 49.50 48.31 48.22 48.83 — 48.76 48.1 49.30 48.8 48.80
3 12.15 11.67 11.36 11.57 — 11.96 11.50 12.16 11.70 11.84
4 40.76 40.92 40.66 40.90 — 41.08 40.2 40.66 40.5 40.89
5 22.39 21.89 23.11 22.16 — 22.70 21.4 21.49 22.0 22.06
6 48.43 47.04 48.12 47.57 — 48.46 47.2 48.29 48.0 47.84
7 17.85 17.51 17.50 17.23 — 17.89 17.3 17.45 17.5 17.52
8 35.15 34.9 34.58 34.62 — 34.92 34.2 33.73 34.6 34.54
9» Beef 15.67 15.18 — 15.0 — 15.36 15.6 15.46 15.63 15.25

10 42.27 41.60 40.82 41.87 — 41.81 41.7 42.05 41.6 41.83
11 9.22 8.28 8.58 8.24 — 8.46 8.20 8.84 8.70 8.46
12 32.70 32.18 32.38 32.69 — 31.86 32.1 31.75 32.4 32.12
13 17.56 17.22 17.62 17.03 — 16.98 17.0 17.41 17.4 17.16
14 35.73 35.48 35.43 35.78 — 35.06 35.0 35.37 35.4 35.42
15 12.32 11.97 12.07 12.10 — 11.47 11.9 12.25 12.9 11.95
16a 30.46 30.34 30.43 30.66 — 29.89 — 29.87 30.44 30.19

Regression equation F == 0.97 IX F = 0.963X F == 0.985X F == 0.519X
converting read-out F* + 0.22 pi- -0 .1 7 F* + 0.43 F4 + 1.99
from IR

Correlation
coefficient 0.9997 0.9992 0.9996 0.9993 0.9999 e

a_c See footnotes. Table 2.
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Table 5. Key fig u res from  analysis of v ariance  of fa t 

resu lts

Statistic

Fat, %

IR Std

Repeatability SD 0.24 0.19
Between-laboratory SD 0.31 0.50
Between-method SD 0.19 —

Reproducibility SD 0.39 0.53
Accuracy SD 0.36 0.50

protein  by the IR m ethod. The repeatability is 
sign ifican tly  low er for w ater by the reference  
m ethods. O ne laboratory found  sign ifican tly  
low er repeatability for fat by the IR m ethod, and  
2 laboratories fou n d  sign ifican tly  low er repeat­
ability for fat by the reference m ethod.

The protein  results (Tables 2 and 3) are char­
acterized by good agreem ent b etw een  reference 
values and IR values. O nly one sam ple show ed  
a sign ificant d ifference b etw een  m ean values, 
and the 5 samples w ith significant differences for 
between-laboratory variation are all low est in IR 
values. The p ertin ent figures in  Table 3 are all 
acceptably lo w  and at the sam e lev e l for the IR 
and reference m ethods.

The fat results (Tables 4 and 5) are also in  good  
agreem ent b etw een  the IR m ethod  and the ref­
erence m ethods. S ign ificant d ifferen ces for 
betw een-laboratory variation w ere fou n d  for 3 
samples; 2 were low est by IR, and one was low est 
by the reference m ethod. O ne of the 27 samples 
sh ow ed  a sign ifican t d ifference in  the m ean  
value, but this d ifference is relatively  low

Table 6. P e rcen t w ater (m ean  of dup lica te  d e te rm ina tions)

Sample Type

Lab. 1 Lab. 2 Lab. 3 Lab. 4

MeanStd IR Std IR Std IR Std IR

1 Cooked 59.93 59.2 59.77 59.1 __ _ 60.37 60.2 60.09 59.5
sausage

ii 50.36 50.9 50.48 50.0 51.27 — — — 50.70 50.45
in 64.74 64.5 64.39 64.0 63.60 64.1 63.81 — 64.14 64.2
IV — — 61.57 60.9 60.26 6C.2 61.39 61.5 61.07 60.87
V 63.60 63.9 63.04 61.9 — 62.4 62.73 62.6 63.12 62.7
L I b Liver 45.77 46.2 45.89 46.4 45.77 46.4 46.06 — 45.87 46.33

sausage
L2a 45.26 44.8 45.29 44.4 44.99 44.3 45.44 43.1 45.25 44.2
L3 47.45 48.2 47.24 47.8 47.72 48.0 47.70 46.7 47.53 47.67
L4 34.85 34.7 35.57 34.6 35.51 34.9 35.51 33.1 35.36 34.32
L5 34.35 35.7 36.14 37.3 35.72 36.1 35.81 34.4 35.51 35.9
L6 37.28 38.1 — 36.7 37.77 37.5 — 38.6 37.52 37.7

1 Pork 59.07 59.1 59.05 59.3 58.86 59.1 59.64 59.5 59.96 59.2
meat

2 34.83 35.8 35.46 35.9 36.24 35.8 35.80 34.9 35.58 35.6
3 63.40 63.3 63.13 63.10 62.81 63.10 63.39 62.7 63.18 63.0
4 41.35 40.6 41.30 41.1 41.62 41.1 41.71 41.2 41.50 41.0
5 54.10 53.6 53.54 54.6 53.79 5+.0 53.34 54.5 53.69 54.1
6 33.50 34.7 34.08 34.8 34.53 3+3 34.03 33.8 34.04 34.4
7 57.05 57.2 56.97 57.2 — 56.8 56.76 57.3 56.93 57.1
8 43.79 44.1 43.95 43.9 — 4+0 43.53 44.8 43.75 44.2
9 Beef 59.70 59.8 59.43 59.6 60.30 59.6 59.12 59.3 59.64 59.60

10 39.98 40.0 40.18 39.9 39.90 39.3 39.83 39.6 39.97 39.7
11 65.54 65.5 65.38 65.7 65.41 65.3 66.17 64.9 65.63 65.4
12 48.15 48.3 48.12 47.4 48.61 48.0 48.26 49.0 48.29 48.2
13 56.94 56.7 56.75 56.9 57.27 56.8 56.66 56.5 56.91 56.7
14 43.63 43.1 43.61 43.2 44.58 43.8 42.30 43.9 43.53 43.5
15 61.58 61.5 61.27 61.1 62.04 61.6 61.33 61.1 61.31 61.3
16 48.29 48.1 48.09 47.8 — 48.6 48.02 48.5 48.13 48.2

Regression equation W = --0.145 W = 0.063 W = 0.022 W = 0.122
converting read-out X W* -  1.059 X W* -  0.093 x w 1> -0 .9 1 9 xw* -  0.399
from Samples 1-16 X F4 -  1.893 X F4 -  1.83 X F4 -  0.978 X F4 -  1.287

X P4 + 118.9 X P* + 93.6 X P4 + 92.33 X P4 + 86.46
Correlation coeff. 0.9931 0.997 0.991 0.990 0.9998 c

Regression equation W = 0.122 W = 0.09 w = 0.203 w = --0.509
converting read-out xw* -  1.354 X w--  0.846 X W’’ -0.905 X F4 -  1.515
from Samples 1-16 X P4 -  0.899 X F4 -  0.946 X F4 -  0.838 X P4 + 101.09

X F* + 87.7 X P4 + 82.21 X P4 + 87.10
Correlation coeff. 0.9995 0.9990 0.9995 0.9988

,-c See footnotes. Table 2.
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Table 7. Key figures from  analysis of variance of w ater 
resu lts

Water, %

Statistic IR Std

Repeatability SD 0.35 0.14
Between-laboratory SD 0.48 0.40
Between-method SD 0.23 —
Reproducibility SD 0.59 0.42
Accuracy SD 0.53 0.40

(0.38%). The mean value o f betw een-laboratory  
variation (0.50%) seem s to be a little h igher than 
norm ally expected in  this kind of experim ent, 
possibly due to d ifferent reference m ethods, 
n on h om ogen eity  o f sam ple, etc., as p reviously  
m entioned.

Water results are found by m ultiple regression  
w ith the fat, protein, and water readouts from the 
IR instrum ents, a m ethod w h ich  is necessary to 
achieve su fficient accuracy. U n lik e fat and  
protein determ inations, raw materials and the 
fin ished  products should  have separate regres­
sion equations. Thus, the perform ance of the IR 
measurem ents is reasonable although not totally 
satisfactory. O ne sam ple sh ow ed  a sign ificant 
difference for the m ean value, as w e ll as for be­
tw een-laboratory variation (Tables 6  and 7).

The num ber o f outliers is at the sam e level 
(about 3%) for the reference m ethods and for the 
IR m ethods on all parameters. Com m on fin ­
ished products as w ell as different raw materials 
fit the same regression lin e  for fat and protein,

but one product grou p — ferm ented sausage— 
correlates w ith  an ind iv id u al equation.

Conclusion
This experim ent, w h ich  evaluated the per­

form ance o f the IR m ethod based on 1500 m ea­
surem ents on  108 sam ples, sh ow s that com m on  
fin ish ed  products as w e ll as d ifferent raw m ate­
rials fit the sam e regression line. There was 
generally  no sign ificant d ifference b etw een  the  
IR m ethod and w e ll established  reference  
m ethods for protein, fat, and water.

D ue to a general lack o f carbohydrates in the 
selected  sam ples, this study did not verify  per­
form ance for this parameter.
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D R U G S IN FEEDS
Rapid Screening Test for Sulfamethazine in Swine Feeds
DANIEL P. SCHWARTZ
U.S. D e p a r t m e n t  o f  A g r i c u l t u r e ,  A g r i c u l t u r a l  R e s e a r c h  S e r v i c e ,  E a s te r n  R e g io n a l  R e s e a r c h  
C e n t e r ,  P h i la d e lp h ia ,  P A  1 9 1 1 8

A s im p le , 10-m in  q u a lita tiv e  sc reen in g  te s t fo r  s u l­
fa m e th a z in e  (SM ) in  sw in e  feeds is d e ta iled . T he 
m e th o d , w h ich  can be ru n  in  th e  f ie ld , u ses 2 p lastic  
tu b e s  a rra n g ed  p ig g y b a ck  s ty le . T he u p p e r  tu b e  
co n ta in s , fro m  to p  to b o tto m , th e  feed sam ple (abou t 
1 g), p a r t ia lly  d eac tiv a ted  a lu m in a , an d  an  a n io n  ex­
ch a n g e  re s in  b u ffe re d  a t p H  5.7. T h e  b o tto m  tu b e  
c o n ta in s  a sm a ll b ed  o f a n io n  ex chang er b u ffe red  at 
p H  7.9, w h ich  tra p s  th e  SM . A fte r p e rc o la tio n  of 
so lv e n t th ro u g h  th e  sy s tem , th e  SM , if  p re sen t, is 
e lu te d  fro m  th e  p H  7.9 re sin  an d  is reac ted  w ith  
B ra tto n -M arsh all reagen ts to g ive a p in k -to -lav en d er 
co lo r. Feeds c o n ta in in g  >0.15 p p m  can be d e tec ted . 
A s im p le , a d d itio n a l d y e  co n ce n tra tio n  s tep  allow s 
fo r  d e te c tio n  o f 0.02 p p m , i f  d es ired . O n ly  am p h o ­
te ric  p rim ary  arom atic am ino -con ta in in g  com pounds 
w ith  a pK a close to  th a t  o f SM  can th eo re tic a lly  in ­
te rfe re . P re p a ra tio n  o f p e rm a n e n t co lo r so lu tio n s  
u s in g  co b alt an d  co p per acetates in  g lacial acetic acid 
is  d esc rib e d  fo r  th e  o p tio n a l e s ta b lish m e n t o f th e  
m in im u m  co n ce n tra tio n  o f SM  in  th e  feed . T he 
m e th o d  o ffe rs  a s im p le  w ay  to  d e tec t som e cross- 
c o n ta m in a te d  w ith d ra w a l feed s c o n ta in in g  > 2  ppm  
SM , w h ich  can lead  to  v io la tiv e  (> 0 .1  p pm ) resid u es  
in  sw in e  live r.

The increased supplem entation  o f anim al feeds 
w ith  grow th-prom oting and disease-allaying  
drugs has created a parallel dem and for adequate 
m ethods to quantitate the drugs both in the feed  
and in  the tissue or flu ids o f consum ing anim als 
(1). W hen large num bers o f sam ples are to be 
analyzed, a great deal o f time, effort, and expense 
can be saved if rapid screen ing m ethods are 
available, especially those that g ive low  numbers 
of false p ositive tests. In th is in itial effort, w e  
report such a m ethod, nam ely, a screen for su l­
fam ethazine, by far the major sulfa drug added  
to sw in e  feeds (2, 3). The m ethod has been  
sp ecifica lly  d esign ed  so that it can be run in the 
fie ld  and in  the laboratory w ith  equal facility, 
using sim ple, disposable equipm ent. The highly  
sensitive Bratton-Marshall (B-M) color test forms 
the basis for th e detection  m ethod. The w e ll

Received A ugust 26, 1981. Accepted O ctober 14, 1981. 
Reference to brand or firm nam e does not constitute en ­

dorsem ent by the  U.S. D epartm ent of A griculture over others 
of a sim ilar na tu re  not m entioned.

k n ow n  nonsp ecific ity  o f the reaction due to the  
presence o f B -M -positive com pounds in  feeds  
has been circum vented by using sm all, buffered  
colum ns of anion exchange resins. Feed samples 
con ta in in g  > 0 .15  ppm  su lfam ethazin e can be 
detected  in  about 10 m in  and a s im p le, optional 
step allow s d etection  o f feeds con ta in in g  0 .02  
ppm  sulfam ethazine.

There are no screen in g  tests for SM in  sw in e  
feed s that can be readily used in  both  the labo­
ratory and the field. H ow ever, a rapid screening  
test d esign ed  prim arily for su lfad im eth oxin e in  
poultry feeds is available, w h ich  uses the n o n ­
sp ec ific  reagen t p -d im eth y la m in ocin n a m al-  
d eh yd e (4).

M ETH O D
Apparatus and Reagents

A ll reagents w ere stored at room  tem perature 
w ith ou t precaution to exclude light. D eion ized  
or d istilled  w ater w as used throu ghout the  
study.

(a) Sodium n itrite .— 0.12% in water.
(b) A m m onium  sul fain a te .—0.8% in water.
(c) N -l- (N a v h th y l)e th y le n e d ia m in e  d ih y d ro ­

chloride (N E D ).— (Sigma Chem ical Co., St. Louis, 
MO 63178) 0.8% in  w ater con ta in in g  0.1% ethy- 
lenediam inetetraacetic acid (EDTA).

Solutions (a), (b), and (c) w ere stored in , and  
disp en sed  from, drop d ispenser bottles (N alge  
2411 Series, A. H. Thom as Co., P hiladelphia, PA  
19105). Solutions w ere usable for 2 m onths.

(d) P otassium  d ih ydrogen  p h o sp h a te .— 0.2M . 
D isso lve  27.8 g KH2PO4 in  1 L water.

(e) Dibasic sodium phosphate.— 0.2M. D issolve  
71.1 g N a2H P0 4-12 H 20  in  1 L water.

(f) pH  5 .7  buffer.— U sin g pH  m eter, add (e) to 
50 mL of (d) until pH  =  5.7 ±  0.05 pH  u n it is ob­
tained . If n o  pH  m eter is available, add 4.5 mL 
of (e) to 50 mL of (d).

(g) pH  7.9 buffer.— U sing pH  meter, add (d) to 
50 mL of (e) until pH  7.9-7.95 is obtained. If no  
pH  m eter is available, add 4.0 mL of (d) to 50 mL 
of (e).

(h) Acidic alum ina.—Add 10 mL pH  5.7 buffer
0004-5756/82/6503-0701-05$01.00 
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to 90 g alum ina (Fisher, N o. A-948) in  screw-cap  
bottle and shake until all lum ps are broken. Do 
not substitute any other alum ina.

(i) R esin .— D o w ex  1X2, 100 -200  m esh
(Sigma).

(j) Transfer p ip e ts .— P olyeth y len e. Pasteur- 
pette, bulb-type (Centaur Chem ical Co., 180 
Harvard A ve, Stam ford, CT 06902).

(k) Pipet tip s.— 5 mL (Rainin Instrum ent Co., 
Mack Rd, W oburn, M A 01801).
O p t i o n a l  A p p a r a t u s  a n d  R e a g e n t s

(a) D ow ex 50-cellu lose p o w d er .—W eigh equal 
am ounts of D ow ex 50X4 (100-200 m esh) (Sigma) 
and ce llu lose pow der CF-11 (W hatm an, Inc., 
Clifton, NJ 07014) and grind ligh tly  (mortar and  
pestle) until ligh t tan.

(b) Cobaltous acetate solution.— 2%. W eigh 2 g 
±  5 m g Co(O Ac)2 and d isso lve in  80-90  mL gla­
cial acetic acid in  100 mL volu m etric flask. 
W hen com p letely  d isso lved , d ilu te to volu m e  
w ith  glacial acetic acid and mix.

(c) Cupric acetate solution.— 0.015%. W eigh 150 
m g Cu(0 A c)2-H20  and d issolve in  100 mL glacial 
acetic acid as above.

(d) A lum ina scoop.— To obtain ca 1 g alum ina. 
Laboratory-made as follows: Mark Pasteur-pette 
1 and 3 cm from  bulb end . Insert p o in t o f s in ­
g le -ed ge razor blade at on e seam  and cut a lon g  
mark to other seam. M ake sim ilar cut at other 
mark. W ith scissors, cut out a "w indow " alon g  
the seam s from  en d  o f on e razor cut to other. 
Cut o ff tip o f p ipet to facilitate transfer of a lu­
m ina. After scoop ing up alum ina, hold  scoop  
vertically  and tap at top w ith  index fin ger to 
dislodge excess alumina. Then transfer alumina 
by lettin g  it slide d ow n  barrel.

(e) Feed scoop.— For transferring ca 1 g feed  
sam ples. Make as described above except make 
first cut 1.5 cm from  end o f bulb.

(f) Pressure bulb.— C on ven ien t apparatus to 
apply air pressure (A. H. Thom as, N o. 1957- 
K10).
P r o c e d u r e

Preparation of pH  5 .7  and 7.9 resins.— Place 10 g 
(as received) D ow ex 1X2 resin in  30 mL coarse 
sintered glass fun n el. W et resin w ith  w ater to 
settle and let drain. A dd 50 mL pH  5.7 p h os­
phate buffer and let so lven t percolate by gravity  
flow . A fter all o f buffer has entered  bed , force 
excess out by pressure or vacuum application and 
w ash resin w ith  ca 50 mL w ater u n til efflu en t  
em erges neutral (pH  paper). Force out excess 
w ater and transfer the equilibrated resin to 
suitable container such as 60 mL narrow -m outh

p olyeth ylen e bottle w ith  screw cap. Add 50 mL 
95% ethanol. Prepare pH  7.9 resin in  sim ilar 
fashion using pH  7 .9  phosphate buffer.

Preparation of pH  7.9 tube.— Cut 3 cm off tip and  
0.5-1 .0  cm off top o f bulb portion o f transfer 
pipet. Insert sm all w ad o f fin e  glass w o o l into  
bottom  of barrel portion. Transfer 1 mL o f a 
m agnetically  stirred susp en sion  o f pH  7.9 resin  
to tube, usin g  p ipet w ith  relatively  large tip  
op en in g . Let excess alcohol drain and w ash  
dow n pipet w alls w ith  alcohol. Place sm all wad  
of glass w ool on top of resin bed, but do not tamp. 
If no m agnetic stirrer is available, suspend resin  
by shaking and pipet im m ediately.

Preparation of pH  5 .7 -a lu m in a -feed  tube.— Plug  
bottom of a 5 mL pipet tip w ith small wad of glass 
w ool and transfer 1 mL of a m agnetically stirred 
suspension o f pH  5.7 resin and let alcohol drain. 
Place 1 g alum ina on top of resin bed. Then add 
1 g of feed  sam ple. Feed sam ple sh ou ld  be h o ­
m ogen eou s, representative o f the lot or batch, 
and preferably ca 20-200 mesh. (An inexpensive  
(<$20) coffee m ill (W aring Products, Route 44, 
N ew  Hartford, CT 06057, also available in  som e  
retail stores) is used  in  our laboratory to grind  
feed  10 s.)

Extraction of su lfam ethazine .— Place tip o f pre­
pared pH  5 .7 -a lu m in a-feed  tube p iggyback in  
pH  7.9 tube (Figure 1) and add 5 mL eth y l ace- 
ta te-m eth an ol-w ater (7 +  2.7 +  0.3). After so l­
vent has com pletely passed through beds in both 
tubes, rem ove and discard upper tube; then pipet 
(or squirt to a premark) ca 1 mL 95% ethanol into  
bottom  tube. Let ethanol drain and add 2 mL 
w ater and let drain. Place 1.9 mL (Vzdram) lip ­
less (shell) vial under tube and ad c 0.8 mL 3.5N  
aqueous HC1 conta in ing 0.01% Triton X-100 
(Sigm a) to elu te su lfam ethazin e from  pH  7.9 
resin. Add 1 drop o f reagents (a), (b), and (c) in  
sequence to the efflu en t, shak ing vial 10-15 s 
b etw een  additions. P ink-to-lavender color in ­
dicates presence o f su lfam ethazine. Feeds co n ­
tain ing > 0 .15  ppm  w ill g ive  positive response. 
If color is not apparent in  v ial, low er lim it o f 
detectability can be increased ca 7.5 tim es (to 0.02 
ppm ) by fo llo w in g  procedure: Cut 3 cm off tip  
of a disposable glass Pasteur p ipet (53/4 in. lon g) 
and dab n ew  tip into D ow ex 50-cellu lose pow der  
m ixture until short (0 .2-0 .4  cm) bed o f pow der  
is retained in  tip. W ipe excess pow d er from  
outside and push tip into a tightly compacted bed  
of fin e glass w o o l contained  in  a v ia l G ently  
tw ist p ipet until sm all p lug o f glass w o o l has 
been  retained to support bed. Tap tip on  solid  
surface to settle pow der and g ive  an even  bed  
surface. A dd 0.5 mL m ethanol to reaction vial,
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F ig u re  1. S e tu p  o f tu b e s  fo r  s u lf a m e th a z in e  
sc re en in g  test.

stir, and transfer to Pasteur pipet. Presence o f 
narrow  lavender band form ing at top o f bed as 
part or all o f so lu tion  passes over bed indicates 
presen ce o f su lfam ethazine.
P r e p a r a t i o n  o f  P e r m a n e n t  C o l o r  S t a n d a r d s

A ccurately p ipet 1.7 parts cobaltous acetate 
solu tion , 0.5 part cupric acetate solution, and 2.8 
parts glacial acetic acid, and mix. This solution  
w ill  then  contain color in ten sity  equ ivalent to 
color obtained w h en  running Bratton-M arshall 
(B-M ) reaction on  2 pg su lfam eth azin e/m L  re­
agents used in  th is study (3.5N  HC1 and 1 drop  
each o f reagents (a), (b), and (c)). This w ou ld  be 
eq u iva len t to 2 ppm  in  feed , assum ing quantita­
tiv e  recovery. To prepare so lu tion s w ith  colors 
equ ivalent to low er concentrations of (B-M) dye, 
d ilu te  co lored  so lu tion  w ith  glacial acetic acid, 
e.g., for 1 Mg/mL dilute 1:1, for 0.25 pg /m L  dilute
0.25:1.75, etc. To ensure against subtle changes 
in  color of standards due to evaporation o f acetic 
acid, seal 1 mL vo lu m es in  2 mL glass am pules 
(A ce Scientific Supply Co., PO Box 127, L inden, 
NJ 07036, N o. 10-1248-17).

R esu lts and D iscu ssion
A pproxim ately 100 d ifferent feed  sam ples 

co n ta in in g  various am ounts o f su lfam ethazine  
w ere screened usin g  the procedure. At least 3 
analyses w ere m ade on  each feed  because o f  
m odifications m ade to th e original procedure. 
The feed  sam ples w ere prim arily corn- or al­
falfa-based or w ere m ixtures o f the two. A few

sam ples w ere reddish in  color, w ere heavy, and  
apparently conta ined  CaCC>3 because th ey  re­
leased  gas w h en  acidified. The m ajority of 
sam ples conta ined  less than 0.5 ppm  as deter­
m in ed  by specific quantitative and sem iquanti- 
tative chrom atographic m ethods in  other labo­
ratories that routinely conduct analyses, or w hich  
w ere sp iked  w ith  lev e ls  o f su lfam ethazine  
ranging from 0.05 to 0.5 ppm  in  this and in  other 
laboratories. Sam ples that w ere reported to 
conta in  n o  sulfa drug w ere alw ays n egative in  
our screen ing procedure or sh ow ed  just a trace 
(u sin g  the micro D o w ex -ce llu lo se  colum n) of 
sulfa drug. A clear, colorless effluent was always 
obtained from the pH  7.9 resin and the resultant 
color w ith  the B-M  reagents w as alw ays true, 
thereby reducing doubt as to the positive nature 
o f the sam ple Sam ples sp iked  w ith  varying  
am ounts y ie ld ed  color in ten sities in  the proce­
dure that could be ranked correctly as to relative 
concentration.

The recovery o f sulfam ethazine from the feed  
sam ple is not quantitative and can vary from one  
typ e o f feed  to another and also w ith  the con­
centration. The effic ien cy  o f the extraction  
procedure appears to be the major drawback in  
m aking the procedure quantitative. Therefore, 
th e B-M  color that is obtained can not be com ­
p lete ly  correlated w ith  the actual am ount of 
su lfam eth azin e in  the sam ple. If on e w ish es  to 
m atch the color obtained w ith  standards pre­
pared each day, or, m ore conven iently , w ith  the 
perm anent color standards, then an approximate 
minimum  concentration of sulfam ethazine in  the 
feed  can be established. U sin g  the procedure, 
cross-contaminated withdrawal feeds containing  
> 2  ppm , w h ich  can lead to >0.1 ppm  vio la tive  
residue in  sw in e  liver (5), can be readily ascer­
tained. The eye cannot d ifferentiate the in ten ­
sity  o f the dye produced by the B-M reaction  
w h en  the concentration o f su lfam ethazin e is 
above about 2 p g/m L , so d ilu tion  is necessary in  
these instances.

S in g le  sam ples o f feed  can be screened  in  
about 10 m in unless the feed sam ple has been too 
fin ely  ground, in  w h ich  case it w ill take longer. 
W hen properly set up  (w ith  v ia l racks and tube 
supports) over 100 sam ples can be run easily  by  
one person in  an 8 h  day. M oreover, this can be 
accom plished in about 1 sq. ft o f space. If m any  
sam ples are to be run sim u ltan eou sly , sp eed  of 
analysis w ill not be an im portant factor.

Som e sensitiv ity has been  sacrificed to reduce 
analysis tim e. If the pH  7.9 co lum n is m ade to 
run slow er, quantitative exchange o f sulfa­
m ethazine w ill occur (as opposed  to about 90%),



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

resulting in  about 10% increase in sensitiv ity . 
Sen sitiv ity  can also be increased if the resin is 
eluted w ith  a sm aller volum e of acid, e.g., 0.4 mL 
instead o f 0.8 mL, thereby d ou b lin g  the color 
in tensity  and increasing the low er lim it o f d e ­
tection from 0.15 ppm to b etw een  0.07 and 0.08 
ppm in the vial. Both of these parameters can be 
accom plished by using 0.5 mL of the pH 7.9 resin 
susp ension  instead o f 1 mL, and m aking the 
colum n in the narrower diam eter tip portion of 
the Pasteur-pette instead of in the barrel portion. 
This w ill reduce the flow  rate from under 10 min  
to betw een 20 and 40 min, depending on how  far 
dow n in  the tapered tip the resin bed is located. 
This option is available to the analyst dep ending  
on assay needs; the micro D ow ex 50-ce llu lo se  
colum n described earlier may be used to detect 
ev en  low er concentrations.
S p e c i f i c i t y  o f  t h e  M e t h o d

Theoretically, on ly  am photeric com pounds 
w hich contain a primary am ino functional group  
on a b en zen e ring can interfere in the analysis  
and g ive a false positive reaction. U n like the 
procedure that Tishler et al. (6) designed, in part, 
to lim it interferences to am pholytes by using  
strong acid and strong base extractions, in our 
procedure a narrow pH range (5.7—7.9) is used for 
the exchange of su lfam ethazin e onto the resin. 
Thus on ly  qualifyin g am pholytes w ith  acid d is­
sociation constants very close to sulfam ethazine 
can possibly interfere. This range was estab­
lished  by equilibrating the resin against buffers 
of varying pH  values and determ in ing the 
am ount o f SM exchanged onto the resin. N o  
exchange occurred below  pH  5.7, and the amount 
exchanged increased to a m axim um  (100%) at or 
above pH 7.9. A lthough a num ber of sulfa drugs 
have a pKa very close to that o f su lfam ethazin e  
(7, 8) and w ill exchange in  this range, others, 
such as su lfath iazole, w ill exchange at pH  5.7 or 
below  and w ill be rem oved in the upper trap 
colum n. Sulfam ethazine and sulfath iazole, the 
major sulfa drugs used in  sw in e  feeds, w ere put 
through the entire system  in  the absence of feed  
at the 1-2 p g  lev el and w ere recovered at 91 and  
0%, respectively . Som e naturally occurring  
am pholytes w h ich  qualify as potential false 
positive reactors in the analysis, e.g., p-am ino- 
ben zoic acid, anthranilic acid (o-am inobenzoic  
acid), and kynu ren ine (3-anthran iloylalan ine) 
as w e ll as su lfan ilic  acid, a possib le  breakdow n  
product o f sulfa drugs, w ill also be rem oved in 
the upper trap colum n. A lum ina (deactivated  
to a point w here sulfam ethazine w ill not adsorb) 
is used prim arily to adsorb som e interfering

plant pigm ents. It also has a strong affin ity  for 
relatively strong carboxylic (and suifonic) acids, 
thereby further reducing the num ber o f com ­
pounds qualifying as potential false positive B-M  
reactors.

Triton X-100 (Sigm a) was incorporated in the 
3.5N HC1 after w e  noted that som e feed sam ples 
conta ined  lip id s (presum ably w ater-inso luble  
acids) that coated the resin and made elu tion  of 
SM slow  and difficult. Triton X-100, a non-ionic 
w ettin g  agent w h ich  facilitates the w ettin g  and  
subsequent exchange of C P  for SM anions on the 
resin, has no effect on the diazotization  of SM 
and subsequent coup lin g  w ith  NED.
P e r m a n e n t  C o l o r  S t a n d a r d s

There is an obvious need, especially  in field  
screen in g , for perm anent color standards to 
sim ulate the colors obtained in the B-M  reaction 
and to g iv e  the analyst at least an approxim ation  
of the m inim um  concentration of SM present in 
a feed sample. These permanent color standards 
should  find  greater utility, how ever, in more 
quantitative procedures.

Attem pts to prepare perm anent color stan­
dards usin g  the B-M reaction product w ith  su l­
fam ethazine w ere unsuccessful due to fading of 
the dye. This occurred even  w h en  the dye so­
lu tion  was sealed in an inert atm osphere and in 
the presence or absence o f ascorbic a n d /o r  iso- 
ascorbic acid as antioxidants and w ith  the so lu ­
tions stored in  the dark at 4°C. The colors could  
be sim ulated  very w e ll by using som e organic 
dyes such as alkaline solutions of phenol red, but 
these also faded rapidly ev en  under inert con ­
ditions. The use of cobaltous and cupric acetates 
in glacial acetic acid in the recom m ended ratios 
g iv es  colors that are virtually  ind istingu ishable  
to the ey e  from the corresponding B-M  dye. 
T hese colors are unaffected by light, tim e, and  
oxygen , and, barring losses of acetic acid from  
evaporation, shou ld  rem ain unchanged for 
prolon ged  periods. Glacial acetic acid was the 
o n ly  so lven t found for the salts in w h ich  the 
desired color could be obtained; water, m ethanol, 
and 95% ethanol w ere unsatisfactory.
S t a b i l i z a t i o n  o f  N E D

O ne of the anticipated problem s in usin g  the 
screening procedure in the field  was the know n  
instability o f NED solutions. Thus, analysts w ith  
no access to an analytical balance w ou ld  have to 
resort to a m ore inaccurate w ay to prepare fresh  
NED solu tions. The stability of NED solu tions  
prepared w ith  water from various sources was 
studied . W e found that tap water, or d istilled
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w ater that had been  in  contact w ith  m etal, gave  
NED solutions that began to darken w ith in  hours 
after preparation. Solu tion s o f NED in  d eio n ­
ized  water, how ever, did not begin to darken for 
several days. The addition  o f EDTA to water 
from any source stabilized the NED (presumably 
against m etal-catalyzed oxidation) by delaying  
the on set o f darkening for 3 -4  w eek s and sub­
sequent deterioration o f the NED w h ich  is 
m anifested by precipitation. Concentrations of 
EDTA (from 0.05 to 0.20%) w ere equally as ef­
fective in stabilizing NED in the 3 types o f water 
studied. Even after 2 m onths, the addition of 
EDTA-stabilized NED to d iazotized  su lfam eth­
az in e gave the sam e color y ie ld  as did freshly  
prepared NED in  d eio n ized  water.
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High Performance Liquid Chromatographie Détermination of 
Clocapramine in Feed and Plasma
AZIZ GEAHCHAN, PAUL CHAMBON, and PIERRE GENOUX
L a b o ra to ire  d e  T o x ic o lo g ie , F a c u lté  d e  P h a r m a c ie , 8 ,  a v e n u e  R o c k e fe lle r ,  6 9 3 7 3  L y o n , F ra n ce

A h ig h  p erfo rm an ce  liq u id  ch ro m atog raph ic  m etho d  
is d escribed  fo r th e  d e te rm in a tio n  o f c lo cap ram in e  
in  an im a l feed  an d  p lasm a. S am ples are  m ade a lk a ­
lin e  an d  th e n  ex trac ted  w ith  ch lo ro fo rm  c o n ta in in g  
op ipram ol as in te rn a l s tandard . For p lasm a sam ples, 
th e  o rg an ic  p h ase  is ev a p o ra ted  to  d ry n e ss  u n d e r  a 
s tream  of n itro g e n , an d  th e  re sid u e  is d isso lv ed  in  
d ic h lo ro m e th a n e -m e th a n o l. E xtracts a re  c h ro m a­
to g rap h ed  o n  s ilica  gel w ith  d ic h lo ro m e th a n e -  
m e th a n o l-a m m o n ia  (100 +  10 +  0.25) as e lu a n t, and  
q u a n tita te d  u sin g  an in te rn a l s tan d ard . W ith in -d ay  
p rec is io n  fo r p lasm a ex trac ts  ( n  =  15) w as 3.39, 5.7, 
an d  4.13% at 5 ,10, an d  15 m g c lo cap ram in e /L  p lasm a, 
re sp ec tiv e ly , an d  d ay -to -d ay  p rec is io n  w as 4.6, 6.8, 
an d  4.4% at th e  sam e levels. T he d e tec tio n  lim it w as
0.5 m g/L . Recovery from  feed over the concen tration  
rang e  2 -6  g /k g  w as >96%.

C locapram ine, l'-(3 -(3 -ch lo ro -1 0 ,ll-d ih y d r o -  
5H -dibenz(b ,f)azepin-5-yl)propyl)(l,4'-b ip iper- 
idine)-4-carboxam ide (substance 1, Figure 1), is 
a n ew  neuroleptic agent w h ich  sh ow s im ipram - 
in e- and chlorprom azine-like activities that d is­
tingu ish  it from other neuroleptic drugs. To 
accurately estim ate clocapram ine concentration  
in animal feed and to determ ine low  blood levels  
after oral adm inistration o f low  therapeutic  
doses, a rapid, accurate, sen sitive m ethod is 
needed .

Various m ethods have been  reported for 
analysis and separation of tricyclic psychoseda­
tive drugs, usin g  ultraviolet spectrophotom etry
(1), fluorom etry (2), th in  layer chrom atography  
(3, 4), and gas-liquid chrom atography (5, 8). 
These m ethods are not sen sitive  en ou gh  or re­
quire a lengthy cleanup to elim inate interference 
from  en d ogen ou s com pounds.

H igh performance liquid chromatography has 
been  used for separating a num ber o f com m er­
cia lly  available tricyclic antidepressants (9-11) 
and tranquilizers. Several separation system s 
have been  reported usin g  adsorption chrom a­
tography (12-15), reverse phase chromatography 
(16, 17), and ion-pair liquid chromatography (18, 
19). T hese m ethods are rapid and reproduc­
ible.

This paper reports the d evelop m en t o f a n ew
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m ethod for determ in ing clocapram ine in  feed  
and in  hum an and dog plasm a by u sin g  h igh  
perform ance liqu id  chrom atography on  silica  
gel, w ith  internal standardization. The m ethod  
is sim ple and sen sitiv e, and is capable o f esti­
m ating lo w  lev e ls  by a rapid extraction proce­
dure.

M ETH O D
A p p a r a t u s

Equipm ent specified  is not restrictive; other  
suitable equ ipm ent may be used.

(a) Liquid chrom atograph.—Chromatem M odel 
M 3 (Touzart & M atignon, Vitry sur Seine, 
France) coupled to 254 nm ultraviolet absorbance 
detector (A ltex, Berkeley, CA 94710) equ ipped  
w ith  8 p L  flow  cell. H igh  pressure sam ple in ­
jection va lve fitted w ith  20 p L  sam ple loop  in ­
jector (R heodyne, Inc., Berkeley, CA 94710).

(b) HPLC recorder.—Sefram (Sefram, Paris, 
France), w ith  setting at 10 mV and chart speed of 
0.5 cm /m in .

(c) In tegra tor.—H ewlett-Packard M odel 3380 
A (H ew lett-Packard Co., Palo A lto, CA 94304) 
w ith  con n ection s for liquid  chrom atograph.

(d) Column. — 150 X 4.6 mm id sta inless steel, 
packed by slurry technique w ith  5 p m  LiChro- 
sorb Si-60 (Merck, Darmstadt, GFR).
R e a g e n ts

( a )  S o lven ts .— Reagent grade C H C I3, m etha­
n ol, and am m onia. For HPLC elu tion  so lven t, 
use chrom atographic grade d ich lorom ethane  
(Merck, or equivalent).

(b) S tan dards.— (2) A n im al fe e d .—Standard  
sam ples w ere prepared by p ersonnel w h o  nor­
m ally prepare diets for dosing. To 5C g feed  
(B04, UAR, V illem oisson , France), add 100, 200, 
and 300 m g clocapram ine as hydrochloride, re­
spectively , to g ive  2, 4, and 6 g /k g . Carefully  
h om o gen ize  standard feed  preparations, b len d  
by hand in mortar in  on e or several operations.
(2) P lasm a .—Prepare m ethanolic stock solutions 
by d isso lv in g  25, 50, and 75 m g clocapram ine as 
hydroch loride in  20 mL m ethanol to g iv e  stock  
so lu tion s conta in ing 1.25, 2.5, and 2.75 g /L , re­
spectively. Q uantitatively transfer 1 mL aliquot 
of each stock solution to 25 mL volum etric flasks
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F ig ure  X. S tru c tu re s  o f (1) c lo cap ram in e  an d  (2) o p ip ram o l.

and d ilu te to vo lu m e w ith  d istilled  water. 
A queous so lu tion s contain 50, 100, and 150 pg  
clocapram ine/m L. Quantitatively transfer 2 mL 
o f each aqueous so lu tion  to 20 mL volu m etric  
flasks and d ilu te to vo lu m e w ith  blank plasm a  
obtained  from  h ea lth y , untreated anim als. 
Plasm a standards contain 5, 10, and 15 p g  c lo ­
capram ine as h ydroch loride/m L .

(c) Internal stan dard  solu tions.— (1) A nim al feed  
extraction so lu tion .—Accurately w e ig h  400 m g  
opipram ol (substance 2, Figure 1) as hyd roch lo­
ride and quantitatively transfer to glass-stopper  
100 mL volu m etric flask. Add 5 mL IN  N aO H  
and 40 mL CHCI3, and shake m ixture 10 m in. 
Transfer to 125 mL separatory fu n n el. Drain  
CHCI3 layer (lower) into 50 mL Erlenmeyer flask 
contain ing 5 g N a2S0 4 . Q uantitatively transfer 
10 mL aliquot o f CHCI3 phase conta in ing op i­
pram ol to 100 mL volu m etric flask and d ilu te to 
vo lu m e w ith  CHCI3 to g ive  internal standard  
stock so lu tion  conta in ing 1 m g opipram ol/m L . 
This organic phase w as used  w ith ou t further 
d ilu tion  to extract anim al feed  sam ples. (2 ) 
P lasm a ex trac tio n  so lu tio n .— Q u a n tita tive ly  
transfer 1 mL aliquot of internal standard stock  
solution  to 200 mL volum etric flask and d ilute to 
vo lu m e w ith  CHCI3 to g ive  solu tion  conta in ing  
0.5 p g  opipram ol/m L .

S a m p l e  E x t r a c t i o n
A n im al fe e d .— U se th is procedure for con cen ­

trations from  0.5 to 6 g /k g . Accurately w e ig h  2 
g feed  (or anim al feed  standards) and quantita­
tiv ely  transfer to 100 mL glass-stepper v o lu ­
m etric flask. A dd 5 mL IN  NaO H . W ith m ag­

netic stirring bar, stir m ixture 5 m in  at room  
temperature. Add 20 mL internal standard stock 
so lu tion  and extract 10 m in  on  m echanical 
shaker. A fter 2 phases separate, inject 20 pL of 
CHCI3 extract in to  liqu id  chrom atograph.

P lasm a .—To 1 mL plasm a sam ple (or plasm a  
standards) in  10 mL glass-stopper centrifuge  
tube, add 0.2 mL IN  N aO H  and 5 mL plasm a  
extraction solution . Shake and centrifuge 10 
m in at 2200X g. U se Pasteur p ipet to transfer 
organic layer to dry, clean 5 mL test tube and  
evaporate to dryness in  50 °C w ater bath under  
stream  o f n itrogen . D isso lve  residue in  0.5 mL 
m obile phase m ixture.
H i g h  P e r f o r m a n c e  L i q u i d  C h r o m a t o g r a p h y

Perform HPLC analysis under fo llo w in g  
conditions: f lo w  rate 0.9 m L /m in; pressure 30 
bars; am bient temperature; recorder chart speed  
0.5 cm /m in ; m obile phase d ich lorom eth an e-  
m ethan ol-am m on ia  (100 +  10 +  0.25). Filter 
m obile phase under vacuum  throu gh  0.45 pm  
m em brane and degas by son ication  for 15 m in  
under vacuum. M onitor colum n efflu en t at 254 
nm  w ith  sensitivity of 0.64 AUFS for feed extracts 
and 0.04 AUPS for plasma extracts. U nder these 
conditions, retention tim es for clocapramine and 
opipram ol w ere 3.5 and 4.7 m in, respectively . 
Capacity factors, K ', o f the 2 substances were 1.02 
and 1.70, respectively.

Plasma and feed  concentrations w ere deter­
m in ed  from  standard curves estab lished  by  
plotting clocapramine:opipramol response ratios 
aga in st clocapram ine co n cen tra tion s. The 
m ethod w as validated for peak h eig h t and area 
ratios.
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Table 1. L inear regression of c locapram ine:op ipram ol 
re sponse  ra tio  vs c locap ram ine  co n cen tra tio n s  (p lasm a 

sam ples)

Clocapramine 
concn, m g/L Area ratio

SD
(n  =  15)

RSD,
%

5 0.361 0.017 4.6
10 0.600 0.041 6.8
15 1.077 0.048 4.4

Slope
Correlation

0.061

coefficient 0.985

R esults and D iscu ssion
To study the linearity, precision, and accuracy 

of the m ethod, concentrations of clocapram ine 
in both plasma and animal feed were varied from
0 to 15 m g /L  for plasma sam ples, and 0 to 6 g /k g  
for feed  sam ples. R esponse ratios w ere plotted  
vs clocapram ine concentrations. Results o f the 
least squares linear regression analyses (Tables
1 and 2) indicated good  linearity (r = 0.985 and 
0.986, respectively). N o n -zero  intercepts are 
n eg lig ib le  and do not interfere w ith  the d etec­
tion  lim its o f the m ethod. Typical chrom ato­
grams o f extracts of plasma and feed  spiked w ith  
different am ounts o f clocapram ine are sh ow n  in  
Figures 2 and 3, respectively .

W ithin-day precision  o f the m ethod w as as­
sessed  by analyzin g  plasm a and feed  sam ples (n 
= 15) conta in ing various concentrations o f clo­
capramine. At 5 ,10 , and 15 m g clocapram ine/L  
plasma, the m ethod y ie ld ed  coeffic ien ts o f vari­
ation o f 3.39, 5.7, and 4.13%, respectively . At 
anim al feed  concentrations o f 2, 4, and 6 g  /k g , 
the m ethod y ie ld ed  coeffic ien ts o f variation (n 
=  5) of 0.79, 2.16, and 3.7%, respectively  (Figure 
4). Day-to-day precision was determ ined by the 
repeated analysis o f the sam e plasma and animal 
feed sam ples on different days. The coefficients 
of variation w ere 4.6, 6.8, and 4.4% for plasm a 
sam ples (n =  15) at 5, 10, and 15 m g/L , respec­
tively, and 0.92, 2.56, and 4.11% for feed sam ples  
(n =  5) at 2, 4, and 6 g /k g , respectively.

F ig ure  2. C h ro m a to g ram s o b ta in e d  b y  ex trac tin g  1 
m l  p lasm a. 1 = C lo cap ram in e , 2 =  o p ip ram o l. 
V o lum e in je c ted  20 fiL. A = b la n k  p lasm a, B = 

p lasm a sp ik e d  w ith  c lo cap ram in e  (15 m g/L ).

We m easured the recovery o f clocapram ine 
added to drug-free plasm a and to anim al feed. 
The analysis w as carried out as described, using  
free internal standard so lu tion  for extraction. 
Accurately m easured aliquots o f the final so lu ­
tion were chromatographed and peak areas were 
determ ined. Percent recovery was calculated by  
com paring peak areas o f chrom atographed ex­
tracts w ith peak areas obtained by direct injection  
o f pure clocapram ine. O verall recovery at var­
ious concentrations w as 90-96%.

Table 2. L inear regression  of c locap ram ine:op ip ram ol re sp o n se  ra tio  vs c lo cap ram in e  c o n ce n tra tio n s  (anim al feed
sam ples)

Clocapramine 
concn, g /kg Peak ht ratio

SD
(n = 5) RSD, % Area ratio

SD
(n  =  5) RSD, %

2 0.410 0.008 2.00 0.314 0.025 0.79
4 0.870 0.009 1.03 0.648 0.014 2.16
6 1.180 0.034 2.90 0.954 0.035 3.70

Slope 0.193 0.159
Correlation coefficient 0.986 0.991
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F ig ure  3. C h ro m a to g ram s o f sp ik e d  an im a l feed  
s tan d a rd s . A =  0.2%, B =  0.4%, C =  0.6%. 1 = C lo- 
cap ram in e ; 2 = o p ip ram o l; 2 g feed  ex trac ted  w ith  20 

m L CHC13.

F ig ure  4. C h ro m a to g ram s o f 3 an im a l feed  ex trac ts  
(0.2%) sh o w in g  accuracy  o f m eth o d .

Table 3. S tability  o f c locap ram ine  added  to  an im al feed  a

Clocapramine 
concn, g/kg

Peak ht ratio, clocapramine 
to opipramol

f-test1 2

2 0.412 0.408 0.76
4 0.866 0.858 1.03
6 1.148 1.188 0.20

a Samples (n = 5) were analyzed at the beginning of the 
study (1), and one month later (2). All samples were kept 
under simulated storage conditions required in toxicological 
experiments.

This m ethod enabled us to detect as low  as 500 
n g clocapram ine/m L  plasma. D etection  lim its  
can be low ered  by d isso lv in g  the extract in  0.1 
mL of m obile phase. The detection lim it for feed  
w as 30 m g/k g .

N o  plasm a or feed  constituents w ere found  
w ith  retention  tim es sim ilar to either clocapra­
m in e or opipram ol, w h ich  could  cause interfer­
ence.

The m ethod w as used to test the stability  o f  
clocapram ine in  anim al feed. Dem onstration of 
stability  and h om o gen eity  o f the test substance 
in  the dosage form  under sim ulated  storage 
conditions is required before toxico logica l ex­
perim ents w ith  animals can be initiated. Results 
from  such studies w ith  clocapram ine in  feed  
sp iked  at 2, 4, and 6 g /k g  lev e ls  are presented  in  
Table 3. C lose agreem ent at d ifferent lev e ls  of 
clocapram ine indicates that the m ixtures w ere  
essen tia lly  h om ogen eo u s and stable during the  
test period.
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Graphite Furnace Atomic Absorption Spectrophotometric 
Determination of 4-Hydroxy-3-Nitrobenzenearsonic Acid, Other 
Organic Arsenicals, and Inorganic Arsenic in Finished Animal Feed
GLENN M. GEORGE, LARRY J. FRAHM, and J. PATRICK McDONNELL 
S a l s b u r y  L a b o r a to r i e s  I n c . ,  P h a r m a c e u t i c a l  D e v e l o p m e n t  a n d  A n a l y s i s  D e p a r t m e n t ,
C h a r l e s  C i t y ,  I A  5 0 6 1 6

4 -H y d ro x y -3 -n itro b e n z en ea rso n ic  acid  irox arso ne) 
is  a d m in is te red  in  an im a l feed  as a g ro w th  s tim u la n t 
o v e r a co n ce n tra tio n  ran g e  o f 25-50 p p m . T he d ru g  
is  ex trac ted  fro m  5 g feed  w ith  200 mL aq u eo u s  1.0% 
am m o n iu m  ca rb o n a te  so lu tio n  an d  5 m in  o f m e­
ch an ica l sh a k in g . U n d isso lv ed  feed  p a rtic le s  are 
a llo w ed  to  s e tt le  an d  1.0 m L  a liq u o t o f ex trac t is  d i­
lu te d  w ith  9.0 m L 15% m e th a n o l so lu tio n . T h is  so ­
lu tio n  is  su b jec ted  to  sam p le  a to m iz a tio n  b y  a 
g ra p h ite  fu rn ace  an d  arsen ic  d e te c tio n  b y  a tom ic  
a b so rp tio n  s p e c tro p h o to m e try  (AAS). R oxarsone 
reco ve ry  fro m  n o n m ed ic a te d  co m m ercial feed  fo r t i­
fied  a t 25 p p m  w as 103.6% w ith  a re la tiv e  s ta n d a rd  
d e v ia tio n  (RSD ) o f 4.0%. R ecovery  fo r  50 p p m  fo r­
tif ic a t io n  w as 104.5% (RSD 4.3%). R oxarsone assay 
re su lts  b y  fu rn ac e  AAS w ere  co m p ared  w ith  re su lts  
b y  th e  c u rre n t A O A C  sp e c tro p h o to m e tric  m e th o d  
a n d  th e  A O A C  to ta l a rsen ic  m eth o d . R esu lts  b y  th e  
3 m e th o d s  co m p are  w ell. T he p ro ced u re  w as also  
u se d  to  d e te rm in e  o th e r  o rg an ic  arsen ica ls  a n d  in o r­
g an ic  arsen ic  in  la b o ra to ry -fo r t if ie d  feed  sam ples; 
th ese  reco veries  w ere e s se n tia lly  th eo re tic a l.

4-H ydroxy-3-n itrobenzenearsonic acid (roxar­
sone) stim ulates grow th  and im proves feed  e f­
ficiency in  chickens, turkeys, and sw ine. It also 
im proves p igm entation o f chickens and turkeys 
and aids in  con tro llin g  sw in e  dysenrery w h en  
incorporated in  fin ished animal feed. The usual 
dosage range for ch ickens and turkeys is 25-50  
ppm; for sw in e the dosage ranges from 25 to 37.5 
ppm .

Currently, there are 2 official AOAC m ethods 
for d eterm in in g  roxarsone in  feed s. O ne  
m ethod is a total arsenic determ ination invo lving  
sam ple d igestion  by dry ash ing, fo llow ed  by 
distillation of arsenic as arsine gas into a trapping 
solution w h ich  reacts w ith  the arsenic to produce 
a colored so lu tion  (1-3). Color in ten sity  o f the  
so lu tion  is read on  a spectrophotom eter and the  
arsenic concentration  is determ ined from  a 
standard curve. Arsenic is then converted by the 
appropriate factor to roxarsone concentration in  
th e feed.

The secon d  m ethod is a spectrophotom etric

Received Septem ber 9, 1981. Accepted D ecem ber 4, 1981.

determ ination  in v o lv in g  the extraction o f rox­
arsone from m edicated feed  by usin g  dibasic 
potassium  phosphate (4,5). Extract cleanup  in ­
vo lv es  protein  precipitation by pH  adjustm ent 
to 4.5 and centrifugation. The centrifugate is 
m ade strongly  basic w ith  sodium  hydroxide, 
treated w ith  charcoal, and filtered to rem ove feed  
interferences. The resu lting clear y e llo w  so lu ­
tion is read in a spectrophotom eter at 410 nm  and 
roxarsone concentration is determ ined from  a 
standard curve.

These m ethods are accurate and precise, but 
in v o lv e  a len g th y  sam ple preparation. In 
searching for a more rapid assay for roxarsone in 
fin ish ed  feed , w e  investigated  th e graphite fur­
nace atom ic absorption techn ique. This tech ­
n ique requires very little sam ple preparation  
tim e, w ith  no sam ple cleanup required before 
analysis. Sam ple detection  and readout steps 
require approxim ately 2 m in. Sam ple intro­
duction  into the furnace can be autom ated. A 
large daily throughput o f sam ples is possib le  by 
u sin g  furnace AAS.

M ETH O D
P r i n c i p l e

Five g  fin ished  feed is extracted w ith  aqueous 
1% am m onium  carbonate. Feed extract is al­
low ed  to settle for ca 15 m in. A  1 mL aliquot is 
dilu ted  w ith  9.0 mL 15% m ethanol so lu tion  and  
m ixed. The feed  extract is  then  an a lyzed  by 
furnace AAS.
R e a g e n t s

(a) W a ter .—G lass-d istilled.(b) N itric  a c id .— M allinckrodt, ACS grade.
(c) A rg o n .— Linde purified.
(d) N ick e l n i tr a te .— Ni(NC>3)2 • 6 H 2O 

(M allinckrodt AR).
(e) N ickel n itra te  so lu tio n .—  A p proxim ately  

2000 ppm  N i. D isso lve 10.0 g  n ick el n itrate in  
w ater and d ilu te to 1 L w ith  water.

(f) A m m onium  carbonate.—P ow der, purified  
(M atheson, C olem an & Bell).

(g) M ethanol. —A n hydrous, ACS (M atheson, 
C olem an & Bell).

0CO4-5756/82/6503-0711-09$01.00 
© Association of Official Analytical Chemists, Inc.
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(h) 15% M eth a n o l so lu tio n .— A dd 150 mL 
m ethanol to 1 L volum etric flask, add 5.0 mL 
H N O 3, d ilu te to vo lu m e w ith  water, and mix.

(i) Roxarsone stan dard solution. — 1250 ppm  
roxarsone (356 ppm  As). Accurately w eigh  625.0 
m g roxarsone reference standard material (Sals- 
bury Laboratories, Inc., Charles City, IA 50616) 
into 500 mL volum etric flask. D isso lve  and d i­
lute to vo lu m e w ith  2 % am m onium  carbonate.

(j) 12.5 ppm  Roxarsone so lu tion .— 3.56 ppm  As. 
D ilu te 1 mL roxarsone standard so lu tion  to 100 
mL w ith  water.

(k )  C ontrol feed  e x tra c t.—U sin g typical non- 
m edicated poultry or sw in e ration, prepare ex­
tract as described for sam ple preparation. Test 
suitability o f control feed  extract by d ilu tin g  an 
aliquot w ith  15% m ethanol solution  as in  sam ple 
preparation. Set up AAS system  and furnace 
conditions as described in procedure. It is not 
necessary to perform  the calibration for this test; 
the absorbance reading is satisfactory. Zero 
spectrophotom eter on  20 pL 15% m ethanol so­
lu tion  and m easure absorbance on  20 pL o f this  
solution . Absorbance <0.030 indicates su it­
ability.

(l) W orking s ta n d ard .—Transfer 1.0 mL 12.5 
ppm  roxarsone solu tion  to 10 mL volum etric  
flask. Dilute to volum e w ith  control feed extract. 
Transfer 1.0 mL aliquot of this solution  to 25 mL 
Erlenm eyer flask and add 9.0 mL 15% m ethanol 
solution . T w enty pL o f this w ork ing standard  
is equ ivalent to 50 ppm  roxarsone in  the feed  
sam ple for w e igh ts and volu m es g iv en  in  the  
procedure.
A p p a r a t u s

(a) A tom ic absorption spectroph o tom eter.— Per- 
kin-Elm er M odel 5000.

(b) Graphite fu rn ace.— Perkin-Elm er heated  
graphite atom izer, M odel 400.

(c) Recorder.—H ouston Instrument, 10 mV full 
scale.

(d) M echanical sh aker.—Burrell, wrist-action.
(e) P ipets.—Eppendorf 3130: 10, 20, and 1000 

pL.
(f) D ispensing p ip e t.— Lab Industries Repipet, 

10 mL capacity set to deliver 9.0 mL 15% m etha­
n ol solution.
P r e p a r a t i o n  o f  S a m p l e

Grind sam ple in  a h igh -sp eed  b len der to pass 
U.S. No. 20 sieve (ca 3 m in) and mix thoroughly. 
W eigh 5.0 g ground sam ple into 250 mL v o lu ­
m etric flask or 300 mL E rlenm eyer flask. Add
2.0  g am m onium  carbonate pow der to flask. 
Add 200.0 mL water to flask, place on m echanical

shaker, and shake v igorou sly  5 m in  at room  
temperature. Rem ove flask from shaker and let 
feed  particles settle ca 15 m in.

Transfer 1.0 mL aliquot to 25 mL Erlenm eyer  
flask and add' 9.0 mL 15% m ethanol so lu tion . 
Repeat this step on  reagent blank and on  stan­
dard fortified  control feed  extract equ ivalent to
50 ppm roxarsone in  feed. Samples and standard 
are n ow  ready for furnace AAS analysis. If ad­
ditional sam ple d ilu tion s are required to bring  
roxarsone concentrations of feed  into con cen ­
tration range of standard, dilutions must be made 
w ith  1.0% am m onium  carbonate. Do not use  
15% m ethanol so lu tion  to make additional d ilu ­
tions. If an additional sam ple d ilu tion  is m ade, 
m ultip ly  results by appropriate d ilu tion  factor.

A A S  C o n d i t i o n s
Set up graphite furnace and spectrophotom e­

ter according to fo llo w in g  conditions and a llow  
30 m in  warm up tim e. O perating conditions: 
program , 1 (N o. 1 on  m agnetic card also); lamp, 
arsenic EDL operated at 8 watts, properly  
aligned; lam p p osition , 1; lam p current, 0 ma; 
w avelength , 193.7 nm; slit, 0.7 nm  bandpass, low  
position; readtim e, 2 s; m ode, AA-BG; readout, 
concentration; signal, peak height on instrum ent 
disp lay and absorbance on  recorder; standard 1,
51 = 50.0 ppm  (p g /g ) roxarsone (use 3 digits), S2 
and S3 not used.

F u r n a c e  C o n d i t i o n s
Install furnace assem bly in  AAS system  and  

align  as in  manufacturer's instructions. O pera­
ting conditions: furnace tube, pyrolytically
coated tube; water flow , 1-2  L /m in  to cool fur­
nace (on hum id  days, preheating w ater m ay be 
required to p revent condensation); argon pres­
sure, 35 psi; O N /O F F  sw itch , ON; gas control, 
O N .

Step 1 (drying): tem perature, 100°C; ramp 
tim e, 10 s; h o ld  tim e, 50 s.

Step 2 (charring): tem perature, 1000°C; ramp 
tim e, 10 s; h o ld  tim e, 30 s.

Step 3 (atom izing): tem perature, 2300°C;
ramp time, 0 s; hold  time, 5 s; recorder, ON; read, 
ON; stop flow , O N.

Step 4 (burnout): temperature, 24C0°C; ramp 
time, 0 s; hold  time, 5 s; recorder, OFF; read, OFF; 
flow , 300 m L /m in  (stop flow  OFF).

M a t r i x  M o d i f i c a t i o n
Each tim e a blank, sam ple, or standard is in ­

jected in to  furnace tube, first inject 10 pL 2000 
ppm  nick el solution .
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C a l i b r a t i o n

Zero instrum ent on  reagent blank (15% 
m ethanol d ilu tin g  solu tion).

Inject 20 fiL  50.0 ppm  roxarsone-fortified  
control feed standard (w ork ing standard) into  
furnace tube. Run furnace through its cycle and 
note reading on instrum ent display. Repeat 
standard injection u n til stable readings are ob­
tained (2 or 3 injections). N o w  press sw itch  SI 
to establish  ex istin g  absorbance readings on  the  
disp lay as eq u ivalen t to 50.0 ppm  roxarsone in  
m edicated feed.

O nce satisfactory results are observed, in ­
strum ent is ready for sam ple analysis. Inject 20 
liL sam ple so lu tion  in to  furnace tube, run fur­
nace through its cycle, and record reading from  
instrum ent d isp lay in  ppm  roxarsone.

Calibration o f instrum ent sh ou ld  be checked  
periodica lly  to m onitor changes in  calibration  
that m ay occur as assay progresses.
C a l c u l a t i o n s

ppm  Roxarsone =  instrum ent reading (ppm  
roxarsone) X DF w h ere DF is appropriate d ilu ­
tion factor if  additional d ilu tion  w as used in  
preparation o f sam ple.

R esu lts and D iscu ssio n
U se o f the graphite furnace for sam ple atom ­

ization  a llow s d etection  o f very low  lev e ls  o f 
arsenic. The low er lim it o f detection for arsenic 
by furnace AAS is approxim ately 0.0002 m g/L , 
usin g  an electrodeless discharge lam p and  
background correction (6).

This low  lev el d etection  perm its analysis of 
feeds for organic arsenical (roxarsone) m edica­
tion w ith  little sam ple preparation. This was not 
possib le by flam e AAS because the feed  sam ple  
extract contains less arsenic than the m inim um  
d etection  levels. W ith a m inim um  am ount of 
sam ple preparation required and an approxi­
m ately 2 m in cycle w ith  furnace AAS, the sample 
throughput per day can be rather large (over 100 
sam ples).

The AAS and furnace conditions were studied  
first and a general set o f conditions w as d ev e l­
oped and m onitored  to ensure optim um  co n d i­
tions as the m ethod evolved .

Background correction is necessary for low  
level arsenic analysis, especially w h en  using the 
graphite furnace, because o f the low  UV w a ve­
len g th  (193.7 nm ) used. Background can cause 
h ig h  p ositive values for the reagent blank and  
control feed  extracts, w h ich  result in  an increase 
in  the d etection  lim its. Background correction  
im proves the accuracy and precision  especially

w ith  sam ples such as feed  extracts w h ich  have  
not had the ben efit o f cleanup.

Sam ple d rying in  the furnace tube is a very  
critical step; the sam ple m ust dry w ith ou t 
bubb ling or spattering for accurate and precise 
results. By m onitoring the signal generated  on  
the recorder during the drying cycle, w e  ob­
served  that the drying step required approxi­
m ately 50 s to dry the sam ple com p letely  for a 
brand n ew  furnace tube. After about 100 firings, 
the drying tim e could be reduced to approxi­
m ately 40 s.

The charring or ash in g  step w as studied  from  
500 to 1500°C by run n in g  the furnace through  
its com p lete cycle w ith  sam ple injections. Ac­
ceptable results (low  blank feed  values) w ere  
observed  for charring tem peratures from  600 to 
1100°C. The 1000°C tem perature w as chosen  
because the precision o f assay results w as best at 
that tem perature Tem peratures above 1200°C  
sh ow ed  arsenic losses due to prem ature vo la til­
ization .

The atom ization step was studied from  2000 to 
2700°C. The low est atom ization tem perature 
that can be used successfu lly  is 2200°C. Tem ­
peratures up to 2700°C m ay be used; how ever, 
this is not necessary if com plete atom ization can 
be accom plished  at the low er tem perature. 
H igh er atom ization tem peratures shorten  the  
usefu l life  o f the furnace tubes. At the 2300°C  
temperature selected, a tube is norm ally good for 
m ore than 200 firings.

A burnout step was instituted to make sure that 
m em ory w ou ld  not becom e a problem  and also  
to m inim ize carbon buildup w ith in  the tube (7). 
Burnout is carried out w ith  full flow  o f purge gas, 
and at a temperature about 100°C higher than for 
atom ization. Here again, h igh er tem peratures 
shorten tube life.

U sin g  the conditions described for roxarsone 
analysis, response for the 50 ppm  standard is 
about 0.300 absorbance unit. The furnace tube 
w ill m aintain this response for m any firings; 
how ever, response w ill decrease s ligh tly  as the  
tube is used. The furnace tube sh ou ld  be re­
placed w h en  erosion around the outside o f the  
tube entrance oecom es extensive.

The present AOAC (4, 5) extraction procedure 
for roxarsone specifies 2% dibasic potassium  
phosphate. Furnace AAS response for arsenic 
in this matrix is very poor, on ly  about 25% of the 
expected response. It appears that the phosphate 
interferes w ith  the action of the matrix m odifier 
(nickel) and the arsenic is prem aturely vo la til­
ized  in  the furnace. A queous phosphate ex­
traction was abandoned, and several other basic
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system s, sodium  hydroxide, potassium  hydrox­
ide, am m onium  hydroxide, and am m onium  
carbonate, and one organic base (d iethylam in e) 
w ere investigated .

Sodium  and potassium  hydroxide extractions, 
in vestigated  at the 0.1% lev e l, produced vari­
ability o f results and som e unexp la in ed  h igh  
results. D iethylam ine extraction was only about 
10% complete. Other organic solvents have been  
investigated  earlier and w ere in effective  for 
roxarsone extraction from  feed.

Extraction o f 5 g  o f feed  w ith  200 mL 1% am­
m onium  carbonate produced acceptable results 
for roxarsone-m edicated feeds, w ith  no further 
sam ple treatm ent other than sam ple d ilution . 
Extraction w ith  am m onium  carbonate at con ­
centrations from 0.5 to 2.5% was investigated. At 
the 2.5% level, a general decrease in response was 
observed; otherw ise results d id  not appear to be 
affected, provided  the standard and sam ples 
w ere m aintained in  the sam e matrix. The 1% 
lev e l w as chosen  as optim um .

W ith the extracting solven t chosen, a linearity  
of response study w as undertaken to establish  
the linear w ork ing range for roxarsone in  m ed­
icated feeds in  the am m onium  carbonate matrix. 
Purified reference standard roxarsone w as used  
as the arsenic source. The concentrations stud­
ied  ranged from  0 to 100 ppm  roxarsone equ iva­
len t in  5 g  o f feed  per 200 mL am m onium  car­
bonate extractant. R esponse w as 0.004A for 0 
ppm , 0.153A for 25 ppm , 0.328A for 50 ppm , 
0.536A for 75 ppm , and 0.625A for 100 ppm. 
R esponse is linear up to 75 ppm . At 100 ppm , 
the response is d im in ish ed  sligh tly; how ever, 
results are still satisfactory. A bove 100 ppm , an 
additional d ilu tion  w ith  1% am m onium  car­
bonate is necessary. The appropriate d ilu tion  
factor (DF) m ust be used  in  calcu lating results.

Because the sam ple matrix is a direct feed  ex­
tract w ith  no sam ple cleanup, it contains a con­
siderable am ount o f co-extracted extraneous  
m aterial. Furnace con d ition s had to be opti­
m ized for the feed extract contain ing roxarsone, 
not just for a roxarsone standard solution . O c­
casionally  during the drying step, the feed  ex­
tract em itted  a frying sou n d  w h en  the tube 
reached 100°C and this continued until the water 
was com pletely rem oved. W hen this happened, 
roxarsone results for m edicated feeds w ere al­
w ays h igh  com pared w ith  the external standard 
prepared w ith  1% am m onium  carbonate. A dd­
in g  m ethanol to the d ilu tin g  so lu tion  reduced  
th is problem .

Matrix m odification  is required for arsenic 
analysis to stabilize the arsenic and m ake it less

volatile, a llow in g  charring at tem peratures up  to 
1200°C w ith  no loss o f arsenic. If no matrix 
m odifier is used, arsenic w ill start to volatilize at 
300-400 °C. Charring is especially im portant in  
feed analysis because it destroys organic material 
that could interfere in  the atom izing step. Feed 
extracts w ith  no sam ple cleanup have a matrix 
h igh  in  organic m aterial. Several m etals could  
be used as matrix m odifiers; how ever, n ick el is 
h igh ly  recom m ended and is w id ely  used (8-10). 
It has been  established  (G. M. G eorge et al., 
Salsbury Laboratories, Charles City, IA (1980), 
unpublished data) that the nickel nitrate solution  
should  be added separately to the furnace tube 
and not m ixed in to  the sam ple. To m in im ize  
con fu sion , on e shou ld  d ev elop  the habit o f  
addin g the n ick el to the furnace tube first and  
then  addin g the sam ple. H ow ever, order o f  
addition  o f nickel and sam ple is not im portant.

The 20 pL sam ple injection volum e appears to 
be optim um  because this volu m e provides ade­
quate sam ple to produce the desired response. 
Injection volum es of 25 and 50 pL provided more 
response, but response d ifference b etw een  a 25 
ppm  and 50 ppm  roxarsone feed  decreased, in ­
d icating a change in  linearity.

U nder the analytical conditions of this m eth ­
od, a very sm all am ount o f arsenic is b ein g  d e­
tected in  the final sam ple solution. Sam ple size  
and extraction vo lu m es specified  appear to be 
optim um . If a larger feed sam ple is extracted or 
a larger aliquot is d ilu ted  before injection, the  
h igh er arsenic concentration results in  a n o n ­
linear response.

The stop flow  purge gas m ode used during the 
atom ization  step produced h igh er instrum ent 
readings and also provided  m ore reproducible  
readings from  repeated injections o f the sam e 
sam ple.

A study w as perform ed to determ ine if  the  
arsenic source (organic or inorganic) had any  
effect on  results. Feeds and standards at the 50 
ppm  roxarsone equ ivalent lev e l w ere prepared  
usin g  roxarsone and arsenic trioxide as arsenic 
sources and w ere assayed by the described pro­
cedure using roxarsone as the reference standard 
arsenic source. T heoretical recovery w as ob­
served for the arsenic trioxide-fortified sam ples. 
Furnace AAS response is equivalent for different 
chem ical form s o f arsenic. Reference standard  
roxarsone w as chosen  as the standard arsenic 
source for analysis o f roxarsone-m edicated  
feeds.

This procedure uses a roxarsone-fortified  
control feed  extract as the w ork ing standard for 
calculation o f the drug concentration in  m edi-
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cated feed samples. For A A S  determ inations, 
S lav in  (11) and W elz (12) recommend matching 
the standard matrix to the sample m atrix content 
w hen there is > 0 .1% dissolved solids in  the 
sample. We did this by fortify ing a control feed 
extract w ith  the proper concentration of roxar- 
sone. Th is technique helps to maintain accuracy 
and precision of results. Th is  match is an at­
tempt to make the physical and chemical prop­
erties of the 2 solutions s im ila r (13 ,14).

The control feed used to prepare the reference 
standard must be shown to be acceptable for this 
purpose. The absorption value observed for 
control feed carried through the procedure 
should not be more than 0.030 absorbance unit 
above the reagent blank to be acceptable for use 
in  reference standard preparation.

W ith  the operating conditions established, a 
recovery and reproducib ility study was per­
formed on a control commercial poultry mash 
feed form ulation (Supersweet) fortified in  the 
laboratory at 25 and 50 ppm roxarsone. A t the 
25 ppm fortification leve l, roxarsone recoveries 
ranged from 24.1 to 27.6 ppm (21 injections) w ith  
a mean of 25.9 ppm. The standard deviation 
(SD ) was 1.03 and the coefficient of variation 
(RSD ) was 4.0%. Mean percent recovery was 
103.6. Results at the 50 ppm level were: re­
covery range, 49.3-56.4 ppm (28 in  ections); 
mean, 52.3 ppm; SD , 2.2; RSD , 4.3%; mean per­
cent recovery, 104.5. These values contain no 
correction for blank (control feed) values, nor do 
any recovery values discussed in  this paper. 
Satisfactory recovery and precision were ob­
served for laboratory-medicated feed.

Several nonmedicated control feed samples 
received from customers in  various regions of the 
United States were analyzed by furnace AAS and 
by the A O A C  total arsenic assay (1). Results 
were comparable. The furnace A A S  procedure 
showed a blank calculated as roxarsone of 1.8 
ppm (0.51 ppm total arsenic) and the A O A C  total 
arsen ic  m e th o d  sh o w ed  a b la n k  ca lcu la ted  as 
roxarsone of 1.4 ppm (0.40 ppm total arsenic) 
(Table 1).

To study roxarsone recovery in  d ifferent feed 
formulations by furnace A A S , the nonmedicated 
customer control feeds assayed earlier to estab­
lish  background were fortified in  the laboratory 
w ith  25 and 50 ppm roxarsone and subjected to 
analysis. Results (Table 2) show a mean recovery 
for the 25 ppm level of 103.1% and for the 50 ppm 
level of 104.8%. Feed No. S-141 showed a con­
trol value of 9.3 ppm roxarsone and recovery at 
the 50 ppm fortification level reflects the high 
blank. Th is feed was added to the series to show

Table 1. Determination of roxarsone (ppm) in 
nonmedicated control feed by furnace AAS and AOAC 

total arsenic method

Sample No. Furnace AAS Total As method1

Control 1 1.7 3.8
2 2.5 —
3 3.6 —
4 2.1 —

1494 2.5 1.3
1495 2.7 0.0
1496 1.3 0.0
1497 3.5 0.6
1498 0.5 0.9
1499 0.4 1.0
1500 0.8 1.1
1673 0.9 2.6
1674 1.9 1.0
1675 2.9 2.0

1788R 0.4 0.0
1789R 0.4 2.0

S145 2.3 3.7

Mean 1.8 1.4
SD 1.09 1.25

3 AOAC method 42.005-42.010 (ref. 1).

that results by this method w il l  reflect a h igh 
blank value.

A  random selection of customer roxarsone- 
medicated feeds were analyzed by furnace A A S , 
the A O A C  spectrophotometric method (5), and 
the A O A C  total arsenic method (1). Results by 
the 3 methods (Table 3) compare w e ll. Analysis 
by the Duncan M ultip le  Range Test showed no 
significant difference between the furnace AA S 
and either of the A O A C  methods at the 95% 
confidence level. The feeds used in  th is study 
were customer feeds sent to the feed laboratory

Table 2. Recovery of roxarsone (ppm) from fortified 
customer control feeds by furnace AAS

Sample Nonmedi- 25 ppm 50 ppm
No. cated fortification fortification

1494 2.5 24.2 53.8
1495 2.7 26.9 50.4
1497 3.5 25.9 51.5
1498 0.5 25.4 52.7
1499 0.4 23.9 53.3
1500 0.8 25.0 51.8
1673 0.9 28.0 51.4
1674 1.9 25.6 53.3
1675 2.9 26.9 52.5
1788R 0.4 25.4 49.4
1789R 0.4 25.4 48.8
S141 3 9.3 — 59.6
SI 45 2.3 26.8 52.3

Mean 2.2 25.8 52.4
Rec., % 103.1 104.8

3 Sample No. S141 was not a control feed; some roxarsone 
was present.
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Table 3. Comparison of roxarsone determination (ppm) 
in customer roxarsone-medicated feeds by 3 assay 

methods

Sample No. Furnace AAS Colorin'!.3 Total As method0

Low Levels

1451 18.1 17.0 17.1
1457 8.8 12.0 8.7
1459 9.0 12.0 8.3
1460 15.0 15.0 13.0
1578 22.5 17.5 20.5
1588 17.6 16.0 14.4
1589 18.2 16.5 18.2
1623 15.8 18.0 14.7
1670 12.3 15.5 12.3
1676 11.9 13.5 11.9
1679 14.4 14.5 13.3
1682 17 9 16.5 16.1

High Levels

S91 26.3 25.0 25.2
S92 54.2 50.2 46.3
SI 33 52.2 51.0 48.6
S140 49.0 49.0 44.6
SI 46 51.6 49.0 48.6
S155 40.0 40.0 36.0
S165 42.0 42.0 43.3
S167 46.0 41.0 43.2
S202 40.5 37.0 33.1
S205 29.3 31.0 31.4
S212 29.3 29.0 33.0
S224 21.2 23.0 22.7
S225 53.8 53.0 54.1
S226 40.8 43.0 —

SI 65 38.6 45.0 —

S230 19.6 19.0 —

SI 68 49.7 45.0 —

S227 46.5 45.0 —

S229 54.7 47.0 —

3 AOAC method 42.153-42.160 (ref. 5). 
6 AOAC method 42.005-42.010 (ref. 1).

for assay; the true amount of roxarsone in  these 
samples is not known; hence, recovery cannot be 
calculated.

Because the standard curve indicates linear 
response up to approximately 100 ppm roxarsone 
in feed, a group of medicated customer feeds that 
had been previously assayed by furnace A A S  
were fortified w ith  an additional 25 and 50 ppm 
roxarsone and analyzed again by furnace AA S . 
Th is  fortification raises the roxarsone concen­
tration above the normal use level and also pro­
vides the analytical method w ith  the added 
burden for recovery of roxarsone at elevated 
levels. Mean recoveries (Table 4) were 99.9 and 
102.7% at the 25 and 50 ppm fortification levels, 
respectively.

Furnace A A S  results were compared w ith  re­
sults by A O A C  methods on customer prem ix 
samples in  the concentration range 0.10-1.50% 
roxarsone (exact concentrations unknow n). 
Results from the 3 methods (Table 5) are com­
parable for the prem ix concentrations assayed. 
Assay by furnace A A S  at prem ix levels requires 
an adjustment in  sample size and dilutions. In  
the range 0.1-2.0%, a 0.5 g sample is extracted 
w ith  200 m L 1% ammonium carbonate. Th is 
weight change is equivalent to a d ilution factor 
(D F) of 10. Additional dilutions of '/4 to V40 w ith  
1% ammonium carbonate are necessary in  the 
0.1-2.0% range. For the final sample prepara­
tion, 9.0 m L 15% methanol solution is added to 
1 m L of the d ilution . Results by the 3 assay 
procedures were analyzed by the Duncan M u l­
tip le Range Test. Comparison of the furnace 
AAS method w ith the A O A C  spectrophotometric

Table 4. Recovery of roxarsone from fortified customer roxarsone-medicated feeds by furnace AAS

Sample No.
Colorim.3

ppm'

Furnace AASb

Initial,
ppm

25 ppm added 50 ppm added

Total found, ppm Ree., % Total found, ppm Ree., %

1591 27.0 31.0 53.0 8 8 . 0 85.6 109.2
1611 24.0 25.5 51.4 103.6 75.1 99.2
1636 25.0 25.8 48.8 92.0 72.5 93.4
1638 26.0 26.8 53.6 107.2 76.7 99.8
S146 49.0 47.4 76.7 117.2 100.2 105.6
S155 40.0 39.9 64.6 98.8 92.6 105.4
S165 42.0 47.2 75.4 112.8 99.9 105.4
S168 45.0 48.0 72.5 98.0 99.9 103.8
S202 37.0 40.1 67.1 108.0 94.5 108.8
S226 43.0 44.4 68.7 97.2 96.9 105.0
S227 45.0 48.6 70.7 8 8 . 4 100 0 102.8
S229 47.0 5 5 . 4 77.4 8 8 . 0 102.2 93.6

Mean ree., % 9 9 . 9 102.7

3 AOAC method 42.153-42.160 (ref. 5). 
b Furnace AAS results are averages of duplicate analyses.
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Table 5. Comparison of results of determination of 

roxarsone (%) in premixes by 2 AOAC methods

Sample No. Furnace AAS Colorim.a
Total As 
method b

1592 1.120 1.160 1.340
1600 0.135 0.110 0.102
1601 0.185 0.173 0.151
1603 0.176 0.140 0.161
1604 0.162 0.129 0.118
1607 1.420 1.470 1.550

a AOAC method 42.153-42.160 (ref. 5). 
6 AOAC method 42.005-42.010 (ref. 1).

method or the A O A C  total arsenic method 
showed no sign ifican t d ifference between 
methods at the 95% confidence level.

No attempt has been made to study method 
performance in  mash vs pelleted feeds. More 
than 50% of the feeds received in  our Feed 
A na lys is  Laboratory are pelleted, and the pro­
cedure has been used to analyze them. Results 
do not indicate any bias in  the method. Com ­
parison of results by furnace AA S w ith  2 proven 
methods (1 ,5 ) indicates satisfactory performance 
for the ammonium carbonate extraction in  both 
mash and pelleted feeds.

Other means of reducing matrix interferences 
were also investigated to determine if  accuracy 
and precision could be improved.

The L 'V o v  platform (15-18) was evaluated. 
Using the L 'V o v  platform  in  the furnace tube 
required longer ram ping as w e ll as longer hold 
times at h igher temperatures to satisfactorily 
complete the drying and charring cyc.es. For 
the drying cycle, a 220°C temperature w ith  a 30 
s ramp time and 40 s hold time was required to 
successfully complete the sample dry ing . For 
charring , a 1200°C temperature was required to 
do a complete sample char w ith no change in  the 
ramp or hold times.

Performance of the L 'V o v  platform was stud­
ied by repeated analyses of a poultry control 
mash-type feed laboratory-fortified at 25 and 50 
ppm roxarsone. A t the 25 ppm level, roxarsone 
recoveries ranged from 24.3 to 27.4 ppm (20 in ­
jections), w ith a mean of 25.8 ppm. The standard 
deviation (SD) was 0.81 and the relative standard 
deviation (RSD ) was 3.1%. Mean percent re­
covery was 103.2. Results at the 50 ppm level 
w ere: recovery range, 49.3-54.0 ppm (20 injec­
tions); mean, 50.7 ppm; SD, 1.23; RSD 2.4%, mean 
percent recovery, 101.4. The L'V o v platform 
im proved the accuracy and precision slightly  
when compared w ith  results om itting its use,

how ever, im provem ent was m in im a l and, 
therefore, the L 'V o v  platform is not recom­
mended for use in  routine analyses.

The use of oxygen as a charring aid was stud­
ied by introducing oxygen into the pyro lytica lly 
coated furnace tube after the in itia l sample­
drying step (7, 19, 20). Th is  was done at 600°C 
to prevent rapid deterioration of the furnace 
tube. The tube was then flushed w ith  argon 
before proceeding to the 1000°C charring step. 
No changes were made for the atomization and 
burnout steps

The method was evaluated under these con­
ditions on 25 and 50 ppm laboratory-fortified 
control mash-type feed. A t the 25 ppm level, 
roxarsone recoveries ranged from 24.9 to 28.8 
ppm (10 injections) w ith  a mean of 26.1 ppm (SD, 
0.82, RSD , 3.2%). Mean percent recovery was 
104.4%. Results at the 50 ppm level were: re­
covery range, 48.0-56.2 ppm (12 injections); 
mean, 51.5 ppm; SD , 2.20; RSD , 4.3%; mean per­
cent recovery, 103.0%. These results are very 
s im ila r to results obtained w ithout the use of 
oxygen in the char step (mean percent recoveries
103.6 and 104 5% at the 25 and 50 ppm levels, 
respectively). The addition of oxygen to the char 
step had no apparent effect on the analyte signal 
except a slight loss in  sensitiv ity  was observed
(13). Because this m odification showed no im ­
provement in  precision and accuracy, use of 
oxygen is not recommended.

The addition of organic acid m atrix m odifiers 
(2 1 , 2 2 ) to the feed sample m atrix was investi­
gated as another means of im proving assay re­
sults. Two organic acid m atrix m odifiers, 
ascorbic acid (2 1 ) and citric acid (2 2 ) were added 
to the feed extract. The ir use caused the arsenic 
A A S  readings to become erratic. We did not 
investigate this concept further and do not rec­
ommend using organic acids as matrix modifiers 
for roxarsone determ inations in  m ixed feeds.

W ith  the assay conditions established for 
graphite furnace A A S , a lim ited amount of data 
was generated for furnace analysis of feeds for­
tified w ith  other arsenic-containing compounds. 
F ive  separate portions of a nonmedicated com­
mercial poultry mash starter ration were fortified 
in  the laboratory to contain 100  ppm arsan ilic 
acid, 187.5 ppm nitarsone, or 250 ppm carbar- 
sone, or 10 ppm each for arsenic from arsenic 
trioxide and sodium arsenate. Each feed sample 
was extracted as described under sample prepa­
ration . The prepared samples were then 
subjected to graphite furnace analysis using 
conditions described for the regular pyrolytically 
coated tube and conditions for use of the L 'V o v
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Table 6. Organic and inorganic arsenic determinations in fortified feed samples by furnace AAS with pyrolytically
coated tube

Assay
No.

Arsanilic acid, 
100 ppm

Nitarsone, 
187.5 ppm

Carbarsone, 
250 ppm

Arsenic trioxide, 
10 ppm

Sodium arsenate, 
10 ppm

Dil
Found,

ppm Oil
Found,

ppm Dil
Found,

ppm Dil
Found,

ppm Cil
Found,
ppm

i 2 92.3 2.5 186.5 5 257.8 0 9.8 0 9.8
2 2 92.5 2.5 183.3 5 251.6 0 10.6 0 10.0
3 2 97.3 2.5 184.4 5 246.2 0 9.4 0 10.1
4 2 92.8 2.5 176.9 5 225.6 0 9.2 0 9.4

Mean 93.7 182.8 245.3 9.7 9.8
Rec., % 93.7 97.5 98.1 97.0 98.0

platform . Because the 3 organic arsenicals ana­
lyzed contain more arsenic than does roxarsone 
at the recommended use levels in feed, a further 
sample dilution was necessary to put the arsenic 
concentration in the linear response range for the 
instrum ent. The sample d ilutions were made 
w ith  1% ammonium carbonate before the final 
d ilution w ith  15% methanol solution. Results 
(Table 6 ) show that recovery of the arsenic added 
to these feed samples ranged from 93.7 to 
98.1%.

Analytica l results by furnace A A S  using the 
L'V o v platform for feed samples fortified w ith  
organic and inorganic arsenic are shown in  Table
7. Recovery of added arsenic ranged from 98.7 
to 103%.

The standard used for the above samples was 
the 50 ppm roxarsone-fortified control feed ex­
tract standard as described under sample prepa­
ration. For determ ining these other arsenic- 
containing compounds, the instrum ent was 
programmed to read ppm arsenic. Therefore, 
the concentration readout was programmed to 
read 14.24 ppm arsenic (50 ppm roxarsone X 
28.48% arsenic = 14.24 ppm arsenic). The arse­
nic concentration observed for each of the forti­
fied samples was then converted by the appro­

priate factor to the concentration of each organic 
arsenical assayed (arsanilic acid = 2.90, nitarsone 
= 3.30 and carbarsone = 3 47).

The recovery study on the above organic ar­
senicals and inorganic arsenic was very  lim ited. 
However, the recovery observed for the different 
forms of arsenic in  the fortified feed was near 
theoretical. Th is furnace A A S  assay is oased on 
a total arsenic response and is nonspecific as to 
the form of arsenic present. The assay uses an 
extraction procedure for rem oving arsenic or 
arsenicals from feed. Results show that the 1% 
ammonium carbonate is adequate f or extracting 
arsenic from feed for each of the different forms 
of arsenic studied. H owever, conditions of feed 
extraction and instrum ental parameters have 
specifically been optimized for the determ ina­
tion of roxarsone in  fin ished anim al feeds. 
W hile  results for the other arsenicals and the 
inorganic arsenic were satisfactory, conditions 
have not oeen optimized for arsenical com­
pounds other than roxarsone.

Experim entation on optim izing detection 
conditions has shown that the assay procedure 
is rugged. A rather w ide range of furnace pa­
rameters w ill  produce satisfactory results. Use 
of L 'V o v platform did produce a slight im-

Table 7. Organic and inorganic arsenic determinations in fortified feed samples by furnace AAS using the L’Vov
platform

Arsanilic acid, 
100 ppm

Nitarsone. 
187.5 ppm

Carbarsone, 
250 ppm

Arsenic trioxide, 
10 ppm

Sodium arsenate, 
10 ppm

Assay
No. Dil

Found,
ppm Dil

Found,
ppm Dil

Found,
ppm Dil

Found,
ppm Dil

Found,
ppm

i 0 95.5 2.5 184.4 5 260.3 0 9.6 0 9.6
2 0 95.1 2 5 188.3 5 252.9 0 10.7 0 10.9
3 2 101.9 2.5 188.9 5 258.5 0 10.5 0 10.6
4 2 102.5 2.5 181.7 5 255.9 0 9.9 0 10.0

Mean 98.7 185.8 256.9 10.2 10.3
Rec., % 98.7 99.1 102.8 102.0 103.0
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provement in  precision of assay results, but 
h igher temperatures were required for drying 
and charring of sample. The L'V o v platform is 
not recommended for routine use. The intro­
duction of oxygen into the char step to burn off 
interferences did not improve results nor did the 
quality of data decrease appreciably. The addi­
tion of organic acids to the sample matrix did not 
im prove results. The method of sample prepa­
ration and the instrumental parameters used for 
roxarsone also produced satisfactory results for 
the analysis of arsan ilic acid, nitarsone, carbar- 
sone, arsenic trioxide, and sodium arsenate in 
laboratory-fortified feed samples.

It should be understood that the instrumental 
parameters described are optimum for the Per- 
k in-E lm er equipment used. An  analyst using 
other equipment may find  it necessary to opti­
mize these instrum ental parameters for that 
particu lar equipment.

In  conclusion, a procedure for the determ ina­
tion of roxarsone in  fin ished anim al feeds has 
been developed and evaluated using graphite 
furnace sample atomization and AA S detection. 
Method performance was satisfactory for a wide 
concentration range (0 -1 0 0  ppm) in  fin ished 
feeds and also at prem ix concentrations w ith  
adjustments made for sample size and dilution . 
The method is accurate (104% recovery) and 
precise (4.1% RSD) at the 25 and 50 ppm roxar­
sone medication levels. The procedure is also 
capable of successfully determ ining ether or­
ganic arsenicals used as feed additives, as w ell as 
inorganic arsenic.

The overall accuracy for inorganic arsenic in 
a feed m atrix is 1 00 .1% recovery w ith  an overall 
precision (RSD ) of 5.19%.

The standard deviation for arsenic (28.48% As 
in  roxarsone) in  a nonmedicated feec matrix 
calculated from the control feed data (Table 1) is 
0.31 ppm. A  commonly accepted calculation of 
lower lim it of detection (lid ) is 2 standard de­
viations of background noise above zero (23). 
The lid  for th is method is estimated to be 0.62

ppm As w h ich  is s lig h tly  low er than the 0.71 
ppm lid  for arsenic by the A O A C  total arsenic 
method.

References
(1) O ffic ia l M ethods o f A nalysis  (1980) 13th Ed., AOAC, 

Arlington, VA, secs 42.005-42.010
(2) Morrison, J. L. (1961) /. Assoc. O ff. A g ric . Chem. 44, 

740-741
(3) O ffic ia l M ethods o f A nalysis  (1980) 13th Ed., AOAC, 

Arlington. VA, secs 25.012-25.013
(4) George, G. M.. & Morrison, J. L. (1971) /. Assoc. O ff. 

A n a l Chew. 54, 80-85
(5) O ffic ia l Meehods o f A nalysis  (1980) 13th Ed., AOAC, 

Arlington, VA, sec. 42.153-42.160
(6) Beaty, R. E. (1978) Concepts, In s tru m e n ta tio n  and 

Techniques in  A to m ic  A bsorp tion  S p e ctropho tom etry , 
Perkin-Elmer Corp., Norwalk, CT

(7) Delves, H. T„ & Woodward, J. (1981) A t.  Spectrosc. 
2, 68-70

(8) Ediger, R. D .  (1975) A t. Absorp t. N ew sl. 14, 5
(9) Stein, V. B„ Canelli, E. & Richard, A. J. (1980) A t.

Spectrosc. 1,133-137
(10) Srydlowski, F. J. (1977) A t.  A bsorpt. N ew sl. 16, 

60-63
(11) Slavin, W. (1568) A to m ic  A bsorp tion  Spectroscopy, 

Vol. 25, Interscience Publishers, New York, NY, 
pp. 64, 72

(12) Welz, B. (1976) A to m ic  A bsorp tion  Spectroscopy, 
Aulf-Weinheim, New York, NY, p. 100

(13) Hobert, J., & Candelaver, R. M. (1980) Af. Spectrosc.
1, 90-93

(14) Thompson, D. D„ & Allen, R. J. (1981) A t. Spectrosc.
2, 53-58

(15) Slavin, W„ & M anning, D. C. (1979) A n a l. Chem. 
51,261-265

(16) Gregorire, W. M., & Chakrabarte, C. L. (1977) Anal. 
Chem. 49, 2018-2028

(17) Hinderberger, E. J., Kaiser, M. L., & Koirtyahann,
S. R. (1981) Af. Spectrosc. 2, 1-7

(18) Fernandez, F. J., Beaty, M. M., & Barnett, W. B. 
(1981) Af. Spectrosc. 2, 16-21

(19) Beaty, M„ Barnell, W„ & Grobenski, Z. (1980) Af. 
Spectrosc. 1, 72-77

(20) Beaty, R. D„ & Cooksey, M. M. (1978) Af. Absorpt. 
N ew sl. 17, 53-58

(21) G uerirem ort, R. (1980) A n a l. Chem. 52, 1574- 
1578

(22) Hydes, D. J. (1980) A n a l. Chem. 52, 959-963
(23) Kahn, H. L. (1968) A d v. Chem. Ser. N o. 73, American 

Chemical Society, W ashington, DC, pp. 191-192



720 SEN ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 3, 1982)

F O O D  A D D IT IV E S

G a s - L i q u i d  C h r o m a t o g r a p h i c - T h e r m a l  E n e r g y  A n a l y z e r  
D e t e r m i n a t i o n  o f  N - N i t r o s o d i m e t h y l a m i n e  i n  B e e r :  C o l l a b o r a t i v e  
S t u d y

NRISINHA P. SEN, STEPHEN SEAMAN, and MIKELIS BICKIS
Health and Welfare Canada, Food Directorate, Health Protection Branch, Ottawa, Ontario,
Canada K1A 0L2
Collaborators: M. Castegnaro; G. Ellen; T. Fazio; W. Fiddler; D. H. Fine;
W. C. Herwig; P. Issenberg; A. B. Lacey; R. Massey; T. O'Brien; R. Scanlan;
G. Thomas; J. Thomsen
The GLC/TEA method for N -nitrosodim ethylam ine 
(NDMA) in beer was studied collaboratively by 13 
laboratories from 7 countries. Collaborators were 
asked to analyze a total of 10 random ly labeled sam ­
ples of beer consisting of the follow ing duplicates: 
a naturally  contam inated commercial beer; a beer 
extrem ely low (ca 0.1 ppb) in NDMA; and the low 
NDMA beer spiked w ith 0.5,1.9, and 5.0 ppb NDMA. 
The pooled repeatability  and reproducibility  coef­
ficients of variation (CV) for all samples were 17% 
and 27%, respectively. However, when data from  2 
laboratories (outliers) were om itted, the corre­
sponding CV values improved considerably (11% and 
15%, respectively). Variance analysis showed the 
presence of a significant laboratory-sam ple interac­
tion when all data were used for analysis, bu t this 
interaction disappeared when data from  the 2 
outly ing laboratories were excluded. The pooled 
percent recovery of the overall m ethod (om itting 
outliers) was 101.4 ±  3.5. All the laboratories de­
tected NDMA in the low NDMA beer. The m ethod 
was adopted official first action.

Traces of N-nitrosodim ethylam ine (N D M A ), a 
potent carcinogen, have been reported to occur 
in  certain types of alcoholic beverages, especially 
beer and ale (1). Studies in  Germ any (2) and 
other countries ( 1) have shown that m alt is the 
source of the contamination. As a result of im ­
proved m alt-drying techniques introduced 
during the past 2 years, levels of N D M A  in  both 
m alt and beer have decreased sign ifican tly  (1). 
Current average levels of N D M A in various beers 
and ale in  Canada (3) and the United States (4)
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have been reported to be 0.4 ppb and 0.5-1 ppb, 
respectively.

A t the 1980 annual meeting of the A O A C , the 
Associate Referee reported (5) a sensitive and 
accurate method for determination of N D M A  in 
beer and ale as low  as 0.1 ppb. Th is  paper de­
scribes the results of the collaborative study of 
that method.

N-Nitrosodimethylamine (NDMA) in Beer 

Gas-Liquid Chromatographic Method 

Official First Action 

Method II

10.00 P r i n c i p l e
Sample is treated w ith  sulfamic acid and HC1, 

and N-nitrosodipropylam ine (N D P A ) is added 
as internal std. Soln is made alkaline , and 
N D M A  is sepd by distn and detd by G LC  w ith  
therm al energy analyzer (T E A ) detector.

C a u tio n : N-Nitrosam ines are potent carcino­
gens; take adequate precaution to avoid exposure. 
C arry out a ll steps, w herever possible, in  w ell 
ventilated fume hood and wear protective gloves 
w h ile  handling nitrosam ine stds Use mech. 
pipetting aids for measuring all solns. Use sep. 
pipetting device for measuring stcs ar.d mark it 
appropriately; do not use it for pipetting other 
reagents. Because these compds are h ig h ly  
photolabile, all work should be carried out under 
subdued light. Destroy a ll n itrosam ine stds by 
boiling w ith  HC1, K I , and sulfam ic acid before 
disposal.

10.01 R e a g e n t s
(a) D ich lo ro m e th a n c .—Distd in  glass. Test each 

bottle before use: Cone. 200 m L to 1 m L as de­
scribed under C o n c e n tr a tio n  and then analyze 10

0004-5756/82/6503-0720-10$01.00 
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SEN ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 3, 1982) 721

u L aliquot by G LC -TEA . Test must show ab­
sence of N D M A .

(b) S o d iu m  s u l fa te .—A nhyd . (granular). Test 
each bottle as fo llow s: D issolve 40 g in  50 m L 
H 20 ,  add 2 m L ION K O H , ext w ith  two 50 m L 
portions of C H 2C I2, d ry ext over anhyd. Na2S0 4  
as described later, cone, to 1 m L, and analyze 10 
p L  aliquot by G LC -TEA . Ext must be free of 
N D M A.

(c) D is tilled  o r  d e io n ize d  w a te r .—Test as follows: 
Take 50 m L H 20 ,  add 2 m L 10N K O H , ext w ith  
two 50 m L portions of C H 2C I2, and test for 
N D M A  contamination as under (b). I f  test under
(b) is neg. (w h ich  includes 50 m L H 2O ), there is 
no need to test H 2O sep.

(d) B oilin g  a id s .—Boileezers® (Fisher Scientific 
Co ., Catalog No. B-365), or equiv.

(e) S u l fa m ic  ac id . — 10% in  H zO; store at 4°.
(f) K O H . — 10N and 3N; store in polyethylene 

bottles.
(g) N D M A .— ( 1 )  S to c k  s o ln ,  10 m g / m L .— A c­

curately weigh (±0.0001 g) ca 100 mg in  10 m L 
vo l. flask (w ith  polyethylene stopper), d il. to 
mark w ith  C H 2C12, and m ix w ell. Store at —20°, 
and warm  to room temp, in  the dark before use. 
Prep, fresh stock soln once a year. (2) D ilu te  
s o ln s .—By serial d ilns (using >1 m L pipets) (2, 
above), prep, the fo llow ing  N D M A  solns in  
C H 2C12: 500, 200, 100, 40, 20 ,10 , and 5 ng/m L. 
Store at —20° and warm  to room temp, in  dark 
before use. Prep, fresh d il. stds once a month.

(h) N -N itro so d i-n -p ro p y la m in e  (N D P A ) stds.
—As described above, weigh and prep, soln 
contg 250 ng N D P A /m L anhyd. EtO H . Note: 
D ild  stds available from com. firm s are accept­
able. A lw ays use appropriate solvs (C H 2C12 for 
N D M A  and anhyd. EtO H  for N D PA ) for d ilns.

10.02 A p p a r a t u s
(a) G r a h a m  condenser.—No substitutes, w ith  

24/40 joints, jacket length 200 mm (Kontes No. 
K-439000).

(b) K u d e r n a - D a n is h  (K - D ) e v a p o r a t iv e  c o n c e n ­
tr a to r .—250 m L capacity, w ith  24/4o column con­
nection and 19/22 low er jo int, complete w ith  
springs (Kontes No. K-570000).

(c) K - D  c o n c en tra to r  tu b e .—4 m L capacity, w ith 
19/22 jo int, and 0.1 m L subdivisions from 0 to 2.0 
m L (Kontes No. K-570050). Check accuracy of 
graduations. Use w ith  pennyhead stoppers (19/22 
jo int).

(d) S n y d e r  c o lu m n .—3 section, 150 mm, w ith  
24/40 joints (Kontes No. K-503000).

(e) M ic r o  S n y d e r  c o lu m n .— 3 chambers, w ith  
1?/22 jo int (Kontes No. 569001:3-19).

(f) G L C  c o lu m n s .— 6  ft X  Vs in . (od) stainless 
steel column packed w ith  20% Carbowax 20M 
and 2% N aO H  on 80-100 mesh acid-washed 
Chromosorb P. Colum n must be able to handle 
10 p L  sample ext and must give good resolution 
of N D M A  peak from both solv. (in  beer ext) and 
N D P A  peaks. Injector and column temps, 220° 
and 170°, resp. Carrie r gas (A r) flow , 25-30 
m L/m in .

(g) G L C - th e r m a l  e n e r g y  a n a ly z e r .—Therm o 
Electron Corp., Waltham, M A , connected to 1 mV 
recorder. Operate according to instrum ent 
manual and w ith  —110° to —130° slush bath. 
Adjust instrum ental parameters, such as vac. 
chamber pressure, O flow , calibration knob, etc., 
to obtain proper sensitiv ity . Set recorder chart 
speed at ca 0.5 cm /m in.

N o te :  Thoro ly clean a ll glassware before use. 
A fter norm al cleaning and w ashing , wash w ith  
chromic acid. If  contamination s till exists, rinse 
a ll glassware w ith  C H 2C12 before use. Let 
charred residue in  distn flask soak w ith  d il. alkali 
and then wash in norm al manner.

10.03 S a m p l i n g  a n d  S t o r a g e
Store beer sample at 4° in  dark and analyze as 

soon as possible. W hen opening bottle or can, 
transfer ca 120 m L aliquot into g-s erlenm eyer 
and store as above. A lte rn ative ly , recap bottle, 
using bottle capper, after taking aliquot. In  the 
latter case, test 4% ale. ext of new cap line r for 
N D M A  contamination before use.

10.04 D i s t i l l a t i o n
Accurately weigh 50 ± 0.1 g beer into 1 L  distn 

flask and add 1.0 m L each of 10% sulfam ic acid, 
N D P A  internal std (250 n g /m L), and IN  HC1. 
M ix contents by gentle sw irling  and let stand in  
dark 10 m in. Then add 10.0 m L 3N K O H  and 2 
sm all Boileezers, and m ix. Set up distn app. so 
that connecting adapter slopes dow nw ard 
toward vertical Graham condenser. Loosely 
wrap glass wool around distn flask and con­
necting adapter. Set up 100 m L graduate under 
condenser to collect distillate. Cooling H 20  for 
condenser should be < 2 0 °.

D uring in itia l 10 m in of d istn , adjust rheostat 
(usually at 50) so that m ixt. boils smoothly 
w ithout too much frothing or bumping. Watch 
constantly for excessive foaming and, if  neces­
sary, turn off heat for 1-2 m in. A fter 10 m in, 
increase rheostat setting to 60 or 65 and continue 
distn (watch for foaming) u n til most of soln is 
distd. Stop distn w hen ca 55 m L distillate is
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collected. Do n o t h e a t d is tg  f la s k  to  c o m p le te  d r y ­
ness; this may give erroneous results. Total distn 
time should be <1 h. I f  any portion of sample 
foams over during distn, discard experiment and 
start over w ith  fresh aliquot.

10.05 E x t r a c t i o n  a n d  C l e a n u p
Disconnect adapter after distn ; do not rinse 

adapter. Add 2.0 m L ION K O H  to distillate in  
graduate and transfer to 250 m L separator. Use 
same cylinder for a ll subsequent measuring of 
C H 2C I2. R inse condenser w ith  50 m L C H 2C I2, 
and collect rinsing  d irectly into separator contg 
distillate and K O H . Ext distillate w ith  C H 2C I2 
by shaking vigorously 2 m in and drain off 
C H 2C I2 layer into second separator. Ext aq. layer 
w ith  2 addnl 50 m L portions of C H 2C I2 and 
combine a ll C H 2C I2 exts in  second separator. 
D iscard aq. layer.

Place 40 g anhyd. Na2S 0 4 in  coarse sintered- 
glass buchner, wash w ith  ca 20 m L C H 2C I2, and 
discard washing. Assemble 250 m L K -D  evap­
orative concentrator w ith 4 m L concentrator tube 
at bottom. W hile  connecting bottom tube, wet 
joint w ith  C H 2C I2 and attach springs. D ry 
combined C H 2C I2 ext by passing through 
N a2S0 4  bed on buchner and collecting ext d i­
rectly in  K -D  concentrator. Wash Na2S 0 4 bed 
w ith  further 20 m L C H 2C I2 and collect washing 
in  K -D  concentrator.

10.06 C o n c e n t r a t i o n
Add 1 tiny piece (1-2 mm) of Boileezer to 

contents of K -D  flask, attach 3-section Snyder 
colum n, and cone, ext by heating flask in  H 20  
bath (50-60°). In it ia lly  m aintain outside H 2O 
level close to level of C H 2C I2 inside flask and 
continue heating until coned ext is ca 4 m L (ca 40 
m in). (If  excessive boiling occurs during concn, 
control it either by raising flask slig h tly  out of 
H 20  bath or by decreasing temp, of bath.) F i­
n a lly  raise flask above H 20  and let condensed 
C H 2C I2 in  Snyder column drain into flask. Add 
ca 1 m L C H 2C I2 to top of Snyder column and let 
it drain into flask. Disconnect concentrator tube 
from flask.

Add another tiny piece of Boileezer to contents 
and attach micro Snyder column and springs. 
Cone, ext to ca 0.8 m L by heating concentrator 
tube in  50-60° H 20  bath. L if t  out or immerse 
tube in  H 20  to control boiling rate but d o  n o t lift 
tube completely out of H 2O bath; this w il l  stop 
action of Boileezer. A v o id  o v e r h e a t in g  a n d  e x c e s ­
s iv e  a c c u m u la tio n  o f  C H 2 C I2  in  c o lu m n  c h a m b ers . 
Stop concn when C H 2C I2 level reaches ca 0.8 m L; 
do not cone, to less than 0.8 m L. Carry out this

fina l concn step s low ly , taking at least 30 m in. 
Raise tube (bottom still touching H 20 ) ,  let liq . 
drain , and note vo l. to see if  it is ca 0.8 m L. If  
>0.8 m L, continue concn as above. F ina lly , rinse 
micro Snyder column w ith  a few drops of 
C H 2C I2, let rinsing  drain to tube, disconnect 
colum n, and d il. ext to 1.0 or 1.1 m L (not >1.1 
m L). (Do not use N stream for concentrating ext 
at any stage.)

Stopper tube, m ix in  vortex m ixer, and store at 
4° in  dark u n til analysis. Let warm  to room 
temp, and note vo l. before analyzing ext.

10.07 R e a g e n t  B l a n k
To ensure absence of contamination, carry out 

reagent blank taken thru a ll steps as mentioned 
above, except use 50 m L 4% alcohol in  H 20  in ­
stead of 50 g beer. Inject 10 /rL ext for G LC -T E A  
analysis as described below.

10.08 D e t e r m i n a t i o n  o f  S t a n d a r d  C u r v e
Set attenuation (usually 4) of T E A  detector so 

that injection of 30 pg N D M A gives definite peak 
w ith  acceptable background. Using th is atten­
uation, analyze 6 p L  aliquots, in  duplicate, of 
N D M A  stds 5 ,10 , 20, and 40 ng/m L. Before in ­
jection, draw out syringe plunger s lig h tly  and 
note exact vol. of ext to be injected (there must be 
a small air gap between sample and rinsing solv. 
already inside needle). During injection, make 
sure no sample is lost thru back of p lunger due 
to back pressure. After injection, hold needle in  
septum 5 s before w ithdraw ing .

Next, choose a higher attenuation setting that 
gives on-scale peak for 6 p L  of N D M A  std 500 
ng/m L. Using this setting, analyze 6  p L  a li­
quots, in  duplicate, of N D M A  stds 500, 200,100, 
and 40 ng/m L.

Accurately measure peak hts (±0.1 cm) and 
det. av. peak hts of 2 injections at each concn. If  
exactly 6 p L  is not injected, make appropriate 
corrections and convert all peak hts equiv. to 6.0 
p L  injections. D raw  2 std curves, one for each 
attenuation setting, peak hts vs pg injected. Det. 
std curve w eekly .

10.09 A n a l y s i s  o f  B e e r  E x t r a c t
As above, inject 6 p L  aliquots of beer ext, in 

duplicate, using lowest attenuation setting sen­
sitive to 30 pg N D M A . Measure and det. av. 
peak ht corresponding to 6.0 p L  injection. 
Compare this av. peak ht w ith  std curve and det. 
w h ich  std N D M A  soln, w hen iniected under 
same attenuation setting, produces closest peak 
ht. Choose that N D M A  std soln , inject 6  p L  a li­
quots, in  duplicate, and det. av. peak ht.
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I f  sample ext on first injection produces off- 
scale peak, choose a higher attenuation setting 
116 or 32) and carry out analysis, in  duplicate, as 
above. A lso analyze corresponding std N D M A  
soln at same attenuation. For samples g iving 
off-scale peaks at attenuation 32, d il. exts w ith  
C H 2C I2 to 5.0 m L in  a vo l. flask and re-analyze. 
F o r a c c u r a te  r e s u lts ,  a n a ly z e  b eer  e x t  a n d  c o rre ­
s p o n d in g  s td  u n d e r  s a m e  a t te n u a tio n  s e t t in g  a n d  a ll 
-w ith in  6 0  m in .

If , on the other hand, ext gives neg. result for 
N D M A  or peak is too sm all to measure, inject 10 

aliquots, in  duplicate (use 25 p L  syringe). 
S im ila rly , inject duplicate 10 p L  aliquots of 
N D M A  std 5 ng/m L for quantitation. To 
achieve 0.1 ppb detection lim it, 10 p L  aliquots of 
beer ext must be analyzed under attenuation 
setting that gives detectable peak for 30 pg 
N D M A.

N o te :  I f  using 25 p L  syringe, w h ich  usually 
has thick needle, watch for septum damage and 
check for leaks. To be on safe side, u se  a n e w  
s e p tu m  daily .

r 0.C20 C a l c u l a t i o n
Calc, concn of N D M A in beer, using following 

formula:

Uncorrected ppb N D M A  in  beer = ( h i p v 2) /
(h 2 g v i )
where h 1 = av. N D M A peak ht (cm) of beer; h 2 = 
£v. peak height (cm) of corresponding N D M A  
std; p  =  pg N D M A  that produced h 2 peak ht; V \  
= p L  beer ext injected; v 2 = final vol. (m L) of beer 
ext; g  = g beer taken for analysis.

C o rrec tio n  fo r  % r e c o v e ry  o f  N D P A .  —Accurately 
measure peak ht of N D PA  peak on each beer 
chromatogram and calc. av. peak ht of 2  injec­
tions. Make appropriate corrections if  final vol. 
of beer ext is not exactly 1.0 m L or injection vol. 
is not exactly 6.0 p L .  Then (w ith in  60 m in) in ­
ject, in  duplicate, 6 p h  N D PA  std (250 ng/m L) 
under same attenuation setting. Calc av. peak 
ht and correct value if  exactly 6.0  p L  is not in ­
jected. Calc. % recovery of N D PA  for each 
sample. I f  recovery of N D PA  is less than 80%, 
repeat analysis from beginning. F in a lly , correct 
results as fo llows:

Corrected ppb N D M A  in  beer = (uncorrected 
ppb/% recovery of N D PA ) X  100. 4

(4) The fo llow ing method for the determ ina­
tion of barley extract, Report of Subcommittee on

Methods of Barley Analysis (M ay 1, 1945) 
Am erican Society of Brew ing Chem ists, 3340 
P ilo t Knob Rd, St. Paul, M N , p. 31; Report of 
Subcommittee on Methods of Barley A nalysis 
(1946) A m . Soc. B rew . C h e m . P ro c ., p. 92; /. Assoc. 
O f f .  A n a l .  C h e m . 64,1138 (1981), was adopted of­
fic ia l first action as an A S B C -A O A C  method:

Collaborative Study

Ten bottles of beer consisting of 5 pairs of 
b lind  duplicates were sent to each of 13 labora­
tories. They were asked to carry out single 
analyses on each sample and report the results on 
the forms provided. Samples consisted of the 
following beers: Nos. 1 and 6 were a commercial 
beer taken from the same batch; Nos. 2 and 7 
were a specially made commercial beer extremely 
low in N D M A content (made from a low N D M A  
m alt); Nos. 3 and 10 were the low  N D M A  beer 
spiked w ith  0.5 ppb N D M A ; Nos. 4 and 12 were 
the low N D M A beer spiked w ith 1.9 ppb N D M A; 
and Nos. 5 and 9 were the low  N D M A  beer 
spiked w ith  5 0 ppb N D M A. To obtain in fo r­
mation on day-to-day variation of results for 
duplicate samples, laboratories were requested 
to fo llow  a predetermined schedule of analysis 
so that no 2  replicates would be analyzed on the 
same day. They were also asked, for the reason 
explained be lcw , to weigh the content (± 1  g) of 
each bottle and report it w ith  the results. Each 
laboratory was instructed to procure and prepare 
its own standards of N D M A  and N-nitrosodi- 
n-propylamine (N D P A ), used as an internal 
standard. Thus, on ly the samples and a copy of 
the method were provided to the laboratories.

Because no appropriate facilities to prepare 
large batches of spiked beers were available at the 
Associate Referee's laboratory, and several 
breweries contacted were unable to prepare them 
in their plants, the preparation of these samples 
presented a special problem. The only choice 
left was to spi<e each bottle ind iv id ua lly . For 
the spiking experiment, a special blank beer was 
made (through the courtesy of Carling  O 'Keefe 
Breweries of Canada Ltd, Toronto, Ontario) from 
a malt that was extremely low in  N D M A content. 
Each bottle of this beer, w h ich  had an average 
N D M A  content of 0.1 ppb, was filled  by using a 
m anually operated f il le r  so that the variation of 
contents from bottle to bottle would be m in i­
mum. Subsecuent measurements of the con­
tents of 8 random ly selected bottles were 342.2 
± 0.1 m L (SD ), ensuring their un ifo rm ity in 
contents. M oreover, each collaborator also 
measured the content of each bottle, thus e lim i­
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nating any possib ility of error in  fillin g . Each 
bottle was carefully spiked w ith  5.0 m L of diluted 
N D M A  standards of appropriate strength, re­
capped im m ediately, mixed w e ll, and stored at 
4 °C  until ready to be shipped.

To prevent breakage and to expedite delivery , 
samples were sent by a ir freight in  specially de­
signed styrofoam containers. A ll laboratories 
except one received them w ith in  2-3 days. Be­
cause of delay in customs, one laboratory did not 
receive the samples until 2-3 weeks later. There 
was just enough space for 10 bottles in  the spe­
c ia lly  designed container, so no practice sample 
was sent. Instead, each laboratory was asked to 
analyze Sample 1 first, to report the results by 
telephone or telex w ith in  1 week, and to proceed 
w ith  the analysis of the rest of the samples only 
after being advised by the Associate Referee to 
proceed. They were inform ed beforehand that 
this was not a practice sample and the result they 
reported w ould be fina l. Th is  arrangement 
worked w e ll, and a ll except one laboratory ob­
tained the expected results on first analysis. 
Collaborators were asked to complete the anal­
ysis of the rest of the samples w ith in  2 weeks of 
completing the first step.

S t a t i s t i c a l  M e t h o d s
The study yielded a set of data, x ^ ,  where i 

denotes the laboratory, j denotes the level of 
contamination, and k denotes the ind iv idua l 
sample w ith in  a level. The analysis consisted of 
3 parts: identification of outliers, estimation of 
variance components, and estimation of percent 
recovery for the overall method. A na lys is  was 
done on both the reported data and on the nat­
ural logarithms of the data. (Th is latter analysis, 
w h ich  effectively considers relative rather than 
absolute errors, would be the appropriate one if  
the coefficient of variation were constant across 
a ll levels.)

Tests for outliers were done on the means of 
duplicates (*¡¡1 + v ij2) / 2 ), on differences between 
the duplicates (Xjji — x 1|2), and on the overall re­
sults of the laboratory, by using methods of 
Cochran (6 ), D ixon (7), and Thompson and W ilke 
(8 ) as described by Steiner (9).

W ith in  each N D M A  leve l, variance compo­
nents of between-laboratory (er£) and w ith in- 
laboratory (ct| )  variation , and repeatability and 
reproducib ility were calculated as described by 
Steiner (9). In  addition, fo llow ing  Steiner, an 
analysis combining all levels was performed, but 
this jo int analysis was done on the natural loga­
rithm s of the data. The joint analysis gives 2 
components of variance in  addition to the

within-laboratory error. These are a laboratory 
effect (<Tl ) w h ich  quantifies the differences be­
tween laboratories that are consistent across a ll 
levels, and a laboratory-sample interaction (of s) 
w h ich  quantifies laboratory effects specific to 
certain levels. (Because the analysis is done on 
the log scale, a "consistent" difference is defined 
as a proportionate one, e.g., a laboratory w h ich  
overestimates a 1 ppb sample as 1.1 ppb w ill also 
overestimate a 5 ppb sample as 5.5 ppb.) Overall 
reproducibility was calculated as V of. + ofs + ° e- 
Standard deviations of logarithm ically trans­
formed data can be interpreted as coefficients of 
variation, so these estimates were not divided by 
the mean.

These analyses follow standard random effects 
methods (10 , 1 1 ) w ith  samples nested w ith in  
laboratories (random effects) and for the joint 
analysis, N D M A  levels (fixed effects) crossed 
w ith  laboratories.

Because 8 of the 10 samples were in fact sim ilar 
samples spiked w ith  known amounts of N D M A , 
it is possible to estimate the bias. I f  one assumes 
that each laboratory has a bias proportional to the 
amount present (i.e ., constant percent recovery), 
then the bias can be modeled by

y = P(z +  x)
where z  is the amount naturally present, x  is the 
amount added, and y is the amount reported. 
The coefficient, /3, measures the percent recovery. 
The parameters /3 and z were estimated for each 
laboratory by a method as described in  the ap­
pendix.

Results and Discussion

Table 1 is a compilation of results reported by 
the participating laboratories. The percentage 
recoveries of N D PA  internal standard for a ll 
analyses are given in  Table 2. A s can be seen, 
except in the case of Laboratory B the percentage 
recoveries were excellent. A ll  laboratories were 
also able to detect the low level of N D M A  in 
Samples 2 and 7, thus confirm ing the m inim um  
detection lim it of the method w h ich  had been 
claimed to be 0.1 ppb.

As mentioned above, all laboratories weighed 
the content of each bottle. Their data confirmed 
our find ings that the bottles were un ifo rm ly 
filled . The average (± SD) for all unspiked, low 
N D M A  beers (Nos. 2 and 7) and those (Nos. 3, 4, 
5, 9, 10, 12) spiked w ith  5 m L N D M A  standard 
solution (in  10% ethanol) were 341.5 ± 1.7 g and
346.5 ± 2.2 g, respectively. By checking the 
content of each bottle, it was possible to detect a 
sp iking error for Sample 5 for Laboratory K ,
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Table 1. Results reported by various laboratories: ppb NDMA detected *

Sample6 A B C D E F G H 1 J K L M Meanc

1 0.6 0.5 0.6 0.5 0.6 0.6 0.5 0.7 0.4 0.8 0.5 0.6 0.4 0.58
6 0.6 0.6 0.5 0.4 0.6 0.6 0.5 0.5 0.5 0.4 0.6 0.7 0.4 0.542d 0.10 0.23 0.13 0.11 0.15 0.11 0.12 0.12 0.13 0.16 0.13 0.13 0.1 0.13
7 0.12 0.28 0.18 0.11 0.11 0.10 0.20 0.17 0.13 0.11 0.16 0.11 0.1 0.16
3 0.7 0.8 0.7 0.5 0.7 0.7 0.7 0.7 0.5 0.6 0.7 0.6 0.4 0.66

10 0.6 0.9 0.6 0.5 0.7 0.6 0.7 0.7 0.5 0.6 0.7 0.7 0.1 0.65
4 2.1 2.0 2.0 1.9 2.2 2.1 2.3 2.2 1.7 1.7 1.9 2.4 1.1 2.04

12 1.9 2.3 2.2 1.9 2.1 2.2 2.1 2.3 1.8 1.7 2.1 2.6 1.2 2.10
5 5.9 5.2 5.0 4.8 5.6 5.6 5.9 5.2 4.5 3.7 5.0 6.1 2.9 5.20
9 5.1 5.2 5.1 5.0 5.3 5.7 5.7 5.9 4.4 4.0 5.1 6.3 2.9 .5.23

3 All results corrected for % NDPA recoveries.
6 Identity of the duplicate samples: 1 and 6 = commercial beer; 2 and 7 = commercial beer made from a malt low in NDMA; 

3 and 10 = low NDMA beer spiked with 0.5 ppb NDMA; 4 and 12 = low NDMA bee' spiked with 1.9 ppb NDMA; 5 and 9 = low 
NDMA beer spiked with 5 ppb NDMA. 

c Excluding Laboratory M. 
d Values were recalculated from the raw data.

w hich reported a level of 10 ppb N D M A (instead 
of 5.0 ppb) for th is sample. On exam ining the 
raw  data supplied by this laboratory, it was found 
that Sample No. 5 contained 352.1 g beer whereas 
the corresponding duplicate (No. 9) as w ell as the 
other spiked beers a ll contained between 346.7 
and 347.6 g. The difference amounted to 5 g 
w hich  must have resulted from spiking the bottle 
tw ice w ith  5.0 m L aliquots of standard N D M A  
solution. The reported result for this sample was 
eventually corrected to 5.0 ppb.

Most laboratories followed the procedure as 
described, but a few laboratories made some 
minor changes. For example, Laboratory H  used 
an Extreleut colum n (instead of a separatory 
funnel) for extracting the distillate , and Labo­
ratories B and J used different concentrations of 
N D M A  and/or N D P A  than called for in  the 
method for quantitation of N D M A  level and for 
calculating percent recoveries of added N D PA . 
Laboratories H  and L  used electronic integrators 
for quantitation of peak areas whereas a ll others 
measured peak heights as suggested in  the 
method. One laboratory (J) changed the G LC

colum n (from FFA P  to Carbowax 20M + K O H ) 
and readjusted T E A  operating parameters after 
analyzing Sample 1. These changes im proved 
the sensitiv ity by 100%.

For every sample, Laboratory M (delayed 
samples) reported values low er than those from 
any other laboratory. The deficiency was con­
siderable in  the h igher level samples. Labora­
tory M could thus be considered an outlying 
laboratory on the basis of the Thom pson and 
W ilke (8 ) test. Laboratory M was omitted before 
w e checked for other outliers.

D ixon's test (7) on the means of the duplicates 
indicated that Laboratory B had atyp ically  high 
values for the low  N D M A  beers (Nos. 2 and 7). 
A na lys is  on the log scale confirm ed this outlier, 
and also pointed to Laboratory J as having atyp­
ica lly  low  levels in  the 5 ppb spiked samples 
(Nos. 5 and 9). Fa ilu re  to use the exact quanti­
tation procedure for measuring the levels of 
N D M A  (Laboratory J) and poor chromatograms 
(ta iling  solvent peak) in  the case of Laboratory 
B may have been the cause of these discrepancies. 
It is d ifficu lt to measure peak heights accurately

Table 2. Percentage recoveries of NDPA internal standard in different samples

Sample A B C D E F G H 1 J K L M Av.a

1 94.9 85.0 94.5 101.3 95.2 101.1 84.7 84.8 95.0 105.7 92.0 90.0 97.4 94.0
6 101.0 67.0 95.7 98.6 95.6 83.7 83.3 76.7 102.1 97.8 100.8 99.0 96.6 94.2
2 102.5 66.0 90.0 91.5 96.8 92.9 85.5 86.0 93.3 107.9 99.1 111.0 85.9 95.2
7 92.6 75.0 98.2 91.4 99.1 96.9 84.8 88.6 107.7 98.4 95.4 109.0 91.2 96.1
3 103.8 63.0 99.9 98.1 98.5 95.7 78.7 77.6 103.2 109.6 97.8 102.0 91.2 96.3

10 95.5 76.0 96.5 95.7 99.9 95.9 87.2 86.1 91.9 87.4 89.6 86.0 91.3 91.9
4 95.0 69.0 96.7 98.1 96.6 98.9 78.8 84.3 100.7 107.0 94.0 91.0 94.6 94.6

12 106.0 61.0 97.4 97.5 102.5 102.0 90.5 82.0 99.0 85.0 93.4 95.0 84.5 94.6
5 86.7 76.0 101.0 99.5 95.0 90.8 81.1 80.7 105.6 96.9 92.0 98.0 100.0 93.9
9 103.0 74.0 95.7 98.9 98.7 75.9 86.0 85.6 103.4 89.5 90.0 93.0 92.3 92.7

Excluding Laboratory B.
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in  a tailing baseline if  the peak is too small. This 
was the case w ith  Samples 2 and 7 w h ich  con­
tained 0.1 ppb N D M A, the detection lim it of the 
method.

D ixon's test (7) on the differences of the du­
plicates indicated that Laboratory J had an 
atyp ically large difference between Samples 1 
and 6 . Cochran's test (6 ) on the log scale con­
firm ed this outlier, and also picked out Labora­
tory G as having an atyp ically large difference 
between the 2 low N D M A  samples (Nos. 2 and 
7). As pointed out earlier, Laboratory J changed 
analytical parameters after analysis of Sample 1, 
w hich may or may not have been the cause of the 
large difference mentioned above. Because of 
using an im proper G LC  column different from 
that suggested, Laboratory G had the same 
problem of solvent peak ta iling  as Laboratory B 
(see above) and had d ifficu lty  measuring sm all 
peaks (Nos. 2 and 7) on a ta iling  baseline. Lab­
oratories w h ich  used the suggested or sim ilar 
columns did not have such problems and ob­
tained good reproducib ility between duplicates 
even at low (0.1 ppb) levels.

Exam ination of the data in  Table 2 indicates 
that Laboratory B consistently obtained lower 
recoveries for N D PA  internal standard than did 
the other laboratories. Th is  laboratory used one 
N D PA  standard for sp iking the samples and a 
d ifferent one, approxim ately 5 times more con­
centrated, for comparison by G LC  analysis. 
Because of this difference in  strength of the 2 
solutions, the 2 G LC  analyses (for sample and 
standard N D PA ) were carried out under 2 d if­
ferent attenuation settings (8  and 64), whereas 
the method clearly stipulated that the N D PA  
solutions used for spiking and quantitation must

be of the same strength and must be analyzed at 
the same attenuation setting. A lthough other 
explanations are possible, this deviation from the 
method could have been the reason for the low 
recoveries. A s a result, some values might have 
been over-corrected for percentage recoveries. 
For the above reason, Laboratory B was consid­
ered an outlier in  some of the calculations d is­
cussed later.

The mean values, components of variation , 
and measures of repeatability and reproducibility 
of the complete data are g iven in  Table 3. Th is  
table also gives the statistics for the pooled data 
on a logarithm ic scale.

As can be seen from the data in  Table 3, the 
coefficient of w ithin-laboratory va riab ility  (re­
peatability) decreases w ith  increasing leve l of 
N D M A . H ow ever, such an effect is not so ap­
parent w ith  the reproducibility. A ll the samples 
except Nos. 1 and 6 showed significant labora­
tory effects. On the log scale, both laboratory 
effects and laboratory-sample interaction are 
statistically significant. It thus appears that the 
laboratory effect is not consistently proportional 
to the level of N D M A.

If , however, one takes out the data from Lab­
oratories B and M and for Sample 1 from Labo­
ratory J as outliers, a much im proved picture 
emerges (Table 4). Reproducibility coefficients 
of variation are greatly reduced and labora­
tory-sample interaction is no longer significant. 
In  v iew  of the explanations given above, exclu­
sion of data from Laboratories B and M and for 
Sample 1 from Laboratory J is justified.

Estimates of percent recovery and blank con­
centration and their variance components are 
g iven in  Tables 5 and 6 . For all laboratories ex-

Table 3. Repeatability and reproducibility (complete data)

For Different Levels, Original Scale

Repeatability Lab. effect Reproduc bility

Samples Mean, ppb <rE. ppb CV, % <n, ppb VffL + fff. PPb CV, %

1, 6 0.55 0.10 18 0.224 0.10 19
2,7 0.142 0.028 19 0.035* 0.45 32
3, 10 0.62 0.07 12 0.13* 0.15 25
4, 12 2.00 0.11 5.7 0.32s 0.34 17
5,9 5.04 0.24 4.7 0.9s 0.90 18

For Levels Pooled, Log Scale

Repeatability Lab. sample interaction Lab. effect Reprocucibility

ffE (%) <r LS (%) ffL (%) V<xe + ofs + a t (%)
17 9.6s 18* 27

Variance component significantly different from zero (P < 0.05).
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Table 4. Repeatability and reproducibility after omitting all data from Laboratories B and M and for Sample 1 from
Laboratory J

For Different Levels, Original Scale

Repeatability Lab. effect Reproducibility

Samples Mean, ppb oe, ppb CV, % cL, ppo V ol+ <Te, ppb CV, %

1, 6 0.55 0.07 12 0.06 0.09 15
2,7 0.13 0.028 22 <0 0.027 21
3, 10 0.64 0.043 6.7 0.07* 0.08 13
4, 12 2.06 0.10 5.1 0.22* 0.24 12
5,9 5.22 0.26 4.9 0.63* 0.70 13

Across All Levels Pooled, Log Scale

Repeatability Lab. sample interaction Lab. effect Reproducibility

CE (%) CLS(%) cL(%) V c f + cls +  Cl (%)
11 5.8 8.6* 15

* Variance component significantly different from zero (P < 0.05).

cept M and J, the relationship between amount 
spiked and amount reported was linear, thus 
justify ing  the use of the model. From data in  
Table 5 it can be said w ith  95% confidence that 
the true percent recovery is between 93.7 and 
109.1% (after excluding Laboratory M on the 
basis of Dixon's test). Thus, there is no evidence 
that the method is biased. On the basis of data 
in  Table 6 , there seems to be significant labora- 
tory-to-laboratory variation in percent recovery, 
whether Laboratory M is included or not. Thus, 
although the method is not biased on the aver­
age, the percent recovery for a laboratory picked 
at random could be (w ith  95% confidence) found

Table 5. Estimates of percent recovery and blank 
concentration by laboratory

Lab. Recovery, % Blank concn, ppb

A 105.2 0.102
B 99.2 0.275*
C 99.0 0.155
D 94.7 0.102
E 106.6 0.124
F 110.0 0.093
G 111.6 0.131
H 108.6 0.133
1 85.8 0.139
J 76.5 0.194
K 98.3 0.155
L 121.8 0.090
M 54.2* 0.050

Mean ± SE (all labs) 97.8 ±4.9 0.134 ±0.105
Omitting Lab. M 101.4 ±3.5 —
Omitting Lab. B — 0.122 ±0.011
Omitting Labs B, J, M — 0.122 ±0.008

* Significant outlier (P < 0.05) by Dixon’s test.

in  the range of 75-127.8%, even i f  Laboratory M 
is excluded. Since each laboratory procured and 
prepared its own standards, such laboratory- 
to-laboratory variations could partly be due to 
variations in  the strength of N D M A  standards in 
different laboratories. One might have obtained 
better results if  each laboratory had been pro­
vided w ith  the standard nitrosam ine solutions 
but this w ould not have been realistic; various 
regulatory laboratories in  their da ily  w ork usu­
a lly  prepare their own standards. Therefore, 
results obtained in  this study represent the worst 
possible data one can get under normal working 
conditions in  various laboratories.

There do appear to be laboratory effects on the 
blank concentration (Table 6 ) w hen all labora­
tories are included. H ow ever, these laboratory 
effects disappear if  Laboratory B (see Tables 5, 6 )

Table 6. Variance components for estimated percent 
recovery and blank concentration

Item

Repeatability
(estimation

error)
0E

Lab. effect 
O'L

Reproduc­
ibility 

V ce + c(

Percent recovery (100 ¡3)
All labs 2.9 17* 17
Excluding Lab. M 2.3 12* 12

Blank concentrât on 
2 (ppb)

All labs. 0.037 0.042* 0.056
Excluding Lab. B 0.037 0.008 0.038
Excluding Labs.

B, J, M 0.019 0.016 0.024

* Variance component significantly greater than zero (P 
<0.05).
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is excluded. It thus appears that, except for 
Laboratory B w h ich  seems to have an additive 
error, the laboratories give consistent estimates 
for the blank concentration. A  very precise 
(0 .1 2 2  ± 0.008 ppb) estimate of blank concen­
tration is obtained if  Laboratories J and M, which 
displayed a nonlinear relationship between 
amount added and amount reported, are also 
excluded. For a measurement at a  0.1 ppb level, 
this can be considered extrem ely good.

C o l l a b o r a t o r  C o m m e n t s
Most laboratories completed the analysis w ith  

no d ifficu lty  and had no adverse comments. 
H ow ever, 2 laboratories (I and M ) commented 
that the method was somewhat lengthy and 
unsuitable for rapid screening of a large number 
of samples. The Associate Referee agrees, but 
feels that, w ith  2 d istilla tion setups one analyst 
should be able to test 4 samples/day. One lab­
oratory (H ) reported that the use of strong alkali 
badly corroded the d istilla tion  flask. During 
G LC  analysis, Laboratory B in itia lly  found tailing 
solvent peaks on one T E A  apparatus but got sat­
isfactory results for repeat analyses on another 
T E A  apparatus in  the same laboratory. The 
reason for this difference was not apparent.

A ll  collaborators were inform ed that it might 
be necessary to use a G LC  column of high Car- 
bowax 20M loading (20%) and some N aO H (2%) 
to obtain good resolution of N D M A  peak from 
solvent peak. F ive  laboratories (C , E , F , J, K ) 
commented that the use of such a column defi­
n ite ly  improved solvent peak ta iling  and gave 
better resolution of N D M A  peak from the sol­
vent peak (especially in  beer extracts). One 
laboratory (I), on the other hand, disagreed w ith  
the need for using N aO H  in the G LC  column 
packing. Th is  laboratory, how ever, used a col­
umn that was high (15%) in  Carbowax 20M con­
tent and obtained excellent chromatograms. 
The Associate Referee feels that a few laborato­
ries did not take the problem seriously enough 
and used G LC  columns that gave less than satis­
factory resolution of N D M A  peak from the sol­
vent peak. Those who used columns of high 
Carbowax loading (15-20%) or of lower (10%) 
loading but of longer lengths (9-10 ft) obtained 
excellent chromatograms.

Two laboratories (B, H ) reported the presence 
of an unknow n peak between N D M A  and 
N D PA . Th is , however, did not interfere w ith  
the analysis. Laboratory H  observed this un­
know n peak even in  reagent blanks. It could 
have originated from one of the reagents or the 
Extreleut column w hich  was used by Laboratory

H  (see earlier) for extraction purposes. No other 
laboratory reported the presence of such 
peaks.

Six laboratories (C , D , F, I , J, K ) commented 
that the method worked w ell and gave excellent 
recoveries for added N D PA  internal standard.

Summary and Conclusions

Analysis of the data (after om itting the out­
liers) suggests that the overall method gives re­
sults that are unbiased (101.4 ± 3.5% recovery), 
and the pooled coefficients of variation of the 
data are also excellent ( 11% for repeatability and 
15% for reproducib ility). Even w hen a ll outly­
ing laboratories are included, the corresponding 
pooled coefficients of variation (17% and 27%) are 
h igh ly satisfactory for such low level (0.1-5 ppb) 
measurements and they are w ith in  the acceptable 
guidelines suggested by H orw itz et al. (12). It 
should also be noted that coefficients of variation 
for repeatability include day-to-day variations. 
One may argue against omitting the outliers, but 
reasoning behind excluding each outlier has 
been explained and supported by valid statistical 
analysis.

It is, therefore, recommended that the method 
w ith  the changes mentioned earlier be adopted 
officia l first action for the determ ination of 
N D M A  in  beer and ale.

Acknowledgments

The Associate Referee thanks the fo llow ing 
collaborator's for participating in  the study: M. 
Castegnaro, International Agency for Research 
on Cancer, Lyon , France; G. E llen , Rijksinstituut 
voor de vo lksgezondheid , B ilth o ven , The 
Netherlands; T . Fazio, Food and Drug A dm in is­
tration, W ashington, D C ; W . F idd ler, Eastern 
Regional Research Laboratories, U SD A , P h ila ­
delphia, P A ; D. H . F ine , New England Institute 
for L ife  Sciences, W altham, M A ; W. C. H erw ig , 
M iller Brewing Co., M ilwaukee, W I; P. Issenberg, 
Eppley Institute for Research in  Cancer, U n i­
versity  of Nebraska, Omaha, N E ; A . B. Lacey, 
Barrett Burston (Australia) Ltd , Melbourne, 
Austra lia ; R. Massey, M in istry of Agricu lture , 
Fisheries and Food, N orw ich , U K ; T . O 'Brien , 
Great Western M alting Co., Vancouver, W A ; R. 
Scanlan, Oregon State U n iversity , Corvallis , OR;
G. Thomas, Ontario Research Foundation, To­
ronto, Ontario , Canada; J. Thomsen, Danish In ­
stitute of Protein Chem istry, H orsholm , Den­
mark

The Associate Referee is also grateful to the 
Brewers Association of Canada and Carling 
O 'Keefe Breweries of Canada Ltd , Toronto, O n­



SEN ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, NO. 3, 1982) 729
tario, for their assistance in  preparing the beer 
samples used in  this study.

Re fe r e n c e s
(1) Walker, E. A., Griciute, L., Castegnaro, M., & 

Borzsonyi, M. (1980) in N - N i t r o s o  C o m p o u n d s :  
A n a ly s i s ,  F o r m a tio n  a n d  O c c u r r e n c e , IARC Scientific 
Publication No. 31, International Agency for Re­
search on Cancer, Lyon, France

(2) Spiegelhalder, B„ Eisenbrand, G., & Preussmann, 
R. (1980) in N - N i t r o s o  C o m p o u n d s :  A n a l y s i s ,  F o r ­
m a tio n  a n d  O c c u r r e n c e , IARC Scientific Publication 
No. 31, International Agency for Research on 
Cancer, Lyon, France, pp. 467-477

(3) Sen, N. P. (1981) presented at the AOAC Spring 
Workshop, May 12-14, 1981, Ottawa, Ontario, 
Canada

(4) Havery, D. C„ Hotchkiss, J. H„ & Fazio, T. (1981)
J. F o o d S c i . 46, 501-505

(5) Sen, N. P., & Seaman, S. (1981) J. Assoc. O f f .  A n a l .  
C h e m . 64, 933-938

(6) Cochran, W. G. (1941) A n n .  E u g e n ic s  11, 47
(7) Dixon, W. J. (1953) B io m e tr ic s  9,74
(8) Thompson, W. A., & Wilke, T. A. (1963) B io m e tr ik n  

50, 375
(9) Youden, W. J., & Steiner, E. H. (1975) S ta t i s t i c a l  

M a n u a l  o f  th e  A O A C ,  AOAC, Arlington, VA, pp. 
65-83

(10) Scheffe, H. (1959) T h e  A n a l y s i s  o f  V a r ia n c e , Wiley, 
New York, NY

(11) Searle, S. R. (1971) B io m e tr ic s  27,1-76
(12) Horwitz, W„ Kamps, L. R„ & Boyer, K. W. (1980) 

/. Assoc. O f f .  A n a l .  C h e m . 63, 1344-1354
Appendix: Estimates of Percent Recovery

The parameters /? and z were estimated for 
each laboratory by fitting the reported values for 
a ll samples except 1 and 6 to the model

y  = a  +  ftr ( 2 )

(w here x  is the amount spiked and y  is the 
amount reported) by em pirically weighted least 
squares. Because a graphical analysis indicated 
that the variance was proportional to the mean, 
the fitting  was done using the weights y-1 . 
Because the weights used are random variables, 
the properties of the estimators may not be the 
same as those of the least squares estimators w ith 
known weight. However, the procedure may be 
used as an approximation.

N on linearity  of the relationship was assessed 
by testing the significance of the parameters 7  
and 5 in  the models.

y  = a +  f tr  +  yx2

y  = a + fix + yx2 + 8x3 (2)
respectively, using the between duplicate error 
term (w ith  4 degrees of freedom). These tests of 
non linearity were done separately for each lab­
oratory, using the empirical^weights y ~ l .

From the estimates a  and $  of equation (2), the 
parameter z can be estimated by z = a / $ ,  and the 
variance of z can be approximated by

Var z  =  1 //32 [Var (a ) + z2 Var (/S)
-  2 z Cov ( a ,  f t ]  (3)

Let f t  be the true recovery rate of Laboratory i, 
then e , =  -  f t  is the estimation error of the
parameter, ar.d we can w rite

f t  = f t  +  Ci (4)
Assume that the laboratories can be considered 

a random sample of some population, and that /3 
is the true (average, unconditional) recovery. 
Then i f  we assume that the estimators are unbi­
ased, w ith  errors uncorrelated w ith  the true 
values (these assumptions are on ly approxi­
mately true because the em pirical w eighting 
leads to nonlinear estimates), we can say

E (ft ) = E (E (f t |L a b . i)) = E (ft )  =

Var (ft ) = E (Var (ft | Lab. i)) + Var (E (ft |L a b . i))

= «E +  <ft (5)
and Var (ft ) were estimated in  the obvious 

w ay, by the mean and variance across laborato­
ries eft was estimated by the average of the va ri­
ances obtained from the least square estimates 
w ith in  each laboratory and eft was obtained by 
subtraction. The hypothesis eft = 0 was tested 
by the F-ratio Var (ft)/eft.

A  sim ilar analysis was done for the parameter 
z, estimating eft by averaging (3) across labora­
tories.
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Evaluation of Thin Layer, Paper, and High Performance Liquid 
Chromatography for Identification of Dyes Extracted as Ion-Pairs 
with Tri-n-octylamine
MARC L. PUTTEMANS, LOUIS DRYON, and DÉSIRÉ L. MASSART
Vrije Universiteit Brussel, Farmaceutisch Instituut, Laarbeeklaan 103, B-1090 Brussels, Belgium
Food dyes, extracted into chloroform  as ion-pairs 
w ith tri-n-octylamine, are chromatographed directly 
in various liquid chromatographic systems. Dyes can 
be identified by comparison of the chromatographic 
behavior of ion-pairs with behavior of reference dyes 
dissolved in water. In th in  layer and paper chro­
m atography, the ion-pairs dissociate w hen polar el­
uants are used; th in  layer chrom atography is pre­
ferred because of less tailing. In high perform ance 
liquid chrom atography, a reverse phase ion-pair 
system is used w ith tetrabutylam m onium  as the 
counter ion; chloroform -extracted dyes show reten­
tion times sim ilar to reference dyes dissolved in 
water.

In  the analysis of dyes in  food, there are 4 im ­
portant steps; F irst, for nonliquid  foods, the 
dyes must be so lubilized. Then the colorants 
must be isolated, identified , and fin a lly  quanti­
tated. One of the isolation techniques we re­
ported in  an earlier publication ( 1) is ion-pair 
extraction, in  w hich  an ionized solute is extracted 
into an organic phase after addition of a suitable 
counter ion. The counter ion, a hydrophobic ion 
of opposite charge, forms a hydrophobic complex 
w ith  the solute w h ich  is then extracted to a 
higher degree than the solute itse lf by the or­
ganic phase. The organic solvent is usually 
chloroform because of its ab ility  to solvate the 
ion-pair formed (2 ).

Acid water-soluble food dyes may be extracted 
as their ion-pairs w ith  quaternary ammonium 
ions (3-8) or amines (9). In  a previous paper we 
described the app licab ility of the counter ion 
tri-n-octylamine (TnO A) in  the extraction of acid 
dyes (9).

The identification techniques used for dyes are 
usually paper chromatography (PC ), th in  layer 
chromatography (T LC ), and high performance 
liquid  chromatography (H P LC ) (1). Ion-pair 
extraction of dyes has been described by several 
authors but a ll of them had problems in  the 
subsequent chromatography (paper or thin layer) 
of the extracted dyes. Indeed, the simplest way 
of identify ing the dyes would be to compare the 
chromatographic behavior of the unknown dye,

Received July 15, 1981. Accepted N ovem ber 20, 1981.

extracted as its ion-pair, w ith  the behavior of 
reference dyes, dissolved in  water. H ow ever, 
other techniques had to be used in  the past. 
Drevon and Laur (3) and Brustier et al. (4) used 
reference dyes w h ich  had been extracted prev i­
ously as ion-pairs. Others back-extracted the 
dyes to an aqueous phase w ith  Teepol (5), Cup- 
ferron (6 ), or HC1 (7). S till another technique 
consisted of applying the ion-pair d irectly on a 
paper sheet w h ich  had been previously im ­
pregnated w ith an aqueous solution of a sodium 
or potassium a lkyl- or arylsulfonate (8 ).

A lthough we observed that dyes extracted 
w ith  TnO A  can be back-extracted into an aque­
ous phase w ith  HC1, perchloric acid, and in  some 
cases N aO H  (9), or by solutions of sodium chlo­
ride, bromide, iodide, nitrate, or perchlorate (10), 
the aim of this article is to demonstrate rhat it is 
possible to identify dyes, extracted as ion-pairs 
w ith  Tn O A , by direct chromatographic com­
parison w ith  aqueous reference solutions. Th is 
constitutes an important sim plification of the 
procedure. The possibilities of thin layer, paper, 
and high performance liqu id  chromatography 
are discussed.

Experimental
Ten m L of a solution containing 10 mg dye 

dissolved in  100 m L phosphate buffer (pH  = 5.5, 
ionic strength = 0.1) was shaken 30 m in w ith  10 
m L 0.1M solution of tri-n-octylamine (A ldrich- 
Europe, Beerse, Belgium) in chloroform and then 
centrifuged. F ive  m L of the chloroform  layer 
was pipetted into a second centrifuge tube, the 
chloroform was evaporated, and the residue was 
dissolved in  10 m L ethanol. Back-extractions 
were performed by shaking 5 m L chloroform- 
TnO A-dye solution w ith  5 m L 0.1M sodium salt 
solution. Chloroform extracts were used in  T LC  
and PC ; the sodium salt and the TnO A  extracts, 
redissolved in  ethanol, were used in  H P LC .

Thin Layer and Paper Chromatography
A p p a r a t u s  a n d  R e a g e n t s

(a) M a te r ia ls —Silica gel (PN5721) and ce llu ­
lose (PN5716) precoated plates, 20 X  20 cm

0004-5756/82/6503-0730-07$01.00 
© Association of Official Analytical Chemists, Inc.
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(M erck); paper sheets (W hatman No. 1), 30 X 12 
cm.

(b) D y e s .—P. Entrop (M achelen, Belgium) 
>85% pure, used as received.

(c) B u ffe r s .—Ionic strength 0.1, prepared from 
analytical grade sodium phosphate (M erck) and 
double- distilled water. For 2 L  buffer solution, 
the fo llow ing  quantities are required: pH  = 
5.50: 1.26 g N a2H P 0 4 -2H 20  and 24.65 g NaH- 
2P 0 4 • H 20 ;  pH 7.00: 9.38 g Na2H P 0 4 • 2HzO and 
5.77 g N aH 2P 0 4 • H 20 . pH  was adjusted to 5.50 
± 0.05 or 7.00 ± 0.05, i f  necessary, w ith  0.1M 
N aO H , analytical grade (M erck).

(d) M o b ile  p h a s e s .— Prepared w ith  pro analysi 
M erck reagents except for propylam ine (Puriss, 
F luka A G ).

C h r o m a t o g r a p h i c  T e c h n i q u e
Eluants were always prepared fresh. Chro­

matographic tanks were equilibrated 1 h. A  
volume of 5 or 10 p .L  of each dye solution (10 mg 
in  100 m L water) or chloroform  extract was 
spotted on a paper sheet or th in  layer plate w ith  
a Camag micropipet. Chromatograms were run 
15 cm by ascending technique; each R f value is 
the average of 2  runs.

High Performance Liquid Chromatography
A p p a r a t u s  a n d  R e a g e n t s

(a) L iq u id  c h r o m a to g r a p h .—Varian 8500 w ith  
Valeo loop injector (10 p L  loop) and Varian 
254-280 u ltravio let dual beam recording d iffe r­
ential photometer w ith  cell volum e of 8 p L  and 
cell length of 10 pm ; Varian 9176 recorder.

(b) C o lu m n .— 300 mm X 2 mm id M icroPak 
M CH-10 column packed w ith  10 pm octadecyl 
silica.

(c) M o b ile  p h a se s .— 5  m L tetrabutylammonium 
hydroxide (TBA ) (25% in  m ethanol, F luka AG ) 
was diluted to 1 L  w ith  one of 2 m ixtures of 
methanol-phosphate buffer (pH  7.00 ± 0.05, 
ionic strength 0.1): phase A : 30 + 70; phase B: 
60 + 40. M ethanol was H P L C  grade (Fluka); 
phosphate buffer was prepared from sodium 
phosphate (pro analysi, M erck). Mobile phases 
were prepared by m ixing appropriate amounts 
of phases A  and B and were always degassed 
before use.

P r o c e d u r e
Dyes were dissolved in  double-distilled water 

(10 mg in  100 m L). Each dye and chloroform 
extract (dried and redissolved in  ethanol) was 
injected twice, recorded at 254 nm, and averaged. 
The flow  was 60 m L/h .

D e t e r m i n a t i o n  o f  T a r t r a z i n e  i n  P i c k l e s
F ive  g pickles was macerated in  100 m L 0.1% 

ammonia solution 1 h at 50°C. The solution was 
filtered and the pH of the filtrate was adjusted to
5.5 w ith  0.1% phosphoric acid. The dyes were 
extracted w ith  10 m L 0.1M TnO A  in  chloroform, 
a 5 m L aliquot of the chloroform  phase was 
evaporated, and the extract was redissolved in 5 
m L ethanol. The dye was determ ined chroma- 
tographically as described above.

Resu lts and D iscussion

T h i n  L a y e r  C h r o m a t o g r a p h y
The list of dyes studied is g iven in  Table 1. 

Schm idt (11) stated that, in  general, chloro­
form -butanol m ixtures are suitable eluants for 
silica gel TLC  of salts of amines and organic acids. 
We tried different butanol-chloroform  ratios 
(Table 2) but found it d ifficu lt to separate com­
plex m ixtures in  one particu lar system.

A  ratio of butanol-chloroform  ( 1 + 8 )  was 
chosen, and an acid, acetic acid, and a base, pro­
pylam ine, were added. The influence of these 
additions on the Rf values of both the free dye 
and its TnO A  ion-pair are g iven in  Table 3. O f 
the 5 test dyes selected, 3 show a significant d if­
ference between R f values of the ion-pair and 
free dye.

For Patent Blue V  and B rillia n t Green, the 
sim ila rity  of Rf values of the free dye and its 
ion-pair can be explained by the dissociation of 
the ion-pairs. The influence of acid is negligible 
for the free dyes, except Erythrosine . The Rf 
value of this dye increases from 0.16 to 0.76. The 
increase of the Rf value of the ion-pairs of Sunset

Tablet. List of dyes studied 3

Name EEC No. Cl No. FDA name
Tartrazine 102 19140 FD&C Yellow No. 5
Quinoline Yellow 104 47005 FD&C Yellow No. 10
Sunset Yellow 110 15985 FD&C Yellow No. 6
Orange GGN 111 15980
Azorubine 122 14720 Ext. D&C Red No.
Amaranth 123 16185

10
FD&C Red No. 2

Cochenille Red = 124 16255
Ponceau 4 R 

Erythrosine 127 45430 FD&C Red No. 3
Patent Blue V 131 42051
Indigotine 132 73015 FD&C Blue No. 2
Brilliant Green 142 44090
Brilliant Black 151 28440

a C o lo r a n ts  f o r  C o s m e t ic s  (1968) 3rd Ed., Is t Rev. (1971) 
Franz Steiner Verlag, Wiesbaden, GFR.
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Table 2. Thin layer chromatography of TnOA—dye ion-pairs on silica gel with butanol-chloroform eluants, and
influence of eluant composition on Rf values

Ratio: butanol-chloroform

Name 1 + 1 1 + 5 1 + 6 1 + 7 1 + 8 1 + 9 1 + 10

Tartrazine 1.00 0.88 0.12 0.09 0.07 0.07 0.08
Quinoline Yellow 1.00 0.89 0.82 0.06 0.15 0.17 0.76
Sunset Yellow 1.00 0.89 0.84 0.80 0.79 0.71 0.78
Azorubine 0.99 0.88 0.84 0.80ta 0.79 0.72 0.76
Amaranth 0.98 0.89 0.84 0.79 0.15 0.72 0.75
Cochenille Red 0.97 0.11 0.22 0.19 0.09 0.07 0.08
Erythrosine 0.97 0.90 0.83 0.79 0.77 0.71 0.72
Patent Blue V 0.10 0.06 0.08 0.07 0.07 0.07 0.06
Indigotine 0.98 0.90 0.16 0.12 0.07 0.07 0.05
Brilliant Green 0.10 0.06 0.07 0.07 0.06 0.07 0.06
Brilliant Black 0.98 0.11 0.28 0.13 0.08 0.07 0.07

3 Tailing.

Ye llo w , Azorubine, and Erythrosine w ith  1% 
acetic acid is probably due to the addition of a 
sm all amount of water w ith  the acetic acid (this 
reagent has a purity of 96%). Th is  small amount 
of water is adsorbed by the silica stationary phase 
and changes its polarity and adsorption ca­
pacity.

The addition of propylam ine has a dramatic 
effect on the migration of the free dyes. In  an 
alkaline medium, the dyes are even less soluble 
in the mobile phase and consequently have an Rf 
value of zero. The dramatic effect of the addi­
tion of propylam ine on the ion-pairs is due to 
dissociation. Erythrosine , w h ich  is a rather 
hydrophobic dye, is still quite soluble in  the 
mobile phase containing 0 .1% propylam ine but 
w ith  0.5% propylam ine its R (  is zero. The E r­
ythrosine ion-pair is more d ifficu lt to dissociate 
than other dyes.

To investigate the influence of the polarity of 
the mobile phase on the migration of the free dye 
and on the dissociation of its ion-pair, chloro­
form -alcohol (w ith  varying chain length) (1 + 
1) m ixtures were tested. Influence of the chain 
length of the alcohol on the R f is listed in  Table
4. I :  shows that for the first 3 test dyes the Rf 
values of the ion-pair and of the corresponding 
free dye were more s im ilar w ith  increasing po­
larity  of the eluant (decreasing chain length). 
For Patent Blue V  and B rillian t Green, the Rf 
values are sim ilar w ith  each of the eluants. 
Therefore, the development of a th in layer 
chromatographic system where free dyes and 
dyes spotted as their ion-pairs show identical Rf 
values, due to the dissociation of the ion-pair, 
depends on the choice of a polar mobile phase 
w ith  alkaline pH .

Such T L C  systems, for free dyes, are described

Table 3. Thin layer chromatography of dyes (free) and their TnOA ion-pairs (IP) on silica gel with butanol-chloroform 
(1 + 8) eluant, and influence of acetic acid and propylamine on Rt values

Name

0% 0.1% 0.5% 1%

IP Free IP Free P Free IP Free

Acetic Acid

Sunset Yellow 0.84 0.07 0.82 0.07 0.81 0.07 0.91 0.08
Azorubine 0.79 0.07 0.75 0.07 0.78 0.07 0.89 0.08
Erythrosine 0.79 0.16 0.74 0.40 0.76 0.62 0.89 0.76
Patent Blue V 0.07 0.08 0.07 0.07 0.08 0.07 0.08 0.08
Brilliant Green 0.06 0.07 0.07 0.06 0.08 0.07 0.08 0.08

Propylamine

Sunset Yellow 0.84 0.07 0.00 0.00 0.00 0.00
Azorubine 0.79 0.07 0.00 0.00 0.00 0.00
Erythrosine 0.79 0.16 0.20 0.11 0.14 0.00
Patent Blue V 0.07 0.08 0.00 0.00 0.00 0.00
Brilliant Green 0.06 0.07 0.00 0.00 0.00 0.00
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Table 4. Thin layer chromatography of dyes (free) and their TnOA ion-pairs (IP) on silica gel with alcohol-chloroform 
(1 + 1) eluants, and influence of chain length of alcohol

Name

Ethanol 1-Propanol 1-Butanol 1-Pentanol

IP Free IP Free p Free IP Free

Sunset Yellow 0.99 0.63 0.99 0.22 1.00 0.20 0.99 0.21
Azorubine 0.99 0.78 0.99 0.26 0.98 0.21 0.99 0.19
Erythrosine 0.99 0.96 0.99 0.97 0.99 0.95 0.99 0.95
Patent Blue V 0.86 0.81 0.12 0.21 0.10 0.10 0.04 0.00
Brilliant Green 0.94 0.72 0.14 0.17 0.10 0.09 0.05 0.00

in  the literature for use w ith  cellulose layers ( 12). 
Dyes and T n O A  ion-pairs were chromato­
graphed in  2  of these systems; the results are 
given in  Table 5. The R f values of free dyes and 
their ion-pairs are quite s im ilar. To ensure that 
the cellulose layer does not cause the dissociation 
of the ion-pairs, the same mobile phases were 
also tried w ith  a silica layer. The results, w hich  
are shown in  Table 6 , confirm  that dissociation 
is caused by the polar m obile phases, not some 
interaction w ith  the chromatographic support.

It is useful to note that silica systems have a 
low er se lectiv ity than cellulose. Since silica 
dissolves in  alkaline media, the ammonia content 
of the mobile phase was decreased to increase the 
stab ility of the stationary phase. According to 
the results listed in  Table 7, the ammonia content 
of the mobile phase is not a critica l factor in  the 
dissociation of ion-pairs. H ow ever, w hen no 
ammonia is present, nearly a ll dyes show tailing 
spots. In  addition to a better stability of the silica 
layer, the low ammonia content of the mobile 
phase allow s a better interpretation of the chro­
matogram because some dyes, e.g., Indigotine, 
Erythrosine, and B rillian t Green, tend to fade in 
an a lkaline  medium.

Table 5. Thin layer chromatography of dyes (free) and 
their TnOA ion-pairs (IP) on cellulose layers a

Name

Eluant 1 Eluant 2

IP Free IP Free

Tartrazine 0.41 0.39 0.00 0.00
Quinoline Yellow 0.58 0.60 0.21 0.25
Sunset Yellow 0.78 0.80 0.30 0.31
Azorubine 0.53 0.54 0.11 0.13
Amaranth 0.48 0.51 0.09 0.11
Cochenille Red 0.62 0.66 0.16 0.17
Erythrosine 0.90 0.88 0.55 0.54
Patent Blue V 0.87 0.86 0.48 0.48
Indigotine 0.48 0.50 0.11 0.12
Brilliant Green 0.85 0.84 0.46 0.43
Brilliant Black 0.34 0.33 0.00 0.00

a Eluant 1: ethyl acetate-l-propanol-NFb-water (35 + 
35 + 20 + 20); Eluant 2: ethyl acetate-l-butanol-NH3 (25 
+ 55 + 25).

P a p e r  C h r o m a t o g r a p h y
Paper chromatography has been applied to the 

separation of dyes extracted as ion-pairs w ith  
quaternary ammonium compounds. Drevon 
and Laur (3) chromatographed the ion-pairs d i­
rectly but identified them by comparison w ith  
reference dyes also extracted as ion-pairs. Sohar 
(6 ) and Vo llaire-Salva (7) claim ed that it was 
preferable to back-extract the dyes to an aqueous 
phase because of the ta iling  that was observed.

In  our experim ents, we used 4 mobile phases 
w h ich  are prescribed by the Belgian Food Leg­
islation (13) (Table 8 ). Some dyes, such as Am ­
aranth, Cochenille  Red, and Ind igotine, disso­
ciate from Tn O A  in  a ll 4 systems w h ile  most of 
them have an identical R f value for the dye and 
its ion-pair in 2 or 3 systems. For B rillian t Green, 
this is the case in  only one system. Furthermore, 
the best system, in  w h ich  a ll 11 dyes g ive iden­
tical R f values for the dye and the corresponding 
ion-pair, is the acidic mobile phase. T h is  in d i­
cates that to obtain the dissociation of ion-pairs 
in  a given chromatographic system, polarity of 
the eluting agent is more im portant than pH . 
Very alkaline mobile phases such as the first one 
cause the rapid discoloration of some dyes (E r­
ythrosine, Indigotine, and B rillia n t Green).

Table 6. Thin layer chromatography of dyes (free) and 
their TnOA ion-pairs (IP) on silica gel layers with mobile 

phases as in Table 5

Name

Eluant 1 Eluant 2

IP Free ip Free

Tartrazine 0.78 0.77 0.00 0.00
Quinoline Yellow 0.83 0.81 0.16 0.17
Sunset Yellow 0.84 0.82 0.15 0.14
Azorubine 0.81 0.84 0.10 0.11
Amaranth 0.73 0.71 0.08 0.10
Cochenille Red 0.75 0.75 0.12 0.12
Erythrosine 0.98 0.99 0.39 0.40
Patent Blue V 0.83 0.81 0.21 0.22
Indigotine 0.91 0.90 0.00 0.00
Brilliant Green 0.80 0.78 0.21 0.22
Brilliant Black 0.82 0.77 0.04 0.06
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Table 7. Thin layer chromatography of dyes (free) and their TnOA ion-pairs (IP) on silica gel layers as function of
ammonia content of eluanta

Name

Eluant 1 Eluant 2 Eluant 3

ip Free IP Free ip Free

Cochenille Red 0.82 0.80 0.87 0.83 0 . 9 4 0.92
Erythrosine 0.98 0.99 0.99 0.98 0.82 0.86
Patent Blue V 0.83 0.80 0.86 0.83 0.82 0.84
Indigotine 0.91 0.88 0.91 0.86 0.99 0.97
Brilliant Green 0.80 0.78 0.82 0.78 0.82 0.84
Brilliant Black 0.82 0.79 0.82 0.79 0.90 0.92

a Eluant 1: ethyl acetate-l-propanol-NH3 -water (35 + 35 
35 + 0.1 + 39.9).

Patent Blue V  and B rilliant Green show tailing 
spots in  a ll 4 systems, w ith  no significant d if­
ference, however, between the dyes and their 
ion-pairs. Because some dyes show ta iling  in  
these four PC  systems, m ixtures such as Patent 
Blue V  and B rillian t Green, extracted together, 
are d ifficult to separate even when their R f  values 
are quite different in  systems 1, 2, and 4. Tailing 
is more significant in  PC  than in  T L C , and ion- 
pairs are more successfully dissociated in  T LC ; 
therefore, T L C  is preferred for identification of 
unknow n dyes.

H i g h  P e r f o r m a n c e  L i q u i d  C h r o m a t o g r a p h y
To avoid dem ixing caused by the injection of 

chloroform  in  a reverse phase ion-pair chroma­
tographic system (1), the chloroform  extracts 
were evaporated to dryness and redissolved in 
ethanol. The retention times of dyes and ex­
tracts are given in  Table 9. They demonstrate 
that in  a suitable system both extracted and 
nonextracted dyes have nearly the same chro­
matographic behavior. Th is is demonstrated for 
Patent Blue V  in  Figure 1. How ever, after 20-30 
subsequent injections of extracts, peak broad-

+ 10 + 30); eluant 2; (35 + 35 + 5 + 35); eluant 3: (35 +

ening becomes more and more apparent. A fter 
the column is eluted w ith  100 m L ethanol, the 
peak shape regains its in itia l quality. Th is  
probably means that tri-n-octylamine is adsorbed 
by the stationary phase and interferes in  the re­
tention mechanism.

It is supposed that, upon injection of a 
TnO A -dye  ion-pair, Tn O A  is replaced in  the 
ion-pair by TB A  present in  the eluant. Forma­
tion of a TBA-dye complex also regulates the re­
tention of free dyes. W hen TnO A-dye com­
plexes were chromatographed in  a mobile phase 
w ithout T B A , no dyes eluted w ith in  60 m in, 
w h ich  also points toward the displacement of 
T n O A  by TB A .

W hen many extracts must be chromato­
graphed, it is preferable to elim inate the tri-n- 
octylam ine to avoid long elution and equilibra­
tion times. Th is may be done either by using a 
suitable pre-column or by back-extracting the 
dyes to an aqueous phase. The latter technique 
was tried since we had previously established the 
high recoveries obtained w ith  0 .1M solutions of 
sodium chloride, bromide, iodide, nitrate, and 
perchlorate ( 10 ) and pre lim inary experiments

Table 8. Paper chromatography on Whatman No. 1 paper of dyes (free) and their TnOA ion-pairs (IP) *

Name

Eluant 1 Eluant 2 Eluant 3 Eluant 4

ip Free IP Free IP Free ip Free

Tartrazine 0 . 3 7 0.62 0.02 0.01 0.15 0.17 0.07 0.09
Quinoline Yellow 0.03 0.02-0.32 0.14 0.15-0.24 0.26 0.25 0.19 0.21
Sunset Yellow 0.10 0.40 0.33 0.27 0.86 0.30 0.38 0.41
Azorubine 0.10 0.13 0.17 0.16 0.98 0.39 0.41 0.43
Amaranth 0.33 0.32 0.06 0.06 0.13 0.13 0.46 0.47
Cochenille Red 0.47 0.50 0.10 0.09 0.13 0.14 0.17 0.22
Erythrosine 0.05 0.06 0.90 0.50 0.99 0.42 0.53 0.53
Patent Blue V 0.74 0.75 0.77 0.49 0.70 0.65 0.71 0.71
Indigotine 0.18 0.16 0.06 0.09 0.18 0.18 0.06 0.05
Brilliant Green 1.00 0.65 0.96 0.24 0.67 0.41 0.60 0.61
Brilliant Black 1.00 0.60 0.63 0.14 0.16 0.12 0.10 0.11

a 1 = 2 g tert. sodium citrate in 100 mL 5% NH3 ; 2 = n-butanol-ethanol-water-ammonia (50 +  10.5 + 21 + 1); 3 = n-bu- 
tanol-ethanol-water (50 + 26 + 24); 4 = tert. butanol-aq. solution (50 + 50) of 4 g KCI and 240 g propionic acid in 1 L.
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Table 9. Retention times of dyes (free) and their TnOA 
ion-pairs (IP) on MicroPak MCH-10 column with suitable 

mobile phase

Retention Time, min

Name IP Free dye

33% Solvent B
Tartrazine 3.8 4.0
Quinoline

Yellow 6.8 (5.4)(7 9)( 12.4) 6.6 (5.2)(7.7)(12.3)
Sunset Yellow 6.3 6.4
Orange GGN 9.8 9.9
Amaranth 4.3 4.2
Cochenille

Red 4.4 4.3
Indigotine 3.5 (3.0) 3.4 (3.0)
Brilliant Green 8.8(10.9) 8.8(10.8)
Brilliant Black 8.8 9.0

67% Solvent B

Erythrosine 23.4 22.9
Patent Blue V 10.1 10.3
Azorubine 4.7 4.6

Figure 2. Identification of Tartraiine in pickles. A: 
TnOA extract of pickles; B: TnOA extract of Tartra- 

zine. M obile phase: 33% phase B; chart speed 1 
cm /m in.

indicated no effect of chloride, bromide, iodide, 
n itrate, and perchlorate ions on the retention 
time of the dyes. We also studied the resolution 
between Sunset Ye llo w  and Orange G G N , 2 
structural isomers that cannot be separated by 
T L C  and PC . Dye m ixtures prepared in  pure 
water and in  0.1M solutions of each salt were 
chromatographed 6 times in  a random sequence 
to take into account the small fluctuations of the 
retention times caused by the chromatographic 
system independent of the injected solutes. 
Variance analysis showed that resolution be­
tween the 2  dyes was not influenced by the sol­
vent used. Identification problems may arise 
because of the presence of sm all quantities of 
subsidiary dyes in  Indigotine, B rillia n t Green, 
and Quinoline Yellow . (Retention times of these

Figure 1. Chrom atography of Patent Blue V and its 
TnOA ion-pair. A: aqueous solution; B: TnOA 
extract redissolved in ethanol. M obile phase: 50% 

phase B; chart speed 1 cm /m in.

subsidiary dyes are given between brackets in  
Table 9.) Dyes cannot be identified so lely by 
measurement of retention times; absorption 
maxima of the various eluting peaks must also be 
determined.

A p p l i c a t i o n
Tartrazine was extracted from a commercial 

p ickle sample as its ion-pair w ith  Tn O A , red is­
solved in  ethanol, and identified  by direct in ­
jection in  the H PLC  system w ith  a suitable eluant 
(Figure 2). Natural oil-soluble colors do not 
co-extract, so the H P L C  system identifies only 
the synthetic colorant. The identity of the ex­
tracted dye was confirmed by T L C  on a cellulose 
layer w ith  ethyl acetate-l-propanol-am m onia- 
water (35 + 35 + 20 + 20).
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Isolation, Identification, and Determination of Food Dyes Following 
Ion-Pair Extraction
MARC L. PUTTEMANS, LOUIS DRYON, an d  DÉSIRÉ L. MASSART
Vrije Universiteit Brussel, Farmaceutisch Instituut, Laarbeeklaan 103, B-1090 Brussels, Belgium
Food dyes are extracted as ion-pairs w ith tri-n-oc- 
tylam ine and tetrabutylam monium . Extraction from 
aqueous solutions to chloroform is quantitative w ith
0.1M counter ion concentrations. The dye may be 
back-extracted to an aqueous phase w ith chloride, 
brom ide, iodide, n itrate , or perchlorate ions; per­
chlorate is most successful. The m ethod is applied 
to the qualitative analysis of dyes in grenadine, 
pickles, and m ilk desserts, and quantitative analysis 
in  alcoholic beverages. Commercial samples are 
analyzed by using a standard addition m ethod.

Various techniques have been used to quantitate 
dyes: Penner (1) and Ly le  and Tehram i (2)
measured dyes both by reflectance and by den­
sitometry fo llow ing th in layer chromatographic 
(T L C ) separation. Drevon and Laur (3) and 
Sohar (4) extracted dyes as their ion-pairs w ith  
quaternary ammonium ions. Drevon and Laur 
(3) chromatographed the ion-pairs by paper 
chromatography (PC ), eluted the colored spots 
from the paper sheet w ith  an ammonia solution, 
and determined the dye content by colorimetry. 
Sohar (4) back-extracted the dye to an aqueous 
solution and then measured the dye colorimet- 
rically . Th is latter technique can be applied only 
when a single dye is present. Another isolation 
method, e.g., the use of a liqu id  anion exchange 
resin , was chosen by D o lin sky and Stein (5) and 
Graichen and M olitor (6 , 7), who quantitated 
the dyes by colorim etry.

More recently, dye intermediates were deter­
m ined in  FD&C Red No. 40 (8 ), FD&C Red No. 2 
(9, 10), FD&C Ye llo w  No. 5 (10, 11), and FD&C 
Yellow  No. 6 (12-15) by high performance liquid 
chromatography (H P LC ) using an ion exchange 
technique. M artin  et al. (16) used T L C  and re­
verse phase H P LC  to identify dyes isolated from 
beverages by adsorption on wool yarn . One of 
the latest developments in  H P L C , the ion-pair 
technique, was applied to dyes by several authors 
(11, 17-20). One of them (11) described a 
method for the determ ination of Tartrazine and 
its intermediates.

In  this paper we describe the application of an 
ion-pair extraction technique for the quantitative 
and qualitative determ ination of dyes in  food

Received July 15,1981. Accepted N ovem ber 20,1981.

products. Dyes are extracted by ion-pair fo r­
mation w ith  one of 2  counter ions: tri-«-octyl- 
am ine (TnO A ) or tetrabutylammoniumphos- 
phate (TBA ). We have used the form er for ex­
traction of dyes (2 1 , 2 2 ); the latter was used as a 
counter ion in  the extraction of barbiturates (23), 
carboxylic acids (24), and pen ic illin s  (25). The 
extracted dyes are then back-extracted to an 
aqueous phase by a displacement reaction (2 1 ). 
The recovery is measured either by colorim etry 
or by ion-pair reverse phase H P L C  (19).

We describe a ll aspects of such an analysis for 
food: pretreatment of the sample, ion-pair ex­
traction, identification , and quantitation. In  a 
previous paper (2 2 ) we showed that it is possible 
to identify dyes by T LC  and H P LC  by comparing 
the chromatographic behavior of the TnO A  
ion-pairs and the free dyes in  aqueous solution. 
In  H P L C  (22), however, it is preferable to back- 
extract the dye to an aqueous phase also; there­
fore, we established the optimum experim ental 
conditions for maxim al recovery of the dyes.

Experim ental

Apparatus and Reagents
(a) S p e c tr o p h o to m e te r .— Perkin-Elm er H itachi 200.(b) p H  m e re r .— Ionalyser 601 and combined 

glass electrode.
(c) L iq u id  c h r o m a to g r a p h .— Varian  LC  5020 

equipped w ith  Valeo loop injector (100 /xL  loop) 
and Varian 254 nm U V  detector, 300 X 2 mm id 
colum n of MCH-10 (M icroPak, 10 ¿¿m octade- 
cy ls ilica ); mobile phase 60 m L/h . Peak areas 
were calculated w ith  a Varian CDS 111 inte­
grator.(d) . M o b ile  v h a se s .— 5 m L tetrabutylammonium 
hydroxide (25% in  methanol, F luka) was diluted 
to 1 L  w ith  m ixtures of methanol-phosphate 
buffer (pH  = 7.00 ± 0.05, ionic strength = 0.1): 
phase A  = 30 + 70, phase B = 60 + 40.

Mobile phases were prepared by m ixing ap­
propriate amounts of phases A  and B. We re­
ported the chromatographic system in  a previous 
paper (19).

(e) D y e s .— Purchased from P. Entrop (Ma- 
chelen, Belgium ) and used as received.

0004-5756/82/6503-0737-08$01.00© Association of Official Analytical Chemists, !nc.
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(f) C o u n te r  io n s .— Tri-h-octylam ine (A ld rich ) 
and tetrabutylammonium phosphate (0.5M so­
lution in  phosphate buffer, pH  7.5, A ltex) were 
used as received.

(g) B u ffe r s .— W ith constant ionic strength 
(0.1), prepared as fo llow s: pH  = 5.5: 1.26 g 
Na2H P 0 4.2H 20  and 24.65 g N aH 2P 0 4.H 20  dis­
solved in  double-distilled water and diluted to 
2 L ; pH  = 7.0: 9.38 g Na2H P 0 4.2H20  and 5.77 g 
N aH 2P 0 4.H 20  dissolved in  double-distilled 
water and diluted to 2 L . I f  necessary, pH  was 
adjusted to 5.50 ± 0.05 or 7.00 ± 0.05 w ith  0.1M 
sodium hydroxide. Buffers used for batch ex­
tractions, and 0.1M sodium salt solutions used for 
back-extractions of dyes, were saturated w ith  
chloroform w h ich  was ethanol-free and satu­
rated by repeated shaking w ith  water.

(h ) T L C  s y s te m .— Cellu lose precoated plates, 
20 X  20 cm (M erck), 0.1 mm thick. Eluant: ethyl 
acetate-w-propanol-ammonia-water (35 + 35 
20 + 20).

E x t r a c t i o n
Equal volumes (10 m L) of aqueous and organic 

phases were shaken 30 m in in  centrifuge tubes 
as fo llow s: For extractions w ith  Tn O A , 10 m L 
dye solution (10“ 5M or 5.10~SM ), buffered at pH
5.5 w ith  phosphate buffer (ionic strength = 0.1), 
was shaken w ith  10 m L 1.0M (or 0.10M) TnO A  
solution in  chloroform . For extractions w ith  
T B A , 5 m L dye solution (2.10_5M or 10- 4M ), 
buffered at pH  7.0 w ith  phosphate buffer (ionic 
strength = 0.1), was m ixed w ith  5 m L 0.2M (or 
0.02M) TB A  solution and 10 m L chloroform . 
Back-extractions were also performed w ith  equal 
phase volum es (7 m L each). Phases were sepa­
rated after centrifugation, and the extraction 
y ie ld  was determined by measuring the dye

concentration in  the aqueous phase. A ll  ex­
tractions were carried out in  triplicate.

A n a l y s i s  o f  C o m m e r c i a l  S a m p l e s
(a) G r e n a d in e  a n d  a lco h o lic  b e v e r a g e s .— (1) P re ­

l im in a r y  e x p e r im e n t .—A  2 m L sample was diluted 
w ith  10 m L phosphate buffer (pH  5.5; ionic 
strength 0.1). Dyes were extracted w ith  5 m L 
0.1M Tn O A  in  chloroform and identified by d i­
rect T L C  of the Tn O A  extract (22). Dyes were 
ther. back-extracted to 0.1 M sodium perchlorate 
(or other salt) solution by shaking 3 m L chloro­
form layer w ith  an equal volum e of the salt so­
lution . Identity of the extracted dyes was con­
firm ed by H P LC  of the perchlorate phase, and 
dye content was estimated by use of a calibration 
curve.

(2) Q u a n t i ta t i v e  d e te r m in a t io n  b y  s ta n d a r d  a d d i­
t io n .— To 2 m L samples, 50,100, and 150% of the 
estimated amounts of dyes were added; a suitable 
internal standard was also added. I f  the sample 
contained one or more of the dyes Tartrazine, 
Q uinoline Ye llo w , Cochenille  Red, Indigotine, 
or B rillian t Black, the procedure as listed under 
(a) (1) was followed. I f  one or more of the dyes 
Sunset Ye llow , Azorub ine , Am aranth , Eryth- 
rosine, Patent Blue or B rillia n t Green was 
present, an alternative method was used, as fo l­
lows: Ten m L 0.05M TBA  solution in  phosphate 
buffer (pH  7.0) was added to 2 m L sample, which 
was then extracted w ith  5 m L chlcroform . 
Back-extraction proceeded as in  (a) (1). Deter­
m inations were carried out in  triplicate.

(b) C o c h in e a l  in  a lco h o lic  b e v e ra g e s .— A  cochi­
neal-containing sample, after standard addition, 
was then extracted w ith  TnO A  and back-ex­
tracted w ith  perchlorate as mentioned above. A  
2 m L portion of the perchlorate extract was

Table 1. Percent of extraction of dyes into chloroform from aqueous buffer solutions with different concentrations of
TnOA or TBA

Name Cl No.
Concn

(M)

TnOA (dH = 5.5) TBA (pH = 7.0)

1.0M 0.10M 1.0M C.10M

Tartrazine 19140 5 X 10“ 5 100.0 ± 0.2 100.0 ± 0.3 96.4 ± 0.8 22.0 ±0.3
Quinoline Yellow 47005 5 X 10~5 99.8 ±0 .7 99.7 ± 0.5 98.9 ± 0.7 36.2 ±0 .4
Sunset Yellow 15985 5 X 10"5 99.8 ± 0.6 99.5 ± 0.8 97.3 ± 0.5 43.4 ±0 .4
Azorubine 14720 5 X 10-5 99.8 ± 0.7 98.9 ± 0.9 100.0 ± 0.6 56.2 ±0.5
Amaranth 16185 5X  10~5 99.6 ± 0.4 99.6 ±0 .5 98.5 ± 0 .5 40.8 ± 0.4
Cochenille Red 16255 5 X 10"5 100.0 ± 0.9 99.1 ± 0.7 97.3 ± 0 .6 39.5 ±0 .4
Erythrosine 45430 1  x  io - 5 98.1 ± 0.5 96.4 ± 0.6 99.1 ± 0.7 98.6 ±0.5
Patent Blue V 42051 5 X 10“ 5 99.3 ± 0.6 99.4 ± 0 .8 99.3 ± 0.8 42.3 ± 0.4
Indigotine 73015 1 X 10~5 96.2 ± 0.4 79.0 ± 0.8 95.0 ±0 .7 31.5 ± 0.4
Brilliant Green 44090 1 X 10"5 100.0 ± 0.3 99.5 ± 0.4 97.8 ± 0.5 42.5 ±0 .4
Brilliant Black 28440 1 X 10“ 5 100.0 ± 0.4 99.5 ± 0.7 96.3 ± 0.6 37.8 ±0.3
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treated w ith  250 f iL  5% uranyl acetate solution in 
double-distilled water and diluted to 25 m L w ith 
0.1M sodium perchlorate. The absorbance at 621 
nm was measured in  50 mm cells. Determ ina­
tions were carried out in  triplicate.

(c) P ic k le s  a n d  c a n n e d  c h e rr ie s .— Five  g pickles 
or dried cherries was macerated 1 h at 50°C in  
100 m L 0.1% ammonia solution. The solution 
was filtered and the pH  was adjusted to 5.5 w ith  
0.1% phosphoric acid. The dyes were extracted 
w ith  10 m L 0.1M Tn O A  in  chloroform .

(d) M i lk  d e sse r ts  (rice m i lk ).— Five  g dried m ilk 
dessert was transferred to a 35 cm X  2 cm id glass 
chromatography tube, and dyes were eluted w ith 
100 m L methanol-ammonia (95 + 5). The eluate 
was evaporated to dryness, the residue was d is­
solved in  20 m L phosphate buffer (pH  = 5.5, 
ionic strength: 0 .1), and the dyes were extracted 
w ith  5 m L 0.1M T n O A  solution in  chloroform  
and then back-extracted w ith  3 m L 0.1M sodium 
perchlorate.

Resu lts and D iscussion

S e l e c t i o n  o f  C o u n t e r  I o n
As shown in  Table 1, a ll dyes investigated 

were extracted w ith  0.1M and 0.01M solutions of 
both counter ions. As we demonstrated (22), the 
T n O A  extraction is quite dependent on the pH 
of the solution. Indeed, the acid dye must be 
ionized w h ile  the amine must be protonated. 
The optimum pH value lies between 5 and 6 . On 
the other hand, TB A  is ionized over the whole 
pH  range and the choice of pH  is less critical.

Extractions w ith  0.1M counter ion concentra­
tions g ive satisfactory results for both counter 
ions. A t a 0.01M concentration, the difference 
between T n O A  and TB A  becomes apparent. 
W h ile  Tn O A  s till gives quantitative extraction, 
except for Indigotine, T B A  gives much lower 
extraction yie lds. Th is  difference can be easily 
explained by the h igher degree of hydropho- 
b ic ity  of Tn O A  w h ich  has 24 carbon atoms vs 16 
for TB A . Consequently, one may state that 
Tn O A  is a better counter ion than T B A  in  the 
extraction of food dyes, except Erythrosine is 
extracted somewhat better w ith  TBA .

S e l e c t i o n  o f  D i s p l a c i n g  I o n
Back-extractions were tried first w ith  Tn O A  

dye extracts. Dyes were extracted w ith  a 0.1M 
T n O A  solution in  chloroform  and th is solution 
was then shaken w ith  an equal volume of a 0 .1M 
salt solution. Various competing ions were 
tested as their sodium salts: chloride, bromide,

o
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Table 3. Recovery of 50 ppm dyes added to wine aperitif, extracted with TnOA or TBA, and back-extracted with 0.1 M
sodium perchlorate

TnOA TBA

Name Ree., % Source of loss Rec„ % Source of loss

Tartrazine 98.1 ± 2.9 _ 53.1 ±2 .0 extn
Quinoline Yellow 100.2 ± 5.1 — 96.7 ± 1.0 —
Sunset Yellow 63.2 ± 4.0 back-extn 92.9 ±3.1 extn
Azorubine 38.7 ± 3.9 back-extn 90.0 ±4 .0 extn
Amaranth 63.3 ± 1.5 back-extn 98.3 ±4.6 —
Cochenille Red 87.3 ± 4.3 back-extn 88.2 ±4.2 extn
Erythrosine 5.6 ± 0.3 extn + 

back-extn
18.6 ±0 .8 extn + 

back-extn
Patent Blue V 12.3 ± 2.6 extn + 

back-extn
66.1 ± 2.3 extn

Indigotine 100.1 ± 2.7 — 39.9 ± 2.3 back-extn
Brilliant Green 24.5 ± 3.1 extn + 

back-extn
67.0 ± 7.2 extn

Brilliant Black 65.1 ± 2.8 back-extn 33.1 ± 1.2 extn

iodide, nitrate, perchlorate, phosphate, sulfate, 
borate, and citrate. The latter 4 were rejected 
immediately because of low (10-50%) extraction 
yields for the tested dye (Quinoline Yellow ). As 
listed in  Table 2, chloride, bromide, iodide, n i­
trate, and perchlorate give suffic ient back-ex­
traction yie lds. The latter 3 give nearly quanti­
tative back-extractions except for Erythrosine and 
Azorubine.

G érin  and Fresco (26) found that the partition 
constants of tri-u-octylamine chloride, bromide, 
iodide, and perchlorate between water and n i­
trobenzene increase in the order C l-  < Br~ < I -  
< C IO 4- ;  therefore, we studied w hether the 
displacement of dyes by these ions fo llow s the 
same order. Data listed in Table 2 indicate that 
this is the case for 7 of the 11 dyes investigated 
(Q uino line Ye llo w , Sunset Ye llo w , Azorubine, 
Am aranth, Cochenille  Red, Patent B lue, and In ­
digotine).

Extractions w ith  sodium iodide are less useful 
in  dye analysis, partly because iodide is easily 
oxidized to iodine but mostly because it gives an 
interfering solvent peak in  the ion-pair reverse 
phase H P L C  system (18, 22). From the back- 
extraction experiments, it may be concluded that 
nitrate and perchlorate are best suited for d is­
placement of dyes from their Tn O A  complexes 
and their subsequent determ ination by H P LC . 
These salts were likew ise  investigated for back- 
extraction of dyes from TB A  complexes. Results 
(Table 2) indicate that recoveries are sim ilar or 
higher than w ith  TnO A , especially for Azorub­
ine and Erythrosine and confirm  that TB A  is a 
less powerful counter ion for the extraction of 
dyes and perchlorate is preferred as displacing 
ion. Considering overall recoveries (Table 2), 
for the dyes Azorubine, Erythrosine, Patent Blue,

and Brilliant Green, it is preferable to extract w ith  
T B A  instead of TnO A .
R e c o v e r i e s  f r o m  A l c o h o l i c  B e v e r a g e s

Dyes were added to dye-free alcoholic bever­
ages at 50 ppm. Recoveries of dyes added to

v

Figure 1. A n a ly s is  o f  d y es  in  a lco h o lic  b ev erag e, 
extracted w ith  TBA and back-extracted  w ith  per­
ch lorate:

A, Chromatogram of sample (dyes 1,2. 3, and 4) + 
internal standards (ISi-Orange GR, IS2-Patent Blue V); 
B, chromatogram of sample + internal standards + 200 
l i L  stock solution: 1' = 1 = Tartrazine, 2' = 2 = Sunset 
Yellow, 3' = 3 = Brilliant Black, 4' = 4 = Azorubine. 
Mobile phase gradient scheme: 0, 7, 7.1, and 14 min 

= 15, 15,100, and 100% B.
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Table 4. Analysis results of commercial alcoholic 
beverages

Sample Name
Amount,

ppm Method

1 Tartrazine 28.9 ± 0.4 HPLC
Sunset Yellow 9.5 ± 0.2 HPLC
Azorubine 13.9 ± 0 .3 HPLC
Brilliant Black 3.4 ±0 .3 HPLC

2 Patent Blue V 51.7 ± 1.6 colorimetry
3 Sunset Yellow 172.3 ± 1.5 colorimetry

170.5 ± 3.6 HPLC
4 Tartrazine 18.8 ± 1.0 HPLC

Patent Blue V 11.2 ± 1.3 HPLC
5 Tartrazine 17.5 ± 1.2 HPLC

Patent Blue V 0.60 ± 0.05 HPLC
6 Amaranth 11.9 ±0 .3 HPLC

Cochineal 130.6 ± 11.3 colorimetry

beverages such as e lix irs  consisting m ain ly of 
w ater, alcohol, sweeteners, flavor components, 
and colorants were s im ilar to those obtained 
from aqueous solutions. H ow ever, recoveries 
of dyes added to more complex matrices such as 
verm ouths and aperitifs manufactured from 
w in e  were low er (Table 3). W ith  T n O A  as 
counter ion, losses are mostly due to incomplete 
back-extraction; w ith  T B A  as counter ion, low 
yie lds are mostly due to incomplete prim ary ex­
traction. For Erythrosine , Patent Blue, and 
B rilliant Green, the primary extraction yields are 
low  although almost no color rem ains in  the 
aqueous phase. The loss is due to adsorption of 
the dyes to w ine components precipitated at the 
interphase between the chloroform and aqueous 
phases. Since adsorption of dyes was less sig­
n ificant in  alkaline medium, we centrifuged the 
sample after addition of ammonia. The pH  of 
the supernatant liqu id  was adjusted and extrac­
tion was carried out as usual. Extraction y ie ld  
im proved substantially for Erythrosine , Patent 
Blue, and B rillian t Green; almost 90% of the 
added dye was now extracted both w ith  T n O A  
and T B A . A lthough it is  d ifficu lt to choose a 
preferred counter ion for overall quantitative 
extraction for a ll dyes, TB A  is preferred for 
Sunset Ye llo w  and Am aranth.

A n a l y s i s  o f  C o m m e r c i a l  A l c o h o l i c  B e v e r a g e s
TnOA-extracted dyes are first identified  by 

direct T L C  of the TnO A  ion-pairs. Dyes are then 
back-extracted w ith  perchlorate and their iden­
tity  is confirmed by H P L C . The dye content of 
the perchlorate extract is determined tentatively 
by means of a calibration curve. W ith  this in ­
form ation, a new extraction is carried out, i f  
necessary', w ith  T B A  instead of TnO A .

Figure 2. HPLC analysis  o f Sam ple 6 , extracted w ith  
T nO A  and back-extracted  w ith  perch lorate: A ,
sam p le , c =  C och in ea l, x =  u n k n o w n  dye; B, A m a ­

ranth. M o b ile  phase: 5% B.

The sample is also analyzed using a standard 
addition method: 50, 100, and 150% of the
amount of dye found in  the sample by p re lim i­
nary experiment is added to sample aliquots. I f  
on ly one dye is present, the dye content in  the 
extract is determined by colorim etry. In  other 
cases, dyes are quantitated by H P L C  at a suitable 
mobile phase composition. As an illustration the 
analysis of one sample is g iven below: Upon 
extraction of the dyes w ith  0.1M T n O A  in  chlo­
roform and back-extraction w ith  0 .1M sodium

F igure 3. Id en tif ica tio n  o f  d y e s  in  a g ren a d in e  
sam ple: A , sam p le  w ith  u n k n o w n  d y es  1 ,2 , and  3; B, 
m ixture o f reference dyes: 1 =  1' =  A m aranth, 2 =  2' 
= C ochineal R ed, 3 =  3' =  Q u in o lin e  Y ellow . M o b ile  

phase: 25% p h ase B; chart sp eed  1 c m /m in .
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Figure 4. Id e n tif ica tio n  o f d y es  in  a b ran dy sam p le  (S am ple 4): L eft, sa m p le  w ith  u n k n o w n  d y es  1 and  2; 
right, m ixture o f reference dyes: 1 =  1' =  T artrazine, 2 =  2' =  P atent B lue V . M o b ile  phase gradient schem e: 

0, 2 ,1 0 , and  10.1 m in  =  1 5 ,1 0 0 ,1 0 0 , and 15% B; chart sp eed  1 c m /m in .

perchlorate, the sample was shown to contain 30 
ppm Tartrazine, 17.5 ppm Sunset Ye llo w , 1.25 
ppm Azorubine, and 8.5 ppm B rillian t Black. A  
dye stock solution was prepared containing 30

Figure 5. Iden tifica tion  o f Tartrazine in  pickles: A, 
T nO A  extract o f  p ick les; B, T nO A  extract o f  Tartra­
z in e . M o b ile  phase: 33% B; chart sp eed  1 c m /m in .

mg Tartrazine, 17.5 mg Sunset Ye llo w , 5 mg 
Azorubine, and 8.5 mg B rillian t Black in  100 m L 
double-distilled water. To 2 m L sample, 0 p L , 
100 p L , 200 p L , or 300 p L  of the dye stock solu­
tion together w ith  200 p L  of an internal standard 
solution (10 mg Orange GR and Patent Blue in  
100 m L double-distilled water) were added. 
Because the chloroform  phase was s till red after 
back-extraction w ith  perchlorate, due to incom ­
plete extraction of Azorub ine , T n O A  was re­
placed by T B A  to increase over-all extraction 
yield. The extraction procedure was repeated in 
the new system, i.e ., w ith  standard addition and 
internal standard so that several kinds of errors 
such as nonquantitative extraction y ie lds, vo l­
ume variations due to the presence of alcohol in 
a water-chloroform  system, and incorrect injec­
tion volum es, were avoided.

Extracts were chromatographed in  a gradient 
H P L C  system (Figure 1), and areas of the corre­
sponding peaks were calculated by integrator. 
Peak areas were d ivided by the peak area of the 
internal standard. Tartrazine, Sunset Ye llo w , 
and B rillian t Black were calculated w ith  Orange 
GR as internal standard; the concentration of 
Azorubine was obtained relative to Patent Blue.
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F igure 6 . Id e n tifica tio n  o f T artrazine in  m ilk  d es­
serts (rice m ilk): A , perch lora te extract o f rice m ilk ;  

B, a q u eou s so lu t io n  o f  Tartrazine.

Relative peak areas were plotted vs the added 
amount of dye. In  practice, the value of the in ­
tercept was calculated through a curve-fitting 
program.

Table 4 shows the results obtained for this 
sample and a few  others. The large amount of 
Sunset Ye llo w  found by colorim etry for Sample 
3 was confirm ed by H P LC . Because Sample 6 
contains Am aranth and Cochineal, a natural 
acidic dye, it was necessary to look for an ade­
quate quantitation method for Cochineal in  the 
presence of Am aranth. Am aranth can be de­
termined by H P LC  but Cochineal gives a tailing 
peak by the H P LC  system used (Figure 2). Direct 
colorim etry of the extract is also excluded be­
cause of the presence of the other red dye. 
Therefore, we investigated the app licab ility of 
a qualitative test, the reaction of Cochineal w ith  
uranyl acetate (27), to quantitative determ ina­
tions. It appeared that the intensity of the green 
reaction between Cochineal and uranyl acetate 
increases linearly w ith an increase of the amount 
of Cochineal and is independent of the presence 
of Am aranth (5 ,10 , and 50 ppm Am aranth were 
added). The determ ination of cochineal in  a 
commercial sample was carried out by the stan­

dard addition technique, since the overall ex­
traction y ie ld  was only 75%.

Q u a l i t a t i v e  A n a l y s i s  o f  V a r i o u s  F o o d  
P r o d u c t s

For identification of dyes in liquid samples, the 
procedure is the same as for alcoholic beverages. 
Chromatograms for a grenadine and an alcoholic 
beverage are presented in  Figures 3 and 4. For 
solid foods such as pickles and canned cherries, 
dyes must be so lubilized first by maceration, 
then extracted and identified by T L C  and H P LC . 
Identification of Tartrazine in  pickles is shown 
in  Figure 5 (22). For rice m ilk , a food high in 
carbohydrate, fat, and protein, it is impossible to 
app ly the maceration technique. Colum n 
chromatography is used to separate the dye from 
the m atrix, followed by TnO A  extraction. The 
extracted dye is identified in  the perchlorate 
phase by T LC  and H P L C  (Figure 6 ).
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T H IC K E N IN G  A G E N T S

Electrophoretic Method for Qualitative and Quantitative Analysis of 
Gelling and Thickening Agents
UDO PECHANEK, GERNOT BLAICHER, WERNER PFANNHAUSER, 
and HERBERT WOIDICH
Forschungsinstitut der Ernährungswirtschaft, Blaasstrasse 29, 1190 Wien, Austria
A n  e lec tro p h o retic  m eth od  has b een  d ev e lo p ed  for  
q u a lita tiv e  and q u a n tita tiv e  d e term in ation  o f a ll 
co m m o n  th ic k en in g  and g e ll in g  agents. T h ickeners  
w er e  id e n t if ie d  b y  th e ir  m ig ra tion  b eh a v ior , th e ir  
s ta in in g  a b ility , and  the characteristic shapes o f th eir  
e lec tro p h o r etic  zo n es , and  th en  q u an tita ted  in  a 
scann er. A  m eth od  is  a lso  reported  for iso la t in g  
th ic k en er s  from  fo o d , in c lu d in g  rem ova l o f  fa t and  
d y e s  b y  d io x a n e , en zy m a tic  starch d egrad ation , re­
m o v a l o f  p ro te in  b y  tr ich loroacetic  acid , and  p re­
c ip ita tion  o f  th e polysaccharides b y  absolute ethanol. 
I so la tio n  o f  g e la tin  is  a lso  describ ed .

W ith  the increased production of foods like  in ­
stant puddings, creams, and d rinks, and pre­
cooked frozen meals, the use of gelling and 
th ickening  agents has also increased. The nat­
ura l products orig inating from algae or plant 
seeds,'exudates, and extracts show m ultifunc­
tional qualities as stabilizers, thickeners, and 
b ind ing and suspending agents.

U n t il now , few  authors have reported on the 
analytical aspect of these substances. The usual 
analytica l methods apply microscopic examina­
tions and unspecific precipitation reactions (1-4). 
O ther attempts to analyze thickeners include 
hydro lysis of the polysaccharides before deter­
m ination of their components, and direct anal­
ysis (w ithout hydro lysis or derivatization). 
Constituents are then identified by methods like 
th in  layer chromatography (5, 6 ), paper chro­
matography (7), gas chromatography (8-12), thin 
layer electrophoresis (13), or polarography (13). 
These analyses are tedious and lengthy, and give 
acceptable results only if  a single thickener is 
present, because of s im ilarities between th ick­
ener components and the problem of hydro l­
ysis.

Some good results were obtained in  experi­
ments using the fo llow ing methods: separation 
on DEAE-cellu lose (14) and gas chromatographic 
analysis of the constituents, electrophoresis w ith 
ce llu lo se  acetate membranes (15), m oving 
boundary electrophoresis (16), electrophoresis

w ith  polyacrylam ide gels (17, 18), serological 
identification (17), or gel permeation h igh 
pressure liqu id  chromatography (H P L C ) (19). 
The best results were obtained by Padmoyo and 
M iserez (15) who separated some th ickeners by 
using electrophoresis w ith  cellu lose acetate 
membranes before identification by d ifferent 
dyes.

We tried to develop a method for qualitative 
and quantitative determ ination of a ll common 
thickeners w ithout hydrolysis or derivatization. 
We used diluted polyacrylam ide gels as w e ll as 
agarose layers and, fin a lly , cellulose acetate 
membranes. We identified thickeners based on 
these 3 criteria: m igration on the layer in  the 
electric fie ld , ab ility  to be stained, and shape of 
electrophoretic zone.

M E T H O D

A p p a r a t u s
(a) T h in  la y e r  e le c tr o p h o r e s is  e q u i p m e n t . — 

Beckman M icrozone ce ll, type R-101, w ith  
Beckman M icrozone sample applicator.

(b) P o w e r  s u p p ly .— Beckman type R-120.
(c) S c a n n e r —Zeiss T L  Photometer PM Q II, 

nonmonochloromatographic part M 4Q III, XY- 
recorder H P .

(d) U ltr a s o n ic  b a th .

R e a g e n t s
(a) C e llu lo se  a c e ta te  m e m b r a n e s .— 145 X  57 mm 

(Beckman).
(b) S ta n d a r d  th ic k e n e r  s u b s ta n c e s . — Sigm a. 

Prepare solutions of 0.5-0.001% (as g iven Table 
1) in  water bv stirring  on 100°C heating plate. 
F ilter before use. For agar-agar, dissolve in  0.1 N 
HC1, heat, and filte r. N eutralize w ith  0.1N 
N aO H.

(c) S ta in s .—M ethylene Blue and Am ido Black 
10B (M erck); To lu id ine  Blue O and Fuchsin  
(Serva); commercially prepared Fuchsin reagent 
(M erck). Prepare 0.2% M ethylene Blue; 0.2%

0004-5756/82/6503-0745-08$01.00 
© Association of Official Analytical Chemists, Inc.
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Table 1. Optimum concentrations and application 
frequency for thickeners and particular stains

Thickener Concn, %
Application
frequency Amt, ng

Fuchsin

Alginic acid 0 . 1 5-8 1250-2000
Ca-Alginate 0 . 1 3-6 750-1250
Carob (locust

bean gum) 0 . 0 2 4-6 200-300
Guar 0 . 0 1 5-7 125-175
Gum arabic 0.025 2-4 127-254
Gum ghatti 0.5 1-3 ,1250-3750
Gum karaya 0.5 2-5 2500-6250
K-Alglnate 0.1 5-7 1250-1750
Na-Alginate 0.1 5-7 1250-1750
Pectin 0.25 1-3 625-1875
Propylene

glycol
alginate 0.25 5-8 3125-5000

Starch, soluble 0.1 3-5 750-1250
Starch, modified 0.1 8-12 2000-3000
Tragacanth 0.125 3-5 937.5-1562.5

Toluidine Blue

Agar-agar 0.5 6-16 10 000-20 000
Alginic acid 0.05 2-4 250-500
Ca-Alginate 0.05 1-3 125-375
Carrageenans 0.05 2-6 250-750
Carboxy

methyl
cellulose 0.05 1-4 125-500

Gum arabic 0.125 2-6 625-1865
Gum ghatti 0.5 2-5 2500-6250
Gum karaya 0.5 1-5 1250-6250
K-Alginate 0.05 2-6 250-750
Na-Alginate 0.05 1-4 125-500
Pectin 0.125 1-5 312.5-1562.5
Propylene

glycol
alginate 0.25 2-4 1250-2500

Tragacanth 0.125 4-6 1250-1875

Methylene Blue

Agar-agar 0.5 6-10 7500-12 500
Alginic acid 0.1 2-4 500-1000
Ca-Alginate 0.1 3-5 750-1250
Carrageenans 0.05 3-5 375-625
Carboxy

methyl
cellulose 0.05 6-8 750-1000

Gum arabic 0.25 3-5 1875-3125
Gum ghatti 0.5 6-8 7500-10 000
Gum karaya 0.5 6-8 7500-10 000
K-Alginate 0.05 2-4 250-500
Na-Alginate 0.1 1-3 250-750
Pectin 0.25 2-4 1250-2500
Propylene

glycol
alginate 0.25 3-5 1875-3125

Tragacanth 0.25 8-10 5000-6250

Amido Black 10B

Gelatin 0.1 2-5 500-1250

To lu id ine  Blue O; and 1% Am ido Black 10B (or 
0.1% in methanol-acetic acid (9 + 1)) in  water and 
filte r before use. To prepare Fuchsin reagent 
(Sch iff s reagent), dissolve 1 g in  ca 80 m L boiling 
water, and stir vigorously 90 m in. Cool under 
running tap water. Add 1 m L concentrated HC1 
and 2 g K 2S2O 5. D ilute w ith  water to 100 m L and 
continue to stir 1 h. Let stand overnight. About 
25 m in before use, incubate 30 m L reagent w ith
1.2 g powdered charcoal, filte r, and use clear, 
colorless solution for staining.

(d) P er io d ic  a c id .— Dissolve 2 g periodic acid 
in  10 m L water. Add 90 m L denatured alcohol. 
Prepare fresh ly da ily . Before using Fuchsin re­
agent, dip sample membrane into periodic acid 
5 m in.

(e) T r ic h lo r o a c e t ic  a c id  s o l u t i o n .— 50% in 
water.

(f) B oric a c id  b u ffe r  (15).—Dissolve 12.4 g boric 
acid and 4 g N aO H  in  1 L  water (pH = 10, ionic 
strength = 0.13).

(g) S o d iu m  c a rb o n a te  b u f fe r  (15).— Dissolve 3.9 
g N a2CC>3 and 6.3 g NaHCC>3 in  1 L  water (ionic 
strength = 0.15).

(h ) E n z y m e s .— a-Am ylase (M erck); amylo- 
glucosidase (M erck).

I s o l a t i o n  o f  P o l y s a c c h a r i d e s
To remove a ll food components except th ick­

eners, the process consists of 4 steps: removing 
fat, starch, and proteins, and precipitating 
thickeners. Depending on the concentration of 
components in  the sample, the isolation proce­
dure can be modified by repeating a step (fat and 
color extraction), increasing incubation time or 
increasing enzyme concentration (starch re­
m oval), or increasing the amount of chemicals 
(protein precipitation). A  step may be omitted 
when a food does not contain a component. As 
given in  the procedure, use a thermostated water 
bath and laboratory centrifuge (max 30C0 rpm), 
equipped w ith  80 m L centrifuge tubes. Cover 
tubes w ith  watch glasses during all heating 
steps.

P r e p a r a t i o n  o f  S a m p l e s
Dissolve 0.5-10 g solid sample in  appropriate 

amount of water by heating in  100°C water 
bath.

E x t r a c t i o n  o f  F a t  a n d  D y e s
Add 40 m L dioxane and hold 5 ir.in  at 60°C . 

Centrifuge at 3000 rpm. Decant and repeat d i­
oxane treatment for intensely colored samples or 
those containing more than 10% fat. Wash res­
idue twice w ith  10 m L portions of 70% ethanol.
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I f  washings are s till colored, repeat washings 
u n til liqu id  is colorless. D ry  residue carefu lly 
under stream of nitrogen. D issolve in  5-10 m L 
water by w arm ing to 60-70°C and m ixing in  u l­
trasonic bath.

S t a r c h  D e g r a d a t i o n
Add fresh ly prepared solution of e-amylase 

(0.5-1 mg in  1 m L water) and let stand at room 
temperature 30-60 m in. Warm to 50°C and add 
solution of fresh ly prepared amyloglucosidase 
(0.2-1 mg in  1 m L water) and hold for 1-2 h.

P r e c i p i t a t i o n  o f  P r o t e i n
Warm to 60°C and add urea (1-5 g). u n til so­

lution becomes more or less transparent. Com ­
plete dissolution at this temperature. Add drops 
of 50% trichloroacetic acid (1-5 m L) until pre­
cipitation is complete. H old at this temperature 
15 m in ; then centrifuge. Q uantitative ly pour 
liqu id  phase into another 80 m L centrifuge 
tube.

P r e c i p i t a t i o n  o f  P o l y s a c c h a r i d e s
Add 50 m L absolute ethanol and let stand 

overnight. Decant, and wash residue w ith  5-10 
m L portions of 70% ethanol; then d ry under 
stream of nitrogen. Add small amounts of water 
(1-2 m L) w ith  stirring  and dissolve residue at 
100°C. Collect these portions in  5 or 10 m L 
volum etric flask. Complete dissolution in  u l­
trasonic bath.

E l e c t r o p h o r e t i c  P r o c e d u r e s
(a) P o ly a c r y la m id e  g e l  e le c tr o p h o r e s is .—Condi­

tions as fo llows: 5% polyacrylam ide + 0.83% 
N ,N '-m ethylenebisacrylam ide, diluted 2  + 1; 
boric acid buffer; current 40 m A ; run time 2 h ; 
ce ll as described by Ebermann and Barna (23).

(b) A g a r o s e  g e l  e le c tro p h o res is . —Conditions as
follow s: agarose gels (Beckm an); boric acid
buffer; 100 V ; run time 20 m in ; Beckman M icro­
zone cell R-101.

(c) C e llu lo s e  a c e ta te  m e m b r a n e  e le c tr o p h o r e ­
s is .—Wet membrane only along sides of 2 rows 
of holes, using boric acid buffer, and fix  it on cell 
bridge. Put membrane onto self-made wooden 
block (4 cm h igh , 2 cm w ide, same length as cell 
bridge, w ith  1 cm border on left and right side to 
keep cell bridge in  position) outside ce ll vessel 
and adjust cell cover above. Wet the 8 possible 
spots on the sheet w ith  0.25 p L  boric acid buffer, 
using M icrozone applicator (take up 0.25 q L  in 
2 metal lamina, and touch surface). A pp ly 0.5 pL 
sample and dry under stream of cool a ir to avoid 
spot broadening. Repeat process as often as

necessary for visualization of samples (see Table 
1). Wet membrane w ith  boric acid buffer before 
starting electrophoresis at 300 V  for 20 m in. For 
quantitation of guar or carob, wet application 
spot as w ell as membrane, before electrophoresis, 
w ith  carbonate buffer instead of boric acid buffer, 
but use boric acid as cell buffer. Th is  treatment 
aids m igration.

S t a i n i n g  P r o c e d u r e s
For a ll electrophoretic procedures, use poly- 

strol containers (10 X  13 X  8 cm) w ith  covers.
(a) S ta in in g  w i th  T o lu id in e  B lu e  a n d  M e th y l e n e  

B lu e .—Dip membrane into ca 50 m L staining 
solution and gently shake in  dye 20 s. Remove 
excess dye by rinsing  in  5 portions of ca 40 m L 
tap water, each ca 20 s. For stain ing w ith  To lu ­
idine Blue, add 10 m L denaturated alcohol (90%) 
to last portion of water and rinse ca 20-30 s. 
A vo id  prolonged washings because it removes 
a ll stain. Carrageenans, furce llaran , and agar 
change from blue to v io let, w h ich  can also be 
useful for identification. Let these sheets dry in  
open air attached to glass plate.

(b) S ta in in g  w i th  A m id o  B la c k  1 0 B .—After 
electrophoresis, put membrane into solution of 
5% trichloroacetic acid for 5 m in. Stain as de­
scribed above. Destain w ith  20 m L portions of 
methanol-acetic acid (9 + 1). Make sheet 
transparent by attaching to glass plate and 
heating 5 m in at 105°C.

(c) S ta in in g  w i th  F u c h s in  r e a g e n t .— Incubate 
membrane ir. periodic acid solution exactly 5 
m in. Cautiously remove excess w ith  4 portions 
of ca 40 m L tap water, shaking 30-60 s each time. 
Plunge sheet into 30 m L colorless, filtered solu­
tion of Fuchsin reagent and hold u n til w hole 
sheet is intense red (30 m in to 10 h , depending 
on quality of reagent). Remove excess dye w ith  
15 m L portions of 90% denatured alcohol, u n til 
membrane has become w hite  or p ink and sub­
stances are v is ib le  as red zones. For sheets kept 
in  denatured alcohol, color keeps even for weeks. 
A fter quantitation, membrane can be made 
transparent for storage and documentation.

I s o l a t i n g  G e l a t i n
Heat 5-10 g sample 1 h in  boiling water after 

addition of 20-40 m L water. Set pH  to 3-4 w ith  
concentrated acetic acid, and centrifuge. I f  
sample contains fat, remove upper layer (fat) 
carefu lly . Transfer liquid  phase to 25 or 50 m L 
volum etric flask and dilute w ith  water. A pp ly  
on membranes in  position C (th ird  application 
row  of cell cover). Use carbonate buffer for
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F igure 1. Scans o f d iffer en t ty p es  o f carrageenans: 
(A ), io ta -ty p e  (pure); (B), k a p p a -ty p e (pure); (C), 
m ixtu re o f  80% kappa +  20% lam bda; (D ), m ix tu re o f  
lam b da +  kappa +  io ta  (1 +  1 +  1). W a velen g th  550 

n m , scan sp eed  1 0  m m /m in .

electrophoresis and let run 15 m in at 200 V . 
Stain w ith  Am ido Black 10B.

P r o c e d u r e  f o r  M a k i n g  M e m b r a n e  
T r a n s p a r e n t

Remove denatured alcohol and add 20 m L 
methanol to remove water. Let stand 5 m in. 
Place sheet on glass plate, pour ca 10 m L fresh ly 
prepared m ixture of methanol-acetic acid over 
it, and let stand 60 s. Remove excess liqu id  and 
a ir bubbles w ith  rubber policeman. D ry  mem­
brane attached to the glass plate 5 m in at 
105°C.

I d e n t i f i c a t i o n  P r o c e d u r e
Samples usually can be identified using only 

2 stain ing procedures: To lu id ine  Blue and
Fuchsin reagent. To do th is, apply to one sheet 
some of the standards w ith  d ifferent m igration 
behavior reacting w ith  To lu id ine Blue (Table 1) 
as w e ll as d ifferent amounts of unidentified 
samples. Repeat by applying Fuchsin-sensitive 
substances (Table 1) and samples on a second 
sheet.

Q u a n t i t a t i o n
Wet membrane w ith  water (for Toluidine Blue

and M ethylene Blue), methanol (Am ido Black), 
or denatured alcohol (Fuchsin ). Press between 
glass plates, avoiding a ir bubbles, and measure 
transmittance in TL-scanner at wavelength of 550 
nm. L igh t path has to be reduced by s lit blend 
(w idth  3.5 mm, length 6 m m ); s lit w id th : 
0.01-0.05 mm, depending on color intensity of 
membrane background. Set XY-recorder to 
0.5-0.05 m V/cm  for signals of appropriate 
height. Use scan speed of 50 m m /m in ; then 
reduce to 10 m m /m in to identify  peak. Some 
special peak forms are g iven in  Figure 1 (A -D ).

Calculate detection lim its as 2- or 3-fold aver­
age of peak heights in  background w ith in  peak 
area, expressed as ng th ickener.

Resu lts and D iscussion
In  previous studies, we attempted to separate 

thickeners by using polyacrylam ide gels, but 
m igration was slowed by the narrow  porous 
structures of the gels. Separation depends on 
the 3-dimensional structure of polysaccharides 
as w e ll as their charges. M igration distances 
were short even w hen diluted polyacrylam ide 
gels were used. In  addition, the destaining 
procedure was lengthy, lasting up to 24 h because 
of the thickness of the gel. A n  alternative sup­
port m aterial, agarose, is easier to handle and 
gives better m igration distances. H ow ever, on 
this gel, some thickeners migrate in  a sharp line , 
w h ile  others migrate as broad zones. Agarose 
gel separation of some thickeners is shown in  
Figure 2.

F in a lly , cellulose acetate membranes were 
chosen to avoid retention caused by 3-dimen- 
sional structures of thickeners. The separation 
depends only on the charged groups like sulfuric 
esters or uronic acids. The use of boric acid

F igure 2. E lectrop h oretic  sep aration  o f th ick en ers  
on  agarose g e l at 100 V  for 20 m in , u sin g  b or ic acid  
b u ffe r , s ta in ed  b y  Fuchsin: 1, p ec tin , 10 pL, 0.5% 
so lu t io n ; 2, so lu b le  starch , 10 gL , 0.06% so lu tio n ; 3, 
g u m  arabic, 10 jtL, 0.6% solu tion; 4, a lg in ic acid, 10 /tL, 

1 % so lu tio n .
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- C - 0  0 - C -

Figure 3. C om plex o f boric acid b u ffer form ed  w ith  
uncharged  th ick en ers.

buffer to form a complex (Figure 3) w ith  un­
charged thickeners, like  guar and carob, allows 
anodic m igration of a ll polysaccharides.

As a lready m entioned, identificatio n  of 
th ickeners depends on, first, evidence of m i­
gration behavior (first criterion) as shown in 
Figures 4 and 5 for thickeners stained by Fuchsin 
and To lu id ine Blue. M igration distance of all 
thickeners compared w ith  gum arabic is given in 
Table 2. Second, special shapes of electropho­
retic zones are demonstrated w ith  different types 
of carrageenans (Figure 6 ), carboxy m ethyl cel­
lulose, and pectin (Figure 5). As shown in  Fig­
ure 5, a ll types of carrageenans (kappa, iota, 
lambda) can be distinguished by their zone 
shape. Ab ility  to be stained is the third criterion 
(see Table 1). Some polysaccharides w h ich  are 
stained by To lu id ine Blue, like  carrageenans, 
furce llaran , and agar-agar, change color from 
blue to violet in  contact w ith  dilute alcohol. This 
can be used as an additional identification factor. 
Com bining these criteria , we can recognize a ll

F igure 4. E lectrophoretic  sep aration  o f th ick en ers  
on  c e llu lo se  acetate m em brane at 300 V  for 20 m in , 
s ta in ed  w ith  Fuchsin: 1, 254 ng gum  arabic; 2 ,1 25 0  
n g  N a-a lg in a te; 3 ,3 75 0  n g  gum  ghatti; 4 ,1 2 5 0  n g  tra- 
gacanth; 5, 300 ng carob; 6 , 150 n g  guar; 7, 1250 ng  

starch.

F igure 5. E lectrop h oretic  sep aration  o f th ick en ers  
o n  c e llu lo se  acetate m em brane at 300 V  for 20 m in , 
s ta in ed  w ith  T o lu id in e  Blue: 1, 250 n g  a lg in ic  acid; 
2 ,1 87 5  n g  tragacanth; 3 ,2 0  000 ng agar-agar; 4 ,1562.5  
n g  p ectin ; 5, 500 n g  carboxy m eth y l ce llu lo se; 6 ,1 2 5  
n g  p ro p y len e  g ly co l alg inate; 7 ,6 2 5  n g  gum  arabic; 8 , 

375 n g  kappa-carrageenan.

usual types of thickeners, as w e ll as gelatin.
The only d ifficu lty  was separation of the 

galactomannans guar and carob (compare spots 
5 and 6 in  Figure 4). S im ila rity  of chemical 
composition and constituents as w e ll as their 
uncharged form makes electrophoretic separa­
tion impossible. D istinction is possible only if  
samples contain either one or the other. In  such 
samples, a microscopic identification of guar and

Table 2. Migration of thickeners relative to gum arabic

Thickener

Schiff’s
reagent

stain

Toluidine
Blue
stain

Agar-agar __ 0.64/1.22®
Alginic acid 1.34 1.34
Ca-Alginate 1.2 1.2
Carob 0.89 —
kappa-Carrageenan — 1.2/1.42®
lambda-Carrageenan — 1.48
iota-Carrageenan — 1.3/1.6®
Guar 0.95 —
Carboxy

methyl
cellulose — 1.04

Gum arabic 1.0 1.0
Gum ghatti 0.81 0.81
Gum karaya — 1.0
K-Alginate 1.2 1.2
Na-Alginate 1.2 1.2
Pectin 0.8 0.8
Propylene

glycol
alginate 1.07 1.07

Starch 0.72 —
Tragacanth 0.69 0.69

a Substance gives 2 peaks.
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1 2 3 4 5

F igure 6 . E lectrophoretic  sep aration  o f d iffer en t  
ty p e s  and m ix tu res o f carrageenans on  c e llu lo se  ace­
ta te m em b ran e at 300 V  for 10 m in , sta in ed  w ith  T o- 
lu id in e  Blue: 1, 750 n g  kappa-carrageenan; 2, 376 ng  
lam bda-carrageenan; 3 ,750  n g  iota-carrageenan; 4 ,600  
n g  (80%) kappa +  175 n g  (20%) lam bda-carrageenan; 
5 ,3 5 0  n g  (40%) kappa +  175 ng (20%) lam bda +  350 ng  

(40%) io ta-carrageenan .

carob should precede quantitation by electro­
phoresis.

Another problem is the fact that re lative ly  
high amounts of these thickeners are retained on 
the application spot. O n ly  a portion migrates, 
so electrophoretic quantitation gives low results. 
Soaking the cellulose acetate membrane in  car­
bonate buffer before electrophoresis enables 
complete m igration of the applied sample and 
should be used for quantitation studies.

Some different alginates (alginic acid, Na-, Ca-, 
K-alginate, and propylene glycol alginate) can 
be separated by m igration behavior (compare 
spots 1 and 6  in  Figure 5), but K-, Na-, and Ca- 
alginate cannot (compare Table 2). Pectins can

be classified on the basis of their low or high 
amount of esters and d ifferent contents of am- 
idated groups. The 2 types of gelatin (A  and B) 
show different m igration behavior. Type A , 
produced by an acidic hydro lysis, has its iso­
electric point (IEP ) at pH  8-9. The a lkaline  d i­
gestion gives type B w ith  an IE P  at pH  4.8-5. 
W ith carbonate buffer, type A  migrates less than
B. A ll  other concomitantly isolated proteins are 
clearly separated and distinguishable. O n ly  
very  sm all differences in  m igration behavior 
were observed for the different types of modified 
starch. Thus, identification by this method is 
impossible.

We have analyzed a ll common types of th ick­
eners produced by d ifferent companies. In  a ll 
cases, pure thickeners from the same type 
showed the same electrophoretic behavior re­
gardless of the producer. We have also checked 
the possibility of degradation of some thickeners. 
A fter treatment under the usual conditions of 
sterilization, no change in  migration behavior or 
degradation was observed for carob, guar, or a l­
ginic acid compared w ith  untreated samples. No 
enzym atic degradation by «-amylase was ob­
served after 3 h treatment of guar, carob, or tra- 
gacanth. H ow ever, m igration after 48 h treat­
ment reflected a partial destruction of the 
a-1,4-bonds.

Incompleteness of starch degradation does not 
interfere w ith  separation. Therefore, an enzy­
matic treatment should precede electrophoresis 
in  samples rich in  starch, like puddings, to avoid 
problems during resolution of the precipitated 
polysaccharides.

The great advantage of the presented method 
is the variability in application volume. Samples

Table 3. Limits of detection (ng) for different thickeners*

Thickener

Amido Black Schiff's reagent Toluidire Blue

2 a 3(7 2(7 3(7 2(7 3(7

Gelatin 180 280
Agar-agar — — — — 11 900 13 900
Carrageenan — — — — 40 95
Carob — — 106 120 __ _
Carboxy

methyl
cellulose — — — — 160 200

Guar — — 40 60 __ _
Gum arabic — — 10 20 120 400
Gum ghatti — — 120 260 1400 1700
Na-Alginate — — 800 900 20 30
Pectin — — 560 920 290 295
Soluble starch — — 420 480 _
Tragacanth — — 90 140 700 1000

3 2<t and 3<r = 2X and 3X background noise, expressed as ng substance.
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Table 4. Quantitative determination of thickeners in food

Sample No. Product
Thickener 
found,% Rec., %

1 Vanilla pudding cream 1 2.1 carrageenan 90.1
2 Vanilla pudding cream II 4.06 carrageenan 92.5

0.43 carob 114.7
3 Pudding 0.94 carob 86

0.18 Na-alginate 87
4 Babyfood, milk-based 1 0.74 guar 98.6
5 Babyfood, milk-based II 0.46 guar 92
6 Gelle sugar fruits 1 1.75 pectin 101.7
7 Gelle sugar fruits II 0.95 agar 92.2
8 Ice cream 1 0.16 carob 100

0.016 kappa-carrageenan 100
9 Ice cream II 0.19 carob 95

0.1 kappa-carrageenan 100
10 Ice cream III 0.18 carob 105.8

0.71 gelatin 118
11 Ketchup 0.44 guar 88
12 Cream stabilizer 2.8 kappa-carrageenan 93.3

3.4 carob 68

of 0.25-2.5 p L , containing 25-25 000 ng th ick­
eners, can be separated on the cellulose acetate 
membrane (see Table 1). Reproducib ility of 
application is ± 6%, calculated as the standard 
deviation of the peak heights of 8 applications of 
the same amount of substance on several sheets. 
Reproducibility of measurement, using the Zeiss 
scanner, is ±0.3%. As mentioned earlier, the 
isolation process of the thickeners must be se­
lected in  consideration of the total content of the 
product. In absence of one or more components, 
the process can be shortened. L im its of detec­
tion are g iven in  Table 3.

Removal of fat and dyes w ith  dioxane also has 
the advantage of sp litting complexes between 
proteins and thickeners, as observed w ith  car­
rageenans (2, 20). Cleavage of such a complex 
is necessary for quantitative isolation of the 
thickener. During precipitation of proteins w ith 
trichloroacetic acid, alginates m ight coprecipi­
tate, as reported by some authors ( 1, 2 0 , 2 2 ). 
Add ition of urea dissolves proteins before their 
precipitation and should be done to avoid loss of 
some types of thickeners (agar, alginates, methyl 
cellulose) (2 , 2 0 ).

To test the presented method, we analyzed 
different types of commercial samples (Table 4), 
supplied by d ifferent producers. The composi­
tion of the thickeners was given to us after tests 
were completed. With the exception of Samples 
6 ,7 , and 10 , the complete isolation procedure was 
applied. For Samples 6  and 7, d issolving in  
water and precipitation of polysaccharides by 
absolute ethanol was sufficient. When isolating 
th ickeners from ketchup (Sample 11), starch 
degradation proved unnecessary. Since the re­

covery for guar of Sample 11 was 8 8 % compared 
w ith  98.6% and 92% for Samples 4 and 5, where 
starch degradation was used, a-amylase treat­
ment under our conditions did not influence 
results.

Recovery of carrageenans is between 90.1 and 
100%. These values compare w e ll w ith  the 
find ings of G luck and Th ie r (20) who recovered 
90%. The gcod recoveries reflect the positive 
influence of dioxane extraction, as w e ll as the 
protein-removing step, w hich supports splitting 
of complexes between carrageenans and pro­
teins.

For agar, some d ifficu lty  in quantitation has 
been observed. When agar, dissolved in  acid 
and neutralized, was subjected to electrophoresis, 
2 zones were observed. Precipitation of the 
polysaccharides by ethanol results in  the loss of 
one of these zones. Th is might be caused by the
2-component nature of agar, w h ich  consists of 
uncharged agaropectin and the charged agarose. 
Therefore, fc r quantitation, an acid-treated, 
ethanol-precipitated standard must be used.

The reliability of the isolation process has been 
determined using special breads containing guar. 
Recovery from 8 breads containing 0.35% guar 
was 95.1 ± 4.7%, and at a concentration of 0.17% 
guar, 95.9 ± 2.1%. We applied our method to 
about 300 different samples, m ain ly sauces of 
canned fish , instant d rinks, and puddings, as 
w e ll as condensed m ilk , gingerbread, salad 
dressings and other creams based on mayon­
naise, cheese powders for fondues, liquids of 
canned caviar, and stabilizers for home-made 
jams and sausage production. A ll  samples 
showed good qualitative and quantitative results,
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in  spite of the very  d ifferent nature of the ex­
am ined products.
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D R U G S

Reverse Phase High Performance Liquid Chromatographic 
Determination of Phenprocoumon in Tablets
WALTER F. SCHMIDT
Food and Drug Administration, 60 Eighth St, Atlanta, GA 30309
A  h ig h  p erform ance liq u id  ch rom atograph ic p ro ce­
dure has been  d ev e lo p ed  fo r  th e  assay  o f p h en p ro ­
co u m on  in  tab le ts. In com p arison  to  th e  p resen t  
o ff ic ia l U SP  assay  proced ure, it  is  e q u iv a le n t in  p re­
c is io n  and accuracy and is  fa ster  and m ore sp ec ific . 
A  m o b ile  p h ase  c o n s is t in g  o f a 1% s o lu t io n  o f  acetic  
acid  in  a c e to n itr ile -w a ter  (4 +  3) separates p h en p ro ­
co u m on  from  w arfarin  in tern a l standard  on  a 6  pm  
o cta d ec y ls ila n e  (O D S ) co lu m n  w ith  U V  d etectio n  at 
311 nm . T he m eth od  en a b les  the con cu rren t d eter­
m in a tio n  o f p h en p ro co u m o n  and p o ss ib le  co n ta m i­
n an ts  such  as sa lic y lic  acid.

Phenprocoum on, 4-hydroxy-3-(l-phenylp ro- 
pyl)-2H-l-benzopyran-2-one, is a long-acting 
anticoagulant (1). O ffic ia l USP X X  assay meth­
odology (2 ) for phenprocoumon in  tablets re­
quires m ultip le extractions followed by a U V  
spectrophotometric determination. The content 
un ifo rm ity procedure is essentially the same 
except that no extractions are required to separate 
the drug from the other tablet excipients.

Gas chromatography (G C ) and high perfor­
mance liquid chromatography (H PLC ) have been 
applied to the analysis of phenprocoumon. The 
G C methods (3-5) invo lve  derivative formation 
to im prove resolution and sensitiv ity . The de­
rivatives (trim ethy ls ily l, acetates, and m ethyl 
ethers) are detected by flame ionization and 
electron capture detectors. The procedures were 
designed for the assay of phenprocoumon in 
b io log ical sam ples rather than in  dosage 
forms.

Both normal and reverse phase H P LC  methods 
have been reported (6 ) for the separation of 
phenprocoumon from other chem ically related 
coumarin anticoagulants and phenprocoumon 
decomposition products. None of these H P LC  
procedures was applied to the assay of the drug 
and/or its decomposition products in  dosage 
forms. In  this paper, a reverse phase H P LC  
procedure is reported for phenprocoumon in 
tablets as an improved alternative to the o ffic ia l 
U SP X X  procedure. The H P L C  method w il l  
a llow  the concurrent determ ination of phen-

Received July 27, 1981. Accepted N ovem ber 3, 1981.

procoumon ar.d possible contaminants such as 
sa licy lic  acid. Assay and content un ifo rm ity 
results for phenprocoumon tablets by the H P LC  
method are compared to those by the U SP XX  
methodology.

M E T H O D
A p p a r a t u s

(a) L iq u id  c h r o m a to g r a p h .— W ith  variab le  
wavelength detector (Varian Model 8500 w ith  
"Vari-Chrom " detector, Varian  Associates, Palo 
A lto , C A  94303, or equivalent).

(b) L o o p  t y p e  in je c to r .— 10 p L  loop (Rheodyne, 
Berkeley, C A  94710, or equivalent).

(c) H P L C  c o lu m n .—Stainless steel, 25 cm X 4 
mm id ; packed w ith  octadecylsilane (ODS) 6  pm 
silica particles (Zorbax ODS colum n purchased 
prepacked from E .I. du Pont de Nemours and 
Co., W ilm ington, D E 19898, or equivalent).(d) F ilte r  p a p e r .—Pore size 0.7 pm (W hatman 
G F/F , W hatman, Inc ., C lifton , NJ 07014, or 
equivalent).

(e) U ltr a s o n ic  g e n e r a to r .— (Lenape Model 830, 
Lenape Equipm ent Co ., P la in fie ld , N J, or 
equivalent).

R e a g e n t s
(a) M o b ile  p h a s e .— Combine 400 m L acetoni­

trile  (UV-grade, Burdick & Jackson Labs, M usk­
egon, M I 49442, or equivalent), 300 m L double- 
d istilled  water, and 7 m L acetic acid. M ix , pass 
through 0.7 pm filte r paper, and degas.

(b) I n te r n a l  s ta n d a r d  s o lu t io n .— Dissolve ca 25 
mg W arfarin  Sodium (USP Reference Standard 
or other suitable grade) in  25.0 m L mobile 
phase.

(c) S ta n d a r d  s o lu t io n .—Dissolve ca 25 mg USP 
Reference Standard Phenprocoumon, accurately 
weighed, in  25.0 m L mobile phase. Transfer 3.0 
m L standard solution into a 100.0 m L flask. Add
3.0 m L internal standard solution and dilute to 
volum e w ith  mobile phase.

D e t e r m i n a t i o n
Determ ine average weight of tablets and re­

duce to fine powder. Accurately w eigh pow-

0004-5756/82/6503-0753-03$01.00 
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Table 1. Comparison of HPLC and USP XX assay for 
phenprocoumon in tablets (replicate determinations on 

the same composite) *
HPLC,

mg/tab.
%

Declared
USP. XX, 
mg/tab.

%
Declared

3.01 1 0 0 . 3 2.98 99.3
3.00 1 0 0 . 0 2.95 98.3
3.04 1 0 1 . 3 2.97 99.0
3.01 1 0 0 . 3 2.93 97.7
3.01 1 0 0 . 3 2.99 99.7
3.03 1 0 1 . 0 3.01 100.3
2.99 9 9 . 7 2.95 98.3
3.00 1 0 0 . 0 3.01 100.3
2.96 98.7 2.93 97.7
3.00 100.0 2.97 99.0

Mean 3.005 2.969
SD 0.022 0.029
CV, % 0.72 0.98
F-ratio 1.81

a At the 95% confidence level, the critical value for the F- 
test, when DFj = 9 and DF2  = 9, is 3.18. Difference in mean 
values = 0.036 ± 0.084 (18 degrees of freedom. 95% confi­
dence level).

dered sample equivalent to ca 3 mg phenpro­
coumon and transfer to a 100 m L flask. Add 3.0 
m L internal standard solution to flask and dilute 
to ca 25 m L w ith  mobile phase. Agitate solution 
u ltrasonically for 10-15 m in, dilute to volume 
w ith  mobile phase, m ix, and pass 5-10 m L 
through 0.7 /tm filte r paper. Set U V  detection 
wavelength at 311 nm, and adjust flow  rate to 1 
m L/m in . Inject 10 ¿rL sample filtrate and 10 juL 
standard solution into liquid  chromatograph. 
Obtain chromatograms and determine peak re­
sponse by peak height or peak area. Calculate 
jug phenprocoumon in portion of sample taken 
by the formula 

( R J R S) X C

where R u and R s are the ratio of peak response of 
phenprocoumon to internal standard for sample 
and standard phenprocoumon, respectively, and 
C is the concentration of phenprocoumon stan­
dard in |ig /m L .

Resu lts and D iscussion
The H P LC  assay described here was validated 

by comparing it to the U SP XX  methodology. 
Tw enty replicate determ inations were per­
formed on the same phenprocoumon tablet 
composite, 10 by the U SP XX procedure and 10 
by the H P LC  procedure (Table 1). No significant 
difference was found (95% confidence in terva l) 
between the mean U SP XX  assay value of 2.97 
mg/tablet and the mean H P L C  assay value of
3.00 mg/tablet. The coefficients of variation 
(C V ) were 0.98% by the USP XX  procedure and 
0.72% by the H P L C  procedure. A t the 95% con­
fidence level, the difference in  precision was not 
significant (F =  1.81; critica l value = 3 18).

Tw enty ind iv idua l tablets from a different 
sample batch were then assayed for phenpro­
coumon, 10 by the USP X X  content uniform ity 
procedure and 10 by the H P LC  assay procedure 
(Table 2). No significant difference was found 
(95% confidence interval) between the mean USP 
X X  content un ifo rm ity assay value of 3.09 mg/ 
tablet and the mean H P L C  content un ifo rm ity 
assay value of 3.12 mg/tablet. The CV  was 2.22% 
by the USP XX procedure and 1.57% by the H PLC  
procedure. The value of F  was 1.97. Therefore, 
in the determination of content un ifo rm ity the 
H P LC  procedure shows no significant difference 
in  variance from the USP procedure at the 95% 
confidence level.

Table 2. Comparison of content uniformity determinations of phenprocoumon in tablets by HPLC and USP XX
proceduresa

Tablet No.
HPLC,

mg/tab. % Declared Tablet No.
USP XX, 
mg/tab. % Declared

1 3.15 105.0 11 3.07 102.3
2 3.12 104.0 12 3.13 104.3
3 3.18 106.0 13 3.14 109.7
4 3.13 104.3 14 3.14 104.7
5 3.17 105.7 15 3.09 103.0
6 3.04 101.3 16 3.05 101.7
7 3.14 104.7 17 3.04 101.3
8 3.04 101.3 18 2.96 98.7
9 3.09 103.0 19 3.21 107.0

10 3.14 104.7 20 3.08 . 102.7
Mean 3.120 3.091
SD 0.049 0.069
CV, % 1.57 2.22
F-ratio 1.97

a At the 95% confidence level, the critical value for the F-test, when DFi = 9 and DF2 = 9. is 3.18. Difference in mean values 
= 0.029 ± 0.032 (18 degrees of freedom, 95% confidence level).
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Table 3. Recovery results from HPLC determination of 

standard phenprocoumon added to a synthetic mix
Added, mg Found, mg % Ree.

2.484 2.458 99.0
2.625 2.629 100.2
2.892 2.894 100.1
3.032 2.970 98.0
3.523 3.528 100.1
3.612 3.580 99.1

Mean 99.4
SD 0.88
CV, % 0.88

Recovery analysis further validates the H P LC  
procedure. S ix d ifferent levels of phenprocou­
mon were added to a placebo form ulation and 
determ ined by the H P L C  procedure (Table 3). 
The mean recovery of phenprocoumon was 
99.4%, and C V  was 0.88%.

Linear regression analysis ( n  =  4) of phen­
procoumon (peak heights vs concentration; 0-40 
pg/m L) gave a correlation coefficient of 0.9998. 
The detection lim it for phenprocoumon at sig­
nal/noise ratio of 2  was 0.01  /ig per injection.

The reproducib ility of the chromatographic 
system was determined by injecting six 20  juL 
portions of phenprocoumon standard solution 
and comparing the ratio of phenprocoumon and 
w arfarin  peak heights. The C V  of 6 injections 
was ±0.46%. The resolution factor between the 
2 peaks was 2.7. Each of the 2 peaks had a tailing 
factor of less than 1 .2 .

The USP X X  compendial monograph for 
phenprocoumon lists salicylic acid as a potential 
contaminant (2). U V  detection at 311 nm allows 
separation and detection of both phenprocou­
mon and sa licy lic  acid (Figure 1).

The H P LC  procedure is therefore comparable 
to the USP X X  assay and content uniform ity 
procedures in  accuracy and precision. In  addi­
tion, it is more rapid and specific than the official 
procedure. Th is  procedure also allows the de­
term ination of possible contaminants such as 
salicyclic acid.
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A liq u id  chrom atographic procedure is described  for 
the a na lysis  o f i l lic it  cocaine sam p les. T he isom eric  cis- and fran s-cin nam oylcoca in es are separated from  
coca in e , b en z o y le c g o n in e , and b en zo ic  acid  in  a re­
verse p h ase isocratic  system  w ith  dual w a v e len g th  
d etectio n  at 254 and 280 nm . S p ec ific  id e n tific a tio n  
o f  cocain e and th e  c in n a m o y lc o ca in es  is  accom ­
p lish ed  by u ltra v io le t sp e ctro p h o to m etry  and m ass  
spectrom etry  o f the ch rom atograph ic e f flu e n t .

Cocaine is one of the more frequently encoun­
tered drugs in forensic laboratories. In  addition 
to its high potential for abuse, cocaine has leg it­
imate m edicinal value in  several therapeutic 
situations. Questions have arisen in  court pro­
ceedings ( 1, 2 ) concerning the specificity of in ­
strumental and chromatographic techniques for 
d ifferentiating the diastereoisomers and enan­
tiomers of cocaine. H igh  pressure liquid  chro­
matography (H P LC ) is an effective method for 
d ifferentiating the diastereoisomers of cocaine
(3 ) . H ow ever, determ ination of the enantiom­
eric composition is more d ifficu lt. A llen  et al.
(4) described procedures in  w h ich  cocaine is 
reacted w ith  heavy metal salts, gold chloride and 
platin ic chloride, to provide the unequivocal 
assignment of the enantiomeric form of cocaine, 
and also infrared spectrophotometry based on 
differences in  the spectra of a racemic mixture of 
cocaines and the pure enantiomers.

The majority of illic it  cocaine is believed to be 
produced by extraction and purification of the 
South Am erican coca plant w h ich  contains the 
alkalo ids (—)-cocaine, cinnam oylcocaine, the 
truxillines, and tropacocaine (5). Pharmaceutical 
grade cocaine is prepared by the hydro lysis of 
cocaine and other alkaloids to ecgonine, followed 
by double esterification (m éthylation and ben­
zoylation) to yield cocaine. Moore (6 ) identified 
the presence of c is - and frans-cinnamoylcocaine 
in  over 50% of il lic it  cocaine samples analyzed, 
usually in  concentrations of 1% or less of the 
amount of cocaine. In  addition to the c inna­
moylcocaines, illic it cocaine samples also contain

Received A ugust 13, 1981. Accepted D ecem ber 20,1981.
1 A uburn U niversity  School of Pharm acy, D ivision of M e­

dicinal Chemistry, Department of Pharmacal Sciences, Auburn U niversity , AL 36849.

varying  quantities of benzoylecgonine, ecgon­
ine , m ethylecgonine, and benzoic acid (7).

The detection of the cinnamoylcocaines in  i l ­
lic it  cocaine is of importance to the forensic 
chemist for several reasons: ( 1 ) to confirm  the 
logical presumption that the cocaine was purified 
from the coca plant and therefore (—)-coeaine; (2 ) 
to determine the procedure used in  manufac­
turing the cocaine; (3) to compare w ith  other 
cocaine samples to determine if  they are of 
common origin ; (4) to determine the accuracy of 
quantitation by u ltravio let (U V ) spectropho­
tometry using the 275 nm peak of cocaine.

Most procedures for separation and detection 
of m inor alkaloids in  cocaine specify gas chro­
matography w ith  flame ionization detection 
(G C -FID ). Moore (6 ) used this procedure to 
identify cis- and frausAinnamoylcocaine in illic it 
cocaine. Another procedure by Moore (8 ) 
specifies G C-FID  detection of ecgonine and 
benzoylecgonine after sily lation w ith  N ,0 -bis- 
(trim ethylsilyl)acetam ide (BSA). BSA is also 
useful in the detection of methylecgonine in  i l ­
lic it  cocaine (7). Lukaszewski and Jeffery (9) 
found that m ethylecgonidine is the compound 
most consistently encountered during gas 
chromatographic/mass spectrometric identifi­
cation of cocaine. M ethylecgonidine is formed 
as a result of elim ination of benzoic acid from 
cocaine in  the heated injection port c f  the gas 
chromatograph.

Liqu id  chromatography is an especially useful 
technique for separation of polar, nonvolatile, or 
therm ally unstable compounds such as cocaine, 
benzoylecgon ine, and related compounds. 
Various authors have described the detection and 
separation of cocaine and benzoylecgonine in 
u rine  (10) and human plasma (11). Lu rie  (12) 
described an ion-pair partition method for sep­
arating various local anesthetics and cocaine, but 
none of the m inor alkaloids related to cocaine 
were included in  the study. In  this paper, the 
usefulness of H P L C  is demonstrated for sepa­
rating and identifying cocaine, benzoylecgonine, 
benzoic acid, and c is- and frarcs-cinnamoylco- 
caine in  il lic it  cocaine, using a reverse phase 
isocratic system and dual wavelength U V  de­
tection.

0004-5756/82/6503-0756-06*01.00 © Association of Official Analytical Chemists, Inc.
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Experim ental

R e a g e n t s  a n d  C h e m i c a l s
Cocaine hydrochloride (U SP , M erck & Co., 

Inc ., Rahway, N J), benzoic acid and H P LC  grade 
m ethanol (F isher Scientific Co., Fa ir Law n , NJ) 
were used. frans-Cinnamoylcocaine base and 
benzoylecgonine hydrochloride were obtained 
from the Drug Enforcement Adm inistration , 
Specia l Testing and Research Laboratory, 
M cLean, V A . I l l ic it  cocaine samples were sub­
mitted to the Alabama Department of Forensic 
Sciences by various law  enforcement agencies in 
Alabama.

The pH  3.0 phosphate buffer was prepared by 
m ixing  9.2 g monobasic sodium phosphate 
(N aH 2P 0 4) in  1 L  double-distilled water and 
adjusting the pH  to 3.0 w ith  2N H 3PO 4.

A p p a r a t u s
Ultravio let spectra were recorded on a Hitachi 

100-80 spectrophotometer (Tokyo, Japan); mass 
spectra were recorded on a Dupont 490B mass 
spectrometer (E .I. du Pont de Nemours and Co., 
In c ., W ilm ington , D E 19818) equipped w ith  a 
F inn igan  IN C O S data system (Sunnyvale , C A  
94086). A  Beckman Model 3500 pH  meter was 
used fox; a ll pH  measurements. The liquid  
chromatograph consisted of a Waters Associates 
(M ilford , M A  01757) Model 6000A pump, Model 
U 6K  injector, Model 440 U V  detector w ith  dual 
w avelength accessory operated at 254 and 280 
nm , and Houston Instrum ent (Austin , T X  78753) 
O m niScribe dual pen recorder.

C h r o m a t o g r a p h i c  P r o c e d u r e s
A ll  separations were carried out on a 30 cm X

3.9 mm id pBondapak Cig column (Waters A s­
sociates) w ith  a pH  3.0 phosphate b u ffe r-H P LC  
grade methanol (2 + 1 ) mobile phase. The ana­
lytica l column was preceded by a 7 cm X  2.1 mm 
id guard column dry-packed w ith  CO rPELL ODS 
(Whatman Inc., C lifton , NJ). Mobile phase flow 
rate was 2.0 m L/m in  and the U V  detector was 
operated at 0.2 A U FS . Sample solutions were 
prepared in  H P L C  grade methanol and a ll sepa­
rations were made at ambient temperature.

M a s s  S p e c t r o m e t r y
The peaks for cocaine and c is - and fraws-cin- 

namoylcocaine were collected from the chro­
matographic effluent. Individual solutions were 
made basic w ith  d ilute ammonium hydroxide 
and were extracted w ith  methylene chloride. 
The extract was evaporated to dryness and the 
residue was dissolved in  a sm all amount of

methanol. The methanol solution was taken up 
in  the tip of a cap illary tube and evaporated to 
dryness. The residue on the tip of the capillary 
tube was analyzed by electron impact mass 
spectrometry (70 eV) v ia  the solid probe.

Resu lts and D iscussion
The liqu id  chromatographic analysis of il lic it  

cocaine samples revealed the presence of several 
UV-absorbing compounds. The reverse phase 
(C is ) separation of these compounds was m axi­
mized by using an isocratic solvent system of pH
3.0 phosphate buffer-m ethanol (2 + 1). Sepa­
rations obtained from 2  representative samples 
are shown in  Figure 1. The h igh ly acidic mobile 
phase produces good resolution and sufficient 
solute retention. Under these conditions, co­
caine (pKa 8.5) and other substituted tropane 
alkalo ids should exist exclusive ly as the pro- 
tonated amine. The formation of more hydro- 
phobic ion-pairs by the addition of 1-heptane- 
su lfon ic acid to the mobile phase did not offer 
any advantages over the hydrophilic phosphate 
counter ion.

Cocaine hydro lysis products such as benzoy­
lecgon ine , m ethylecgon ine, ecgonine, and 
benzoic acid are often observed in  illic it  cocaine 
samples along w ith  cocaine and the m inor tro- 
pane-type alkaloids (Figure 2). By comparison 
w ith  available standards, peaks 1, 2, 3, and 5 in  
Figure 1 (A  and B) matched the elution times for 
benzoylecgonine, cocaine, benzoic acid, and 
frans-cinnamoylcocaine, respectively. M ethyl­
ecgonine and ecgonine contain no strong 
chrom ophoric groups and are essentially trans­
parent at 254 and 280 nm. Thus, no peaks for 
these compounds were expected.

Further proof of the identity of peaks 1, 2, 3, 
and 5 was obtained from a comparison of the 
ratio of absorbances at 254 and 280 nm (A254/ 
A280). The peak height ratios from the 254 and 
280 nm detectors were determined for the stan­
dards and the components of the illic it  cocaine 
samples. The results of this study (Table 1) fu r­
ther confirm  the identity of peaks 1, 2, 3, and 5. 
The ratios obtained from the standards were 
identical to those of the sample peaks. Samples 
conta in ing  frans-cinnam oylcocaine u su a lly  
contain the ris-isomer (6 ), thus peak 4 in  Figure 
1 (A  and B) was suspected to be cis-cinnamoyl- 
cocaine. In  an attempt to locate the peaks for the 
isom eric cinnam oylcocaines, a sample of il lic it  
cocaine was subjected to m ild  oxidation w ith  a 
solution of dilute potassium permanganate. The 
results of this experiment are shown in  Figure 3. 
The most strik ing change in  the oxidized sample
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Figure 1. L iq u id  ch rom atograph ic a n a ly sis  o f 2 d iffer en t i l l ic it  coca in e sam p les  (A  and B). Peaks: 1, b en -  
zo y lec g o n in e ; 2, cocaine; 3, b en zo ic  acid; 4, c is-c in n a m o y lc o c a in e ; 5, ir a n s-c in n a m o y lco ca in e . S ee text for

ch rom atograph ic co n d itio n s .
is the absence of peaks 4 and 5. O lefin ic double 
bonds such as those found in  the cinnam oyl 
group are particularly susceptible to oxidation by

F igure 2. S tructures for coca in e (1); c is -c in n a m o y l-  
coca in e (2); and  tran s-c in n a m o ylco ca in e  (3).

potassium permanganate. The more polar oxi­
dation products w ould  be expected to elute ear­
lie r than the cinnamoylcocaine isomers. The fact 
that both peaks 4 and 5 represent compounds 
easily oxidized by potassium permanganate

Î able 1. Retention and absorbance data for components 
of illicit cocaine samples

Peak 
No.a Compound

Rei.
retention

time
A254/
A280

i benzoylecgonine 0.49 1.95
2 cocaine 0.65 1.95
3 benzoic acid 1.00 (18.2 mL) 1.58
4 c/s-cinnamoylcocaine 1.30 0.84
5 trans-cinnamoylcocaine 2.07 0.37

a See Figure 1.
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F igure 3. L iq u id  ch rom atograph ic a n a ly sis  o f  the  
i l l ic it  coca in e sam p le  in  F igure 1A fo llo w in g  treat­
m en t w ith  d ilu te  p o tassiu m  p erm an gan ate. See  

Figure 1 for p eak  id e n tifica tio n .

lends support to their tentative assignment as cis- 
and fnms-cinnamoylcocaine.

The chromatographic effluent corresponding 
to peaks 4 and 5 in  Figures 1A and IB  was col­
lected and the U V  absorption spectrum for each 
solution was recorded from 350 to 220 nm. The 
U V  spectrum (Figure 4) for peak 5 in  Figure 1 A , 
w h ich  corresponded in  retention time and ab­
sorption ratio w ith  know n fnms-cinnamoylco- 
caine, was compared w ith  the spectrum for 
known fnms-cinnamoylcocaine and was identi­
cal. The U V  spectrum (Figure 5) of the suspected 
ds-cinnamoylcocaine peak was shifted from a 
m aximum absorbance of 280 nm for frans-cin- 
namoylcocaine to 275 nm and was of lesser in ­
tensity. The A254/A280 ratio (Table 1) for

Figure 4. U ltra v io le t a b so rp tio n  spectru m  o f trans- 
c in n a m o y lco ca in e  in  m o b ile  p h ase so lv e n t  system .

S am p le  o b ta in ed  b y  c o lle c tio n  o f p eak  5 in  F igure  
1A.

fnms-cinnamoylcocaine and the suspected c is-  
isomer are quite different. Moore (6 ) described 
the U V  spectra for ds- and fraus-cinnamoylco- 
caine as the same. However, this seems un like ly 
since in  cases of c is - , t r a n s - i s o m e r i s m ,  the t r a n s -  
i s o m e r  absorbs at the longer wavelength w ith  the 
greater intensity (13). The U V  spectra and the 
A254/A280 ratios obtained in  this study do not 
support Moore's observation. The absorbance 
ratio obtained for the t ra n s-isomer is much lower 
than that of the suspected ds-cinnamoylcocaine.

F igure 5. U ltra v io le t ab sorp tion  spectrum  o f cis- 
c in n a m o y lco ca in e  in  m o b ile  p h ase so lv e n t  system . 

S am p le  o b ta in ed  b y  c o llec tio n  o f p eak  4 in  Figure 
1A.
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The lower absorbance ratio would be expected 
for the frflws-isomer w h ich  has the more intense 
absorption band at the higher wavelength (280 
nm ). These results are further supported by 
literature data (14) for the cis- and t r a n s -isomers 
of cinnam ic acid. The c is-isomer shows a 
wavelength of maximum absorbance at 268 nm 
and a molar absorptivity of 10 700 w h ile  the 
t r a n s - i s o m e r  has a maximum absorbance at 272 
nm and a molar absorptivity of 15 900.

The A254/A280 ratio can be a useful aid in  the 
identification of liqu id  chromatographic peaks. 
Baker et al. (15) have used this ratio to determine 
the identity of drugs having sim ilar elution 
characteristics in  an H P LC  system. How ever, 
the interlaboratory use of these ratios should be 
approached w ith  caution. For example, the 
A254/A280 ratio for cocaine is reported as 0.86
(15) and was determined to be 1.95 in  this study. 
The ratio for diazepam has been reported as 6.04
(15) and 4.62 (16). These variations are not sur­
prising because molar absorptivity and the

wavelength of maximum absorbance vary w ith  
solvent composition, pH , and other factors (17). 
Thus, these ratios should be determined in an 
ind iv idua l chromatographic system using ref­
erence standards.

The identity of the liquid  chromatographic 
peaks for cocaine and the cinnamoylcocaine 
isomers was confirmed by mass spectrometry. 
The ind iv idua l peaks were collected from the 
chromatographic effluent and were isolated as 
the free base. Electron impact mass spectrome­
try of the isolated residues produced a molecular 
ion at m /e 303 for the cocaine peak and at m/e 
329 for the 2 peaks assigned to c is- and t r a n s -  
cinnam oylcocaine. The mass spectrum for the 
cocaine peak was essentially identical to p rev i­
ously reported spectra (9, 18). No significant 
differences were observed between the mass 
spectra for c is- and frans-cinnamoylcocaine, c is-  
and t r a n s - i s o m e r s  usually have very sim ilar mass 
spectra (18). The mass spectrum obtained for 
fraus-cinnamoylcocaine is shown in Figure 6 .
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The low er mass ions observed  in  the fragm en­
tation o f the cinnam oylcocaines are essentia lly  
identical to those for cocaine because they arise 
from the tropane (ecgon ine) portion o f the m ol­
ecule. The m olecular ion  and the ion  at m /e  298 
(M-31) contain the cinn am oyl groups and are 
therefore characteristic for the cinnam oylcocaine 
isom ers. The m /e  298 ion  results from  the loss 
o f the m ethoxy group from the m olecular ion. 
The corresponding ion  in  cocaine occurs at m /e  
272. The ion  at m /e  238 (M-91) can be produced  
by the loss of a benzyl group from the cinnam oyl 
portion o f the m olecule. N o  M-91 ion  w as ob­
served  in  the fragm entation o f cocaine. The 
presence of the cinnam oyl ion at m /e  131 and the 
styryl ion at m /e  103 is also characteristic for the 
isom eric cinnam oylcocaines. In cocaine the 
corresponding ben zoyl and p h en y l ions occur at 
m /e  105 and 77, respectively . A low  in ten sity  
peak at m /e  77 was observed in the spectra of the 
cinnam oylcocaines.

The described liqu id  chrom atographic proce­
dure can be used for th e separation and id en ti­
fication o f the ind iv id u al com p onents in  illict 
cocaine sam ples in clu d in g  a s- and frans-cinna- 
m oylcocaine. The use o f A 254/A 280 ratios is an 
additional aid in the qualitative identification of 
the chrom atographic peaks. The procedure 
produces good  resolu tion  b etw een  the various 
com p onents o f illic it cocaine. D erivatization  
procedures before analysis, as in  gas chrom a­
tography, are not necessary, and liqu id  chrom a­
tography at am bient tem perature sh ou ld  lim it 
the problem s o f therm al d ecom position  o f co­
ca ine-type com pounds. Furtherm ore, the n on ­
destructive nature o f UV d etection  a llow s the  
in d iv id u al peaks to be co llected  for further 
analysis by ultraviolet spectrophotom etry, th in  
layer chrom atography, or mass spectrom etry.
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T E C H N IC A L  C O M M U N I C A T I O N S

C a u t i o n  o n  N i t r i c  A c i d  D i g e s t i o n  o f  O r g a n i c  S a m p l e s  i n  C l o s e d  
S y s t e m s

OLE K. BORGGAARD and MARTA WILLEMS
Royal Veterinary and Agricultural University,
Chemistry Department,
Thorvaldsensvej 40,
DK-1871 Copenhagen V , Denmark

T here is  a risk  o f ex p lo sion  w h en  organic sam p les are 
d igested  w ith  n itric acid in  a c losed  v esse l at elevated  
tem peratures for elem ental analysis. Sam ple s ize  and  
the size , m aterial, and th ickness o f bom b w alls  shou ld  
be ca refu lly  con sidered . D ig e s tio n  in  an open  flask  
m ay be a safer a ltern ative .

There are several m ethods for decom p osin g  or­
ganic samples for subsequent elem ental analysis, 
in clu d in g  d igestion  w ith  nitric acid at elevated  
tem peratures. To reduce d igestion  tim e and to 
prevent loss o f vo la tile  elem ents, it has been  
recom m ended that d igestion  be carried out at 
150°C (1, 2) or 130°C (3) in the sta in less steel 
crucible-shaped cup lined  w ith  Teflon described  
by Bernas (4) for inorganic sam ples.

Because there is a risk o f exp losion , a note of 
caution against substantia lly chan gin g  recom ­
m ended sam ple w e ig h t (1 g w et basis) or nitric 
acid volum e (5 mL) is included in AOAC m ethod  
25.115-25.116 (1, 5). This m ethod for an alter­
native d igestion  for mercury determ ination  in  
seafood specifies 30 -60  m in d igestion  at 150°C. 
This d igestion  m ethod has also been  proposed  
for bakery products w ith ou t sp ecify in g  sam ple  
size (2 ), and for foods in general w ith  a sam ple 
size o f 0.3 g dry w e ig h t (6 ). For various plant 
m aterials, 1 g sam ple may be used, but for ce llu ­
lose-rich sam ples on ly  0.4 g and 3 -5  mL nitric 
acid sh ou ld  be used (7).

Despite the cautions and specifications, w e still 
feel that som e uncertainty exists. Furthermore, 
the consequence o f using this d igestion  m ethod  
w ith  too large a sam ple may be a v io len t exp lo­
sion. During a current investigation of m ethods 
for cobalt determ ination  in  feed in gstu ffs, the  
above-m entioned  m ethod seem ed prom ising. 
Because o f the lim ited cobalt content in grass and 
especially  in  grain, the solid:so lution  ratio must

Received A ugust 20, 1981. Accepted N ovem ber 3, 1981.

be h igh , increasing the risk o f explosion . 
Therefore a special 25 mL d igestion  bom b was 
m ade in  the laboratory, sim ilar in construction  
to the Parr acid d igestion  bom b (8 ) but w ith  a 
m uch heavier (10  mm) steel body, except the  
bottom  flange w h ich  w as 4 mm. A rough esti­
mate sh ow ed  that the bom b could resist a pres­
sure of nearly 600 atm. before the bottom  w ould  
blow  out, com pared w ith  a m axim um  w orking  
pressure o f aproxim ately 85 atm. for a Parr bomb  
(8 ). The bom b was first heated w ith  0.5 g dried  
grass and 5 mL nitric acid for 1 h at 150°C w ith ­
out damage. To im prove the solid:solntion ratio, 
1 g dried grass and 5 mL nitric acid w ere put in 
the bom b, w h ich  was placed in  a 150°C oven. 
A fter about 15 m in an exp losion  occurred, per­
haps due to the formation of nitrocellulose. The 
bottom  of the bom b w as forced through three 2 
mm alum inum  plates and through a 25 mm w ood  
plate, before it was stopped against the laboratory 
floor.

This ev en t em phasized  that d igestion  w ith  
nitric acid in  a closed vessel at an elevated  tem ­
perature may be dangerous. The size, material, 
and w all th ickness of the bom b as w e ll as the  
type of organic material and the sample size must 
be judged very carefully before d o in g  the ex­
perim ent, e.g., as suggested  by Parr Instrum ent 
Co. (8 ). Furthermore, it may be recom m ended  
to use bom bs w ith  a safety d evice so that the 
bottom  b low s out at over-pressure, and to carry 
out the d igestion  beh in d  a protective sh ield . A 
safer m ethod (9) specifies d igestion  in an open  
flask, usin g  a com bination of nitric and per­
ch loric acids.
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A d s o r p t i o n  o f  2 , 4 - D i c h l o r o p h e n o x y a c e t i c  A c i d  o n  G l a s s w a r e  a s  S o u r c e  
o f  E r r o r  i n  2 , 4 - D  A n a l y s i s

GORDON Y. P. KAN, FRED T. S. MAH, and NORMAN L. WADE 
Environment Canada, Inland Waters Directorate, Water Qualify Branch, 1305 Welch St,
North Vancouver, British Columbia, Canada V7P 1B3

L oss o f 2 ,4 -d ich lorop h en o xy a cetic  acid  (2 ,4 -D ) by  
adsorption  on  Pyrex evaporating flasks and flin t glass  
b o ttle s  w as stu d ied . 2 ,4 -D  m ay be q u a n tita tiv e ly  
recovered  b y  direct m eth y la tion  w ith  d iazom ethan e  
in  P yrex ev a p o ratin g  flask s; it  m ay a lso  be d esorb ed  
w ith  m eth y le n e  ch lor id e  in  th e  p resence o f stron g  
H 2SO 4. T h is  step  m u st be taken  w h en  2 ,4 -D  is  trans­
ferred  from  o n e g la ss  v e sse l to a n o th er to  en su re ac­
curacy o f data.

The p h en om en on  o f adsorption o f p henoxy  
herbicides by organic and inorganic substrates 
is w e ll docum ented  (1-3). The adsorption o f
2 ,4-d ichlorophenoxyacetic acid (2,4-D), in  par­
ticular, has been  studied  on  a variety o f adsor­
bents such as alum ina, ce llu lose triacetate, ce l­
lu lose powder, peat moss, silica gel, w heat straw, 
activated charcoal (4, 5), ion  exchange resins (6 ), 
kaolin ite , m ontm orillon ite (7), and glass beads 
(8 ). R ecently, w h ile  settin g  up a procedure to 
sim u ltan eou sly  analyze 2,4-D and 2,4-D  butox- 
yethanol ether ester (2,4-D BEE), w e  experienced  
severe and unpredictable losses o f 2,4-D in  our 
precision  and accuracy studies (9). W e found  
that 2,4-D m ay be readily desorbed from  glass­
ware w ith  m ethylene chloride in the presence of 
a strong m ineral acid or by direct esterification  
of raw extract in  its evaporating flask.

E x p e r im e n ta l
A p p a r a tu s  a n d  R e a g e n ts

(a) Gas chromatograph—MT-220 equipped w ith  
linearized  63N i electron capture detector; 1.8 m

Received O ctober 8, 1981. Accepted Decem ber 4,1981. 
Funding for this work was provided by the National Aquatic 

Weeds Program, National Water Research Institute, Burlington, 
O ntario.

X 4 mm id glass colum n packed w ith  3% OV-101 
on 80-100 m esh  Chrom osorb W (Chrom ato­
graphic Specialties Ltd, B rockville, Ontario). 
O perating conditions: injector tem perature
190°C, colum n tem perature 200°C , detector  
tem perature 350°C, argon -m eth an e (95 +  5) 
carrier gas 65 m L /m in .

(b )  Diazom ethane reagent.— P repared from  
Diazald, N -o e th y l-N -n itro so -p -to lu en esu lfo n -  
am ide (A ldrich C hem ical Co.), in  eth y l ether, 
using manufacturer's instruction and preparation 
kit.

(c )  Solvents.—A ll so lven ts  w ere p esticid e  
grade (Burdick & Jackson Laboratories, Inc.).

(d )  Chemical standards.— H erbicide standard  
com pounds w ere obtained from  the U.S. E nvi­
ronmental Protection Agency, Research Triangle 
Park, NC. Stock standards w ere prepared in  ac­
etone; w ork ing standards w ere prepared in  iso ­
octane.
P r o c e d u r e

Recovery of 2,4-D from water. —A 2 L separatory 
fu n n el w as charged w ith  1.0 L natural w ater  
(Capilano River, N orth V ancouver) w h ich  was 
sp iked  w ith  200 n g  2,4-D conta ined  in  10 pL ac­
etone. Sulfuric acid (10 mL, 50% v /v )  was added  
and the water w as v igorously extracted w ith  two  
200 mL portions o f m eth y len e ch loride. The or­
gan ic extract w as co llected  in  an Erlenm eyer 
flask, and then  decanted into a 250 mL round- 
bottom  flask for concentration. Isooctane (1 -3  
mL) was added and the extract w as evaporated  
to ca 0.5 mL. D ue to the large surface area o f the  
evaporating flask, the extract w as transferred to 
a 15 mL graduated centrifuge tube for esterifi­
cation to avoid the use o f a large excess o f dia-
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Table 1. Recovery (%) of 2,4-D added to natural water3

Treatment Replicates Range Mean SD

1 3 45-80 62 18
2 3 85-97 91 6.0
3 3 93-98 97 3.2

a Before denvatization with diazomethane, raw extracts 
were treated in 3 different ways: Treatment 1— raw extract 
transferred from Pyrex evaporating flask to 15 mL graduated 
centrifuge tube for denvatization with diazomethane. 
Treatment 2— raw extract transferred in presence of H2SO4 
from evaporating flask to graduated centrifuge tube for deri- 
vatization. Treatment 3— concentrated raw extract deriv- 
atized directly in evaporating flask.

zom ethane, w h ich  w ou ld  increase background  
in terference during gas chrom atograp h ic/e lec­
tron capture detection (GC/ECD) analysis. This 
was done by rinsing the round-bottom flask w ith  
three 2 mL portions o f isooctane w h ich  w ere  
pooled into the centrifuge tube and concentrated  
to ca 0.2 mL w ith  nitrogen. Diazom ethane (5-10  
drops) w as added, and after 30 m in  at room  
tem perature the excess d iazo m eth an e w as  
purged w ith  nitrogen. The residue w as diluted  
to 10 mL w ith  isooctane for GC analysis.

R aw  extract storage stu dy. —Because 2,4-D BEE 
w as hydrolyzed  rapidly to 2,4-D under neutral- 
to-basic conditions (10), w e decided to pre-extract 
w ater sam ples in  the field  and sh ip  the organic 
extracts to the laboratory for analysis. A storage 
study o f 2,4-D and 2,4-D BEE w as conducted  by 
sim ulating fie ld  conditions in  the fo llow in g  
manner: Twenty-four flint glass bottles (500 mL 
capacity) w ere each filled  w ith  200 mL m eth­
y len e  ch loride that had been  shaken v igorously  
w ith  1.0 L d istilled  water and 10 mL 50% H 2SO4. 
This m eth y len e ch loride w as then  sp iked  w ith  
200 ng 2,4-D and 400 ng 2,4-D BEE. The bottles  
w ere tigh tly  stoppered and stored in  the dark at 
4°C. At 1 w eek  intervals, 6  bottles w ere re­
m oved and the m eth ylen e chloride was em ptied  
in to  six 250 mL round-bottom  flasks to be con­

centrated and derivatized directly in  the flask 
w ith  d iazom ethane.

R e s u lt s
Severe losses of 2,4-D w ere experienced w h en  

recoveries from w ater sam ples w ere carried out 
as described above. H ow ever, w e  found  that 
q u an tita tive  recoveries o f 2 ,4-D  co u ld  be  
achieved by one of the follow ing: (1) adding 1.0 
mL 50% H 2SO4 to the round-bottom  flask after 
the extract has b een  concentrated to ca 0.5 mL 
and then  extracting the concentrate w ith  three 
2 mL portions o f isooctane w h ich  are carefully  
separated by m eans o f disposable pipet and  
transferred to a centrifuge tube for direct deri- 
vatization , or (2 ) derivatizing the concentrated  
raw extract in  the round-bottom  evaporating  
flask w ith  ca 0.5 mL diazom ethane. T hese re­
sults are sh ow n  in  Table 1.

In the study to determ ine the effect o f storage 
tim e on recovery o f 2,4-D and 2,4-D BEE from  
raw extracts, recoveries o f 2,4-D w ere erratic 
(Table 2, a-d ). U nfortunately, the bottles used  
in  the study w ere w ashed  before it w as realized  
that adsorption on flin t glass was a problem . 
The experim ent w as repeated by preparing 6 
bottles o f m eth ylen e ch loride that w as spiked  
w ith on ly  2,4-D. After 4 weeks, 3 spiked samples 
w ere analyzed  by first in troducing 5 mL 5% 
H 2SO4 to each o f the flin t glass bottles. The 
contents w ere shaken; the m eth y len e chloride  
w as separated from the acid by decantation into  
a 250 mL round-bottom  flask, and then  con cen ­
trated and derivatized. N o H 2S 0 4 was added to 
the rem aining bottles w h ich  served  as controls. 
The results are sh ow n  in Table 2, e and f.

D is c u s s io n
M eth ylen e ch loride is a good so lven t for ex­

traction of 2,4-D and 2,4-D BEE from water under 
acidic conditions. Both of these p h en oxy her-

Table 2. Recovery (%) of 2,4-D and 2,4-D BEE from raw extracts stored in flint glass bottles at 4 C C

Treat­
ment3

Time,
weeks

No. of 
replicates

200 ng 2,4-D/L 400 ng 2,4-D BEE/L

Range Mean SD Range Mean SD
(a) i 6 30-98 78 26 91-102 98 4.3
(b) 2 6 40-119 80 33 93-109 99 5.6
(c) 3 6 62-109 91 24 101-106 103 2.1
(d) 4 6 29-108 84 28 96-107 102 3.9
(e) 4 3 14-91 49 39 unfortified
(0 4 3 95-110 101 8.0 unfortified

a a-e: No H2S 0 4  added to bottles before transferring the methylene chloride to round-bottom flasks for evaporation: 
f: H 2SO4 added to bottles to desorb 2,4-D.
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bicides appear to be stable in  this so lven t over a 
period  o f 4 w eeks at 4°C  (Table 2).

D u ring esterification o f 2,4-D, it is im portant 
not to transfer the concentrated raw extract from  
the evaporating flask to a sm aller container such 
as a 15 mL graduated centrifuge tube u n less the  
transfer is preceded by desorption  through  
deactivation o f the w alls o f the flask w ith  strong  
H 2S 0 4. If th is condition  is m et, the procedure 
becom es cumbersome in routine practice because 
then extreme care is needed to avoid transferring 
H 2SO4 w ith  the extract, w h ich  m ight destroy the 
diazom ethane. D erivatization  o f 2,4-D  m ay be 
satisfactorily perform ed in the evaporating flask 
by adding sufficient diazom ethane to com pletely  
w et the w alls o f the flask.

W hen flin t glass bottles are used  in  the field  
for storing 2,4-D extracts, these bottles m ust be 
deactivated w ith  strong H 2SO4 during sam ple  
w orkup in the laboratory. Caution must always 
be taken to prevent adsorption w h en  transfer­
ring 2,4-D from  one glass vessel to another. 
Such a transfer m ust be d on e in the presence of 
a strong m ineral acid or after the 2,4-D has been  
esterified . Inclusion  o f this precaution in  ex­

istin g  analytical procedures is the o n ly  w ay to 
ensure accuracy o f data.
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E v a l u a t i o n  o f  T a b a r i e ' s  F o r m u l a

FABIÂN ALVAREZ-NAZARIO
Treasury Department of Puerto Rico, Bureau of Alcoholic Beverages Taxes, San Juan, 
Puerto Rico 00905

A  strict derivation  o f an em pirical form ula, lo n g  used  
in  the w in e  in d u stry  for th e determ in ation  o f extract, 
sh o w s  its  in h er en t lim ita tio n s .

A ttem pts to make a direct determ ination  o f the  
d isso lved  solid  matter in w in e  by evaporation  
and drying (the so-called extract) w ill lik ely  re­
su lt in  a viscous, sticky mass unsuitable for 
w eigh in g . Two alternative m ethods have been  
traditionally used and accepted as AO AC official 
m ethods (1). In both m ethods, the specific  
gravity of the de-alcoholized w in e, reconstituted  
to its original vo lu m e, is determ ined and the  
percent so lid s in  the so lu tion  is fou n d  from  
standard tables o f the specific gravity o f sucrose 
solu tions. Both m ethods take for granted that

Received A ugust 4, 1981. Accepted December 8, 1981.

the usual solid  matter d isso lved  in  w in e  behaves  
like sucrose in  its specific gravity effects.

In the first m ethod, an actual determ ination is 
made o f the specific gravity of the de-alcoholized  
w in e  (D). In the second m ethod, D is deter­
m ined  from the em pirical form ula

D = S +  1 — S' (1)
w h ere D = specific gravity o f the de-alcoholized  
w in e; S = specific gravity o f the original w in e; 
S' =  specific gravity o f a d istillate o f the w in e.

This formula, know n as Tabarie's formula, was 
proposed 150 years ago as an indirect m ethod for 
determ in ing alcohol in  w in e  (2 ), but later was 
"turned around" by Fresenius and G runhut (3) 
and used  as an indirect m ethod  for determ in ing  
the extract. Because routine analysis o f w in e  
requires the determ ination of specific gravity of

0004-5756/82/6503-0765-03$01.00
© Association of Official Analytical Chemists, nc.



both the original w in e  and o f a distillate, the 
latter b ein g  a necessity for the a lcohol determ i­
nation , the specific gravity, D , and h en ce the 
am ount o f extract, is obtained as a bonus.

The purpose o f this paper is to provide a deri­
vation  of Tabarie's form ula, w h ich  w ill explain  
its shortcom ings w h en  it is app lied  to sam ples 
w ith  h igh  concentrations o f alcohol and solids.
D e r iv a t io n  o f  th e  F o rm u la

If w e  rem ove the extract from  100 mL of a so­
lu tion  o f a lcohol, water, and extract, and add  
w ater to bring the vo lu m e back to 100 mL, w e  
obtain the relationship

100  s -  e +  V id H2o  =  100  s' (2 )
w h ere s =  d en sity  (g /m L ) o f the original alco­
h o l-w ater-extract solution; e =  mass o f extract/ 
100 mL original solution; V \ =  vo lu m e o f water  
needed to bring the volum e back to 100 mL; d n 2o  
=  density o f water; s' =  density of the equivalent 
of 100 mL distillate.

If w e  rem ove that same extract from 100 mL of  
water-extract solution and add water to bring the 
volu m e back to 100 mL, w e  have

100  d — e +  V 2d h 2o  =  100  £/h2o (3)
w h ere d  =  d en sity  o f the equ ivalent o f 100 mL 
de-a lcoh olized  solution; V 2 — vo lu m e o f water  
n eed ed  to bring th e vo lu m e back to 100 mL.

Subtracting equation (3) from  equation (2), 
d iv id in g  by 100 , and from the d en sity  o f water
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and by rearranging, w e have in  terms o f specific  
gravities

D =  S +  1 — S' +  (V i — V2)/1 0 0  (4)
From equation (4) it is seen  that Tabarie's for­

m ula w ill be true on ly  if V i = V 2, Le., if  the  
am ount o f w ater n eed ed  to com pensate for the  
vo lu m e loss w h ich  occurs on  rem oving the ex­
tract from solution  w ill be the same w h ether the  
extract is rem oved from an alcoholic so lu tion  or 
from  a w ater solution . The term (V \  — V2)/1 0 0  
w ill g ive an error w h en  Tabarie's formula is used  
if  such is not the case. A n idea of the m agnitude  
of this error can be obtained from published data 
on the specific gravity of alcohol-w ater-sucrose  
solutions. From the com position by w e igh t and  
the den sity in  g /m L  of such solutions, w e  can 
readily obtain g  a lc o h o l/100 mL, i.e., the com ­
position  o f a d istillate , and g  su cro se /100 mL, 
w h ich  is equ ivalent to the com p osition  o f the  
de-alcoholized solution. Existing alcoholim etric 
and saccharim etric tables (4) can be m odified  to 
give com position in terms o f grams o f alcohol or 
of su cro se /100 mL vs specific gravity.

Thus, from direct experim ental data w e  obtain  
S and by suitable interpolation  from  existing  ta­
b les w e  can obtain S' and D. The term ( V j — 
V 2) /1 0 0  can then  be obtained from  equation  
(4).

Calculated valu es o f (V i  — V2)/1 0 0  are g iven  
in  Table 1. Data for h igh  sucrose concentrations 
were obtained from the extensive work of Kharin

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

Table 1. Error in Tabarie's formula when applied to the system alcohol-water-sucrose *

w t%
alcohol

w t%
sucrose $20/20 ^20/20 $'20/20 0 6 -  i /y /1 0 0

19.08 5 0 .98975 1.01908 0 .97110 0 .0004318.07 10 1.01017 1.03884 0 .97198 0 .00065
17.07 15 1.03129 1.05935 0 .97288 0 .00094
16.06 20 1.05353 1.08065 0 .97382 0 .00094
14.06 30 1.10145 1.12587 0 .97798 0 .0024036 .00 20 1.01162 1.07747 0.93931 0 .0051633.75 25 1.03512 1.09886 0 .94269 0 .006433 1 .50 30 1.05947 1.12114 0 .94609 0 .0077629.25 35 1.08528 1.14441 0 .94950 0 .0086327.00 40 1.11174 1.16861 0 .95294 0.0098124 .75 45 1.14025 1.19410 0 .95632 0 .0101733 .179 0.107 0 .95024 1.00039 0 .94994 0 .000093 3 .144 0.213 0 .95066 1.00079 0 .94998 0.0001133 .073 0.426 0 .95150 1.00157 0 .95006 0 .0001332 .916 0 .898 0 .95337 1.00333 0 .95024 0 .0002032 .716 1.680 0 .95636 1.00622 0.95042 0 .0002832 .178 3.293 0 .96297 1.01224 0 .95102 0 .00029

3 S20/20 = specific gravity in vacuum of original alcohol-water-sucrose solution; D2 0 / 2 0  = specific gravity in vacuum of 
de-alcoholized solution; S'2 0 / 2 0  = specific gravity in vacuum of distiliate.

Data for solutions containing 5-45 wt % sucrose from ref. 5; data for 0.107-3.293 wt % sucrose from experimental work 
in this laboratory.
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and Tselinskaya (5). For very low  sucrose con­
centrations, the experim ental w ork w as d on e in  
this laboratory by m ixing know n w eights o f pure 
sucrose w ith  a lcoh o l-w ater  m ixtures o f know n  
concentration and w e ig h in g  the resultant m ix­
ture again on an analytical balance. Specific  
gravities o f the m ixtures w ere d eterm ined  at 
20°C usin g  pycnom eters. Percentage com p osi­
tions and specific gravities w ere corrected to 
vacuum  conditions.

It is ev id en t from  valu es in  Table 1 that Ta- 
barie's form ula is o n ly  a con ven ien t approxi­

m ation, useful perhaps for dry w in es, but w h ich  
m ust be used w ith  caution in  other cases.
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F O R  Y O U R  IN F O R M A T IO N

J o u r n a l G o e s  to  M u l t i p l e  E d i to r  S y s te m
W ith regret, AOAC accepted H elen  

R eynold's resignation as Editor o f the Journal of 
the A O A C , e ffective March 1,1982 . Ms 
R eynolds, head o f the Food and Drug  
Adm inistration's Technical Editing Group, has 
been associated w ith  the Journal since 1953 and  
Editor since 1970. She is also im m ediate past 
president o f AOAC. W hen Ms R eynolds left, 
the Journal also lost Norm a Yess, also w ith  the 
T echnical Editing Group, w h o  resign ed her 
position  as A ssociate Editor. They w ill both  
be sorely m issed.

To fill the vacancy, AOAC decided  on a 
m ultip le ed itor system . Five editors have 
been chosen. Each w ill be responsib le for the 
peer rev iew  process and judgm ent of 
m anuscript m erit in a technical area in w h ich  
the ed itor is actively in vo lved .

R odney J. N oel, the A gricultural M aterials 
Editor, is Laboratory Director at the O ffice of 
Indiana State C hem ist and Seed  
C om m issioner, Purdue U n iversity ,
Departm ent o f Biochem istry, W est Lafayette, 
IN 47907. H e has been  w ith  the Indiana State 
C hem ist O ffice since 1965. A ctive in  AOAC, 
he has acted as a review er o f AOAC  
publications and is presently Associate Referee 
for Protein in A nim al Feeds, G eneral Referee 
for Drugs in  Feeds, and a m em ber of the  
C om m ittee on  Safety. O utside AOAC, he is 
on the AAFCO Check Sam ple C om m ittee, the  
AAPCO M ethods C learinghouse Com m ittee, 
and the AVC Vitam in A C om m ittee.

Evelyn Sarnoff, the Drugs, Colors,
Cosm etics, and Forensic Sciences Editor, has 
b een  a Research Coordinator for the Food and  
Drug A dm inistration , 850 Third A ven u e, 
Brooklyn, NY 11232, for the past 9 years.
Before that, sh e w as Supervisory C hem ist w ith  
a Food and Drug A dm inistration  
pharm aceutical analysis laboratory. Ms 
Sarnoff has been  an instructor in the  
Pharm aceutical A nalysis C o llege o f  
Pharm aceutical Sciences, Colum bia U n iversity, 
for 5 years. She is active in  AOAC as 
A ssociate Referee, G eneral R eferee, Com m ittee 
m em ber, and C om m ittee Chairm an—all in  the  
area o f pharm aceutical analysis. In 1969, she  
w as m ade a F ellow  o f the AOAC. O ther 
organizations in  w h ich  sh e participates 
in clu d e the Am erican Chem ical Society, the

Am erican Institute o f C hem ists, and the 
Eastern A nalytical Sym posium .

M alcolm  C. Bowm an, the Food 
C ontam inants and Biological M ethods Editor, 
recently reared from his position  as Director 
o f the D iv ision  o f Chem istry, Food and Drug  
A dm inistration , N ational Center for 
T oxicological Research, Jefferson, AR 72079.
H e presently heads Bowm an and Associates, 
con su ltin g  scientists. Before jo in ing FDA in  
1962, h e  w as associated w ith  the Agricultural 
Research Service o f the U.S. D epartm ent of 
Agriculture, the Cam pbell Soup Co., and the 
Arm y Chem ical Corps. In addition to having  
alm ost 200 papers published , M alcolm  
Bowm an has been  on  the A dvisory Board of 
the Journal o f A gricultural and Food C h em istry , 
the Editorial Board o f the International Journal 
of E nvironm ental A n a lytica l C h em istry , Adjunct 
Professor c f  Chem istry at Murray State 
U n iversity . Murray, KY, and Adjunct Assistant 
Professor c f  E ntom ology at the U n iversity  of 
Georgia.

Joseph Sherm a, Residues and Elem ents 
Editor, is a professor o f analytical chem istry at 
the Lafayette C ollege Departm ent of 
Chem istry, Easton, PA 18042. H is contin ued  
research has been  the basis for the m ore than  
200  papers, books, and book chapters 
concerned w ith  chrom atography v/h ich  he has 
authored or co-authored. H e is ed itor o f the 
K ontes TLC new sletter and is a consultant for 
several industrial com panies and federal 
agencies on  chem ical analysis and  
chrom atography, and regularly referees papers 
for analytical journals and research proposals 
for governm ent agencies.

James F. Lawrence, the Food C om position  
and A d ditives Editor, is H ead o f the Food  
A d ditives and C ontam inants Section, H ealth  
and W elfare Canada, H ealth Protection  
Branch, Food Research D iv ision , T unney's  
Pasture, Ottawa, Ontario K1A 012 Canada. 
Before that, he spent 8 years w ith  the Pesticide  
Section w ork ing on  p esticide residue  
m eth od ology . H e has been  a R egional Editor 
of the Journal o f E nvironm ental A n a lytica l 
C h em istry  for the past 5 years, and author, co­
author, or editor o f a num ber of books, book  
chapters, and over 70 research papers on  
analytical m ethods. At present, h is  research  
em phasis is focused on analytical m eth od ology
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for fruit and vegetab le coatings, food  colors, 
em ulsifiers, co n d ition in g  agents, brom inated  
oils, and p olycyclic  aromatic hydrocarbons.
A O  A C 's  L is t  o f  P r iv a te  S u s ta in in g  M e m b e r s  
C o n t in u e s  to  G r o w

AOAC w elcom es the latest additions to the 
grow in g list o f com panies supporting  
in d ep en d en t m ethods validation: Cargill,
Inc., M inneapolis, M N; H offm ann-La Roche, 
Inc., N u tley , NJ; M cKee Baking Co., 
C olleged ale, TN; Ralston Purina Co., St. Louis, 
MO; Salsbury Laboratories, Inc., Charles City, 
IA; and S ch en ley  D istillers, Inc., C incinnati, 
OH.

A lb e r ta  i s  F ir s t
The Alberta D epartm ent o f Agriculture, 

E dm onton, Alberta, Canada, is the first 
provincial agency to provide AOAC w ith  
financial support. AO AC w elcom es the  
Alberta D epartm ent o f A griculture as a 
provincia l m em ber o f AOAC.
M a g r u d e r  F e r t i l i z e r  C h e c k  S a m p le  P r o g r a m  
E v a lu a t in g  L a b o r a to r y  P e r fo r m a n c e  A f t e r  60  
Y ea rs

O riginated in  1922 by E. W. M agruder, the 
M agruder Fertilizer Check Sam ple Program is 
still p rovid in g  laboratories w ith  
interlaboratory evaluation  o f m ethods of 
analysis and person n el perform ance.

Today a total of 140 U.S. industrial and  
foreign  laboratories and all state control 
laboratories subscribe. Each m onth  the  
subscribing laboratories receive on e or tw o  
com m ercial fertilizer sam ples conta in ing  
prim ary plant nutrien ts— n itrogen , potassium , 
and phosp h oru s—and, in  addition , several 
tim es a year, secondary nutrients and  
m icronutrients. Sam ples are analyzed  by 
m ethods chosen  by the ind iv id u al laboratories. 
Results are analyzed  by the M agruder 
statistician w h o  prepares a statistical report for 
each laboratory, based on  com parison of 
laboratories w h ich  u sed  th e sam e analytical 
m ethod , n otin g  interlaboratory bias, precision, 
and ranking o f coded in d iv id u al laboratories.

Interlaboratory evaluation  is increasingly  
im portant as a check on  instrum ent 
perform ance and to prom ote quality assurance. 
The program  is stron gly  supported by the  
A ssociation o f A m erican Plant Food Control 
O fficials (AAPFC) and The Fertilizer Institute  
(TFI).

The annual subscription fee for th is service 
is $75.00. For m ore inform ation , contact 
H ow ard P. M oore, Feeds and Fertilizers, 
D epartm ent o f Agriculture, R eynoldsburg, OH  
43068.

I S O  S ta n d a r d s  A v a i la b l e  f r o m  A N S I
The fo llo w in g  is a list o f standards from  the  

International O rganization for 
Standardization (ISO), T echnical C om m ittee  
34-Agricultural Food Products. The Standards 
are available at prices indicated from  
Am erican N ational Standards Institute, Inc.,
1430 Broadway, N ew  York, NY 10018.
ISO 663-1981 A nim al and vegetab le  

fats and o ils— 
D eterm ination  of 
in so lu b le  
im purities and
content $ 6.30

ISO 751-1981 Fruit and vegetab le  
products— 
D eterm ination  of 
w ater-inso lub le
so lid s con ten t 7.80

ISO 1237-1981 M ustard seed —
Specification 16.80

ISO 1736-1981 Dried m ilk —
D eterm ination  of 
fat content
(Reference m ethod) 8.40

ISO 1737-1981 Evaporated m ilk and  
sw eeten ed  
con d en sed  m ilk — 
D eterm ination  of 
fat content
(R eference m ethod) 8.40

ISO 2166-1981 Carrots—G uide to
storage 7.80

ISO 2167-1981 R ound-headed
cabbage—G uide to
storage 9.75

ISO 2169-1981 Fruits and
vegetables—Physical 
conditions in  cold  
stores— D efin ition s
and m easurem ent 11.70

ISO 5223-1981 Test sieves for cereals 8.40
ISO 5492/4-1981 Sensory an a lysis—

V ocabulary— Part 4 8.40
ISO 5521-1981 Fruits, vegetab les, 

and derived  
products— Q ualita­
tive m ethod for the
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ISO 5522-1981 

ISO 5523-1981

ISO 5561-1981 

ISO 6000-1981

ISO 6322/2-1981  

ISO 6541-1981

ISO 6579-1981

ISO 6632-1981

ISO 6644-1981

ISO 6659-1981 

ISO 6821-1981 

ISO 6882-1981

d etection  o f sulfur  
d iox id e 6.30

Fruits, vegetables, 
and derived  
products—
D eterm ination  
of total sulfur  
dioxide content 13.65

Liquid fruit and  
vegetab le  
products—
D eterm ination  o f  
sulfur d iox ide  
content (Routine
m ethod)

Caraway, w h o le —
8.40

Specification  
R ound-headed  

cabbage—Storage
6.30

in  the open  
Storage o f cereals and  

p u lses— Part 2: 
Essential

10.50

requirem ents 
Agricultural food  

products— 
D eterm ination  of 
crude fiber 
con ten t— M odified

10.50

Scharrer m ethod  
M icrob iology— 

G eneral guidance  
on m ethod for the 
detection  of

8.40

Salm onella  
Fruits, vegetables, 

and derived  
products— 
D eterm ination

21 .00

of vo la tile  acidity  
Cereals and m illed  

cereal products— 
Autom atic 
sam pling by

15.60

m echanical m eans 
Sw eet p ep p er—G uide 

to refrigerated  
storage and

10.50

transport
G reenhouse

tom atoes— G uide 
to refrigerated

8.40

transport
A sparagus—G uide 

to refrigerated
6.30

transport 6.30

M e e t in g s
M a y  25-27 , 1982: N itrogen  in  Crop 

Production Sym posium , H oliday Inn,
S h effield , AL. Sponsored by TVA's N ational 
Fertilizer D evelop m en t Center, Am erican  
Society o f A gronom y, Crop Science Society of 
Am erica, and Soil Science Society o f Am erica. 
O rganized to provide a com p rehensive  
sum m ary o f current k n ow led ge about n itrogen  
as it relates to crop production. Em phasis w ill  
be placed on  practical w ays to im prove plant 
use o f n itrogen  in  d ifferent cropping system s. 
The proceedings, augm ented  by additional 
topics, w ill be p u blished  w ith in  6 m onths after 
th e sym posium . Registrants w ill receive one  
copy, the cost o f w h ich  is inclu d ed  in  the $40 
registration fee. For inform ation, contact 
H elen  Baugh, T-7B, N ational Fertilizer 
D evelop m en t C enter, T ennessee Valley  
A uthority, M uscle Shoals, AL 35660.

M a y  2 5 -2 7 , 1982: W orld Sym posium  on  
A sbestos, M ontreal, Q uebec, Canada. 
S even ty-tw o  speakers and panelists from  
govern m en t, un ion s, industry, and scientific  
and m edical com m unity from 14 d ifferent 
countries. For further inform ation, contact 
the Secretariat, W orld Sym posium  on  
A sbestos, 84 de Bresoles St, M ontreal, Q uebec, 
Canada H2Y 1V5; te lep h on e 514/845-6165; 
telex 05-24245.

June 2 -3 , 1982: M idw est R egional AOAC  
M eeting, Starlite V illage M otel, A m es, I A. To 
in clu d e exhib it and technical sessions. For 
details, contact H. M. Stahr, 1636 C ollege of 
Veterinary M edicine, Iowa State U n iversity, 
A m es, IA 50011; te lep h on e 515/294-1950.

June 6 -1 1 , 1982: International Sym posium  
on the Synthesis and A p plications of 
Isotopically Labeled C om pounds, Hyatt- 
R egency H otel, Kansas City, MO. Topics w ill 
encom pass synthesis, analysis, purification, 
and storage o f isotop ically  labeled com pounds, 
and their applications in  biom edical, clin ical, 
and environm ental studies, in  m etabolism , 
pharm acokinetics, and toxicology. Proceedings 
of the sym posium  w ill be p u blished  ($35/ 
copy). Registration fee: $220. For 
inform ation, contact A lexander Susan, 
Scientific Secretary o f the Sym posium , c /o  
M idw est Research Institute, 425 V olker Blvd, 
Kansas City, MO 64110; te lep h on e 816 /753- 
7600, ex ten sion  268.

June 6 -1 1 , 1982: ASTM E-14 M eetin g  on  
M ass Spectrom etry, H ilton  H aw aiian, 
H on olu lu , HI. For inform ation, contact 
Louise N eall, 215/299-5400.
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June 1 5 -1 8 , 1982: General A ssem bly o f the  
T echnical C om m ittee o f IOCC/ISCM A  
(International O ffice o f Cocoa and C h ocolate/ 
International Sugar C onfectionery  
M anfacturers' A ssociation), G artenhotel 
T um m lerhof, S eefeld , Austria. Registration  
fee: 3.200 Austrian S h illin gs. For m ore 
in form ation , contact Em ile Toebosch, Director 
G eneral IOCC/ISCM A, 172 aven u e de 
C ortenbergh, B-1040 Brussels, Belgium .

June 1 6 -1 8 , 1982: 2nd International 
Sym posium  on Chrom atography, Szeged , 
H ungary. Papers w ill be p ublished  by the  
H ungarian  A cadem y of Sciences; official 
lan gu age is E nglish. For m ore inform ation, 
contact H alem m  J. Issaq, Frederick Cancer 
Research Center, PO Box B, Frederick, MD  
21701, or Tibor D even y i, Institute of 
B iochem istry, H ungarian A cadem y of 
Sciences, Budapest XI, H ungary.

June 2 0 -2 3 , 1982: International C onference  
on  Chrom atography and M ass Spectrom etry in  
Biom edical Sciences, Grand H otel d el Mare, 
Bordighera, Italy. For inform ation , contact 
A lberto Frigerio, G ruppo Italiano di 
Spettrom etria di Massa in  Biochim ica e 
M edicina, Via Eritrea, 62, 60157 M ilano, Italy.

Septem ber 2 0 -2 3 , 1982: Sym posium  on Food 
Research and Data A nalysis, V oksenasen  
H otel, O slo, N orw ay. Focus on  the  
d ev elop m en t and use o f com puter-aided  
analysis o f m ultivariate food  research data.
Fee: US $360, NKr 1800. For inform ation, 
contact Sym posium  Secretariate: N orw egian  
Food Research Institute, Bjorn Eldstuen, PO 
Box 50, N -1432 A as-N LH , N orw ay.

Septem ber 2 3 -2 4 , 1982: 5th European  
Sem inar on  Q uality Control in  the  
Pharm aceutical and C osm etic Industries— 
A d m inistrative and Econom ic Problem s, 
U n iversity  o f G eneva, Sw itzerland. M ain  
topics: Q uality Cost System s, Introduction  
and Im plem entation  o f E lectronic Data 
Processing into Q uality A ssurance, and the  
U se o f Electronic Data Processing in  Q uality  
Assurance O perations. For further details, 
contact the Econom ics o f Q uality Control 
Pharma C osm etic Section , c /o  SAQ, PO Box 
2613, CH-3001 Berne, Sw itzerland; Telex: 
33528 atag ch; Tel.: 031 22 03 82.

O ctober 1 2 -1 4 , 1982: D ioxin  82— 3rd 
International S ym posium /W orkshop  on  
C hlorinated D ioxins and R elated C om pounds, 
International C onference Centre, Salzburg, 
Austria. Topics: Incineration  sources; 
analysis and standards; fate, d istribution , and

levels; laboratory safety and d isposal practices; 
toxico logy and risk assessm ent; lega l and  
regulatory aspects. Proceedings w ill be 
published . For inform ation, contact E.
M erian, Im Kirsgarten 22, C H —4106 T herw il, 
Sw itzerland.

D ecem ber 6 -8  . 1982: Third Bi-annual 
International T hin Layer Chrom atography  
S ym posium —A dvances in  T hin Layer 
Chrom atography, H ilton  H otel, Parsippany,
NJ. Papers accepted. For details, contact J. C. 
T ouchstone, H ospital U n iversity  o f 
P ennsylvan ia , P h iladelphia, PA 19104, 
te lep h on e 215/662-2081; or H. M. Stahr, 1636 
C ollege o f Veterinary M edicine, Iowa State 
U n iversity , A m es, IA 50011, te lep h on e 515 / 
294-1950.

June 7 -1 0 , 1983: 1st International 
Sym posium  on Drug A n alysis—From  
Pharm aceutical Preparation to Drug  
M onitoring, Free U n iversity  o f Brussels, 
Brussels, Belgium . O rganized  by the Belgian  
Society o f Pharm aceutical Sciences. Topic: 
naturally occurring drugs, analytical problem s 
in  drug form ulation d ev elop m en t, control o f 
pharm aceutical specia lties, determ ination  o f  
drugs in  food products for hum an or anim al 
use, determ ination  o f drugs in  b iological 
m edia in clu d in g  drug m onitoring, and  
research into toxic reactions due to drugs. 
Languages: E nglish , French, and D utch. For 
additional inform ation, contact C. Van 
K erchove, Société Belge des Sciences 
Pharm aceutiques— B elgisch G enootschap voor  
Pharm aceutische W etenschappen, rue 
A rchim edesstraat 11, B-1040 Brussels, Belgium ; 
te lep h on e (02) 733 98 20 ext. 33.

July 1 7 -2 3 , 1983: SAC 83— International 
C onference and E xhibition on  A nalytical 
C hem istry, the U n iversity  o f E dinburgh, 
Scotland. Topics: atom ic spectroscopy, 
biochem ical m ethods, chrom atography, 
electroanalysis, electrophoresis, en zym e  
techn iques, im m unoassay, mass spectrom etry, 
m icroanalysis, m olecular spectroscopy, 
photoacoustic spectrom etry, probe m ethods, 
radiochem istry, sam ple preparation, therm al 
m ethods, x-ray m ethods, autom ation , data 
processing, process control, m icrocom puters, 
m icroprocessors, and quality control. For 
inform ation, contact P. E. H utch inson , 
Secretary, A nalytical D iv ision , Royal Society of 
C hem istry, B urlington H ou se, L ondon, W1V 
O BN, UK.

July 2 7 -3 0 ,1 9 8 3 :  3rd International 
C onference on  the Instrum ental A n alysis o f
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Foods and B everages— Recent D evelop m en ts, 
Corfu H ilton , Corfu, Greece. For inform ation, 
contact D. J. M ussinan, IFF R & D, 1515 
H igh w ay 36, U n ion  Beach, NJ 07735; 
te lep h on e 201 / 264-4500.
C o u r s e s  O f f e r e d

The Am erican Chem ical Society (ACS) is 
offering the fo llow in g  2  courses at the 
D onaldson  Brown C ontin u in g  Education  
Center, V irginia P olytechnic Institute and  
State U n iversity , Blacksburg, VA 24061. Fees 
in clu d e tu ition , lecture, laboratory m aterials, 
and lunches. For inform ation, call 703 /552-  
8322.

M icroprocessors and M in icom pu ters, In terfacing  
and A pplica tion s.—June 6-11 and Septem ber
19-24, 1982. This is a hands-on course 
d esign ed  for eng in eers, scientists, and  
m anagers. N o previous training in  digital 
electronics or com puters is necessary. 
A dvanced hardware experim ents and  
interm ediate lev el softw are ch a llen ges are 
available for those w ith  previous experience. 
Course tim e is sp lit b etw een  lecture and  
practice. The fee is $665.00 for ACS m em bers, 
$735.00 for nonm em bers.

P olym er C h em istry , Principles and Practices.— 
A u gust 22-27 , 1982. Lecture and laboratory  
work w ill cover polym er syn th esis, m olecular  
w eig h t determ ination, characterization of 
rheological and viscoelastic behavior, polym er  
structure and m orphology , and m echanical 
testing. Elastomers, plastics, and fibers w ill be 
discussed. The fee is $695 for ACS m em bers, 
$765 for nonm em bers.

Design and A n alysis o f Scientific E xperim ents— 
The M assachusetts Institute o f T echn ology  
w ill offer th is on e-w eek  elem entary course 
July 12-17, 1982. A p plications w ill be m ade 
to the physical, chem ical, b io logical, m edical, 
en g in eer in g , and industrial sciences, and to 
experim entation  in  p sych o logy  and  
econom ics. The course w ill  be taught by 
Professors H arold Freem an and Paul Berger. 
For inform ation, contact Director o f Sum m er 
Session , Room E19-356, M assachusetts Institute  
of T echn ology, Cam bridge, M A 02139.

Im m unotoxicology .— This N A TO -sponsored  
A dvanced Study Institute w ill be h eld  July 
14-24 ,1982 , at Acadia U n iversity , W olfville  
N ova Scotia, Canada. Lectures, w orkshops, 
etc. concern ing the adverse effects o f drugs 
and environm ental chem icals on  the im m une  
system  w ill be presented. A pproaches to 
im m unotoxicolog ical testin g and the

im portance of pharm acokinetics and  
biotransform ation in  im m unotox ico logy  w ill 
also be considered. Financial assistance to 
cover travel expenses and accom m odations 
w ill be available to selected  applicants 
affiliated  w ith  un iversities and other 
nonp rofit institu tion s from  NATO  countries. 
For details, contact P. W. M ullen , Director, 
NATO  Im m unotoxicology ASI, Kerr.ic 
Bioresearch Laboratories Ltd, U n it 7, The 
Industrial M all, PO Box 878, K entv ille, N ova  
Scotia, Canada B4N 4H8.

Technology of Pesticide A n a lysis .— The 
U n iversity  o f California Extension, Davis 
Cam pus, w ill offer these hands-on laboratory 
session s July 12-23 ,1982 . The fee is $1500. 
The course is d esign ed  for professionals 
w ork in g  in  the fie ld  o f environm ental 
toxico logy , p lant protection, pest m anagem ent, 
an d  p esticide residue analysis. International 
participants may receive sponsorship  through  
several agencies: USAID, W orld Bank, 
International D evelop m en t Researcn Centre, 
C om m onw ealth  Foundation, and  
C om m onw ealth  Fund for Technical 
C ooperation. For further inform ation, contact 
A d olf Braun, U n iversity  Extension, U n iversity  
of California, D avis, CA 95616; telep h on e  
916/752-6021.
I n te r im  M e t h o d s  A d o p t e d

The fo llo w in g  m ethods have been  adopted  
in terim  official first action by the respective  
C om m ittees and the O fficial M ethods Board. 
The A ssociation  w ill vote on adoption o f the 
m eth od s as official first action at the 96th 
A n n u al M eeting, Oct. 2 5 -2 8 ,1 9 82 . N ew  
M ethod for D ifferentiating M em bers of the 
Bacillus cereus Group, by S. M. H arm on, Food  
and Drug A dm inistration , W ashington, DC; 
D eterm ination  o f C hloride Concentration in  
C h eese, by L. J. Poortvliet, Boter- en  
K aascontrolestation Friesland, Leeuw arden, 
The N eth erlan ds, and W. H orw itz, Food and  
D rug A dm inistration , W ashington, DC; HPLC 
D eterm ination  o f M inor Saccharides in  Corn 
Sugar, by C. E. Engel et ah, Corn Refiners' 
A ssociation , W ashington, DC; Correction  
Factor for Solub le Solids in Citrus Fruit Juices 
as D egrees Brix, by J. N . Yeatman et al. (/. 
Assoc. Off.  A nal. C h an . 59, 368 (1976)) as 
subm itted  by F. E. Boland, Food and Drug  
A dm inistration , W ashington, DC.

C opies o f th e interim  m ethods are available 
from  the AO AC office.
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B O O K  R E V IE W S

L aboratory H an d b ook  o f C hrom atographic  
and A llied  M eth od s. Edited by O. M ikes. 
From the Ellis H orw ood Series in  A nalytical 
C hem istry, ed ited  by R. A. Chalm oss and M.
R. M asson. P ublished  by H alsted Press, 
N e w  York, NY, 1979. 769 pp. Price:
$89.50. ISBN 0470-26399-7.
T his is an updated version o f a book w ritten  

in  C zechoslovakian  and translated to English. 
The subject, chrom atographic techniques, 
covers perhaps the most com m only used  
tech n iq u es in  m odern chem istry and  
biochem istry laboratories. It is essential for 
th ese laboratories to have a com p rehensive  
deta iled  chrom atography book on  hand and I 
recom m end the above title for this use.

The first chapter contains d efin ition s o f the 
various types o f chrom atography. Each o f the 
other chapters describes one chrom atographic 
tech n iq u e in  depth  and inclu des detailed  
quantitative determ inations, system s for 
d ifferen t classes o f com pounds, and pertinent 
literature.

The chapter on  adsorption chrom atography  
describes adsorbents for gravity-flow  and h igh  
pressure liqu id  chrom atography (HPLC).
T his chapter also g ives som e aspects o f HPLC, 
m ostly  in the form of exam ples.

The chapter on ion  exchange  
chrom atography d iscusses characteristics and 
theoretical prin cip les o f ion  exchanges. It 
presents exam ples in v o lv in g  inorganic and  
sm all organic m olecu les, am ino acids, 
antib iotics, and larger particles such as cell 
w all fractions. This rather com plete review  
appears to cover the work through 1975.

In the chapter on ge l chrom atography, the 
exam ples g iven  illustrate the basic principles, 
such as the d ep en d en ce o f m olecular w e igh t  
determ ination  on  the d istribution constant of 
th e solutes.

The chapter on  affin ity  chrom atography  
describes an im portant technique in m odern  
b ioch em istry— the on ly  solu tion  for direct 
extraction o f a b io log ica lly  im portant m olecu le  
from  a com plex biological system . The 
techn ique is adequately described and the 
literature is rev iew ed  up to 1974.

In 2 chapters, th in  layer chrom atographic 
equ ipm ent, adsorbents, so lven t system s, and 
quantitative and preparative techniques are 
discussed . A n in clu sive  chapter on  gas 
chrom atography m en tion s the possib le

com bination  o f gas chrom atography w ith  
spectral m ethods like mass spectrom etry. A 
tabulation at the end o f the chapter g ives  
details and references o f areas o f application of 
gas chrom atography.

The last chapter details electrom igration  
m ethods. It d iscusses electrophoresis, 
isotachophoresis, and isoelectric focusing, 
m ostly  from  the technical p o in t o f v iew  and  
w ith  m any good  exam ples.

This book is com p rehensive and can serve as 
an excellen t aid in  laboratory in vestigation s.

ADORJAN ASZALOS
Food and D rug A dm in istration  
N ation a l C enter for A n tib io tic A n alysis  
W ashington , D C  20204

T reatise on A n aly tica l C h em istry , Part II,
V o l. 10, A n alytica l C h em istry  o f Inorganic  
and O rganic C om pounds. Edited by I. M. 
K olthoff and P. J. E lving. P ublished  by 
W iley Interscience Publications, John W iley 
and Sons, N ew  York, NY, 1978. 566 pp. 
Price: $34.50. ISBN 0-471-49998-6.
This book is a com pilation of laboratory 

m ethods and reference sources for the 
sc ien tific  analysis o f antim ony, arsenic, boron, 
carbon, m olyb denum  and tungsten . It is 
in ten d ed  prim arily for laboratory personnel, 
from  the bench chem ist to the un iversity  
professor.

The m ethods are clearly and concisely  
w ritten , and the princip les of instrum entation  
are presented  in  term inology that can be 
com p rehended  by all scientists. The writers 
have com piled  a selective and authoritative 
source o f inform ation.

The book is presented  in a logical and w ell 
organized  m anner. There are 6  chapters.
Each is dedicated to a specific e lem en t and  
provid es pertinent history, occurrence, 
properties, and current legal lim its. The 
w riters are adept at presenting a consensu s of 
op in io n  concern ing toxicity of an elem en t in  
sp ite  o f incon sisten t fin d in gs and  
disagreem en t am ong workers. A lso, the 
w riters successfu lly  condense laboratory 
procedures at the en d  of each chapter for the 
co n ven ien ce  o f the analytical chem ist. 
E xtensive references are g iv en  at the en d  of 
each chapter.

A n  overall introduction to the book should  
be added in  future ed ition s. The authors
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cou ld  explain  w h y  they group these 6 
e lem en ts together. For the regulatory  
fertilizer analyst, it w o u ld  have been  
preferable to com bine 4 other essential 
nutrients w ith  the boron and m olybdenum .

In general, the positive aspects of this book  
greatly ou tw eigh  the negative. It is a valuable 
reference for those en gaged  in  the analysis of 
the described elem ents.

Jam es  R. M elton
Texas A & M  U n iversity  
Texas A gricu ltural Experim ent Station  
A gricu ltura l A n a ly tica l Services 
C ollege S ta tion , TX  77843

R eagen t C h em icals. A m erican C hem ical 
S o c ie ty  S p ecification s. 6th Ed. Prepared  
by the Com m ittee on A nalytical Reagents 
(1975-1980) Sam uel M. Tuthill, Chairman. 
P ublished  by the Am erican Chem ical 
Society, W ashington, DC, 1981. 612 pp. 
Price: $60.00. ISBN 0-8412-0560-4.
The history of th is publication was 

described in  a rev iew  o f an earlier ed ition  (/. 
Assoc. Off.  A nal. Chem. (1956) 39, 1018).
T w elve n ew  item s have been  added to this 
ed ition , in clu d in g  3 so lven ts suitable for 
pesticide residue analysis. Hydrated salts are 
n ow  covered as specific item s. M any tests 
have been consolidated into the general test 
m ethod section  in  the front o f the book. 
Postage-paid cards are inclu d ed  for obtain in g  
future supplem ents.

Because reagents used in O fficial M eth o d s of 
A n alysis o f the A O A C  m ust conform  to the 
specifications in  this vo lu m e, all users o f the 
AOAC book of m ethods need  to have access to 
Reagent Chemicals.

William  H orw itz
Food and D rug A dm in istration  
Bureau of Foods 
W ashington, DC 20204

FDA T echn ical B u lletin  N o. 1: P rin cip les o f  
Food A n alysis  for F ilth , D ecom p o sition , 
and Foreign M atter. Edited by J. Richard 
Gorham. P ublished by the Food and Drug 
A dm inistration , 200 C St SW, W ashington, 
DC 20204, 1981. v iii +  286 pp. Price:
$7.50. GPO Stock N um ber 017-012-00298-6. 
An updated replacem ent o f Technical 

Bulletin N o. 1: M icroscopic-A n alytica l M eth ods  
in Food and D rug C ontrol p u b lished  in  1960, this 
is a concise, w e ll organized  reference book. It 
contains sections w h ich  cover concepts o f food  
sanitation; descriptive and illustrative

inform ation on  com m on food contam inants 
such as fu n gi, m ites, insects, and hairs; general 
theory b eh in d  analytical m ethods used to 
recover such contam inants; and various 
m icroscopic techn iques used to id en tify  food  
contam inants. H undreds o f draw ings, charts, 
and photographs are included.

Major changes from the 1960 publication  
include chapters on scannin g electron  
m icroscopy, tests for m etabolic w astes, and  
m ites, and updates in analytical m yco logy  and  
photographic techniques. A usefu l index is 
also provided. Excluded are drug-related  
topics and som e o f the detail in areas such as 
filth  d etection  techn iques and analytical 
entom ology.

A lthou gh  this book is w ritten prim arily for 
regulatory analysts and sanitarians, it can also  
provide valuable technical inform ation to 
students in  a food  science curriculum  and to 
analysts and quality assurance supervisors in  
the food industry. It is com p etently  wrttten  
and edited , ranking alon gsid e its excellen t  
predecessor. The purchase and use of this 
book by the above m en tion ed  groups is h ig h ly  
recom m ended.

Do n a l d  A. M a st r o r o c c o , Jr 
H ershey Chocolate Co.
19 East Chocolate A v e  
H ershey, PA 17033

T he A n a lysis  and C ontrol o f L ess-D esirab le  
Flavors in  Foods and Beverages.
Proceedings o f a 1980 Am erican Chem ical 
Society, Agricultural and Food Chem istry  
Div. sym posium  held  at the Second  
Chem ical C ongress o f the N orth Am erican  
C ontinent. Edited by G. Charalambous. 
P ublished by Academ ic Press Inc., I l l  5th 
A ve, N ew  York, NY 10003. 358 pp. Price: 
$24.50. ISBN 0-12-169065-2.
A ccording to the introduction to this book, 

"Flavor is a m ost sen sitiv e index o f the quality  
of our food, often  in flu en cin g  its total valu e in 
a defin ite  manner."

The authors report on the detection  ar.d 
iden tifica tion  o f flavor precursors and off- 
flavors in fish , cheese, soy protein , corn syrup, 
w ater, citrus juices, m ilk (inclu d in g  hum an), 
beer, and w in e. Im proved m ethods of vola tile  
com p on en t separations are ou tlin ed  and 
ex ten siv e  b ib liographies accom pany each 
chapter.

Included are papers on meat flavor 
characteristics caused by feed, and h and ling  
and storage o f beef, lamb, and pork; im portant
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flavor com p onents and accelerated flavor 
d ev elop m en t in  cheese; flavor contributions of 
corn syrup and soy proteins to processed  
foods; the in flu en ce o f protein  interaction on  
flavor; the control o f bitter flavors; and the use 
o f acidic o ligo  peptides. Public w ater supply, 
citrus juices, beer, and w in e  each has its ow n  
chapter.

M ilk receives a great deal o f attention. 
A n alysis, control, and id en tification  o f flavors 
and off-flavors, and the effect o f heat 
processing o f m ilk on  vo la tile  com pounds are 
covered  in  detail. The results o f an initial 
survey on  the off-flavors o f hum an m ilk are 
g iv e n  a lon g  w ith  in teresting su ggestion s on  
th e possib ility  o f im prin ting and later-life  
flavor-condition ing .

The study o f flavor-caused rejection o f som e 
food s in  their natural state and the off-flavors 
d ev elop ed  through processing and storage is 
o f particular interest to food  techn ologists and  
chem ists.

T his book can provide m em bers of 
regulatory bod ies w ith  a better understanding  
o f the m echanism s and processes in vo lved  in  
th e d ev elop m en t o f off-flavors. It is 
recom m en ded  reading and study for anyone  
concerned  w ith  links in  the food flavor chain.

R. ARSENAULT
F lorasynth C anada, Inc.
St. L aurent, Quebec, Canada

P estic id e  R esid u es —A  C on trib u tion  to T heir
Interp retation , R elevan ce and L egislation .
By H. Frehse and H. G eissbuhler.
P ublished  by Pergam on Press Inc., M axw ell
H ou se, Fairview  Park, Elmsford, NY 10523,
USA, 1979. 100 pp. Price: $40.00. ISBN
0-08-023931-5.
T w o sym posia, "The R eliability o f Residue 

Data," "The Interpretation o f Residues and  
R esidue Data as Related to T oxicology and  
L egislation  o f Pesticides" w ith  8 papers apiece 
w ere presented  at the Pesticide Residues 
Section  o f the IVth International C ongress of 
P esticide Chem istry (IUPAC) and published  as 
th is book.

The first sym posium  deals w ith  the accuracy 
and reproducibility  o f residue data, d iscussing  
such topics as fie ld  sam pling, fie ld  spray 
effic ien cy , collaborative studies, quality  
assurance, and quantitative variation in  
results.

The secon d  sym posium  covers acceptable 
daily  intake o f pesticide residues, toxicology,

residue types, p esticide tolerances, and food  
acceptability.

This book provides the enforcem ent point of 
v ie w  on  obtain in g, treating, and interpreting  
residu e data. A n y regulatory agency, private 
laboratory, manufacturer, or leg islator dealing  
w ith  pesticid e residues could ben efit from this  
book.

Jerry E. Froberg
Food and D rug A dm in istration  
1521 W P ic o B lv d  
Los A n geles, CA 90015

T he A n a lysis  o f E xplosives. By Jehuda Y inon  
and Sam uel Zitrin. P ublished  by Pergam on  
Press, M axw ell H ou se, Fairview  Park, 
Elmsford, NY 10523, 1981. 310 pp. Price: 
Hardcover $60.00, ISBN 0-08-023846-7; 
Flexicover $22.50, ISBN 0-08-023845-9.
The format o f the book, w ritten  by lead ing  

authors in the field , is that o f a rev iew  article. 
Each chapter represents a specific analytical 
technique o f exp losives. It is a book w h ich  is 
lon g  overdue. T w elve o f th e 15 chapters are 
specifica lly  concerned w ith  in d iv id u al 
analytical techn iques. The last 2 chapters deal 
w ith  exp losive residues and h id d en  
explosives.

The book consists o f current and valuable  
scientific data and currently used m ethods for 
analysis o f exp losives. The d iscussion  o f  
chem istry and scientific theory applicable to 
the described m ethods is very inform ative.
The book is presented in a w e ll organized  
m anner. It serves its in ten d ed  purpose—as a 
reference book for chem ists in  analytical and  
forensic laboratories, as w e ll as a textbook for 
graduate students in  analytical chem istry and  
forensic science.

The book is printed from  h ig h  quality  
original typescripts. The flexicover version  is 
fairly priced at $22.50; but the hardcover is 
over- priced at $60.00.

Jew -M in g  Ch a o
B urlington C ou nty Forensic 

Science Laboratory 
W oodlane R d  
M t. H o lly , N J 08060

T he P estic id e  C h em ist and M odern
T oxico logy . A  1980 Am erican Chem ical 
Society, D iv ision  of Pesticide Chem istry  
sym posium  h eld  at a special conference at 
D o w n in gton , PA. Edited by S. K. Bandal, G.
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J. M arco, L. Golberg, and M. L. Leng. 
P ublished  by the Am erican Chem ical 
Society, 1155 16th St NW , W ashington , DC
20036,1981. 582 pp. Price: $38.00. ISBN
0-8412-0636-8.
The conference at w h ich  th is sym posium  

w as g iven  w as con ven ed  to provide a m eans 
for the d iscip lin es o f toxico logy and pesticide  
chem istry to interact in a direct and personal 
w ay. A very con v in cin g  case for 
interdisciplinary interaction is presented  in  
this volum e.

C ontents o f the book (36 presentations) are 
d iv id ed  in to  4 major sections fo llow ed  by a 
short sum m ary o f the d iscussion  groups and  
w orkshops w h ich  took place. The sections  
are: Toxicological A spects, B iochem ical 
A spects, A nalytical A spects, and Regulatory  
Aspects. The papers in each section  present 
an excellen t rev iew  o f the d iscip lin e or subject, 
em ph asizing the in terd ep en d en ce of

chem istry and toxico logy and the  
interd isciplinary nature o f any m ean ingfu l 
research.

The w e ll w ritten  papers provide a great deal 
of usefu l inform ation, usually  b eg in n in g  w ith  
sim ple basic prin cip les and progressing to 
detailed  descriptions or review s o f the m ost 
recent research and research in  progress. 
Extensive literature references are included. 
This book g iv es a very broad and  
encom passing v ie w  o f pesticides, pesticide  
toxico logy, and pesticide chem istry. It shou ld  
be o f interest to an yone in vo lved  in  such  
research, and sh ou ld  be an invaluable asset to 
anyone in vo lv ed  in regulating p esticides in  an 
analytical laboratory or a registration capacity.

Ke n n e t h  H elrich
R utgers U n iversity  
Cook College
D ept o f Entom ology &  Economic Z oology  
N ezv B runsw ick , NJ 08903
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N E W  P U B L IC A T IO N S

Calculator Programming for Chemistry and 
the Life Sciences. By Frank H. Clarke. 
P ublished  by A cadem ic Press, 111 5th A ve, 
N e w  York, NY 10003,1981. 240 pp. Price: 
$24.50. ISBN 0-12-175320-4.
This work illustrates the u tility  o f the  

program m able calculator as a tool for scientific  
research. Specific, detailed  exam ples from  
select topics in  chem istry and b io logy  
dem onstrate th e interrelationship  b etw een  
these scientific d iscip lin es. The use o f atom ic 
coordinates as m easures o f the degree of 
correspondence b etw een  2  m olecu les o f  
different m olecular structure and a m ethod  for 
determ in in g  partition coeffic ien ts are 
described. R egression analysis is used  to 
correlate the b iological and physical properties 
of com pounds. Programs are described for 
use in  the laboratory. A lth ou gh  d esign ed  for 
the Texas Instrum ent T l-59  calculator, the  
book also provides several program s in  
Reverse P olish  N otation  for H ew lett Packard 
calculators.
A n aly tica l P rofiles  o f D rug Substances, 

V o lu m e 10. Edited by Klaus Florey. 
P ublished  by Academ ic Press, 111 5th A ve, 
N e w  York, NY 10003,1981. 752 pp.
Price: $41.00. ISBN 0-12-260810-0.
The Pharm aceutical A nalysis and Control 

Section o f the A cadem y of Pharm aceutical 
Sciences has b egun  a cooperative ventu re to 
com p ile and p ublish  analytical profiles of 
im portant drug substances. These profiles  
present inform ation not currently available in  
official com pendia, in clu d in g  the physica l and  
chem ical properties o f drug substances, 
m ethods o f syn th esis and pathw ays o f physical 
and biological degradation and m etabolism , 
so lu b ility , pH  and pK values, spectra and  
spectrophotom etric constants, and stability  
data. The profiles w ill be revised  and updated  
w h en  necessary.
Trace A n a lysis , V o lu m e 1. Edited by James F. 

Lawrence. P ublished  by Academ ic Press, 
111 5th A ve, N e w  York, NY 10003,1981.
344 pp. Price: $39.50. ISBN 0-12-682101-
1 .
Trace A n alysis  is a m ultivo lu m ed  publication  

in ten d ed  to bring together detailed  
applications o f analytical chem istry to the 
d etection , iden tification , and quantitation of

trace quantities o f substances in  m any  
different sam ple types. The serial inclu des  
articles that discuss n ew  analytical 
instrum entation  and techn iques and  
approaches to m eth od ology  for so lv in g  
specific trace analytical problem s. V olum e 1 
is d evoted  to state-of-the-art critical 
discussions o f selected  topics in  th e use o f h igh  
perform ance liqu id  chrom atography for both  
organic and inorganic trace analysis.

T hin-L ayer C hrom atography T ech n iq u es and  
A p p lica tion s. By B. Fried and J. Sherma. 
P ublished  by M arcel Dekker, Inc., 270 
M adison A ve, N ew  York, NY 10016,1982. 
328 pp. Price: $49.50. ISBN 0-8247-1288-9. 
The authors present the princip les, 

practices, and applications o f th in  layer 
chrom atography (TLC). D esign ed  for those  
w ith ou t exten sive training in  analytical 
chem istry, th is vo lu m e presents a self-teach ing  
treatm ent o f this techn ique, as w e ll as a source 
of inform ation for analytical chem ists, 
biochem ists, clin ical chem ists, and laboratory  
and m edical technicians. It is also o f use to 
zoologists and botanists interested  in  
separation sciences and to co lleg e  teachers of 
b io logy  and chem istry.
A quatic T ox ico lo gy  and H azard A ssessm en t.

Edited by D. R. Branson and K. L. D ickson. 
P ublished  by Am erican Society for Testing  
and M aterials, 1916 Race St, P hiladelphia,
PA 19103, 1981. 466 pp. Price: $43.00. 
ASTM /STP 737. PCN: 04-737000-16.
The 31 papers conta ined  in  th is m anual are 

d iv id ed  into sections on  safety m argins, 
hazard assessm ent, carcinogenesis in  aquatic 
organism s, m onitoring, statistical analysis of 
toxicity data, and n ew  concepts. The book  
explores the n eed  to d ev elop  relevant testin g  
m eth od ology  and integrated testin g program s 
to accurately assess the poten tia l hazard of 
chem icals to aquatic life. This publication  
stresses that the term "hazard" is a function  o f  
both toxicity and exposure w h ich  m akes it the  
essential linkage o f aquatic tox ico logy  w ith  
environm ental chem istry.
P estic id e  R esid u es in  Food —1980. P ublished  

by the Food and Agriculture O rganization  
(FAO), 1981. A vailable from U n ipub , 345 
Park A ve S, N ew  York, NY  10010. 79 pp.
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Price: $7.50. FAO Plant Production and  
Protection Paper N o. 26. U nipub Catalog 
Code N o. 0102-F2180.
The recom m endations o f a joint m eetin g  of 

the FAO Panel of Experts on Pesticide  
Residues in Food and the E nvironm ent and  
the W HO Expert Group on  Pesticide Residues, 
Rome, Italy, October 1980, are ou tlin ed  in  this  
report. The recom m endations inclu de  
acceptable daily intakes (ADIs), m axim um  
residue lim its, and indications for further 
research and inform ation.
E nzym es and Food P rocessing . A 1980 

N ational C o llege o f Food T echn ology, 
U n iversity  o f Reading sym posium . Edited  
by G. G. Birch, N . B lakebrough, and K. J. 
Parker. P ublished  by A p plied  Science 
Publishers, Barking, Essex, UK, 1981. 
D istributed in  the U.S. by International 
Ideas, Inc., 1627 Spruce St, P h iladelphia, PA  
19103. xii +  295 pp. 109 illus. Price: 
$44.00. ISBN 0-85334-935.
The papers from  this sym posium  are 

concerned w ith  the use of enzym es, 
in d igen ou s and foreign , in processing both  
isolated substrates and com plex products such  
as meat, m ilk, fruit juices, and bread. H ealth  
and safety aspects, d etox ify in g  enzym es, and  
analytical applications are also discussed.
D isp ersio n  o f P ow ders in  L iquids, 3rd Ed.

Edited by G. D. Parfitt. P ublished by 
A pplied  Science Publishers, Barking, Essex, 
UK, 1981. D istributed in  the U.S. by 
International Ideas, Inc., 1627 Spruce St, 
P hiladelphia, PA 19103. xv +  510 pp. 109 
illus. Price: $76.00. ISBN 0-85334-990-8. 
In this, the 3rd ed ition , there has been  a 

sign ificant updating o f the inform ation  
provided  by earlier ed itions. The book  
bridges the gap b etw een  the academ ic 
approach to the problem s o f d ispersion  and  
that w h ich  is used  in  industrial practice. It 
ou tlin es the princip les, d iscusses the 
tech n ology , and assesses the current problem s 
associated w ith  the d ispersion  of pow ders in  
liquids, w ith  particular reference to p igm ents. 
In addition , the book covers the fundam ental 
aspects o f the breakdow n o f so lid  m aterials, 
both am orphous and crystalline, and id en tifies  
the parameters that are im portant in 
com m inution.

N atural C olours for Food and O ther U ses.
Proceedings o f a 1979 Roche Products Ltd

conference, L ondon. Edited by J. N. 
C ounsell. P ublished by A pplied Science 
Publishers, Barking, Essex, UK, 1981. 
D istributed in  the U.S. by International 
Ideas, Inc., 1627 Spruce St, P h iladelphia, PA  
19103. x +  173 pp. 26 illus. Price: $26.00. 
ISBN 0-85334-933-9.
D ealin g  w ith  the h ig h ly  sen sitiv e subject of 

color in  foods, this book sh ou ld  be of interest 
to color chem ists, food techn ologists, food  
m anufacturers, and cosm etic chem ists.
Several aspects o f color discussed are the 
physicist's v iew p oin t, color's im portance in  
food  p sychology, its role in  cosm etics and in  
hospital pharm acy, carotenoids and their 
applications, and leg isla tive considerations.
D ev e lo p m en ts  in  Food P reservation  — 1.

Edited by Stuart Thorne. P ublished  by 
A p plied  Science Publishers, Barking, Essex, 
UK, 1981. D istributed in  the U.S. by 
International Ideas, Inc., 1627 Spruce St, 
P hiladelphia, PA 19103. xii +  271 pp. 99 
illus. Price: $60.00. ISBN 0-85334-979-7. 
A n up-to-date rev iew  of the current state of 

food preservation is provided  by this book. In 
addition  to the unit operations of food  
preservation , th is vo lu m e in clu d es chapters on  
relevant aspects of packaging, on the selection  
of tech n o logy  appropriate to d evelop in g  
countries, and on  the storage and transport of 
fresh produce.
Fats and O ils: C h em istry  and T ech n ology .

From the Sym posium  on A dvances in  
Chem istry and T echn ology o f Fats and O ils, 
1979. Edited by R. J. H am ilton and A. Bhati. 
P ublished by A p p lied  Science Publishers, 
Barking, Essex, UK, 1981. D istributed by  
International Ideas, Inc., 1627 Spruce St, 
Philadelphia, PA 19103. xii +  263 pp. 53 
illus. Price: $48.00. ISBN 0-85334-915-0. 
The contents of th is book deal w ith  studies  

of oxygenated  acids, syn th etic  g lycerides, 
prostaglandins, extraction and processing of 
oils and fats. In addition , there are chapters 
on application o f fats in  confectionery and  
n ew  w ays o f m od ify in g  rum inant fats.
W ilson  and W ilson 's C o m p reh en sive

A n aly tica l C h em istry . Edited by G. Svehla. 
V o lu m e XIII — A n a ly sis  o f C om plex  
H ydrocarbon M ixtures. Part A, Separation  
M ethods; Part B, Group A n a ly sis  and  
D eta iled  A n alysis. By S. Hala, M. Kuras, 
and M. Popl. P ublished  by Elsevier
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Scientific P ublish in g  Co., PO Box 211, 1000 
AE Am sterdam , The N etherlands, 1981. 
D istributed in  USA and Canada by Elsevier 
N orth-H olland , Inc., 52 Vanderbilt A ve,
N ew  York, NY 10017. Part A about 382 pp. 
Part B about 400 pp. Price per part: US 
$95 .75 /D fl. 225.00, Subscription Price per 
part: US $85 .00 /D fl. 200.00. Part A ISBN 
0-444-99736-9. Part B ISBN 0-444-99735-0. 
Part A describes the fo llo w in g  m ethods of 

separation o f hydrocarbons used in  the initial 
steps o f the analytical procedures: d istillation  
techniques, preparative variants of gas and  
liquid  chrom atography, m ethods w ith  shape 
selectiv ity , and proven chem ical separation  
m ethods. Part B covers spectroscopic, 
chrom atographic, and chem ical techn iques  
used for group and detailed  analysis of 
hydrocarbon materials. A n alyses o f im portant 
industrial hydrocarbons are sum m arized in  a 
special review .

Part 31 W ater, 1981 A n n u al Book o f ASTM  
Standards. P ublished  by the Am erican  
Society for Testing and M aterials, 1916 Race 
St, P h iladelphia, PA 19103,1981. 1516 pp. 
Soft Cover. Price: $53.00. PCN 01- 
031031-16.
Part 31 contains 182 standards for water. 

M any of the standards are listed  in  the EPA 
"G uidelines Establishing Test Procedures for 
the A nalysis o f Pollutants" under section  304 
(h) of the Clean Water Act. The book  
discusses d efin ition s, specifications, reagents, 
reporting results, sam pling and flow  
m easurem ent, general properties o f water, 
inorganic and organic constituents, 
radioactivity, saline and brackish w aters, sea 
w aters, brines, m icrobiological exam ination, 
water-form ed deposits, and w ater-treatm ent 
materials.

C O R R E C T IO N
J. A ssoc. Off .  A nal. Chem. (1981) 64, 1305-1308, "D eterm ination o f 2,4-D  Butoxyethanol Ether Ester 
and Its D egradation Products 2,4-D ich lorophenoxyacetic Acid and 2,4-D ich loroph enol in 
Sedim ent,"  by G. Y. P. Kan et al., p. 1306, lin e 9 under S a m p le  C o l le c t io n  shou ld  read "Ten p L  
of an interm ediate standard (ppm range)"
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O B IT U A R Y

A l f r e d  D . C a m p b e l l
O n February 22, A lfred (Al) D. Cam pbell, of 

the Food and Drug A dm inistration, at the age 
of 62 su ffered  a fatal heart attack. H e had 
been  on  assignm ent in Saudi Arabia to assess a 
U.S. supported venture to d evelop  a food  
protection  system  there. Al's passing leaves a 
vo id  at the FDA Bureau o f Foods in experience  
and expertise that w ill be d ifficu lt to fill.

Al joined the Food and Drug A dm inistration  
in  1962 during a period o f ferm ent in that 
agen cy  and w as assigned to the then D iv ision  
of Foods in  the Bureau o f Physical Sciences. 
O ne o f h is first tasks w as to explore the 
poten tia l for trouble arising from  the recently  
isolated  toxic m old  byproducts called  
aflatoxins. Through Al's foresight and  
organizational ability, the FDA, and 
particularly the inter-disciplinary group that 
Al brought together and in on e way or another 
m anaged to direct, becam e the leaders and 
ack n ow led ged  w orld -w id e authorities in  
aflatoxin  research and control. Their interests

spread to other potential m old toxin problem s, 
and even tu a lly  to all naturally occurring  
toxins in  foods, as they p ioneered  work at 
FDA.

Al appreciated the value o f organized  
m ethod  d evelop m en t and validation by an 
authoritative group, and early in his efforts 
in vo lved  the AOAC. In 1963, AOAC nam ed  
Dr. Cam pbell Associate Referee for A flatoxins  
under the G eneral Referee for D ecom position  
and Filth ir. Foods. By 1966, M ycotoxins w as 
estab lished  as a separate subject area w ith  Al as 
G eneral Referee. H e held  the position  until 
1969 w h en  he m oved to Subcom m ittee C, 
w h ich  had authority for m ycotoxins topics.
H e was C om m ittee C's m ycotoxins authority at 
the tim e of his death.

A l m ade m any friends w h o  w ill now  miss 
his help  and advice. A long w ith  h is w ife , tw o  
ch ild ren , brother and sister, w e  m ourn his 
passing.

Le o n a r d  Stoloff



O r  i t  c a n  b e  s i m p l e  
w i t h  B i o - R a d  H P L C .

Sample:
1. Maltose
2. Glucose
3. Fructose
4 . Lactic Acid
5. Glycerol
6 . Acetic Acid
7. Methanol
8 . Ethanol
9. Acetone & 

Butyric Acid

Column:
HPX-87H

fc3ihB;t:U ttnUl wood i jos

B io -R ad has w orked  o u t a ll the  m e th o d o lo g y  
fo r s im p le , rap id  o rg a n ic  a c id  ana lysis and p ack­
aged i t  in  one  co m pa c t, a ffo rdab le  HPLC system  
Here are som e o f  the  o u ts ta n d in g  advantages 
o f  o rg a n ic  ac id  analysis w ith  B io -R ad  HPLC:

•  V e rsa tile . Food, beverages, co sm e tics , 
b io m e d ica l, p rocess c o n tro l.

•  S ensitive  and  re p e a ta b le . To ppm  level (m o re  
w ith  p reco n ce n tra tio n ). T im e and  tim e  aga in !

•  Fu ll te c h n ic a l s u p p o r t. O ur s ta f f  o f  experienced  
se pa ra tio ns  ch e m is ts  w ill help  you o p tim iz e  
the  a p p lic a tio n  o f  y o u r system  and co lu m n s .

•  Proven p e rfo rm a n ce . H undreds o f  B io -R ad  
co lu m n s  fo r o rga n ic  ac id  ana lys is  have de livered 
exce lle n t resu lts  d u r in g  th e  past tw o  years.

•  A ffo rd a b le . M o du la r system  g ives fle x ib ility  
o f  co m p o n e n t se le c tio n , ease o f  s e t-u p  
and se rv ice .

To us th is  seem s like  the  s im p le s t and m o s t 
dependab le  m e th o d  fo r o rg a n ic  a c id  analysis. 
Tha t's  unde rs tandab le , s ince  we've p u t a lo t 
o f  th o u g h t in to  i t .  So you d o n 't have to .

Call o r  w rite  fo r  de ta ils .

2200 Wright Avenue •  Richmond, CA 94804 USA 
P hone(415)234-4130
Also in Rockville Centre, N.Y., Australia, Austria, 
England, Germany, Italy, Japan, The Netherlands 
and Switzerland.



A L A A u e

5 2 3  A O A C  M e t h o d s  D e v e l o p m e n t — C h a l l e n g e  
o f  t h e  N e x t  D e c a d e  

5 8 4  A l c o h o l i c  B e v e r a g e s  
5 9 2  B i o c h e m i c a l  M e t h o d s  
5 9 8  C o s m e t i c s  
6 1 1  D a ir y  P r o d u c t s  
6 3 2  D r u g  R e s i d u e s  in  A n i m a l  T i s s u e s
7 6 1  D r u g s  in  F e e d s  
7 5 3  D r u g s
6 5 5  F e r t i l i z e r s
5 6 7  F l a v o r s  a n d  N o n a l c o h o l i c  B e v e r a g e s
7 2 0  F o o d  A d d i t i v e s
5 5 5  I n d u s tr ia l  C h e m i c a l s
6 9 0  M e a t  a n d  M e a t  P r o d u c t s
6 4 7  M e t a l s  a n d  O t h e r  E l e m e n t s
6 0 2  M i c r o b i o l o g i c a l  M e t h o d s
6 5 9  M y c o t o x i n s
5 7 5  P e s t i c i d e  F o r m u l a t i o n s
6 7 7  P e s t i c i d e  R e s i d u e s
6 5 1  P l a n t s
5 8 8  P r e s e r v a t i v e s  a n d  A r t i f ic ia l  S w e e t e n e r s  
6 0 8  S u g a r s  a n d  S u g a r  P r o d u c t s
7 6 2  T e c h n i c a l  C o m m u n i c a t i o n s  
7 4 5  T h i c k e n i n g  A g e n t s
6 1 9  V i t a m i n s  a n d  o t h e r  N u t r ie n t s

7 7 3  B o o k  R e v i e w s  
7 6 8  F o r  Y o u r  I n f o r m a t io n  
7 7 7  N e w  P u b l i c a t i o n s
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