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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 .
D o  y o u  r e a l i z e  h o w  m u c h  l o w e r - p u r i t y  H P L C  
s o l v e n t s  m i g h t  b e  c o s t i n g  y o u ?  C o n s i d e r  
t h e  f r e q u e n t  c o n s e q u e n c e s .

4 The cost to repeat separation proce­
dures because of solvent artifacts —
this wastes analytical labor and 
valuable instrument time.

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

4 The cost of replacing columns, filters 
and check valves clogged with parti­
cles — this cafn 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 cost 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. We ll also send you 
our distributor listing so you can con­
veniently order B&J Brand Solvents 
from a distributor near you.

A v o i d  t h e  h i d d e n  c o s t s .  
S w i t c h  t o  B & J  B r a n d  
H i g h  P u r i t y  S o l v e n t s .

lU BURDICK&D l JACKSON—SeJ L A B O R A T O R I E S ,  I N C .1953 South Harvey Street. Muskegon, Michigan U.S.A. 49442 (6t6) 726-3171



B I O - R A D

P r o t e in  g e l  f i l t r a t i o n  
i n  m in u t e s  n o t  h o u r s !

Bio-Rad's HPLC gel filtration system saves 
hours of time, yet provides separations of 

proteins or other biopolymers with the same 
high efficiency as classical methods. 

For example, the Bio-Rad HPLC separation 
shown here was completed in only 15 minutes.

Using conventional gel filtration, 
the same separation requires at least 10 hours.

Key system features: 
accurate, pulse free solvent delivery • 

convenient sample injection • sensitive, 
selectable wavelength • absorbance detection 

• high efficiency inert columns
Bio-Rad has worked out all the methodology, 

so you don't have to. And our affordable, 
modular system is backed by an experienced 

technical staff ready to assist yog with your 
application. For details, contact:

Column:Bio-Sil TSK-250
Sample:1. Thyroglobulin2. IgG3. Ovalbumin4. Myoglobin5. Vitamin B12

€3 Ii a.l.l U a&iAtau/j

D o n t  
w a i t  f o r e v e r .• • •

2200 Wright Avenue • Richmond, CA 94804 USA 
Phone (415) 234-4130

i Also in Rockville Centre, N.Y., Australia, Austria,
M’B 'y r 'i  ; - . . 3ngland, Germany. Italy, Japan, The Netherlands

'  % o 'tiL  .FT ,n ^ i3  J 3 f l  13 and Switzerland.
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An invitation to contribute and 
subscribe to

The International Journal of 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 Analysis
Pesticides 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
Some Related Journals of Interest
PROGRESS IN ANALYTICAL ATOMIC 
SPECTROSCOPY

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

Editor-in-Chief: C L CHAKRABARTI, 
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-

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 of 
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 COPY AVAILABLE ON 
REQUEST

PERGAMON PRESS Headington Hill Hall, Oxford 0X 3 OBW, UK 
Fairview Park, Elmsford, New York 10523, USA

1890 11/81/5A/17



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 i q u e  r o t a r y  d i g e s t i o n  a p p a r a t u s  i s  d e s i g n e d  
f o r  m i c r o  a n d  s e m i - m i c r o  d e t e r m i n a t i o n s *  a n d  o f f e r s  
s e v e r a l  a d v a n t a g e s  o v e r  c o n v e n t i o n a l  d e s i g n s .

It e l i m i n a t e s  t r o u b l e s o m e  c o l d - e n d  f l a s k s  a n d  f i x e s  
a l l  t w e l v e  f l a s k s  a t  e q u a l  d i s t a n c e s  e n s u r i n g  e v e n  
h e a t i n g .  T h e  e n t i r e  a p p a r a t u s  o c c u p i e s  o n l y  
1 8  i n c h e s  o f  b e n c h  s p a c e  a n d  it  c a n  b e  r o t a t e d  t o  
p o s i t i o n  a n y  f l a s k  “ u p - f r o n t "  o r ,  t o  a g i t a t e  f l a s k s .
A  v a r i a b l e - v o l t a g e  t r a n s f o r m e r  m a y  b e  u s e d  t o  
e x p a n d  t h e  t e m p e r a t u r e  r a n g e .

A  f u m e  h o o d  i s  a v a i l a b l e  ( a s  s h o w n )  t o  f r e e  y o u r  
l a b o r a t o r y  h o o d  f o r  o t h e r  p u r p o s e s .

T h e  K o n t e s  R o t a r y  D i g e s t i o n  A p p a r a t u s  i s  
e f f i c i e n t ,  c o m p a c t ,  a n d  e a s y  t o  u s e .

T o  s a t i s f y  y o u r  a p p e t i t e  f o r  m o r e  p r o d u c t  i n f o r m a t i o n  
a n d  a p p l i c a t i o n s  o f  t h i s  a n d  o t h e r  K j e l d a h l  
a p p a r a t u s ,  c o n t a c t  y o u r  K o n t e s  m a n  o r  s e n d  f o r  
o u r  p r o d u c t  b u l l e t i n .
'Application papers include use with plant and biological specimens.

a  C Q s M W y M
SCIENTIFIC GLASSWARE/INSTRUMENTS

Vineland. NJ 08360 (609) 692-8500

Regional Distributors: K0NTFS OF ILLINOIS, Evanston, III. • KONTES OF CALIFORNIA. San Leandro. Calif.



A nalytical P ro ceed in g s
F o l l o w i n g  t h e  d e v e l o p m e n t  a n d  e x p a n s i o n  o f  t h e  f o r m e r  Proceedings o f the 
Analytical Division o f The Chem ical Society  t o  i n c l u d e  a  w i d e  r a n g e  o f  t o p i c s  o f  
g e n e r a l  i n t e r e s t  t o  a n a l y t i c a l  c h e m i s t s ,  a  c h a n g e  o f  t i t l e  t o

ANALYTICAL PROCEEDINGS
c a m e  i n t o  e f f e c t  i n  J a n u a r y  1 9 8 0 .
R e c e n t  a n d  f o r t h c o m i n g  i s s u e s  i n c l u d e  t h e  f o l l o w i n g :
•  L e c t u r e  S u m m a r i e s —

2 - 3  p a g e  t e c h n i c a l  p a p e r s  b a s e d  o n  l e c t u r e s  p r e s e n t e d  a t  m e e t i n g s  o f  t h e  
R S C  A n a l y t i c a l  D i v i s i o n ,  d e s c r i b i n g  r e s e a r c h  a n d  d e v e l o p m e n t  s t u d i e s .

•  S p e c i a l  A r t i c l e s  a n d  E d i t o r i a l s —
S a f e t y ,  r e c e n t  l e g i s l a t i o n ,  c o n t r o v e r s i a l  t o p i c s ,  e t c .

•  E q u i p m e n t  N e w s —
I n f o r m a t i o n  o n  t h e  l a t e s t  e q u i p m e n t ,  i n s t r u m e n t s  a n d  p r o d u c t s .

•  C o n f e r e n c e s ,  M e e t i n g s  a n d  C o u r s e s —
A n n o u n c e m e n t s  o f  f o r t h c o m i n g  m e e t i n g s  a n d  c o u r s e s  o f  i n t e r e s t  t o  
a n a l y s t s .

•  B o o k s —
T h e  r e g u l a r  l i s t  o f  r e c e n t  a n a l y t i c a l  o o o k s  a n d  p u b l i c a t i o n s  n o w  i n c l u d e s  
m i n i - r e v i e w s .

•  C o r r e s p o n d e n c e —
L e t t e r s  t o  t h e  E d i t o r  a p p e a r  r e g u l a r l y .

•  B i o g r a p h i e s —
I n f o r m a t i o n  o n  a n d  b i o g r a p h i e s  o f  m e d a l l i s t s ,  a w a r d  w i n n e r s  a n d  
d i s t i n g u i s h e d  a n a l y t i c a l  c h e m i s t s  v i s i t i n g  t h e  U K .

•  D i a r y —
F u l l  d e t a i l s  o f  a l l  f o r t h c o m i n g  m e e t i n g s  o f  t h e  A n a l y t i c a l  D i v i s i o n  a n d  i t s  
R e g i o n s  a n d  S u b j e c t  G r o u p s  a r e  l i s t e d  e v e r y  m o n t h .

•  A d v e r t i s i n g —
A d v e r t i s e m e n t s  a r e  a c c e p t e d  i n  Analytical Proceedings: f u l l  a d v e r t i s e m e n t s ,  
c l a s s i f i e d ,  s i t u a t i o n s  v a c a n t ,  e t c . ,  a r e  p u b l i s h e d .

F o r  i n f o r m a t i o n  o n  s u b s c r i p t i o n s  a n d  a d v e r t i s i n g  r a t e s ,  p l e a s e  r e t u r n  t h e  f o r m  
b e l o w .  P R I C E  F O R  1 9 8 1 : U S A  $ 7 0 . 5 0  ( U K  £ 3 0 ; e l s e w h e r e  £ 3 1 .5 0 ) .

Analytical Proceedings
T o :  T h e  M a r k e t i n g  D e p a r t m e n t ' / A d v e r t i s e m e n t  M a n a g e r *

( ‘ d e l e t e  a s  a p p r o p r i a t e )
T h e  R o y a l  S o c i e t y  o f  C h e m i s t r y ,  B u r l i n g t o n  H o u s e ,  P i c c a d i l l y ,  
L o n d o n ,  W 1 V 0 B N ,  U K .

P l e a s e  s e n d  m e  d e t a i l s  o f :
□  S u b s c r i p t i o n s  t o  Analytical Proceedings.
□  A d v e r t i s e m e n t  r a t e s .

N a m e :  ...........................................................................................................................................................

A d d r e s s :  .....................................................................................................................................................
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A q u a t i c  T o x i c o l o g y
EPA Accepted Protocols 
Static Acute Tests 
Time-Independent Acute B ioassay  
Embryo-Larval T ests 
Chronic Investigations 
Bioconcentration Studies 
Effluent B ioassays 
In-House Analytical Support

A n d  S t r a i g h t  T a l k
We w elcom e your visit and invite 
your inquiries. ABC labs has been in 
business 12 years with a stable 
support staff. We are In GLP and 
CGMP com pliance, our FDA master 
file number Is 3844, and we have 
worked with the EPA, USDA, USDI 
and FDA

A n a l y t i c a l  S e r v i c e s
•  Pesticide Residues
•  Trace Metals (AA-ICAP)
•  Drug Residues
• Soil Metabolism
• PCB’s in Transformer Oil
•  Trace Organic Pollutants
•  Water and Waste Water
•  M ethods Development

ISM

I n s t r u m e n t s
1002 Automatic Gel Permeation
Chromatograph
350B Aquatic Diluter System
450 Precision Laboratory
Calibrator
250 GC Precolumn Venting System  
150 Filtration System  (A sbestos  
free) for Crude Fiber Analysis

W r ite  o r  C a ll
f o r  M o r e  I n f o r m a t i o n
P.O. Box 1097 •  314/474-8579 COLUMBIA, MISSOURI 65205

ANALYTICAL 
BIO CHEMISTRY  
LABO RATO RIES, INC.

m



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

Optimizing Laboratory Performance 
Through the Application of Quality A s­
surance Principles—Proceedings of a 
Symposium. 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.

FD A  Training Manual for Analytical Ento­
mology in the Food Industry. 197 8 .184 pp. 
Looseleaf. $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 
u p  their ow n  in -h ou se training.

Infrared and Ultraviolet Spectra of Some 
Compounds of Pharmaceutical Interest.
1972. 278 pp. Softbound. $12 +  $2 book  
p o sta n d h a n d lin g 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.

Mycotoxins Methodology. 1980. 22 pp. Soft- 
bound. $11 + $1 book p ost 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.

Micro-Analytical Entomology for Food 
Sanitation Control. 1962. 576 pp. H ard­
bound $30 +  $3 book p ost and hand ling in  
U .S ., $30 +  $6 outside U .S . ISBN  
0-935584-00-5.

A training and reference m anual for identifi­
cation o f insect debris extracted from foods.

Test Protocols for the Environmental Fate 
and Movement of Toxicants—Symposium  
Proceedings. 1981. 336 pp. Softbound. $27 
+  $ 3 b o o k p o sta n d h a n d lin g in U .S ., $27 +  
$6 outside U .S . ISBN 0-935584-20-X. 

Chem ical and biological tests p lus m ethods  
for interpreting or predicting results through  
m athem atical m odels.

FD A  Bacteriological Analytical Manual 
(BAM) 5th Ed. 1978.448pp. Looseleaf. $25 
+ $2 book p ost and 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 of m icroor­
ganism s. U pdated  by supplem ents.

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

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

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

Chrom atographic techniques and spectros­
copy w ith  analyses for various specific cos­
metics.

Statistical Manual of the A O A C . 1975. 96 pp. 
Softbound. $12.50 +  $1 book post and  
h a n d lin g in U .S ., $12.50 + $2 outside U .S. 
ISBN 0-935584-15-3.

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

Send check to AOAC, Suite 210-J, 1111 N 19th St., Arlington, VA 22209, 703/522-3032.
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R A D I O A C T IV I T Y

Q u a n tita t iv e  D e te r m in a t io n  o f  1-131, C s-1 37 , a n d  B a-140 in  M ilk :  
C o lla b o r a tiv e  S tu d ie s
FREDERICK G. D. SHUMAN, DAVID G. EASTERLY,* 1 and 
EDMOND J. BARATTA2
Food and Drug Administration, Bureau of Radiological Health, Rockville, MD 20857
T he o ffic ia l m ethod  for Cs-137 in  m ilk  b y  gam m a-ray  
sp ectro scop y  w as ex ten d ed  to  in c lu d e  1-131 and Ba- 
140. A co llab o ra tive  s tu d y  w as p erform ed  on  th is  
m eth od  app lied  to  1-131 concentration  in  cow 's m ilk; 
th e  o r ig in a l co llab o ra tive  s tu d y  o f the m eth od  in ­
c lu d in g  a ll 3 n u clid e s  w as re v iew e d . In th e 1-131 
stu dy , 1 a liq u ot o f a m ilk  sam ple con ta in in g  82 pC i/L  
w as sen t to each o f 60 lab oratories for tr ip lica te  
a n a ly ses. From 40 resp o n ses, th e  m ean o f  th e re­
ported  v a lu es  w as 81.6 p C i/L , in d ic a tin g  a m eth od  
b ia s  b e lo w  the 5% sta tistica l d e tec ta b ility  lim it. 
W ith in - and b etw een -la b o ra to ry  c o e ffic ie n ts  o f  
varia tion  (C V s) w ere 7 and 8%, re sp e ctiv e ly . In th e
3-nuclide stu dy , 2 sam p les w ere sen t to 25 laboratories 
for triplicate analyses; o n e sam ple conta ined  633, 305, 
and 515 p C i/L , re sp e c tiv e ly , o f  1-131, C s-137, and  
Ba-140 and th e o th er co n ta in ed  9 8 ,5 2 , and  72 p C i/L . 
For th e h ig h -a c tiv ity  sam p le , w ith in -la b o ratory  CVs 
w ere 4-5% for the 3 n u clid es  and b etw een -lab oratory  
C V s w ere 4-7% . For the lo w -a c t iv ity  sam p le , th e  
co rresp on d in g  resu lts  w ere 6-9% and 8-16% . T he  
m eth od  b ias w as s ta t is tic a lly  s ig n ific a n t at 95% co n ­
f id e n ce  o n ly  for C s-137 in  the h ig h -a c tiv ity  sam ple; 
reported  resu lts  w ere 3% b e lo w  th e k n o w n  co n ce n ­
tration . T he ex ten d ed  m eth od  w as adop ted  o ffic ia l  
first a ction .

M an-m ade nuclear reactions, w h eth er in a reac­
tor or a w eap on s test, introduce various radi­
on u clid es in to  the environm ent. The lev e ls  of 
certain of these that have made their way into the 
hum an food chain through the veh ic le  o f cow 's 
m ilk m ust then  be determ ined. This study ex­
am ines on e m ethod used in this determ ina­
tion.

This report of the Associate Referee, E. J. Baratta, was pre­
sented 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 
bv Com mittee E and adopted by the Association. See /. Assoc. 
Off. Anni. Own. 65, 385-386 (1982).Received March 3, 1981. Accepted Septem ber 28, 1981.1 E nvironm ental Protection Agency, E nvironm ental M on­
itoring Systems Laboratory, Las Vegas, NV 89114.2 Food and D rug A dm inistration , W inchester Engineering 
and Analytical Center, W inchester, MA 01890.

Experimental
The analytical m ethod under study is d e­

scribed in Official M ethods of A nalysis  (1). Briefly, 
a 3.5 L m ilk sam ple in  a 4 L M arinelli beaker is 
placed over a Nal(Tl) detector, and a gamma-ray 
spectrum  is acquired. N et count rates are com ­
puted for the characteristic em ission  peaks of 
1-131, Cs-137, and Ba-La-140, as w ell as K-40. 
Mutual interferences am ong these 4 photopeaks 
are elim inated  by ap p ly in g  a matrix techn ique  
to separate the activities o f the 4 nuclides. 
M easurem ent o f 1 standard source o f each nuc­
lid e provides the matrix coefficients.

M ETH O D
48.025 Principle

Applicable to 1311 ,140Ba, and 137Cs in fluid milk 
preserved w ith HCHO. K nown vol. is placed in 
counting vessel positioned over and around right 
cylinder scintillation crystal detector, Nal(Tl), of 
m ultichan nel gam m a spectrom eter. Gamma 
radiation is counted  for g iv en  tim e. A ccum u­
lated pulses from selected  photon  energy range 
are sepd from other gam m a-em itting radionu­
clides and background radiation by sim ultaneous 
equations. 40K is alw ays present as natural 
contam inant and may contribute counts in  1 or 
more of photopeak ranges. Mutual interferences 
am ong these 4 photopeaks are elim inated  by 
apply ing matrix techn ic to sep. activ ities o f the  
4 nuclides. M easurem ent o f one std source of 
each nuclide provides the matrix coefficients.

In special cases, new ly form ed fission products 
m ay be present, e.g., 133I and I35I, w h ich  m ay 
interfere either thru direct overlapp ing o f p h o­
topeaks or by contributing C om pton-continuum  
counts. Such interference may be m inim ized by 
w aitin g  for decay o f short-lived  radionuclides, 
by addnl counting fo llow in g  decay, or by chem . 
sepn.

M ilk contg k n ow n  increm ents o f 131I, 137Cs, 
and 140Ba, detd in  triplicate by 25 laboratories,

0004-5756/82/6505-1039-05$01.00© Association of Official Analytical Chemists, Inc.
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and 2nd m ilk contg k n ow n  increm ent o f 131I, 
detd in  triplicate by 40 laboratories, sh ow ed  re­
sults g iven  b elo w  (av. o f triplicates).
48.026 Apparatus

(a) A lignm en t sources.—Gamma ray energies, 
at least 1 near 137Cs spectrum , w ith  w e ll know n  
en ergies and abundance of gam m a rays in  p h o­
topeaks, for alignm ent. Solid sources, ca 0.1 p C i ,  
are preferred over liq. sources. 207Ba is satisfac­
tory single source w ith  several photopeaks; 137Cs 
and 60Co are good  pair.

(b) C ounter.— Low level gamma spectrom eter 
con sistin g  o f sh ie ld ed  Tl-activated N al sc in til­
lation detector, 4 X 4  in., coupled to m ultichannel 
pulse-ht analyzer and readout system .

(c) C ounting vessel (M arinelli b eaker).— U se 3.5 
L beaker, Figure 48:01, for 4 X 4 in. detector. 
Beaker and lid  available from  plastic labora­
tory-ware suppliers such as Bel-Art Products, 
Pequannock, NJ 07440, N o. F26862 for beaker 
and N o. 26872 for lid.
48.027 Reagents

(Caution: See 51.075.)
(a) Carrier so ln s.— 10 m g/m L . Prep, so lns of 

CsCl(1.267 g / 100 mL), Nal (1.181 g /1 0 0  m L),and  
BaCl2.2H 20 (1.779 g /1 0 0  mL). Store in  p o ly ­
e th y len e  or glass bottles.

(b) Stock s td  solns. — lOOOOpCi/mL. D il. cal­
ibrated solns o f 131I, 140Ba, and 137Cs to approx, 
indicated strength.

(c) P otassium -40 stock s td  soln. — 1.89 dpm  
(d isin tegration s/m in ) 40K /m g K. D isso lve  240 
g KC1 (equiv. to 126 g  K) in  3 L H 20  in  M arinelli 
beaker and dil. to 3.5 L.

(d) Calibrating so ln s .— For Cs and Ba, add 3-5  
mL carrier soln , (a), to 3 L Fl20 in  M arinelli bea­
ker, mix, add co n v en ien t amt o f stock std so ln , 
(b), su ffic ient to reduce counting error to ca 1% 
w h en  counted w ith in  10-100 m in, mix, adjust pH  
to 3.5-4.5, and dil. to 3.5 L. Prep. I soln  similarly, 
but adjust pH  to 8.5.
48.028 Determ ination

U sing alignm ent sources centered on detector, 
adjust spectrom eter to cover range at least b e­
tw een  0 and 2 meV, in intervals (channels) of 10 
or 20 keV. Adjust voltage or gain control so that 
the 2 gam m a photopeaks o f std fall in  their ap­
propriate channels. Check and adjust alignm ent 
daily.

Place M arinelli beaker contg 3.5 L calibrating  
so ln , (d), over detector, and count std for tim e 
(10-100 m in) sufficient to reduce counting error 
to ca 1%. Repeat w ith  each calibrating so ln  and  
w ith  H 2O. Recalibrate spectrom eter yearly or 
m ore freq u en tly  if gam m a-ray reso lu tio n  
changes.

Transfer 3.5 L w ell m ixed m ilk sam ple at room  
temp, into M arinelli beaker, place over detector, 
and count 100 m in  or tim e suffic ient to g iv e  d e­
sired counting statistics.
48.029 Calculations

(a) Counter efficiency.—Total individual counts 
observed in  channels o f photopeak range for 
each calibrating soln. Subtract total background 
count for sam e photopeak range. D iv id e net 
count by counting tim e in  m in and amt o f ra­
d ion u clid e in  pCi, and record cp m /p C i for 
each.

(b) Interference coefficients.—W hen counting

Std Dev. (CV. %) Bias ± 95% UncertaintyAmt Nuclide ----------------------------------------------- ----------------------------------Present, pCi/ L Within
Labs Between

Labs pCi/L %
1311

98 6 .1 (6 .2 ) 8.2 (8.3) +0.9 ±3.7 +0.9 ±3.8633 29.0 (4.6) 30.1 (4.8) +2.3 ± 14.3 +0.4 ±2.3
140Ba72 6.5 (9.1) 11.2(15.6) +4.0 ±4.8 +5.5 ±6.7515 19.5(3.8) 35.8(7.0) +7.9+15.8 + 1.5 ±3.1
137Cs

52 4.7 (9.1) 4.1 (8.0) + 1.3 ± 2.0 +2.4 ±3.8305 11.4(3.7) 13.5(4.4) -9 .8  ±6.1 -3.2 ±2.0
1311 
82 5.6 (6 .8) 6 .8 (8.3) -0.4 ±2.4 -0.5 ±2.9
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Table 1. Collaborative results for radionuclides in milk by gamma-ray spectroscopy (pCi/L): BRH study
Sample A Sample B

Lab. 1-131 Cs-137 Ba-140 1-131 Cs-137 Ba-140
1 642 640
2 617 634
3 — —

4 615 557
5 607 639
6 654 625
7 630 633
8 640 681
9 616 637

10 649 646
1 1 535 620
1 2 684 680
13 634 65014 661 665
15 565 574
16 613 656
17 617 610
18 696 691
19 635 626
20 668 653
2 1 673 668
2 2 648 652
23 670 67324 642 633
25
True

663 670
concn 633

646 286 287 278
616 296 302 295
— 294 294 294

420 269 304 305
637 300 305 304
659 299 286 300
633 324 322 308
642 289 300 285
615 337 329 322
670 272 300 285
599 245 286 241
580 301 303 276
626 311 306 310
635 302 291 287
561 298 302 298654 288 309 297
612 295 298 293
677 298 279 292
655 314 304 314
681 291 294 303
615 293 237 269
662 292 294 301
649 270 276 278
626 306 295 303
686 319 292 319

305

550 547 537 108504 454 500 103
— — — 96364 498 375 109

488 498 517 85
499 509 493 75504 506 499 10 1
509 494 510 103492 520 517 85
555 561 560 91
593 557 553 69503 498 494 106506 510 519 107
575 562 575 106544 567 569 90501 538 499 10 1
534 514 519 104
531 554 537 104
539 561 538 1 1 1
484 481 459 108585 581 570 97 3
539 547 543 10 2
556 551 570 105537 544 543 98
503 510 498 106

515

105 107 57 4994 91 57 5894 96 52 52
1 1 1 118 51 5292 103 51 5775 80 67 5399 10 1 58 61
1 1 1 109 52 52
105 88 67 59107 95 52 59

88 73 48 4590 82 47 47107 10 1 54 5092 94 60 6192 94 58 53
103 99 57 49
10 0 99 50 49
1 1 0 1 1 2 57 49
96 105 68 58
92 10 2 51 40
983 — 66 57

10 0 107 56 55
114 105 40 41
99 95 57 53

1 1 1 10 2 52 55
98 52

56 87 83 84
49 69 71 76
55 66 66 64
55 65 93 10 2
55 67 58 67
58 67 69 68
51 74 73 76
57 72 67 75
60 73 79 82
44 81 82 68
36 1 1 2 113 143
45 65 80 79
59 67 77 67
58 74 77 8653 77 74 81
55 71 68 76
52 69 66 69
51 74 76 71
52 74 68 69
45 69 73 64
44 91 90 91
52 71 69 66
43 83 84 81
54 68 73 75
57 67 66 69

72
3 Not included In statistical analysis.

std so in  o f each radionuclide, 131I, 137Cs, 140Ba, 
40K, e.g., 131I, ratio of net counting rate in  energy  
range o f each o f the other radionnuclides to net 
cou n tin g  rate in  its ow n  photon  en ergy  range  
gives its fractional interfering coefficient for each 
of the other en ergy  ranges, e.g ., 131I ratio o f net 
cou n tin g  rate in  137Cs energy range to net 
counting rate in  131I photon  en ergy  range g ives  
its fractional in terfering coeffic ient for 137Cs 
energy range.

D esignate cou n tin g  rate for 131I, 140Ba, 137Cs, 
and 40K w ith  sym bols I, B, C, and K, resp. D es­
ignate n et cou n tin g  rates (observed —back­
ground) in  their resp. photon  en ergy  ranges as 
N;, Nb, N c, and N k, resp. T hen, f, fractional 
coeffic ien ts or contributions o f n u clid e in  par­
ticular range, is design ated  by 2 low er case sub­
scripts; first on e indicates nuclide contributing  
counts to energy range (colum n) and second, 
n u clid e photon  en ergy  range (row). The fo l­
lo w in g  4 equations:

Ni =  1 +  fbi B +  fci C +  fki K (1)
N b = fib I +  B +  fcb C +  fkb K (2)
N c =  fic I +  fbc B +  C +  fkc K (3)
N k =  fik I +  fbk B +  fck C +  K (4)

can be solved  sim ultaneously by matrix algebra, 
using inversions to provide num erical consts W, 
X, Y, and Z in  equations 5, 6, 7, and 8. These 
consts are used to solve for concn of each of these 
4 nuclides in sample. N et counting rate for each 
n u clid e is:

i3ij = j = w lN . +  w 2N b +  W3N c +  W4N k (5)
140Ba = B = X iN i +  X2N b +  X3N C +  X4N k (6)
137Cs = C =  YjN i +  Y2N b +  Y3N c +  Y4N k (7) 

40K = K = Z iN i +  Z2N b +  Z3N c +  Z4N k (8)
Calibration to derive values for consts in  equa­
tions 5, 6 ,7 , and 8 is applicable as lo n g  as instru­
m ent a lign m en t and m ode o f operation  rem ain  
const and gam m a-em itting nuclides are lim ited  
to the 4 e lem en ts in  matrix. L ong-hand in ver­
sion  of 4 X 4 matrix is ted ious and subject to 
m istakes. Lise o f com puter is recom m ended to 
provide num erical consts for equations 5-8 . 
Thereafter, desk ealens can det. concns o f 131I, 
140Ba, 137Cs, and 40K in  sam ples in  absence of 
computer by sum m ing counts in  each photopeak, 
subtracting background, and applying equations
5-8 .

(c) Iod in e-131 , barium -140, cesiu m -137 , po tas­
sium -40 a c tiv ities .— From spectral gam m a counts
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Table 2. Collaborative results for radionuclides in milk by gamma-ray spectroscopy (pCi/L): EPA study
Sample C

Lab. 1-131 Lab. 1-131
1 68 71 70 22 107 99 752 89 90 80 23 81 90 87
3 100a 87a — 24 79 84 82
4 88 87 88 25 82 77 80
5 74 78 70 26 86 87 886 74 74 71 27 88 75 85
7 86 89 81 28 74 69 748 '82 80 86 29 87 71 75
9 87 96 114 30 72 78 6110 88 83 99 31 83 87 8611 92 100 90 32 84 78 7912 73 72 69 33 104 91 102

13 79 84 89 34 77 83 7514 75 81 75 35 78 76 78
15 76 62 74 36 80 68 83
16 83 89 79 37 69 72 77
17 87 88 83 38 78 86 9018 76 78 80 39 79 80 81
19 76 76 82 40 88 87 9020 72 72 72 41 86 86 8921 76 85 80 True concn 82
Not included in statistical analysis.

of sam ple, substitute net value from equations 5 
thru 8 and convert net co u n ts/m in  for each  
nuclide to p C i/L  m ilk at tim e o f counting:

131I(pC i/L) = (net cpm )j/(Ei X V) 
140Ba(pCi/L) = (net cpm )b/(Eb X V) 
137C s(pC i/L ) =  (net cpm )c/(Ec X V) 
40K (pCi/L) =  (net cpm )k/(E k X V),

w h ere Ej, Eb, Ec, Ek = cou n tin g  e ffic ien cy /p C i 
from std solns for 1311 ,140Ba, 137Cs, 40K, resp., and 
V = sam ple vo l., L.

Collaborative Studies
In July 1969, the A nalytical Q uality Control 

Service of the Bureau of Radiological H ealth sent 
tw o  1 gal. (3.78 L) m ilk sam ples, one w ith  h igh  
and on e w ith  low  concentrations o f the 3 nuc­
lid es, to each o f 25 laboratories (2). For each of 
the 6 sam ple-nuclide combinations, the triplicate 
m easurem ents requested w ere supplied by all 25 
laboratories in  3 o f the com binations, and by all 
but 1 in  the rem aining 3 (Table 1).

In April 1978, the Environm ental M onitoring  
System s Laboratory-Las Vegas of the E nviron­
m ental Protection A gency (EPA) prepared a milk 
sam ple w ith  an 1-131 concentration of 82 pC i/L

Table 3. Statistical summary of 2 collaborative studies for radionuclides in milk (pCi/L)
1-131

Sample A B C
Known concentration 633 98 82
Mean result 635.3 98.9 81.6
SD within lab 29.0 6.1 5.6

between labs 30.1 8.2 7.6
Method bias3 +2.3 ± 10.1 +0.9 ± 2.8 -0 .4  ± 3.6
Number of labs 24 24 40

Cs-137
Sample A B
Known concentration 305 52
Mean result 295.2 53.3
SD within lab 11.4 4.7

between labs 13.5 4.1
Method bias3 -9.8 ±4.5 + 1.3 ± 1.9
Number of labs 25 25

Ba-140
Sample A B
Known concentration 515 72
Mean result 522.9 76.0
SD within lab 19.5 6.5

between labs 35.8 11.2
Method bias3 +7.9 ± 9.8 +4.0 ± 3.4
Number of labs 24 25

a The range shown for each method bias is a 95% confi­
dence limit, which is the sum of the 95% confidence limit of the mean result and the maximum error in the known con­
centration.

and sent on e 3.5 L aliquot to each of 60 labora­
tories (Table 2). Forty o f the collaborators re­
turned the 3 determ inations requested, 19 did not 
respond, and 1 returned on ly  a duplicate result, 
w h ich  w as not inclu d ed  in the analysis (3).

Data Analysis and Discussion
A n analysis of variance was perform ed on the 

data for each n u clid e in  each sam ple, 7 in  all 
(Table 3). In the 3 sets o f results for 1-131, 
w ith in - and betw een-laboratory standard d e­
v ia tion s (SDs) are w e ll b elow  the actual con cen ­
trations, ranging from  5 to 8% thereof. This in ­
dicates that even  the low est o f the 3 concentra­
tions is above the detection lim it of this m ethod. 
The m ethod  bias is undetectable in  all 3 cases, 
b ein g sm aller in  m agnitude than its uncertainty 
at 95% confidence'. It should be noted that in  the 
EPA study, in  w h ich  20 o f the 60 laboratories 
fa iled  to respond, a com parison of these results 
w ith  those o f the other 2 sam ples appears to in ­
dicate that the responding laboratories w ere  
representative, and that probably no sam pling  
bias has been  introduced by the non resp on ­
dents.
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In the 2 sets o f results for Cs-137, w ith in - and  

betw een-laboratory SDs are again sm all, varying  
from  4 to 9% of the k n ow n  concentrations. The 
m eth od  bias is again undetectable in the low - 
activity sam ple, and although it is significant for 
th e h igh -activ ity  sam ple, it is on ly  3% of the 
k n ow n  concentration and is sm aller than either  
of the SDs.

F inally , the Ba-140 results sh ow  w ith in - and  
betw een-laboratory SDs for the h igh-activ ity  
sam ple (4 and 7% of k n ow n  concentration, re­
spectively) that are sim ilarly sm all, w ith  m ethod  
bias less than 2%, and not statistically significant. 
For the low -activ ity  sam ple, w ith in - and be­
tween-laboratory SDs are respectively 9 and 16% 
o f k n ow n  concentration, and although  the 
m eth od  bias is again not sign ificant, th is tim e at 
less than 6% of the k n ow n  concentration.

Recommendations
O n the basis of the statistical analysis o f results, 

th is m ethod is acceptable for analysis o f sam ples

con ta in in g  1-131, Cs-137, and Ba-140 at, and  
presum ably above, the lev e ls  o f activity tested. 
It is recom m ended that m ethod 48.025-48.029 be 
ex ten d ed  to in clu d e 1-137 and Ba-140.
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D R U G S  IN F E E D S

I n h i b i t i o n  o f  C h l o r t e t r a c y c l i n e  A c t i v i t y  b y  M a g n e s i u m  I o n s

TOM CHI ANG
Texas A& M  University, Texas Agricultural Experiment Station, Agricultural Analytical 
Services Department, College Station, TX 77843

Up to 50% of the antimicrobial activity of Chlortet­
racycline (CTC) can be inhibited by the presence of 
M gS04 in microbiological turbidimetric assays. 
From 50 to 200 mM M gS04 inhibited CTC activity, 
and the relationship between CTC inhibition and 
MgSOi concentration is linear. The possible mech­
anism of this inhibition and its potential implication 
are discussed.

T etracyclines are one o f the o ldest fam ilies of 
antib iotics and yet, because o f their broad anti­
m icrobial spectrum , low  toxicity, good oral ab­
sorption , and m ost im portant in  the feed  in d u s­
try, their low  cost, they are still w id e ly  used in 
both  m edicines and feeds. Chlortetracycline  
(CTC) w as first isolated and introduced for c lin ­
ical use by Duggar in  1948 (1).

The official m ethods for determ in in g  CTC in  
feeds are the AOAC plate agar-diffusion m ethod  
(2) and turbidimetric m ethod (3). In developing  
an autom ated turbidim etric assay for CTC in our. 
laboratory, w e  m ade som e in teresting observa­
tions in  regard to m agnesium  ion s and the CTC 
assay.

It has been  kn ow n  for som e tim e that tetracy­
clin es form  chelates w ith  certain cations in ­
cluding m agnesium  (4,5). We found that at least 
50% of the antim icrobial activity o f CTC can be 
in h ib ited  by m agnesium  ions. Furtherm ore, if 
m agnesium  ion s are added to assay broth alone, 
cell grow th  can be prom oted. In v iew  o f these  
observations, on e m ight expect to get d ifferent 
turbidim etric assay values for CTC, d ep en d in g  
on the m agnesium  content in  a particular feed  
sam ple. Further experim ents are in  progress to 
investigate the importance and possible solutions 
to these poten tia lly  interfering effects by m ag­
nesium  ions.

E xperim ental 
A p p a r a tu s  a n d  R e a g e n ts

(a) A u to tu rb  sy s tem .— Elanco Products Co., In­
d ianapolis, IN  46206. This system  is used in  
AOAC autom ated turbidimetric determ inations.

Received December 10, 1981. Accepted February 22, 1982.

The theory, design , construction o f the A uto­
turb® system  have b een  described (6). Briefly, 
the system  consists of a dilutor, an incubation  
w ater bath, and a reader. The dilutor prepares 
66- and 100-fold d ilu tion s in  pairs and delivers  
the diluted  sam ples from a set of sam ple tubes to 
an array o f assay tubes in  a carrier. The d iluent 
usually contains the test organism  inoculated in 
a sp ecified  m edium . T hese filled  assay tubes in  
th e carrier are then  incubated in  a w ater bath to 
a llow  cell grow th. After the cultures reach a 
certain den sity , their concentrations are deter­
m in ed  by the Autoturb reader w h ich  causes so­
lution from the test tubes to flow  through a fixed 
cell in  a spectrophotom eter and records percent 
transm ittance of the flo w in g  solutions.

(b) Chlortetracycline (C T C ).—Prepare stock and  
w ork in g  standard so lu tion s as described in  
42.211(a) and 42.216(b) (2, 3).

(c) D ilution buffer.— pH  4.5 phosphate buffer  
(42.197(g)) (3).

(d) A ssa y  b ro th .—D ifco antibiotic m edium  3, 
but in  1.7X quantity as in  42.215(a) (3).

(e) 1 M  M g S O 4 so lu tio n .—D isso lv e  169 g 
M g S 0 4-H 20 in  w ater and d ilu te to 1 L.

(f) 0.3M  EDTA so lu tion .—D issolve 37.2 g d iso­
d ium  eth ylen ed iam in e tetraacetate (Q o H 14- 
O8N 2-2H 2O) in  water and d ilute to 1 L; adjust pH  
to 7.0.

(g) Test organism .— Staphylococcus aureus ATCC 
9144.

(h) Preparation of inoculum .—  Inoculate 20 mL 
assay broth w ith  1 loop  from  slant culture. In­
cubate overnight at room temperature. Use 5-10  
mL cu lture/L  m edium .

Procedure
CTC standard solutions or dilution buffer were 

m ixed w ith  d ifferent am ounts o f 1M M g S 0 4 so 
that in  each sam ple tube the final concentration  
o f CTC w as 0.8 or 0 p g /m L  and o f M g S 0 4, 0, 50, 
100, or 200 mM. These sam ples w ere then  d i­
lu ted  w ith  inoculated  broth by the autom ated  
system  and incubated 3 -5  h at 37.5°C, and per­
cent transm issions w ere recorded at 600 nm  
w avelen gth .

0004-5756/82/6505-1044-04$01.00 © Association of Official Analytical Chemists, Inc.
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Figure 1. Percent transmission at 600 nm of post­
incubation cultures responding to different concen­
trations of M gS04 added in growth medium (ab­

scissa).

Table 1. Percent transmission of Staphylococcus 
aureusa

MgS04 concn, mM6 CTC concn, 0.8 yg /m l CTC concn, 
0 Mg/mL

0 84.7;84.4 59.1;58.650 81.4;81.1 58.8; 58.0100 77.8; 77.2 58.8; 58.1200 73.0; 72.3 58.6:60.5100+ 10 mM EDTA 80.7; 80.4 63.9; 62.9
3 The assay broth was supplemented with 1 mM MgS04 (refer to text).
b Concentration of MgS04 in the standard CTC sample tubes or buffer sample tubes before dilution with inoculated medium (refer to procedure).

R esults
Effect o f  M agnesium  Ions on G rowth o f  Test 
Organism

Figure 1 sh ow s that if M g S 0 4 is added to in ­
oculated  grow th  m edium , the post-incubation  
percen t transm ission o f the cultures w as low er  
than for cultures grow n w ith ou t added M g S 0 4. 
This indicates that additional M g S 0 4 in  the 
grow th  m edium  results in  m ore cell grow th. 
This effect on the prom otion o f cell grow th  
reaches a plateau at a concentration of about 0.4 
mM M g S 0 4, as indicated by the constant percent 
transm ission over the M g S 0 4 concentration  
range from  0.4 to 1.0 mM. W hen M gCl2 is sub­
stituted for M g S 0 4, the same results are obtained, 
in d icatin g  that m agnesium  ion s are responsib le  
for the observed grow th  prom otion. It is lik ely  
that m agnesium  ion concentration in this growth  
m ediu m  is not su ffic ien t to provide optim al 
grow th  for the test organism . A determ ination  
o f total m agnesium  concentration by atom ic ab­
sorption  spectroscopy sh ow ed  that the valu e is 
b etw een  0.1 and 0.2 mM for the m edium  used in 
th is experim ent.

Effect o f  M agnesium  Ions on 
C hlortetracycline A c tiv ity

To detect the effect of m agnesium  on CTC ac­
tiv ity , on e has to circum vent the m agnesium  ef­
fect on cell growth. As show n in Figure 1, w h en  
added m agnesium  ion  concentration in  the m e­
dium  reached 0.4 mM  or m ore, no prom otion  of 
cell grow th w as detected. T herefore, if su ffi­
cient M g S 0 4 is added to the m edium  (0.4 mM  or 
m ore), cell grow th  sh ou ld  be unaffected  by fur­
ther changes in  m agnesium  ion  concentration. 
In the experim ent described b elow , the grow th

m ediu m  w as su p p lem en ted  w ith  1 mM  
M g S 0 4.

Table 1 show s that w h en  d ifferent am ounts of 
M g S 0 4 were added to the standard CTC solution  
before dilution  w ith  the ihoculated m edium , the 
post-incubation percent transm ission of the 
cultures decreased w ith  increasing m agnesium  
ion  concentration. This indicates that the anti­
bacterial activity o f CTC is in h ib ited  by M g S 0 4 
added to the CTC standard solution. Table 1 also 
sh ow s results obtained w h en  correspon ding ' 
am ounts of M g S 0 4 w ere added in  the absence of 
CTC. The resulting percent transmission values 
are essentially the same regardless o f magnesium  
concentration, indicating that the extra M g S 0 4 
added to the inoculated  m edium  (w h ich  in  this 
case already contains extra 1 mM M g S 0 4) did not 
prom ote cell growth. This further confirm s the  
observation from Figure 1 that at concentrations 
above 0.4 mM M g S 0 4 in  the m ediu m , the m ag­
nesium  requirem ent for optim al grow th  w as 
satisfied. W hen EDTA w as added to the CTC 
standard solution  plus M g S 0 4, the inh ib ition  of 
CTC activity decreased as indicated  by h igh er  
percent transm ission valu es (Table 1). This re­
sult im plies that m agnesium  ion s interact w ith  
CTC m olecules to inactivate, and EDTA, probably 
a stronger chelating agent for m agnesium , par­
tially  restores CTC activity by decreasing the  
effective m agnesium  concentration  through  
chelation. H ow ever, because EDTA plus M g S 0 4 
alone caused som e grow th  in h ib ition  as also in ­
dicated in Table 1, a careful study w ill have to be 
don e to further elucidate the EDTA effect quan­
titatively. Figure 2 show s that if the sam ple tube 
w ith  no added M g S 0 4 is taken as causing no in ­
h ib ition , the relationship  b etw een  CTC in h ib i­
tion and M g S 0 4 concentration is linear up to 50% 
inh ib ition .
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Figure 2. In h ib itio n  o f CTC a ctiv ity  by M gSO i.

D iscu ssion
In 1950, Gale and Paine (7) first sh ow ed , by  

usin g  Staphylococcus aureus as test organism , that 
CTC was a specific inhibitor o f protein synthesis. 
H ow ever, the m olecular m echanism  by w h ich  
this drug inh ib its bacterial grow th  w as not u n ­
derstood until the detailed  steps o f protein  sy n ­
thesis w ere u n veiled . In protein  syn th esis, dur­
in g  the grow th o f a p olyp ep tid e chain on  a 
ribosom e, p ep tide b ond  form ation in vo lves  
transfer of the nascent p o lyp ep tid e from  tRNA  
bound to one site (the "peptide donor" or " ? ” 
site) to aminoacyl tRNA bound to an adjacent site 
("aminoacyl-acceptor" or “A "  site). This reaction 
is  catalyzed by an en zym e called pep tidyl 
transferase w h ich  is an integral part of the large 
ribosom al subunit (8). Several groups o f w ork­
ers have co n v in cin g ly  dem onstrated that the 
enzym atic b in d in g  o f am inoacyl tRNA to the  
ribosom e is strongly inhib ited  by tetracycline in  
vitro (9, 10) and in  v iv o  (11). It is n ow  w id e ly  
accepted that th is is the m echanism  by w h ich  
tetracyclines in h ib it bacterial grow th.

Tetracyclines are capable of chelating divalent 
cations such as m agnesium  ion s (4, 5). It was 
suggested  first by Albert (12) that chelation  
m ight play a part in  their inh ib itory action. 
Later, W hite and Cantor (13) used fluorescence  
spectroscopy to con v in cin g ly  dem onstrate that 
m agnesium  is in vo lv ed  in  the b in d in g  o f tetra­
cyclines to the ribosom e. In th is report, w e  
dem onstrated  that if CTC is treated w ith  a h igh  
concentration  o f MgSC>4 (0.05 to 0.2M) before 
addition  to inoculated  m edium , its antibacterial 
activ ity  can be sign ifican tly  inhib ited . The 
logical explanation for this observation is that the 
CTC m olecule has on ly  lim ited b ind in g sites for 
m agnesium  ions and if these sites were occupied  
by pre-existin g m agnesium  ions, its b in d in g  to

ribosom e through m agnesium  chelation m ay be 
blocked. If th is interpretation is correct, then  
on e  expects that EDTA w ou ld  reverse the in ­
h ibitory action o f m agnesium  ions on CTC be­
cause EDTA is a strong chelating agent for m ag­
nesium  ions. Our prelim inary results sh ow ed  
that w h en  EDTA was added to the CTC and  
M gS0 4  m ixture, the inhib itory action o f m ag­
nesium  ion  appeared to be reduced. H ow ever, 
it is not clear w h y  the corresponding control 
sam ple w ithou t CTC resulted in som e inhib ition  
of ce ll grow th (Table 1, last line).

The m agnesium  effect on the prom otion o f cell 
grow th  reported here w as unexpected. CTC 
turbidim etric assay is an AOAC official first ac­
tion  m ethod  (3). If any feed  sam ple contains 
m agnesium  to the level that measurable growth  
prom otion  is present, the assay result could be 
biased low . We are investigatin g  a m eans of 
overcom ing this problem  by supplem entin g the 
assay m edium  w ith  extra m agnesium . The ad­
d ition  m ight in h ib it som e CTC activity, but this  
is u n lik e ly  because the concentration of m ag­
n esium  ion s required to in h ib it CTC is m uch  
h igh er than that present in  the m edium . Fur­
therm ore, even  if there is m inute inhib ition , this 
sh ou ld  affect both the sam ples and the standard  
so lu tion s equally.

It is im portant to note that the inh ib ition  of 
CTC activity and the prom otion o f cell grow th  
are 2 in d ep en d en t even ts ev en  though  both are 
exerted by m agnesium . The concentration of 
m agnesium  ion  n eed ed  for in h ib ition  of CTC 
activity is m ore than 2 orders o f m agnitude  
h igh er than the concentration need ed  for pro­
m otion o f cell grow th (compare Figures 1 and 2). 
H ow ever, in  either case, the result is to cause low  
bias in  feed  sam ple analysis.
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A g a s-liq u id  ch rom atograph ic m eth od  is  d escrib ed  
for the q u a n tita tiv e  d e term in ation  o f  trace am ou n ts  
o f su lfa m eth a zin e  in  sw in e  feed . S u lfa m eth a zin e is  
extracted  in  a m m on ia ted  aceton e and iso la ted  from  
other extractants o n  a Sephadex LH-20 co lu m n . The 
elu ate  is  m eth y la ted  w ith  d ia zo m eth a n e  and ev a p o ­
rated to dryness. T he residue is  d isso lved  in  a so lv en t 
c o n ta in in g  an in tern a l standard  o f m eth y l su lfa sy -  
m a zin e b efore  b e in g  in jected  o n to  an O V -25  GLC 
co lu m n . A n  estim ation  o f p recision  w as estab lish ed  
b y  a ssay in g  10 sets  o f sw in e  feed  fo r t if ied  w ith  0.5,1,2, and 5 ppm  SMZ. M ean recoveries w ere 96.0,94.3,
93.5, and 94.0%, re sp e c tiv e ly , w ith  an average co e f­
fic ie n t  o f var ia tio n  o f 3.07%. T he critica l s tep s  and  
ru g ged n ess  o f th e m eth od  w ere a lso  d eterm in ed .

Sulfam ethazine is traditionally d eterm ined  by 
the Bratton-Marshall colorimetric m ethods (1 ,2), 
w h ich  lack both specificity  and sensitiv ity . 
H igh  pressure liqu id  chrom atography (HPLC) 
m ethods, to a large extent, overcom e these d efi­
ciencies. Q uantitative m ethods u sin g  HPLC 
specify a variety of colum n conditions for various 
products. For example, an ion exchange colum n  
w as used for sulfaquinoxaline in  m edicated feed  
(3) and a bon d ed  am inophase colum n was used  
to chrom atograph su lfonam ides and their N 4- 
acetylated m etabolites in  urine sam ples (4). 
Johnson et al. (5) used a bond ed  Ci8-phase co l­
um n to assay b ov in e tissue for su lfonam ides. 
M ixtures o f sulfa drugs w ere also separated and  
determ ined by HPLC by aqueous-buffered ion- 
pair chrom atography (6) and w ith  a silica gel 
colum n (7). But the versatility of HPLC residue 
analysis is lim ited, because the sensitiv ity  o f any 
m ethod dep ends on  the cleanup o f large sam ple 
portions.

A gas chrom atograph equ ipped  w ith  an e lec­
tron capture (EC) detector can detect residual 
am ounts o f su lfonam ides, and sm aller sam ple  
portions can be u tilized  for the cleanup proce­
dure. G as-liqu id  chrom atograp h y (GLC) 
m ethods (8) have been reported in the literature, 
inclu d ing a procedure by G oodspeed et al. (9) in  
w hich the sulfonam ides in tissue are determ ined  
after m ethylation  w ith  diazom ethane fo llow ed  
by form ation o f a secon d  derivative w ith  pen-

Received January 11,1982. Accepted February 18,1982.

tafluoropropionic anhydride. They determ ined  
the double derivative on an OV-17 colum n w ith  
a 63N i detector. Crisp (10) reported a m ethod for 
d eterm in in g  su lfaq u in ox alin e in  eg g s  and  
poultry m eat by first h yd rolyzin g  it to 2-am ino- 
q uinoxaline and then  derivatizing w ith  trifluo- 
roacetic anhydride; the derivative is separated on  
a n eo p en ty lg ly co l colum n and detected  w ith  a 
tritium  EC detector. The preparation o f per- 
fluoro derivatives of som e su lfonam ides and  
colum n con d ition s are described by G yllenhaal 
and Ehrsson (11).

GLC generally  requires a m ore rigorous 
cleanup procedure than either colorim etric or 
HPLC m ethods. K ing et al. (12) d iscussed  a 
cleanup procedure for d iethylstilbestrol in  an i­
mal feed  w h ich  sp ecifies a Sephadex LH-20 co l­
um n. We find  the Sephadex cleanup effective  
for other anim al feeds as w ell.

This study w as undertaken to provide a 
m ethod that m inim izes animal feed interferences 
su ffic ien tly  so that su lfam ethazine can be d e ­
term ined in  trace am ounts by GLC-EC. A th in  
layer chrom atography (TLC) test to confirm  the  
presence of su lfam ethazin e is also presented.

M ETH O D
Reagents

(a) Solvents.— M ethanol, ethyl acetate, hexane, 
to lu en e, acetone, chloroform , n-butanol; all dis- 
t illed -in -g la ss  (Burdick and Jackson, Inc., 
M uskegon, MI 49442); anhydrous eth yl ether  
(J.T. Baker Chem ical Co., P hillipsburg, NT 
08865).

(b) Sephadex L H -2 0 .— 25-100 /rm size (Phar­
macia Fine Chem icals Inc., Piscataway, NT 
08854).

(c) C arbito l.— 2-(2-Ethoxy) ethanol (Eastman 
O rganic Chem icals, Rochester, NY 14650).

(d) S ta n d a rd s .— S u lfa m eth a zin e  referen ce  
standard, USP. Prepare 100 p g /m L  stock so lu ­
tion in m ethanol and use it to prepare 1.0 pg  / mL 
w orking standard in  m ethanol.

(e) D iazald .—N  - M ethyl - N  - nitroso - p - tolu- 
en esu lfon am id e (Eastman O rganic Chem icals, 
Rochester, NY 14650).

(f) Diazom ethane.—W eigh 600 m g diazald into
0004-5756/82/6505-1048-06$01.00 © Association of Official Analytical Chemists. Inc.
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reaction tube w ith  bubbler. Add 2 m L anhy­
drous ether and carbitol, and m ix. Insert de liv ­
ery tube of diazomethane generator into test tube 
containing 20 m L anhydrous ether and place test, 
tube in  ice water bath. Add 2 m L 60% K O H  to 
reaction tube and quickly connect bubbler. Very 
s low ly  sweep reaction tube w ith  nitrogen until 
ye llow  color of diazomethane is carried over to 
ether. Continue nitrogen flow  u n til no further 
increase in intensity is noted (ca 5 m in). Stopper 
test tube w ith  cork stopper and store in  freezer. 
Use w ith in  3 days of preparation.

(Caution: Work w ith  diazomethane in  a fume 
hood! See Sax, N .I. (1975) D a n g e ro u s  P ro p e r tie s  o f  
I n d u s tr ia l  M a te r ia ls , 4th ed., Van Nostrand Re in ­
hold Co., N ew  Yo rk , N Y , p. 610.)

(g) I n te r n a l  s ta n d a r d  ( I s t d ) .—Sulfasym azine 
(Lederle Laboratories D iv ., Am erican Cyanam id 
Co., Pearl R ive r, N Y ). S to c k  s o lu t io n .— 100 
p g/m L in  m ethanol. W o r k in g  s ta n d a r d . — 10 
p g /m L in  methanol.

(h) D ilu t in g  s o lv e n t  w i th  in te r n a l  s ta n d a r d .— 
Transfer 2.0 m L w ork ing  Istd into 200 m L vo lu­
metric flask . Add 0.5 m L diazomethane solu­
tion. Stopper, and let stand 10 m in. Evaporate 
at 40°C  to dryness w ith  nitrogen. D ilute to 
volum e w ith  ethyl acetate-hexane (3 + 7).

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 .—Tracor Model 220

equipped w ith  63N i electron capture detector. 
Colum n: 1.8 m X 4 mm id packed w ith  100-120 
mesh Supelcoport coated w ith  3% OV-25. O p­
erating conditions: detector 325°C , column
270°C, in le t 290°C; argon-methane (90 + 10) 
carrier gas flow  rate 60 m L/m in . Condition 
column 16 h at 300°C w ith  nitrogen carrier gas 
w ith  flow  rate between 10 and 20 m L/m in .

A  3 p L  injection of derivatized SM Z standard 
at 0.2 pg/m L w ith  Istd should give at least 50% 
FSD at 16 X 10-2  am p/mV w ith  retention time of 
4 m in for SM Z. Colum n should completely re­
solve standard and Istd peaks.

(b) R o ta r y  e v a p o r a to r .— Buch i Rotavapor 
(Brinkm ann Instruments, Westbury, N Y  11590).

(c) E va p o ra to r .—Meyer N itrogen-EVAP Model 
112 (Organomation Associates Inc ., Shrewsbury, 
M A 01545).

(d) D ia z o m e th a n e  g e n e r a to r .—Glass bubbler 
was constructed w ith  side arm, and ¥  24/40 clear 
seal jo int was connected to 20 m L reactor tube. 
(See Figure 1.) Diazomethane was collected in 
test tube containing chilled  ethyl ether.

(e) C h r o m a to g ra p h ic  tu b e s .— 22 mm id X  300 
mm (K-420550-233, Kontes Glass Co., V ineland , 
NJ 08368).

Figure 1. D iazom ethane generator: A , bubbler tube  
w ith  ca 1 m m  id  o rifices; B, reaction  tu b e w ith  ca 20 
m L v o lu m e; C, test tu b e rece iver  w ith  ice w ater  

bath.

(f) C e n tr i fu g e  b o t t le .—250 m L w ith  stopper 
(K-322000-21 and K-850400 ¥  29/26, Kontes 
Glass Co.).

(g) D is ti l l in g  f l a s k .— 100 m L pear-shaped flask 
w ith  24/40 ¥ jo int (K-608700, Kontes Glass 
Co.).

(h) T h in  la y e r  c h ro m a to g ra p h ic  (T L C ) p la te s .—20 
X  20 cm precoated w ith  0.25 mm layer of silica 
gel 60 (No. 5765, E M erck, Darmstadt, Ger­
m any).

P r e p a r a t i o n  a n d  E v a l u a t i o n  o f  S e p h a d e x  
C o l u m n

Add 10.0 g dry Sephadex to chromatographic 
tube containing 60 m L methanol, stopper col­
um n, and m ix. Wash column w a ll w ith  addi­
tional methanol. A fter 1 h , drain colum n and 
wash Sephadex w ith  four 1!? m L portions of 
m ethanol, followed by four 15 m L portions of 
methanol-toluene (1 + 3), retaining about 5 cm 
solvent above bed. Let colum n equilibrate 1 h 
before use. I f  Sephadex is not uniform , stopper 
colum n, m ix by inversion , and let bed resettle.

Evaporate to dryness an aliquot of standard 
equivalent to ca 5 pg SM Z. Transfer to Sephadex 
column as described in  cleanup procedure. 
Continue to elute until sixteen 10 m L fractions 
are collected. Add 0.5 m L diazomethane so lu­
tion to each fraction, stopper, and let stand 10 
m in. (Caution: Handle in hood.) Evaporate to 
dryness at 70°C w ith  nitrogen. In it ia lly , d is­
solve each fraction in 1 m L diluting solvent w ith  
Istd and inject into G LC  colum n. Use same d i­
luting solvent to make fu rther dilutions. C a l­
culate amount of SM Z in  each fraction by com­
parison to standard SM Z described in  derivati- 
zation procedure.
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Plot volume of eluate vs concentration of each 
fraction. I f  SM Z first appears in  fifth  fraction, 
use 40 m L forerun volum e. I f  SM Z appears in  
fourth fraction but at less than 5% of total, use 35 
m L forerun. More than 95% of the SM Z should 
be collected before tenth fraction. I f  amount of 
SM Z found in  fractions is outside these lim its , 
adjust ratio of methanol in  e luting solvent to 
achieve proper elution profile . Add itional 
methanol w il l  decrease retention volum e of 
sulfonamides.

Regenerate column only if  background of 
chromatogram appears to increase. To regen­
erate Sephadex column, pass four 15 m L volumes 
of methanol through colum n, followed by four 
15 m L portions of methanol-toluene (1 + 3). Let 
each portion enter bed before adding next. Let 
equilibrate at least 1 h before use.

E x t r a c t i o n
W eigh 50.0 g w e ll m ixed feed previously 

ground to pass 2 mm screen into 250 m L centri­
fuge bottle. Add 100 m L 2% NHliOH-acetone 
and shake vigorously 15 m in on mechanical 
shaker. Centrifuge 10 m in at 2000 rpm or until 
supernate is clear. Decant into flask, and stop­
per. Store extracts in  refrigerator.

C l e a n u p
Pipet 4.0 m L clear supernate into 15 m L cen­

trifuge tube. Evaporate j u s t  to dryness at 40°C 
w ith  nitrogen. Add 2 m L m ethanol-toluene (1 
+ 3) eluting solvent. Caution: D iscontinue 
evaporation at first indication of dryness; do not 
let sample stand in  eluting solvent. Proceed to 
Sephadex colum n as soon as possible.

D rain  solvent in  column to level of Sephadex 
bed and place 50 m L graduated cylinder under 
colum n. Transfer residue to column w ith  four 
2 m L additional portions of methanol-toluene (1 
+ 3). Let each addition enter bed before adding 
next portion, using care not to disturb column 
bed. Add solvent to m aintain 1-20 cm liquid  
above bed. Collect first 40 m L forerun eluate or 
modify as necessary (see P repa ra tion  a n d  E va lu a tio n  
o f  S e p h a d e x  C o lu m n ) . Wash tip of column w ith  
solvent and discard wash. Collect the next 70 
m L eluate in  100 m L pear-shaped flask. Wash tip 
w ith  solvent.

D e r i v a t i z a t i o n
Add 0.5 m L diazomethane to eluate, m ix, and 

stopper. Let stand 10 m in and rotary-evaporate 
at 60-70°C to dryness. Cool flask and add 5.0 m L 
d ilu ting  solvent w ith  Istd. Stopper, and m ix.

Pipet 2.0 m L w ork ing  SM Z standard into 100 
m L pear-shaped flask. Add 70 m L methanol- 
toluene (1 + 3), derivatize as above, evaporate, 
and d ilute to 10 m L w ith  d iluting  solvent w ith  
Istd. Inject 3 p L  into gas chromatograph. 
Bracket samples w ith  standard SM Z injections.

ppm SM Z = [PH  SM Z (sam ple)/PH  SM Z (std)] 
X  [PH  Istd (std )/PH  Istd (sample)]

X  concn SM Z std (pg/m L, fina l column)
X (5.0 m L/4 .0 m L) X (100 m L/50.0 g)

T L C  I d e n t i f i c a t i o n  o f  S u l f a m e t h a z i n e
Treat a second 4.0 m L aliquot of sample extract 

as in  cleanup step except do not derivatize sam­
ple. Evaporate to dryness in  rotary evaporator 
at 60-70°C .

D ilute  samples to appropriate volum e w ith  
acetone-toluene (1 + 1) and spot ca 0.5 pg of each 
sulfonamide on 2 T LC  plates. Develop one plate 
in  toluene-acetonitrile (1 + 1) and the other plate 
in  chloroform-methanol-H-butanol-ammonium 
hydroxide (75 + 1 5  + 9 + 1 ) .

A fter development, transfer T L C  plate to 
empty development tank to diazotize SMZ. Add 
1 g sodium n itrite  to 50 m L beaker, and place 
beaker into tank. Pipet ca 5 m L concentrated 
HC1 into beaker and qu ick ly  cover tank. Re­
move T L C  plate after 2 m in and spray w ith  0.1% 
N-l-naphthylethylenediam ine dihydrochloride 
in  m ethanol. Rose-colored spots denote com­
pounds having arylam ine group. (Caution: 
H N O 2 fumes are toxic; work in  hood.)

Results and Discussion
The fo llow ing procedure of preparing feed 

samples fortified w ith  SM Z was used to test the 
precision and ruggedness of the proposed 
method. A loca lly produced commercial f in ­
ish ing hog feed was ground to pass a 0.5 mm 
screen. Two hundred mg sulfam ethazine USP 
was added to about 200  g of this feed in  a quart 
glass jar. The m ixture was tumbled for 16 h to 
ensure a thoroughly homogeneous m ixture. 
Ten assay portions were taken at 1 m in intervals 
after m ixing , and the concentration of SM Z was 
determined according to the o ffic ia l A O A C  
method (2): 991.2, 975.8, 986.1, 975.8, 991.2, 
970.7, 988.7, 988.7, 968.1, 973.3, mean 980.96, SD 
9.059, C V  0.923%. The data show that a reason­
able degree of un ifo rm ity was achieved.

Th is feed m ixture was designated as the stock 
standard from w hich  the w ork ing  standards 
were made. Additional portions of the com­
mercial feed were fine ly ground and mixed w ith  
portions of the standard stock to y ie ld  concen-
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Table 1. Determination of precision of proposed GLC method for determining sulfamethazine

Spike level, ppm

0.499 0.982 1.962 4.905

Assay No. Rec. % Rec. % Rec. % Rec. %

1 0.465 93.2 0.906 92.3 1.796 91.5 4.267 87.0
2 0.499 100.0 0.899 91.5 1.824 93.0 4.808 98.0
3 0.469 94.0 0.925 94.2 1.904 97.0 4.760 97.0
4 0.463 92.8 0.938 95.5 1.894 96.5 4.828 98.4
5 0.458 91.8 0.935 95.2 1.794 91.4 4.636 94.5
6 0.494 99.0 0.928 94.5 1.792 91.3 4.617 94.1
7 0.479 96.0 0.933 95.0 1.835 93.5 4.626 94.3
8 0.455 91.2 0.937 95.4 1.821 92.8 4.441 90.5
9 0.520 104.2 0.932 94.9 1.869 95.3 4.579 93.4

10 0.488 97.8 0.922 93.9 1.789 91.2 4.530 92.4
Mean 0.479 96.0 0.926 94.3 1.832 93.4 4.609 94.0

SD 0.0210 0.0132 0.0432 0.171
CV, % 4.38 1.43 2.36 3.71

trations of about 1.25, 2.5, 25, 50, 100, and 250 
ppm SM Z. When 1.000 ± 0.002 g diluted spike 
was mixed w ith  49.00 ± 0.01 g, the fina l spike 
levels were 0.025, 0.05, 0.5, 1, 2, and 5 ppm, re­
spectively.

The precision of the proposed method was 
tested (Table 1) w ith the 4 highest spike levels for 
reasons that w ill  be discussed later. Again , 10 
sets of assays were made at d ifferent interva ls, 
and the results show average recoveries of 96.0,
94.4, 93.5, and 94.0% for the 0 .5 ,1 , 3, and 5 ppm 
levels, respectively. Precision was achieved 
w ith the use of an internal standard, w hich  gave 
coefficients of variation of 4.38, 1.43, 2.36, and 
3.71%, respectively, rather than the 5.82% coef­
fic ient of variation obtained w ithout the use of 
an internal standard.

To establish the u tility  of the method, 4 d if­
ferent types of sw ine feeds were assayed. These 
feeds, vitam in- and m ineral-enriched, repre­
sented the largest variety of p lant materials 
available locally at the time. These samples were 
fortified w ith  the 4 spike levels in  the manner 
described earlier. The results are given in  Table
2 .

The assay results of samples spiked at less than
0.5 ppm varied between assays and tended to be 
hig-her than 100% recovery.

To obtain SM Z at 0.05 and 0.025 ppm, 2 ap­
proaches were taken. F irst, the proposed 
method was used on an equivalent of 2  g feed for 
cleanup, except for the fina l concentration, 
w h ich  was diluted to represent 1 g /m L. The 
second approach was to carry an equivalent of 10

Table 2. Assay results for sulfamethazine In 4 different types of spiked commercial swine feeds by proposed GLC
method

Spike Level, ppm

0.499 0.982 1.962 4.905

Feed Rec. % Rec. % Rec. % Rec. %

Co-op Hog 
Finisher-14 
Complete (A) 0.404 81.0 0.896 91.2 1.709 87.1 4.508 91.9

Co-op Sow 
Lactation 0.471 94.4 0.923 94.0 1.896 96.6 4.563 93.0

Purina
Complete Sow
Chow w /o 0.467 93.6 0.910 92.7 1.764 89.9 4.428 90.3

Co-op Swine3 
Builder (A) 0.422 84.6 0.843 85.8 1.796 91.5 4.217 86.0

Sample contained large amounts of alfalfa.
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Table 3. Effect on SMZ recovery of prolonged evaporation treatment after solvent removal

Approx, time Recovery, %
in dry state,

min 0.499 ppm 0.982 ppm 1.962 ppm 4.905 ppm

0-1 100.0 91.5 92.9 98.0
20 75.8 73.2 72.8 75.1

g feed through the cleanup. Th is  solution was 
also diluted to 1 g/m L final concentration. The 
10 g cleanup resulted in  somewhat low er recov­
eries and the interferences were appreciably 
h igher than w ith  2 g feed. The use of the 
Sephadex column is a rapid cleanup procedure; 
however, the purification is more complete w ith  
a sm aller amount of material. The practical 
lim its of determ ining SM Z in  feed is about 0.25 
ppm, unless additional cleanup steps are used or 
included.

In  testing the proposed method for rugged­
ness, certain steps were critical. The length of 
time SM Z was exposed to feed material in  solu­
tion tended to affect the recovery of SM Z. For 
example, a 10 m in extraction time gave h igher 
recoveries than a 30 m in extraction. Table 3 
shows a 25% loss in  recovery after a 30 m in delay 
in removing samples from drying at 40°C under 
nitrogen. There is some loss in  recovery when 
the residue remains dissolved in  the eluting so­
lution too long. It is recommended that the ex­
traction be carried through the cleanup step as 
qu ick ly as possible. Sulfamethazine is stable in 
2% N ITiO H -acetone for a week if  kept refrig­
erated. Other stab ility factors are reported in 
Table 4.

Changes in  the Sephadex elution profile  col­
umn have not occurred. The elution profile  of 
SM Z in  a feed m atrix from a Sephadex column 
w hen  the column was first prepared appears to

be the same as an SM Z profile after the column 
was used more than 50 times (Figure 2). Re­
generating the Sephadex column is necessary 
on ly  if  excessive amounts of feed material were 
passed through the column. The performance 
of the Sephadex column has been consistent 
throughout th is study.

The OV-25 liquid phase packing used for G LC  
was chosen o rig ina lly  because it w ould resolve 
an interference peak that had a retention time 
sim ilar to sulfathiazole. Th is phase, as it turned 
out, gave a baseline separation of the sulfasy- 
m azine and SM Z peaks. A  typical chromato­
gram is shown in  Figure 3. The precision in  re­
covery of SM Z is improved because any insta­
b ility  in  detector response resulting from back­
ground w il l  affect the peak heights of SM Z and 
the internal standard equally; therefore, the ratio 
of SM Z/in terna l standard remains constant re­
gardless of m atrix effect. Since the proposed 
method does not have a rigorous cleanup step, 
the background w ill be d ifferent depending on 
the sample dilution. Variations in  peak heights 
of sulfa compounds of as much as 10% are not 
unusual in analyses of 4 samples (9 injections). 
A fter 20 or more sample analyses, peak broad­
ening may occur; it can be corrected by replacing 
the glass wool at the head of the G C column.

T h in  la y e r  c h r o m a to g r a p h y .—The solvent sys­
tems described in  the proposed method sepa­
rated the principal sulfa compounds that are

Table 4. Stability of SMZ under various conditions

Matrix Period tested3 Comment

SMZ std in methanol 6 months stored in actinic glass 
at room temp.

SMZ mixed with feed 4‘/2 months glass jars at room temp.
SMZ in 2% NH4 0 H-acetone ext 1 week refrig, at 4°C
SMZ in methanol-toluene (1 + 3) 3 days after Sephadex cleanup;

eluting solv.6 room temp.
Methylated SMZ + sulfasymazine 

(lstd)b
1 week room temp.

SMZ during rotary evapn of 
eluting solv.6

1 h tested up to 70°C

a Probably stable longer than period of test.
6 In the presence of feed material.
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ug SMZ

1.5-•

mL eluate

Figure 2. T ypical e lu tion  profile  o f sp iked  feed  after 
p reparation  o f S ep h ad ex  co lu m n  (— ). E lu tion  
p r o file  o f  S ep h ad ex  co lu m n  after ca 50 sam p les

F igure 3. Gas chrom atogram  o f extract from  h og  
feed: A , su lfam eth azine at 0.5 ppm ; B, su lfasym azin e  

in tern a l standard.

present in  feed fed to sw ine. The R f  values for 
SM Z were 0.5 and 0.4 for the first and second 
so lvent systems, respectively. The methylated 
solution from the assay has also been used to 
identify  SM Z. H ow ever, the solvent systems 
were altered, w h ich  gave a lower R f  value; 
m ethanol-chloroform  (1 + 9) or f-butanol- 
chloroform  (15 + 85) were used w ith  good re­
sults.
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DONALD B. BLACK, HALINA KOLASINSKI, EDWARD G. LOVERING,1 and 
JAMES R. WATSON
H e a l t h  a n d  W e l f a r e  C a n a d a ,  H e a l t h  P r o t e c t i o n  B r a n c h ,  B u r e a u  o f  D r u g  R e s e a r c h ,  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

A  g a s-liq u id  ch rom atograph ic (GLC) proced ure has 
b een  d ev e lo p ed  fo r  th e  assay  and id e n tific a tio n  o f  
a m ob arb ital, b utabarb ital, h ep tab arb ita l, m ep h o -  
barb ita l, p en to b arb ita l, p h én ob a rb ita l, and  secob ar­
b ita l in  s in g le  co m p o n en t cap su le , e lix ir , in jectab le , 
su p p o sito r y , and tab let fo rm u la tion s. A fter extrac­
t io n  in to  ch loroform  from  an a c id ifie d  a qu eou s  
m ixture o f th e product, th e drug is  e lu ted  iso th er-  
m a lly  from  a m eth y lp h e n y ls ilic o n e  GLC co lu m n  at 
210 or 240°C  and q u an tita ted  re la tive  to  th ia m y la l  
in tern a l standard . R esu lts  w ere in  g o o d  a greem en t 
w ith  th o se  o b ta in ed  u sin g  p h arm acop eia l assay  
m eth od s. T h e m eth od  is  su ita b le  for th e rapid as­
sessm en t o f com m ercia l fo rm u la tion s.

Monographs for drug form ulations in  the U .S . 
P h a rm a c o p e ia  (1) and B r itish  P h a rm a c o p o e ia  (2) 
typ ically contain requirements for drug identity 
and content. Depending on the nature of the 
drug, the dosage form, and its strength, they may 
also contain requirements for content un ifo r­
m ity, for chemical impurities related to the drug, 
and for other tests w h ich  reflect drug product 
quality. In  many cases, the methods for each test 
or assay d iffer from each other and from the same 
test or assay in  chem ically related drugs.

In  large scale programs where the pharm a­
ceutical quality of several thousand drug prod­
ucts is evaluated by testing to pharmacopeial or 
sim ilar standards, it w ould be advantageous if  
methods were available w h ich  provided data to 
assess more than one pharmacopeial require­
ment, and w h ich  could be used for groups of 
related drugs rather than single drugs. Modern 
chromatographic techniques offer some of these 
advantages. For example, identity can be as­
sessed by retention time, drug content can be 
determined by the mean of content un ifo rm ity 
assays, and drug-related im purities can be re­
solved and quantitated by an appropriate chro­
matographic system. Such a method for 3 ben­
zodiazepine drugs was recently developed in this 
laboratory (3).

1 Direct correspondence to this author.

A  gas-liquid chromatographic method for 
content un ifo rm ity , assay, and identity of bar­
biturate form ulations is described in  this paper. 
Experim ental w ork was confined to barbiturates 
available in  Canada, nam ely, amobarbital, buta­
barbital, heptabarbital, mephobarbital, pento­
barbital, phénobarbital, and secobarbital, but it 
is expected that the method could be used for 
other barbiturates. Current USP methods (1) for 
the assay and content un ifo rm ity of barbiturate 
form ulations include gravim etric, titrim etric , 
ultraviolet, and gas chromatographic procedures. 
Column chromatographic procedures for several 
barbiturate form ulations have been developed 
(4-6), and the current literature contains nu­
merous reports of gas (7-15) and liqu id  (16, 17) 
chromatographic methods for barbiturates in  
dosage forms and biological fluids. The USP gas 
chromatographic system for barbiturates (1) was 
not used as the basis for this w ork because sys­
tems e xh ib itin g  superior chrom atographic 
characteristics were available at the time.

Experimental

A p p a r a t u s  a n d  R e a g e n t s
(a) G a s c h r o m a to g r a p h .— Bendix Model 2500, 

equipped w ith  Hewlett-Packard Model 3380A 
reporting integrator, flame ionization detector, 
and 1.8 m X  4 mm id glass column packed w ith  
commercial acid-deactivated m ethy lpheny ls ili­
cone (Supelco Inc.) on acid-washed, dim ethyl- 
chlorosilane-treated diatomite support (3% SP 
2250 D A  on 100-120 mesh Supelcoport).

(b) D ru g s .— Raw materials for use as standards 
were obtained as fo llow s: th iam ylal (in ternal 
standard), Parke-Davis and Co., B rockville , O n­
tario; amobarbital, May and Baker, Toronto, 
Ontario; butabarbital, Geigy, M ontreal, Quebec; 
heptabarbital, May and Baker, Toronto, Ontario; 
mephobarbital, extracted from Mebaral® tablets, 
W inthrop, Aurora , Ontario ; pentobarbital, ex-
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Table 1. Suitability and extraction data for GLC of 
barbiturates

Barbiturate
Tailing
factor Resolution

Unrecovered 
drug, %

Amobarbital 1 . 8 7.2 0 . 3

Butabarbital 1 . 6 7.9 0 . 3

Heptabarbital 1 . 5 7.5 0 . 2

Mephobarbital 1 . 4 2.5 0 . 2

Pentobarbital 1 . 8 6.2 0 . 4

Phénobarbital 1 . 6 5.0 0 . 4

Secobarbital 1 . 5 4.1 0 . 2

tracted from Nembutal® capsules, Abbott, M on­
treal, Quebec; phénobarbital, USP Reference 
Standard; secobarbital extracted from Secogen® 
capsules, Paul M aney, Toronto, Ontario. The 
identity of a ll barbiturate samples used as stan­
dards was confirmed by comparison of proton 
magnetic resonance spectra w ith  authenticated 
barbiturate spectra. Barbiturates extracted from 
formulated products were assayed by ultravio let 
absorption against the USP Reference Standard 
(mephobarbital and pentobarbital) or other 
standard (M ay and Baker secobarbital).

(c) S o lu tio n s.—(1) In terna l s ta n d a rd  so lu tio n .—
2.0 mg th iam yla l/m L C H C I3. (2) S ta n d a rd  bar­
biturate preparations.— Prepared to contain ca 1 mg 
barbiturate/m L by m ixing equal volum es of in ­
ternal standard solution and C H C I3 solution (2 
m g/m L) of U SP Reference Standard barbiturate 
or other acceptable standard.

S y s t e m  S u i t a b i l i t y
Five  aliquots of standard barbiturate prepara­

tion were injected and peak responses were re­
corded. Relative standard deviation for R s, area 
ratio of barbiturate to thiam ylal peaks, should not 
be >1.5. Resolution and ta iling  were assessed 
in  terms of criteria g iven in  U SP X X , Section 
621.

P r o c e d u r e
(a) C o n ten t u n ifo rm ity  p repa ra tion  ( capsu les and  

ta b le ts) .— Single tablets, or the entire contents of 
single capsules, were placed into each of 10 glass 
tubes of suitable size fitted w ith  Teflon-lined 
screw-caps. Each tablet was crushed w ith  a glass 
rod, and 2 m L 2.4N HC1 and suffic ient C H C I3 to

F igure 1. T yp ica l chrom atogram s: (a) m ep h o b a rb ita l, 8.17 m in; th ia m y la l, 6.66 m in . (b) a m ob arb ita l, 3.48 
m in; th ia m y la l, 6 .70 m in . (c) p h én ob a rb ita l (240°C ), 4 .87 m in; th ia m y la l, 2 .97 m in .
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Table 2. Retention time and response characteristics for GLC of barbiturates

Drug
Concentration,3

mg/mL
Relative retention 

time6
Concentration-area 

response ratio c

Amobarbital 0.708 0.516 0.967
1.062 0.516 0.948
1.416 0.514 0.940

Butabarbital 0.422 0.471 1.230
0.845 0.470 1.207
1.265 0.470 1.204

Heptabarbitald 0.492 1.89 1.025
0.988 1.90 1.006
1.580 1.91 1.006

Mephobarbltal 0.510 1.21 1.043
1.020 1.21 1.012
1.530 1.21 1.009

Pentobarbital 0.524 0.584 1.101
1.047 0.581 1.087
1.570 0.579 1.096

Phénobarbitald 0.740 1.57 0.948
0.990 1.56 0.921
1.350 1.57 0.912

Secobarbital 0.560 0.684 1.094
1.120 0.678 1.084
1.680 0.680 1.089

3 The procedure calls for a concentration of 1 mg/mL In the standard and content uniformity preparations; 4 /¿L Is in­
jected.

b Relative to thiamylal, the Internal standard. For thiamylal In our system, retention times were 6.7 and 2.9 min at 210 
and 240°C, respectively.

c Concentration in mg/mL. Area response is ratio of areas of drug to internal standard peaks. 
d Column temperature 240°C.

give a fina l concentration ca 2 m g/m L were 
added. Tubes were shaken and centrifuged, and 
the aqueous layer was discarded.

(b) A ssa y  p repa ra tion  ( elix irs and  in jectab les). 
— An amount of e lix ir or injectable equivalent to 
ca 50 mg barbiturate was transferred accurately 
to a separatory funnel, and 2 m L 2.4N HC1 was 
added. The solution was mixed and extracted 
w ith  two 10 m L portions of C H C I3. The C H C I3 
extracts were collected in  a 25 m L volum etric 
flask and diluted to volum e w ith  C H C I3.

(c) A s s a y  p re p a ra tio n  ( s u p p o s ito r ie s ) .— Ten 
suppositories were accurately weighed, trans­
ferred to a 250 m L separatory funnel, and shaken 
w ith  100 m L 0.1N N aO H  and 50 m L CHC13 until 
completely dissolved. The C H C I3 layer was 
discarded. The aqueous layer was quantitatively 
transferred to a 250 m L volum etric flask and d i­
luted to volume w ith  0.1N N aO H. A  volume of 
solution equivalent to ca 50 mg barbiturate so­
dium was pipetted into a clean separatory funnel, 
acidified w ith  2.4N HC1, and extracted w ith  two 
10 m L portions of C H C I3. C H C I3 extracts were 
combined and diluted to 25 m L.

A n a l y s i s
One m L of the assay or each of the content 

un ifo rm ity preparations was m ixed w ith  1 m L

Internal Standard Solution, and equal volumes 
(ca 4 p L ) of this solution and the Standard Bar­
biturate Preparation were injected into the 
chromatograph. The chromatograms were re­
corded and the responses of the barbiturate and 
internal standard peaks were measured. For 
capsules and tablets, the assay value can be de­
termined from the mean of the 10 single tablet 
or capsule assays required for content un ifo r­
m ity, c r  a composite of 10 or 20  dosage units can 
be made and an amount equivalent to 50 mg of 
drug can be assayed. For e lix irs, injectables, and 
suppositories, the assay value is calculated rela­
tive to the standard barbiturate preparation, 
m aking allowances for the appropriate conver­
sion and d ilution  factors in  the computation of 
results. Conversion factors, sodium salt/free 
acid: amobarbital, 1.0972; butabarbital, 1.1036; 
pentobarbital, 1.0972; phénobarbital, 1.0946; 
secobarbital, 1.0922.

Results and Discussion
Under the conditions chosen for this method, 

the chromatographic peaks of the 7 barbiturates 
examined were sharp and w ell resolved from the 
solvent front. Typ ical values for resolution of 
the drug from the internal standard and the 
ta iling  factor are given in  Table 1, and typical
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Table 3. Comparison of proposed GLC assay and USP assay for different formulations of 7 barbiturates

Drug
Dose form 

and strength
Lot
No.

GLC assay, %
USP assay,6

%Mean ±  CVa Range

Amobarbital tabs, 30 mg A 98.5 ± 1.8 95.3-101.3 97.2e
Amobarbital sodium caps, 200 mg B 100.1 ± 3.1 93.8-106.9 99.8
Butabarbital sodium elixir, 6 mg/mL C 96.1b 96.8
Heptabarbital tabs, 200 mg D 101.3 ± 2 .2 d 98.4-103.6 __e
Mephobarbital tabs, 30 mg E 102.5 ± 2.9 96.4-105.2 101.4e

tabs, 100 mg F 102.2 ± 0.8 101.2-103.7 102.2 e
Pentobarbital sodium caps, 100 mg G 98.0 ± 1.4 96.4-100.1 96.3

H 96.5 ± 2.9 92.1-102.2 97.4
1 97.0 ± 1.5' 94.5-98.4 99.7

supp., 50 mg J 96.2b __e
Phénobarbital tabs, 15 mg K 100.4 ± 1.4 98.8-102.9 101.8

tabs, 30 mg L 98.3 ± 2.7 92.7-103.1 100.8
tabs, 100 mg M 100.3 ± 0.9 99.1-102.1 99.5
elixir, 4 mg/mL N 96.3 b 97.7

Phénobarbital sodium inject., 120 m g/mL 0 94.2fc 94.2
Secobarbital sodium caps, 50 mg P 99.0 ± 5.0 90.0-107.3 98.6

caps, 100 mg Q 99.9 ± 1.9 97.5-103.0 98.7
R 100.2 ± 3 .5 95.5-106.6 98.9
S 98.5 ± 5 .5 91.2-116.7 97.4

a Mean of 10 tablet or capsule assays, plus or minus the coefficient of variation. 
b Duplicate determinations. 
e NF XIV assay procedure. 
d Mean of 5 tablets. 
e Not In USP XIX or NF XIV.
'  An unidentified peak (relative retention time 0.53), equivalent In area to 3% was observed In this product.

chromatograms are g iven in  Figure 1. Relative 
retention times were reproducible (Table 2); the 
coefficient of variation for each drug was 0.5% or 
less. The amount of drug recovered by an ex­
traction additional to that called for in  the 
method is given in Table 1. In  no case was more 
than 0.5% of the drug lost; this is acceptable for 
the purpose of th is method. In  th is w ork , the 
identity of the drug in  the product was consid­
ered to be corroborated w hen the relative re­
tention time of the drug peak in  the assay chro­
matogram was w ith in  0.5% of the relative re­
tention time of the barbiturate in  the standard 
preparation chromatogram. The method re­
quires that concentration of barbiturate in  the 
standard be equal to that of the test solution at 
100% of label claims. For each drug, the chro­
matographic response was determ ined at drug 
concentrations corresponding to 50-150% of 
label claim  (Table 2). The results show that 
linearity  is adequate for the purpose of this 
method. For a ll drugs, chromatographic analysis 
times were less than 8 m in.

Some barbiturate form ulations may be stabi­
lized w ith  parabens (4). Relative retention 
times, at a colum n temperature of 210°C , of 
m ethyl, e thy l, and propyl paraben and benzoic 
acid were 0.256, 0.297, 0.388, and 0.123, respec­
tive ly . The barbiturates were completely re­

solved from the parabens except for butabarbital 
and propyl paraben, where slight interference 
is possible. No attempt was made to determine 
the parabens quantitatively .

Representative dosage forms of the 7 barbitu­
rates were assayed by the G LC  and o ffic ia l pro­
cedures. G LC  assays of tablets and capsules were 
done on 10 ind iv idual dosage units, as done in  a 
content uniform ity test. For other formulations, 
assays were done in  duplicate, as were a ll assays 
by o ffic ia l methods. The results (Table 3) ob­
tained by the G LC  and other methods are in  good 
agreement, and demonstrate the broad applica­
b ility  of the method, both as to the num ber of 
drugs and the d iversity  of form ulations.
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D i f f e r e n t i a l  P u l s e  P o l a r o g r a p h i e  D e t e r m i n a t i o n  o f  I o d i n e  i n  T h y r o i d  
T a b l e t s :  C o l l a b o r a t i v e  S t u d y

WALTER HOLAK
Food and Drug Administration, 850 Third Ave, Brooklyn, N Y  11232
Collaborators: R. Baetz; P. Beavin; P. Gable; R. Hebert; J. Illuminati; J. Jennings, Jr;
K. Panaro; T. Poplawski
A differential pulse polarographic (DPP) method for 
the determination of iodine in thyroid and thyroid 
preparations was collaboratively studied by 8 labo­
ratories. The overall concentration of iodine in 
commercial thyroid tablets containing lk , 1 ,2 , and 5 
gr. of declared thyroid was 0.196%. The overall re­
peatability and reproducibility standard deviations 
were 0.0043 and 0.0067, respectively, and the corre­
sponding coefficients of variation were 2.18 and 
3.41%, respectively. The results obtained by the DPP 
method agreed with those obtained by the U.S. 
P h a r m a c o p e ia  XX method at the various concentra­
tions of declared thyroid studied. The DPP method 
has been adopted official first action.

The analysis of thyro id and thyro id tablets ac­
cording to the U .S . P h a rm a c o p e ia  X X  (1) requires 
separate methods. The assay of thyroid samples 
invo lves a p re lim inary ashing step to release io­
dide, chem ical transformation of iodide to io­
dine, and determination of iodine by titrim etry. 
The determination of content uniform ity, on the 
other hand, requires oxygen flask combustion of 
in d iv id u a l tablets fo llowed by spectrophotom­
etry. Recently , a simple differential pulse po­
larographic (DPP) method for analysis of thyroid 
and thyro id  tablets for total iodine, thyroxine, 
and lio thyronine was reported from this labo­
ratory (2). The present paper gives the results 
of a collaborative study of the procedure for total 
iodine, as w e ll as those of a study performed by 
one of the collaborating laboratories to compare 
the D PP and compendial methods.

Collaborative Study

Eight collaborators from 8 d ifferent laborato­
ries were sent detailed inform ation and instruc­
tions on the D PP method. Each collaborating 
laboratory also received duplicate samples of 
thyro id  tablets containing V4, 1, 2, and 5 gr. of

Received August 27,1981. Accepted October 26,1981.This report of the Associate Referee was presented at the 95th Annual Meeting of the AO AC, Oct. 19-22,1981, at Washington, DC.The recommendation of the Associate Referee was approved by the General Referee and Committee B and was adopted by the Association. See J. Assoc. O ff. A n a l. Chetn. (1982) 65, 486-487.

declared thyro id . The samples were random ly 
numbered from 1 to 8 in  such a w ay that the 
presence of duplicates was not obvious to the 
collaborators. The collaborators were directed 
to analyze each sample by the proposed method, 
and to submit their results and worksheets to the 
Associate Referee.

Iodine in Thyroid Tablets — Polarography 

Official First Action

39.C04 A p p a r a t u s

P o la r o g r a p h .— Model 174 (Princeton Applied 
Research Corp ., Princeton, N J 08540) or equiv., 
w ith  dropping Hg electrode. Typ ical operating 
parameters: scan rate 5 m V /s; scan direction 

potential scan range 1.5 V ; in itia l potential 
—0.9 V ; modulation am plitude 50 m V ; d ifferen­
tial pulse operating mode; display direction "+ " ; 
drop time, 1 s; low  pass filte r off; push-button, 
in itia l; offset, off; current range 1 -1 0  ¿tamp, or as 
needed.

39.C05 R e a g e n t s
Use anal, reagents and glass-distd H 2O 

thruout.
(a) B ro m in e  w a te r .—Br-satdHUO. Prep, fresh 

daily .
(b) P o ta s s iu m  c a r b o n a te .— If  reagent grade 

K 2CO 3 gives h igh b lank, p u rify  as fo llow s: 
D issolve ca 200 g K 2CO 3 in  400 m L H 2O, add 50 
g 20-50 mesh Am berlite IRA-400 ion exchange 
resin (M allinckrodt Chemical Works), and agitate 
30 m in. F ilte r thru glass wool plug into porce­
la in  crucible, evap. to dryness on hot plate, and 
heat at 675° in  m uffle 25 m in. Cool to room 
temp., and grind to fine powder w ith  mortar and 
pestle.

(c) R e a g e n t b la n k .—Dissolve 8 g K 2CO 3 in  ca 70 
m L H 2O in  100 m L vo l. flask. Add 1 m L Br-satd 
H 2O and 20 mg Na2SC>3. M ix , d il. to vo l. w ith  
H 2O, and m ix.

(d) S ta n d a r d  s o ln s .—(1) 1 mg I/m L : D issolve
1.686 g K IO 3 in  ca 200 m L H 2O in  1 L  vo l. flask. 
D il. to vol. and m ix. (2 )3 2 p g I/m L : P ip e t8 m L

0004-5756/82/6505-1059-04$01.00 
© Association of Official Analytical Chemists, Inc.
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std soln (1) into 250 m L vol. flask, d il. to vo l., and 
m ix.

(e) W orking so ln .— Pipet aliquot (V) of std soln 
(2 ) contg same amt of I contained in  one tablet 
(see below) into 100 m L vo l. flask contg 8  g 
K 2CO 3 dissolved in  70 m L H 2O.

Tab. s tren g th . 1 co n te n t, S td  soln  2 ,
gr. th y ro id P g mL

Vi 32.4 1
1 128.6 4
2 259.2 8
5 643.0 20

Add 1 m L Br-satd H 2O and mix. Add Na2SC>3 (ca
20 mg) until soln becomes colorless; m ix. D il. to 
vo l. w ith  H 2O and mix.

39.C06 S a m p l e  P r e p a r a t i o n
(a) C om posite  a s s a y .—W eigh and fin e ly  pow­

der >20 tablets. W eigh portion of powder 
equiv. to 1 tablet into porcelain crucible that has 
been washed w ith  H N O 3 (1 + 1), rinsed w ith  
H 20 ,  and w iped dry. M ix w ith  4 g K 2CO 3 and 
overlay w ith  addnl 4 g K 2CO 3. Place crucible in  
preheated 675° m uffle 25 m in. Cool, add 30 m L 
H 2O, carefu lly heat on hot plate to dissolve res­
idue, and filte r thru funnel w ith  glass wool plug 
into 100 m L vo l. flask. Repeat heating w ith  2 
addnl 30 m L portions of H 2O, and add these exts 
to vo l. flask. Add 1 m l Br-satd H 2 0 , m ix, add 
N a2SC>3 (ca 20  mg) until soln becomes colorless. 
D il. to vol. w ith  H 2O and mix.

(b) In d iv id u a l ta b le t a ssa y .— Crush 1 tablet in 
porcelain crucible w ith  glass rod. Remove any 
sample adhering to glass rod w ith  spatula, and 
add to crucible. Proceed as in  Composite Assay,
(a), beginning "M ix  w ith  4 g K 2CO 3 . .  ."

39.C07 D e t e r m i n a t i o n
Add ca 10 m L w orking soln to d ry polaro- 

graphic cell. Bubble N thru cell 5 m in ; then d i­
rect stream of N  above soln. Using typical op­
erating parameters as guide, sw itch selector to 
external cell and w ait until pen becomes sta­
tionary; then depress scan button. S im ila rly , 
using same settings, analyze sample soln fo l­
lowed by reagent blank. From baseline estab­
lished by reagent b lank, measure peak hts of std 
and sample solns at ca —1.18 V  vs SCE. Calc, as 
fo llows:

I  as % of declared thyroid

= (P H  X V  X  Wt X  3.2) / ( P H ' X Ws X T H )
where P H  and P H ' = peak ht of sample and std, 
resp.; V  =  m L of 32 p g / m L  std used to prep, 
w ork ing  std so ln ; Wt and Ws = av. w t of tablet 
and w t of sample, g, resp.; and TH  = declared 
thyro id per tablet, mg.

Results and Discussion
Table 1 summarizes the results submitted by 

the 8  collaborators on the determ ination of io­
dine in  composite samples of 4 strengths of

Table 1. Collaborative results for DPP determination of iodine (%) in thyroid tablets a

Coll.

Declared thyroid, gr.

V* 1 2 5

1 0.177 0.202 0.199 0.186
0.185 0.193 0.207 0.1782 0.194 0.201 0.190 0.196
0.182 0.212 0.189 0.203

3 0.201 0.210 0.193 0.193
0.198 0.203 0.195 0.193

4 0.192 0.205 0.197 0.191
0.195 0.207 0.193 0.200

5 0.195 0.212 0.180 0.193
0.193 0.210 0.184 0.2046 0.189 0.206 0.196 0.196
0.185 0.205 0.193 0.191

7 b 0.174 0.186 0.221 0.1690.200 0.200 0.221 0.1738 0.183 0.204 0.197 0.195
0.190 0.202 0.196 0.191

3 Percent iodine found by USP XX method: V4gr., 0.200; 1 gr., 0.218, 0.214, 0.209; 2 gr., 0.200 0.199,0 201 ■ 5gr 0 199 
0.203,0.202.

6 Excluded from statistical analysis.
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Table 2. Results from one collaborative laboratory for determination of iodine (%) in thyroid tablets by DPP and USP
XX methods

Sample
No.

Declared 
thyroid, gr.

Composite assay

Individual tablet assay by DPP

No. of
tablets Low High 

assayed value value Av.USP XX DPP

1 Vt 0.226 0.240 10 0.212 0.225 0.2202 v2 0.192 0.204 30 0.157 0.196 0.183
3 v2 0.196 0.196 10 0.200 0.213 0.208
4 l/2 0.209 0.212 10 0.197 0.220 0.211
5 v2 0.182 0.181 10 0.175 0.193 0.1796 v2 0.190 0.191 10 0.192 0.205 0.197
7 v2 0.177 0.179 30 0.150 0.284 0.1768 v2 0.215 0.213 10 0.185 0.214 NS3
9 1 0.187 0.185 10 0.176 0.201 0.18610 1 0.212 0.203 10 0.207 0.285 0.22711 1 0.201 0.199 10 0.188 0.216 0.19812 1 0.209 0.212 10 0.191 0.265 0.210

13 1 0.209 0.217 10 0.199 0.267 0.221
14 1 0.213 0.206 30 0.164 0.243 NS
15 2 0.193 0.202 10 0.196 0.206 0.199
16 2 0.212 0.211 10 0.199 0.218 0.206
17 2 0.210 0.192 10 0.197 0.216 0.208

3 NS = not submitted.

commercial thyro id tablets by the DPP method. 
Statistical evaluation of these data showed that 
the overall mean iodine content was 0.196%. 
The overall repeatability and reproducib ility 
standard deviations were 0.0043 and 0.0067, re­
spectively, and the corresponding coefficients of 
variation were 2.18 and 3.41%, respectively. This 
evaluation does not include the results reported 
by Collaborator 7 because it appeared that this 
analyst did not add the proper amount of sodium 
su lfite  needed to remove the excess of bromine, 
w h ich  is used to oxidize iodide to iodate. To 
avoid the future occurrence of this problem, the 
instructions to the proposed method were mod­
ified to read: "Add sufficient sodium sulfite (20 
mg) u n til the solution becomes colorless."

Table 2 contains the results submitted by one 
of the collaborating laboratories on the analysis 
of composite samples of various strengths of 
thyro id  tablets by the proposed and USP 
methods.

A ll  collaborators commented favorably on the 
D PP  method. One collaborator indicated that 
the U SP  X X  method for content un ifo rm ity de­
term ination of thyroid tablets tends to be erratic 
and gives unreliable results. Another collabo­
rator reported that the D PP method was more 
rapid and less cumbersome than its official 
counterpart. A n  additional advantage of the 
D PP  method over the USP X X  method is the re­

duction in  the numbers of solutions and steps 
required for the analysis, thereby reducing the 
sources of error. One collaborator commented 
that the U SP X X  titrim etric method for thyroid 
relies on a colorless end point w h ich  is d ifficu lt 
to discern when tablets having a colored coating 
are analyzed. No such problem is encountered 
w ith  the D PP method.

Table 3 presents the results for composite 
samples and content uniform ity determinations 
of coated thyro id tablets w ith  and w ithout the 
coating, as reported by the collaborating labo­
ratory that conducted the methods comparison 
study. In  a ll cases, results obtained by the DPP 
and USP X X  methods were h igher w hen the 
coating was left intact than w hen it had been 
removed by rinsing .

In  sum m ary, the proposed D PP method was 
sim pler, shorter, and more reliable; results were 
in  close agreement w ith  those obtained by the 
U SP  X X  method. In  addition, the D PP method 
has the added advantage that it can be applied to 
the composite assay as w e ll as to ind iv idua l tab­
lets.

Recommendation
The Associate Referee recommends that the 

d ifferentia l pulse polarographic method for 
thyro id  and thyro id  tablets be adopted officia l 
firs t action.
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Table 3. Results from one collaborative laboratory for determination of Iodine (%) in coated thyroid tablets by the DPP
and USP XX methods

Sample
No.

Declared
thyroid,

gr.

Composite assay Individual tablet3assay by DPP

Intact coating Coating removed No. of 
tablets 

assayed
Low

value
High

value Av.USP XX DPP USP XX DPP

1 1 0.247 0.254 0.231 0.233 30 0.203 0.254 NS62 1 0.240 NS 0.226 0.230 10 0.214 0.268 0.229
3 2 0.208 NS 0.193 0.209 10 0.190 0.206 0.196
4 2 0.243 NS 0.233 0.244 10 0.233 0.322 0.253
5 2 0.237 NS 0.222 0.227 10 0.191 0.233 0.214

a Coating removed. 
b NS = not submitted.
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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 i c  D e t e r m i n a t i o n  o f  
P r i m i d o n e  i n  T a b l e t s

STANLEY E. ROBERTS
Food and Drug Administration, Winchester Engineering and Analytical Center, 
Winchester, MA 01890
A high performance liquid chromatographic (HPLC) 
method is described for the quantitative determina­
tion of primidone in tablets. A ground tablet sample 
is diluted directly in the mobile phase, at a concen­
tration of about 1 mg/ml of primidone, mixed and 
deaerated, and filtered. The resulting solution is 
then quantitated by HPLC. The average spike re­
coveries for the 50 mg and 250 mg tablets were 101.2% 
and 99.0%, respectively. The average recovery for an 
authentic mixture formulated at the 250 mg level was 
100.1% with a relative standard deviation of 0.45%.

Prim idone is the th ird most frequently adm in­
istered anticonvulsant in  the United States and 
is often g iven in  combination w ith  other anti­
convulsants (1). A  method to separate these 
drugs from plasma by gas chromatography w ith  
electron-capture detection has been reported ( 1). 
T h is  method invo lves the extraction and deri- 
vatization of prim idone w ith  pentafluoroben- 
zoyl chloride to form a product to w h ich  the 
electron-capture detector is extremely sensitive. 
H ow ever, the method is long and cumbersome 
to adapt to pharmaceutical preparations.

The u ltravio let absorption in  the 250 nm re­
gion forms the basis for a number of other 
methods for determ ining prim idone. The USP 
X X  (2) procedure uses a 254-261 nm baseline for 
measuring the peak absorbance at 257 nm, w hich 
w il l  somewhat reduce interference from certain 
ultraviolet-absorbing m aterials, but others w ill  
have an absorption pattern s im ilar to that of 
prim idone. Therefore, the method is not spe­
cific, and because the absorptivity is not high, the 
probability of interference from sm all amounts 
of ultraviolet-absorbing materials is increased 
(3).

Prim idone is re lative ly  stable due to the ab­
sence of reactive functional groups, and there are 
no reports of degradation under o rd inary ana­
lytica l conditions.

Because of its speed, sim plicity, and selectivity, 
h ig h  perform ance liq u id  chrom atography 
(H P L C ) was selected to quantitate prim idone in 
pharmaceutical tablet formulations. Prim idone

Received December 18,1981. Accepted March 11,1982.

was determ ined in  a m ethanol-water mobile 
phase at 254 nm w ith  an octyl colum n. No in ­
terferences were noted.

METHOD

R e a g e n t s
(a) S o lv e n t s .— H P L C  grade water and metha­

nol (J.T . Baker Chem ical Co., Ph illip sburg , NJ 
08865).

(b) H P L C  m o b ile  p h a s e .— In a suitable flask, 
combine 500 m L water and 500 m L methanol. 
F ilte r through 0.45 /xm membrane filte r wetted 
w ith  methanol, using magnetic stirring . Place 
in  ultrasonic bath 10 m in to deaerate.

(c) H P L C  s ta n d a r d  s o lu tio n .— Accurately weigh 
50 mg U SP Reference Standard Prim idone, pre­
v io usly  dried 2 h at 105° C , and transfer to 50 m L 
vo lum etric flask. Add 35 m L mobile phase, 
place in  ultrasonic bath 15 m in , cool, and dilute 
to volum e w ith  mobile phase. Place in  u ltra­
sonic bath for additional 15 m in and cool. So­
lution  is stable 1 week.

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 .— M odel ALC-202 

H P L C  system equipped w ith  Model U 6K  injec­
tor, Model 6000A solvent de live ry system, and 
M odel 440 U V  absorbance detector (Waters A s­
sociates, Inc ., M ilfo rd , M A). Operating condi­
tions: flow  rate 1.0 m L/m in ; 254 nm detector,
0.2 A U FS ; temperature, am bient; 20 g L  injec­
tion.

(b) H P L C  c o lu m n .— Macherey-Nagel Nucleosil 
C 8 , 10 g m  particle size, 25 cm X 3.2 mm, or 
equivalent.

(c) R e c o r d e r .— 10 m V w ith  0.5 cm /m in chart 
speed (Ommi-Scribe B-5000, Houston Instru­
m ent), or equivalent.

(d) M e m b r a n e  f i l te r s .— Nylon-66 , pore size 0.45 
g m  (Rain in Instrument Co., Woburn, M A 01890), 
or equivalent.

P r e p a r a t i o n  o f  S a m p l e s
Determ ine average w eight of 20 tablets and 

grind  to pass No. 60 sieve. Transfer accurately

0004-5756/82/6505-1063-03$01.00(f) Accnriatinn rtf flffiri-jl AnnlwtiMl Phnmint« Ib»
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weighed portion of the powder equivalent to 50 
mg prim idone to 50 m L volum etric flask. Add 
35 m L mobile phase, place in  ultrasonic bath 15 
m in , cool, and d ilute to volume w ith  mobile 
phase. Place in  ultrasonic bath additional 15 
m in and cool. F ilte r solution through 0.45 /im 
membrane filte r and use this solution as sample 
preparation.

D e t e r m i n a t i o n
Equilibrate system w ith  column in instrument 

and mobile phase set at flow  rate of 1.0 m L/m in . 
Inject 20 juL H P L C  standard solution and adjust 
flow  rate and sensitivity so that peak response is 
ca 45% fu ll scale w ith  retention time of ca 3 min. 
In  suitable system, coefficient of variation (C V ) 
of the peak responses of 5 replicate injections is 
<2.0%. Proceed w ith  sample analysis, using 20 
q L  injections for each standard and sample so­
lution.

C a l c u l a t i o n s
Determ ine peak responses of standard and 

sample peaks and calculate amount of primidone 
in tablets:

mg Prim idone/tablet

= ( R / R ' )  X 50 (C) ( T ) / W
where R  and R '  are peak response of sample and 
standard solutions, respectively; C is concentra­
tion of prim idone standard solution in m g/m L; 
T  is average tablet weight in mg; and IV is sample 
w eight in  mg.

Resu lts and D iscussion
Under the H P LC  conditions described, p ri­

midone has an elution time of about 3 m in at a 
flow rate of 1.0 m L/m in . Ten replicate injections 
of the standard solution gave a C V  of 0.651%. 
Seven injections, in  triplicate, of varying volumes 
of standard solution representing approximately 
5, 10, 15, 20, 25, 30, and 40 /rg prim idone were 
introduced into the liqu id  chromatograph, the 
average response was plotted for each volum e, 
and the linearity was calculated. The correlation 
coefficient was 0.9994 w ith  an intercept of zero 
and the C V  averaged 1.40% over the entire con­
centration range. The method therefore was 
determ ined to be reproducible and linear 
throughout this range. A  typical chromatogram 
is shown in  Figure 1.

Spike recoveries through the proposed meth­
od were determined at the 50 mg and 250 mg/

Figure 1. A ty p ica l chrom atogram  o f a p r im id o n e  
tab le t sam p le , 1 m g /m L .

tablet level and averaged 1 00 .1% w ith  a relative 
standard deviation (SD) of 1.25% (Table 1). Also, 
an authentic m ixture was analyzed at the 250 mg 
level w ith  an average recovery of 1 00 . 1% and a 
relative SD of 0.45% (Table 2). Excip ients were 
tested separately from commercial tablet fo r­
m ulations. No interferences were detected. 
Prim idone is completely soluble in  the mobile 
phase at the concentrations used. It shows no 
degradation in  the mobile phase for at least 1

Table 1. Recoveries of fortified primidone samples 
through HPLC method

Sample
Primidone 
added, mg

Primidone
recovered

mg %
Reagent blank 0 0 —

Tablets, 50 mg 25.4 25.7 101.2
26.1 26.4 101.1

Tablets, 250 mg 25.3 25.1 99.2
25.3 25.0 98.8

Av. 100.1
SD 1.25
CV, % 1.25
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Table 2. Recoveries of authentic mixture of primidone 

through HPLC method

Sample
Primidone 
added, mg

Primidone
recovered

mg %
Reagent blank 0 0 __
Authentic mixture 250 250.3 100.1

250 251.3 100.5
250 249.0 99.6

Av. 100.1
SD 0.45
CV, % 0.45

week in  clear glass containers at room tempera­
ture and under norm al laboratory lighting .

A  comparison of results of actual tablet anal­
yses by the USP X X  and the H P L C  methods is 
shown in Table 3. The analyses were performed 
on each of 2  tablet samples at 2  concentration 
levels. The results of the 2 methods are compa­
rable but the precision of the H P L C  method ap­
pears to be better.
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Table 3. Comparison of precision of USP XX and HPLC 
methods for commercial primidone tablets

Primidone
declared,
mg/tab.

Primidone found
USP XX method HPLC method

mg/tab. % mg/tab. %
50 51.5 103.0 50.0 100.0

51.4 102.8 50.7 101.4
250 248.8 99.5 256.6 102.6

254.9 102.0 254.5 101.8
Mean 101.8 101.5
SD 1.61 1.09
CV, % 1.58 1.07
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A L C O H O L I C  B E V E R A G E S

G as C h r o m a to g ra p h ic  D e te r m in a t io n  o f  P r im a ry  a n d  S eco n d a ry  
A m in e s  as P e n ta f lu o r o b e n z a m id e  D e r iv a t iv e s
BRIAN D. RIPLEY, BRUCE J. FRENCH,1 and  LLOYD V. EDGINGTON2 
Ontario Ministry of Agriculture and Food, Provincial Pesticide Residue Testing Laboratory, 
c/o University of Guelph, Guelph, Ontario, Canada NIG 2W1
A n an a ly tica l m eth od  is  d escr ib ed  for th e  d eterm i­
n atio n  o f m o n o - and d ia lk y la m in es  in  fo o d stu ffs . 
A m in es  are d er iv a tized  to th e ir  p en ta flu o ro b en za -  
m id es w h ich  m ay b e separated  b y  gas chrom atogra­
p h y  (GC) and d eterm in ed  u s in g  an N -P  detector. 
A n alysis  o f the d erivatives by G C -m ass spectrom etry  
in d ica ted  th ey  w ere a ll m o n o -su b stitu ted . T he 
a m in es w ere iso la ted  from  fo o d stu ffs  b y  a lk a lin e  
d is t il la t io n  o f  >75%  sam p le  v o lu m e . T h e d is tr ib u ­
t io n  o f d im e th y la m in e  (D M A ) in  d is til la te  v o lu m e s  
in d ica ted  2 m axim a from  barley  and m alt, w h ich  
co u ld  rep resent 2 or m ore sou rces o f  D M A . D M A  
co n cen tra tion s o f 6 .6 -8 .8  pp m  in  b ar ley , 11 pp m  in  
m alt, and 1.2 ppm  in  beer are h ig h er than p rev iou sly  
reported.

N-Nitroso compounds have been shown to be 
carcinogenic (1, 2) and many N-nitrosam ines 
have been found in  or are formed during the 
processing of foodstuffs, fish, and malt beverages 
(3-8); N-nitrosamines can also be formed in  vivo 
(6-9). Several investigators have focused at­
tention on the presence of nitrosam ine precur­
sors such as nitrates, n itrites, and secondary 
amines in  food commodities (10-15). M any 
amines such as m ethylam ine (M A ), dim ethyl- 
am ine (D M A ), and trim ethylam ine (TM A ) are 
ubiquitous in  the environm ent (8 , 16).

D irect gas chromatography of alkylam ines is 
often d ifficu lt because many column packing 
materials tend to absorb the polar am ines and 
cause peak ta iling  and reduced sensitivities. 
Some success has been achieved w ith  a variety of 
d ifferent gas chromatographic supports and 
liqu id  phases. For example, alkali-treated sup­
ports (17-19), a lka li precolumns (20), porous 
polym er packings such as Chromosorb 103 (21) 
or Porapaks (22), and Graphon coated w ith  a light 
load of liquid  phase such as tetraethylenepen- 
tamine (TEP) (11, 23-25) have been examined for 
amine analysis. Despite a low  column temper­
ature, resolution of many of the low boiling point

1 Present address: Canada Malting Co., Ltd, 369 Lakeshore Blvd E, Toronto, Ontario, Canada N5A 1C2.2 University of Guelph, Department of Environmental Biology, Guelph, Ontario, Canada NIG 2W1.

alkylamines is less than ideal; furthermore, many 
studies relate on ly to M A , D M A , and T M A  (15, 
25). The volatile  amines must be handled care­
fu lly , and are usually determined as their salts or 
w ith  the aid of cryogenic traps to avoid losses 
during quantitative analyses.

Chem ical derivatization offers an alternative 
means of handling chem ically and therm ally 
unstable compounds as w e ll as many other types 
of compounds not amenable to direct gas chro­
matography (G C). The resultant derivatives 
usually exh ib it good peak shape and sensitiv ity 
w h ile  the h igher molecular weight is useful for 
mass spectroscopic analysis. A  variety of d if­
ferent derivatization procedures have been used 
to determine amines by GC or th in layer chro­
matography. Typ ical processes invo lve  ben- 
zylabon (26), dansylation (12, 21, 27), dinitro- 
phenylation (28-31), tosylation (13 ,14), and tri- 
fluoroacetylation (16). Bradway and Shafik (32) 
discuss the formation of these derivatives for GC 
determ ination of an ilines.

An alternative derivatization procedure for 
amines is benzoylation. Lodge and Barber (33) 
prepared benzamides to determine aliphatic 
amines in  air by paper chromatography. T ilden  
and Van Middelem (34) examined aniline, amide, 
sulfonam ide, and benzamide derivatives of 
m ethyl- and dim ethylam ine and found the 4- 
bromo-N-methylbenzamide derivatives to be 
superior from the point of v iew  of ease of prep­
aration, thermal and chemical stab ility during 
G C analysis, and sensitiv ity to electron capture 
detection. Benzoylation is often applied to the 
derivatization of pesticide residues w ith  reactive 
N H  moieties.

Th is paper discusses the derivatization of 
mono- and d ia lkylam ines by using pentafluo- 
robenzoyl chloride in  a Schotten-Baumann type 
reaction and the gas chromatographic and mass 
spectroscopic analysis of the pentafluorobenza- 
mides. The application of this procedure to the 
determination of primary and secondary amines, 
and in  particu lar d im ethylam ine, in barley and 
other substrates is also examined.

0004-5756/82/6505-1066-07101.00 
©  A s s o c i a t io n  o f  O f f i c ia l  A n a l y t i c a l  C h e m is t s ,  In c ,
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Experim ental

A p p a r a t u s  a n d  R e a g e n t s
(a) G a s c h r o m a to g r a p h y .— H ew lett-Packard

Model 5710 equipped w ith  N -P  detector and 1.84 
m X  2 mm id glass colum n packed w ith  Ultra- 
Bond, 100-120 mesh (RFR  Corp., Hope, R I 02831). 
Operating conditions: temperatures (°C )—
column 120, detector 300; gas flow s (m L/ 
m in )—helium  carrier 30, hydrogen 3.0, a ir 50. 
Voltage to detector was adjusted for ca 10% offset 
at attenuation 32. U nder these conditions, 100 
ng DM A-derivative produced 50% FSD  on 
Hewlett-Packard Model 3380A reporting inte­
grator at attenuation 256 and exhibited a reten­
tion time of ca 1.7 m in.

(b) M a s s  s p e c t r o m e te r .— H ew lett-Packard  
Model 5992 GC-M S equipped w ith  0.92 m X  2 
mm id glass column packed w ith  Ultra-Bond or 
2% OV-101, jet separator, and Model 9885 disk 
system.

(c) A m in e  s ta n d a r d s .—A ll am ine standards 
were reagent grade (Eastman Organic Chemicals 
or F isher Scientific Ltd ). Gram ine (3-[dimeth- 
ylaminomethyljindole) was obtained from Sigma 
Chem ical Co ., St. Lou is, M O 63118, and N , N -  
dim ethyltryptam ine was supplied by the Bureau 
of Dangerous Drugs, H ealth  and W elfare, Otta­
wa, Canada. The low er alkylam ines were ob­
tained as their hydrochloride salts, and a ll stock 
and w ork ing  solutions were prepared in  0.1N 
HC1.

(d) P e n ta f lu o r o b e n z o y l  c h lo r id e  s o lu t io n .—D is­
solve 2 m L reagent (P C R  Research Chem icals, 
In c ., G ainesv ille , F L  32602, or A ld rich  Chem ical 
Co ., Inc ., M ilw aukee, W I 53233) in  100 m L ben­
zene.

D i s t i l l a t i o n
Place sample (typ ica lly  10 g grain , 1 g fungal 

teliospores) in  250-500 m L round-bottom flask 
and add 70 m L 50% N aO H  plus 100 m L water; 
add only 70 m L N aO H  to 100 m L beer. Connect 
round-bottom flask on heating mantle to Liebig 
condenser w ith  70° connecting tube and re­
ceiving adapter. Collect 125 m L distillate in  250 
m L graduated Erlenm eyer flask containing 5 m L 
IN  HC1. During first part of distillation, a lower 
heat results in  effective loss of substrate struc­
tural in tegrity and reduced foam ing; typ ica lly 
1-2 h is required to collect 125 m L d istillate .

D e r i  v a  t i z a  t i  o n
To acidic distillate , add 9.0 m L benzene, 5 m L 

2M K 2CO 3, and 1.0 m L pentafluorobenzoyl 
chloride solution. Stopper and shake 10 m in on

wrist-action shaker. Transfer to 250 m L separ­
atory funnel and remove supernate for G C 
analysis.

Resu lts and D iscussion
Mono- and d ialkylam ines read ily react w ith  

pentafluorobenzoyl chloride in  aqueous solution 
containing a trace of K 2C 0 3. Y ie ld  of the pen- 
tafluorobenzamides was maxim um  w ith in  10 
m in as observed previously (34). A  macro scale 
synthesis indicated immediate form ation of the 
derivative w ith  the drop-wise addition of pen­
tafluorobenzoyl chloride. Pentafluoro-N ,N- 
dim ethylbenzam ide (D M A-PFB) could not be 
recrystallized from alcohol; the derivative was 
extracted from water w ith  benzene, and the 
benzene was evaporated w ith  nitrogen. The 
o ily  residue was used for standard solutions and 
recovery studies.

Excess reagent was required for optimum 
derivatization of D M A in  125 m L d istillate . 
Furtherm ore, because of the presence of many 
endogenous amines in  the substrate, more was 
required for quantitative derivatization. It  was 
determined that w ith  10 g barley, the equivalent 
of 20  mg pentafluorobenzoyl chloride produced 
consistent, maximum recoveries. The amount 
of reagent required w ill , therefore, vary w ith  the 
amount and type of substrate.

The pentafluorobenzamides may be qualitated 
and quantitated by gas chromatography (G C). 
In it ia l attempts to determ ine low  levels of 
DM A-PFB by using 63N i electron capture detec­
tion were unsuccessful because of a large reagent 
blank peak at the retention time of DM A-PFB on 
2% OV-101. T ilflen  and Van M iddelem  (34) ob­
served a s im ilar effect w ith  other halogenated 
benzoyl chloride reagents. Attempts at cleanup 
and fractionation of the interference on silic ic  
acid (35) or silica gel (36) failed. W ith  an N -P  
detector, the reagent blank showed no extrane­
ous peaks and the pentafluorobenzamides had 
linear response characteristics and good sensi­
tiv ity .

One consideration in  using the N -P  detector 
was the effect of excess reagent on the detector 
a lka li bead. Chlorinated solvents may cause 
reversible sensitiv ity  loss and contamination of 
the a lka li source w ith  chloride ions; s ilan iz ing  
reagents may also coat the source (37). Once the 
GC system was equilibrated by repeated injec­
tions of derivatized standards, it performed w e ll 
for over 6 months w ithout changes in  colum ns 
or collectors; voltage to the collector was left on 
overnight and the offset was adjusted to about 
10% (X32) as required. Glass wool in  the injec-
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Table 1. Retention times (RRT) of pentafluorobenzoyl (PFB) derivatives relative to /V-methylamine-PFB on 3 GC
columns

Compound

RRT

Ultra-Bond3
2% OV-101 on 
Ultra-Bond6

2% OV-101 on 
Chrom. W, HP3

N , /V-Dimethylamine 0.24 0.35 0.88
/V-Methyl-A/-ethylamine 0.28 0.49 1.21
N , /V-Diethylamine 0.33 0.51 1.59
N , N-Diisopropylamine 0.40 0.89 2.40
N , N-Di-n-propylamine 0.62 1.17 3.53
/V-lsopropylamine 0.71 0.88 1.33
Pyrrolidine 0.94 1.63 3.73
N-Ethylamine 0.94 0.92 1.24
N , N-Diisobutylamine 0.95 1.91 5.71
N-Methylamine 1.003 1.00 6 1.00 3
Piperidine 1.02 2.02 4.89
N-Propylamine 1.40 1.51 2.04
N , /V-Di-n-butylamine 1.41 2.71 8.51
/V-lsobutylamine 1.65 1.72 2.66
/V-Butylamine 2.27 2.65 3.42
W-Pentylamine 3.88 3.98 5.84

3 1.84 m X 2 mm id, 120°C, MA-PFB = 7.2 min. 
b 0.61 m X 2 mm id, 120°C, MA-PFB = 3.4 min. 
c 1.23 m X 2 mm id, 120°C, MA-PFB = 2.9 min.

tion area required periodic replacement as in d i­
cated by peak tailing and reduced sensitivity . A  
collaborative detector study was conducted on 
the system after several months of continued use, 
w ith  excellent results; on ly the N-P selectivity 
changed slightly to greater P response. Samples 
examined w ith  a flame photometric detector 
(P-mode) showed no peaks.

In  the qualitative analysis of these am ines, it 
is important that the GC peaks be resolved, par­
ticu larly  for those amines from endogenous 
sources (25). In itia l attempts w ith  a colum n of 
2% OV-101 on Chromosorb W indicated that the 
derivatized m onoalkylam ine homologs were 
separated; however, M A-PFB and DM A-PFB had 
sim ilar retention times and the preponderance 
of M A in  samples overshadowed the DM A-PFB. 
The Ultra-Bond column successfully resolved 
DM A-PFB from the later-eluting M A-PFB (Table 
1; Figure 1).

Gas chrom atography-m ass spectrom etry 
(G C-M S) of the h igher molecular w eight deriv­
atives is easily accomplished using a low  reso­
lution mass spectrometer. A ll  derivatives were 
examined by G C-M S and were mono-substitut­
ed. The base peak in  a ll cases was m /z 195, 
representing the pentafluorobenzoyl (PFB ) 
group; common fragment ions from PFB were 
observed at m /z 167 (— CO ), 148, 136, and 117 
(Figure 2). The derivatives exhibited the ex­
pected molecular ion although all ion intensities 
above m /z 195 were weak (<25%). The deriva­

tives fragmented as expected for the a lky l sub­
stituents (Table 2), and the low er a lky l deriva­
tives also showed loss of fluorine (M  — 19). Fu ll 
scan or selected-ion-monitoring of m / z 195 and 
the molecular ion of the derivatized amine con­
stitutes confirm ation.

A  typical method of isolating the volatile  
amines from food substrates invo lves base h y ­
drolysis, distillation, and trapping of the evolved 
amines as their hydrochloride salts (13, 15, 16, 
21); our previous experience (38) indicated this 
was a viable procedure. Volum e of distillate 
required for quantitative recovery of the amines 
remained in  question because rapid evolution of 
amines from pesticide sources (35, 39), d istilla ­
tion to both one-half volum e (15) and equal 
volum e (2 1 ) of sample solution had been re­
ported. Typical d istillation recovery curves are 
shown in  Figures 3 and 4. More than 90% D M A 
standard was distilled in the first 10 m L; recover).' 
plateaued at 20 m L w ith  95% recovery. U nder 
the described hydrolysis conditions, most of the 
endogenous D M A  was d istilled  after 125 m L of 
a 170 m L sample volum e. Further d istillation 
was im practical because of charring . Doubling 
the in it ia l sample volum e resulted in  a s im ilar 
d istilla tion curve but w ith  the abscissa values 
approximately doubled. W ith increasing sample 
volumes (7:10 N aO FLH iO ), essentially the same 
total D M A  was found after 75% sample d istilla­
tion, w hile  M A levels, presumably from proteins, 
were s till increasing and other less vo latile
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CJ

F igure 1. Gas ch rom atogram s o f (A ) reagen t b la n k , (B) a m in e  standard  so lu t io n , and  (C) 1 g  b ar ley /m L . 
O p eratin g  c o n d itio n s  g iv e n  in  text; 5 /tL in je c t io n , U ltra-B on d  co lu m n , 256 a tten u a tion . P eak id e n t ity  (ng): 
d im e th y la m in e , 1.72 m in  (25), d ie th y la m in e  (25), d iiso p r o p y la m in e  (50), d i-n -p r o p y la m in e  (50), iso p r o p y ­

la m in e  (50), m eth y la m in e , 7.16 m in  (100), and  p ro p y la m in e  (100).

amines tended to appear in  later volum es. A  
sample was d istilled  as described and then 125 
m L water was re-introduced by dropping funnel

m/z
F igure 2. G C -m ass spectru m  o f p en ta fluorob en - 

z o y l d er iv a tiv e  o f  d im e th y la m in e .

and a further 10 m L distillate was collected. 
V ery  little  D M A  was recovered in  the second 
distillate , whereas M A  levels continued to in ­
crease.

Because a ll substrates tested contained D M A  
and evolution of D M A  standard was rapid , no 
other recovery studies were conducted. From 
Figure 3, it appears that most of the D M A  in  a 
barley sample is recovered in  the first 125 m L 
distillate. A  sim ilar d istilla tion curve was ob­
tained w ith  teliospores of U s tila g o  n u d a  (loose 
smut of barley) as the substrate. Malted samples 
indicated a much earlier release of some D M A 
(Figure 4). The 2 apparent maxima in  the dis­
tillation curves m ight indicate several sources of 
D M A, i.e., a somewhat volatile or freer D M A and 
a "bound" endogenous or conjugated source. In  
a ll cases, complete recovery of D M A  appeared to 
be obtained after distillation of 75% of the sample 
volume; incomplete distillation of D M A in  other 
studies may account for the lower concentrations 
of D M A  reported.
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Table 2. Mass spectral data for pentafluorobenzamide derivatives. Common fragment ions from pentafluorobenzoyl 
moiety occur at m/z 195 (base peak), 167,148,136, and 117

Derivative
Molecular

Ion

m /z

Fragment ions
N , N-Dimethylamine 239 220
N,W-Diethylamine 267 252, 248, 232, 224
N , /V-Di-n-propylamine 295 281,276, 266, 246, 224
N , N-Diisopropylamine 295 280, 260, 252, 238
N , N-Di-n-butylamine 323 280, 259, 238, 220
N , /V-Diisobutylamine 323 280, 224
/V-Methyl-/V-ethylamine 253 238, 234, 218
/V-Methyiamine 225 206
N-Ethylamine 239 224, 220
W-Propylamine 253 238, 207
/V-lsopropylamine 253 238, 234,218,212
/V-Butyiamine 267 252, 248, 238, 224, 212
/V-lsobutylamine 267 252, 224,219,212
Pyrrolidine 265 221
Piperidine 279 260

W hether D M A  occurs free ly or as part of a 
natural product or other complex is uncertain. 
Several dim ethylam ine-containing pesticides 
and natural products were examined for recovery 
w ith  the described procedure. Recovery of 
D M A  after h yd ro lys is-d e riva tiza tio n  was 
quantitative w ith  the pesticides and N , N - di- 
m ethyltyrptam ine. Gram ine showed complete 
conversion to DM A-PFB w ith  on ly the derivati- 
zation step; hordenine (p-[2-dimethylamino- 
ethyljphenol; N,iV-d ¡m ethyl tyram ine) was un­
available for testing. Gram ine (40) and hor­
denine (41,42) are known to be natural products 
formed during the germ ination of barley and 
may be found in  malted beverages (43); fu rther­
more, these alkaloids have been implicated as the 
precursors of N-nitrosodimethylamine (N D M A) 
in  direct-fired malt (44, 45). Coffin  (46) showed 
that hordenine was not derivatized w ith  triflu- 
oroacetic anhydride, and G yllenhaal et al. (47) 
used hordenine sulfate to remove excess penta- 
fluorobenzyl bromide v ia  the O -derivative in  a 
fatty acid derivatization method. The somewhat 
quicker hydro lysis-d istilla tion  of D M A from 
malt samples (Figure 4) m ight indicate this other 
source. Several samples were shaken w ith  0.1N 
HC1 and the filtrate was derivatized w h ile  the 
residue was hydro lyzed and derivatized . The 
total D M A from these fractions compared fa­
vorably w ith  the complete hydrolysis procedure, 
although the former was lower in all cases. With 
barley, no D M A was found in  the acid, whereas 
malted samples indicated up to 2 5 %  of the total 
D M A was acid-extractable. Various parts of the 
m alt were s im ila rly  analyzed and most of the

acid-extractable D M A  appeared to originate in  
the roots (48). O 'Brien et al. (49) recently re­
ported that the highest concentration of N D M A  
in  unsulfured malt fractions occurred in  the 
rootlets and husks. M alt samples contained 
more D M A than did the barley from w hich  it was 
produced.

Four replicate analyses on 2 d ifferent barley 
samples indicated D M A concentrations of 7.1 ±
0.5 and 7.6 ± 0.3 ppm. D M A  was present in  a ll 
barley samples at concentrations ranging from
6.6  to 8.8  ppm. These levels are greater than the
0.5 ppm D M A  reported by Neurath and Schrei­
ber (16). Analysis of a Canadian beer sample 
indicated 1.2 ppm D M A  w h ile  m alt samples 
contained a mean concentration of 11 ppm D M A

Distillate Volume (mL)

Figure 3. P ercent o f to ta l d im e th y la m in e  in  125 
mL d is tilla te  fo u n d  after var io u s v o lu m e s.
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Distillate Volume (mL)

F igure 4. D is tr ib u tio n  o f  d im e th y la m in e  in  var io u s sa m p le  d is t il la t io n  v o lu m e s.

on a dry basis; the malt concentrations are again 
h igher than those reported by Neurath and 
Schreiber (16), but the levels in  beer are only 
s lig h tly  h igher than the 0.07-0.7 ppm range re­
ported by Singer and L ijin sky  (13), Spiegel- 
halder et al. (45), and Slaughter and Uvgard (50) 
for European and American beers. In  fermented 
beverages from N igeria , concentrations of
4.6-31.6 ppm D M A  have been found (15). Zee 
et al. (51) recently determined other biogenic 
am ines in  beer at concentrations h igher than 
prev iously reported.

D M A  and M A  appeared to be ubiquitous in all 
samples, and other amines were also present in  
various amounts. Variations of several parts per 
m illio n  D M A  were found between cultivars of 
barley. Some substrates, such as cereals, may be 
classified by the amines present. Th is  method 
appears to be satisfactory for the quantitative 
determ ination of D M A  and also for the qualita­
tive  analysis and mass spectrometric confirm a­
tion of other endogenous amines in  d ifferent 
substrates.
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C ru d e  f ib e r  w a s  d e te rm in e d  in  a w id e  ra n g e  o f fe e d  
p ro d u c ts  b y  a m e th o d  w h ic h  s p e c if ie s  c e ra m ic  f ib e r  
as  a f i l te r  m e d iu m  in s te a d  o f th e  m o re  h a z a rd o u s  a n d  
d i f f ic u l t  to  o b ta in  a sb e s to s . R e s u l ts  c o rre la te d  w e ll  
w i th  th o se  o b ta in e d  b y  u s in g  A O A C  o ff ic ia l  f in a l  
a c tio n  m e th o d  7 .061-7 .065  (c o r re la t io n  c o e ff ic ie n t ,
0.9994). F o r 8 s a m p le s , th e  c o e ff ic ie n ts  o f  v a r ia t io n  
ra n g e d  f ro m  0.74 to  4.80%. C o m p a re d  w i th  th e  
A O A C  m e th o d , th e  p ro p o se d  m e th o d  sh o w e d  a s lig h t 
n e g a tiv e  b ia s  o f  0.1%. C o m p a re d  w i th  a s b e s to s , ce ­
ra m ic  f ib e r  w as ea sie r  to  p re p a re  fo r u se , f i l te r in g  w as 
fa s te r , a n d  s a m p le s  b u m p e d  less.

Asbestos fiber has had long use as a filter medi­
um and as a filter aid in crude fiber determina­
tion. Its use is specified in the AOAC official 
final action method, 7.061-7.065 (1). Because 
asbestos is a known carcinogen (2 ), an adequate 
replacement is desirable. The AOAC asbestos- 
free method, 7.066-7.068, has limited use, pri­
marily because the filtration step is slow. We 
attempted the use of glass fiber (GFA) paper in 
a manner similar to that of Craddick and Hatfield
(3); the paper clogged, resulting in a slow filtra­
tion.

We found that a ceramic fiber which is often 
used for high temperature insulation can replace 
asbestos in crude fiber determinations with 
minor variations in the official method, 7.061- 
7.065. There are several advantages to using 
ceramic fiber: It is not known to have the health 
hazards of asbestos fiber. It does not form an air 
suspension as easily as does asbestos, which 
should limit any possible harmful effects caused 
by inhalation and deposition in the lungs. 
Furthermore, the modified method allows rapid 
filtration and washing, and minimizes bumping 
of the digestion mixture.

This paper reports the comparison of the 
modified (ceramic fiber) method with the AOAC 
method which uses asbestos, 7.061-7.065.

METHOD

R e a g e n t s
(a) S u lfu r ic  a c id  s o lu tio n .—0.255 ± 0.005N. 

Check concentration by titration.
Received February 2,1982. Accepted March 5, 1982.

(b) S od iu m  h yd ro x id e  s o lu tio n .—0.313 ± 0.005N, 
free or nearly free of sodium carbonate. Check 
concentration by titration.

(c) C era m ic  f ib e r .—Cerafiber, 8 lb/cu. ft (E. J. 
Bartell, 700 Powell Ave, SW, Renton, WA 98055). 
Blend ca 10 g ceramic fiber with 1 L water for 
minimum time necessary to achieve a pourable 
suspension, ca 5-10 s. This fiber can be re-used 
as long as it will form a cohesive mat. Filter to 
remove water.

(d) A lc o h o l .—Anhydrous, 3A (J. T. Baker 
Chemical Co., Phillipsburg, NJ 08865).

(e) A n t i f o a m .—Dilute SWS 213 (Stauffer 
Chemical Co., Adrian, MI 49221) with water (1 
+ 2 ) and suspend by shaking.
A p p a r a t u s

Use 7.063(a), (b), (c), and (f), and modify (d) 
and (e) (ref. 1) as follows:

(d) F ilte r in g  d e v ic e .—Polypropylene Buchner 
funnel, 42.5 mm, Nalgene 7280-0425 (VWR Sci­
entific, Inc., PO Box 3551, Seattle, WA 98124) 
modified with 400 mesh stainless steel screen 
sealed over filtering surface as described in 
7.063(d). Further modify device by extending 
funnel sides with standard IV2 in. SCH 40 PVC 
pipe coupling so that screen-to-rim distance is ca 
7 cm.

(e) S u c tio n  f i l t e r .—To accommodate filtering 
device, attach suction flask to vacuum source 
through valve which functions to break vacuum. 
Put two T connections in line, one connected to 
vacuum gauge measuring 0-30 in. Hg and the 
second to a valve to the atmosphere, which is 
used to control vacuum.
D e  t e r m i n a  t i o n

Extract 2 g sample or blank containing no 
sample in porcelain thimble with ether as de­
scribed in 7.055-7.056 (1). Add ca 1 g prepared 
ceramic fiber to 600 mL beaker containing 2 0 0  

mL 0.255N H 2SO4. Bring solution to boil on 
digestion apparatus. Remove beaker containing 
boiling solution, and add ether-free extracted 
sample and one drop of antifoam. Add more 
antifoam later if necessary to prevent excessive 
foaming. Bring sample to boil and boil gently

0004-5756/82/6505-1073-03$01.00 
© Association of Official Analytical Chemists, Inc.
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exactly 30 min. Additional samples may be 
added to other beakers in sequence at 2.25 min 
intervals. Occasionally, swirl beakers to mini­
mize foaming and prevent adhesion of sample 
to beaker sides.

Prepare filter pad by resuspending prepared 
ceramic fiber in water. Then pour into filtering 
device with vacuum disconnected. Slowly turn 
on vacuum valve while distributing fiber to form 
uniform pad. Adjust vacuum to 2-4 in. Hg by 
using second valve. At end of 30 min boiling, 
filter hot acid mixture through ceramic fiber pad. 
Adjust vacuum to that needed to maintain fil­
tration rate which lets rinses completely cover 
and rinse sample. Use 50-75 mL near-boiling 
water to rinse any remaining sample from beaker 
into filtering device. Repeat with three 50 mL 
portions of hot water. Increase vacuum to suck 
pad dry.

Use forceps to transfer pad with sample back 
to beaker. Add 200 mL near-boiling 0.313N 
NaOH. Bring to boil on digestion apparatus and 
boil gently 30 min. During this period, remove 
additional samples from apparatus, filter through 
prepared pads, and begin basic digestion at 2.25 
min intervals.

Prepare ceramic fiber filter pad, and, at end of 
30 min basic digestion, filter hot digest through

the pad as previously described. Rinse contents 
from beaker with minimum volume of hot water. 
Use valve to nearly turn off vacuum to filtering 
device while adding to it 25 mL near-boiling 
0.255N H2SO4. Then increase vacuum to allow 
filtration rate which lets rinses completely cover 
and rinse sample. Rinse filter pad 3 times with 
ca 50 mL hot water. Increase vacuum to remove 
extra water. Turn off vacuum, add 25 mL an­
hydrous 3A alcohol and increase vacuum to 
maximum.

Remove filter assembly from suction flask and 
transfer pad and residue to ashing dish. Repeat 
this filtration process for other samples at 2.25 
min intervals. Dry pad and residue 2 h at 130 ± 
2°C. Cool in desiccator and weigh. Ignite 30 
min at 600 ± 15°C. Cool in desiccator and 
weigh.

% Crude fiber = (wt loss on ignition — wt loss 
of blank) X 100/sample wt.

Results and Discussion
The replacement of asbestos by ceramic fiber 

in the official method, 7.061-7.065 was made 
difficult by the different behavior of the 2  fibers. 
Because ceramic fiber does not disperse as readily 
as asbestos fiber, thicker pads of ceramic fiber 
were required to completely cover the screen of

Table 1. Crude fiber (%) determined by method 7.061-7.065 using ceramic (CF) or asbestos (AF) fiber

Sample

CF AF
CF

CV, %
AF

CV, % AF -CFMean SD (n ) Mean SD (n )

Pelleted alfalfa 31.91 0.62(8) 32.26 0.65(3) 1.96 2.02 +0.35
Pelleted alfalfa

with molasses 27.58 (2) 27.83 (2) +0.25
Dairy feed 6.91 (2) 7.14 (2) +0.24
Horse feed 19.71 0.15(3) 20.34 (2) 0.74 +0.63
Rabbit feed 17.26 (2) 17.28 (2) +0.02
Hen scratch 2.64 (2) 2.65 (2) +0.01
Milking feed 4.06 (2) 4.23 (2) +0.17
Turkey starter 3.35 (2) 3.45 (2) +0.10
Pig starter 2.11 (2) 2.31 (2) +0.21
Pet food (dry) 3.97 (2) 3.89 (2) -0.08
Cattle supplement3 14.47 0.25(8) 15.04 (2) 1.74 +0.57
Broiler feed3 2.13 0.10(8) 2.36 (2) 4.80 +0.22
Beef finisher3 4.92 0.11(4) 5.12 0.18(4) 2.17 3.46 +0.21
Beef feed a 5.13 0.11(9) 5.18 0.12(4) 2.14 2.40 +0.05
Salmon fish food 3.00 0.13(3) 3.25 (2) 4.25 +0.24
40% Sow concentrate 6.71 0.09(3) 7.16 (2) 1.33 +0.45
Meat and bone meal 1.33 (2) 1.62 (2) +0.30
Sunflower meal 18.64 0.27(3) 18.51 (2) -0 .14
Thrift pellets 20.67 (2) 20.49 (2) -0.19
Dairy with bicarb. 7.72 (2) 7.20 (2) -0.52
Sow gestation 7.68 (2) 7.81 (2) +0.13
Sow mix 6.06 (2) 5.99 (2) -0.07
Hog grower 5.05 (2) 5.00 (2) -0.05
Hop pellets 22.96 (2) 22.13 (2) -0.83
Blank (g) 0.0021 (2)

Compared with AAFCO values in Table 2.
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Table 2. Comparison of crude fiber determination by method 7.061—7.065 using ceramic (CF) or asbestos (AF) fiber

with AAFCO collaborative check sample data

AAFCO No. Sample (Table 1)

AF

AAFCO mean SD (n) CF

8125 Cattle supplement 11 14.43 0.646(75) 14.47
8127 Broiler feed 12 2.31 0.216(67) 2.13
8128 Beef finisher 13 4.96 0.350(73) 4.92
8129 Beef feed 14 5.18 0.293 5.13

the filtering device. This thick pad tended to 
trap air and float away from the screen. Ceramic 
fiber in digestion beakers sank to the bottom 
instead of dispersing, and the trapped steam 
caused bumping. During filtering, this ceramic 
fiber remained in the bottom of the beaker until 
nearly all the solution was transferred. A layer 
of sample residue formed on the filter pad sur­
face, partially plugging it.

These problems were greatly reduced by 
blending the fiber to disperse it and by modi­
fying the filtering device to reduce the filtering 
area. Blending shortened the fiber length so 
that it remained dispersed in the digestion me­
dium and poured more readily into the filtering 
device. Samples filtered rapidly because the 
residue remained dispersed and did not tend to 
form a mat. The sides of the filtering device 
were raised to allow faster and easier solution 
transfer. Reducing the filter area decreased by 
about 70% the amount of ceramic fiber needed to 
cover it, and increased the velocity through the 
filter pad so that the pad did not show much 
tendency to float. Bumping was dramatically 
reduced so that boiling chips were not needed in 
the digestion. These modifications resulted in 
a method which was significantly easier to use 
than the official method.

This method has the additional advantage that 
ceramic fiber does not require predigestion by 
acid and base followed by ignition, as prescribed 
for asbestos in the official method.

The developed method was tested by analyz­
ing 24 feed samples representing a broad spec­
trum of feed types. The data were compared 
with results obtained when these same samples 
were analyzed by method 7.061-7.065 (Table 
1).

Results ranged from 1.33 to 31.9% crude fiber 
by the ceramic fiber method. Both the ceramic 
fiber method and the official method appear to 
be of comparable precision. The ranges for 
coefficient of variation (CV), %, were 2.02-3.46 
for the official method and 0.74-4.80 for the ce­
ramic fiber method. The highest coefficient of 
variation (4.80%) occurred with a broiler feed 
which showed 2.13% crude fiber by the ceramic 
fiber method.

The 2 methods are well correlated (r = 0.9994), 
based on the mean values obtained from one or 
the other method applied to the various samples. 
Furthermore, linear regression yields a rela­
tionship of Y = —0.106 + 1.001X, where Y  =  ce­
ramic fiber method and X = official method. 
The approximately 0.1% negative bias of the ce­
ramic fiber method is about what could be pre­
dicted from examination of the data; this is small 
when compared with the uncertainty of either 
method (Table 1).

Table 2 compares results obtained using the 
ceramic fiber method against the grand average 
by the official method on several AFFCO Col­
laborative Check Samples. The ceramic fiber 
method yields data which compare favorably 
with results by the official method. The ceramic 
fiber method has the advantage of eliminating 
the use of asbestos, requires less preparation of 
the filter medium, and provides faster filtra­
tion.
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T h e  d e te rm in a tio n  o f n itro g e n  in  K je ld a h l d ig e s ts  o f 
u r in e  a n d  feces h as  b e e n  s im p lif ie d  b y  u s in g  a m a n u a l 
s p e c tro p h o to m e tr ic  m e th o d  w i th  s a lic y la te  a n d  h y ­
p o c h lo r ite . I t  n e i th e r  in v o lv e s  th e  h a z a rd s  o f  th e  
p h e n o l- h y p o c h lo r i te  m e th o d , n o r  re q u ir e s  a n  a u to ­
m a te d  a n a ly z e r . W e d e te rm in e d  th e  c o n d i t io n s  
w h ic h  m in im iz e  th e  n e e d  fo r  p re c is e  t im in g  a n d  
n e u tr a l iz a t io n  o f  a c id ic  d ig e s ts  a n d  o b ta in e d  c o e ff i­
c ie n ts  o f v a r ia t io n  o f  a b o u t  0.8%. A g re e m e n t b e ­
tw e e n  th e  s p e c tro p h o to m e tr ic  m e th o d  a n d  th e  c o n ­
v e n t io n a l  m ic ro -K je ld a h l m e th o d  w a s  e x c e lle n t; a 
c o r r e la t io n  c o e ff ic ie n t o f 0 .9992 a n d  a c o e ff ic ie n t o f 
v a r ia tio n  o f th e  e s tim a te  o f 2.1% w ere  o b ta in e d . T h is  
m e th o d  is  w e l l  s u ite d  fo r  a la b o ra to ry  w i th  a m o d ­
e ra te  v o lu m e  o f s a m p le s . W e c o u ld  p ro c e s s  a t  le a s t 200 d ig e s ts  p e r  d a y , in  c o n tra s t  w i th  th e  60 p e r  d a y  
w h ic h  w e  h a d  p re v io u s ly  d o n e  b y  th e  K je ld a h l d is ­
t i l la t io n  a n d  t i t r a t io n .

In 1883, Kjeldahl described a procedure for de­
terminations of nitrogen in a variety of materials
(1). This procedure involved destructive di­
gestion of the sample in hot sulfuric acid fol­
lowed by distillation and titration of the amounts 
produced. Numerous modifications of the 
method have appeared in the years since Kjel- 
dahl's publication, and these are used for the 
analysis of a very wide spectrum of materials.

The major disadvantages of the Kjeldahl pro­
cedure are the time-consuming distillation and 
titration steps, limiting the number of samples 
which can be processed in a day. Attempts to 
solve these problems include the use of expen­
sive automatic apparatus for the distillation and 
titration steps, or the use of an automated color­
imetric assay for ammonia, which circumvents 
these steps (2). However, the purchase and the 
maintenance of the necessary equipment are 
beyond the means and needs of many laborato­
ries.

Many popular colorimetric methods for am­
monia determination involve the Berthelot re­
action with phenol or a-chlorophenol and an 
active halogen to yield a colored product (3 - 1 1 ). 
Although simple, rapid, and precise, these 
methods have the disadvantage that phenol and

1 Address correspondence to this author.Received August 24, 1981. Accepted February 23, 1982.

chlorophenol are volatile enough to present a 
nuisance and a hazard for laboratory per­
sonnel.

Because of the hazardous nature of phenol, 
sodium salicylate has been used in its place. This 
reagent is much less volatile, but reaction with 
ammonia is slower and the color yield appears to 
be more sensitive to reaction conditions. Several 
procedures for the use of sodium salicylate have 
appeared in recent years for determination of 
nitrogen in serum, freshwater and seawater, and 
Kjeldahl digests (2, 12-19, and S. Greeley, Uni­
versity of California, Berkeley, personal com­
munication, 1980). Three (of these procedures) 
use Kjeldahl digests; however, two are intended 
for automated apparatus and one requires man­
ual pH adjustment of digests before analysis. 
These procedures require a wide variety of re­
agent concentrations and reaction conditions. In 
addition, reports of color stability conflict.

We felt that other laboratories whose volume 
of Kjeldahl nitrogen analyses does not justify 
purchase and maintenance of automated equip­
ment might benefit from this rapid manual col­
orimetric method. Thus we have described our 
modification of other published salicylate pro­
cedures. Simple and convenient, it eliminates 
the necessity of adjusting the pH of the digests. 
With simple manual pipetting and dispensing 
devices, we now easily analyze over 2 0 0  digests 
per day, as contrasted to about 60 per day by the 
Kjeldahl method.

METHODS
A p p a r a t u s

(a) M ic r o -K je ld a h l d ig estio n  ra ck .—With 30 mL 
digestion flasks (ref. 2, sec. 47.022).

(b) T es t tu b es .—16 X 125 mm screw-cap 
tubes.

(c) M ix e r .—Vortex type (Van Waters & 
Rogers).

(d) S p e c t r o p h o to m e te r .—Bausch & Lomb 
Spectronic 100 with continuous micro flow­
through cell.

(e) W a te r  b a th .—45°C (Grant Instruments, 
UK).

000 4 -5 756 /82 /6505-1076 -04 $01 .00
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R e a g e n t s

Solutions were prepared volumetrically with 
deionized water. All chemicals were analytical 
reagent grade.

(a) H e n g a r  g r a n u le s .—Selenium-coated (Sci­
entific Products, Menlo Park, CA).

(b) A m m o n iu m  s u lfa te  s ta n d a r d .—Dry 2 h at 
105°C. Dissolve 0.472 g ammonium sulfate in 
50 mL water for working standard of 2 mg ni- 
trogen/mL. Store at 4°C.

(c) S o d iu m  n i tro p ru ss id e  so lu tio n .—Dissolve 78 
mg sodium nitroprusside (NP) in 10 mL water. 
Store at 4°C in brown glass bottle. Stable >3 
months.

(d) S o d iu m  s a l ic y la t e - N P  so lu tio n .—Combine 
125 g sodium salicylate and 10 mL sodium ni­
troprusside solution and dilute to 250 mL. Store 
in brown glass bottle at 4°C. Stable >3 
months.

(e) Tribasic sod iu m  p h o sp h a te  (T S P ) so lu tion .—pH
12.5-12.7. Dissolve 110 g tribasic sodium 
phosphate dodecahydrate in water and dilute to 
1 L. Measure pH.

(f) H y p o c h lo r i te -T S P  s o lu tio n .—Dilute 8 mL 
commercial bleach solution containing 5.25% 
active chloride (Clorox, or equivalent) to 50 mL 
with TSP solution. Use within 1 h .

P r e p a r a t i o n  o f  S a m p l e
Accurately weigh or pipet sample or ammo­

nium sulfate standard (0-3 mg nitrogen) into 
Kjeldahl flask. Add 2.0 mL H2SO4 and 1 Hengar 
granule. Place flask on digestion rack and set 
heater control to 4. When samples are boiling 
smoothly, turn control to 7. Digest sample until 
it is white or colorless. Turn off heater and let 
flask cool ca 5 min. Add 10 drops of 30% hy­
drogen peroxide. Turn control back to 7 and 
digest 15 min. Cool flask ca 10 min at room 
temperature or in refrigerator. Add 2-4 mL 
water, letting it rinse inner surfaces of flask. 
Cool flask again.
N i t r o g e n  D e t e r m i n a t i o n

Dilute digested and cooled sample to 25 mL 
with water. Diluted samples should be assayed 
within 1 day, because longer storage, even at 4°C, 
causes loss of some ammonia. Undiluted digests 
can be stored overnight at 4°C; digests of am­
monium sulfate standards are stable regardless 
of dilution.

Dispense 50 pL digest into a test tube. Into 
each tube, gently dispense 4.0 mL TSP solution. 
Turbulent mixing of alkaline TSP solution causes 
loss of ammonia. However, this mixture may sit

at room temperature for up to 25 min without 
significant ammonia loss.

Add 0.4 mL salicylate-NP solution. Mix 
briefly but vigorously with vortex mixer. Add 
0.55 mL hypochlorite-TSP solution. Mix with 
vortex mixer.

Incubate test tubes in 45°C water bath ca 20 
min. Cool tubes in cold tap water bath. Read 
absorbance at 655 nm within 2 h.

For quality control, prepare standard curve 
every day and whenever new reagents are pre­
pared.

Results and Discussion
The salicylate-hypochlorite method described 

here and a conventional micro-Kjeldahl method 
involving distillation and titration (F. Costa and
R. Sandman, University of California, Berkeley, 
personal communication, 1974) were compared 
by using digests of homogenized fecal samples. 
The nitrogen content of 29 different homoge­
nates ranged from 110 to 854 pg nitrogen/g ho­
mogenate digested, with a mean of 392. From 
the results of duplicate determinations, standard 
deviations were 10.0 and 13.5 for the salicylate 
and micro-Kjeldahl methods, respectively. Di­
vision of these values by the mean nitrogen 
content of the homogenates gave coefficients of 
variation of 0.82 and 0.94% for the respective 
methods. The correlation coefficient was 0.9992. 
The regression equation relating results of the 
salicylate method (X) to those of the micro- 
Kjeldahl (Y), in pg nitrogen/g homogenate di­
gested, was Y  -  2.5 + 0.9917X. The standard 
deviation of estimates of Kjeldahl nitrogen val­
ues based on salicylate results was 8.5 pg nitro­
gen/g homogenate. Division of this figure by 
the mean nitrogen content of the samples gives 
a coefficient of variation of the estimate of 2 .1 %. 
The minimum level of detection is approximately 
0.06 pg and the linear range extends to at least 6 

pg nitrogen per assay tube. This corresponds to 
0.03 and 3.0 mg, respectively, per digestion with 
the dilution described in this paper.

It is important that the TSP solution have a pH 
of 12.5-12.7 to ensure that the final reaction 
mixture will have a pH of 12.0-12.4. Lower pH 
values result in reduced absorbances. Occa­
sionally, bottles of TSP will not give solutions of 
the proper pH. These must not be used. The 
TSP solution described here will give an ac­
ceptable final pH even if there are reasonable 
differences in the H 2SO4 remaining after the 
digestion. Differences of ±0.5 mL H2SO4 in the 
Kjeldahl flask before digestion do not signifi­
cantly alter the standard curve or final nitrogen
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values. Because it is not necessary to neutralize 
the sulfuric acid in a separate step, there is an 
important time-saving over some of the earlier 
procedures.

In the final reaction mixture, we found that the 
4% sodium salicylate used by Searcy et al. (13) 
and the 0.0025% sodium nitroprusside used by 
Bower and Holm-Hansen (18) were optimal. 
Blank absorbance values were low (0.020-0.035). 
As the sodium salicylate-NP solution aged, the 
blank values increased.

Both sodium hypochlorite (2-5,7,9-11,14,17,
18) and sodium dichloroisocyanurate (6 , 8,12,13, 
16,19) have served as sources of active chlorine. 
Even though the dichloroisocyanurate has been 
reported to be more stable in solution, we chose 
sodium hypochlorite because of its ready avail­
ability as a commercial laundry bleach. The 
0.09% concentration of active chlorine in the 
final reaction mixture is similar to that used by 
Verdouw et al. (17) and Bower and Holm-Hansen 
(18). Increasing or decreasing the concentration 
by 50% had no effect on standard curves of ab­
sorbance vs ammonium nitrogen. Different 
bottles of bleach often contain different amounts 
of hypochlorite. Using a standard method (20), 
we found that one brand of bleach contained 
about 2 0 % less hypochlorite than other brands 
did. However, this variation did not signifi­
cantly affect final results. To minimize decom­
position of bleach solutions, we store them at 
4°C.

The rate of color development depends on 
temperature. At room temperature, maximum 
color development requires more than 2 0  min. 
However, at 45°C, color development is com­
plete in 10 min. Furthermore, tubes could be left 
in the 45°C water bath for as long as 10-35 min 
without any significant effect on the final color 
yield. This makes the timing of this incubation 
step less critical and adds flexibility to the ex­
periment.

Various sequences for adding reagents have 
been reported. It was advantageous to add TSP 
solution to the sample before any other reagents 
and thus prevent the precipitation of salicylic 
acid when the salicylate-NP solution is added. 
There is no loss of ammonia if the TSP is added 
gently. At this point, the tubes may be left at 
room temperature for at least 25 min, without 
loss of ammonia, thus eliminating the need to 
add the other reagents immediately. However, 
the salicylate-NP and hypochlorite solutions 
should be added in quick succession.

An apparent extinction coefficient for the 
product(s) of the reaction can be calculated from

standard curves. Seven such curves yielded an 
extinction coefficient of 19 290 ± 40 (standard 
error of the mean) mole -1L cm-1. The absorb­
ances of standards and unknowns drop by about 
0.3% per hour for the first few hours after color 
development. In 24 h, they diminish about 3%. 
Even though analyzing standards along with 
unknowns should compensate for such changes, 
it is best to measure absorbances within 1 - 2  h.

Ion interference apparently presents no 
problem with the salicylate-hypochlorite 
method (16,17). We were concerned that sele­
nium from the catalyst granules used in the di­
gestion might interfere. However, the use of up 
to 3 Hengar granules did not affect the final ab­
sorbance of standards.

Dispensing devices make analyses much more 
efficient. We use a Pipetman variable-volume 
dispenser (West Coast Scientific, Oakland, CA) 
for transferring 50 pL portions of diluted digest, 
and Repipets (Labindustries, Berkeley, CA) to 
add TSP buffer, salicylate-NP solution, and hy- 
pochlorite-TSP solution. Many of our nitrogen 
analyses involve homogenates of feces. In order 
to obtain uniform samples, we stir fecal homog­
enates with a magnetic stirring bar and sample 
them with a Pasteur pipet with the tip broken off 
to provide a 3-4 mm orifice.
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C O L O R  A D D I T I V E S

High Performance Liquid Chromatographic Determination of 
Subsidiary Colors in FD&C Red No. 3
RO BERT J. C A LV EY  a n d  A L L E N  L. G O L D B E R G
Food and Drug Administration, Division of Color Technology, Washington, DC 20204

T w o  ra p id , s e n s i t iv e , re p ro d u c ib le  m e th o d s  th a t  u se  
a Z o rb a x  C -8  re v e rse  p h a se  c o lu m n  a n d  h ig h  p e r f o r ­
m a n c e  l i q u id  c h ro m a to g ra p h y  a re  d e s c r ib e d  fo r  th e  
d e te rm in a tio n  o f th e  su b s id ia ry  co lo rs  in  FD & C  R ed  
N o . 3. W ith  th e  f i r s t  m e th o d , 8 s u b s id ia ry  c o lo rs  
( f lu o re s c e in , 2 '- io d o f lu o re s c e in , 4 '- io d o f lu o re s c e in , 
2 ',5 ’-d iio d o f lu o re s c e in , 2 ',7 '-d iio d o f lu o re s c e in , 4 ',- 
5 '-d iio d o f lu o re s c e in , 2 ',4 ',7 '- t r i io d o f lu o re s c e in , a n d  
2 ',4 ',5 '-triio d o flu o resce in ) a re  e lu te d  in  a re p ro d u c ib le  
p a tte rn  b y  in c re a s in g  th e  o rg an ic  n a tu re  o f a b u ffe re d  
m o b ile  p h a se . M e th o d  1 is  c a p a b le  o f q u a n t i ta t in g  
a ll th e  s u b s id ia ry  co lo rs  ex cep t 4 '- io d o flu o resce in  an d  
4 ',5 '-d iio d o f lu o re s c e in . I f  th e s e  2 s u b s id ia ry  co lo rs  
a re  s e e n , th e  s a m p le  m u s t b e  ru n  a g a in  b y  m e th o d  2, 
w h ic h  u se s  a d i f f e r e n t  p ro g ra m  a n d  s o lv e n t  s y s te m  
to  q u a n t i ta te  th e m . T h e  a v e ra g e  re c o v e rie s  fo r  th e  6 s u b s id ia ry  c o lo rs  q u a n t i ta t iv e ly  d e te rm in e d  in  
FD & C  R ed  N o . 3 b y  m e th o d  1 ra n g e d  fro m  96 to  98%. 
T h e  a v e ra g e  re c o v e rie s  fo r  4 '- io d o f lu o re s c e in  a n d  
4 ',5 '-d iio d o f lu o re s c e in , q u a n t i ta t iv e ly  d e te rm in e d  
in  FD & C  R ed  N o . 3 b y  m e th o d  2, w e re  101 a n d  103%, 
re sp e c tiv e ly . T h e  a m o u n ts  o f th e  6 s u b s id ia ry  co lo rs  
re c o v e re d  b y  m e th o d  1 w e re  0 .04-7.4%  b y  w e ig h t  o f 
th e  to ta l  sa m p le . T h e  a m o u n ts  o f  th e  2 s u b s id ia ry  
c o lo rs  re c o v e re d  b y  m e th o d  2 w e re  0 .13-2.6%  b y  
w e ig h t  o f th e  to ta l  sa m p le .

Two rapid, sensitive, reproducible procedures 
that use high performance liquid chromatogra­
phy (HPLC) have been developed for the deter­
mination of the subsidiary colors in FD&C Red 
No. 3.

FD&C Red No. 3 (Colour Index No. 45430) is 
a synthetic color additive that is prepared by 
condensation of resorcinol with phthalic anhy­
dride to produce fluorescein (Figure 1), which in 
turn is iodinated and treated with NaOH to 
produce FD&C Red No. 3 (Figure 2). During the 
iodination of fluorescein to make FD&C Red No. 
3, many lower iodinated fluoresceins (subsidiary 
colors) may be produced.

Every batch of certifiable FD&C Red No. 3 that 
is manufactured must first be chemically ana­
lyzed and approved by the Certification Branch,

Received July 31,1981. Accepted February 4,1982.
This paper was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, DC.

Division of Color Technology, Food and Drug 
Administration before it can be used in a food, 
drug, or cosmetic in the United States. The Code 
of Federal Regulations (CFR) (1) limits the 
amounts of the subsidiary colors. Monoio- 
dofluoresceins are limited to not more than 1 .0%, 
and other lower iodinated fluoresceins to not 
more than 9.0% by weight of FD&C Red No. 3. 
There is no limit specifically expressed in the 
regulations for fluorescein. The CFR requires, 
however, that limits for such impurities be set in 
accordance with good manufacturing practice.

At the present time in the Certification Branch, 
the subsidiary colors in FD&C Red No. 3 are 
being determined by a thin layer chromato­
graphic (TLC) method. This method, which takes 
about 2 V2 h to complete, does not separate all of 
the subsidiary colors from each other or from the 
main color band.

Both in method 1 and in method 2, the sub­
sidiary colors in FD&C Red No. 3 are separated 
by the use of a buffered mobile phase. A sample 
of dye is dissolved in water and then is injected 
onto the column. As the solvent passes through 
the Zorbax C-8 column, the organic nature of the 
mobile phase is varied by a gradient elution 
system. As the organic nature of the mobile 
phase increases, the subsidiary colors are selec­
tively released and elute in a reproducible pat­
tern. In method 1, fluorescein and the mono- 
and diiodinated fluoresceins are quantitated 
from their visible absorbances at 436 nm. The 
triiodinated fluoresceins are quantitated from 
their visible absorbances at 546 nm. Method 2 
is used when 4'-iodofluorescein and/or 4',5'- 
diiodofluorescein are detected by method 1 be­
cause these 2  subsidiary colors co-elute in 
method 1. Both of these subsidiary colors are 
quantitated from visible absorbances at 436 nm.

METHOD

R e a g e n t s
(a )  W a te r .—Deionized, distilled, obtained 

from Milli-Q Water Purification System (Milli- 
pore Corp., Bedford, MA 01730), or equivalent.

0004-5756/82/6505-1080-06Î01.00 
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(b) E lu a n ts .—Method 1 uses the following 
solvents: primary solvent A, 0.1M ammonium 
acetate; secondary solvent B, methanol. Method 
2  uses the following solvents: primary solvent 
A, 2% (v/v) glacial acetic acid in water, secondary 
solvent B, acetonitrile.

(c) S to ck  so lu tio n s  fo r  c a lib ra tio n s .—For each of 
the 2 triiodofluoresceins, weigh 140-200 mg 
subsidiary color, add 3 drops concentrated 
NH 4OH to the color, dissolve in water, transfer 
to 100 mL volumetric flask, and dilute to volume 
with water. For each of the 3 diiodofluoresceins, 
weigh 50-110 mg subsidiary color, add 3 drops 
concentrated NH4OH to the color, dissolve in 
water, transfer to 100 mL volumetric flask, and 
dilute to volume with water. For fluorescein 
and for each of the 2  monoiodofluoresceins, 
weigh 15-30 mg subsidiary color, add 3 drops 
concentrated NH4OH to the color, dissolve in 
water, transfer to 100 mL volumetric flask, and 
dilute to volume with water. Determine exact 
concentration of each stock solution from the 
visible spectra of aliquots diluted to volume with 
water in 100 mL volumetric flask after addition 
of 2 drops of concentrated NH 4OH. The con­
centration of each solution that is spectropho- 
tometrically measured should be ca 10 mg/L. 
Approximate absorptivities, a (L/mg/cm) (C. 
Graichen, Division of Color Technology, 1963), 
are 2/-iodofluorescein (2-Iodo), 0.193 at 500 nm; 
4'-iodofluorescein (4-Iodo), 0.154 at 497 nm; 
2',5,-diiodofluorescein (2,5-Diiodo), 0.145 at 509 
nm; 2',7,-diiodofluorescein (2,7-Diiodo), 0.179 at 
511 nm; 4,,5'-diiodofluorescein (4,5-Diiodo), 
0.122 at 507 nm; 2/,4,,5,-triiodofluorescein 
(2,4,5-Triiodo), 0.116 at 516 nm; 2,,4',7'-triio- 
dofluorescein (2,4,7-Triiodo), 0.140 at 517 nm; 
and fluorescein (Y-7), 0.247 at 489 nm. Store all 
stock solutions in the dark when not in use.
A p p a r a t u s

(a) L iqu id  c h r o m a to g r a p h .—With gradient elu­
tion capability. Altex Model 420 equipped with 
microprocessor and 2 Model 110-A pumps (Altex 
Scientific Inc., Berkeley, CA 94710), or equiva­

I I

lent. Operating conditions: chart speed 0.2 
in./m in; flow rate 1 mL/min; column tempera­
ture ambient. The gradient program for method 
1 uses program 1 ; the individual steps are as fol­
lows: step 1 , start auto-injector and then start 
step 2 after 0.99 min; step 2,45 to 6 6% B in 20 min; 
step 3, 6 6  to 100% B in 0 min; step 4, hold at 100% 
B for 4 min; step 5,100 to 45% B in 1 min; step 6 , 
hold at 45% B for 4 min; step 7, start step 1. The 
gradient program for method 2  uses program 2 ; 
the individual steps are as follows: step 1 , start 
auto-injector and then start step 2 after 0.99 min; 
step 2, hold at 43% B for 15 min; step 3,43 to 100% 
B in 3 min; step 4, hold at 100% B for 4 min; step 
5,100 to 43% B in 2 min; step 6 , hold at 43% B for 
5 min; step 7, start step 1. The individual steps 
listed for both gradient programs are entered in 
the microprocessor. When the auto-injector is 
started, it first flushes the 20 p L  loop with water, 
next the loop is flushed with the FD&C Red No. 
3 sample, and then the sample is injected onto the 
column; these operations are performed in a total 
time of 0.99 min by this auto-injector. If an 
auto-injector is unavailable, inject samples 
manually and start step 2  immediately after in­
jection.

(b) D e te c to r .—Waters Model 440 dual wave­
length detector (Waters Associates, Inc., Milford, 
MA 01757), or equivalent, set at the following 
wavelengths: 546 nm (method 1, attenuation set 
at 0.2 AUFS; method 2, attenuation set at 0.1 
AUFS) and 436 nm (method 1, attenuation set at 
0.1 AUFS; method 2, attenuation set at 0.02 
AUFS).

(c) 2 -P e n  rec o rd er .—Soltec Model 3314 (Soltec 
Corp., Sun Valley, CA 91352), or equivalent.

(d) In je c to r .—Micromeritics Model 725 auto­
injector equipped with 2 0  p L  sampling loop 
(Micromeritics Instrument Corp., Norcross, GA 
30093), or equivalent.

(e) C h ro m a to g ra p h ic  c o lu m n .—DuPont Zorbax 
C-8 , 25 cm X 4.6 mm id (Cat. No. 850952-706, 
DuPont Instruments, Wilmington, DE 19898), or 
equivalent.

(f) S p e c tr o p h o to m e te r .—Visible range.
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C a l i b r a t i o n
Using method 1, construct calibration plots for 

Y-7, 2-Iodo, 2,5-Diiodo, 2,7-Diiodo, 2,4,5-Triiodo, 
and 2,4,7-Triiodo from the chromatographic 
analysis of standard solutions prepared as fol­
lows: Dissolve 200 mg FD&C Red No. 3 (shown 
by previous analysis to be free of all subsidiary 
colors) in water and transfer to 100 mL volu­
metric flask. Add appropriate aliquots (0.5-10 
mL) of stock solutions of the 6 subsidiary colors 
to the volumetric flask and bring to volume with 
water. Analyze 6 calibration solutions con­
taining fairly evenly spaced concentrations of 
each subsidiary color. For each subsidiary color 
in calibration solution, calculate C, % by weight 
relative to amount of FD&C Red No. 3 in cali­
bration solution:

C = V  X C ' X 100 (%) X (1/200 mg)
where V  = volume of stock solution aliquot (mL), 
and C ' = concentration of stock solution (mg/ 
mL) determined spectrophotometrically.

Using method 2, construct calibration plots for
4-Iodo and 4,5-Diiodo from the chromatographic 
analysis of standard solutions prepared as fol­
lows: Dissolve 200 mg FD&C Red No. 3 (shown 
by previous analysis to be free of all subsidiary 
colors) in water and transfer to 100 mL volu­
metric flask. Add appropriate aliquots (1-10 mL) 
of stock solutions of the 2  subsidiary colors to 
volumetric flask and dilute to volume with 
water. Analyze 5 calibration solutions con­
taining fairly evenly spaced concentrations of the
2 subsidiary colors. For the 2 subsidiary colors 
in the calibration solution, calculate C as stated 
previously.

When using method 1 or 2 with auto-injector, 
position calibration solutions in autosampler as 
follows: position 1 , blank vial (containing
water); position 2 , rinse vial containing water; 
position 3, calibration solution; all other even- 
numbered positions contain rinse vials and 
odd-numbered positions contain FD&C Red No.
3 samples.

Use peak height to develop calibration plots 
for all 8 subsidiary colors. Mathematically 
choose best fitting straight line for calibration 
data by method of least squares. For each of the 
8 subsidiary colors, calculate regression line, y  =  
b x  + «, by using the following equations:

b = [2 (x -  x ) ( y  -  y)]/[2 (x -  x)2]
= [2 (xy) -  [(2 x2 y)/«]]/[2 x2 -  [(2 x)2/«]] 

a = y  — bx

where x  = concentration of subsidiary color in 
calibration standard; y = peak height response 
to calibration standard for each subsidiary color; 
n = number of determinations; b =  slope of re­
gression line; and a =  y intercept of line.

Determine linear correlation between peak 
height and concentration of standards by calcu­
lating correlation coefficient, r:

r =  [2 (x -  x)(y -  y)]/V [2 (x -  x)2][2 (y -  y)2] 
D e t e r m i n a t i o n

Dissolve 200 mg FD&C Red No. 3 in ca 50 mL 
water. Transfer quantitatively to 100 mL volu­
metric flask. Dilute to volume with water and 
mix well. Fill auto-injector vial in position 5 
with this solution and place in auto-injector. 
After all vials are in place, start gradient program
1.

From regression line equation, y — bx  + a , 
calculate x, the % of each subsidiary color in the 
FD&C Red No. 3 sample, by substituting value of 
y (peak height of subsidiary color) and solving 
for x.

If chromatogram of FD&C Red No. 3 sample 
indicates presence of 4-Iodo or 4,5-Diiodo (Figure 
3, peak 2), sample must be re-analyzed using 
method 2. Auto-injector and sample prepara­
tions are the same as stated above for method 1 . 
Figure 4 shows order of elution of subsidiary 
colors with method 2. Calculate % of each of the 
2  subsidiary colors as stated previously.

Results and Discussion
For the development of method 1, we used 

concentrations of the 6 quantitatively deter­
mined subsidiary colors in 1 1  calibration solu­
tions that covered the following ranges, ex­
pressed as % by weight of FD&C Red No. 3: Y-7, 
0.08-0.58%; 2-Iodo, 0.13-0.90%; 2,5-Diiodo, 
0.37-3.7%; 2,7-Diiodo, 0.51-5.1%; 2,4,7-Triiodo, 
0.87-7.6%; and 2,4,5-Triiodo, 0.93-7.6%. For 
method 2 , we used concentrations of the 2 
quantitatively determined subsidiary colors in 
5 calibration solutions that covered the following 
ranges, expressed as % by weight of FD&C Red 
No. 3: 4-Iodo, 0.13-0.65%; and 4,5-Diiodo,
0.51-2.6%. We have stored both stock and cali­
bration solutions for 6 months in the dark with­
out noticeable degradation.

The following limits of detection were calcu­
lated for method 1 according to the technique of 
statistical analysis described by Bailey et al. (2): 
Y-7, 0.04%; 2-Iodo, 0.06%; 2,5-Diiodo, 0.3%; 2,7- 
Diiodo, 0.5%; 2,4,7-Triiodo, 0.4%; and 2,4,5-Tri-
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8

F ig u re  3. H P L C  c h ro m a to g ra m  o f  te s t  s o lu t io n  o f 
F D & C  R ed  N o . 3 (p e a k  8). 1 =  Y-7; 2 =  4 -Io d o  a n d  
4 ,5 -D iio d o ; 3 =  2 -Io d o ; 4 =  2 ,5 -D iiodo; 5 =  2 ,7 -D iiodo; 
6 =  2 ,4 ,5 -T riio d o ; 7 =  2 ,4 ,7 -T riio d o . A b b re v ia t io n s  
a r e  d e f in e d  u n d e r  R e a g e n t s , (c) S t o c k  s o l u t i o n s  f o r  

c a l ib r a t io n s .

iodo, 0.7%. The limits of detection for method 
2 were as follows: 4-Iodo, 0.11%; and 4,5-Diiodo, 
0.3%.

Recovery studies with method 1 gave the fol­
lowing recovery ranges and averages for the 
subsidiary colors: Y-7, 93.9-102%, 96%; 2-Iodo,
94.1-100%, 98%; 2,5-Diiodo, 87.8-100%, 96%;
2.7- Diiodo, 84.3-106%, 98%; 2,4,7-Triiodo,
86.7- 104%, 98%; and 2,4,5-Triiodo, 86.7-104%, 
97%. The recovery ranges and averages for 
method 2 are as follows: 4-Iodo, 90.4-108%, 
101%; and 4,5-Diiodo, 90-114%, 103%. Recovery 
data for the individual determinations are given 
in Tables 1 and 2. The paired-difference 99% 
confidence intervals all included zero.

The calibration and recovery data were calcu­
lated twice—once using the manual measure­
ment of peak height and once using the manual 
measurement of peak area. As found in earlier

6 7

M in u tesi--------- 1-----------1-----------, ■------- r  - ....... i
0 5 10 15 20 25
F ig u re  4. H P L C  c h ro m a to g ra m  o f  te s t  s o lu t io n  o f 
F D & C  R e d  N o . 3 (p e a k  7). 1 =  Y -7; 2 =  4 -Io d o ; 3 =  
2 -Io d o ; 4 =  4 ,5 -D iio d o ; 5 =  2 ,5 -D iio d o ; 6 =  2 ,7 -D iio d o  
a n d  2 ,4 ,5 -T riio d o ; 7 =  2 ,4 ,7 -T riio d o  a n d  FD & C  R ed  
N o . 3. A b b re v ia t io n s  a re  d e f in e d  u n d e r  R e a g e n t s ,  

(c) S t o c k  s o l u t i o n s  f o r  c a l ib r a t io n s .

work (3), we obtained much better results by 
using peak height (4) because of the great vari­
ability in the measurement of the small peak 
width at half peak height. It appears that 0.1 mm 
is the minimum error inherent in the measure­
ment of either peak height or peak width. Thus 
the measurement of a small peak at half peak 
height, which is needed for the area calculation, 
introduces a larger percentage error than the 
measurement of peak height, which is usually 
much larger than peak width. Although the use 
of an electronic integrator would minimize the 
greater error in the peak area measurements, 
peak area rather than peak height measurements 
are needed in situations involving peaks of 
greatly different widths.

Using method 1, we analyzed 36 different 
FD&C Red No. 3 samples. 2,4,5-Triiodo and
2,4,7-Triiodo were the only subsidiary colors 
detected in these samples. For this reason, we 
suggest that standards containing only these 2  

subsidiary' colors be run daily. If other subsidi-
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Table 1. Recovery data and paired-difference 99% confidence interval results for method 1

Subsidiary color, % Subsidiary color, %
Detn Added Found Rec. Added Found Rec.

Fluorescein 2’-lodofluorescein
1 0.58 0.56 96.6 0.13 0.13 1002 0.083 0.085 102 1.2 1.2 100
3 0.25 0.24 96.0 0.26 0.25 96.2
4 0.041 0.039 95.1 0.38 0.36 94.7
5 0.17 0.16 94.1 0.51 0.50 98.06 0.33 0.32 97.0 0.64 0.63 98.4
7 0.41 0.40 97.6 0.90 0.88 97.88 0.25 0.24 96.0 0.26 0.25 96.2
9 0.17 0.16 94.1 0.51 0.48 94.110 0.33 0.31 93.9 0.60 0.60 100

Av.recovery 96 98
Paired-difference 99% confidence interval:

-0.01 ±0.01 -0.01 ±0.01
2',5'-Diiodofluorescein 2’,7'-Diiodofluorescein

1 0.37 0.33 89.2 1.0 0.92 92.02 0.74 0.65 87.8 0.51 0.43 84.3
3 1.1 1.1 100 1.5 1.5 100
4 2.2 2.1 95.5 3.1 3.0 96.8
5 1.9 1.8 94.7 2,6 2.5 96.26 3.7 3.6 97.3 5.1 5.1 100
7 1.5 1.5 100 2.0 2.1 1058 2.2 2.2 100 3.1 3.1 100
9 3.0 3.0 100 4.1 4.2 10210 2.6 2.6 100 3.6 3.8 106

Av. recovery 96 98
Paired-difference 99% confidence interval:

-0 .04  ± 0.05 -0 .0  ±0.1
2',4',5'-Triiodofluoresceln 2',4',7'-Triiodofluorescein

1 1.5 1.3 86.7 1.5 1.3 86.72 0.74 0.66 89.2 0.74 0.69 93.2
3 3.7 3.5 94.6 3.7 3.6 97.34 7.4 7.1 95.9 7.4 7.1 95.9
5 2.2 2.1 95.5 2.2 2.2 1006 4.5 4.4 97.8 4.5 4.5 1007 3.0 3.0 100 3.0 3.0 1008 4.5 4.5 100 5.9 6.0 1029 5.9 6.0 102 5.2 5.4 10410 5.2 5.4 104 NAa NA NAAv.recovery 97 98Paired-difference 99% confidence interval:

-0.1  ±0 .2 0.0 ± 0 .2
a NA = not added.

Table 2. Recovery data and paired-difference 99% confidence interval results for method 2

4Modofluorescein, % 4',5'-Diiodofluoresceln, %
Detn Added Found Rec. Added Found Rec.

1 0.13 0.14 108 2.6 2.6 1002 0.39 0.41 105 1.0 1.0 1003 0.52 0.47 90.4 2.0 1.8 90.4 0.26 0.26 100 1.5 1.7 1135 0.65 0.65 100 0.51 0.58 114Av.recovery 101 103Paired-difference 99% confidence interval:0.0 ±0.06 0.0 ±0 .3
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aries are seen in a sample of FD&C Red No. 3, 
then a standard containing those subsidiary 
colors should be run.

Each set of acceptable calibration data is added 
to the preceding data and a new regression line 
and coefficient of correlation are calculated. The 
correlation coefficient should be between 0.95 
and 1.00. New calibration plots should be con­
structed if the correlation coefficient is less than 
0.95.
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E X T R A N E O U S  M A T E R I A L S  __________________________

E xtractio n  o f  L ig h t F ilth  fro m  R ice  F lo u rs, E xtru d ed  R ice  P ro d u cts , 
a n d  R ice  Paper: C o lla b o r a tiv e  S tu d y
RUSSELL G. DENT
Food and Drug Administration, Division of Microbiology, Washington, DC 20204 
Collaborators: J. R. Bryce; B. C. Cox; D. D. Hughes; J. T. Karpus; J. Nagy; D. J. Vail

T w o  n e w  m e th o d s  w e re  d e v e lo p e d  fo r  th e  e x tra c tio n  
o f r o d e n t  h a ir s  a n d  in se c t  f r a g m e n ts  f ro m  rice  p r o d ­
u c ts : o n e  fo r  r ic e  f lo u r  a n d  o n e  fo r  e x tru d e d  rice  
p ro d u c ts  a n d  rice  p a p e r . A 100 g  sa m p le  o f rice  f lo u r  
w a s  e x tra c te d  w ith  m in e ra l  o il-40 %  is o p ro p a n o l , 
fo l lo w e d  b y  a w a te r  p h a se  as n e e d e d  fo r  a d d i t io n a l  
cy c les . F o r e x tru d e d  rice  p ro d u c ts  a n d  rice  p a p e r , a 
225 g  s a m p le  o f each  w as in i t ia l ly  e x tra c te d  as ab o v e , 
fo llo w e d  b y  a s in g le  e x tra c tio n  w ith  m in e ra l  o il-20%  
is o p ro p a n o l . B oth  m e th o d s  u se d  an  ac id  h y d ro ly s is  
p re t r e a tm e n t  fo llo w e d  b y  w e t s ie v in g  a n d  a p e rc o ­
la to r  ex trac tio n . A verage ro d e n t h a ir  reco v eries  w ere  
77.8% fo r  r ic e  f lo u r  a n d  82.2% fo r  e x tru d e d  rice  
p ro d u c ts  a n d  r ic e  p a p e r . A v e ra g e  in se c t  f r a g m e n t 
re c o v e rie s  w e re  89.6% fo r  rice  f lo u r  a n d  91.9% fo r  
e x tru d e d  rice  p ro d u c ts  a n d  rice p ap e r. B oth  m e th o d s  
w e re  a d o p te d  o ff ic ia l f i r s t  ac tio n .

Two methods were developed for rice products: 
one for flour and another for extruded rice 
products and rice paper. The methods differ 
only in amounts and concentrations of reagents 
and certain time frames, which are needed to 
accommodate the different sample sizes for flour 
(100 g) and extruded products and paper (225 g). 
Although all of these products are derived from 
milled rice, their analytical characteristics vary. 
Two kinds of rice flour, plain and sweet, are 
commercially available. Both are made from 
milled rice, i.e., rice with husk and bran re­
moved. Because sweet rice flour contains very 
little amylose, it is difficult to hydrolyze. Ex­
truded rice products and rice paper, which are 
made from cooked rice flour and contain much 
more amylose, respond well to acid hydrolysis 
pretreatment.

Received August 26,1981. Accepted October 26, 1981.This report of the Associate Referee was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington,
The recommendation of the Associate Reference was ap­proved by the General Referee and Committee F and was adopted by the Association. See J. /Issue. Off.  Anal. Chem. (1982)

Light Filth in Rice Flours (Powders),
Extruded Rice Products, and Rice Paper

Official First Action

44.C04 S a m p l e  P r e p a r a t i o n
(a) R ice flo u rs  (p o w d e r s ) .—Preheat hot plate to 

max. heat. Add mag. stirring bar to 2 L beaker, 
and tare. Add 100 g sample. With forceful 
stream, add ca 100 mL hot tap HzO. Add 75 mL 
HC1 and fill to 800 mL mark with hot tap H20 . 
Place hot mixt. on hot plate and, with mag. 
stirring, bring mixt. to vigorous boil. Boil 5 min. 
In small increments, transfer hot mixt. to No. 230 
sieve. Reserve 2 L beaker. Wash residue with 
forceful stream of hot tap HzO until foaming has 
subsided and H20  is clear. Transfer residue to 
reserved 2 L beaker with 40% isopropanol. Add 
mag. stirring bar. Fill with 40% isopropanol to 
800 mL mark. With mag. stirring, bring to boil 
on hot plate. Add 95 mL mineral oil, 44.003(y), 
and boil and stir 3 min.

(b) E x tru d e d  rice  p r o d u c ts  a n d  r ice  p a p e r .—Pre­
heat hot plate to max. heat. Add mag. stirring 
bar to a 2 L beaker, and tare. Break up 225 g ex­
truded product or paper while weighing into 
tared beaker. Add ca 1450 mL hot tap H20  
mixed with 150 mL HC1. Hand-stir with glass 
rod while heating to vigorous boil. When 
product is fluid enough, use mag. stirring. Boil 
10 min. In small increments, transfer hot mixt. 
to No. 230 sieve. Reserve 2 L beaker. Wash 
residue with forceful stream of hot tap H20  until 
foaming has subsided and H20  is clear. Transfer 
residue to reserved 2 L beaker with 40% isopro­
panol. Add mag. stirring bar. Fill with 40% 
isopropanol to 800 mL mark. With mag. stirring, 
bring to boil on hot plate. Add 95 mL mineral 
oil, 44.003(y), and boil and stir 3 min.
44.C05 F i l t h  A n a l y s i s

(a) R ice f lo u r s  (p o w d e r s ) .—Clamp off rubber 
hose on percolator, 44.002(i)(2). Add 300 mL

000 4 -5 756 /82 /6505-1086 -03 $01 .00
©  Association of Official Analytical Chemists, Inc.
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40% isopropanol. Transfer hot sample mixt. 
from above to percolator. Rinse 2 L beaker with 
40% isopropanol and pour rinse into percolator. 
With same beaker, add enough 40% isopropanol 
(ca 1 L) to fill percolator within 3 cm of top. Let 
stand 5 min and drain contents to 5 cm from 
bottom of oil layer. Repeat fill and drain steps 
at 2 min intervals with hot tap H20  until aq. 
phase is clear. Drain as above. Drain oil layer 
into 1 L beaker. Rinse percolator sides with 
several alternate washes of H20 , 40% isopropa­
nol, and isopropanol, collecting rinsings in same 
1 L beaker. A 1% sodium lauryl sulfate soln may 
also be used if needed for final rinse. Filter onto 
ruled filter paper and examine microscopically 
at ca 30X.

(b) E x tru d e d  rice  p r o d u c ts  a n d  rice  p a p e r .—Pro­
ceed as in (a), except for second cycling. Refill 
percolator with 20% isopropanol. Let stand 
addnl 5 min. Drain oil layer into 1 L beaker and 
rinse percolator as above.

Collaborative Study

The statistical design was the same for both 
methods. Each of the collaborators examined 3 
subsamples of plain rice flour and 3 of sweet rice 
flour by 1 method and 3 subsamples of extruded 
rice products and 3 of rice paper by the other 
proposed method.

The spike material for each subsample con­
tained 20 elytral fragments ca 0.5 mm sq. and 20 
rodent hairs ca 2 mm long. The collaborators 
were instructed to report their recoveries of spike 
material and to return extraction plates to the 
Associate Referee for confirmation of the 
count.

Results and Discussion

Average recoveries for the rice flour method 
were 89.6% for insect fragments and 77.8% for 
rodent hairs (Table 1). Average recoveries for 
the extruded rice products and rice paper were 
91.9% for insect fragments and 82.2% for rodent 
hairs (Table 2).

All collaborators agreed that both methods 
were easy to perform. Two collaborators had 
difficulties with the initial pretreatment of rice 
flour and the cleanup procedures of the extrac­
tion. These problems were corrected by clari­
fying the procedure for adding acid and water in 
the pretreatment, specifying "several" alternate 
washes of water and isopropanol, and including 
an additional final wash of 1% sodium lauryl 
sulfate if needed. Corresponding changes were 
made in the applicable sections of the extruded 
rice products and rice paper method.

Analytical time per subsample averaged
1.5-2.0 h for both methods. Although most an­
alysts examined subsamples in pairs, 2 analyzed 
all 6 of the subsamples for a given method at one

Table 1. Collaborative results for the recovery “  of insect fragments and rodent hairs from plain rice flour b and sweet
rice flour c by the proposed method

Coll.
Insect fragments (20 added) Rodent hairs (20 added)

1 2 3 4 5 6 1 2 3 4 5 6
A 12 11 19 16 15 16 12 13 15 9 10 13
B 16 19 18 19 19 20 19 16 17 15 19 19
C 18 20 19 19 16 18 9 18 12 16 11 16
D 20 16 20 18 20 18 15 13 19 14 13 18
E 18 20 18 20 17 19 18 16 17 19 16 17
F 16 19 18 19 19 21(20) 15 18 20 18 22(20) 15

Av. No. 17.94(17.92) 15.61(15.56)
Av„ % 89.72(89.59) 78.06(77.78)
SD, %

Repeatability 1.79(1.75) 2.44(2.36)
Reproducibility 2.24(2.20) 3.27(3.17)

CV, %
Repeatability 9.95(9.77) 15.65(15.14)
■ Reproducibility 12.46(12.29) 20.95(20.37)

a Associate Referee counts in parentheses. 
b Subsamples 1-3, plain rice flour. 
c Subsamples 4-6, sweet rice flour.
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Table 2. Collaborative results for the recovery * of Insect fragments and rodent hairs from extruded rice products b
and rice paper c by the proposed method

Insect fragments (20 added) Rodent hairs (20 added)
Coll. 1 2 3 4 5 6 1 2 3 4 5 6

A 16 20 d 20 19 19 11 19 d 19 17 18
B 20 19 20 18 17 16 19 17 17 17 17 15
C 18 22(20) 15 24(20) 14 19 16 9 12 22(20) 18 18
D 15 16 20 17 17 15 17 19 15 16 11 12
E 20 20 19 19 18 d 20 18 18 21(20) 21(20) d
F 22(20) 20 20 19 21(20) 24(20) 15 13 21(20) 12 14 23(20)

Av. No. 18.77(18.38) 16.68(16.44)
Av„ % 93.85(91.91) 83.40(82.20)
SD, %

Repeatability 2.20(1.67) 3.38(3.00)
Reproducibility 2.45(1.89) 3.42(3.10)

CV, %
Repeatability 11.73(9.11) 20.27(18.27)
Reproducibility 13.04(10.30) 20.51(18.82)
3 Associate Referee counts in parentheses. 
b Subsamples 1-3, extruded rice products. 
c Subsamples 4-6. rice paper. 
d Lost in analysis.

time. Counting time and ease of reading papers 
varied with the experience of the analyst and the 
amount of plant material on the filth papers, 
which ranged from very clean to heavy. The 
heavy papers were caused by insufficient di­
gestion; therefore, instructions for preheating 
the hot plate to maximum heat were given at the 
very beginning of each method and a vigorous 
boil was specified.

Recommendation

It is recommended that the proposed methods 
for the extraction of light filth from plain rice 
flour, sweet rice flour, extruded rice products,

and rice paper be adopted official first action, 
based on the results of this collaborative study.
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D e fa t t in g  T e c h n iq u e  fo r  T w o  G ro u n d  S p ic e s  U s in g  S im p le  R e flu x  
A p p aratu s: C o lla b o r a tiv e  S tu d y
RUSSELL G. DENT
Food and Drug Administration, Division of Microbiology, Washington, DC 20204 
Collaborators: R. B. Bradicich; G. Dzidowski; L. Glaze; J. Quaife
A s o lv e n t d e fa tt in g  te c h n iq u e  w a s  te s te d  fo r  2 sp ices  
w h ic h  re q u ir e  th e  s a m e  e x tra c tio n  p ro c e ss  b u t  d i f ­
f e r e n t  d e fa t t in g  a g e n ts . F o r tu rm e r ic , w h ic h  u ses  
is o p ro p a n o l as  th e  d e fa t t in g  a g e n t, re c o v e rie s  o f ro ­
d e n t  h a ir  an d  in se c t fra g m e n ts  w e re  n o t s ig n if ic a n tly  
d i f f e r e n t  fro m  th o se  in  th e  o r ig in a l  c o lla b o ra t iv e  
s tu d y , a n d  th is  te c h n iq u e  is  re c o m m e n d e d  as  a n  a l ­
te rn a t iv e  to  A O A C  m e th o d  44.122(a). H o w e v e r , fo r  
o re g a n o , w h ic h  u se s  c h lo ro fo rm  as  th e  d e fa t t in g  
a g e n t, re c o v e rie s  o f in s e c t  f r a g m e n ts  w e re  s ig n if i ­
c a n tly  lo w e r  b y  th e  re f lu x  m e th o d . A n  a l te rn a t iv e  
c h lo ro fo rm  p re t r e a tm e n t  fo r  o re g a n o , th e r e f o re ,  is  
n o t  re c o m m e n d e d  fo r  A O A C  44.122(b). I t  is  s u g ­
g e s te d  th a t  re f lu x  a c tio n  d e fa t t in g  te c h n iq u e s  b e  
c o n s id e re d  d u r in g  th e  d e v e lo p m e n ta l  s ta g e s  o f  n e w  
m e th o d s . T h e  te c h n iq u e  h a s  b e e n  a d o p te d  o ff ic ia l  
f i r s t  a c tio n  fo r  tu rm e r ic .

Many AOAC methods for spices require 3 or 
more open hot solvent defatting or wash steps. 
This simple reflux, or “solvent saver," technique 
attempts to reduce the amount of solvent re­
quired and confine solvent vapors to the reflux 
apparatus. AOAC pretreatm ent method 
44.122(a) requires 3 portions of isopropanol and 
a 10 min boil for each change; pretreatment 
method 44.122(b) requires 3 changes of chloro­
form, a 10 min boil for each change, and a short 
wash with isopropanol after the last change. A 
beaker is used for all of the boiling steps in both 
methods to permit release of the defatting sol­
vent and plant volatiles into the atmosphere.

The solvent saver apparatus (Figure 1) consists 
of support stands with clamped 1 L round-bot­
tom flasks which are stoppered with 2-hole 
rubber stoppers. Each hole has a glass tube and 
rubber hose attached. One hose is connected to 
a cold water source, the other to a drain outlet. 
With cold water circulating through the flask, 
which is inserted into a 1 L beaker containing the

Received August 26, 1981. Accepted October 26, 1981.This report ofthe Associate Referee was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, DC.The recommendation of the Associate Refereee was ap­proved by the General Referee and Committee F and was adopted by the Association. See /. Assoc. Off.  Anal. Chem. (1982) 65,387.

F ig u re  1. S o lv e n t s a v e r  a p p a ra tu s .

sample, the solvent is heated to a boil and al­
lowed to reflux back into the sample for a set 
period of time. Multiple units should be set up 
in parallel with " T "  connectors rather than in a 
series because increased temperature at the end 
of the series may affect the efficiency of the sol­
vent reflux process.
S o l v e n t  S a v e r  T e c h n i q u e  f o r  G r o u n d  
T u r m e r i c  a n d  O r e g a n o

(a) T u r m e r ic .—Weigh sample into 1 L beaker. 
Add 400 mL isopropanol to sample beaker and 
boil gently on hot plate 30 min with solvent 
saver apparatus (Figure 1) inserted into beaker 
top. Pour sample into No. 230 sieve and wash 
with gentle stream of hot tap water. Proceed 
with extraction as in 44.123(b).

(b) O r e g a n o .—Form filter paper cup 
(44.022(k)) with 400 mL beaker into 1 L beaker 
and weigh sample into cup. Add to 1 L beaker. 
Add 400 mL chloroform to cup in sample beaker 
and boil gently on hot plate-solvent saver appa­
ratus in fume hood for 10 min. Transfer cup to 
buchner funnel and aspirate to slow drip. Turn 
off vacuum. Return cup to original beaker and

0004-5756/82/6505-1089-04$01.00
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cover sample with isopropanol. Boil on hot 
plate for 2 min without solvent saver apparatus. 
Remove paper cup and aspirate to near dryness. 
Turn off vacuum and proceed with extraction as 
in 44.123(b).

Collaborative Study

Three collaborators each received 12 subsam­
ples, 6 of ground oregano and 6 of ground tur­
meric. The collaborators examined 3 of the 
subsamples of each spice by the official pre­
treatment methods 44.122(a) for turmeric and 
44.122(b) for oregano. The solvent saver tech­
nique was used to analyze the other 3 subsamples 
of each spice with the appropriate solvents. The 
same isolation method, 44.123(b), was used for 
all subsamples. Each subsample was spiked with 
20 elytral fragments ca 0.5 mm sq. and 20 rodent 
hair fragments ca 1-2 mm long. The collabora­
tors reported their counts of the spike material 
and submitted the extraction plates to the Asso­
ciate Referee for confirmation of the counts.

Results

This mini-collaborative study compared dif­
ferent defatting techniques for 2 previously 
studied spices, turmeric and oregano. Identical 
time frames and reagents were observed to pro­
vide a valid comparison. Statistical data in Ta­
bles 1-4 were calculated from the original studies 
(1, 2). Average recovery values obtained by the 
official method were similar in this study and in 
the original studies. Although variation was
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greater in this study, especially the reproduc­
ibility component, it was within acceptable 
limits.

For oregano, the solvent saver technique gave 
much lower recoveries of insect fragments than 
the official method (Table 1), and repeatability 
and reproducibility variations were much 
higher. There were no differences between the 
two methods in recoveries of rodent hairs (Table 
2). For turmeric, recoveries of insect fragments 
and rodent hair fragments were almost identical 
by the solvent saver and official methods (Tables 
3 and 4).

Discussion

The purpose of this study was to determine 
whether the solvent saver reflux technique could 
be used as an alternative to the official methods 
for defatting turmeric and oregano. When the 
solvent saver reflux technique was used for 
ground turmeric with isopropanol as the solvent, 
66% of the solvent was saved, volatile vapors 
were confined to the solvent saver apparatus, and 
the economy and safety of the defatting were 
enhanced with no compromise in effective­
ness.

The solvent saver reflux technique was also 
used for defatting ground oregano with chloro­
form as the solvent; however, recoveries of insect 
fragments were unsatisfactory compared with 
those of the official method.

These differences in insect fragment recoveries 
can be explained by the characteristics of the 2

CHEM. (VOL. 65, N O . 5, 1982)

Table 1. Collaborative results for the recovery * of insect fragments using official AOAC methods 44.122(b) and 
44.123(b) for oregano with chloroform as the defatting agent

Solvent saver (SS) Official (O)
Coll. 1 2 3 4 5 6

A 18(20) 8 15 20 17(18) 19
B 20 19(16) 18(17) 19 18 20C 6(7) 9 5(4) 18 14(15) 20

Original
Associate Referee Collaborators study

Statistic SS 0 SS 0 0
Av. recovery 12.9 18.5 12.0 18.3 18.7% recovery 
SD

64.5 92.5 60.0 91.5 93.5
Repeatability 3.96 1.67 2.69 2.06 1.01Reproducibility 

CV. %
6.50 1.67 6.70 2.06 1.06

Repeatability 30.70 9.00 22.42 11.26 5.40Reproducibility 50.39 9.00 55.83 11.26 5.67
a Associate Referee counts are in parentheses.
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Table 2. Collaborative results for the recovery of rodent hairs using official AOAC methods 44.122(b) and 44.123(b) 

for oregano with chloroform as the defatting agent

Solvent saver (SS) Official (0)
Coil. 1 2 3 4 5 6

A 20 18 20 20 20 18B 17 20 18 17 18 17
C 16 19 19 16 15 13

Original
Associate Referee Collaborators study

Statistic SS O SS O 0
Av. recovery 18.5 17.1 18.5 17.1 18.2
% recovery 
SD

92.5 85.5 92.5 85.5 91.0
Repeatability 1.49 1.16 1.49 1.16 1.03
Reproducibility

CV, % .
1.49 2.52 1.49 2.52 1.22

Repeatability 8.05 6.78 8.05 6.78 5.66
Reproducibility 8.05 14.74 8.05 14.74 6.70

solvents. The low boiling point of chloroform 
(61.15°C), its elevated vapor pressure (158.4 torr 
at 20°C), and its low solubility in water (0.056% 
at 20°C) enhance its defatting ability. Further­
more, in the reflux technique when the product 
is immersed in the solvent, the dissolved lipids 
tend to elevate the boiling point, further en­
hancing solvent action. By elevating the boiling 
point of the chloroform with solvated lipids, 
solvent cycling is increased. The effect of sol­
vation on fats and waxes of the insect fragment 
cuticle, in turn, interferes with the filth extrac-

tion. Rodent hairs do not appear to be affected 
by either solvent.

Aside from having a higher boiling point 
(82.26°C), the other solvent used in this study, 
isopropanol, has a low defatting capability be­
cause it is highly soluble in water. Conse­
quently, it is more suitable for defatting low fat 
spices without removing the fats and waxes from 
insect fragments which would ultimately inter­
fere with the filth extraction process. Isopro­
panol, therefore, tends to be self-limiting in both 
defatting techniques.

Table 3. Collaborative results for the recovery a of insect fragments using official AOAC methods 44.122(a) and 
44.123(b) for turmeric with isopropanol as the defatting agent

Coll.
Solvent saver (SS) Official (O)

i 2 3 4 5 6
A 20 18 20 20 19 20
B 20 18 19 18 20 20
C 19 18 18 18 14 21(20)

Original
Associate Referee Collaborators study

Statistic SS 0 SS O 0
Av. recovery 18.9 18.8 18.9 18.9 19.2
% recovery 94.5 94.0 94.5 94.5 96.0
SD

Repeatability 0.94 0.94 1.92 2.16 0.93
Reproducibility 0.94 2.01 0.94 2.16 1.00

CV, %
Repeatability 4.97 10.21 4.97 11.43 4.84
Reproducibility 4.97 10.69 4.97 11.43 5.21

Associate Referee counts are in parentheses.
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Table 4. Collaborative results for the recovery of rodent hairs using the official AOAC methods 44.122(a) and 
44.123(b) for turmeric with isopropanol as the defatting agent

Solvent saver (SS) Official (0)
Coll. 1 2 3 4 5 6

A 18 20 20 20 17 19
B 20 18 19 19 19 20
C 12 20 13 14 15 16

Origina'
Associate Referee Collaborators study

Statistic SS 0 SS 0 0
Av. recovery 17.8 17.7 17.8 17.7 17.5
% recovery 
SD

89.0 88.5 89.0 88.5 87.5
Repeatability 2.67 1.11 2.67 1.11 0.97
Reproducibility 

CV, %
3.25 2.50 3.25 2.50 0.97

Repeatability 15.00 6.27 15.00 6.27 5.54
Reproducibility 18.26 14.12 18.26 14.12 5.54

Recommendations

When used with isopropanol as a defatting 
agent, the solvent saver technique can be an al­
ternative to the official method for turmeric, 
44.122(a) and 44.123(b), with little or no loss in 
insect fragment and rodent hair fragment re­
coveries. It is recommended that the solvent 
saver technique be inserted in the AOAC O ffic ia l  
M e th o d s  o f  A n a ly s is . Because of changes in sol­
vent characteristics and low insect fragment re­
coveries, the solvent saver technique was un­
successful with chloroform and therefore is not 
recommended for oregano. Further investiga­
tions of the solvent saver technique should be 
made during development of methods which 
require a defatting pretreatment.
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H o w a r d  M o ld  C o u n t o f  F ru it N ec ta rs , P u rees , a n d  P astes: 
C o lla b o r a t iv e  S tu d y
STANLEY M. CICHOWICZ and RUTH BANDLER
Food and Drug Administration, Division of Microbiology, Washington, DC 20204
Collaborators: R. Bandler; G. Dzidowski; D
F. M cNerney
The various mold count methods for nectars, purees, 
and pastes make no adjustment for concentration of 
the pulped liquid. Thus, mold counts of different 
forms of the same product (e.g., guava nectar, puree, 
or paste) or of the same product from different man­
ufacturers cannot be compared. A method was de­
veloped in which the product is centrifuged under 
standardized conditions, then diluted to a standard 
pellet-to-final-volume ratio. Because variations in 
the concentration of fruit or vegetable tissue are 
corrected, comparisons of mold counts are possible. 
The method was adopted official first action.

The primary difference among fruit nectars, 
purees, and pastes is concentration. Tradition­
ally, mold counts of comminuted fruit products 
(44.096) made no allowance for variations in 
concentration. Samples of peach nectar pre­
pared for mold counting by the official method 
were extremely thin with virtually no fruit tis­
sue, which is the source of mold to be counted; 
samples of infant peach puree, on the other hand, 
had a high fruit tissue concentration. Further­
more, addition of sugar made concentration ad­
justment of soluble solids impossible.

In the proposed method, the plant tissue con­
centration was standardized by diluting a cen­
trifuged pellet by volume with stabilizer solu­
tion. Comparison of mold counts of different 
products of the same fruit (e.g., nectar, puree, or 
paste) or of the same product from different 
manufacturers was thus possible.
Howard Mold Count of Fruit Nectars, Purees, 

and Pastes
Official First Action

44.C08 S a m p l e  P r e p a r a t i o n
(a) F ru it n e c ta r s .—Measure 40 mL well mixed 

sample into 40 mL graduated, thick-wall centrf.

Received June 30,1981. Accepted October 26,1981.This report of the Associate Referee, S. M. Cichowicz, was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22, 1981, at Washington, DC.The recommendation of the Associate Referee was approved by the General Referee and Committee F and was adopted by the Association. See J. Assoc. Of f .  A nal. Chcm. (1982) 65, 386.

Floyd; R. Gaiacci; J. Kaminski;

tube (Corning, Pyrex No. 8340, or equiv.) and 
proceed as in 44.C09.

(b) F ru it p u re es  w i th  no a d d e d  s ta r c h .—Dil. 
sample 1 + 1 with H20 , measure 40 mL well 
mixed sample into 40 mL graduated, thick-wall 
centrf. tube, and proceed as in 44.C09.

(c) F ru it p u re es  w ith  a d d e d  s ta rch . —Weigh 50 g 
fruit puree into beaker and add 50 mL HC1 soln 
(5 + 45). Mix well and heat on steam bath 15 
min. Measure 40 mL well mixed, hydrolyzed 
sample into 40 mL graduated, thick-wall centrf. 
tube and proceed as in 44.C09.

(d) F ru it p a s te s .—Disperse 1 part paste in 3 
parts H20 . If necessary, warm gently to break 
gel. Measure 40 mL well mixed sample into 40 
mL graduated, thick-wall centrf. tube and pro­
ceed as in 44.C09.
44.C09 C e n t r i f u g a t i o n  a n d  C o n c e n t r a t i o n

A d j u s t m e n t
Centrf. 10 min at 2200 rpm as in 44.082. 

Gradually let centrf. come to complete stop. 
Remove tubes and immediately decant supernate 
without disturbing sediment. Gently tap centrf. 
tube to level top of sediment. Dil. sediment with 
stabilizer soln, 44.003(gg), as follows: (1) peach, 
apricot, mango, and papaya: 1 + 1; (2) pear and 
guava: 1 + 3 ;  (3) strawberries, blackberries,
raspberries, and blueberries: 1 + 6.

Proceed with Howard mold count as in 44.096, 
beginning "Clean Howard cell . . ."

Collaborative Study
Six collaborators each examined 6 samples of 

peach nectar. All aliquots were taken from a 
homogeneous mixture spiked with R h izo p u s  
mold (chosen for its coarse, easily recognizable 
hyphae). The mold spike was grown in a 250 mL 
screw-cap flask containing 125 mL sterile peach 
nectar. The culture medium was inoculated 
with R h iz o p u s  mold and incubated at room tem­
perature on a shaker for 3 days.

After incubation, 15 mL formalin was added 
to the culture flask. The mixture was transferred 
to a Sorvall Omni-Mixer fitted with a 600 mL cup

0004-5756/82/6505-1093-02$01.00 
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Table 1. Mold counts of peach nectar by collaborators

Sample
Coll. 1 2 3 4 5 6

A 40 50 41 44 41 42
B 53 50 53 50 50 50
C 45 33 48 37 33 45
D 45 47 61 47 51 34
E 33 26 46 38 41 38
F
Av.
SD

Repeatability 
Reproducibility 

CV, %
Repeatability
Reproducibility

46 48
44.222

5.464
6.790

12.36
15.35

46 41 51 38

and blended at ca 13 000 rpm for 3 min. The 
spiking mixture was added in 20 mL portions to 
a 3 L beaker containing 2.5 L peach nectar and 
mixed well. The mold count was checked until 
the desired mold count range was reached.

Results and Discussion

Few problems were encountered in the sample 
preparation and counting procedure. The col­
laborators' counts are presented in Table 1. 
Traditionally, the Associate Referee counts the 
collaborators' preparations; however, the Ref­
eree's counts were unnecessary in this study. 
The low coefficients of variation (repeatability 
12.36% and reproducibility 15.35%) presented in 
Table 1 support this decision. In the past, analyst 
counts yielded coefficients of variation of 50% or 
more in similar microscopic procedures, proba­
bly because collaborative studies were assigned 
without regard to the analysts' training or ex­
perience in mold counting.

This collaborative study tested the centrifu­
gation technique in the sample preparation. The 
study was not intended to test the analysts' 
abilities to count mold; however, the choice of 
trained analysts and the use of coarse mold for 
spiking the samples undoubtedly added to the 
success of this study.

Recommendation

It is recommended that the proposed method 
be adopted official first action for fruit nectars, 
purees, and pastes.
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Collaborators: R. Bandler; G. Dzidowski; D. 
R. Trauba
T he o ffic ia l A O A C  m eth od  for d eterm in ation  o f  Geotrichum m o ld  in  can n ed  fru its  and v eg eta b le s  
(44.079) req u ires a series  o f 3 s ie v e s , N os. 8, 16, and  
230, to separate th e p ack in g  liq u id  from  th e  product 
and the m old  from  the pack ing  liqu id . A lthou gh  th is  
m eth od  has b een  su ccessfu l for w h o le  or coarsely  
chopped products (e.g., green beans, potatoes, carrots, 
and b eets), f in e ly  d iv id ed  p roducts such  as fru it 
p u rees and tom ato  p roducts ten d  to c lo g  the s iev es .
A m eth od  w as d ev e lo p ed  in  w h ic h  th e p rod uct is  
cen tr ifu g ed , d ilu ted  b y  v o lu m e , sta in ed  w ith  crystal 
v io le t , and counted  w ith  the s iev in g  steps elim inated . 
T he p rop osed  m eth od  w as adop ted  o ffic ia l first ac­
tion .

The official m ethods for determ ination o f Geo­
trichum  m old in fruit and vegetab le products, 
44.079 and 44.106, use a series o f sieves, N os. 8, 
16, and 230, for the separation and concentration  
of m old fragm ents. The m ethod is in tended  for 
coarse products that consist o f large pieces of 
intact fruits or vegetables packed in liquid w h ich  
contains few  suspended pieces of fin ely  d ivided  
plant tissue. W hen used  to prepare a com m i­
nuted fruit such as infant peach puree, the finely  
div id ed  product c logged  N o. 230 sieve. The 
small pieces o f fruit tissue could not be separated 
from  the liqu id  by sieving .

The proposed m ethod elim inates all s iev in g . 
The sample is stained, diluted if it is a heavy paste 
or puree, and centrifuged. The supernatant 
liq u id  is decanted, and the p elle t o f plant tissue  
is d ilu ted  by vo lu m e w ith  stabilizer solu tion . 
The sam ple is counted  as in 44.079(d). The 
centrifugation step a llow s standardization of 
tissue concentration before exam ination.

Collaborative Study
Six collaborators each exam ined 6 sam ples of 

peach nectar. A ll aliquots w ere taken from  a 
h om o gen eou s m ixture sp iked  w ith  naturally  
occurring m achinery m old.

This report of the Associate Referee, S. M. Cichowicz, was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22, 1981, at Washington, DC.The recommendation of the Associate Referee was approved by the General Referee and Committee F and was adopted by the Association. See /. Assoc. O ff. A nal. Chem. (1982) 65, 386.Received June 30, 1981. Accepted October 26, 1981.

Floyd; J. Kaminski; F. McNerney;

G eotrichum  Mold in Comminuted Fruits and 
Vegetables

Official First Action
44.C06 Sam ple Preparation

(a) Fruit n ectars.—A dd 40 mL nectar and 10 
drops o f crystal v io le t stain, 44.003(p), to 40 mL 
centrf. tube (Corning, Pyrex No. 8340, or equiv.). 
M ix w e ll and proceed as in  44.C07.

(b) Purees w ith  no added starch .—A dd 20 mL 
puree and 10 drops o f crystal v io le t stain, 
44.003(p), to 40 mL centrf. tube. M ix w ell. 
Bring vol. to 40 mL w ith  H 20  and m ix w ell. 
Proceed as in  44.C07.

(c) Purees w ith  starch a d d e d .—A dd 50 mL HC1 
so ln  (5 +  45) to 50 g fruit puree. Mix w e ll and  
heat w ith  mag. stirring u n til starch clears. 
N eu tze soln  w ith  50% KOH or 50% NaO H  to pH  
7.0 ±  1.0. Transfer 40 mL so ln  to 40 mL centrf. 
tube and add 20 drops o f crystal v io le t stain, 
44.003(p). Mix w e ll and proceed as in  44.C07.

(d) P a stes .—D isp ersed  part paste in  3 parts 
H 20 .  If necessary, warm  g en tly  to break gel. 
Transfer 40 mL soln to 40 mL centrf. tube and add 
10 drops o f crystal v io le t stain, 44.003(p). Mix 
w ell and proceed as in  44.C07.
44.C07 C entrifugation

Centrf. 10 min as in  44.082. Im m ediately after 
centrf. com es to rest, decant aq. layer and read 
vol. o f sedim ent. Dil. sed im ent 1 + 3  (v /v )  w ith  
stabilizer so ln , 44.003(gg).

Pipet and count as in  44.079(d). Express re­
sults in  m ycelial fragm ents per 100 mL prepn.

Results and Discussion
The official AOAC m ethods, 44.079 and 44.106, 

are not applicable to com m inuted  fruits and  
vegetab les because the fin ely  d iv id ed  products 
clog the N o. 230 sieve. Sam ples prepared by the 
proposed m ethod contain  a great am ount of 
m asking plant tissue, w h ich  m akes th e m old  
hard to find  and increases the cou n tin g  tim e. 
H ow ever, the centrifugation  a llow s tissue con ­
centration o f the different form s o f each product

0004-5756/82/6505-1095-02$01.00 
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Table 1. Counts of G eotrichum  mold in peach nectar by collaborators and Associate Referee

Coll.
Sample

1 2 3 4 5 6

A 76(87)a 72(86) 106(99) 121(94) 97(125) 96(96)
B 42(111) 43(121) 44(80) 45(97) 42(86) 44(102)
C 105(100) 113(115) 109(108) 114(76) 98(122) 82(112)
D 78(97) 67(90) 142(96) 107(97) 69(110) 83(107)
E 20(105) 19(110) 24(121) 19(122) 18(94) 23(80)
F 69(104) 79(100) 125(110) 115(83) 112(109) 111(82)

Av. 75.806(100.917)
SD

Repeatability 17.417(14.035)
Reproducibility 38.492(14.035)

CV, %
Repeatability 22.98(13.91)
Reproducibility 50.78(13.91)
a Associate Referee counts of the same samples are in parentheses.

(i.e., nectars, purees, and pastes) to be standard­
ized  before exam ination.

The collaborators' counts and the Associate  
Referee's counts o f the collaborators' prepara­
tions are presented  in  Table 1. O n average, the 
collaborators' counts w ere low er than those of 
the Associate Referee (75.806 vs 100.917), prob­
ably because som e analysts lacked training and  
practice and because of relatively large am ounts 
of m asking plant tissue. The collaborators' 
counts also varied m ore than those o f the A sso­
ciate Referee, as sh ow n  by the repeatability and  
reproducibility values. The low  coeffic ien t of 
variation (13.91) show ed that good precision was 
attained by analysts w h o  received  adequate  
tra in in g  and practice in  p erfo rm in g  the  
m ethod.

Recommendation
It is recom m ended that the proposed m ethod  

be adopted official first action for com m inuted  
fruits and vegetables.
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P E S T IC ID E  R E S ID U E S

High Performance Liquid Chromatographic Determination of 
Difenzoquat Residues in Water
I J A Z  A H M A D
Alberta Environmental Centre, Vegreville, Alberta, Canada TOB 4L0

A s im p le  a n a ly tica l m eth od  is  d escr ib ed  fo r  the  
q u a n tita tiv e  d e term in ation  o f  d ife n zo q u a t (1,2- 
d im e th y l-3 ,5 -d ip h e n y l- lH -p y r a z o liu m  m e th y l s u l­
fa te) resid u es in  w ater. T h e m eth od  in v o lv e s  h ig h  
perform ance liq u id  chrom atography w ith  u ltravio let  
d etectio n  at 255 n m . T he proced ure is  u sed  to  d e ­
term ine 2 p pb  to  1 ppm  le v e ls  o f d ifen zo q u a t in  pure 
and tap w ater . S am p les w h ic h  co n ta in  > 5 0  p p b  d i­
fen zo q u a t are in jected  d irectly  in to  th e  liq u id  ch ro­
m atograph  w ith o u t prior sep aration , co n cen tra tion , 
or p u rifica tio n . S am p les  c o n ta in in g  < 50  p pb  d i­
fen zo q u a t are first en r ich ed  on  C is Sep -P ak  reverse  
p h ase cartridges and th en  in jected  in to  th e  liq u id  
chrom atograph . A verage reco v er ies  o f d ife n zo q u a t  
w ere greater than 92% w ith  a co e ffic ie n t o f variation  
le ss  than  4.5%. T h e m eth od  can  be u sed  fo r  w ater  
sam p les  w ith  d ife n zo q u a t co n cen tra tion s as lo w  as 
2 p p b .

Difenzoquat (l,2-dimethyl-3,5-diphenyl-lH- 
pyrazolium methyl sulfate) is an herbicide used 
throughout the world to control wild oats. It is 
a quaternary ammonium salt which is highly 
soluble in water and partitions strongly in the 
favor of water. It has a negligible vapor pressure 
and is quite stable to hydrolytic or biological 
degradation (1). Difenzoquat is the active in­
gredient in Avenge® and Finaven® (registered 
trademarks of American Cyanamid Co.). A 
26.9% solution and a 51.7% soluble powder are 
registered in Canada under the Pest Control 
Product Act.

Analysis of difenzoquat in commercial for­
mulations has been described in the literature (2 ,
3). Steller (4) has recommended a gas-liquid 
chromatographic method validated at levels as 
low as 50 ppb difenzoquat in soil, plant, and an­
imal tissues. This paper describes a procedure 
for the quantitative determination of difenzoquat 
residues in water. The method is simple, quick, 
and reliable, and permits rapid monitoring of 
difenzoquat in water.

Received December 2,1981. Accepted February 22,1982.

M E T H O D

Apparatus and  Reagents
(a) Liquid chromatograph. —Perkin-Elmer Series

II w ith  R heodyne sam ple injector M odel 7120 
(w ith  175 pL loop) or M odel 7150 equ ipped w ith  
Perkin-Elm er variable w a v elen g th  ultraviolet 
(UV) detector, M odel LC-55, and H ew lett-P ack­
ard integrator M odel 3380A. Typical chrom a­
tographic conditions: tem perature, am bient;
flow  rate, 2 m L /m in; w avelen gth , 255 nm; chart 
speed, 0.5 cm /m in; injection volum e, 175 pL w ith  
175 pL loop.(b) Chrom atographic co lu m n .—W hatm an Part- 
isil PXS 10/24  ODS, stainless steel, 25 cm lon g  X
4.6 mm  id (W hatman Inc., C lifton , NJ 07014).

(c) Guard column. —Stainless steel, 7.0 cm lo n g  
X 4.6 mm id, laboratory-packed w ith  Co:Pell 
ODS (W hatm an Inc.).

(d) R eagen ts .—D ifen zoquat (analytical grade 
98%+ purity) w as su p p lied  by the Laboratory 
Services D iv ision , Food Production and Mar­
keting Branch, A griculture Canada, Ottawa, 
O ntario. A nalytical grade potassium  d ih yd ro­
gen  orthophosphate (BDH C hem ical), reagent 
grade 85% phosphoric acid (American Scientific  
and Chem ical), and p esticide grade acetonitrile  
(Fisher Scientific Co.) w ere obtained from  local 
suppliers. Pure water, used th rou ghout this  
w ork, w as prepared by p assing d istilled  water 
through a Milli-Q™ w ater purification system  
(M illipore Co., Bedford, M A 01730).

Tap w ater for sp ik in g  purposes w as co llected  
in  A pril 1981 from  a w ater tap located in  the A l­
berta E nvironm ental Centre, V egreville , A l­
berta.

(e) M obile phase .—See figure captions.
(f) Eluant so lu tion .—D isso lve  6.8045 g potas­

sium dihydrogen orthophosphate in  500 mL 50% 
aceton itrile-w ater, and adjust pH  o f resu lting  
so lu tion  to 2.80 w ith  phosphoric acid.

(g) Stock solu tion. — 1 p g  d ifen zoq u a t/p L . 
Accurately w e ig h  100 m g d ifenzoquat, d isso lve  
in  w ater in  100 mL volum etric flask, and d ilu te  
to vo lu m e w ith  water.

0004-5756/82/6505-1097-05$01.00 
© Association of Official Analytical Chemists, Inc.



1098 AHM AD: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 5, 1982)

copjV

Figure 1. C hrom atogram  o f 1.00 pp m  d ife n zo q u a t  
in  pure w ater.

Chromatographic conditions: mobile phase, 6.8045 
g potassium dihydrogen orthophosphate in 500 mL 
60% acetonitrile-water, pH adjusted to 4.01 with 
phosphoric acid; injection volume, 175 pL; flow rate, 
2 m L/m in; UV wavelength, 255 nm; chart speed, 0.5 
cm /m in; attenuation, 8 ; tem perature, ambient.

Preparation o f  S p ik e d  Sam ples
Transfer 0 .0 ,1 .0 , 2.5, 5 .0 ,1 0 .0 ,1 2 .5 , 25.0. 50.0,

100.0, 250.0, and 500.0 p L  portions o f stock so­
lution w ith  the appropriate syringe into separate 
clean 500 mL volu m etric flasks. D ilu te each to 
500 mL w ith  pure or tap water. Concentrations 
of d ifenzoquat in  above sam ples are 0.0, 2.0, 5.0,
10.0, 20.0, 25.0, 50.0 ppb, and 0.10, 0.20, 0.50, and
1.00 ppm , respectively .
D eterm ination

W ater sam ples sp iked w ith  0 .0 5 -1 .0 0  ppm  difen­
zo q u a t.—Filter sam ple through 0.45 p m  MF- 
M illipore filter (H A WP 01300) w ith  sam ple  
preparation filtration kit (M illipore Co.), and  
inject 175 p L  filtrate into liquid  chromatograph. 
Make 3 replicate injections and calculate am ount 
of d ifenzoquat by external standard m ethod.

W ater sam ples spiked w ith  2 -5 0  ppb d ifenzo­
qu at.•—D isso lve 1.70 g potassium  d ih yd rogen  
orthophosphate in  500 mL sp iked  sam ple and  
filter resu lting so lu tion  through 0.45 p m  MF- 
M illipore filter (H A WP 04700) w ith  all-glass  
filtration apparatus (M illipore Co.).

Pass 5 mL eluant solution through Cis Sep-Pak 
cartridge (Waters Associates, Inc., M ilford, MA  
01757) at ca 2 m L /m in .

Q uantitatively pass 100 mL (or as required) of

IO

Figure 2. C hrom atogram  o f  0 pp m  (— ) and 1.00  
pp m  d ife n zo q u a t in  V e g r e v ille  tap w ater  sam p les.

C hrom atographic c o n d itio n s  as g iv e n  in  F igure 1.

above filtrate through pre-w ashed C i8 Sep-Pak  
cartridge at 2.5 m L /m in .

Drain and discard w ater from  cartridge, and  
elu te d ifenzoquat w ith  eluant so lu tion  at ca 1.0 
m L /m in . Collect first 5 mL eluate in  5 mL v o l­
um etric flask.

M ake 3 replicate 175 p L  injections o f con cen ­
trated sam ple into liqu id  chrom atograph and  
calculate am ount o f d ifenzoquat by external 
standard m ethod.

Results and Discussion
Water sam ples (pure or tap water) sp iked  at 

0.05-1 .00 ppm  lev els  w ere injected d irectly  into  
the liq u id  chrom atograph by usin g  a sam ple in ­
jector equipped w ith  the 175 p L  loop. N o  major 
sample preparation was required except filtration  
of the sm all vo lu m e o f water sam ple through a 
0.45 p m  filter to rem ove particulate material 
w h ich  m ight p lug the colum n, hydraulic lin es, 
or in -lin e  filters. In the present w ork, sam ple  
filtration and injection into the liqu id  chrom a­
tograph w as accom plished  sim ultaneously  by
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Figure 3. E ffect o f variation  o f elu an t io n ic  strength  
on re ten tio n  tim e o f d ifen zo q u a t.

Chromatographic conditions: mobile phases: mix 
amounts of solution I (6.8050 g potassium dihydrogen 
orthophosphate in 500 mL 50% acetonitrile-water 
adjusted to pH 3.00 with phosphoric acid) and solution 
II (50% acetonitrile-w ater adjusted to pH 3.00 with 
phosphoric acid) to achieve desired concentration of 
potassium dihydrogen orthophosphate in mobile 
phase; injection volume, 2  pL ( 1 0 0  ng of difenzoquat); 
flow rate, 2 m L/m in, UV wavelength, 255 nm; chart 
speed, 0.5 cm /m in; tem perature, ambient.

using the sam ple preparation kit. The Luer end  
of the syringe barrel w as fitted  w ith  an adaptor 
for injection into the sam ple injector for LC d e­
termination. Figures 1 and 2 are chromatograms 
of 175 fiL  (175 ng) o f 1 ppm  d ifenzoquat in  pure 
and tap water sam ples, respectively. The peaks 
at 1.31 and 3.24 m in in Figure 2 were due to som e 
u n k n ow n  im purities present in  the tap water 
sam ple.

W ithin-run precision  w as calculated on  the 
basis o f 5 replicate sam ples of pure water spiked  
at 0.25 ppm  difenzoquat. The average recovery 
of d ifenzoquat from these sam ples w as 98%; the 
coeffic ien t o f variation w as 2.0%.

The linearity o f UV detector response for d i­
fenzoquat w as checked. Results w ere plotted as 
peak area vs concentration of d ifenzoquat in  the 
pure and tap w ater sam ples. The calibration  
graphs sh ow ed  no sign ifican t d ifference. The 
curves w ere linear over the concentration range 
exam ined (pure water, r = 0.999; tap water, r = 
0.998), and gave a low er lim it o f detection of 0.05

F igure 4. E ffect o f v ar ia tion  o f e lu a n t a ce to n itr ile  
co n cen tra tion  on  reten tio n  tim e o f d ife n zo q u a t.
Chromatographic conditions: mobile phase, 0.6805 

g potassium dihydrogen orthophosphate in 500 mL 
40-80% acetonitrile-water adjusted to pH 2.80 with 
phosphoric acid, other conditions as given in Figure
3.

ppm  or 8.75 n g /1 7 5  /uL o f the injected material 
(signal-to-noise ratio =  2).

The effects o f eluant ion ic strength , aceton i­
trile concentration, and pH  on the retention  of 
difenzoquat on the C i8 reverse phase analytical 
colum n were studied. The results are sh ow n  in  
Figures 3-5 . D ecreasing the ion ic strength , ac­
etonitrile concentration, a n d /o r  increasing the 
pH  of the m obile phase increased the retention  
of difenzoquat; the reverse w as also true. The 
study w as h elp fu l in  se lectin g  the com p osition  
of the m obile phase to ach ieve good  separation  
of d ifenzoquat in  the presence o f im purities.

Water sam ples sp iked  at 2 -5 0  ppb lev els  of 
difenzoquat w ere studied by extracting the d i­
fenzoquat from these sam ples and then  analyz­
in g  the extracts by h igh  perform ance liquid  
chrom atography. The m ethod for extracting  
difenzoquat from these sam ples was based on the 
affin ity  o f ion pairs for reverse phase chrom ato­
graphic support. The basic theory of the ion-pair 
techn ique and its practical aspects have been  
discussed (5, 6). Potassium  d ih yd rogen  ortho­
phosphate w as used  as an ion-pair reagent, and  
was added to each water sample. A  Mini-Pump®  
(M ilton Roy Co., St. Petersburg, FL) w as used to 
pass the appropriate am ount of w ater sam ple
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F igure 5. E ffect o f var ia tio n  o f e lu a n t p H  on  reten  
tio n  tim e o f d ife n zo q u a t.

Chrom atographic conditions: m obile phase, 0.6805  
g  potassium  d ih y d rog en  orth op hosp h ate in  500 mL 
60% aceton itr ile -w ater  adjusted to pH  2 .80-5 .80  w ith  
ph osph oric acid; other con d ition s as g iv e n  in  Figure
3.

through the Cig cartridge. A ny other appro­
priate d evice for passing a larger vo lu m e of 
sam ple could also be used for this purpose. After 
suffic ient concentration, the d ifenzoquat w as 
desorbed from  the cartridge w ith  the eluant so­
lu tion  and then  analyzed  by h ig h  perform ance 
liqu id  chrom atography. The treatm ent (w ash­
ing) of the cartridge w ith  the eluant solution was 
necessary before the concentration step. N o  
difenzoquat was adsorbed on  the cartridge w h en  
any of the above sp iked  sam ples (w ith ou t the  
addition  o f ion  pair reagent, KH2PO4) w ere  
passed through the untreated (new ) cartridge. 
Figure 6 is a chrom atogram  of 0 and 50 ppb d i­
fenzoquat in  tap w ater sam ples. The peaks 
at 1.31 and 1.91 m in w ere due to som e unkn ow n  
im purities present in  the tap water. A n attem pt 
to elim inate such im purities by w a sh in g  the  
cartridge w ith  10-50 mL ether-hexan e (20 +  80) 
before desorption w as not successful. R ecov­
eries of d ifenzoquat from the pure and tap water 
sam ples (Table 1) w ere greater than 92% w ith  a 
coeffic ien t o f variation o f less than 4.3%.

To determ ine w ith in -ru n  precision , 5 pure 
w ater sam ples w ere sp iked  at 20 ppb d ifen zo ­
quat, and carried through the procedure. The 
average recovery o f d ifenzoquat from  these  
samples was 95%, and the coefficient o f variation 
w as 4.1%.

. CHEM. (VOL. 65, NO. 5, 1982)
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F igure 6. C hrom atogram  o f 0 p pb  (— ) and 50 p pb  
d ife n zo q u a t in  tap w ater.

C hrom atographic conditions: m obile phase, 0.02M  
potassium  d ih yd rogen  orth op h osp h ate-aceton itr ile  
(50 +  50) adjusted to pH  3.02 w ith  p h osph oric acid; 
in jection  v o lu m e, 175 pL; flo w  rate, 2 m L /m in ; U V  
w a v e len g th , 255 nm ; chart speed , 0.5 cm /m in ; atten ­
uation, 4; tem perature, am bient.

The calibration curve b etw een  peak area and  
d ifenzoquat concentration (Table 1) w as linear  
over the concentration range exam ined and gave  
a correlation coeffic ien t o f 0.999; th is linearity  
sh ow ed  that the m ethod  w as w e ll su ited  for the  
determ ination  o f d ifenzoquat in  water. The 
recovery valu es listed  in  Table 1 reveal th e h igh  
efficien cy  o f the m ethod.

The m ethod w as also tested w ith  V erm ilion  
River w ater w h ich  w as fortified  w ith  d ifen zo ­
quat. The results w ere sim ilar to those for Ve- 
g rev ille  tap w ater sam ples.

This m ethod  presents a rapid, accurate proce­
dure for determ in in g  d ifenzoquat in  w ater and  
has a potential for application to analysis o f other 
p esticide residues.
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Table 1. Recovery of difenzoquat from fortified pure and tap water samples3

Sample Fortification level, ppb Voi. sample coned, mL Difenzoquat present, pg
Pure water Tap water

Ree, pg Ree., % Ree, pg Ree., %
5 50 100 5.0 4.83 98.6 4.63 92.6
6 25 100 2.5 2 .2 2 88.8 2.48 99.27 20 100 2.0 1.8 8 94.0 1.89 94.5
8 10 100 1.0 0.89 89.0 0.90 90.09 5 10 0 0.5 0.49 98.0 0.47 94.0

10 2 200 0.4 0.36 90.0 0.36 90.0
Av. 92.7 93.4
SD (n = 6) 4.0 3.4CV, % 4.3 3.6

3 Each value is an average of 3 replicate determinations. Chromatographic conditions are given in Figure 6 .
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A m eth od  capab le o f d eterm in in g  0.1 pp m  1080 (so ­
d iu m  fluoroaceta te) in  1 g a n im al tissu e  w as d e v e l­
oped . It in v o lv e s  extraction o f 1080 from  the sam ple  
w ith  a ce to n e -w a ter , and  th en  ev a p o ration  o f th e  ac­
e to n e  fo llo w e d  by extraction  o f 1080 as flu o roa cetic  
acid  from  w ater  w ith  e th y l acetate. E th y l acetate is  
rem oved  b y  v o la t iliz a tio n  from  flu o roa cetic  acid  
w h ic h  is  reta in ed  as the tr ie th a n o la m m o n iu m  f lu o ­
roacetate salt. F luoroacetic acid  is  su b seq u en tly  
d er iv a tized  w ith  a -b ro m o -2 ,3 ,4 ,5,6 -p en ta flu o ro to l-  
u en e and quantitated  by g as-liq u id  chrom atography  
w ith  an electron  capture d etector . T he m eth od  is  
rapid and requires no special apparatus or equ ip m ent 
and no m ore than  12 mL o f a n y  o n e  so lv e n t . R eco v ­
er ies  o f 1080 from  tissu e  sam p les  fo r t if ie d  w ith  
0 .1 -1 00  ppm  averaged  about 85%.

Several gas-liq u id  chrom atographic (GLC) 
m ethods (1-6) and, more recently, h igh  perfor­
m ance liquid chrom atographic (HPLC) m ethods 
(7, 8) have been  reported for the determ ination  
of 1080 (sodium  fluoroacetate). T hese m ethods  
require som e type o f derivatization o f sodium  
fluoroacetate, either because o f poor chrom ato­
graphic properties o f the conjugate fluoroacetic  
acid or because of lim ited detection o f the acid by 
the detector system s used. M ost GLC m ethods  
in v o lv e  conversion  o f the acid to an alkyl ester 
for chrom atographic separation and m easure­
m ent w ith  a flame ionization detector (1-4) or by 
mass spectrom etry (5). Flame ion ization  d etec­
tion  procedures lack sen sitiv ity , and mass spec­
trom etry is not readily available for routine use 
in  m ost laboratories. In HPLC m ethods, 1080 is 
derivatized  w ith  o-p-n itrobenzyl-N -N '-d iiso- 
propylisourea and m easured w ith  an ultraviolet 
(UV) detector (7) or m easured by fluorescence as 
the derivative o f 4-brom o-m ethyl-7-m ethoxy- 
coum arin (8). Based on the m inim um  am ount 
of derivative detected in  a standard so lu tion , a 
sen sitiv ity  greater than 0.1 ppm  was estim ated  
for the UV m ethod but recovery data w ere not 
presented  for lev els  b elow  1 ppm . In the flu o­
rescence procedure, a detection  lim it o f 0.2 ng  
sodium  fluoroacetate as the derivative w as re­
ported but the low est 1080 spike level tested w ith  
sam ples w as 100 m g/k g .

Received October 27,1981. Accepted February 9,1982.

Previously, w e  reported a GLC m ethod for the 
determ ination  o f 1080 in w h ich  it is derivatized  
w ith  a -b ro m o -2 ,3 ,4 ,5 ,6 -p en ta flu o ro to lu en e  
(pentafluorobenzyl brom ide, PFBB) and m ea­
sured w ith  an electron capture detector (6). 
A lth ou gh  the sen sitiv ity  of the m ethod w as 
about 0.2 ppm , recoveries w ere o n ly  in  the 2 0 -  
30% range. The low  recoveries resulted from  
losses incurred in the cleanup procedure w h ich  
consisted  o f a sequence of silica ge l adsorption  
and distillation steps to separate fluoroacetic acid 
from  co-extracted water. VVe have since m od i­
fied  the m ethod by e lim in atin g  the 2 steps and  
as a result have substantially im proved recoveries 
to about 90%. In addition  to the im proved re­
coveries, the m ethod is considerably sim pler and  
requires less time.

M ETH O D
R e a g e n ts  a n d  A p p a r a tu s

(a) S o lv e n ts .— A n alytica l reagen t aceton e  
(Sargent-W elch, Skokie, IL 60077); d istilled -in -  
glass hexane and 2,2,4-trim ethylpentane (Bur­
dick & Jackson Laboratories Inc., M uskegon, MI 
49442); nanograde ethyl acetate (M allinckrodt 
Inc., Paris, KY 40361).(b) Solutions.— Sodium  fluoroacetate (Sigm a 
Chem ical Co., St. Louis, MO 63178), 1000 q g/m L  
standard solu tion  in acetone-w ater (9 +  1); 
a-brom o-2,3 ,4,5,6-pentafluorotoluene (A ldrich  
C hem ical Co., M ilw aukee, WI 53233), 10% so lu ­
tion  in  2,2,4-trim ethylpentane; Baker A n alyzed  
reagent triethanolam ine (J. T. Baker Chem ical 
Co., P hillipsburg, NJ 08865), 10% so lu tion  in  ac­
etone.

(c) Gas ch ro m atograph .— Tracor M T-220  
equipped w ith  63N i detectors and EC linearizers. 
O perating conditions: in let temperature 150°C, 
detector 350°C, colum n temperatures and carrier 
gas (10% m ethane in  argon) flow  rates specified  
w ith  chrom atographic colum ns.

(d) Gas chrom atographic columns and condi­
tions.— Three 1.8 m X 2 mm id glass colum ns. 
C olum n packing, tem perature, and carrier gas

Use of trade names does not imply endorsement of com­mercial products by the United States Government.
0004-5756/82/6505-1102-04$01.00 © Association of Official Analytical Chemists, Inc.
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flow  rate: (1) 5% QF-1 on  100-120 m esh  Chro- 
m osorb W DMCS, 90°C, 35 m L /m in; (2) 1:1 
m ixture o f 5% QF-1 and 3% D C -2 0 0 /12,500 on  
100-120 m esh  Chrom osorb W DMCS, 90°C, 25 
m L /m in; (3) 0.5% OV-210 +  0.65% OV-17 on  
100-120 m esh  Ultrabond 20M  (Ultra Scientific  
Corp., 1 M ain St, H op e, RI 02831), 100°C, 20 
m L /m in . C olum ns sh ou ld  be fresh ly  packed  
and used exclusively for 1080 analyses. Colum n  
life  is in d efin ite  under norm al use but reduced  
colum n perform ance may result if used for other 
analyses.
P r o c e d u r e

Sam ple extraction and cleanup .— W eigh  1 g h o ­
m ogeneously ground tissue sam ple into 20 X 120 
mm screw-cap culture tube, add 4 mL aceton e-  
w ater (8 +  2), cap (T eflon-lined), m ix in  ultra­
son ic bath > 1 5  m in , centrifuge, and decant su- 
pernate into 15 X 110 m m  screw-cap tube. Re­
peat extraction o f sam ple tw ice w ith  sam e v o l­
um e o f so lven t. Place tube in  hot w ater bath 
(<65°C  to prevent bum ping) and reduce volum e  
to ca 2 mL w ith  gen tle  stream of n itrogen . Par­
tition  aqueous so lu tion  w ith  3 mL hexane, cen ­
trifuge, and draw o ff and discard hexane w ith  
hypoderm ic syringe or aspirator. Repeat tw ice  
w ith  sam e am ount o f hexane. Add 0.2 mL IN  
HC1 to aqueous solution. If sam ple is suspected  
of b ein g h igh ly  alkaline, measure pH  of aqueous 
so lu tion  and adjust to pH  <2. Extract (shake 
vigorou sly  2 -3  m in) aqueous layer w ith  3 mL 
eth y l acetate, centrifuge, transfer eth y l acetate 
w ith  clean hypoderm ic syringe to clean 15 X 110 
m m  screw-cap tube. Repeat extraction 3 tim es 
w ith  sam e am ount o f ethyl acetate. W hen  
transferring ethyl acetate, let a sm all am ount 
rem ain so that absolutely n on e o f the low er  
aqueous layer is in clu d ed  in  the transfer. Add  
100 pL triethanolam ine-acetone solution to ethyl 
acetate, m ix, place in  hot w ater bath (ca 70°C), 
and evaporate to dryness w ith  a stream of nitro­
gen . A dd 5 mL acetone to tube conta in ing  
sam ple, cap (Teflon-lined, gas-tight), and mix in  
ultrasonic bath > 5  m in. If sam ple solu tion  
contains <100 pg 1080, proceed to derivatization  
step. If sam ple so lu tion  is suspected  o f con ­
tain in g  a larger quantity o f 1080, d ilu te aliquot 
conta in ing > 100  p g  to 5 mL; then  proceed to 
derivatization  step.

D eriva tiza tion  and gas chrom atographic an a ly­
sis.—  A dd 0.1 g  K2C 0 3 (reagent, anhydrous, 
granular), 0.5 g N a2S 0 4 (reagent, anhydrous, 
granular), and 100 pL 10% PFBB solu tion . For 
diluted sam ple solution, use proportionately less 
(but >20  pL) 10% PFBB. Cap tightly, vortex mix,

and heat at 55°C  in  tube heater (or equ ivalent) 
for 30 m in.

Prepare 0 .2 -2  p g /m L  w ork in g  standard so lu ­
tions by derivatizing 1-10 pL aliquots o f 1000 pg  
sodium  fluoroacetate standard/m L. For <0.2  
pg/'mL w orking standards, derivatize appropri­
ate aliquots of 100 p g /m L  standard (1000 p g /m L  
standard d ilu ted  1:10 w ith  acetone). Place a li­
quot in  15 X 110 mm  screw-cap tube conta in ing  
5 mL acetone, add K2C 0 3 and N a2S 0 4 as for 
sam ple but on ly  20 pL PFBB solution , cap, vortex 
m ix, and heat w ith  sam ples at 55°C for 30 m in. 
Do not derivatize more than 50 pL of 1000 p g/m L  
sodium  fluoroacetate standard, to avoid  intro­
ducing an excessive am ount o f w ater w h ich  in ­
terferes in  the derivatization reaction.

A n alyze derivatized sam ple so lu tion  on  2 gas 
chromatographic colum ns. For routine analysis, 
use m ixed Q F-1/D C -200 and U ltrabond 20M  
colum ns; QF-1 colum n can be u sed  as an alter­
native colum n. Inject 1 -2  pL sam ple solu tion , 
and compare peak h eigh ts w ith  w ork in g  stan­
dards for quantitative m easurem ent. If peak  
height of sample solution is too large and extends 
o ff scale, d ilu te  so lu tio n  to appropriate  
volum e.

Results and Discussion
O ne o f the problem s en countered  in  GLC or 

HPLC m ethods for the determ ination  o f 1080 is 
the difficulty in  separating fluoroacetic acid from  
water that is used as the extraction solvent or that 
is co-extracted from  tissue sam ples. O rganic  
solvents used to partition fluoroacetic acid from  
water also extract an appreciable am ount of water 
w h ich  later interferes in  the various derivatiza­
tion reactions used to convert fluoroacetic acid  
to a com pound suitable for chrom atographic 
analysis. The usual separation procedure is to 
evaporate the so lven t and w ater after the addi­
tion  of an inorganic base such as sodium  or p o­
tassium hydroxide to form the fluoroacetate salt. 
This procedure requires critical adjustm ents of 
pH  to prevent loss o f fluoroacetic acid through  
d efluorination  (4) or conversion  to g lyco lic  acid  
(8). Separation o f fluoroacetic acid by th is pro­
cedure and later derivatization w ith  PFBB re­
su lted  in  low  recoveries even  w ith  careful con ­
trol o f pH. Good recoveries, w ith ou t pH  ad­
justments, w ere obtained w h en  triethanolam ine 
w as used  as the base. R ecoveries averaged 101 
±  4% (N  =  4) and 96 ±  1% (N  = 4), respectively , 
w h en  2 and 10 p g  1080 w ere extracted from  
water, taken through the concentration proce­
dure, and derivatized  w ith  PFBB.

A ll so lven ts used w ere tested through the an-
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alytical procedure to verify  the absence o f in ­
terfering contam inants. This w as necessary  
w h en  som e so lven ts w ere found  to contain im ­
purities that appeared, either before or after 
derivatization , as extraneous peaks near the re­
tention  tim e o f the 1080 derivative peak in  the 
GLC determ ination. N o  problem s due to im ­
purities in  the PFBB reagent w ere encountered  
in  the GLC analysis desp ite the use o f several 
different v ia ls o f the reagent purchased at d if­
ferent tim es. Chrom atographic peaks due to 
com pounds other than PFBB were present in  the 
chromatograms but none w as observed near the 
retention  tim e o f the 1080 peak. The PFBB re­
agent and 10% solution  w ere stored at — 10°C to 
m in im ize deterioration w h en  not in  use, and  
w ere brought to room tem perature before  
op en in g  for use to avoid condensation  o f m ois­
ture. The addition  o f a su fficient am ount of 
PFBB w as necessary to ensure com p lete deriva­
tization o f fluoroacetic acid in  sam ples. Best 
results w ere obtained w ith  75-100 qL of the 10% 
PFBB solution . Sm aller am ounts occasionally  
resulted in  low  recoveries and larger am ounts 
resulted in elevated baselines w h ich  m ade 
quantitative m easurements more difficult for low  
concentrations o f 1080.

The 3 gas chromatographic colum ns described 
under the m ethod w ere used to obtain recovery  
data. In our w ork, the QF-1 and m ixed QF-1/ 
DC-200 co lum ns w ere routin ely  used and the  
Ultrabond 20M  w as used as a backup colum n. 
Q uantitative m easurem ents w ere m ade on  the 3 
colum ns and percent recovery w as usually  cal­
culated from  the average o f the 3 results w h ich  
w ere genera lly  w ith in  8% of the m ean. Occa­
sionally , the controls o f som e stom ach sam ples  
that were decayed or spoiled show ed a peak near 
the retention  tim e o f 1080 on  the QF-1 colum n  
but not on  the Q F-1/D C -200 or U ltrabond 20M  
colum ns. For these sam ples, the percent recov­
eries o f added 1080 w ere calculated from the re­
sults obtained on  the latter colum ns. Figure 1 
sh ow s chrom atogram s obtained w ith  the 3 co l­
um ns for the analysis o f a 1 g sam ple o f stom ach  
fortified  w ith  1 qg 1080. N ot sh ow n  in  the  
chrom atogram s are large, late-em erging peaks 
that varied in  num ber and size w ith  d ifferent 
samples. To shorten GLC analysis time, the oven  
tem perature can be elevated  to 200°C after the  
1080 peak has appeared, to facilitate faster elution  
of the late-em erging com pounds.

Recoveries o f 1080 from  1 g sam ples of coyote  
stom ach and m uscle tissue fortified w ith  1080 
averaged 50-58% at 0.1 ppm  and 80-98% at 
0.2-100 ppm  (Table 1). H igh er average recov-

0)

Time, min
Figure 1. Gas chrom atographic ana ly sis  o f stom ach  
content on  3 d ifferent colunns; low er chrom atogram s, 
con tro l sam ple; upper ch rom atogram s, 1 g  sam p le  
fo rtified  w ith  1 /¿g 1080; 1 pL in jection  (eq u iva len t to  

0.2 m g sam ple); a tten u a tion  at 64.

eries o f 90% w ere obtained at 0.1 ppm  w h en  10 
g sam ples o f m uscle tissue w ere fortified  and a 
10% aliquot o f the sam ple extract w as processed  
for cleanup and analysis. A lth ou gh  the low est 
fortified  lev e l reported is 0.1 ppm , low er con­
centrations can probably be detected. U nder  
typical operating conditions o f the gas chrom a­
tograph, the derivative of 5-10 pg 1080 was easily  
detected at a signal-to-noise ratio of at least 2. If 
this ce tectio n  lim it is assum ed for sam ples, a 
sen sitiv ity  o f about 0.03-0 .05 ppm  is indicated. 
The determ ination of 0.1 ppm  or less of 1080 may 
often  be necessary for d iagn osin g  1080 p o ison ­
in g , especially  w h en  canine tissues are b ein g  
analyzed. We have detected residue levels near 
0.1 ppm  in the m uscle tissue o f a coyote that had  
orally in gested  a lethal dose of 0.16 m g 1080/k g  
body w e ig h t (Table 2). Since the LD5o for ca­
n ines is near 0.1 m g /k g , residue lev els w ou ld  be 
extrem ely lo w  in  tissues o f an anim al that con ­
sum ed a m inim um  lethal dose of 1080.
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Table 1. Recovery of 1080 from 1 g samples of fortified 
tissue

Added, #cg/g Recoveries, % Mean rec., % (± SD)
Stomach

0.1 56, 58, 49, 68 58 (±8)
0 .2 77,91,85,91 86 (±7)1.0 105, 102, 81, 103 98 (±11)

10 95, 83, 94, 96 92 (±6)
10 0 89,91,99,92 93 (±4)

Muscle
0.1 57, 38, 53, 52 50 (±8)0.1a 80,90, 100,91 90 (±8)
0 .2 94,91, 101,80 92 (±9)1.0 99, 85, 90, 89 91 (±6)

10 81, 82, 80, 76 80 (±3)
10 0 85,82,81,87 84 (±3)

a A 10 g sample was fortified and a 10% aliquot of extract solution was analyzed.

A ll sam ples sh ou ld  be routin ely  analyzed  on  
at least 2 dissim ilar gas chromatographic colum ns 
and th e 1080 peak sh ou ld  be id en tified  by re­
ten tion  tim e on  both co lum ns to m in im ize  false 
p ositive  results. Our experience has indicated  
that the Ultrabond 20M and m ixed QF-1 /DC-200 
colum ns are the m ost reliable. If necessary, ad­
ditional confirm ation can be m ade by GLC-mass 
spectrometry. Sam ples should be derivatized in 
a sm aller volum e of acetone to facilitate detection

Table 2. Analysis of muscle tissues from 1080-poisoned 
coyotes

Dose, mg/kg 1080 found, ppm Mean, ppm ± SD
0.16 0.12, 0.13, 0.11, 0.09 0 .1 1  ± 0.02
0.23 0.08, 0.08, 0.07, 0.09 0.08 ± 0 .0 1
0.50 0.14, 0.12,0.15,0.18 0.15 ±0.02
5.0 1.9, 1.6, 1.8, 1.8 1.8 ± 0.13

by mass spectrom etry. The vo lu m e o f acetone  
w ou ld  d ep end  on  the am ount o f 1080 in  the  
sam ple and the sen sitiv ity  o f th e mass spec­
trom eter. The mass spectrum  of pentafluoro- 
b en zy l fluoroacetate has b een  reported previ­
ou sly  (6).
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Gas-Liquid Chromatographic Determination of Fenvalerate 
Insecticide Residues in Processed Apple Products and By-Products
TERRY D. SPITTLER, ROBERT J. ARGAUER, 1 DONALD J. LISK,2 
RALPH O. MUMMA , 3 and GEORGE WINNETT4
New York State Agricultural Experiment Station, Pesticide Residue Laboratory, Cornell 
University, Geneva, N Y  14456
Collaborators: E. Bogus; E. Greco; W. Gutenmann; R. Marafioti; E. Miles; P. Wszolek;
L. Zimmerman
A p p les  from  trees treated  in  th e  fie ld  at 2 -w e e k  in ­
tervals (9 fo lia r  a p p lica tion s) w ith  th e  sy n th e tic  p y -  
reth ro id  in sec tic id e  fen va lera te  (cy a n o (3 -p h en o x y -  
p h e n y D m e th y l 4 -c h lo r o -a lp h a - ( l -m e th y le th y l) -  
b en zen ea ceta te) w ere p rocessed  in to  a p p le  sauce, 
ju ice, p om ace , and p ee ls  p lu s  cores. G a s-liq u id  
ch rom atograph ic a n a ly sis  o f th e  co m m o d itie s  for  
fen va lera te  sh o w ed  th e  sauce and ju ice to  b e  e sse n ­
tia lly  resid ue-free , th e w h o le  app les to  con ta in  about 
0.4 p p m , and th e  p om ace and p ee ls  p lu s  cores to  co n ­
ta in  about 2 and 1.5 p p m , re sp e c tiv e ly . A greem en t 
am ong 5 laboratories u sin g  m odification s o f the sam e 
b asic m eth od  w as g oo d .

Fenvalerate (cyan o(3-p h en ox yp h en yl)m eth y l
4-chloro-alpha-(l-m ethylethyl)benzeneacetate), 
also kn ow n  as Pydrin or Sum icid in , is an e ffec­
tive broad spectrum  synthetic pyrethroid in sec­
ticide w ith  adequate stability in  the field . This 
com p ound is presently b ein g  used ex ten sively  
on a variety of crops inclu d ing fruits, field  crops, 
and ornamentals. It is effective on pests resistant 
to other chemicals, has a low  mammalian toxicity, 
and is used  at low  dosage rates com pared w ith  
other agricultural chem icals (1). A lthough some 
residue inform ation has b een  gathered on  
field-harvested  crops, and all required toxico­
logical and registration data have been submitted  
to and accepted by the Environmental Protection  
A gency (EPA Reg. N o. 201-401), the overall data 
base is sm all, particularly w ith  regard to pro­
cessed com m odities.

In the work reported, residues o f fenvalerate  
w ere determ ined in  field-treated apples, juice, 
canned sauce, pom ace, and p ee ls  p lus cores by

1 U.S. Dept of Agriculture, Agricultural Environmental Quality Institute, Beltsville, MD 20705.2 Cornell University, Toxic Chemicals Laboratory, Ithaca, NY 14853.3 Pennsylvania State University, Pesticide Laboratory, University Park, PA 16802.4 Rutgers University, Dept of Entomology and Economic Zoology, New Brunswick, NJ 08903.Received October 28,1981. Accepted February 11,1982. Approved by the Director of the New York State Agricultural Experiment Station for publication as Journal Paper No. 3449.

participants in  N ortheast Regional Project N o. 
115 (NE-115).

The program  provided  an excellen t opportu­
nity for the 5 cooperating laboratories to compare 
data generated either by strict adherence to the  
m anufacturer's m ethod, or by m od ify in g  the  
m ethod  through a change in  so lven ts, proce­
dures, or equ ipm ent that a g iv en  laboratory 
m igh t routin ely  use as a matter o f preference, 
con ven ien ce , or necessity.

C ooperating laboratories are designated  I-V . 
A ll sam ple production, processing, and distri­
bution  w as d on e under the direction o f Labora­
tory I.

Experimental
S a m p le s

A p p les .— M ature M cIntosh and Red Rome 
apple trees in Orchard 12A at the N ew  York State 
Agricultural Experim ent Station (NYSAES) are 
arranged in  random blocks w ith  4 other varieties. 
Sets of 3 replicate blocks w ere treated w ith  the  
com m ercial form ulation, Pydrin 2.4E (2.4 lb ai / 
gal. of em ulsifiable concentrate), at the fo llow ing  
rates: on e set at the recom m ended rate ( IX)  o f  
2 oz a i/1 0 0  gal.; on e set at tw ice the recom ­
m ended rate (2X), i.e., 4 oz a i /100 gal.; one check  
(CH) set receiv in g  no treatm ent.

Starting at petal fall, trees w ere sprayed to 
runoff w ith  a hand sprayer at 460 psi on  May 18, 
M ay 29, June 13, June 26, July 9, July 27, and  
A ugust 7 ,1979  for a total of 7 applications in  the 
post-b loom  control program. Two pre-b loom  
applications w ere applied on April 24 (half-inch  
green) and M ay 8 (pink).

O ne standard apple box (approx. 40 lb) o f fruit 
w as picked from  each replicate tree and the 3 
boxes for each set w ere com posited  and subdi­
v id ed  for processing. M cIntosh apples w ere  
picked the second w eek  in  Septem ber 1979; the  
later-m aturing Red Rom es w ere harvested the 
second w eek in  October 1979. Produce was held

0004-5756 /  82 /  6505-1106-06 $01.00 © Association of Official Analytical Chemists, Inc.
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Table 1. Production of apple juice and pomace

Sample
Mash yield,3 

kg/% Juice yield,6 
kg/% Pomace yield,6 kg/% Juice Brixc

RPCH 15.60/98 11.54/77 3.08/21 10.8RPOl 15.60/98 11.80/79 2.70/18 12.2RP02 15.76/99 11.30/75 3.10/21 12.2MPCH 15.83/99 12.92/86 2.52/17 11.3MPOl 15.36/96 11.74/78 2.45/16 10.7MP02 15.56/97 11.99/80 2.70/18 12.0
a From 16.0 kg whole fruit, milled at 4200 rpm with No. 4 (V4 In.) screen. 
6 From 15.0 kg mash, pressed 5 min at 500 psi plus 5 min at 1000 psi. c % Sugar (dissolved solids).

in  raw products storage (com m ercial conditions) 
at 35°C u n til processing in  January 1980.

Whole fru it.— Approxim ately 10 kg apples from  
each variety-treatm ent com posite w ere chopped  
in  a H obart food  chopper. Care w as taken to 
m in im ize  the am ount o f juice form ed as a result 
of ch op p in g . A fter thorough  m ixin g  to ensure  
h om ogeneity , 1 kg subsam ples w ere bagged and  
frozen  (—20°C).

A pple juice and apple pomace.— Sixteen kg apples 
from  each com posite sam ple w ere m illed  on  a 
M odel D  com m inuting m achine (W. J. Fitzpatrick 
Co., Chicago, IL) at 4200 rpm w ith  a N o. 4 screen  
to y ie ld  b etw een  15.36 and 15.83 kg m ash. See 
Table 1 for com p lete ju icing parameters and  
yie ld s. Exactly 15.00 kg m ash from  each batch  
w as pressed  on  a sm all press o f NYSAES design  
at 500 psi fo llow ed  by 1000 psi. Juice y ields were  
betw een 75 and 86% w ith  pomace yields ranging  
b etw een  21 and 16%. Juice subsam ples o f 1.8 L 
w ere frozen at —20°C in  plastic bottles. Pomace 
subsam ples o f about 1.5 kg w ere bagged  and  
frozen.

Applesauce and peels plus cores.— Approximately  
100 apples from  each com posite set w ere auto­
m atically p ee led  and cored on  a Pease 4-station  
apple peeler and deposited in an air-agitated cold  
water bath. Collected peels and cores comprised

b etw een  19.8 and 25.5% of the starting w e ig h ts  
(see Table 2 for saucing details). A n additional 
0.7-2.2% o f the fruit w e ig h t w as hand-trim m ed  
before dicing. Apples were conveyed to a M odel 
B dicer (U rschel Laboratories, Valparaiso, IN), 
w h ere th ey  w ere sliced  len g th w ise  in to  3/4 X 5/n  
in. p ieces suitable for pu lp in g in  a Langseenam p  
laboratory pu lper-fin isher at 800 rpm w ith  a Vs 
in . m esh  screen. Sauce w as cooked in  a con tin ­
u ous-feed  cooker o f NYSAES d esign  at 207 -  
212°F. The consistencies and the percent solids  
o f the sauces w ere m easured, and w ater and  
sugar w ere added as necessary to produce prod­
ucts o f com m ercially acceptable properties. 
Sauces w ere then  autom atically m easured and  
sealed  in  N o. 303 (15V2 oz) cans on  an Am erican  
Can Co. 34-A 006 vacuum  clo sin g  m achine. 
Canned sauce w as stored at room  tem perature  
u n til d istribution. P eels and cores p lus sm all 
am ounts o f trim m ing and p u lp in g  w aste w ere  
m ixed and d ivided  into 500 g  subsam ples w h ich  
w ere h eld  at —20°C.

Identical sets o f 30 sam ples w ere distributed  
to the 5 participating laboratories. Each set 
consisted  of Pydrin-treated sam ples at IX , 2X, 
and check rates for both  M cIntosh and Red 
R om es— coded M P O l, M P 0 2 , M PCH, R PO l, 
R P 02, and RPCH, respectively . Each coded

Table 2. Production of applesauce and peels and cores

Sample
Wt to peeler, kg

Waste,3
kg/%

Sol.
solids, %

Sugar 
added,%

Water 
added,%

Consistency b before/after
RPCH 16.19 3.95/24.4 8.0 8.2 29.0 3.0/4.8
RPOl 18.62 4.78/25.7 8.2 8.0 30.3 1.9/4.6
RP02 15.74 4.01/25.5 9.2 6.2 14.0 3.6/4.4
MPCH 15.18 4.36/28.7 9.7 6.2 10.9 3.6/4.4
MPOl 15.82 4.57/28.9 9.7 6.2 0.0 4.3/4.3
MP02 16.25 4.52/27.8 9.6 6.4 8.5 3.0/4.5
a Peels, cores, trimmings, and pulper/finisher waste.
6 cm /s before and after adjustment with sugar and water.
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sub-set conta ined  on e sam ple each o f chopped  
w h ole  fruit, apple juice, apple pomace, peels plus 
cores, and canned applesauce.

Copies of the residue m ethod and fenvalerate 
analytical standards (99%) w ere provided  cour­
tesy o f the manufacturer, Shell D evelopm ent Co., 
Biological Sciences Research Center, M odesto, 
CA 95352 (2).
M e th o d s

Standard laboratory glassw are and pesticide  
grade so lven ts w ere used by all laboratories. 
Blenders and equipm ent com m only found in any 
residue laboratory w ere used. U nique m ethods 
and equ ipm ent for each laboratory are d e­
scribed.
E x tra c tio n  a n d  C le a n u p  o f  S a m p le s

Laboratory I.— Blend 50 g  sam ples w ith  100 mL 
acetone for 3 m in, filter, and transfer filtrate to 
500 mL separatory funnel. Add 30 mL saturated 
N a2S 0 4 solu tion , 100 mL water, and 100 mL 
Skelly-Solve B. Shake 1 m in, let phases separate, 
and draw off and discard bottom  aqueous layer. 
Force 10 mL aliquot o f organic layer through  
Florisil Sep-Pak cartridge (Waters Associates) and 
collect and save eluate for gas-liquid chrom a­
tography (GLC).

Laboratory 11.— W eigh 50 g sam ple into Sorvall 
O m ni-M ixer cup (500 mL size) w ith  200 mL 
hexane-isopropanol (3 +  1). Blend at high  speed  
2 m in w ith  cup low ered  in  ice-w ater bath and  
filter through paper into 250 mL separatory 
fun n el. After rinsing b len der cup and filter 2 
tim es w ith  20 mL so lven t (hexane-isopropanol), 
rem ove isopropanol by adding 100 mL water and 
shaking carefully for 1 m in; drain and then  d is­
card low er (aqueous) phase. Wash hexane layer 
w ith  2 additional 100 mL volu m es o f w ater to 
rem ove all isopropanol, drain in to  200 mL

beaker, and add b o ilin g  chip . Reduce vo lu m e  
on steam  table to concentration suitable for in ­
jections for GLC (50-100 qL). W here necessary, 
further concentrations are carried out under a 
stream of n itrogen.

Laboratory 111.— The w h o le  fruit, cores plus  
skins, pomace, and sauce are analyzed as follows; 
W eigh ca 50 g sam ple in to  W aring b lender  
equipped w ith  1 qt screw-cap glass jar. Add 30 
g N a2S 0 4 and 200 mL m eth y len e ch loride and  
blend 2 m in. Filter supernate through Whatman 
2V paper and transfer on e-h alf the total vo lu m e  
(100 mL) to 250 mL round-bottom  flask. Evap­
orate m ethylene chloride in  rotary evaporator at 
42°C  under vacuum  until just dry. R edissolve  
residue in  20 mL hexane; transfer to fo il-lin ed  
screw-cap via l for GLC analysis.

Treat the juice differently: Transfer 50 g juice 
to 500 mL separatory fu n n el and add 50 mL sat­
urated NaCl so lu tion  and 200 mL m eth y len e  
chloride. Shake separatory funnel 2 m in and let 
layers separate. Filter m eth y len e ch loride  
through N a2S 0 4 pad, transfer aliquot of one-half 
total volum e (100 mL) to round-bottom flask, and  
evaporate in  rotary evaporator at 42°C until just 
dry. R edissolve juice residue in  20 mL hexane  
and transfer to fo il-lin ed  screw-cap vial.

Laboratory IV .— Blend 50 g sam ple 3 m in  w ith  
150 mL hexane-isopropanol (3 +  1). Filter; then  
w ash 90 mL aliquot in separatory funnel 3 tim es 
w ith  100 mL water. Elute hexane fraction  
through 6 g  Florisil colum n w h ich  is then  
w ashed  w ith  additional 50 mL hexane. Elute 
fenvalerate w ith  50 mL ethyl acetate-hexan e (5 
+  95) and concentrate to 1.0 mL for GLC.

Laboratory V .— Applesauce: B lend 100 g
sam ple w ith  200 mL m eth y len e ch loride, and  
filter. Concentrate 50 mL aliquot to near dryness 
on Rinco evaporator, and d isso lve residue in  10 
mL hexane for GLC.

Table 3. Fenvalerate residues in chopped whole apples (ppm)
Lab.s RPCH RPOl RP02 MPCH MP01 MP02 Recovery, %

1 <0.25 0.46 0.41 <0.25 0.25 0.30 100 at 0.4 ppmII <0.05 0.28 0.44 <0.05 0.32 0.49 116 at 0.18 ppmIII <0.01 0.31 0.95 <0.01 0.36 1.07 97 at 2.0 ppmIV <0.16 0.34 0.53 <0.12 0.57 0.51 110bV <0.01 0.63 0.60 <0.01 0.45 0.60 90-110 at 0.01 ppmX 0.40 0.58 0.38 0.59
s ±0.14 ±0.22 ±0.14 ±0.59

a I = Cornell University, Geneva, NY
II = Cornell University, Ithaca, NY
III = Pennsylvania State University, University Park, PAIV = Rutgers University, New Brunswick, NJ
V = U.S. Dept of Agriculture, Beltsvllle, MD.

b Average of recoveries run at 0.1, 0.5, 1, and 2 ppm.
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Table 4. Fenvalerate residues in apple juice (ppm)
Lab.3 RPCH RP01 RP02 MPCH MP01 MP02 Recovery, %

1 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 98 at 0.3 ppmII <0.005 <0.005 <0.005 <0.01 <0.01 <0.01 100 at 0.0036 ppmIII <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 83 at 2.0 ppmIV <0.15 <0.15 <0.14 <0.18 <0.18 <0.13 101bV <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 90-110 at 0.01 ppm
a'b See footnotes, Table 3.

A pple juice: Shake 100 g sam ple w ith  200 mL 
m eth y le n e  ch lo r id e  in  separatory fu n n e l. 
Concentrate 50 mL aliquot o f m ethylene chloride 
layer to near dryness on  Rinco evaporator, and  
d isso lve  residue in  10 mL hexane for GLC.

A p p le sk ins and cores: B lend 100 g  sam ple  
w ith  200 mL m eth y len e ch loride, and filter. 
Transfer 2 mL aliquot to glass v ia l, concentrate 
to near dryness w ith  n itrogen  purge, and dilute  
w ith  15 mL hexane for GLC.

W hole fruit: B lend 100 g  sam ple w ith  200 mL 
m ethylene chloride. Add anhydrous N a2SC>4 to 
break em ulsion . Filter sam ple, and concentrate 
5 mL aliquot to near dryness w ith  n itrogen  
purge; d ilu te w ith  50 mL hexane for GLC.

Pomace: B lend 50 g  o f sam ple w ith  200 mL 
m eth y len e ch loride, filter, and concentrate 1.0 
mL filtrate to near dryness w ith  n itrogen purge. 
D ilu te w ith  50 mL hexane for GLC.
C h r o m a to g r a p h ic  A n a ly s e s

Laboratory l .— A n alyze sam ple on  Tracor 
M odel 220 gas chrom atograph equ ip p ed  w ith  
63N i electron capture detector, using 3 ft X '/4 in. 
glass colum n o f 5% OV-101 on  80-100 m esh  
Gas-Chrom Q, and the fo llo w in g  conditions: 
colum n 237°C , detector 295°C, in le t 220°C , n i­
trogen carrier gas. Sam ples w ill chromatograph 
as s in g le  peaks; com pare areas w ith  those for 
standards on  a 4-point standard curve.

Laboratory II.— A n alyze sam ples on  Tracor 
M odel 222 gas chrom atograph eq u ipped  w ith  
63N i detector and 180 cm X 4 m m  id  glass co l­

um n of 3% OV-17 on  100-120 m esh  Gas-Chrom  
Q, and using the fo llo w in g  conditions: colum n  
245°C, detector 295°C , in le t 270°C, n itrogen  
carrier gas. Fenvalerate is resolved  as 2 peaks 
w ith  retention  tim es o f 16.9 and 18.8 m in. 
C om bine peak areas for each sam ple and com ­
pare w ith  those on  a standard curve.

Laboratory III.— A n alyze sam ples on  Tracor 
M odel 222 gas chrom atograph eq u ipped  w ith  
63N i detector and 4 ft X 4 mm id co lum n o f 3% 
SP-2100 on 80-100 m esh Supelcoport, and using  
the fo llo w in g  conditions: colum n 240°C , d e­
tector 310°C, in le t 250°C, n itrogen  carrier gas. 
Quantitate fenvalerate by comparing area of first 
peak (340 s retention  tim e) w ith  areas obtained  
w ith  standards for th is peak. R etention  tim e o f  
second peak is 370 s.

Laboratory IV .— A n alyze sam ples on  Tracor 
M odel 220 gas chrom atograph eq u ipped  w ith  
therm ionic (N -P ) detector and 4 ft X 2 m m  id 
glass colum n of 3% D exsil 300 on  100-120 m esh  
Supelcoport, and the fo llo w in g  conditions: 
colum n 250°C, detector 275°C , h eliu m  carrier 
gas. Integrate both  peaks and com pare in d e­
p en d en tly  w ith  correspon ding peaks derived  
from  standard (retention  tim es 4.0 and 4.5 m in). 
Report residues as average o f the 2 values.

Laboratory V .— A n alyze sam ple on  Tracor 
M odel 550 gas chrom atograph eq u ipped  w ith  
63N i electron capture detector and 6 ft X 4 m m  id  
colum n of 3% SP-2100 on  100-120 m esh  Supel­
coport, and the fo llo w in g  conditions: colum n  
260°C , detector 300°C, in le t 260°C . Inject 5 p L

Table 5. Fenvalerate residues in apple pomace (ppm)
Lab.3 RPCH RPOl RP02 MPCH MPOl MP02 Recovery, %

1 <0.25 0.75 1.5 <0.25 0.9 0.9 95 at 0.4 ppm
II <0.1 1.2 1.8 <0.1 1.6 1.8 85 at 0.36 ppm

III <0.01 2.09 3.61 <0.01 2.29 3.69 83 at 0.5 ppm
IV trace 1.34 1.33 trace 1.28 2.25 1090
V <0.01 2.7 3.3 <0.01 4.0 4.0 90-100 at 0.01 ppm
X 1.6 2.3 2.0 2.5
S ±0.77 ±1.1 ±1.2 ±1.3

a b See footnotes. Table 3.
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Table 6. Fenvalerate residues in applesauce
Lab.a RPCH RPOl RP02 MPCH MPOl MP02 Recovery, %

[ <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 93 at 0.6 ppm
II <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 104 at 0.36 ppm
III <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 91 at 2.0 ppm
IV <0.07 <0.06 <0.06 <0.06 <0.08 <0.07 100bV <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 90-110 at 0.01 ppm

ab  See footnotes. Table 3.

aliquots, measure peak h eigh ts for both  isom ers 
and compare w ith those obtained for 100 and 500 
pg standard injections in  5 pL hexane.

Results and Discussion
The processing parameters em ployed and the 

y ie ld s of products obtained (Tables 1 and 2) are 
sim ilar to commercial production figures. Peels 
plus cores are frequently d iverted  to a juice pro­
duction line, but it w as instructive in this study  
to analyze them  separately.

The concentrations o f fenvalerate residue 
found  in  the w h o le  apples, products, and b y­
products are g iven  in  Tables 3 -7 . The data ap­
pear to be in good agreem ent am ong the 5 labo­
ratories. This verifies that the basic analytical 
m ethod, even  thou gh  used w ith  m odifications  
by each laboratory, is sound. The data indicate  
that fenvalerate is absent in apple juice or sauce 
but is associated w ith  the pom ace and peels plus 
cores, and is also found in  the fresh fruit. This 
im plies that the residues adhere to the skin of the 
fruit and presum ably rem ain w ith  it during  
subsequent processing.

It is interesting to note that the residues found  
in  the w h o le  apple can be accounted for in the 
analyses of its processed fractions. For instance, 
for the M cIntosh apples coded M P O l, the aver­
age residue found was 0.38 ppm  (Table 3). If one  
takes the average y ie ld  of pom ace obtained from  
the fruit (18.5%) and m u ltip lies by the average  
residue concentration of fenvalerate found in the 
M PO l pom ace w h ich  is 2.0 ppm  (Table 5), the

value is 0.37 ppm . Sim ilarly, if on e uses the av­
erage y ie ld  o f peels p lus cores obtained from the 
apples (26.8%) and m ultip lies by the average 
concentrations of fenvalerate found  in them  for 
M P O l, w h ich  is 1.5 ppm  (Table 7), the calculated  
valu e is 0.40 ppm . The concentrations o f insec­
ticide in  the juice or sauce do not enter into the 
calculations because they w ere essentia lly  nil.

In an earlier study by W szolek et al. (3), about 
0.5% of the dose of fenvalerate fed to a lactating  
cow  w as excreted intact in  the m ilk. A pple  
pom ace has been  used  in the past in  dairy cattle 
rations, so the possib le concentration o f fen va l­
erate residues in  the pomace fraction w ould  have 
to be considered. Because apple sauce and juice 
appear to be free o f fenvalerate residues, its use 
on apples destined  for baby food production  
should  pose a m inim al health  hazard.
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T h e e ffe c t o f  organ ic so lv e n t /w a te r  ra tios on  th e  ex ­
traction  o f  f ie ld -in cu rred  resid u es o f d ie ld r in  and  
m eth o m y l from  rad ishes w a s  d eterm in ed . 14C- 
D ie ld r in  and 14C -m eth om y l w ere a p p lied  separately  
to  radishes in  com m ercial form u la tion s at rates o f 0.2 
and 0.9 k g /h a , re sp e ctiv e ly . Fourteen  d ays p o s t­
a p p lica tio n , th e  rad ishes w ere h arvested  and  fresh  
root tissu e s  w ere extracted  u s in g  a P o ly tro n  h om o g -  
en izer . A ceto n e , a ce to n itr ile , and m eth a n o l co n ­
ta in in g  0 ,1 0 , 20, 30, 40, and  50% w ater w ere u sed  as 
extraction  so lv e n ts . For m eth o m y l resid u es, th e  
o p tim u m  w ater  co n ten t o f  a ce to n itr ile -w a ter  ex­
traction  m ix tu res w as 40-50% ; le ss  th an  40% w ater  
red uced  th e  a b ility  o f a ce to n itr ile  to  extract carbon-
14. M eth an o l and aceton e w ere nearly  as e ffic ie n t as 
50% a c e to n itr ile -w a ter  and w ere app arently  n o t in ­
flu en ced  b y  s o lv e n t /w a te r  ratios. For d ie ld r in , lo w  
w ater co n ten t s l ig h t ly  reduced  th e ex traction  e f f i ­
c ien cy  o f a ce to n itr ile , w ith  th e  o p tim u m  w ater co n ­
tent a lso  b e in g  40-50%. Percentage o f w ater appeared  
to  h av e li t t le  o v era ll e ffe c t on  m eth a n o l extraction  
effic ie n c y . T h e extraction  e ffic ie n c y  o f aceton e w as  
low er than that o f the other 2 so lven ts, and th is effect 
w as in d ep e n d e n t o f th e  a ce to n e /w a ter  ratio . A p ­
p ro x im ately  20% o f th e I4C -d ie ld r in  resid u e w as  
b ou n d  to  radish  roots 14 d ay s p o st-a p p lica tio n .

Since the advent o f synthetic organic pesticides, 
a variety o f techn iques and so lven ts have been  
used  to extract these residues before analytical 
determ ination. D uring the 1940s and in to  the 
m id-1950s, nonpolar so lven ts w ere used  to ex­
tract organic pesticides from  plant m aterials (1). 
This procedure often  led  to erratic recoveries of 
pesticides added to untreated check sam ples. In 
the latter part o f the 1950s, K lein  (2) and Li­
chten stein  (3) reported increased extraction ef­
fic iency  w h en  m ixtures o f polar and nonpolar  
so lven ts w ere used. By the early 1960s, M ills et 
al. (4) dem onstrated the effectiven ess o f u sin g  a 
s in g le  polar so lven t, acetonitrile, to extract 
chlorinated  p esticide residues from  low  fat sub­

Florida Agricultural Experiment Station Journal Series No. 3062.Mention of a pesticide or commercial product does not constitute a recommendation or endorsement of this product by the U. S. Department of Health and Human Services, Food and Drug Administration (FDA), or the University of Florida. This study was supported by FDA contract 223-76-2220.1 University of Florida, IF AS, Statistics Department.2 Food and Drug Administration, Division of Chemical Technology, Washington, DC 20204.Received December 1,1981. Accepted March 2,1982.

strafes. Bertuzzi et al. (5) subsequen tly  d em o n ­
strated that acetonitrile alon e did  not extract all 
the field-incurred  residues present in  lo w  
m oisture content plant material. It w as further  
demonstrated and later confirmed by W ilderman  
and Shum an (6) and Burke et al. (7) that th e use  
of 35% water in acetonitrile resulted in  im proved  
extraction o f residues from  low  m oisture plant 
material; residue lev e ls  determ ined com pared  
favorably w ith  levels found using the exhaustive 
process of M umma et al. (8) and W heeler et al. (9). 
Little, if any, w ork has been  reported since  
Bertuzzi et al. (5) evaluated various so lv en t-  
water com binations as extracting solvents. The 
purpose o f the study reported here w as to d e­
term ine the effect of various solvent/w ater ratios 
on the extraction o f field-incurred residues o f a 
nonpolar p esticide or polar pesticide from  h ig h  
m oisture crops. A cetone, acetonitrile, and  
m ethanol con ta in in g  from  0 to 50% w ater w ere  
selected  for study. The h ig h  m oisture crop  
chosen  w as radishes because previous studies  
had sh ow n  that field-incurred p esticide res­
idues w ere d ifficu lt to extract from  this root 
vegetable (10-12). D ieldrin  (1,2,3,4,10,10-hexa- 
chloro-exo- 6,7- epoxy-1,4,4a,5,6,7,8,8a - octahydro-
l,4 -e«d o ,en o -5 ,8 -d im eth an on ap h th a len e) and  
m ethom yl [S-m ethyl N -(m ethylcarbam oyl)oxy- 
thioacetim idate], nonpolar and polar pesticides, 
respectively , w ere selected  for this study.

Experimental
Radishes (red glob e variety) were germ inated  

in  flats o f so il and later transplanted in to  15 cm  
plastic pots. P lants w ere m aintained in  a 
green h ou se until treatm ent and thereafter in  a 
controlled  environm ental cham ber (Scherer- 
G illet M odel CEL-512-37, Troy, MI 48084). P e­
riods o f ligh t and dark w ere 12 h  each. Tem ­
peratures w ere 24°C (light) and 20°C  (dark). 
Water, fertilizer, and pest control m easures w ere  
applied  as needed .

Rir.g-14C-labeled dieldrin  (specific activity 85 
m C i/m M , Am ersham  Corp., A rlington H eights, 
IL 60305) and S -m eth yl-14C-labeled m ethom yl 
(specific activity 3.5 m C i/m M , N e w  England  
N uclear Corp., Boston, MA 02118) w ere sh ow n

0004-5756/82/6505-1112-06$01.00 © Association of Official Analytical Chemists, Inc.
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to be 98+% pure by th in  layer chrom atography  
(TLC) before use. The 14C-labeled insecticid es  
w ere m ixed w ith  commercial form ulations o f the 
sam e com p ound (18.7% dield rin  form ulation, 
S h ell C hem ical Co., N e w  York, NY  10022; 90% 
Lannate formulation, du Pont de Nem ours & Co., 
Inc., W ilm ington , DE 19898) to g iv e  application  
rates o f 0.2 and 0.9 k g /h a , respectively , for d ie l­
drin  and m ethom yl. Plants w ere placed in  bac­
terio logica l-type hood s and chem icals w ere  
sprayed onto the radish root tops and sur­
ro unding so il, u sin g  an aerosol can-pow ered  
d ev ice  sim ilar to those used  for spraying chro- 
m ogen ic reagents on  TLC plates.

Treated p lants w ere placed in  environm ental 
chambers; after 14 days, the radishes w ere pulled  
from the soil, the tops w ere cut off and discarded, 
and th e roots w ere rinsed w ith  water to rem ove  
adhering soil. The roots w ere chopped (M odel 
84141, Hobart M anufacturing Co., Troy, OH  
45374) and m ixed and th en  100 g  aliquots w ere  
w eigh ed  into 32 oz glass jars (Tropicana Products 
Inc., Bradenton, FL 33506).

Three 100 g  sam ples w ere extracted w ith  
m ethanol and then 3 each w ith  10, 20, 30, 40, and 
50% w ater in  m ethanol (18 sam ples). The pro­
cedure w as repeated u sin g  acetone and aceton i­
trile and the sam e w a ter-so lven t m ixtures. A ll 
other steps o f the extraction process, described  
b elo w , w ere h eld  constant for all sam ples.

Each 100 g  portion o f the chopped radish roots 
w as b len d ed  w ith  200 mL solven t, u sin g  a Poly- 
tron u ltrasonic h om ogen izer  (M odel PT-10-35 
w ith  a PT 35 K generator) at h igh  sp eed  for 1.0 
m in. Each b len d ed  sam ple w as vacuum -filtered  
through a 60 mm id coarse fritted glass fun n el. 
The Polytron blades and b lender jar w ere rinsed  
w ith  50 mL so lven t. The w ash w as transferred  
to a filter fu n n el and passed through a filter, 
u sin g  vacuum . The w ash  so lu tion  w as com ­
bined w ith  the original filtrate to make Fraction
1. Two hundred mL so lven t w as added to the  
blen der vessel, b len d ed  10 s, and transferred to 
the orig inal filter fu n n el, and crop m aterial w as 
leached  at 5 m L /m in  to make Fraction 2. Crop 
material w as then  leached w ith  three 100 mL 
portions o f so lven t, each co llected  in d iv id u a lly  
to y ie ld  Fractions 3, 4, and 5.

Each o f the tissue sam ples rem aining from the 
above b len d-leach  process w as extracted w ith  
ch loroform -m eth an ol (9 +  1) in  a Soxhlet ex­
tractor for 16 h  (Fraction S).

Each fraction and the tissue residue w h ich  
rem ained after Soxhlet extraction w ere analyzed  
in  duplicate for radioactivity. A ll sam ples were  
com busted in  a liqu id  scin tilla tion  sam ple ox i­

dizer (Teledyne Intertechnique IN4101, Fairfield, 
NJ 07006).

To prepare the sam ples for com bustion , a li­
quots o f each fraction were pipetted into 7.6 X 7.6 
cm squares o f ce llop h an e (Cello-Flex, Carolina  
Biological Supply Co., Burlington, NC 27215) and 
allow ed to evaporate to dryness. The cellophane  
squares w ere then  fo ld ed  and placed in  p o ly ­
carbonate capsules d esign ed  for th e sam ple ox i­
dizer. In the case o f tissue residues, sm all por­
tions of the residual tissue were w eigh ed  directly  
into capsules.

Recoveries o f 14C -m ethom yl and 14C-dieldrin  
added to extracts o f radish roots and taken  
through the evaporation and com bustion  steps 
averaged 90 and 94%, respectively . N o  statisti­
cally sign ificant correlations b etw een  total car­
b o n -14 recovery and so lv en t/w a ter  ratios w ere  
found.

The sam ple oxid izer autom atically added a 
prem ixed  sc in tilla tion  so lu tio n  (p h en eth y l-  
am ine-m ethanol-toluene-w ater-Perm afluor, 33 
+  22 +  35 +  5 +  4) to the co u n tin g  vial. Each 
sam ple w as then  counted in a liquid scintillation  
spectrom eter (M odel 3375, Packard Instrum ent 
Co., D ow ners Grove, IL 60515). Sam ples w ere  
counted  for 10 m in or 10 000 counts, u sin g  the  
factory-set carbon-14 w in d ow  and am plification. 
All sam ple counts were corrected for background 
counts but no corrections w ere  m ade for 
q u en ch in g  effects because autom atic external 
standard ratios were similar for all samples. The 
total radioactivity in each fraction and the tissue 
residue was determ ined and percentages in  each 
w ere calculated.

Linear regression o f the data w as perform ed  
u sin g  the G eneral Linear M odels procedure of 
the Statistical A n alysis System  (13). Percent car­
bon-14 values for Fractions 1 and 2 and for tissue 
residue w ere regressed on  the percentage o f  
water, using a linear m odel, and 95% confidence  
bands for the m ean percent carbon-14 w ere ob­
tained  about the regression lin es.

Selected Fraction 1 extracts w ere concentrated, 
and the aqueous portion rem aining w as parti­
tioned w ith  ethyl acetate (m ethom yl residues) or 
m eth y len e ch loride (d ieldrin  residues). Or­
ganic-soluble materials were spotted on silica gel 
TLC plates a lon g w ith  authentic sam ples of 
m ethom yl and d ield rin . TLC plates w ere d e­
ve lop ed  in  eth y l acetate for m eth om yl extracts 
or in  eth er-h exan e (1 +  1) for d ield rin  extracts.

Results and Discussion
The percentages o f total carbon-14 extracted  

for dieldrin- and m ethom yl-treated radishes are
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Table 1. Total percentage carbon-14 extracted 14 days 
post-treatment

Water, % Acetone Acetonitrile Methanol
Dieldrin

0 73.6 74.9 79.7
10 73.1 77.2 79.4
20 75.5 79.6 80.1
30 76.8 79.4 80.6
40 76.5 81.1 81.150 76.1 81.7 81.7

Methomyl
0 64.4 54.8 66.0

10 62.9 62.1 63.7
20 64.5 65.1 62.6
30 64.6 64.9 67.640 63.2 66.9 65.9
50 66.2 67.2 64.7

presented in  Table 1. This table sum m arizes the 
effects o f various solvent-w ater com binations on  
extraction efficien cies.

The observed  m ean percentage carbon-14 
valu es obtained  for Fraction 1 (in itial extract), 
Fraction 2 (200 mL jar and tissue rinse), and tissue 
residue (rem aining extracted crop marc) are 
plotted  in  Figures 1-6. A lso  presented  are the  
linear regression  lin es w ith  the 95% con fid en ce  
bands for each p esticide and so lven t-w a ter

DIELDRIN
Acetone

F igure 1. P ercentage o f  carbon-14 in  v ar io u s frac­
tio n s  a fter ex tracting  14C -d ie ld rin -trea ted  rad ishes, 
u sin g  w a ter-a ceto n e m ixtures. (R egression  lin e s  are 
s o lid  l in e s , 95% co n fid e n ce  b an d s are d ash ed  lin e s , 
and average o f tr ip lica te  [ob served  m ean] carbon-14  
values are p oin ts. F I, F2, and R are Fractions 1 ,2 , and  
tissu e  resid u e , r e sp e c tiv e ly , as d e f in ed  in  th e  text.)

DIELDRIN
Acetonitrile

F igure 2. P ercen tages o f carbon-14 in  var io u s frac­
tio n s  a fter ex tractin g  14C -d ie ld rin -trea ted  rad ish es, 
u sin g  w a ter -a ce to n itr ile  m ix tu res (see  Fig. 1 fo r  d e ­

scr ip tio n  o f  term s).
com bination. Linear regression lines w ere used  
because the data genera lly  fitted a straight 
line.
D ie ld r in

Results for the extraction o f dieldrin-treated  
radishes are presented  in  Figures 1-3.

DIELDRIN
Methanol

F igure 3. P ercen tages o f carbon-14 in  var io u s frac­
tio n s  a fter ex tractin g  14C -d ie ld rin -trea ted  rad ishes, 
u sin g  w a ter -m eth a n o l m ixtu res (see Fig. 1 for d e ­

scr ip tio n  o f  term s).
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A ceton e .— Extraction o f carbon-14 from  rad­
ishes, using acetone-w ater mixtures, is show n in  
Figure 1. The percentage o f carbon-14 in  Frac­
tion  1 decreased as the percentage w ater in ­
creased (64% w ith  0% w ater and 53% w ith  50% 
water). The valu es for Fraction 2 tended  to in ­
crease as Fraction 1 values decreased. Carbon-14 
in Fraction 2 w as approxim ately 3% for 0% water 
and increased to 20% for 50% water in acetone. 
The carbon-14 content o f the tissue residue de­
creased sligh tly  from  27 to 23% (over the range 
from  0 to 50% water).

A ceto n itrile .— Data sh ow in g  the extraction o f  
dieldrin-treated  radishes, usin g  aceton itrile- 
water, are p resented  in  Figure 2. Carbon-14 
found  in  Fraction 1 rem ained relatively constant 
(approxim ately 64%) for all w ater ratios. Frac­
tion  2 carbon-14 valu es sh ow ed  an overall in ­
creasing trend, ranging from  4 to 15%, as the 
percentage o f w ater increased. The carbon-14  
extracted w ith  the secon d  leach so lu tion  (Frac­
tion  3, not sh ow n ) w as relatively lo w  and con ­
stant. T issue residue valu es decreased con sis­
ten tly  over the entire aceton itrile-w ater range. 
At 0% water, the tissue residue contained 24% of 
the carbon-14 and w h en  50% w ater-aceton itrile  
w as used, 18%.

M eth a n o l.— Figure 3 presents data for the ex­
traction o f d ield rin -treated  radishes, u sin g  
m eth an ol-w ater m ixtures. Fraction 1 values  
decreased substantia lly and sporadically from  
about 65% to about 50% extracted from  0 to 50% 
water. Fraction 2 carbon-14 values increased  
from  10% (at 0% water) to 17% (at 50% water). 
Fraction 3 valu es (not sh ow n ) w ere again low  
and relatively  constant, a lthough  at 50% water  
Fraction 3 contained 6% of the total radioactivity; 
th is represented the h igh est o f any o f the Frac­
tion  3 values. T issue residue lev els  rem ained  
constant at 18-20% regardless o f the percentage  
of water.

In the case o f d ield rin , aceton itrile-w ater  
m ixtures did  not alter th e percentage o f radio­
activity present in  Fraction 1, w hereas w ith  ace- 
ton e-w ater  and m ethanol-w ater, Fraction 1 
values decreased significantly as the percentage 
of water increased. The insolubility  o f dieldrin  
in  these aqueous so lu tion s m ay have caused the 
Fraction 1 values to decrease as the water content 
increased. This h yp oth esis is supported by the  
increase o f carbon-14 valu es in  Fraction 2 w h en  
acetone and m ethanol are used  as solven ts. 
M ethanol-w ater and acetonitrile-water mixtures 
w ere equally effective  in  rem oving total radio­
activity as judged by that rem aining in the tissue 
residue. A  larger vo lu m e o f extracting so lven t

METHOMYL
Acetone

F igure 4. P ercentages o f carbon-14  in  var io u s frac­
tion s after extracting 14C -m ethom yl-treated  radishes, 
u sin g  w a ter -a ce to n e  m ix tu res (see  Fig. 1 fo r  d escr ip ­

tio n  o f term s).

was required w h en  h igh  percentages o f water in  
m ethanol w ere used.

The h igh est overall extraction effic ien cy  
(low est tissue residue value) is m ost desirable. 
Tissue residue values for acetone-w ater mixtures 
w ere in  the 23-26% range and w ere significantly  
h igh er (1% con fid en ce lev el) than for m ethanol 
and aceton itrile-w ater valu es, w h ich  w ere 18- 
19% under conditions o f optim um  extraction  
efficiency. Thus acetone (or acetone-w ater) did  
not extract d ieldrin  as effic ien tly  as did  acetoni­
tr ile - or m eth an ol-w ater com binations.

The radioactivity extracted from  d ield rin - 
treated radishes w as d eterm ined  by TLC to be  
95% parent com pound.

In radishes, 20% of the carbon-14 applied  as 
d ield rin  could  not be recovered ev en  w h en  
tissues w ere exhaustively  extracted u sin g  ch lo ­
roform -m eth an ol in  a Soxhlet extractor (8, 9).
M e t h o m y l

Results for the extraction of m ethom yl-treated  
radishes are presented  in  Figures 4 -6 .

A ceton e .— Extraction o f carbon-14 from  rad­
ishes, usin g  acetone or aceton e-w ater m ixtures, 
is illustrated in  Figure 4. In th is case, th e per­
centages detected  in  Fraction 1 (55%) and in  the  
tissue residue (35%) rem ained nearly constant 
over the entire range o f so lv en t-w a ter  ratios. 
Fraction 2 values increased w ith  increasing water 
content except for random deviations (statistical 
residues) about the general trend. The range of
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METHOMYL
Acetonitrile

F igure 5. P ercentages o f carbon-14 in  var io u s frac­
tion s after extracting 14C -m ethom yl-treated  radishes, 
u sin g  w a ter -a ce to n itr ile  m ixtu res (see  Fig. 1 fo r  d e ­

scr ip tio n  o f term s).

values for Fraction 2 was from 2 to 10%. Fraction 
3 (not show n) was small, approximately 1% of the 
total radioactivity, over the entire range o f ace- 
ton e-w ater  m ixes.

A ceton itrile .— Figure 5 presents th e results, 
u sin g  aceton itrile-w ater m ixtures to extract 
m ethom yl-treated radishes. Two trends w ere  
apparent: (1) the percentage o f radioactivity  
present in  Fraction 1 increased w ith  increasing  
water, and (2) the percentage o f radioactivity  
rem aining in  the tissue residue decreased w ith  
increasing water. Fraction 2 rem ained relatively  
constant at about 7% over th e entire range of 
so lv en t-w a ter  com position .

M ethanol.—The results, using m ethanol-w ater  
m ixtures to extract m ethom yl-treated  radishes, 
are sh ow n  in  Figure 6. Except for random  vari­
ations, Fraction 1 w as unaffected  by the so l­
v en t/w a ter  ratios, and conta ined  an average o f 
52% of the carbon-14 content. The tissue residue 
valu es representing approxim ately 35% of the 
radioactivity reflect the fluctuations o f the 
Fraction 1 values; tissue residue statistical re­
siduals increased as Fraction 1 statistical residuals 
decreased. Fraction 2 valu es increased sligh tly  
over the range o f so lv en t-w a ter  m ixtures, in ­
creasing from  approxim ately 8% at 0% w ater to 
11% at 50% water.

O ne factor w as apparent from  th e extraction  
data generated from m ethom yl-treated radishes. 
The deviations o f the observed Fraction 1 points

METHOMYL
Methanol

F igure 6. P ercen tages o f carbon-14 in  var io u s frac­
tion s after extracting 14C -m ethom yl-treated  radishes, 
u sin g  w a ter -m eth a n o l m ix tu res (see Fig. 1 fo r  d e ­

scr ip tio n  o f term s).

from  the Fraction 1 regression  lin es  are nega­
tively  correlated w ith  th e correspon ding tissue  
residue statistical residuals. Fraction 1 statistical 
residuals sh ow  sm aller n egative correlations 
w ith  Fraction 2 statistical residuals. This in d i­
cates that if an unusually large (sm all) am ount of 
radioactivity is extracted in  Fraction 1 for a 
sam ple, then  an u n usually  sm all (large) am ount 
w ill tend to show  up in  the tissue residue, but the 
am ount extracted in  Fraction 2 w ill  be little  af­
fected . This p h en om en on  is particularly ex­
h ib ited  in  Figure 5 w h ere the tissue residue va l­
ues decrease w h ile  Fraction 1 values increase  
w ith  increasing percent water, but Fraction 2 
rem ains essen tia lly  constant. Thus if the car- 
bon-14 w as not extracted in  Fraction 1, it w ou ld  
probably not occur in  subsequent fractions.

Fraction 2 d oes contain  a sign ifican t portion  
of the radioactivity, for in  each case Fraction 2 
p ossessed  as m uch as 10% of the extractable car­
bon-14. The leach ing process, starting im m e­
d iately after the rin sin g  o f b len der blades, jar, 
and b len d ed  crop, rem oved on ly  m inor quan­
tities. Subsequent fractions collected (Fractions 
3, 4, 5, and S) possessed  relatively in sign ifican t  
am ounts o f radioactivity.

A lth ou gh  m ore carbon-14 w as extracted from  
m ethom yl-treated  radishes as th e percentage  
water in  acetonitrile-w ater extractant increased, 
there is no ev id en ce  (based on  TLC) that in ­
creasing quantities o f m ethom yl w ere extracted.
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Fourteen days after application to radishes, on ly  
10% o f the extractable carbon-14 w as intact 
m ethom yl.

S u m m a r y
The use o f acetonitrile alon e to extract pesti­

cides from  fresh plant materials sh ou ld  be eval­
uated on a broad basis. A lth ou gh  m ethom yl 
may not have b een  an ideal exam ple o f a polar 
insecticid e because o f its rapid m etabolism , the  
data for both m eth om yl and d ield rin  clearly in ­
dicate that the behavior o f acetonitrile as an ex­
tracting so lven t changes w ith  w ater content, 
w hereas th is w as not the case for acetone and  
m ethanol. The effectiven ess o f acetonitrile as 
an extracting so lven t increased w ith  increasing  
w ater content. M ethanol n eeds additional 
evaluation as an extraction solvent; it appears to 
exh ib it good  extraction efficien cy, w h ich  is not 
in flu en ced  by variable w ater content.

In previous work (10, 12) related to p esticide  
extraction efficiency, considerable variation had 
been  n oted  am ong plant species. Thus, to ev a l­
uate th is p h en om en o n  m ore com p letely , the  
extraction o f several chem icals from a variety of 
substrates sh ou ld  be studied.

Acknowledgments
The authors thank Nora M addox, Laura K en­

n ed y, and C heryl D evore for technical assis­
tance.

References
(1) Wheeler, W. B., & Frear, D. E. H. (1966) Residue Rev. 

16,86-102
(2) Klein, A. K. (1958) f. Assoc. Off. Agric. Chem. 41, 

551-555
(3) Lichtenstein, E. P. (1959) J. Agric. Food Chem. 7, 

430-433
(4) Mills, P. A., Onley, J. H„ & Gaither, R. A. (1963) /. 

Assoc. Off. Agric. Chem. 46, 186-191
(5) Bertuzzi, P. F., Kamps, L., & Miles, C. I. (1967) ]. 

Assoc. Off. Anal. Chem. 50, 623-627
(6) Wilderman, M., & Shuman, H. (1968) J. Assoc. Off. 

Anal. Chem. 51, 892-895
(7) Burke, J. A., Porter, M. L„ & Young, S. J. V. (1971) 

J. Assoc. Off. Anal. Chem. 54,142-146
(8) Mumma, R. O., Wheeler, W. B., Frear, D. E. H., & 

Hamilton, R. H. (1966) Science 152,530
(9) Wheeler, W. B„ Frear, D. E. H., Mumma, R. P., 

Hamilton, R. H., & Cotner, R. C. (1967) /. Agric. 
Food Chem. 15, 227-230

(10) Wheeler, W. B., Thompson, N. P., Andrade, P., & 
Krause, R. T. (1978) ]. Agric. Food Chem. 26, 
1333-1337

(11) Wheeler, W. B„ Thompson, N. P., Edelstein, R. L., 
& Krause, R. T. (1979) Bull. Environ. Contam. Toxicol. 
23,387-390

(12) Wheeler, W. B., Thompson, N. P., Andrade, P., & 
Krause, R. T. (1980) J. Assoc. Off. Anal. Chem. 63, 
1286-1290

(13) Barr, A. J., Goodnight, J. H„ Sail, J. P„ & Hellwig, 
J. T. (1976) User's Guide to the Statistical Analysis 
System, Statistical Analysis System Institute, Inc., 
Raleigh, NC



1118 W O N G : J. ASSOC. OFF. A N A L . C H E M . (VO L. 65, N O . 5, 1982)

G a s - L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  
4 - C h l o r o p h e n o x y a c e t i c  A c i d  R e s i d u e s  i n  M u n g  B e a n  S p r o u t s

YEW-SIN W ONG
Ministry of Health, Department of Scientific Services, Outram Rd, Singapore 0316
A g a s-liq u id  ch rom atograph ic (GLC) m eth od  is  d e ­
scrib ed  for d e term in in g  4 -ch lorop h en o xy acetic  acid  
(CPA) resid u es in  m u n g  bean sprouts. T h e resid ues  
w ere extracted from  sam p les  b y  u sin g  e th y l acetate  
fo llo w ed  b y  liq u id -liq u id  partition in to  5% NaHCCL  
so lu tio n . A fter a c id ifica tio n  and reextraction  w ith  
e th y l acetate, CPA w as reacted w ith  p en ta flu o r o -  
b en zy l brom ide (PFB-Br) to  form  the PFB d erivative. 
T he reaction  m ix tu re w as separated  o n  a s ilica  g e l 
co lu m n  to  rem ove excess reagent, and th e d er iv a tiv e  
w as e lu ted  w ith  a so lu tio n  o f 75% to lu e n e  in  h exan e. 
GLC sep aration s w ere perform ed  on  a 3% O V -1 c o l­
um n  at 230°C . A s lo w  as 10 pg CPA co u ld  be q u an ­
tita ted , w h ich  is  eq u iv a len t to  about 0.05 pp m  at 
resid u e le v e l, u sin g  an e lectro n  capture d etector . 
R ecoveries o f CPA from  fo rtified  m u n g  bean  sprouts  
(0.05, 0.20, and  0.50 ppm ) ranged  from  71 to  107%. 
T he PFB d er iv a tiv e  w as fu rth er id e n t if ie d  b y  gas 
ch rom a to gra p h y -m a ss spectrom etry.

Mung bean ( P h a se o lu s  sp.) sprout is a popular 
fresh vegetable used in  oriental cooking. The 
traditional method of production yie lds bean 
sprouts w ith  long and hairy roots, and fastidious 
consumers would prefer to have the roots picked. 
Several reports indicate that ethylene or ethefon, 
an ethylene-generating agent in  plant metabo­
lism , and physical pressure could induce mor­
phological responses from hypocotyl and roots 
of mung bean sprouts (1, 2). Cheng and Chua (3) 
reported that 4-chlorophenoxyacetic acid (CPA ) 
was most effective in  restricting root growth of 
mung bean sprouts among the 6 p lant growth 
regulators that they screened. These “ rootless" 
bean sprouts had larger diameters and shorter 
roots.

4-Chlorophenoxyacetic acid is w e ll know n as 
a plant growth regulator and is used m ain ly for 
the propagation of cuttings. L ittle  is known 
about C P A  levels in  foods. The purpose of this 
study was to develop a sim ple, efficient method 
for determ ining traces of C P A  w hich  are present 
as residues in  rootless bean sprouts.

Methods for cleanup and subsequent gas 
chromatographic determ ination of phenoxya- 
cetic acids as their pentafluorobenzyl (PFB) esters 
have been reported (4-9). The enhanced sensi­
tiv ity of these PFB derivatives to electron capture

Received January 15, 1982. Accepted M arch 23, 1982.

detection is particu larly suitable for trace anal­
ysis.

The present paper describes the cleanup of 
traces of C PA  extracted from mung bean sprouts. 
The acid was converted to the PFB derivative by 
reaction w ith  PFB bromide (PFB-Br) in  acetone 
solution in  the presence of K 2CO 3. The method 
allow s both electron capture (EC ) gas-liquid 
chromatographic (G LC ) quantitation of sub-ppm 
levels of C P A  and confirmation by GLC/m ass 
spectrometry (MS).

METHOD

R e a g e n t s
Use red istilled  analytical or pesticide grade 

solvents.
(a) 4 -C h lo r o p h e n o x y a c e t ic  a c id  s ta n d a r d .— IC N  

N u tritio n a l B iochem icals, C leve lan d , O H  
44128.

(b) P e n ta f lu o r o b e n z y l  b ro m id e .—Dissolve 1 m L 
PFB-Br (99+% purity , A ld rich  Chem ical Co., 
M ilw aukee, W I 53233) in  100 m L acetone. 
(Caution: Reagent is strong lachrym ator.)

(c) P o ta s s iu m  c a rb o n a te  s o lu t io n .—30%. D is­
solve 30 g analytical grade K 2C 0 3 in  100 m L 
water.

(d) S ilic a  g e l .— 70-230 mesh (E . M erck, 
Darmstadt, West Germ any). Activate silica gel 
60 by heating overnight (14 h) at 130°C. Let cool 
in  tigh tly  stoppered bottle. Deactivate by add­
ing 5% (w /w ) d istilled  water and m ix thor­
oughly.- Equilibrate 24 h before use.

A p p a r a t u s
(a) M i x e r  b l e n d e r .— W aring com m ercial 

blender, or equivalent.
(b) C h r o m a to g ra p h ic  c o lu m n s .—Glass tubes, or 

equivalent, 10 cm X 5 mm id , w ith  piece of glass 
wool that has been previously washed w ith  ac­
etone and dried.

(c) G as c h r o m a to g r a p h .— Perkin-Elm er Model 
Sigma 3B, equipped w ith  constant current 63N i 
electron capture detector and 1.5 m X  3 mm id 
glass column packed w ith  3% OV-1 on 80-100 
mesh Chromosorb W. Operating conditions: 
injector 230°C, detector 250°C, column 230°C; 
nitrogen carrier gas 40 m L/m in ; connected to

000 4 -5 7 5 6 /8 2 /6 5 0 5 -1 118-04$01.00
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Spectra-Physics Model SP 4100 computing in ­
tegrator for data reduction.

(d) G a s c h r o m a to g r a p h - m a s s  s p e c t r o m e te r .— 
Hewlett-Packard Model 5985B, operated in  
electron impact (E l) mode, equipped w ith  1.5 m 
X  2 mm id glass column packed w ith  3% OV-1 on 
80-100 mesh Chromosorb W (H P). H elium  gas 
flow  30 m L/m in ; column 220°C; scanned from 
m /z 50 to 400.

P r e p a r a t i o n  o f  S a m p l e
Weigh and freeze 25 g mung bean sprout 

samples in  250 m L beaker. Transfer frozen 
sample to W aring blender and homogenize 5 
m in w ith  10 g anhydrous N a2SC>4 and 100 m L 
ethyl acetate. Decant extract into 500 m L sep­
aratory funnel; add 100 m L ethyl acetate to resi­
due and repeat extraction. Wash combined ethyl 
acetate extracts w ith  50 m L water. Extract C P A  
from washed ethyl acetate fraction w ith  two 50 
m L portions of 5% N aHCC>3 solution. Reject 
ethyl acetate fraction. Adjust aqueous fraction 
to ca pH  3 w ith  20 m L 30% H 3PO 4, add 5 g 
N a2SC>4, and re-extract w ith  two 25 m L portions 
of ethyl acetate. Wash combined ethyl acetate 
extracts w ith  5 m L water and dry over anhydrous 
N a2S 0 4.

D e r i  v a  t i z a  t i o n
Pipet 2 m L ethyl acetate extract (equivalent to 

1 g sample) into 50 m L centrifuge tube and 
evaporate to dryness at 30°C  w ith  gentle stream 
of d ry nitrogen. D issolve residue in  2 m L ace­
tone, and add 50 p L  PFB-Br solution and 30 p L  
30% K 2CO 3 solution. Stopper tube and shake to 
m ix. Let contents react at room temperature for 
3 h or overnight, whichever is more convenient. 
Then add 2 m L isooctane, and evaporate to ca 1 
m L at 30°C under gentle stream of dry nitrogen. 
Add another 2 m L isooctane and repeat evapo­
ration to fina l volum e of ca 1 m L.

C o l u m n  C l e a n u p  a n d  D e t e r m i n a t i o n
Place glass wool plug in  chromatographic 

column and add 5 cm deactivated silica gel. Tap 
to settle solid. Wash column w ith  5 m L hexane; 
transfer isooctane extract from derivatization 
onto column by using clean disposable pipet. 
Wash tube w ith  two 1 m L portions of hexane and 
add washes to colum n. Elute colum n w ith  15 
m L toluene-hexane (1 + 3) to remove excess re­
agent and discard eluate (Fraction I). Then elute 
w ith  8 m L toluene-hexane (3 + 1); collect eluate 
(Fraction I I )  in  graduated tube, adjust volum e to 
8 m L, and analyze d irectly by injecting 2 p L  of 
Fraction I I  into gas chromatograph. Compare

retention times and peak areas and/or peak 
heights against external standards (0.05-0.50 p g  
C P A /2 m L ethyl acetate) processed through 
derivatization and colum n cleanup steps.

A fter determination, confirm  presence of PFB 
derivative of C P A  by evaporating Fraction I I  at 
40°C  under dry nitrogen to near dryness; dis­
solve residue in  20-50 p L  hexane and inject 5 p L  
of extract into G C/M S system.

Results and Discussion
In  the method described, cleanup of the crude 

extract by liquid-liquid partitioning satisfactorily 
elim inated background interferences. D irect 
extraction of mung bean sprout samples w ith  
acetone y ie lded co-extractives w h ich  over­
whelm ed subsequent attempts at chromatog­
raphy.

The h igh polarity or low  vo la tility  of the 
phenoxyacetic acids prevents direct G LC  deter­
m ination. The formation of the more volatile  
trim ethylsily l and m ethyl ester derivatives from 
extracts were not su ffic ien tly  sensitive for resi­
due level determ ination largely because of the 
unresolved co-extracted peaks. Chau and Terry
(5) reported the formation of pentafluorobenzyl 
ester derivatives of phenoxyacetic acids by re­
action w ith  PFB-Br in  acetone in  the presence of 
aqueous K 2CO 3. We found the enhanced sen­
s itiv ity  of the PFB derivative of C P A  to electron 
capture detection suitable for trace analysis. A  
linear response, as peak area and/or peak height, 
was obtained over the range 0-0.70 ppm (r = 
0.997). The m inim um  quantitative detection 
was about 10 pg w hich is equivalent to about 0.05 
ppm at residue level for a 25 g sample. Other 
than the 30 p L  of aqueous K 2CO 3 reagent used in  
the reaction, moisture affected quantitative 
derivatization. Residual moisture in  the fina l 
ethyl acetate extracts was removed by drying 
over anhydrous Na2S0 4 .

A  colum n cleanup was also used in  th is study
(10). The unreacted and strong electron-cap­
turing PFB-Br reagent was removed by using a 
5 cm X 5 mm id m inicolum n of deactivated silica 
gel and 15 m L toluene-hexane (1 + 3). A n  
equivalent of 0.20 ppm C PA , i.e ., 0.20 p g  C P A , as 
PFB derivative , was loaded onto the silica  gel 
column and the fo llow ing elution data (%) were 
obtained: 0-1 (m L fraction), 9; 1-2, 45; 2-3, 27;
3 -4 ,10 ; 4-5, 6 ; 5-6, 2; 6 -7 ,1 ; 7-8, none detected. 
Percent recovery averaged 87 ± 5 (mean ± SD , n  
=  6 ). The relatively polar acetone solvent in  the 
extracts after derivatization must be replaced 
w ith  isooctane before co lum n chrom atog­
raphy.



1120 W O N G : J. ASSO C. O FF. A N A L . C H E M . (V O L. 65, N O . 5, 1982)

RETENTION TIME (minutes)
F igure 1. EC chrom atogram s o b ta in ed  b y  d escr ib ed  m eth od  (3% O V -1  at 230° C): A , reagent b lank; B, CPA  
standard, re ten tion  tim e 4.03 m in; C, u n fo rtifie d  sam p le  o f m u n g  bean  sprouts; D, sam p le fo rtified  w ith  0.20  

pp m  CPA; s im ila r  chrom atogram  as D fo r  "rootless"  sam p le .

We noted that silicone liqu id  phases of in ter­
mediate polarity (OV-17) did not adequately re­
solve PFB derivative of C P A  from other chro­
matographic peaks; false positives were observed 
on numerous occasions. The low-polarity s ili­
cone phase of OV-1 performed better, as shown 
in  Figure 1, where CPA  (retention time, 4.03 m in) 
is w e ll resolved from background contribution. 
The numerous peaks, w h ich  were not removed 
by the column cleanup and were s t ill present as 
background in  the extracts of bean sprouts, are 
probably PFB esters of other acidic constituents 
that were co-extracted. A n  examination of the 
single ion mass fragmentation at m /z 181 also 
indicated the possible presence of various PFB 
esters formed w ith  acidic components other than 
the PFB derivative of C P A  (retention time, 4.19 
m in).

Application of the derivatization procedure to 
the determination of C PA  in  fortified mung bean 
sprouts gave good results. As little  as 0.05 ppm 
could be detected; 0.05, 0.20, and 0.50 ppm C PA  
added to bean sprouts gave recoveries of 71-94% 
(mean 84 ± 8 , n  = 6 ), 85-107% (mean 97 ± 8 ), and 
92 — 102% (mean 97 ± 4), respectively. The ef­
fects of C P A  on the growth of hypocotyl and 
roots of mung bean sprouts have been reported 
(3). Various samples of mung bean sprouts made

rootless by treatment w ith  C P A  were examined 
for C P A  residues by using the proposed method. 
Tw enty treated samples were analyzed and 
contained between 0.05 and 0.48 ppm C PA . 
C P A  residues between 0.21 and 0.39 ppm in  7 
samples were identified by G LC /M S .

The structure of the PFB derivative of 4-chlo- 
rophenoxyacetic acid (C IC 6H 5O C H 2CO O C- 
PI2C 6F 5) was confirmed by mass spectrometry: 
the m olecular ion occurs at m /z 366 and the 
fragments at m /z 181 (—C H 2C 6F 5), 141 (— 
CO O CH 2Q F 5), and 111 (—O CH jCO O CH zQ Fs). 
The distinctive mass spectrum of the eluted peak 
at retention time 4.19 m in in  extracts of rootless 
mung bean sprouts was identical to that of the 
PFB derivative of C P A  standard.

In  conclusion, the presence of C P A  residues in  
rootless mung bean sprouts can be determined 
by forming the PFB-Br derivative, w hich  showed 
high sensitiv ity  to EC  detection. The residue 
was confirmed by G LC /M S .
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E x t r a c t i o n  P r o c e d u r e s  f o r  O i l s e e d s  a n d  R e l a t e d  H i g h  F a t - L o w  
M o i s t u r e  P r o d u c t s

LEON D. SAWYER
Food and Drug Administration, 240 Hennepin Ave, Minneapolis, M N  55401
A  co m b in ed  sam p le  p rep a ration /ex tra c tio n  p roce­
dure is  p resen ted  for p estic id e  resid u e a n a ly sis  o f  
o ilsee d s  and related h ig h  fa t- lo w  m oistu re products. 
T he procedure u tiliz es  h ig h -sp eed  m illin g  to  prepare 
th e  sa m p le  and  h ig h -sp e ed  h o m o g en iz a tio n  in  the  
extraction  step  to  a ch iev e  w h a t is  a p p a ren tly  q u an ­
t ita tiv e  iso la t io n  o f  b oth  incurred  resid u es and n at­
ural o ils . A separate, s im p le , o il d e term in ation  step  
a llo w s  fin d in g s  to  b e  reported  on  e ith er  th e  fa t or 
w h o le  p rod uct b asis . P etro leu m  eth er, e th y l e th er -  
petro leu m  ether (1 +  1), and eth an o l are used  seria lly  
as th e  extractants. U su a l fa tty  fo o d  clean up  p roce­
d u res and m u ltire sid u e  gas ch rom atograph ic d etec­
tio n  te ch n iq u es  are u til iz e d . T he proced ure p re­
sen te d  in  th is  paper is  a re fin e m en t o f ear lier  w ork  
w h ic h  u sed  a h o m o g en iz er  b oth  to  g rin d  and to  ex­
tract sam p les  o f u n grou n d  seed s and w h ic h  d em o n ­
strated  e s se n tia lly  co m p le te  extraction  o f  en d rin  
resid u es in  so y b ea n s  and D D T  resid u es in  m ustard  
seed . Id en tica l sam p les  an a ly zed  b y  th e  currently  
reco m m en d ed  sh a k eo u t p rocedure, 29.012, g a v e  re­
co v er ies  o f  a p p rox im ate ly  50% o f th e  to ta l resid u es. 
T h e proced ure p resen ted  in  th is  paper w a s  sa tisfa c­
to r ily  tested  o n  13 d iffer en t o ilsee d  ty p es  and o n e  
sa m p le  o f  sod a  crackers. O il co n ten t for th ese  sam ­
p le s  ranged  from  5 to  69%.

Methods for oilseeds, nuts, and high-fat feeding 
materials referenced in  the P e s tic id e  A n a ly t ic a l  
M a n u a l  (PAM ) (1) acknowledge that the opti­
mum extraction procedure for pesticide residues 
in  these product types has not been established 
and recommend that the method developed for 
cheese be utilized for these product types. Th is 
recommended method is identical to that ap­
pearing in  O ffic ia l  M e th o d s  f o r  A n a ly s i s  (2) in  
29.012. The method involves a triple extraction 
of a ground sample by shaking w ith  mixed ethers 
in  the presence of ethanol to isolate the oil or fat. 
Analysis then proceeds as w ith  a usual da iry fat 
sample except that a calculation to the whole 
product basis is necessary for reporting results. 
Th is  procedure is based on the assumptions that 
any pesticide residues that are present w il l  be 
uniform ly extracted w ith  the o il, and that the oil 
content of the sample w il l  be know n. In  addi-
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tion, w hen th is procedure was recommended, 
there was no effective or efficient means ava il­
able to un ifo rm ly grind or comminute samples 
such as oilseeds to the recommended 20  mesh 
particle size. The fo llow ing  report is intended 
to demonstrate that the above assumptions are 
not accurate w ith  a ll sample types for w h ich  the 
method was recommended and to propose a 
sample preparation/extraction procedure for 
these products that can be read ily incorporated 
into existing PAM  (1) and AO A C  (2) cleanup and 
determ inative procedures.

Ea rly  investigation into the recommended 
method w ith  soybeans containing endrin  and 
w ith  mustard seed containing D D T  isomers 
showed that on ly about 50% of these fie ld -in ­
curred pesticides were recovered. Further in ­
vestigations revealed that the poor extractability 
was p rim arily  related to inadequate interaction 
between the sample particles and the solvents. 
By defin ing a sample preparation procedure, 
changing the order and amounts of extraction 
solvents, and substituting rigorous homogeni­
zation for the blending and shaking steps, the 
cheese procedure was modified to one that ap­
parently gives quantitative recoveries of both 
natural o ils (lip ids) and incurred residues, i.e ., 
pesticides of the nonpolar organochlorine class 
and certain organophosphorus pesticides.

In  the early stages of the investigation, a closed 
extraction vessel w ith  a Sorvall/O m ni-m ixer 
served as both a grinder and a blender for sam­
ples of unground seeds. When a m ill became 
com m ercially available that could effectively 
grind d ifficu lt samples like  the oilseeds, a Poly- 
tron homogenizer was substituted, w h ich  uses 
an open extraction vessel and eliminates pressure 
buildup due to solvent evaporation that occurs 
w ith  a closed system. Both techniques appear to 
be equivalent for extracting residual pesticides, 
but the latter approach gives greater assurance 
of homogeneity w ith  larger laboratory samples 
and is not as demanding on the blender.

METHOD
R e a g e n t s  a n d  A p p a r a t u s

(a ) S o lv e n ts . — H igh  pu rity , glass-distilled pe­
troleum ether, ethyl ether, and acetonitrile.

000 4 -5 7 5 6 /8 2 /6 5 0 5 -1 122-07$01.00
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Reagent grade ethanol (USP 95%) is satisfactory. 
C riteria  for purity  are described in  PAM  I, sec. 
1 20 .(b) G rin d e r .— M ill capable of grinding samples 
in  a homogeneous fashion to 1 mm particle size 
w ithout excessive heat buildup or oil separation. 
U ltra Centrifugal M ill (distributed by Quartz 
Technology, Inc ., 100 Grand St, Westburg, N Y  
11590), or equivalent.

(c) H o m o g e n iz e r .—Either Polytron Model PT 
10-35 (distributed by Brinkm ann Instrum ents, 
Inc ., Westburg, N Y  11590) or Sorvall / Om ni type 
(DuPont Instrum ents-Sorvall Biomedical D iv ., 
N ewton, C T  06470). E ither PT 35 or P T  20 ST 
homogenizer heads may be used w ith  the P o ly­
tron instrument. The heads should be equipped 
w ith  a metal bushing because Teflon bushings 
may wear excessively and cause the shaft to 
bind.(d) E x tr a c t io n  v e s s e l . —Stainless steel 400 m L 
So rva ll/O m ni chamber for use w ith  either ho­
mogenizer. A  500 m L glass centrifuge bottle can 
be used w ith  the Polytron if  a PT 20 ST  homog­
enizer head is used.

S a m p l e  P r e p a r a t i o n
M ix sample w e ll and grind in  m ill (b) 

equipped w ith  1 mm sieve ring. I f  noticeable 
heat builds up, alternatively grind w ithout sieve 
ring , or use larger ring (such as 3 mm) and then 
regrind through 1 or 0.5 mm sieve ring . M ain­
tain rotor speed of m ill at 20  000  rpm to aid in  
cooling.

E x t r a c t i o n
Weigh 50 g ground sample in  extraction vessel

(d). Add 200 m L petroleum ether and blend 1.5 
min at high speed. Centrifuge extraction vessel 
and decant solvent into 500 m L beaker. Add 150 
m L ethyl ether-petroleum ether (1 + 1) to vessel 
and blend, centrifuge, and decant into beaker as 
previously described. Set beaker containing 
combined ethers under gentle air stream to 
concentrate to total solvent volume of ca 100 mL. 
Re-extract residue in  vessel w ith  150 m L ethanol 
for 1.5 m in , centrifuge, and decant into a 1 L  
glass-stopper separatory funnel. Add 50 m L 
ethanol to vessel. Wash residue in  vessel by 
gently blending. Then centrifuge and decant 
into same separatory funnel.

Add concentrated ethers from first 2 extrac­
tions to separatory funnel, using small (ca 5 m L) 
petroleum ether washes of beaker. M ix w ell and 
add 600 m L water and ca 40 m L saturated N aCl 
solution. H old 1 L  separatory funnel in  hori­
zontal position and m ix thoroughly 45 s. Let

layers separate and drain aqueous portion into 
second 1 L  separatory funnel containing 100 m L 
petroleum ether. M ix thoroughly ca 15 s and let 
layers separate. D rain  and discard aqueous 
portion and drain petroleum ether into orig inal 
separatory funnel. Wash combined ethers w ith  
two 100 m L portions of water. D ry  ethers by 
passing solution through column of anhydrous 
Na2S0 4 , and concentrate ethers, using one of the 
fo llow ing alternatives: (1) Remove solvent
completely and consider residue rem aining to 
represent 50 g sample; or (2) concentrate solvent 
to total volum e of ca 25-30 m L, transfer to grad­
uated cylinder by using sm all petroleum ether 
washes, and dilute to know n volum e.

If  alternative (2) is used, an aliquot can be 
easily transferred to a fared beaker for oil content 
determ ination and another aliquot can be used 
for further cleanup. Aliquots taken represent a 
direct ratio of the orig inal 50 g sample, e.g., 50 g 
to 100 m L = 0.5 g/m L.

Continue w ith  analysis as described in  29.014, 
petroleum ether-acetonitrile partitioning using 
<3 g total o il. The aliquot alternative allow s a 
simple 1 step determination for calculation of the 
oil content of samples for w h ich  this value is 
unknow n. The calculated o il content can then 
be used to determ ine the proper aliquot needed 
for the partitioning step. Th is  approach also 
allows results to be based on either the fat (o il) 
or whole product basis. (Note: O ther cleanup 
procedures may be just as applicable as the pe­
troleum ether-acetonitrile partitioning. Pre­
lim in ary  w ork has shown gel permeation chro­
matography to be effective for d ie ld rin  residues 
in  soybeans.)

Results and Discussion
Rogers (3) investigated the extraction of 

fie ld-incurred a ld rin  from canary seed and re­
lated its extractability to proper mesh size of the 
ground sample. He reported that if  the material 
was not fine ly particulated, extraction efficiency 
was reduced. H ow ever, the hard outer shell 
could not be ground to 30 mesh and was conse­
quently separated from the ground pulp con­
taining the a ld rin . Thus this separation pro­
duced a disproportionate d istribution of the al­
d rin  in  the sample and thereby prevented accu­
rate calculations based on whole product weight. 
Problems of representative grind ing are mag­
n ified  w ith  samples of oilseeds because heat 
buildup and oil separation read ily occur when 
attempts are made to grind them by conventional 
means.

Sm ith (4) addressed the problems associated
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Table 1. Comparative particle size reduction and percent oil determined by Wiley/29.012 method * vs Omni/
petroleum ether procedure b

Oilseed
sample

Wiley/29.012 Omni/petroleum ether

Dried pulpy 
residue,c % Oil, %

Dried pulpy 
residue,c % Oil, %

Mustard seed 31 21.6 57 28.0
Mustard seed 41 16.1 56 26.9
Cocoa beans 23 25.1 63 48.4
Soybeans 19 11.5 82 17.8
Soybeans 28 11.6 77 18.5

a 50 g sample. A Wiley mill was used for grinding, and AOAC 29.012 was used for extraction.
b 50 g sample. A Sorvall/Omni homogenizer was used for cracking and grinding the jnground seeds and for extracting 

(3X) with petroleum ether.
c <40 mesh. (The remaining pulpy residue was >40 mesh.)

w ith  grind ing cocoa beans (about 50% o il) and 
reported that the addition of dry ice in  the 
grind ing step m inim ized the formation of heat 
and problems of o il separation. H ow ever, be­
cause of the expense and lim ited ava ilab ility  of 
dry ice, it was recognized that this procedure 
should not be considered routine. Further work 
in  our laboratory w ith  mustard seed (about 30%
oil) indicated that, even w ith  dry ice, satisfactory 
grinding could not be easily achieved. Smith (4) 
used both a Straub m ill and a W iley  m ill; our 
experience w ith  mustard seed was obtained w ith  
a W iley m ill and a Burr m ill.

Because a routine grinding procedure was not 
read ily available, the possib ility of using the 
extraction step itself was investigated as a means 
of particle size reduction. In  the investigation, 
a So rva ll/O m ni homogenizer served sim ulta­
neously as a grinder and an extraction vessel. 
The design of the homogenizer w ith  its sealed 
b lending chamber allowed cracking and grind­
ing of the seeds before solvent addition. Sub­
sequent petroleum ether extractions (3 X ), fo l­
lowed by centrifug ing and decanting, showed 
that this technique effective ly reduced the o il­
seed particle size and increased the efficiency of 
o il isolation, compared w ith  that obtainable in  
the A O A C  method w ith  preground seeds. Table 
1 lists the comparative data obtained w ith  5 
samples of oilseeds: 2  mustard seed samples, 2 
soybean samples, and 1 cocoa bean sample. W ith 
the cocoa bean sample, almost twice as much oil 
and almost 3 times the amount of fine (<40 mesh) 
m aterial were isolated after the extraction w ith  
the O m ni/petroleum  ether procedure. (The 
rem aining pu lpy material was >40 mesh.) The 
mustard seed and soybean samples also demon­
strate a sim ilar difference in  results. The oil 
content values obtained by the Omni/petroleum 
ether procedure for soybeans, 17.8 and 18.5%,

compare favorably w ith  that reported by M or­
rison (5), 18.0%, and :hat appearing in  PAM  I (1), 
17.7%.

Because these data suggested that complete oil 
rem oval could be obtained by the use of the 
O m ni/petroleum  ether procedure, we assumed 
that complete pesticide extraction would also be 
accomplished. To ve rify  or contradict this as­
sum ption, we extracted one sample of mustard 
seed containing incurred D D T residues and one 
sample of soybeans containing incurred endrin  
residues by both the Omni/petroleum  ether and 
A O A C  procedures. In  addition, the so lid  resi­
dues rem aining after the trip le  extractions were 
air-dried and then exhaustively extracted w ith  
methanol-chloroform as described in PAM  I, sec. 
253. Identical cleanup of all 4 extracted portions 
was accomplished by using techniques described 
in  29.014, and the recovered pesticide residues 
in  each portion were quantitated by electron 
capture gas chromatography as described in  
29.018. Each result was calculated as parts per 
m illio n  on the basis of the orig inal sample 
w eight, i.e ., the solvent portions and the dried 
pu lpy residue portions were each considered 
equivalent to 50 g. Table 2 lists the results ob­
tained and shows that on ly 90% of the total p,p'- 
D D T  and 80% of the total endrin were recovered 
in  the oil portions by using the Omni/petroleum 
ether procedure. W ith the A O AC procedure, the 
pesticide residues in  both samples were sp lit a l­
most even ly between the o il and the pulp por­
tions. The 80% recovery value for endrin  in  
soybeans indicates that, even w ith  complete oil 
extraction from the seeds, significant amounts of 
translocated residues can be closely bound to the 
d ry pu lpy part of the seeds. Consequently, a l­
ternative solvent systems of greater polarity were 
investigated by testing endrin-containing soy­
beans.
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Table 2. Comparative recoveries of incurred pesticide 
residues by Omni/petroleum ether and Wiley/29.012 

methods*

Method

DDT in
mustard seed,

ppm6

Endrin in 
soybeans, 

ppm6

Omni/petroleum ether 0.094 0.099
Soxhlet of pulpc 0.012 0.026

Total 0.106 0.125
Wiley/29.012 0.051 , 0.067
Soxhlet extn of pulpc 0.054 0.065

Total 0.105 0.132

a See Table 1, footnotes a and b.
6 Whole product basis, i.e., relative to 50 g sample originally 

weighed.
6 Pulpy material was exhaustively extracted as described 

in PAM I, sec. 253.

Solvents that were investigated and the results 
obtained are shown in  Table 3. Tria l 1 is a repeat 
of the procedure discussed in  relation to Table 2 
data. The tria l 1 result was obtained w ith  a d if­
ferent sample of soybeans from that used for 
tria ls 2-5; therefore, the total endrin  amounts 
recovered should not be compared. Each ex­
traction tria l followed the format previously 
discussed: Extract w ith  solvents, d ry , and ex­
haustively extract pulpy material; clean up both 
portions by A O A C  methods, and quantitate en­
drin by using 50 g sample weights. A ll blending 
times were 3 m in, except trial 4, in  w h ich  a 1 min 
blend w ith  water was followed by a 3 min blend 
w ith  acetonitrile.

T ria ls  1 and 2, corresponding to trip le  extrac­
tions w ith  petroleum ether and w ith  ethyl 
ether-petroleum  ether (1 + 1), obtained essen­
tia lly  the same amounts of extractable endrin  in

the solvent, 79.2 and 76.7%, respectively. In  
addition, in  trial 2 , in  w hich  a known amount of 
p , p '~DDE (0.04 ppm) had been added, a 105% 
recovery was obtained from the solvent portion. 
In  tria l 3, 2 petroleum ether extractions were 
followed by the addition of water and acetoni­
trile. O n ly slightly better recovery, 81.2%, of the 
endrin  was solvent-recovered. T ria l 4 e lim i­
nated the water used in  tria l 3, and im proved 
duplicate recoveries of 89.4 and 85.9% were ob­
tained. Tria l 5 used a "bridged" solvent system 
of petroleum ether, ethyl ether-petroleum ether 
(1 + 1), and ethanol. Th is system demonstrated 
triplicate recoveries of 94.2, 91.4, and 95.3% of the 
endrin  in  the solvent portion. A  repeat of trial 
5 w ith  mustard seed containing D D T  (o ,p '~  and 
p,p'-isomers) showed trip licate total extraction 
(100% of the D D T) in  the solvent portion.

The data obtained from tria l 5 (and related 
studies) showed that the solvent system both 
removes the oil and effective ly wets the pu lver­
ized pulpy seed material to provide a nearly 100% 
extraction. The So rva ll/O m ni homogenizer, 
however, did not provide the durability needed 
for the continual rigorous grind ing duties that 
are required by th is approach. Consequently, 
an alternative approach w h ich  readdressed the 
problem of prior grind ing was initiated .

Investigation into the commercially available 
laboratory m ills showed that an U ltra Centrifugal 
M ill or Micro-Jet 10 was capable of e ffic iently  
grind ing these sample types w ithout the heat 
buildup or oil separation problems that were 
encountered earlier. Pre lim inary investigation 
into this m ill was reported previously (6 ). 
H ow ever, again by using soybeans containing

Table 3. Solvent system trials with incurred endrin in soybeans, using unground beans and Sorvall/Omni homogenizer

Trial3 Solvent system Volumes

Endrin found, ppm b

% of 
total 

in solv. 
portion

Omni/
solv.

portion

Soxhlet/
pulp

portion6 Total

i petroleum ether (3X) 200, 100, 100 0.099 0.026 0.125 79.2
2 petroleum ether-ethyl ether (1 + 1)(3 x) 200, 100, 100 0.138 0.042 0.180 76.7 d
3 petroleum ether (2x), water, acetonitrile 200, 100, 50. 0.138 0.032 0.170 81.2

150
4 petroleum ether (2X), acetonitrile 200, 100, 200 0.152 0.018 0.170 89.4

Duplicate 0.146 0.024 0.170 85.9
5 petroleum ether, ethyl ether-petroleum 200, 100, 200 0.161 0.010 0.171 94.2

ether (1 + 1), ethanol
Duplicate 0.159 0.015 0.174 91.4
Triplicate 0.162 0.008 0.170 95.3

a Trial 1 from Table 2. Trials 2-5 were conducted with a different lot of soybeans. 
b Whole product basis, i.e., relative to 50 g sample originally weighed. 
c Pulpy material was exhaustively extracted in Soxhlet as described in PAM I, sec. 253. 
d Recovery of 0.04 ppm spike of p.p'-DDE was 105% (0.042 ppm), all in the solvent portion.
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Table 4. Recoveries of added pesticides, using preground a samples and the described method, and one comparative
recovery by the 29.012 method

Product Pesticide
Added,

ppm
Ree.,
ppm

Ree.,
%

Oil
detd, %

Soybeans endosulfan I 0.107 0.098 91.6 _
Crackers trans- chlordane 0.095 0.083 87.4 —
Soybeans diazinon 0.018 0.020 111.0 —
Soybeans methoxychlor 0.393 0.375 95.4 14.0
Soybeans0 methoxychlor 0.785 0.536 68.3 7.0

a All samples were ground with the Ultra Centrifugal Mill. 
b Recovery by the 29.012 method.

endrin , it was found that, even w ith  a fine ly  
ground sample (99.3% was less than 40 mesh and 
41.8% was less than 100 mesh), duplicate recov­
eries of o n ly  86.4 and 82.7% of the total endrin 
were obtained w ith  solvent extraction by the 
mixed solvent system described in  trial 5 of Table
3. In  this case, the low er recoveries were at­
tributed to the use of a laboratory W aring 
blender, w h ich  did not appear to provide the 
vigorous m ixing action that was experienced 
w ith  the So rva ll/O m ni homogenizer. Concur­
rent duplicate p ,p '-DDE fortifications (0.782 
ppm) recovered in  the solvent portion were 94.3 
and 99.1%.

Substitution of a Poly tron homogenizer for the 
W aring blender provided the necessary m ixing 
action and its use is currently recommended. 
A n y  glass or stainless steel vessel that is com­
patible w ith  the homogenizer head and w ith  the 
centrifuge used can serve as the extraction vessel. 
Both 500 m L centrifuge bottles and 400 m L Sor- 
va ll cups have been used successfully. A dd i­
tional refinements to the original procedure were 
made to accommodate the use of the Polytron 
homogenizer: B lending times were reduced to
1.5 m in and the volum e of the ethyl ether-pe­
troleum ether (1 + 1) (second extraction) was 
increased to 150 m L. These refinements reduced 
a binding problem w ith  the shaft of the Polytron 
homogenizer w ithout any apparent loss of ex­
traction efficiency.

Some of the various sample types examined 
successfully by using this method (w ith  the 
Polytron homogenizer) are soybeans, flax seed, 
rapeseed, mustard seed, canary seed, sunflow er 
seed, w alnut meats, sesame seed, caraway seed, 
peanuts, crackers, and cocoa beans. A lthough 
the results of a ll the o il content determ inations 
were not recorded, the oil content of those sam­
ples listed above ranged from 5% for the canary 
seed to 69% for the w alnut meats. Some of the 
residues detected in  these samples were isomers 
of BH C , malathion, parathion, toxaphene, DDTs,

a ld rin , d ie ld rin , endrin , heptachlor, heptachlor 
epoxide, methoxychlor, endosulfans, parathion, 
methyl parathion, PCN B, and chlordane-related 
compounds.

Table 4 lists typical recoveries obtained by the 
method described here and a single comparative 
recovery obtained by the A O A C  method. Re­
coveries of the 4 pesticides endosulfan I , tr a n s -  
chlordane, diazinon. and m ethoxychlor ranged 
from 87.4% for t rans-chlordane to 111.0% for d i­
azinon. The one comparative recovery from 
soybeans fortified w ith  m ethoxychlor showed 
that the A O A C  method w ith  its shakeout ex­
traction recovered only 68.3% of the added 
amount vs 95.4% for the Polytron homogenizer 
extraction. The A O A C  method also recovered 
only 50% of the oil content when compared w ith  
the more vigorous Polytron homogenizer ap­
proach.

Table 5 demonstrates the reproducibility of the 
method for 8 samples of sunflower seeds con­
taining malathion. The duplicate (d ifferent 
analysts) results for the 8 samples show that the 
most divergent pair of results was for Sample 4, 
for w hich the original result was 22% higher than 
the duplicate.

Table 5. Duplicate9 malathion findings for 8 samples of 
sunflower seeds by the described method

Malathion, ppm

Sample Original Duplicate % Agreement5

1 0.72 0.74 97
2 1.14 1.11 103
3 0.83 0.80 104
4 1.10 0.90 122G 0.98 0.83 118e 0.71 0.62 115
7 7.9 6.9 114g 9.3 8.3 112

a Different analysts.
6 % agreement = (original/duplicate) X 100.
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Table 6. Comparative pesticide and oil findings for sunflower seeds, * obtained by extraction procedure 29.012, 6 by 
the described method with a Polytron homogenizer, c and by the described method with a Waring blender d

Described method

29.012
With Polytron With
homogenizer Waring blender

Sample Pesticide
Pesticide,

ppm . % Oil
Pesticide,

ppm % Oil
Pesticide,

ppm % Oil

1 methoxychlor 0.16 37.1 0.19 41.8 _ _
2 malathion 0.23 36.7 0.24 39.2 — —
3 malathion 8.25 35.0 9.44 40.2 7.53 38.4

a All analytical portions were ground with the Ultra Centrifugal Mill through a 1 mm sieve. 
6 AOAC shakeout 29.012.
c The Polytron homogenizer was used in the extraction step. 
d Used in place of the Polytron homogenizer.

Again for samples of sunflow er seeds, Table 
6 shows additional method com parability f in d ­
ings. In  this table, 3 samples (2 containing ma- 
lathion and one containing methoxychlor) were 
compared for total parts per m illion  found and 
for o il content by using the shakeout procedure 
and the method described here. One of the 
samples containing malathion residues was also 
analyzed by the method described here, except 
that a laboratory W aring blender was used in ­
stead of the Polytron homogenizer. A l l  analyt­
ical portions were ground w ith  the U ltra  Cen­
trifugal M ill through a 1 mm sieve. In  these 
cases, better agreement for the o il content was 
obtained than was previously experienced w ith  
other seeds, but the Polytron homogenizer va l­
ues are higher in  all cases. I f  the results obtained 
for the A O A C  method are calculated on the o il 
basis and converted to the whole product basis 
by using the o il percentages derived from the 
Polytron homogenizer approach, good analytical 
agreement is achieved. However, this indicates 
that these residues are totally o il-solubilized or 
that they are surface contaminants and is con­

trary to the find ings for endrin  in  soybeans 
previously discussed.

A  fin a l extraction/applicability test w ith  the 
method described here was conducted w ith  2 
samples of peanuts. The samples were extracted 
as described under M e th o d  and the rem aining 
pulp was then exhaustive ly extracted w ith  
chloroform-methanol (1 + 1) as described earlier. 
The results from this test appear in  Table 7. The 
method was shown to extract 96.5, 97.1, and 
98.5%, respectively of a-B H C , /3-BHC, and diel- 
d rin  residues that were know n contaminants in  
the 2 samples. Because of the low  residue levels 
(< 0.1 ppm), the total micrograms extracted from 
each portion are compared. The values obtained 
from the Soxhlet extraction are calculated from 
chromatographic peaks that were present at the 
same absolute retention time as the standard 
materials and could have been attributable to 
background.

C on clu sio n s
A n y method that bases its residue find ings on 

the amount of o il analyzed and converts back to

Table 7. Recoveries of incurred pesticide residues in peanuts by the described method with Soxhlet extraction * of
pulpy material

Pesticide residue extracted, /ug

% of total
Pesticide Polytron/ Soxhlet/ in solv.

Sample residue % Oil solv. pulp6 portion

1 a-BHC 41.3 2.05 0.0738 96.5
(3-BHC 3.95 0.1197 97.1

2 dieldrin 40.1 3.22 0.0483 98.5

a Pulpy material was exhaustively extracted in Soxhlet as described in PAM I, sec. 253.
b Results reported are “ apparent" residues because gas chromatographic peaks appeared at the retention time of the 

standard and were calculated as such.
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the whole product basis from a published value 
may be based on some erroneous assumptions. 
For instance, laboratory find ings usually show 
soybeans to contain 17-18% oil w hen marketed. 
However, the oil content of soybeans depends on 
the amount of dehydration that occurs. Thus the 
oil content of soybeans has been found to be as 
h igh as 24%, and, w ith  greener beans, has been 
as low as 14%. Sunflower seeds are another crop 
in  w h ich  o il content levels vary. Th is  crop is 
marketed in  several forms (7): wet out of the 
fie ld , dried-in-hull, as low-oil confectionary 
types, as high-oil types to be further processed, 
and in various combinations. Depending on the 
particular instance, o il content can range from 
about 25 to 52%.

The method described here should be u n i­
form ly adaptable to a ll types of oilseed (and re­
lated) products. A ll  indications are that essen­
tia lly  100% of the residues are extracted, regard­
less of the oil content, w hich  need not be known 
but can easily be determined.

Interlaboratory experiences w ith  the method 
that were relayed to the Associate Referee from 
several Food and Drug Adm in istration labora­
tories indicated that very  few problems have 
been encountered w ith  its usage. Some em ul­
sion problems in  the ethanol flood-out step were 
reported w ith certain peanut samples. The most 
frequent complaint has been in  regard to the 
time needed for analysis, w hich  is acknowledged 
to be somewhat longer than that for most ex­
traction procedures, but is no longer than the 
currently recommended procedure. On the

basis of the im proved extractability demon­
strated by the proposed procedure, the Associate 
Referee recommends that the method be colla- 
boratively studied w ith in  the next year to expand 
29.012 to include oilseeds and some related high 
fat-low  moisture products.
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M IC R O B IO L O G IC A L  M E T H O D S

U s e  o f  I r o n  M i l k  M e d i u m  f o r  E n u m e r a t i o n  o f  C lo s tr id iu m  p e rfr in g e n s
WILLIAM D. ST. JOHN, JACK R. MATCHES, and MARLEEN M. WEKELL1
University of Washington, Institute for Food Science and Technology, College for Ocean and 
Fishery Sciences, Seattle, WA 98195
A simple iron milk medium was used for isolation 
and enumeration of Clostridium perfringens from 
soil, sludge, and water samples. The whole milk 
contained only iron powder as a reducing agent; no 
other inhibitors were added. The iron milk most 
probable number (MPN) procedure was compared 
with 4 plating media: sulfite-polym yxin-sulfadia­
zine, Shahidi-Ferguson perfringens, tryptose-sul- 
fite-cycloserine (both with and without egg yolk), 
and tryptone-sulfite-neomycin. The selectivity of 
the iron milk relies solely on the rapid growth of C. 
perfringens at 45°C and the stormy fermentation 
reaction within 18 h. Isolates were confirmed as C. 
perfringens by standard biochemical tests. The iron 
milk MPN procedure compared very well with the 
4 plating media tested. Selectivity of incubation 
temperature, short incubation time, and ease of 
identification by the characteristic stormy fermen­
tation make this method ideal for enumerating C. 
perfringens from large numbers of samples.

During early studies w ith  C lo s tr id iu m  p e r fr in g e n s ,  
a need for a rapid, sim ple, and accurate assay 
became evident. The selective media devised by 
several authors for enumerating C. p e r fr in g e n s  use 
su lfite  and iron. Su lfite , w hen reduced to s u l­
fide by C. p e r fr in g e n s , combines w ith  iron to form 
the black color surrounding the colonies. In  ad­
dition, antibiotics are added to inhib it competing 
facultative organisms.

Several media used by other workers were 
employed in  our studies: su lfite -po lym yxin - 
su lfad iazine (SPS) (1); Shahid i-Ferguson per­
fringens (SFP) (2), tryptose-sulfite-cycloserine 
(TSC ) w ith  or w ithout egg yo lk  to indicate lec- 
ith inase (3), and tryptone-sulfite-neom ycin 
(TSN ) (4). Each of these media also requires 
confirm atory biochemical tests, w h ich  makes 
processing large numbers of samples time-con­
sum ing.

To circum vent any problem associated w ith  
chem ical inh ib itors, a method was developed 
based on one selective condition, temperature. 
The optimum temperature for the growth of a ll

1 School of Nutritional Sciences.
Received October 27,1981. Accepted February 22,1982.

strains of C. p e r fr in g e n s  studied is 45°C (5). A t 
th is temperature, the "phoen ix" phenomenon
(6 ) occurs, w ith  an in itia l decline in  numbers to 
m inim um  counts at 4 h fo llowed by a sudden 
increase in  growth to maximum counts at 6 h.

A  unique reaction, stormy fermentation in  
m ilk , is used to indicate the presence of C. p e r ­
f r in g e n s . Th is  reaction invo lves the formation 
of acid, resulting in  a curd w h ich  is v io lently  
broken apart by gas produced by C. p e r fr in g e n s  
and several other Clostridia. These 2 conditions, 
high optimal incubation temperature and stormy 
ferm entation, both unique to C. p e r fr in g e n s , v ir ­
tua lly  elim inate a ll competitive organisms and 
the need for inh ib ito rs and confirm atory 
testing.

In  this study we quantitated C. p e r fr in g e n s  w ith 
the iron m ilk medium, using a 3-tube M PN  (most 
probable num ber) technique. Data were com­
pared w ith  those collected using 4 other meth­
ods. Selected biochemical tests were used to 
confirm  bacterial isolates as C. p e r fr in g e n s .

Experim ental

M a t e r i a l s
(a) M i lk  m e d iu m .—Pasteurized homogenized 

whole m ilk  was dispensed in  10 m L portions into 
16 X 150 mm screw-cap test tubes. Elem ental 
iron  powder was added as a reducing agent. 
Studies showed that ca 0.2 g per tube gave the 
best results. It has been reported that the 
amount of iron can affect the carbohydrate me­
tabolism and the levels of gas evolved (7). The 
medium was sterilized 10 m in at 116°C and was 
stored at room temperature u n til used. The 
medium was then steamed for 5 m in and held at 
45°C  < 1 h before use. A  3-tube M PN  method 
was used. Samples were incubated 16-18 h in  
a 45°C  water bath. A n  alternative procedure (8 ) 
is to dispense the m ilk into sterile tubes, add iron 
powder, steam 5 m in , and hold at 45°C i  1 h 
before use. Recovery of C. p e r fr in g e n s  was better 
w hen the medium was heated only once.

C. p e r fr in g e n s  produces acid in  the m ilk  and 
form s a curd. The resulting decrease in  pH to 
approxim ately 5.0 becomes inh ib ito ry  to C. p e r -

0004-5756/82/6505-1129-05$01.00 
© Association of Official Analytical Chemists, Inc.
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Table 1. Comparison of C. perfringens counts obtained with the high temperature milk MPN technique and with 4
plating media 3

Sample
No. Sample

Log of counts confirmed as 
C. pe rfrin g en s6

A B C D E

1 Sludge 5.38 5.32 5.33 5.30 5.3
2 Soil 6.0 6.13 6.18 6.08 6.10
3 Soil 6.2 6.23 6.15 6.11 6.08
4 Soil 6.49 6.54 6.48 6.41 6.45
5 Water 5.80 5.71 5.85 5.78 5.73

3 A = milk MPN method; B = tryptone-sulfite-cycloserine (TSC) with egg yolk; C = tryptone-sulfite-cycloserine (TSC) 
without egg yolk; D = sulfite-polymyxin-sulfadiazine (SPS); E = tryptone-sulfite-neomycin (TSN). 

b Values represent the average of duplicate samples.

f r i n g e n s  on standing. Therefore, samples to be 
stored or tested were transferred to appropriate 
media w ith in  24 h.

(b) B loo d  agar m e d iu m .—Blood agar plates were 
prepared w ith  blood agar base (BBL) prepared 
w ith  5% outdated whole citrated human blood. 
Sterile  glass rods were used to spread 0.1 m L 
portions of the appropriate d ilutions on the 
surface of the blood agar. Prepared plates were 
incubated in  anaerobic jars at 37 °C  until colonies 
were large enough to be counted.

(c) T est p la t in g  m e d ia .—Each of the 4 test media 
was prepared according to manufacturer's d i­
rections and was inoculated by using sterile glass 
rods to spread 0.1 m L portions of the appropriate 
d ilutions on the surface of the agar of duplicate 
plates. Plates were incubated in anaerobic jars 
at 37°C  until colonies were large enough to be 
counted.

S a m p le  P repara tion
Samples were prepared by blending, shaking, 

or d ilu ting  in  sterile 0.1% peptone water. M in ­
im al m ixing is suggested even though C. p e r ­
f r in g e n s  is more air-tolerant than are most Clos­
trid ia species (9). Serial decimal dilutions were 
prepared in  sterile 0.1% peptone water. Tubes 
of m ilk  medium were inoculated w ith  1.0 m L of 
the appropriate d ilution and all tubes were in ­
cubated 16-18 h in a 45°C water bath.

B ioch em ica l T ests
Standard biochemical tests were used to con­

firm  C. p e r fr in g e n s . A l l  test media were inocu­
lated w ith  24 h pure cultures and incubated at 
37°C  (10).

M otility and nitrate reduction were tested by 
using a m otility nitrate agar ( 11 ). Th is medium 
was inoculated by stabbing an active ly growing 
culture to the bottom of the tube. For use w ith

Clostridia, the m otility and nitrate medium per­
forms best w hen prepared from fresh compo­
nents. Nitrate reduction was tested w ith in  18 h 
of inoculation.

Gelatin liquefaction and lactose fermentation 
were done by using a lactose-gelatin medium
(11). An  actively growing culture was inocu­
lated to the bottom of the tube w ith  a pipet.

Lipase and lecithinase production were tested 
by using an egg yo lk agar of the fo llow ing  com­
position: peptone, 40 g; Na2HPC>4, 5 g; N aC l, 2 
g; MgSC>4-7 H 2O (10% solution), 0.2 m L; glucose, 
2 g; agar, 15 g; and distilled  water, 1 L . The me­
dium was autoclaved and then cooled to 45 °C , 
and 10 m L egg yo lk  suspension (D ifco) was 
added per 100 m L agar. Plates were poured, a l­
lowed to so lid ify , and inoculated by streaking. 
Lecithinase was detected by the zone of precip­
itate in the agar extending beyond the colonies. 
Lipase activity (iridescent "p ea rly " layer) char­
acteristic for C. b o tu l in u m  is not a typical reaction 
of C. p e r fr in g e n s  and was negative in  our tests.

D ata P ro cessin g
The statistical package for the Social Sciences 

(SPSS) software as implicated on the CD C  
(Computer Data Corp .) system, U n ive rs ity  of 
W ashington, was used for analyses of the raw  
data in Tables 1-3. One-way analysis of variance 
was used for the data in Table 2, and 2-wav 
analysis of variance was used for data in  Tables 
1 and 3.

Resu lts
The sim ple m ilk  medium was compared w ith  

a nonselective enumeration procedure using 
blood agar. D ilutions of soil samples were in ­
oculated into the m ilk  medium M PN  tubes and 
into blood agar by using the pour plate method. 
Colonies displaying beta haemolysis were picked
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Table 2. Enumeration of low numbers of a known culture of C. perfringens from 5 replicate samples by each of the 5
test media

Replicate

Average No. of C. p e rfr in g e n s /0 .1  mL by each medium3

A B C D E

1 4.3 4.0 3.0 4.0 5.0
2 4.3 5.0 8.5 5.5 2.5
3 4.3 7.0 7.0 5.0 4.0
4 7.5 2.0 2.5 5.5 6.5
5 1.5 4.5 8.0 12.5 4.0

3 A = milk MPN method; B = TSC with egg yolk; C = TSC without egg yolk; D = SPS; E = TSN.

from the blood agar and tested for Gram reaction 
and biochemical tests (12). C lo s tr id iu m  p e r fr in g e n s  
enumerated by the m ilk  M PN  procedure were 
streaked on blood agar and subjected to the same 
biochemical tests. Average results for 5 soil 
samples were log 5.64 C. p e r fr in g e n s /  g, using 
blood agar plates and log 5.54 C. p e r f r i n g e n s /g, 
using the m ilk  M PN  procedure.

The m ilk  M PN  method was compared w ith  4 
methods using pour plates (Table 1 ). Statistical 
analysis of the data (Table 4) shows that there 
were no significant differences between methods 
of counting; how ever, there was a significant 
difference between samples.

Bacteriological media for isolating specific 
bacteria must be reliable and reproducible. This 
is important in  environmental, food, and clin ical 
samples. To test the relative reproducibility and 
accuracy of the test media, we used a stock cu l­
ture of C. p e r fr in g e n s  from our laboratory collec­
tion as the inoculum  for each of the 5 media. 
The numbers of cells were kept low  so that the 
ab ility  of each medium to detect fewer than 100 
ce lls/0.1 m L sample could be evaluated. C lo s ­
t r id iu m  p e r fr in g e n s  were detected using the 5 test 
media (Table 2). Statistical analysis of the raw  
data showed that the low  level counts obtained 
did not d iffe r s ign ificantly .

F ifty  organisms were isolated from each 
sludge, so il, and water sample by each of the 5

test media and were tested for confirmation as C. 
p e r fr in g e n s . These data for a total of 1250 isolates 
are shown in  Table 3. W hen all 50 isolates were 
tested, the data were listed as numbers confirmed 
as C. p e r fr in g e n s . Numbers obtained varied be­
tween 39 and 50 organisms confirm ed. A l­
though the high confirmation rates were ob­
tained w ith  a ll 5 media, the m ilk  M PN  method 
gave the highest w ith  confirm ation for a ll iso­
lates tested. Statistical analysis again showed 
that there were no significant differences be­
tween the media used.

Discussion

The use of pasteurized w hole m ilk  for the en­
umeration of C. p e r fr in g e n s  was chosen because 
of the s im p lic ity  of the medium and its ready 
availab ility. The test is specific for C. p e r fr in g e n s  
because the organism grows rap id ly at 45°C . 
The storm y fermentation reaction is the pro­
duction of an acid curd w ith  subsequent d is­
ruption of the curd by the large volum es of gas 
produced from fermentation of the lactose. It 
should be emphasized that a positive tube must 
contain a ll components w h ich  together make a 
storm y fermentation. In  our tests w ith  env i­
ronmental samples, unidentified B a c illu s  species 
produced both a curd and a digestion on the 
surface of the m ilk . E sch er ich ia  c o li produced a 
curd, digestion, and some gas bubbles in the

Table 3. Number of C. perfringens confirmed from the 50 organisms isolated from each sample by each medium

Sample
No. Sample

Medium and No. of organisms confirmed a

A B c D E

1 Sludge 50 50 40 50 49
2 Soil 50 47 50 39 38
3 Soil 50 50 43 48 40
4 Soil 50 42 47 43 50
5 Water 50 39 39 41 50

A = milk MPN method; B = TSC with egg yolk; C = TSC without egg yolk; D = SPS; E = TSN.
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Table 4. Analysis of variance for data in Tables 1, 2, and 3

Source of 
variation

Degrees of 
freedom F-ratio F probability

Table 1
Between samples 4 171.58 0.001*
Between media 4 1.96 0.15

Table 2
Between media 4 0.81 0.54

Table 3
Between samples 4 0.68 0.62
Between media 4 1.21 0.35

* Significant difference between means.

m ilk . Both B a cillu s  and E. co li produce reactions 
sim ilar to stormy fermentation w h ich  can be 
confusing to the untrained analyst, but their re­
actions are slower than for C. p e r fr in g e n s  at 45°C. 
Therefore, best results are obtained when m ilk  
is incubated a maximum of 16-18 h , and then the 
reactions recorded as soon as the results can be 
evaluated.

A  number of media and methods have been 
published for enumeration or identification of
C. p e r fr in g e n s . Most probable number methods 
using litm us m ilk  were reported by Dudley et al.
(13), who used 37°C incubation, and by Erickson 
and Diebel (14), who incubated the litm us m ilk  
supplemented w ith  2  antibiotics and thiogly- 
collate at 46-48°C.

Most of the agar media also incorporate anti­
biotics or other inh ib itors w h ich  vary in  their 
inh ib itio n  of C. p e r fr in g e n s . A lthough these 
media are very effective, as our comparative data 
show , for sludge, so il, and water samples, most 
have been tested and proven for food samples as 
w ell. The m ilk medium has been used w ith  over 
150 environm ental samples but has not been 
adequately tested w ith  food samples. Good re­
sults were obtained w ith  a lim ited number of 
spices but these data are not included in  this re­
port. The medium has been tested w ith  rat in ­
testinal contents. In  these studies (8 ,15 ), more 
than 300 samples were analyzed for C. p e r fr in g e n s  
w ith  subsequent confirmation using the bio­
chemical tests given as w e ll as growth w ith  su l­
fite production on SPS and TSN  agar.

A lthough the m ilk  medium is used as part of 
the confirmation of C. p e r fr in g e n s  (11), the added 
selectivity of a 45° C incubation temperature was 
adequate to confirm the presence of C. perfr in g en s . 
Several species of C lostr id ia  w ill grow (optimally) 
rap id ly at 45 °C , and several have been shown to 
produce a stormy fermentation. A  combination 
of these 2 tests, stormy fermentation and rapid 
growth at 45°C , showed in  the data presented

here w ith  so il, sludge, and water, and w ith  rat 
gut contents (8 , 15) that C. p e r fr in g e n s  could be 
enumerated w ithout confirm ation. A l l  C. p e r ­
f r in g e n s  isolated in  this 2-year study were, in  fact, 
confirm ed.

The m ilk  M PN  method described here is an 
accurate and reproducible method that gives 
results comparable to other w ell known methods 
for enumerating C. p e r fr in g e n s . For samples for 
whicla the medium has not been tested, the use 
of confirm atory tests is suggested. Th is  rapid 
M PN  procedure has been used in  our laboratory 
since 1976 (16).

The advantage of the m ilk  method is the sim ­
p lic ity  that results from the specificity of high 
temperatures and m ilk  reactions. Th is  method 
alone, w ithout confirm atory biochem ical tests, 
gave rapid, accurate counts of C. p e r fr in g e n s  in  the 
studies reported.
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N e w  M e t h o d  f o r  D i f f e r e n t i a t i n g  M e m b e r s  o f  t h e  B acillus cereus 
G r o u p :  C o l l a b o r a t i v e  S t u d y

S T A N L E Y  M . H A R M O N
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  M i c r o b i o l o g y , W a s h i n g t o n ,  D C  2 0 2 0 4

C o lla b o ra to rs : R . B ry a n t ; D . C a m p b e ll; J. C h ie u ; L .  E n g lis h ; J. G ra h a m ; G . La n ce tte ;
T . L a tt ; P . M c L a u g h lin ; M . P ra tt ; C . N o a h ; G . N y g a a rd ; D . R a d le : D . S tab en ; N . S te rn ;
G . V a rn e y

A collaborative study  w as conducted o f a n ew  m ethod  
fo r  d iffe r e n tia t in g  m em b ers o f th e  Bacillus cereus 
g roup . U sin g  the n e w  m eth od , each o f 14 c o lla b o ­
rators id e n t if ie d  8 Bacillus cu ltu res, w h ic h  repre­
sen ted  3 b io types o f the B. cereus group. Each culture 
w a s tested  for m o til ity , h e m o ly tic  a c tiv ity  on  tryp- 
t ica se -so y -sh e ep  b lo o d  agar, and  rh izo id  g ro w th  on  
n u tr ien t agar; ca rb o l-fu ch sin  sta in  w as u sed  to  d e­
term in e th e p resence o f p ro te in  to x in  crysta ls. C u l­
tures w ere id en tified  as B. cereus (b io typ e 1), B. cereus 
var. mycoides (b io typ e 2), or B. thuringiensis (b io typ e
3). A ll co llab orators correctly  id e n tifie d  th e  u n ­
k n o w n  cu ltu res and c la ss ifie d  them  correctly  as to  
b io ty p e . T here w ere no sta t is tic a lly  s ig n ific a n t  
d iffer en ce s  in  th e  id e n tific a tio n  rates a m on g  the  
d iffe r e n t lab oratories. A d d itio n a l tests  by o n e  par­
ticipant on  5 strains o f Bacillus anthracis sh o w ed  that 
th e  n e w  m eth od  is  a lso  adeq uate for d iffe r e n tia t in gB. anthracis from  ty p ic a lly  reacting  stra in s  o f B. cer­eus. T he m eth od  has b een  adop ted  in ter im  o ffic ia l 
first action .

Although B a c illu s  c e re u s  has been implicated in 
human food poisoning for many years, no re li­
able means are currently available for demon­
strating the presence of either the d iarrheal or 
emetic enterotoxins in foods (1). At present such 
foods are examined for the presence of large 
numbers of B. c e re u s  and the organisms are 
identified as B. c ereu s . M icrobiological proce­
dures are needed to differentiate B. c e re u s  from 
cu ltu ra lly  sim ilar organisms, includ ing the rh i­
zoid strains B. c e re u s  var. m y c o id e s , the insect 
pathogens presently classified co llectively as B. 
th u r in g ie n s is , and the mammalian pathogen B. 
a n th r a c is . The role in  food poisoning, if  any, of 
other biotypes of the B. cereus group has not been 
clearly established.

The taxonomy of the B. c ere u s  group is very 
complex. Disagreement over the years about the

Received September 17,1981. Accepted March 5, 1982. The recommendation of the Associate Referee was approved by the General Referee and by Committee F and was adopted interim official first action by the Association.
This report of the Associate Referee was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, 0004

taxonomic position of different species or va ri­
eties (2, 3) has been due in part to the d ifficu lty  
of identify ing  biotypes and has led to further 
confusion about the relationship of cu ltu ra lly  
s im ilar organisms (4). The rh izo id  strains, for 
instance, occur frequently in  soil and on vege­
tables such as grains and vegetable seeds or 
sprouts. In  recent years, the insect pathogen E . 
th u r in g ie n s is  has also been used extensively on 
food and forage crops for insect control and may 
conceivably be encountered in  the examination 
of foods (5). B a c illu s  a n th r a c is  would present an 
extreme hazard if  present in foods, but anthrax 
is rarely encountered in  the food supply because 
diseased animals are condemned before entering 
the channels of commerce. Therefore, it is  ex­
trem ely u n like ly  that B. a n th r a c is  w ould be en­
countered in  the routine examination of foods.

Because of these d ifficu lties, no specific pro­
cedures for differentiating these organisms were 
recommended when the method for enumerat­
ing and confirm ing B. cereu s  was collaboratively 
studied and adopted offic ia l first action in  Oc­
tober 1979 (6 ). Since that time, however, a new 
method for d ifferentiating members of the E. 
cereus group has been developed by the Associate 
Referee and collaboratively studied. The pur­
pose of the new method is to provide supple­
mentary procedures for the identification of B. 
c ere u s  isolated from foods by the official method 
(46.A10). The results of the collaborative studv 
are the subject of this report.

Collaborative Study

Each of 14 collaborators received a complete 
set of instructions, a copy of the method to be 
studied, and data report forms. A ll  materials 
except commercial trypticase-soy-sheep blood 
agar plates were purchased from the same sup­
pliers. Cu lture media were prepared from com­
m ercia lly available dehydrated media or from 
ingredients specified in  the method. Cultures 
were shipped by airm ail and examined by the 
participants w ith in  5 days of receipt. Collabo­
rators were instructed to store the test cultures at

0004 5756/82/6505-1134-06$01.00 © Association of Official Analytical Chemists, Inc.
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4°C  until examined and to begin the analysis on 
a specific date if  possible. The results were re­
ported to the Associate Referee w ith in  1 month 
after cultures were received.

In  phase 1 of the study, each participant ex­
am ined know n cultures of the B. c e re u s  group 
(includ ing  1 emetic and 1 diarrheal strain of B. 
c e re u s , 2  rh izo id strains of B. cereu s  var. m y c o id e s ,  
and 2 strains of the insect pathogen B. t h u r in -  
g ie n s is ) to become fam iliar w ith  the reactions of 
d ifferent biotypes before attempting to identify  
unknown cultures. In  phase 2 of the study, each 
participant examined 8 unknown cultures, w hich 
represented 3 biotypes of the B. c ere u s  group. 
These cultures included duplicate cultures of an 
emetic B. c ere u s  (biotype 1) strain F4810/72 (Se­
rotype 1) and a d iarrheal strain F4433/73 (Sero­
type 2) obtained from R. G ilbert (7), 2 d ifferent 
strains of B. c ere u s  var. m y c o id e s  (biotype 2), and 
2 strains of the insect pathogen B. th u r in g ie n s is  
(biotype 3). One laboratory also used the 
method to examine 5 strains of the mammalian 
pathogen B. a n th r a c is . The unknow n cultures 
were subcultured on nutrient agar slants and 
coded w ith  an identification letter and number 
combination to m aintain anonym ity until a ll 
collaborative results were received.

D iffe ren tia tio n  of M em bers of B a c i l l u s  
c e r e u s  Group

Typical strains of B. cereus can be differentiated 
from other members of B. cereus group including:
(2) insect pathogen B. th u r in g ie n s is , (2) mamma­
lian pathogen B. a n th r a c is , and (3) rhizo id strains
B. c ere u s  var. m y c o id e s .

A p p a r a t u s
(a) S ta in in g  r a c k .— Rack must be accessible 

from below for heating slides.
(b) In o c u la t in g  lo o p s .— One each, 26 gage ni- 

chrome w ire  w ith  loop 2 mm id and one 24 gage 
nichrome w ire  loop 3 mm id.

M e d i a  a n d  R e a g e n t s
(a) M a n n i t o l - e g g  y o l k - p o l y m y x i n  ( M Y P )  

a g a r .— 1.0 g beef ext, 10.0 g peptone, 10.0 g D- 
m annito l, 10.0 g N aC l, 0.025 g phenol red (as 
so ln), and 15.0 g agar d ild  to 900 m L w ith  H 2O. 
Adjust to pH  7.2 ± 0.1, heat to dissolve, and dis­
pense 225 m L portions into 500 m L flasks. A u ­
toclave 15 m in at 121°. Cool to 50° in  H 2O bath 
and add 12.5 m L sterile 50% egg yo lk  emulsion
(b) and 2.5 m L po lym yxin  B soln contg 10 000 
units per m L ( if  available) to each 225 m L medi­
um. (Addn of po lym yxin  B soln is optional

w hen medium is to be used for testing reactions 
of pure cultures.) M ix w ell and dispense 18 m L 
portions into 100 X 15 mm sterile petri dishes. 
D ry  plates 24 h at room temp, before use. (De­
hydrated mannitol-egg yo lk-po lym yxin  (M YP) 
agar contg 50% egg yo lk  enrichm ent is satisfac­
tory.)

(b) E gg  y o lk  e m u ls io n .— 50%. Wash fresh eggs 
w ith  stiff brush and drain . Soak 1 h in  70% a l­
cohol. Aseptically remove yo lk  and m ix (1 + 1) 
w ith  sterile 0.85% N aC l soln. (50% egg yo lk  
enrichm ent is satisfactory.)

(c) N u tr i e n t  a g a r  s la n ts  a n d  p la te s .— 3.0 g beef 
ext, 5.0 g peptone, and 15.0 g agar dild to 1 L  w ith  
H 20  (dehydrated nutrient agar is satisfactory). 
Heat to dissolve, and dispense 6.5 m L portions 
into 125 X  16 mm screw-cap tubes. Autoclave 15 
m in at 1 2 1 ° and slant tubes u n til medium so li­
d ifies. F ina l pH  6.8  ± 0.2. For plates, dispense 
100-500 m L portions in  bottles or flasks and au­
toclave 15 m in at 121°. Cool to 50° in  H 20  bath 
and dispense 18-20 m L portions in  100 X  15 mm 
sterile petri dishes. D ry  plates 24-48 h at room 
temp, before use.

(d) M o t i l i t y  m e d iu m .— 10.0 g trypticase, 2.5 g 
yeast ext, 5.0 g dextrose, 2.5 g Na2HPC>4, and 3.0 
g agar d ild  to 1 L  w ith  H 20 .  Heat to dissolve. 
Dispense 2 m L portions into 13 X  100 mm tubes, 
and autoclave 10 min at 1210. Final pH  7.4 ± 0.2. 
A lte rnative ly , dispense 100 m L amts in  150 m L 
bottles and autoclave 15 m in at 121°. Cool at 50° 
and aseptically dispense 2 m L into sterile 13 X 
100 mm tubes. For best results, store at room 
temp. 2-4 days before use to prevent growth 
along side of medium.(e) T r y p tic a s e -s o y -s h e e p  b lood  (T S S B )  agar.— D il.
15.0 g trypticase, 5.0 g phytone peptone, 5.0 g 
N aC l, and 15.0 g agar to 1 L  w ith  H 20 .  Adjust 
pH  to 7.0 ± 0.2. Heat to boiling to dissolve, and 
dispense 100-500 m L portions in  bottles or flasks. 
Autoclave 15 m in at 121° and cool to 48° in  H 20  
bath. Add 5 m L sterile defibrinated sheep blood 
per 100 m L medium. M ix w e ll, and dispense
18-20 m L portions into 100 X 15 mm petri dishes. 
(Trypticase-soy or tryptic-soy agar plates contg 
5% sheep blood are satisfactory.)

(f) B asic  fu c h s in  s ta in .— Dissolve 0.5 g basic 
fuchsin in 20 m L alcohol and d il. to 100 m L w ith  
H 2O. F ilte r soln i f  necessary thru  fine paper to 
remove excess dye particles. Store in  tightly 
stoppered container. (TB Carbo l-fuchsin  ZN  
stain is satisfactory.)

(g) B u tte r f ie ld 's  b u ffe r e d  p h o s p h a te  d i lu e n t .— (1) 
S to c k  s o ln .— Dissolve 34.0 g K H 2PC>4 in  500 m L 
H 2O, adjust to pH  7.2 w ith  ca 175 m L IN  N aO H , 
and d il. to 1 L  w ith  H 20 .  Store in  refrigerator.
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F igure 1. D iagram  o f tem p la te  for m ark in g  and in ­
ocu lating  B. cereus confirm atory plates. Each section  
is  la b e led  and in o cu la ted  in  th e  cen ter , as in d icated  

b y  arrow.

(2) D ilu e n t .— Dilute 1.25 m L stock soln to 1 L  w ith 
H 20 . Prep. 90 ± 1 m L d iln  blanks w ith  this soln 
and autoclave 15 m in at 121°. Dispense 0.5 m L 
portions sterile diluent into sterile 13 X  100 mm 
tubes for preparing suspension of cultures to be 
tested.

(h ) M e th a n o l  f i x a t i v e .— Dispense u nd ild  
methanol in plastic squeeze bottle for use in 
fix ing  slides.

D i f f e r e n t i a l  T e s t s
(a) P re p a r in g  te s t  in o c u lu m . Inoculate sep. nu­

trient agar slants w ith  each culture to be tested. 
Incubate slants 18-24 h at 30° and transfer 3 mm 
loopful of culture from each slant to 100 X 13 mm 
tube contg 0.5 m L sterile phosphate buffered 
diluent. Suspend culture in diluent w ith  vortex 
m ixer. A lte rnative ly , inoculate 5 m L trypti- 
case-soy broth and incubate tubes 18 h at 30°. 
M ix culture w e ll and use for perform ing d iffe r­
ential tests. Latter procedure is preferred for 
rh izo id  strains and other strains w h ich  do not 
disperse w e ll in  phosphate buffer.

(b) R e a c tio n  o n  M Y P  a g a r .— M ark bottom of 
M YP  agar plate into 6 - 8  equal segments w ith  
black fe lt pen as indicated in Figure 1 and label 
each section. Place plate in upright position on 
piece of w hite  paper and inoculate one or more 
of the prelabeled sections by gently touching 
surface of agar w ith 2 mm loopful of culture. Let 
inoculum  be absorbed and incubate plates in 
upright position 24-48 h at 30-35°. Check for 
lecithinase production as indicated by zone of 
ppt surrounding growth. M annitol fermenta­
tion is neg. if  growth and surrounding medium 
are eosin p ink . These reactions should be ob­
served w ith  a ll organisms of B. cere u s  group ex­
cept rare lecithinase-neg. variants.

(c) M o t i l i t y  t e s t s .— Inoculate BC m otility me­
dium by stabbing down center w ith  3 m L loopful

of culture. Incubate 18-20 h at 30° and examine 
for type of growth along stab. M otile strains 
produce diffuse growth into medium away from 
stab. Nonm otile strains except B. c e re u s  var. 
m y c o id e s  grow only in  and along stab. Strains of
B. c e re u s  var. m y c o id e s  often produce " fu zzy "  
growth in  sem iso lic media resulting from cel­
lu la r expansion but are not motile by means of 
flagella. Recheck doubtful results by alternative 
microscopic m otility test as follows: Add 0.2 m L 
sterile H 20  to nutrient agar slant and inoculate 
w ith  3 mm loopful of culture. Incubate slant 6 -8  
h at 30°, and m ix sm all loopful of liq . culture 
from base of slant w ith  drop of sterile H 20  on 
microscope slide. A pp ly cover glass and exam ­
ine im m ediately for signs of m otility . B. c ere u s  
and B. th u r in g ie n s is  cultures are usually active ly 
motile by means of peritrichous flagella. B. a n -  
th ra c is  and typ ica lly  rh izo id  strains of B. c ere u s  
var. m y c o id e s  are nonmotile.

(d) R h iz o id  g r o w th .— Inoculate predried nu­
trient agar plate by touching medium surface 
near center w ith  2 mm loopful of culture. Let 
inoculum  be absorbed, and incubate plate in  
upright position 24-48 h at 30°. Check plate for 
rhizo id growth characterized by root or hairlike  
structures w h ich  may extend several cm from 
point of inoculation. M any B. c ere u s  strains 
produce rough irregular colonies that should not 
be confused w ith  rhizoid growth. Th is property 
is characteristic only of strains w hich  are classi­
fied as B. c e re u s  var. m y c o id e s .

(e) H e m o ly t ic  a c t i v i ty .— M ark bottom of tryp- 
ticase-soy-sheep blood agar plate into 6 -8  equal 
segments (see Figure 1) w ith  black felt m arking 
pen. Label each segment and inoculate one or 
more segments near center by gently touching 
agar surface w ith  2 mm loopful of culture. Let 
inoculum  be absorbed, and incubate plates 24 h 
at 30-32°. Check plates for hem olytic activ ity 
as indicated by 2-4 mm zone of complete (beta) 
hem olysis surrounding growth. B. c e re u s  is 
usually strongly hem olytic, whereas B. th u r in g ­
ien sis  and B. cereu s  var. m y c o id e s  are often w eakly 
hemolytic and produce complete hemolysis only 
underneath colonies. B. a n th r a c is  is usually 
nonhem olytic after 24 h of incubation. C a u tio n :  
Nonm otile , nonhem olytic cultures could be B. 
a n th ra c is . See precautions under in te r p r e tin g  te s t  
r e s u lts , (g).

(f) D e te c t io n  o f  to x in  c r y s ta ls .— Inoculate nu­
trient agar slant w ith  loopful of culture. Incu­
bate slant 24 h at 30° and hold at room temp. 2-3 
days. Make smear on microscope slide w ith  
sterile H 20 .  A ir-d ry  and b rie fly  heat-fix bv 
passing slide slow ly over burner flam e; let cool,
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and place slide on stain ing rack. Flood slide 
w ith  methanol, wait 30 s, and pour off methanol. 
D ry  thoroughly by passing through burner 
flame. Return slide to staining rack, and flood 
completely w ith  0.5% aq. soln of basic fuchsin or 
TB  Carbo l-fuchsin  Z N  stain. Heat slide gently 
from below w ith  m icro burner until steam is 
seen. W ait 1-2 m in and repeat this step. Let 
stand 30 s, pour off stain , and rinse slide thor­
oughly in  1 L  clean tap H zO. D ry slide w ithout 
blotting and examine m icroscopically under oil 
immersion for presence of free spores and darkly 
stained tetragonal (d iam ond-shaped) toxin  
crystals. Free toxin crystals are usually abundant 
after 3 days but w il l  not be detectable unless 
sporangia have lysed. Therefore, i f  free spores 
are not seen, leave cultures at room temp, for a 
few  more days and repeat test. B. th u r in g ie n s is  
produces protein toxin crystals that usually can 
be detected by staining, but are not produced by 
other members of B. c ere u s  group.

(g) I n te r p r e t in g  te s t  r e s u l t s .—On basis of test 
results, identify  as B. c ere u s  those isolates w h ich  
are active ly m otile, strongly hem olytic, and do 
not produce rh izo id  growth or protein toxin 
crystals. Nonm otile strains of B. c ere u s  may be 
encountered and a few  are w eakly hem olytic. 
These strains can be differentiated from B. a n -  
th ra c is  by their resistance to p en ic illin  and to 
gamma bacteriophage. C a u tio n : Nonm otile,
nonhem olytic strains could be B. a n th r a c is , and 
should be handled w ith  special care and sub­
mitted to pathology laboratory such as Centers 
for Disease Control for identification or de­
stroyed by autoclaving. N oncrystalliferous 
variants of B. th u r in g ie n s is  and nonrhizoid strains 
derived from B. c ere u s  var. m y c o id e s  cannot be 
differentiated from B. c ere u s  by tests described.

Results and Discussion

A ll 14 collaborators correctly identified a ll 8 
of the unknow n B a c illu s  cultures. Identical re­
sults were reported w ith  the duplicate culture of 
both the emetic and diarrheal strains of B. c ere u s  
and w ith  2 different strains of B. th u r in g ie n s is  and
B. cereus var. m yco id es . The only differences were 
a matter of intensity of positive reactions. One 
participant also examined 5 strains of B. a n th ra c is  
and compared the results w ith  those of the 3 
strains of B. c ere u s  w h ich  were collaboratively 
studied. The results indicated that the new 
method is suitable for d ifferentiating the typ i­
ca lly  reacting strains of B. c e re u s  from the other 
biotypes of the B. c ere u s  group, includ ing  the 
rhizoid strains presently classified as B. cereus var.

m y c o id e s , the insect pathogen B. th u r in g ie n s is , and 
the mammalian pathogen B. a n th r a c is . In d iv id ­
ual collaborative results, w h ich  are summarized 
in  Table 1, varied s lig h tly , particu larly the he­
m olytic and lecithinase activities of B. th u r in g ­
iensis and B. cereus var. m y co id e s . The hemolytic 
activ ity of these strains is usually weak and 
shows greater variation than that of the typical
B. cereus strains. It was concluded, however, that 
the variations were due mostly to the analysts' 
lack of experience in  interpreting results. In  any 
case, these discrepancies did not prevent any 
analyst from correctly identify ing  a ll 8 of the 
unknow n cultures.

Tw o participants reported some d ifficu lty  in  
interpreting results of the m otility tests and 2  had 
d ifficu lty  recognizing the toxin crystals pro­
duced by B. th u r in g ie n s is . Because m any m icro­
biologists are unfam iliar w ith  the cultural reac­
tions of the d ifferent biotypes, they should in ­
clude at least 1 culture of each biotype (except B. 
a n th ra c is ) as a control to become fam iliar w ith  the 
reactions before attempting to identify unknown 
cultures. The analyst who examined the B. a n ­
th ra c is  cultures also fe lt that unless B. c ere u s  cu l­
tures are actively motile and strongly hemolytic, 
they cannot be distinguished from B. a n th ra c is  by 
this method. The Associate Referee concurs and 
recommends that cultures suspected to be B. a n ­
th r a c is  be submitted to a pathology laboratory 
w ith  proper facilities and personnel for identi­
fy ing  this organism.

The collaborative data were analyzed statisti­
ca lly  using a chi square test to determine any 
significant differences in  the identification rates 
of B. c ere u s  or of the other biotypes. Since no 
cultures were incorrectly identified  by the col­
laborators, there were no significant differences 
in  the identification rates of either the B. c ere u s  
cultures or the other biotypes (P >0.25). Q ua li­
tative ly , the new method appears to be very  re­
liab le for d ifferentiating the B. c e re u s  biotypes 
tested; a ll collaborators correctly classified the 8 
test cultures, includ ing  those of biotypes other 
than B. cere u s .

Recommendation

Based on the results of the collaborative study, 
it is recommended that the o ffic ia l method of 
analysis for enumeration of B. c ere u s  in  food be 
amended to include the d ifferentia l tests de­
scribed. Such a change w ould  greatly im prove 
the o ffic ia l method by provid ing a sim ple and 
reliable means for identifying isolates from foods 
as B. cere u s .



Table 1. Cultural reactions of 4 different blotypes of the B. cereus  group: summary of collaborative results

Motility

Species
tested

Reaction on MYP agar
Motility
medium

Slide
test

Rhizoid growth 
on nutrient 
agar plate

Hemolysis a Toxin crystals 
present after 

4 daysStrain(s) Lecithinase Mannitol Complete Partial

B . c e r e u s F4433/73 + _ + + - 3 + 9 + -

B . c e r e u s
diarrheal

F4810/72 + _ -F + — 2+ + -

B . c e r e u s  var. 
m y c o id e s

emetic

3 (+) + C (+ )d 2 - 3 +
B . c e r e u s  var. 

m y c o id e s 4 (+) _ _ _ + (+) 2 - 3 + -
B . c e r e u s  Mar. 

m y c o id e s
NRZ

non-rhizoid + _ _ _ _ 1+ -  2 + c 2+ -

B . t h u r in g ie n s is
variant 
A -  1 + _ + + _ 1 + 2 - 3 + + C

B  th u r in g ie n s is W + - + + - 1 + 2 - 3 + +
B . a n t h r a c is e 5 strains + - _ C - - _ c _ C -

3 On trypticase-soy-sheep blood agar plates (range of results reported). 
b Width of hemolysis zone (mm) measured from edge of growth. 
c Critical characteristic for identification of biotype. 
d Complete hemolysis only underneath colony.
e B. a n th rac is  strains CDC 1014, 1288, 1289, 1617, and 3311, tested by only 1 collaborator.
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M E T A L S  A N D  O T H E R  E L E M E N T S

R e c o v e r y  o f  E n d o g e n o u s  S e l e n i u m  f r o m  F i s h  T i s s u e s  b y  O p e n  S y s t e m  
D r y  A s h i n g

THOM AS W. MAY
U.S. Fish and Wildlife Service, Columbia National Fisheries Research Laboratory, Route 1, 
Columbia, MO 65201
Q u an tita tive recovery o f en d o gen o u s se len iu m  from  
fish  tissu e s  fo llo w in g  dry a sh in g  tech n iq u es  has not 
b een  co n firm ed . A n o p en  system  dry a sh in g  p roce­
dure, u sin g  o x id a tive  fu sio n  w ith  M gfN O sh 'éF ^ O  in  
the p resen ce o f M gO , w as tested  for recovery  o f  s e ­
le n iu m  from  N atio n a l Bureau o f Standards (NBS) 
R eferen ce M ateria ls (tuna and oyster) and se lected  
f ish  tissu es. R ecovery  after dry a sh in g  and h yd rid e  
an a ly sis  w as com p lete  from  NBS B ovin e L iver, T una, 
and O yster T issu es , as w e ll  as from  Food and D rug  
A d m in istra tio n  cod , h ad d ock , perch , and flo u n d er  
research m aterials. E n d ogen ou s se le n iu m , in jected  
in to  ra in b ow  trout (Salmo gairdneri) a s 75Se, w as re­
covered  after a sh in g  from  liv e r , ovaries, g a str o in ­
testin a l tract, m u sc le , b ile , and carcass, 3 and 10 d ays  
p o st- in jec tio n . R esu lts  in d ica te  that o p en  v esse l  
o x id a tiv e  fu s io n  is  a rapid , s im p le  te ch n iq u e  a p p li­
cab le  to  q u a n tita tiv e  recovery  o f  se le n iu m  from  or- 
g a n o se len iu m  co m p ou n d s that ex ist in  various  
aquatic sp ec ies. T he d ilu ted  d ig esta te  is  read ily  
am en ab le  to co n v e n tio n a l h yd rid e g en eratio n  a n a l­
ysis .

Perhaps the most w id e ly  used method for d i­
gesting biological materials for the determ ina­
tion of selenium involves wet digestion w ith  acid 
m ixtures. M ixtu res of H N O 3- H 2SO 4 and 
H N O 3-H C IO 4 have been used w ith some success 
(1, 2 ), but now the most w id e ly  accepted acid 
m ixture is H N O 3-H C IO 4- H 2SO4 in  various 
combinations (3-7). Besides being time con­
suming and requiring constant operator atten­
tion and specialized equipment (H C IO 4 hoods, 
fume traps, scrubbing towers, etc.), digestion 
procedures w ith  this combination of acids have 
led to poor selenium  recoveries (7). Problems 
can occur from excessive heating that causes ex­
trem ely rapid evolution of oxides of nitrogen; 
sample loss from excessive foaming; sample 
charring; an H C IO 4 reaction that is too vigorous; 
and non-uniform ity of heating from alum inum  
blocks, hot plates, and individual micro-Kjeldahl 
burner elements. Constant operator attention 
is often required to control many of these prob­

Received January 15, 1982. Accepted March 10, 1982.

lems. D ry ashing methods offer the advantages 
of s im p lic ity  of equipm ent, h igh sample 
throughput, little  operator attention, and less 
variable heating environm ents; therefore an 
investigation of the status of dry ashing tech­
niques for selenium recover)' seemed appro­
priate.

A  review  of the literature revealed few refer­
ences that report selenium recovery values from 
open system dry ashing of organic materials. 
Gorsuch's extensive radiochemical recovery 
w ork (1) reported v irtu a lly  complete tracer 75Se 
loss from cocoa when the combined wet and dry 
ashing method of Middleton and Stuckey (8 ) was 
used. Consequently, Gorsuch did not investi­
gate recoveries of selenium  by other dry ashing 
procedures. Complete recovery by low  tem­
perature plasma ashing is questionable. G leit 
and Holland (9) recovered 99% of 75Se from a l­
falfa by low  temperature plasma ashing, but 
others reported that the recovery of inorganic 
selenium  (H 2SeC>3) from cellulose depended on 
the presence of other metals and radiofrequency 
coil power setting (10). One investigator (11) 
claimed successful dry ashing of fish tissues for 
selenium  w hen M g (N 0 3)2 and a prelim inary 
treatment w ith  H N O 3 were used, but no data for 
selenium  recovery were presented. Other 
w orkers reported some losses during simple 
oven drying of plant and animal tissue at 100 and 
120°C (12-14). Such inform ation, along w ith  
Gorsuch's generalization that dry ashing meth­
ods for selenium cause serious losses unless they 
are carried out in  closed systems (15), probably 
served as a deterrent to the study of dry ashing 
methods after 1970.

Arsen ic is frequently determined along w ith  
selenium  in the same sample, so a common de­
composition technique would be desirable. 
There was significant work in  the early and mid 
1970s on open system dry ashing techniques for 
the determination of arsenic in  plant and animal 
tissues (16-19), but selenium recoveries by these 
procedures were apparently either not attempted 
or not reported. When recovery data from open
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system dry ashing was reported, it was often 
based on spiking samples with inorganic sele­
nium (2 0 , 2 1 ), which does not test recovery of the 
specific organoselenium compounds actually 
present. Endogenous selenium recovery data, 
when it was reported, was based on NBS Orchard 
Leaves (22, 23), NBS Bovine Liver (22, 23), and 
Kodak gelatin reference material (23). Tam and 
Lacroix (24), using an arsenic dry ashing proce­
dure (25), were the first to demonstrate that en­
dogenous selenium could be quantitatively re­
covered from animal tissues other than NBS Bo­
vine Liver.

A review of the literature confirmed that 
quantitative recovery of endogenous selenium 
from animal tissues following open system dry 
ashing with Mg(N0 3 ) 2 has been demonstrated 
only for NBS Bovine Liver (22, 23) and specific 
rat tissues (21, 24); for fish tissues, the technique 
lacks supporting recovery data. Little is known 
about the specific chemical forms of selenium in 
fish (26), and thus even less is known about how 
these specific forms behave under the rigorous 
conditions of dry ashing. With present-day 
emphasis on chemical speciation and identifi­
cation of the biological forms of elements, the 
analyst must assume, until it is known otherwise, 
that there are differences in the chemical forms 
of selenium in bovine, mammalian, and aquatic 
vertebrates. It is for this reason, as well as the 
already mentioned advantages over wet ashing, 
that the applicability of open vessel dry ashing 
of fish tissues for subsequent selenium deter­
mination was investigated.

Experimental 
S a m p l e  S e l e c t i o n

To test for Se recovery, only samples with 
known Se concentrations were considered. 
Samples of fish tissue internal standards, which 
were originally prepared from ground and ly- 
ophilized fillets of cod, flounder, perch, and 
haddock, were obtained from the Food and Drug 
Administration (FDA). These samples were 
deemed particularly valuable because the matrix 
was fish, and considerable Se concentration data 
existed for each, confirmed by totally indepen­
dent techniques (4). Selected NBS Reference 
and Research Materials were NBS RM 50 (Alba- 
core Tuna), NBS 1577 (Bovine Liver), and NBS 
1566 (Oyster Tissue).
R e a g e n t s

Several grades of Mg(N0 3 )2-6H 20  were in­
vestigated for Se background levels. Essentially

no difference in Se background was apparent 
between 2 of the grades tested: the ultrapure 
Mg(N0 3 )2-6H20  (Alfa Products) and MgO (Spex 
MG70-2) and analytical reagent Mg(N0 3 )2-6H20  

(Mallinckrodt) and MgO (Alfa Products, 99.5%, 
325 mesh). Therefore, analytical reagent grade 
materials were used for all ashing. The ashing 
aid was prepared by dissolving 80 g Mg(N0 3 )2- 
6FI20  in 200 mL deionized water (15-18 
megohm-cm specific resistivity) and adding 10 

g MgO powder. Methanol was MCB OmniSolv, 
glass distilled. Reductant solution consisted of 
3% NaBH4 (98%, Alfa Products, 10/32 in. pellets), 
with 1% NaOH (MCB, ACS grade) added as a 
stabilizer.
D r y  A s h i n g  P r o c e d u r e

The procedure was a modification of the dry 
ashing method of Tam and Lacroix (24). About 
0.5 g lyophilized tissue was wetted with metha­
nol in a 100 mL Pyrex beaker with watch glass. 
Ten mL ashing aid was added, and the mixture 
was dried overnight in a 110°C oven. The dried 
sample was then transferred to a cold muffle 
furnace (Thermolyne Model F-A1740) and ashed 
overnight at 500°C. Accuracy of the drying 
oven and furnace was verified with a calibrated 
pyrometer. Ashed residue was dissolved by 
adding 10 mL deionized water, followed by 15 
mL concentrated HC1. Se+6 was quantitatively 
reduced to Se+4 by heating the sample on a 400°F 
hot plate just until the ashed residue was solu­
bilized. After beaker contents had cooled, they 
were transferred to a preleached (27) conven­
tional polyethylene bottle (28) and diluted to a 
final volume of 100 mL with deionized water.
I n s t r u m e n t a t i o n

Se was determined by hydride generation 
using a Perkin-Elmer MHS-10 hydride system 
interfaced to a P-E Model 5000 atomic absorption 
spectrophotometer. Instrumental conditions 
and related information were as follows: acid 
matrix, 15% HC1; A, 196 nm; EDL lamp, 6 watts; 
slit width, 0.7 nm; signal mode, concentration 
and peak height; integration time, 15 s; range of 
standard curve, 0-14 ppb. Ten mL sample or an 
appropriate dilution was placed in a polypro­
pylene flask and reacted with 3% NaBH4-l%  
NaOH solution. Hydrogen selenide generated 
was flushed with argon into an open-ended 
quartz cell heated with an air-acetylene flame. 
Automatic curvature correction, in addition to 
concentration calibration, was used to establish 
and maintain working curve linearity up to 14 
ppb (standard concentration). Concentration
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readouts were the average of duplicate deter­
minations and were recorded by a P-E PRS-10 
printer sequencer. Baseline drift and argon 
purge efficiency were monitored by tracings 
from a P-E Model 056 recorder. The method of 
additions was used where necessary to correct for 
matrix interferences.
N e u t r o n  A c t i v a t i o n  A n a l y s i s

The FDA fish samples were prepared and an­
alyzed in 1973-74, so a current analysis by neu­
tron activation (NAA) was necessary to verify 
reported Se concentrations (4) after a 7-8 year 
storage period. Neutron activation analysis was 
conducted at the University of Michigan Ford 
Nuclear Reactor. About 200 mg lyophilized fish 
was loaded into high purity fused silica tubes and 
sealed. Samples were irradiated for 40, 2 
megawatt hours at an approximate thermal 
neutron flux of 1.5 X 1013 n/cm 2-sec. During 
irradiation, samples were rotated in a silicon 
bucket to ensure uniform neutron dose. Four 
weeks after irradiation, samples were counted 
with a lithium germanium detector (FWAM 2.3 
KeV) having an efficiency of 20% for 60Co gamma 
rays at 25 cm compared with that of 3 X 3 in. Nal 
detector.
E n d o g e n o u s  75S e  R e c o v e r y

75Se (4 mCi, specific activity 49.5 mCi/mg) was 
obtained from New England Nuclear as seleni- 
ous acid (selenate free) in 0.5M HC1 (0.1 ml); the 
radionuclide was diluted to 4 mL with phys­
iological saline (0.85% NaCl). Each of 8 rainbow 
trout, S a lm o  g a ir d n e r i, 200-250 g, received in- 
tracoelomic injections of 0.5 mCi 75Se. Feeding 
was terminated 24 h before injection, and the fish 
were sacrificed at 3 and 10 days post-injection. 
Composite samples (each 3-5 individuals) of 
liver, bile, ovary, gastrointestinal tract (with as­
sociated mesenteries), muscle (with skin), and 
carcass were collected. The carcass consisted of 
fish remains after removal of the named 
tissues—primarily head, gills, heart, kidney, and 
backbone. A composite sample tissue was re­
duced in size with stainless steel scalpels and 
placed in a 2000 mL glass vertical flute flask. 
Deionized water was added and the mixture was 
blended at 10 000 rpm with a Tekmar SD-45 ho- 
mogenizer equipped with a G-450 generator 
head and Teflon bearing shaft (SD-45N). Three 
aliquots of homogenate were placed in Beckman 
scintillation vials (Bio Vials) to serve as controls. 
Tissue homogenate aliquots for dry ashing 
ranged from 200 g L  (bile) to 10 mL (tissues) and 
were prepared in triplicate. After dry ashing,

portions of the dissolved and diluted digestate, 
equal in volume to controls, were selected for 
counting. 75Se radioactivity was measured with 
a Beckman Gamma 4000 counting system (single 
channel) equipped with a 3 in. Nal crystal doped 
with TIL For controls and sample, the entire 
spectrum of 75Se gamma pulses was counted to 
<1% relative standard deviation (RSD) (29). The 
ratio of gross sample counting rate (counts per 
unit time) to background counting rate for the 
lowest activity material was >40. Average Se 
radioactivity of 3 ashed aliquots was compared 
with that of the unashed homogenates for cal­
culation of 75Se recovery.

Results and Discussion
The character of the ash residue is that of a 

white fluffy mass occasionally containing 
trapped gas pockets that produce a puffed ap­
pearance. Some samples, particularly liver, 
entrap excessive gas during oven drying. Dried 
liver samples of 0.5 g or more can entrap enough 
gas to foam out of a 100 mL beaker during oven 
drying with ashing aid to 110°C. This situation 
can be controlled by adding 100-300 g L  Dow 
Corning DB 110A antifoam emulsion, which 
reduces gas entrapment by 50-75% without sig­
nificantly contributing to selenium back­
ground.

MgO, with a melting point of 2850°C, is un- 
reactive during ashing at 500°C. The powder is 
only slightly soluble in water, with which it 
combines to form Mg(OH)2 (30). The pH of a 
40% (w/w) Mg(N0 3 )2-6H20  solution is about 3.8. 
Saturation with MgO imparts an alkaline reac­
tion to the mixture, increasing pH to 8 .8 . A 
secondary function of MgO is the formation of 
an inert layer on the bottom of the ashing vessel 
that, upon oven drying, effectively separates the 
sample from contact with the ashing vessel (15). 
Decreased proximity with the material of the 
ashing vessel reduces the likelihood of vessel 
retention of selenium. Sample residue after 
ashing is also alkaline (15), being primarily 
composed of MgO (23). Thus, alkalinity is 
maintained through oven drying and ash for­
mation. Alkaline and oxidizing conditions favor 
the stability of Se+6 (31), and undoubtedly con­
tribute to its survival through the rigorous oxi­
dative fusion conditions of dry ashing with 
Mg(N03)2-6H20 .

Values generated from atomic absorption 
(AA)/hydride analyses of NBS materials for se­
lenium (Table 1) agree well with certified or 
"most probable" concentration levels reported 
by NBS. Method of additions was used to correct
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Table 1. Results of hydride generation analysis of NBS 
tissues for selenium after open system dry ashing

Material9 n b X ±  SD
Reported 

value c

Bovine Liver 6 1.1 ±0.2 1 . 1  ± 0 . 1

Albacore Tuna 6 3.5 ±0.2 3 . 6  ± 0 . 4

Oyster Tissue 6 1.8 ±0.2 2 . 1  ± 0 . 5

3 Not corrected for moisture, which, in desiccated atmo­
sphere, ranges from 1 to 3%.

b n =  number of replicate aliquots. 
c 95% tolerance limits (32).

for substantial matrix interferences present as 
signal suppression during the hydride analysis 
of NBS Bovine Liver. Such suppression was not 
apparent for NBS Tuna or Oyster.

In the analysis of FDA samples (Table 2), rep­
licates of the same sample by AA/hydride and 
NAA are less variable in 1980 than in 1974, partly 
because of the way the samples were analyzed. 
For example, AA/hydride results for 1980 were 
based on 6 replicates all analyzed at one time, 
whereas those from 1974 were based on 5 repli­
cate analyses gathered over 4 months (4), thus 
incorporating added variability in sample di­
gestion and instrumentation. Other factors re­
ducing variability in 1980 may be improvements 
in hydride instrumentation and the added ex­
perience of nuclear reactor laboratories in the 
preparation and irradiation of fish tissues. 
AA/hydride values from studies in 1974 appear 
high compared with those for 1980 and with 
those from NAA and fluorometry analyses done 
in the same period. Results obtained in 1980 by 
AA/hydride and NAA agree well, and confirm 
that the samples were not affected by long-term 
storage.

Mean recoveries of endogenous 75Se at 3 and 
1 0  days post-injection for 6 different dissected

fish tissues ranged from 91 to 108% (Table 3). 
Overall average recovery based on 18 sample 
aliquots was about 102 and 95% for both time 
periods; these results suggest virtual recovery of 
incorporated selenium when the described open 
vessel dry ashing procedure is used. 75Se was 
apparently incorporated into the tissues by 
normal or nearly normal biological processes. 
Although the tissue chemical form of selenium 
may not be identical with that obtained from 
chronic environmental exposure, the results are 
encouraging and suggest that open vessel oxi­
dative fusion does apply for quantitative recov­
ery of environmentally incorporated selenium. 
To test recovery of exogenously added selenium, 
inorganic selenium as H 275SeC>3 was spiked into 
16 fish tissue homogenate samples (whole body) 
before oven drying; recovery after dry ashing 
was 98 ± 4% (X ± SD).

Many me:hods have been used for the sepa­
ration of selenium from organic materials. Re­
covery from plant and animal tissues has posed 
problems, almost irrespective of the decompo­
sition method attempted. Losses, or poor re­
coveries, have been reported from use of the wet 
acid mixtures HNO3-H 2SO4 (1, 33) and HNO3- 
HCIO4-H 2SO4 (7), combined wet and dry ashing 
methods (1, 15), and low temperature plasma 
ashing (10, 21). Various books and reviews refer 
to organic material dry ashing for selenium re­
covery as causing serious losses (15) or as being 
unreliable (34) unless carried out in closed sys­
tems. Van Loon (35) stated that chalconides (Ge, 
Sb, Bi, As, Se) will most likely be lost in varying 
amounts during dry ashing of plant materials. 
Bern (36) attributed the widespread use of wet 
oxidation methods to selenium losses in the dry 
ashing method and limitation of sample size in 
the oxygen flask technique. Such published 
reports of selenium losses from dry ashing of

Table 2. Results of analysis of FDA materials for selenium:_ comparison of independent method results over 2 time 
periods (values expressed as X  ± SD (pg/g dry weight))

Material

Dry ashing, 
AA/hydride 3 

1980
NAA6
1980

HN03 -HCI04-H 2 S04,c
AA/hydride

1974
Fluorometryd

1974
NAA3
1974

Cod 1.14 ± 0.24 1.26 ± 0.11 1.4 ±0.4 1 . 2 1.2 ± 0.2
Haddock 1.08 ±0.15 1.23 ±0.04 1.6 ±0 .4 1 . 6 1.6 ±0 .4
Perch 2.05 ± 0.13 2.14 ±0.04 2.6 ±0 .3 2 . 3 2.2 ±0.2
Flounder 0.79 ± 0.03 0.87 ±0.05 1.2 ±0 .2 0 . 9 0.9 ±0.3

3 Based on 6 replicate analyses, all conducted at the same time. 
b Based on 5 replicate analyses, all conducted at the same time. 
c Based on 5 replicate analyses over a 4 month period (4). 
d Single analysis (4).
e Based on 3-5 replicate analyses, time format not reported (4).
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Table 3. Recovery of incorporated 75Se from fish tissues 
at 3 and 10 days post-injection by open vessel dry ashing

% Recovery ± SD

Tissue 3 days 10 days

Liver 104 ± 2a 97 ± 3
Ovary 108 ± 2 97 ± 2
Gastrointestinal tract 99 ± 1 92 ± 1
Muscle 101 ± 1 91 ± 6
Bile 96 ± 1 99 ± 1
Carcass 105 ± 2 96 ± 7
Overall average b 102 ± 4 95 ± 5

a Based on 3 replicate analyses. 
b Based on 18 individual analyses, 3 of each tissue type.

organic materials should serve as a warning to 
the analyst that the technique cannot be gener­
alized to be acceptable for all animal tissues or 
food products. Whereas quantitative recovery of 
endogenous selenium from bovine liver and 
orchard leaves following dry ashing has been 
demonstrated (22, 23), virtually the same proce­
dure resulted in 2 0 % losses of selenium from rat 
feces and urine (25).

It is apparent that generalizations about dry 
ashing are inaccurate, because selenium recovery 
depends on the organic matrix involved and the 
specific type of dry ashing procedure used. "Dry 
ashing" itself is a general term that includes 
several different open and closed system tech­
niques (15). Open system procedures include 
sample ashing with (oxidative fusion) and 
without ashing aids, and low-temperature plas­
ma ashing. Closed system methods include 
conventional combustion trains, oxygen flask 
combustion, oxygen bombs, and oxidative fu­
sion. Thus, efficiency of selenium recovery from 
"dry ashing" is related to the use of an open or 
closed system, presence or absence of ashing aids, 
technique temperature, and specific sample 
matrix used. In addition, the size of the ashing 
vessel, amount of ashing aid used, and the total 
volume of ashing aid solution are all factors that 
may affect recovery (24). The dry ashing pro­
cedure described here is an open system oxida­
tive fusion technique. The findings of this re­
port indicate that endogenous selenium can be 
quantitatively recovered from selected oyster and 
fish tissues. The method is simple and requires 
little attention from the operator. About 30 
samples per day can be accommodated with a 
single one-shelf muffle furnace. The resulting

The m ention of commercial products does not constitute endorsem ent.

diluted digestate is readily amenable to con­
ventional hydride generation analysis.
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H y d r i d e  G e n e r a t i o n  a n d  C o n d e n s a t i o n  F l a m e  A t o m i c  A b s o r p t i o n  
S p e c t r o s c o p i c  D e t e r m i n a t i o n  o f  A n t i m o n y  i n  R a w  C o f f e e  B e a n s  a n d  
P r o c e s s e d  C o f f e e

ROY W. KUENNEN,1 MARK H. H A H N ,1 FRED L. FRICKE, and 
KAREN A. WOLNIK
Food and Drug Administration, Elemental Analysis Research Center, 1141 Central Pkwy, 
Cincinnati, OF! 45202
A method was developed for determining Sb at 
nanogram per gram levels in raw coffee beans and 
processed coffee. The procedure uses either total acid 
digestion or extraction with 6M HC1 followed by 
hydride generation/condensation with subsequent 
revolatilization of stibine (SbH3) and detection by 
flame atomic absorption spectroscopy. The lowest 
quantifiable level, based on a 2 g (dry weight) sample, 
is 2 ng Sb/g. The results of recoveries on spiked 
samples, precision studies on composited coffee 
samples, and the analysis of National Bureau of 
Standards Standard Reference Materials demonstrate 
the reliability and accuracy of the procedure. Sb 
concentrations in coffee samples were verified by 
neutron activation analysis and inductively coupled 
plasma atomic emission spectroscopy. Advantages 
of the method compared with the AOAC colorimetric 
procedure and hydride generation without conden­
sation are discussed.

A shipment of raw coffee beans was accidentally 
contaminated with potentially toxic antimony 
trioxide (1). Proper assessment of the extent of 
this contamination required the analysis of coffee 
beans and processed coffee for microgram and 
nanogram per gram levels of Sb. To evaluate the 
potential impact on human health, a comparison 
of the Sb content of processed coffee made from 
contaminated and noncontaminated beans was 
necessary. It was also necessary to analyze 
processed coffee made from reconditioned coffee 
beans, i.e., beans that had been contaminated and 
then "cleaned" by the manufacturer, to ensure 
the safety of the product.

The method presented here can be used for the 
routine determination of Sb in coffee samples at 
the part per billion level. Detection limits for Sb 
are improved by several orders of magnitude 
over the AOAC colorimetric method (2), and 
accuracy and precision at ultratrace levels are 
improved compared with the hydride-atomic 
absorption spectroscopic (AAS) method de­
scribed by Fiorino et al. (3). Total digestion and

1 U niversity  of C incinnati, D epartm ent of C hem istry, Cin- 
cinnati, O H  45220.
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analysis of the processed coffee samples result in 
data pertaining to the possible ingestion of Sb by 
consumers. The 6M HC1 extraction of the coffee 
beans provides a rapid method for determining 
surface Sb contamination. This type of rapid, 
routine analysis is necessary to determine the 
extent of contamination and the success of efforts 
by the manufacturer to recondition the contam­
inated beans.

METHOD

A p p a r a t u s
See ref. 4.(a) H y d r id e  g e n e r a to r .—Based on design of 

Fiorino et al. (3). NaBH4 solution and water 
rinse from pressurized reagent bottles were 
added to reaction tube through timer-controlled 
solenoid valves. Operating parameters: 8 mL 
NaBH4 in 13 s, 2 mL distilled, deionized water in 
5 s.

(b) C o n d e n sa tio n  tu b e .—A 61 cm section of 1.3 
cm id corrugated Teflon tubing (SGA Inc., 
Bloomfield, NJ) was packed half-full with 1 mm 
Teflon shavings and cooled with liquid ni­
trogen.

(c) G as f lo w  sw itc h in g  v a lv e .—Three-way valve 
(Omnifit, Cedarhurst, NY). Helium carrier flow 
700 mL/min.(d) A to m ic  a b s o r p tio n  s p e c t r o p h o to m e te r .—
Model 403 (Perkin-Elmer, Norwalk, CT), or 
equivalent. Operating parameters: Sb elec­
trodeless discharge lamp 217.6 nm, nitrogen flow
6.1 L/min,- hydrogen flow 1.9 L/min, 3-slot 
burner with quartz flame shield.
(e) E lec tro n ic  in te g r a to r .—Model 3380S (Hew­

lett-Packard, Palo Alto, CA), or equivalent. 
Slope sensitivity 0.3 mV/min; attenuation 
LOG.
R e a g e n t s

(a) D is t i l le d ,  d e io n iz e d  w a te r .—18 Mohm (Mil- 
lipore Corp., Bedford, MA).

(b) A c id s .—Concentrated ACS reagent grade, 
except perchloric, which was double distilled

0004-5756/82/6505-1146-04$01.00 
© Association of Official Analytical Chemists, Inc.
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70% ACS reagent grade (G.F. Smith Co., Colum­
bus, OH).

(c) A c id  d ilu tin g  so lu tio n .—100 mL HC1 plus 100 
mL H 2SO4, diluted to 1.0 L with distilled, 
deionized water.

(d) S od iu m  bo ro h yd rid e  so lu tio n .—4%. Dissolve 
40 g NaBH4 (98%, Alpha-Ventron, Danvers, MA) 
in 1.0 L 10% NaOH. Filter with suction through 
medium porosity glass filter.

(e) Sb s ta n d a r d  so lu tio n . —10 p g / m L .  Dilute 
aliquot of 1000 p g / m L  spectroscopy standard 
(Spex Industries, Inc., Metuchen, NJ), or equiv­
alent, with acid diluting solution.

(f) P ota ssiu m  iodide p r e -r e d u c ta n t.— 10%. Dilute 
10 g KI to 100 mL with acid diluting solution.
S a m p l e  P r e p a r a t i o n

Handle samples in clean-air environment 
where possible. Equipment contacting samples 
during preparation, digestion, and determina­
tion should be nonmetallic and scrupulously 
cleaned with dilute 30% HNO3 and rinsed at least 
5 times with distilled, deionized water. Wear 
disposable polyethylene gloves (no talc) 
throughout procedure.

Analyze processed coffee without further 
preparation with subsamples chosen at 
random.

Analyze well mixed coffee bean samples for 
surface Sb contamination without further prep­
aration.

Prepare homogeneity check sample by finely 
grinding randomly chosen units of selected lot 
of processed coffee. Grind subsamples with 
blender to pass 420 p m  polypropylene sieve and 
mix well.
T o t a l  D i g e s t i o n

Weigh 2.0 g processed coffee or composite into 
100 mL Kjeldahl flask containing 30 mL nitric- 
perchloric-sulfuric acids ( 4 + 1  + 1) (3). Heat 
flask on micro-Kjeldahl digestion rack, gradually 
increasing temperature to maintain boiling until 
all organic matter is destroyed and fumes of SO3 

evolve. Continue heating until vapor ring of 
H2S 0 4 reaches neck of flask. Cool and transfer 
remaining H2SO4 (5 mL) with several portions 
of distilled, deionized water to 50 mL volumetric 
flask containing 5 mL HC1. Dilute to volume 
with distilled, deionized water. Use 10.0 mL 
aliquot of this solution for determination of 
Sb.
H C 1  E x t r a c t i o n

Weigh 75.0-100.0 g coffee beans into clean, 
acid-washed 400 mL glass beaker. Extract with

Table 1. Analysis of NBS Standard Reference Materials 
forSb

Method
Certified value, 

Mg/g
Found,
Mg/g

Orchard Leaves

AOAC (2)
Hydride generation (3) 
Hydride generation/ 

condensation

2.9 ±0.3
2.9 ±0.3

2.9 ±0.3

2.6, 3.0 
3.2, 3.4

2.9, 3.0

Spinach

Hydride generation/ 
condensation (0.04)3 0.034

3 NBS provisional value.

three 50 mL portions of warm (65°C) 6 M HC1, 
stirring 5 min. Decant quantitatively through 
No. 588 pre-pleated filter paper (Schleicher and 
Schuell Inc., Keene, NH) into 200 mL volumetric 
flask. Rinse filter with several small portions of 
warm 6M HC1 and dilute to volume with 6M 
HC1. Pipet 10.0 mL filtrate through second filter 
into 100 mL volumetric flask. Rinse filter and 
dilute to volume with distilled, deionized water. 
Using microliter pipet, dilute 250 mL of this so­
lution with 10 mL acid diluting solution and 
determine Sb by following method.
S b  D e t e r m i n a t i o n

Pipet appropriate aliquot of sample from total 
digestion or HC1 extraction or Sb standard solu­
tion into reaction tube, add 500 p L  KI solution, 
mix, and wait 1 min. Place tube on generator 
and open gas-switching valve to connect reaction 
tube and condensation tube. Cool condensation 
tube in liquid nitrogen for 45 s. Begin hydride 
generation. After reaction is finished (18 s), 
close valve tc reaction tube and establish flow of 
helium through condensation tube. Remove 
condensation tube from coolant and immerse in 
65°C water bath. After 5 s, begin integrating for 
30 s. Sb is quantified by method of standard 
additions by making microliter additions of Sb 
standard solution to aliquots of sample.

Optimize flame conditions before analysis 
with 10 p L  Sb standard solution in 10 mL acid 
diluting solution.

Reanalyze samples with nondetectable levels 
of Sb, using 2 g sample diluted to 25 mL and one 
point standard addition.

Results and Discussion
Initial efforts to quantify Sb in processed coffee 

by the AOAC colorimetric procedure (2) were
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Table 2. Recovery of Sb, using hydride generation/ 
condensation AAS method

Added, f i g / g a No. of detns Ree., %, ±  SD Range

0.050 3 90 ± 4 86-94
0.10 15 99 ± 8 84-120
0.20 3 100 ± 4 95-103

a Sb content of unspiked processed coffee was <0.002 
Ag/g-

ANAL. CHEM . (VOL. 65, N O . 5, 1982)

Table 3. Precision obtained, using total digestion and 
6M HCI extraction procedures

Sample
No. of 
detns Procedure

Sb, ng/g. 
± SD

RSD,
%

Processed
coffee total
composite

Reconditioned
10 digestion 0.014 ±0.004 28

coffee beans 19 6M HCI
extraction 1.05 ±0.11 10

unsuccessful. In that procedure, after digestion 
of the sample, pentavalent Sb in dilute hydro­
chloric acid is reacted with Rhodamine B to form 
a complex that is extracted into an organic sol­
vent and absorbs at 565 nm. This method is re­
liable at the microgram per gram level as shown 
in Table 1; however, it is not sufficiently sensitive 
to enable analysis of processed coffee at the 
nanogram per gram level.

Although the hydride generation AAS pro­
cedure (3) without condensation demonstrated 
excellent precision and accuracy at Sb levels 
greater than 1 0 0  ng/g, the reaction by-products 
produced during the generation of stibine caused 
disturbances in the flame that resulted in a high 
background signal and therefore deterioration

of the detection limit. The atomic absorption 
spectrometer used in this study was not equipped 
with background correction. The condensation 
technique, in which stibine is trapped in a liquid 
nitrogen-cooled condensation tube while inter­
fering by-products (mainly hydrogen) pass 
through, permits separation of the stibine from 
the background, resulting in an order of mag­
nitude improvement in the detection limit. The 
detection limit is calculated as the concentration 
equivalent to twice the standard deviation (SD) 
of the measurement of the blank solution. Blank 
levels varied from nondetectable (no peak) to 0 .2  

ng/mL, depending on the reagent lot used.
The condensation/revolatilization process 

further enhances the sensitivity of the flame AAS

Table 4. Determination of Sb in coffee samples

Sample Method3 No. of detns Sb, Mg/g. ± SD

Initial
reconditioned 6M HCI extraction 19 3.6 ± 0.04
coffee beans HGC-AAS

Initial
reconditioned 6M HCI extraction 19 3.6 ±0.03
coffee beans ICP

Final
reconditioned 6M HCI extraction 20 1.05 ± 0.11
coffee beans HGC-AAS

Final
reconditioned total digestion 2 1.4, 1.4
coffee beans HGC-AAS

All suspect
lots processed total digestion 74 0.013 ± 0.014«
coffee bc HGC-AAS

Other brands total digestion 4 0.010, 0.002
processed coffee HGC-AAS <0.002, <0.002

Composite (suspect
processed total digestion 10 0.014 ± 0.004
coffee) b HGC-AAS

Composite (suspect
processed coffee)* * 6 NAA 2 0.020, 0.016

Individual
subsamples, same total digestion 4 0.014 ± 0.003
lot as composite HGC-AAS

a HGC-AAS = hydride generation/condensation atomic absorption spectroscopy, ICP = inductively coupled argon plasma,
NAA = neutron activation analysis.

6 Processed coffee made from contaminated beans. 
c Fifty-nine subsamples of 11 different lots and 15 duplicate analyses. 
d Range 0.002-0.080 Mg/g-
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determination by concentrating the analyte into 
a narrow plug before it is introduced into the 
flame. Optimization of the components of the 
hydride generation/condensation apparatus has 
been discussed by Hahn et al. (4). Integration of 
peak area is necessary because of the number of 
parameters (e.g., cooling time, bath temperature) 
for which minor variation affects peak shape. 
The results presented in Table 1 for the analysis 
of National Bureau of Standards (NBS) Standard 
Reference Materials show that this method is 
accurate for both microgram (Orchard Leaves) 
and nanogram (Spinach) per gram levels of Sb in 
organic food matrices.

The linear calibration range for the Sb stan­
dard is 2-200 ng, equivalent to 0.2-20 ng/mL in 
a 10 mL sample aliquot. For sample solutions 
containing higher concentrations of Sb, the an­
alytical range can be extended by using a smaller 
aliquot of sample and adjusting the total volume 
in the reaction tube to 10 mL with diluting so­
lution: An effective linear range of 0.2-20 000 
ng/mL can be realized without an extra dilution 
of the sample digest.

Data for recovery of submicrogram amounts 
of Sb standard added to the processed coffee just 
before digestion are presented in Table 2.

The results shown in Table 3 of replicate 
analyses through the entire procedure of a 
composited processed coffee sample and of the 
6M HC1 extraction of 19 subsamples of recondi­
tioned coffee beans (contaminated beans after 
“cleaning") indicate the precision obtainable

with the technique at both nanogram and mi­
crogram per gram levels.

A summary of the results of sample analyses 
by the hydride generation/condensation AAS 
method as well as neutron activation analysis 
(NAA) or inductively coupled argon plasma 
(ICP) atomic emission spectroscopy is presented 
in Table 4. The first attempt by the manufac­
turer to recondition the contaminated beans was 
unsuccessful; however, after a second cleaning 
process, the beans were acceptable. Confirma­
tory ICP analyses were performed with a plasma 
run under standard operating conditions using 
the Sb emission line at 217.6 nm with Sb quan­
tified by the method of standard additions.
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An interlaboratory collaborative study was con­
ducted to evaluate the performance of methods and 
laboratories for the measurement of fluoride in 
vegetation. Samples of 8 plant species containing 
about 5-200 ppm fluoride were distributed to 40 
participants who were instructed to use their routine 
methods of analysis. Methods which had sufficient 
participants to allow the inclusion of results in sta­
tistical analyses were classified into 3 categories: (1) 
Willard-Winter method (similar to the AOAC official 
final action method); (2) semiautomated and poten- 
tiometric methods (similar to the 2 AOAC official 
first action methods); and (3) potentiometric analysis 
with prior ashing, fusion, and/or distillation (not an 
approved method). There was a significant interac­
tion of methods with samples caused by 3 of the 8 
samples. In the other 5 samples, the Willard-Winter 
and semiautomated methods gave higher mean val­
ues for fluoride content than did the 2 potentiometric 
methods. Despite considerable improvement in 
speed and simplicity of fluoride analyses during the 
last decade, agreement between laboratories has not 
improved because of the variety of methods and 
techniques in use, the inherent differences between 
methods, and, apparently, poor laboratory quality 
control.

In recent years, the number of laboratories 
measuring the fluoride content of vegetation has 
increased as the number of sources emitting 
fluorides into the environment has risen. Ex­
isting methods for determining fluorides have 
been modified and new methods have been de­
veloped to respond to the need for speed and 
simplicity. Consequently, a greater variety of 
methods are in use. Personnel with varying 
skill, training, and experience in fluoride anal­
yses are employed, and quality control proce­
dures may not be used in order to save time and 
expense. For these reasons, there is a continuing 
need for evaluation of between-laboratory 
agreement. * 1
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The major sources of variation in measure­
ments of the fluoride content of vegetation are 
known from previous studies. The greatest 
source of variation is due to practices used in 
sampling field-grown vegetation. Once samples 
are collected, the greatest source of variation is 
between laboratories. The magnitude of varia­
tion in results is affected by the amount of fluo­
ride in samples and by the type of vegetation 
sampled (1 ,2 ).

AOAC uses collaborative studies to evaluate 
methods (3), but such studies are also useful for 
comparisons of between-laboratory agreement 
(4). This collaborative study was conducted to 
compare different methcds for the determination 
of fluoride in vegetation and to evaluate the 
performance of laboratories. No attempt was 
made to identify and ir elude only laboratories 
acknowledged as competent in fluoride analyses. 
The samples included a wide variety of plant 
species with fluoride contents in the usual range 
of interest (5-200 ppm). To avoid overbur­
dening analysts and thus diminishing the 
number of participants, duplicate samples were 
not distributed nor were duplicate analyses re­
quested. Information about methods and tech­
niques of analysis, procedures for quality control, 
and training of analysts was obtained from 
questionnaires.

Materials and Methods

All laboratories known to the authors which 
perform fluoride analyses on vegetation were 
invited to join the study. Samples of dried plant 
material were pulverized to pass a 40 mesh sieve, 
mixed thoroughly to ensure homogeneity, and 
distributed in 5 g aliquots to participants. In­
structions, standard report forms, and ques­
tionnaires concerning procedures used, quality 
control, and training of analysts were sent with 
the samples. Samples were coded as follows: A, 
balsam fir needles; B, citrus leaves; C, loblolly 
pine needles; D, cherry leaves; E, milo maize 
leaves; F, pasture grass; G, eucalyptus leaves; and 
H, hay. Laboratories were identified with code

0004-5756/82/6505-1150-05$01.00© Association of Official Analytical Chemists, Inc.
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numbers to preserve anonymity, and were in­
structed to use their usual staff and routine 
methods, to perform one analysis per sample, 
and to submit results and completed question­
naires within a certain period of time.

Five laboratories used the Willard-Winter 
method (I) (similar to AO AC official final action 
method 25.049-25.055); 11 used the semiauto- 
mated method (II) (similar to AOAC official first 
action method 3.083-3.095); 14 used the poten- 
tiometric method (III) (similar to AOAC official

first action method 3.077-3.082); and 7 used po- 
tentiometric analysis with prior ashing, fusion, 
and/or distillation (IV). Only 3 laboratories used 
other methods (oxygen flask combustion with 
potentiometric analysis (V); acid digestion with 
semiautomated analysis (VI); and neutron acti­
vation analysis (VII)), so these results could not 
be included in subsequent statistical analyses. 
For each method, laboratories with abnormally 
high or low bias were identified by a rank sum 
test (5). Results were ranked by method in each

Table 1. Collaborative results for determination of fluoride (ppm) in plant samples9

Sample6

Method A B C D E F G H

i 64.5 4.4 98.1 88.5 149 40.5 223 68.3
i 68 8 99 91 158 24 207 72
i 60 12 94 76 96 40 217 68
i 75 3.4 120c 97 110 47 240 69
i 57.1 11.1 99.1 91.3 146.0 47.0 227.5 73.4

h 67 5 103 88 168 38 262 69
n 56 18c 73 125 144 21 218 69
ii 77 5.8 105 81 158 42 226 62
h 66 1.7 92 79 147 35 210 67
n 83 8 117 99 160 51 239 78
h 57.6 3.16 98.3 83.7 157.3 35.2 195.4 65.3
IId 100.8 18.9 122.2 123.2 143.2 63.7 203.4 98.7
h 83 2 112 96 176 44 229 86
h 67.4 2.89 98.0 85.6 160 41.7 229 71.1
h 49 2 77 69 110 30 190 57
h 74.0 3.8 103.0 93.0 161.0 39.0 199.0 67.0

md 59 2.5 105 86 158 36 173 66
in 61 2.0 93.5 82.8 150.2 37.6 139.9 61.6
III 57 10d 90 72 c 150 31 143 54
in 61 6 94 83 143 42 171 63
in 69.3 1.8 103.2 89.2 167 43.7 201 77.5
in 59 4.1 104 93 144 36 190 74
md 43 1.5 83 67 130 28 126 58
in» 64 12 74 75 88 42 136 39
in 62 2 104 90 161 38 210 70
in 61 1.9 102 88 154 40 213 62
in 64 3 104 86 166 42 234 62
in 62 1.8 102 85 174 40 182 64
in 63 2 98 87 150 38 152 65
in 56.2 2.7 94 88.6 127 35.6 137 56.5
IV 59.8 <3.9 79.8 39.3 d 149.1 34.3 225.7 81.8
IVd 77 7.4 100.0 98 150 52 240 78
IV 60 0 d 88 78 140 35 201 61
IV 67 5.2 99 91 156 43 226 72
IV 59 6 96 80 132 40 167 69
IV 52 5 100 89 155 59 d 210 114 c
IV 75 5 96 83 109 38 174 60
V 65.7 __f 82.2 73.7 139 9.8 178.3 58.8

VI 62 0 105 85 143 38 210 60
VII 69 <7 <23 79 105 54 141 57

a Each row shows the results for a single laboratory performing one determination on each sample by the method shown:
I, Willard-Winter; II, semiautomated; III. potentiometric with extraction; IV, potentiometric with ashing, fusion, and/or distillation; 
V, potentiometric with oxygen flask combustion; VI, semiautomated with acid digestion; VII, neutron activation analysis. 

b See text for description of samples. 
c Extreme values, deleted from study.
d All values from this laboratory deleted from study; results biased. 
e All values from this laboratory deleted from study; laboratory variances unusually high.
'Sample lost.



1152 JACOBSON ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 5, 1982)

Table 2. Split-plot ANOVA of ranked data for 8 
vegetation samples

Source of 
variation DF

Mean
square

Methods 3 782.1535*
Laboratories within 

methods 27 235.6425

Methods x  samples 21 116.8876**
Residual 178 50.7581

* Significant at P =  0.05. 
**  Significant at P = 0.01.

sample, and the ranks were summed across 
samples for each laboratory. Variances of ranks 
were subjectively compared and those laborato­
ries with high variances were not included in the 
study. Also, individual outlying values were 
identified for each method and sample using 
Dixon's test (5).

The data, with outliers removed, were ana­
lyzed in a split-plot analysis of variance 
(ANOVA) with method as the whole-plot factor 
and sample as the sub-plot factor. Before the 
ANOVA, the homogeneity of between-labora- 
tory variances was determined to validate results 
from the whole- (i) and sub-plot (ii) sections of 
the ANOVA. The homogeneity of between- 
laboratory variances was tested for (i) 4 methods 
averaged over samples and (ii) within methods 
for the 8 samples by using Bartlett's test (6 ). A 
test of (i) did not show significant heterogeneity, 
whereas a test of (ii) was highly significant (P = 
0.01) and invalidated the sub-plot analysis. The 
data then were ranked within each sample, 
which produced no significant heterogeneity of 
variance in either (i) or (ii). Therefore, an 
ANOVA was conducted on the ranked data set. 
The variation among samples (7 degrees of 
freedom) was not included in the sub-plot anal­
ysis because the ranking of laboratories within 
each sample constrained their respective rank 
sums to be equal and the corresponding sums of 
squares to be zero. For comparisons of methods, 
pre-specified orthogonal contrasts were made.

Both methods III and IV employed the poten- 
tiometric method for measuring fluoride so the 
mean of their rank sums was compared with that 
of methods I and II. Rank sums also were con­
trasted between methods I and II and between 
methods III and IV. The general approach of 
using ANOVA on data from collaborative studies 
after screening for outliers and testing for ho­
mogeneity of variances has been suggested pre­
viously (7).

Results

The fluoride contents of 8 vegetation samples 
reported by 40 laboratories are presented in Table
1. The rank sum test indicated that results from 
4 participants should be deleted from the study, 
and the comparison of rank variances indicated 
that results from one additional laboratory also 
should be deleted. In addition, 8 individual 
values were identified as outliers (Table 1).

There was a significant difference among 
methods in the whole-plot section of the. 
ANOVA of the ranked data for the 8 samples. 
The average values of the rank sums of the Wil­
lard-W inter and semiautomated methods 
(methods I and II) were similar, but different 
from the average rank sums for the 2  potentio- 
metric methods (methods III and IV) (Tables 2 
and 3). In addition, the methods X samples in­
teraction was highly significant (P = 0 .0 1 ) indi­
cating that the order or ranking of methods dif­
fered depending on which sample was analyzed. 
The rank sums for methods were similar in 
Samples A, D, F, G, and H, but dissimilar in 
Samples B, C, and E. Thus, a split-plot ANOVA 
was performed on the 5 similar samples and 
separate ANOVAs on the other 3 samples. This 
procedure eliminated the methods X samples 
interaction because nearly all of the variation due 
to methods was in the highly significant contrast 
of the average rank sums for methods I and II 
compared with that of methods III and IV (Table
4). ANOVA of Samples B, C, and E showed sig­
nificant differences in ranks between methods 
I and II for Sample E and between methods III

Table 3. Rank sum of each method in each sample and average across samples

Method

Sample Av.
across

samplesA B C D E F G H

i 18.0 21.7 14.1 18.5 10.2 24.5 23.8 20.6 19.1
n 22.9 16.9 20.0 18.6 21.6 17.4 22.5 20.2 20.0

mi 13.4 7.6 17.5 14.8 19.0 14.1 10.3 11.8 13.7
IV 13.6 20.5 10.3 11.0 11.0 12.5 15.7 16.2 13.6
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Table 4. Split-plot ANOVA of ranked data from Samples A, D, F, G, and H

Source of variation DF Mean square

Methods 3
Contrast of:

Methods 1 and II vs III and IV 1 2273.9075**
Method 1 vs II 1 8.8817
Method III vs IV 1 9.6200

Laboratories within methods 28 193.6604

Samples (S) X methods 12
Contrast of:

S X Methods 1 and II vs III and IV 4 111.0790
S X Method 1 vs II 4 243.8144
S X Method III vs IV 4 313.8144

Residual 96 46.6489

* * Significant at P = 0.01.

and IV for Samples B and E. A significant dif­
ference in the average ranks of methods I and II 
compared with that of methods III and IV was 
found for Sample B. There were no significant 
differences between methods for Sample C 
(Table 5).

Discussion

The analysis of data reported in this study re­
vealed that some laboratories obtained biased or 
imprecise results and that, for some vegetation 
samples, a significant source of between-labo- 
ratory variation can be attributed to the use of 
different analytical methods.

In a previous study in which results from the 
Willard-Winter, semiautomated, and potentio- 
metric methods were compared, the potentio- 
metric method gave significant negative bias 
with 2 of the 7 plant species tested (8 ). The 2 
potentiometric methods employed in the current 
study also gave lower results than did the Wil­
lard-Winter and semiautomated methods in 5 of 
8 samples. A major reason for using ashing, fu­
sion, and/or distillation is to overcome any de­
ficiencies of the extraction procedure. Further

study is needed to identify the reasons for dif­
ferences in results between methods and for the 
influence of different types of vegetation sam­
ples on the performance of analytical methods.

Although it is known that fluoride methods 
are sensitive to procedure modifications, only 8 

laboratories in this study followed a published, 
standardized method (9-11). Many differences 
in procedures, techniques, and equipment exist, 
even among laboratories using the same method. 
To obtain results in close agreement, a group of 
laboratories should: (1 ) use carefully trained and 
experienced personnel; (2 ) select one standard­
ized method and adhere rigidly to a single ver­
sion of that method; (3) practice internal quality 
control by analyzing portions of the same control 
vegetation sample every day that unknown 
samples are analyzed; and (4 )  regularly compare 
results among laboratories (12). These proce­
dures would improve precision, but they do not 
guarantee that accurate results will be obtained. 
For this purpose, we suggest that the National 
Bureau of Standards prepare reference vegeta­
tion samples certified for fluoride. Most par­
ticipants in this study indicated that they would

Table 5. Separate ANOVAs of ranked data from Samples B, C, and E

Source of variation

Sample B Sample C Sample E

DF Mean square DF Mean square DF Mean square

Methods 3 3 3
Contrast of:

Methods 1 and II vs III and IV 1 333.7189** 1 71.5500 1 13.2490
Method 1 vs II 1 72.0750 1 79.5018 1 396.0333*
Method III vs IV 1 367.3391** 1 250.0245 1 310.7539*

Residual 24 41.0549 27 76.0002 28 71.4506

* Significant at P = 0.05. 
* *  Significant at P =  0.01.
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purchase standard reference samples if they were 
available in the range of about 5-200 ppm.
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External surfaces of packaging materials used for 
sterile medical devices may introduce contaminants 
into working areas used for sterility testing. Light 
wiping with tissues moistened with alkaline 2% 
glutaraldehyde (Cidex) or 3% hydrogen peroxide ef­
fectively reduced counts on 5 X 8 cm strips of pack­
aging material (Tyvek) inoculated with 107 spores of 
Bacillus subtilis. The ability of antimicrobial agents 
to penetrate packaging material and kill contami­
nants on the medical device was tested by inoculating 
filter membranes with ca 100 cells of Pseudom onas 
aeruginosa or Staphylococcus aureus or ca 100 spores 
of Bacillus subtilis. A sterile square of test packaging 
material placed over the inoculated membrane (direct 
method) or 0.5 cm above the membrane (indirect 
method) was wiped with the antimicrobial agent. 
Except for polyethylene film (3 mil), all materials 
tested, including glassine and several types of coated 
and uncoated Tyvek, were penetrated by the agents, 
killing cells on the inoculated membranes. Death 
rates varied, depending on the organism, packaging 
material, and testing method. It is suggested that 
penetration tests be performed before using antimi­
crobial agents for sanitizing packaging materials 
during sterility tests.

Medical devices must be tested to determine 
whether they are free of viable microorganisms. 
Details of the procedure used for sterility testing 
are found in the current U n ite d  S ta te s  P h a rm a c o ­
p e ia  (USP) (1). Detection of contaminating or­
ganisms is based on growth in culture media; 
therefore, a low contamination level must be 
maintained in the immediate testing area. Any 
growth detected in culture media must come 
from the product itself, not from the environ­
ment or external packaging.

Although most medical products are ade­
quately sterilized, the external surface of the 
package usually becomes contaminated during 
storage, shipping, or handling. Viable micro­
organisms on the surface or embedded in the fi­
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bers of the packaging materials could contami­
nate the media or equipment used in the sterility 
test and give a false-positive result. To minimize 
this possibility, most sterility tests are conducted 
in a laminar flow hood or in a bio-clean room. 
The USP sterility test procedure for drugs re­
quires that the exterior surfaces of ampules and 
the closures of vials and bottles be cleansed with 
a suitable decontaminating agent. A sanitation 
procedure is not outlined for medical devices; 
however, aseptic techniques are required for 
opening packages. Surface contamination can 
be reduced by lightly wiping the package with 
a sterile cloth or tissue dampened in an antimi­
crobial agent.

Materials used for packaging medical devices 
include glassine, polyolefin (Tyvek), surgical 
papers, plastic films, metal foils, and coated or 
laminated combinations such as coated Tyvek 
and plastic film bended to metal foil. These 
materials vary in their ability to act as barriers to 
penetration by microorganisms, moisture, oxy­
gen, and light. Several methods have been de­
veloped to test for bacterial penetration (2 - 1 0 ).

Studies have shown that 2%  glutaraldehyde 
and 3% hydrogen peroxide are effective antimi­
crobial agents, active against sporeforming 
(11-21) and nonsporeforming bacteria (15, 16, 
18-25), fungi (12-16, 26), and viruses (13-15,18, 
27, 28). The effectiveness of these agents in re­
ducing surface contamination of packaged 
medical devices and their ability to penetrate the 
packaging material were investigated. Pene­
tration by these agents could destroy potential 
contaminating microorganisms and thus produce 
false-negative results in sterility tests conducted 
on the packaged medical device.

METHOD

A n t i m i c r o b i a l  A g e n t s
(a) C id e x .—2% aqueous solution of glutaral­

dehyde (Arbrook, Inc., Arlington, TX 76010). 
Solutions of alkaline glutaraldehyde (pH 7.5-8.5)

0004-5756/82/6505-1155-07$01.00 
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were prepared fresh daily by addition of buffer 
salts provided by the manufacturer.

(b) H y d r o g e n  p e r o x id e .—3%, laboratory grade 
(Fisher Scientific Co., Fairlawn, NJ 07416).
M e d i a  a n d  R e a g e n t s

(a) T r y p t ic a s e  s o y  b ro th  a n d  tr y p t ic a s e  s o y  
a g a r .—(BBL, Cockeysville, MD 21030).

(b) D e h y d r a te d  le th e e n  a g a r .—Medium con­
taining lecithin and Tween 80 to neutralize ef­
fects of some antimicrobial agents (Difco Labo­
ratories, Detroit, MI 48232).

(c) G ly c in e .—(Fisher Scientific Co.) A 2% 
aqueous solution was used to neutralize the an­
timicrobial effects of glutaraldehyde.
C u l t u r e s

S ta p h y lo co ccu s aureus (ATCC 6538), P seu d om on as  
a eru g in o sa  (ATCC 9027), and B a cillu s su b tilis  
(ATCC 6633) were purchased from American 
Type Culture Collection (ATCC), Rockville, MD 
20852. For some studies on hydrogen peroxide, 
cultures of B. su b tilis  (ATCC 6633) and P. a e ru g i­
n o sa  (ATCC 27853) were obtained from Difco 
Laboratories. Cultures were maintained on 
trypticase soy broth and transferred weekly.

Nonsporeforming bacteria were grown over­
night at 35°C in trypticase soy broth. Before use, 
cultures were diluted with fresh sterile broth to 
absorbance 0.5 (660 nm) to give cell concentra­
tion of ca 3 X 108/mL. Further dilutions were 
made in broth to obtain counts of 1 0 0 - 2 0 0  or- 
ganisms/mL.

B. su b tilis  was grown for 5 days at 35°C on 
trypticase soy agar. Cells were harvested and 
suspended in 95% ethanol to kill vegetative cells. 
Spores were washed 3 times in distilled water, 
collected by centrifugation, and resuspended in 
distilled water. Spore preparations were stored 
at 4°C and viable spores were counted weekly by 
plating on trypticase soy agar. Dilutions of 
spores (either 107 or 100-200/mL) were prepared 
on the basis of these counts and confirmed by 
plating.
P a c k a g i n g  M a t e r i a l s

Packaging materials included polyethylene 
film, 3 mil (Tower Products, Mundelein, IL 
60060); Tyvek® type 10 spunbonded olefin, style 
1073B (E.I. DuPont de Nemours & Co., Wil­
mington, DE 19898); Ascot type 101 (Tyvek 1073B 
coated with heat-sealable adhesive) (Appleton 
Papers Inc., Appleton, WI 54912); Perfecseal 
SBP-3A, Tyvek styles 1059B and 1073B, both 
coated with thermoplastic adhesive (Paper 
Manufacturers Co., Southhampton, PA 18966);

Figure 1. Three stages of direct contact procedure 
for testing penetration of packaging material by an­
timicrobial agents. Filter funnel (right) contains 
membrane filter inoculated with test bacteria. 
Funnel is raised (middle) and sample of packaging 
material is inserted over inoculated membrane. 
Funnel is replaced (left) and packaging material is 

swabbed with antimicrobial agent.

Glassine syringe envlopes, Chieftain® (American 
Hospital Supply Co., Evanston, IL 60204).
E f f e c t i v e n e s s  o f  A n t i m i c r o b i a l  A g e n t s

Samples of Tyvek 1073B were cut into 5X 8 cm 
strips, sterilized with ethylene oxide, and inoc­
ulated with ca 107 spores of B. su b tilis . After 
drying overnight at room temperature, inocu­
lated surfaces were wiped lightly with sterile 
laboratory tissues dampened with 2 % glutaral­
dehyde or 3% hydrogen peroxide. Ten strips 
were prepared at the beginning of each experi­
ment. The wiped strips were air dried on a 
sterile surface; at timed intervals a strip was 
placed in a blender with 100 mL peptone water 
containing 0.1% Tween 80 (hydrogen peroxide 
experiments) or 2 % glycine (glutaraldehyde ex­
periments). Strips were blended for 1 min to 
suspend spores; viable counts were determined 
by plating the liquid on letheen agar incubated 
for 48 h at 35°C.
P e n e t r a t i o n  o f  P a c k a g i n g  M a t e r i a l s  b y  
A n t i m i c r o b i a l  A g e n t s

Two procedures were employed. In the first, 
inoculated membrane filters served as simulated 
product in direct contact with packaging mate­
rial. Suspensions containing 100-200 cells were 
placed on 0.45 g m  membrane filters in a mani­
fold set-up with 6 funnels (Figure 1). Each 
membrane received the same number of cells. 
The liquid was removed by vacuum filtration



ESKENAZI ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, N O . 5, 1982) 1157

Figure 2. Indirect contact procedure for testing 
penetration of packaging material by antimicrobial 
agents. Inoculated membrane filter is placed on agar 
surface in petri dish. Square of packaging material 
is placed under modified petri dish cover. Large hole 
in center of cover permits wiping material with 

disinfectant.
' and membranes were air dried in place for 2  h. 

The upper portion of the funnel was raised and 
a square piece (6.5 X 6.5 cm) of test packaging 
material was inserted over the inoculated mem­
brane. A sterile cotton swab was moistened with 
antimicrobial agent, and excess fluid was ex­
pressed. To simulate the wiping procedure of 
a packaged product, 5 test strips were lightly 
swabbed. Membranes were removed individ­
ually at various intervals and placed on plates of 
letheen agar. After incubation for 48 h at 35°C, 
colonies were counted and compared with those 
plated with an unswabbed control.

The second procedure (indirect contact) was 
used to determine whether vapors containing 
disinfectant could penetrate packaging material 
and kill cells. Membrane filters in a manifold 
were inoculated and liquid was removed as de­
scribed. Membranes were dried for 2 h and 
placed individually on the surface of letheen 
agar in 15 X 100 mm petri dish bottoms. A piece 
of packaging material ca 10 X 10 cm sq. was 
placed over the petri dish bottom so that it rested 
on the upper rim. The packaging material was 
held in place ca 0.5 cm above the membrane with 
a petri dish top from which the center had been 
removed to provide an opening ca 7 cm in di­
ameter (Figure 2). Through this opening, the 
packaging material was swabbed with disinfec­
tant. Six membranes were prepared for each 
experiment; at various intervals, the packaging 
material was removed from one of the plates and 
the modified petri cover was replaced with an 
intact one. Inoculated membranes were thus 
exposed to any vapors which might have pene­
trated the packaging materials. After 48 h at 
35°C, colonies were counted and compared to 
those plated with an unswabbed control.

Results and Discussion
Figure 3 shows the effectiveness of glutaral- 

dehyde in reducing the viable count on squares

Figure 3. Effectiveness of 2% glutaraldehyde in re­
ducing viable count on uncoated Tyvek 1073B inoc­

ulated with B. su b tilis  spores.

of Tyvek 1073B (uncoated) inoculated with about 
107 spores of B. su b tilis . After the surface was 
wiped with the antimicrobial agent, there was a 
1 0  min lag before the counts began to decrease. 
The time required to reduce the population by 
one log cycle (D-value) was about 12 min during 
the rapid kill-off period that occurred between 
10 and 80 m:n. This result agrees well with that 
of Sykes (29) who reported that 106 B. su b tilis  
spores were killed in 1 h (D = 10 min) when 
spores were added directly to 2 % glutaraldehyde. 
We did not test nonsporeformers, which have 
been shown to be considerably more sensitive 
than spores. Similar experiments were repeated 
with a number of other packaging materials in­
oculated with B. su b tilis  spores, and it became 
clear that wiping with glutaraldehyde was ef­
fective in sanitizing the surface.

The next series of experiments were designed 
to determine whether glutaraldehyde could 
penetrate packaging materials and kill potential 
internal contaminants. Figure 4 shows a typical 
result obtained with Tyvek 1073B (uncoated) 
using the direct contact method. Viable counts 
of P. aeruginosa  and S. aureus decreased from >100 
cells to 20 and 5 cells, respectively, within 10 
min. Counts of inoculated squares not exposed 
to glutaraldehyde did not decrease during this 
time. Enough glutaraldehyde penetrated the 
uncoated Tyvek to affect viability of B. su b tilis
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Figure 4. Ability of 2% glutaraldehyde to penetrate uncoated Tyvek 1073B and kill B. su btilis  (O),'S. aureus 
(A) and P. aeruginosa (□ ). Direct contact method was used (see Figure 1).

spores, and by 30 min there were only about 70% 
survivors. As before, inoculated controls did not 
show a decrease.

Even potential contaminants about 0.5 cm 
from the uncoated Tyvek packaging material 
were susceptible to death after the external sur­
face was swabbed with glutaraldehyde (indirect 
contact method). Counts of S. au reu s decreased 
from 131 to 0 in 7 min after swabbing (Figure 5). 
Polyethylene film, however, was considerably 
more resistant to penetration. In the example

shown in Figure 5, no death of S. au reu s occurred 
within at least 45 min. The lower count ob­
served at 60 min was not observed in subsequent 
experiments with plastic film.

Results of penetration tests on the other 
packaging materials by the two methods are 
summarized in Table 1. Survivor curves were 
plotted and the time required for 50% reduction 
in cell numbers was estimated. Although not all 
test organisms were used in each case, some 
general observations can be made. All materials

Figure 5. Comparison of polyethylene film (O) with uncoated Tyvek 1073B (A) for penetration by 2% glu­
taraldehyde and killing of S. aureus. Indirect contact method was used (see Figure 2).
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Table 1. Time (min) required to reduce viable counts on inoculated membrane filters by 50% after swabbing
packaging material with glutaraldehyde

Packaging
material

Direct contact3 Indirect contact3

BS PA SA BS PA SA

Ascot 101 (coated
Tyvek 1073B) 16 21 ND(15)0 ND(15)6 ND(15)b

Glassine envelopes 33 c 0.5 1.4 10c I I e
Polyethylene film N0(60)0 ND^O)6 ND(60)0 ND(60)b
Tyvek1073B

(uncoated) 33 2.9d • 3.53 4.7" 3.1c
Tyvek SBP-3A/

1073B (coated) ND(120)6 1.0 8.0 14.5
Tyvek SBP-3A/

1059B (coated) ND(120)b 2.5 15.5 ND(60)0 11.0 7.5e

a BS = Bacillus subtilis, PA = Pseudom onas aeruginosa, SA = Staphylococcus aureus. 
b ND = no death detected; experimental time (min) in parentheses. 
c Average of 2 determinations. 
d Average of 4 determinations.
3 Average of 3 determinations.

tested except polyethylene film were penetrated 
by the glutaraldehyde. With the direct contact 
method, glassine appeared to be the most pene­
trable material, followed by uncoated Tyvek and 
the 3 varieties of coated Tyvek. Tyvek is 
water-resistant but not waterproof; it is pene­
trable by aqueous solutions of glutaraldehyde or 
by glutaraldehyde vapors. The coated varieties 
are more resistant, and the type and thickness of 
the coating apparently affects the amount of 
penetration. Although both Ascot 101 and 
coated Tyvek SBP-3A/1073B are made from the 
same grade and style of Tyvek, the adhesive 
coatings are applied by different manufacturers. 
The time required to kill P . a e ru g in o sa  and S. a u ­
reus by the direct contact method differed widely 
with the 2 products, and Ascot 101 seemed less 
permeable.

Except in tests of Ascot 101 and polyethylene 
film, death of vegetative cells was also observed 
with the indirect contact method. Evidently, the 
amount of glutaraldehyde vapor accumulating 
within the petri dish was sufficient to kill or­
ganisms about 0.5 cm away from the packaging 
material.

As expected, cell death was usually more rapid 
with the direct contact method. However, in 2 
cases (uncoated Tyvek 1073B and coated Tyvek 
SBP- 3A/ 1059B) 50% kill of S. a u reu s occurred in 
less time with the indirect method. In the for­
mer material this could be an anomalous result 
since 3.1 min was the average of 2 widely varying 
determinations, 5.8 and 0.5 min.

With the direct contact method, 3 test organ­
isms gave consistent results in susceptibility to 
death. Spores were considerably more resistant 
to glutaraldehyde than were the nonspore­

forming bacteria, and S. a u reu s always took 
longer to kill than did P. a e ru g in o sa . Although 
fewer data were collected by the indirect contact 
method, in 2 cases (uncoated Tyvek 1073B and 
coated Tyvek SBP-3A/1059B) S. a u re u s  appeared 
to be the more sensitive organism. Once again, 
this was the average of widely diverse values 
obtained in separate experiments.

Glutaraldehyde penetrated all of the materials 
tested except polyethylene film. To determine 
whether another antimicrobial agent would give 
similar results, we tested hydrogen peroxide 
(3%), which is a known sporicidal agent with a 
mode of action different from that of glutaral­
dehyde.

In a preliminary experiment, the effectiveness 
of 3% hydrogen peroxide in reducing viable 
counts of 106 B. su b tilis  spores inoculated on 
squares of Tyvek 1073B (coated) was determined. 
The D-value was about 20 min.

With B. su b tilis  and P . a e ru g in o sa  as test organ­
isms, 4 types of packaging material were ana­
lyzed for penetration by hydrogen peroxide 
(Table 2). All materials tested except polyeth­
ylene film were penetrated. As expected, coated 
Tyvek was less permeable than uncoated Tyvek. 
Surprisingly, with most cells the vapors (indirect 
contact method) exhibited a stronger bacterio­
cidal action than did direct contact with solutions 
of hydrogen peroxide. The data suggest that the 
lethal effects of hydrogen peroxide are more 
pronounced under the aerobic conditions of the 
indirect contact method than under the reduced 
oxygen concentrations possible during the direct 
contact method. An additional experiment 
supported this possibility.

About 500 mL of 3% hydrogen peroxide was
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Table 2. Time (min) required to reduce viable counts on inoculated membrane filters by 50% after swabbing
packaging material with hydrogen peroxide

Packaging
material

Direct contact3 Indirect contact3

BS PA BS PA

Tyvek 1073B (uncoated) 20 1.1 4.3 2.4
Tyvek SBP-3A/1073B (coated) Db 8.3 5.5 6.3
Polyethylene film NDC ND ND ND
Glassine envelopes RDd RD RD RD

a BS = Bacillus subtilis, PA = Pseudom onas aeruginosa.
b 0 = Death occurred, but only 41% (average of 2 determinations) died during 48 min contact. 
c ND = No death detected within 2 h after swabbing.
d RD = Rapid death observed; no viable counts obtained on first membrane tested immediately after swabbing with hydrogen 

peroxide.

placed in a flask and air was bubbled slowly 
through the solution for about 2 h. Squares of 
uncoated Tyvek placed over inoculated mem­
brane filters were swabbed as in the direct con­
tact method. For aerated and nonaerated hy­
drogen peroxide, the population was reduced by 
50% in 1.6 min and 4.8 min, respectively.

Hydrogen peroxide killed cells very shortly 
after it was swabbed on glassine, which was the 
most penetrable material in both experiments. 
However, it is difficult to understand why cells 
(including spores) died considerably faster with 
hydrogen peroxide than with glutaraldehyde 
(Table 1). A possible explanation is the use of 
letheen agar as the growth medium. The pro­
teinaceous materials (beef extract and tryptone) 
in letheen may have inactivated residual gluta­
raldehyde on the membranes. It is known that 
amino acids such as glycine and cystine are use­
ful for inactivating glutaraldehyde (30, 31). 
Assuming that hydrogen peroxide is not inacti­
vated by letheen, the differences observed with 
the 2  disinfectants could possibly be due to con­
tinued action of any residual hydrogen peroxide 
on the membrane.

Conclusions

Both glutaraldehyde and hydrogen peroxide 
effectively reduced surface contamination on 
packaging material. However, they, and per­
haps other antimicrobial agents, should not be 
used to sanitize most packaged medical devices 
before sterility testing because they can penetrate 
the packaging material and kill contaminating 
organisms within. This may not be a problem 
with devices packaged with impermeable ma­
terial such as polyethylene film. However, be­
fore a disinfectant is used, it is recommended that 
tests be performed to determine whether pene­
tration is a problem. Alternative methods for 
sanitizing the surfaces should be investigated.

One possibility is the use of high intensity UV 
light (32). Vigorous wiping with a sterile tissue 
followed by exposure to a large volume of sterile 
moving air (e.g., HEPA filter) to dislodge and 
remove particulates from the surface may reduce 
the possibility of contaminating the test me­
dium.
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F O O D  A D D IT IV E S

C o n f i r m a t o r y  M e t h o d  f o r  i V - N i t r o s o d i m e t h y l a m i n e  a n d  
i V - N i t r o s o p y r r o l i d i n e  i n  F o o d  b y  M u l t i p l e  I o n  A n a l y s i s  w i t h  G a s  
C h r o m a t o g r a p h y - L o w  R e s o l u t i o n  M a s s  S p e c t r o m e t r y  B e f o r e  a n d  
A f t e r  U l t r a v i o l e t  P h o t o l y s i s

W. I. KIMOTO and WALTER FIDDLER
ILS. Department of Agriculture, Agricultural Research Service, Eastern Regional Research 
Center, 600 E Mermaid Lane, Philadelphia, PA 19118

A confirmatory procedure is described for deter­
m ining IV-nitrosodimethylamine (NDMA) and N - 
nitrosopyrrolidine (NPYR) in bacon, beer, and malt 
by gas chromatography-low resolution quadrupole 
mass spectrometry (GC-MS). The presence of 3 
monitored ions, m /z 30, 42, and 74 for NDMA, and 
m /z  30,42, and 100 for NPYR, before and disappear­
ance after photolysis under UV light at 365 nm 
without quantitation of peak areas was considered 
confirmatory evidence for their presence. The ex­
tracts, obtained by mineral oil distillation methods 
for bacon and malt, and dry column methods for 
bacon and beer, underwent cleanup procedures be­
fore capillary GC-MS analysis. Less than 100 ng ni- 
trosamine in the total extract, or approximately 2 ng 
NDMA or 3 ng NPYR injected into the GC-MS in­
strument, can be confirmed by this method. This 
technique should also be applicable for other volatile 
nitrosamines.

When detected, volatile nitrosamines are gen­
erally present in trace amounts with potentially 
interfering substances which may lead to false 
positive results. Most nitrosamines have been 
shown to be carcinogenic toward many labora­
tory animal species (1). It is generally accepted 
that the presence of nitrosamines should be 
confirmed by mass spectrometry (MS). Many 
methods have been reported and these have been 
reviewed in detail (2,3). While confirmation by 
gas chromatography (GC)-low resolution MS to 
yield a complete spectrum is the method of 
choice, this is not always possible. Most re­
searchers using GC-high resolution MS consider 
observation of the molecular ion at the same re­
tention time as the standard nitrosamine as the 
criterion for confirmation (2, 3). The disad­
vantage of high resolution MS is the cost, which 
may limit its availability for the routine confir­
mation of nitrosamines in foods analyzed by 
government, testing, industry, and university 
laboratories.

Received D ecem ber 8,1981. Accepted M arch 1, 1982.

GC-low resolution MS systems are more 
widely available than the high resolution in­
strument, but they require samples that are much 
cleaner. Guidelines for a hierarchy of MS con­
firmatory methods for animal drug residues have 
been reported (4) and these should be equally 
applicable to nitrosamines. The first choice is a 
full-scan spectrum, the second choice is a limited 
mass scan of a portion of the spectrum that con­
tains only the characteristic information, and the 
final choice is the monitoring of 3 or more ions. 
For nitrosamines, the characteristic information 
is obtained from m /z 30, the ion for NO+, to the 
parent ion, so that this will represent a limited 
scan mass spectrum. For any confirmatory 
method, the unknown and nitrosamine standard 
must have the same GC retention time.

Several reports have appeared in which a 
full-scan mass spectrum was obtained and re­
ported for N-nitrosodimethylamine (NDMA) as 
a confirmatory method in processed fish (5), fish 
meal (6 ), malt (7), beer (7, 8 ), for NDMA and N -  
nitrosopyrrolidine (NPYR) in fried bacon and a 
beef-like product (9), and for NPYR in fried 
bacon (8 ). For multiple ion monitoring, the 
closer the ratios of the areas of the ions to be 
monitored are to that of the standard, the more 
reliable the confirmatory method will be. This 
method requires less sample than the full-scan 
mass spectrum method, but the sample must be 
free of co-eluting contaminants containing one 
or more of the ions monitored, or any contami­
nant containing one or more of the monitored 
ions that will interfere with integration of the 
peak areas. We believe that this difficulty can 
be overcome by taking advantage of the fact that 
nitrosamines are photolabile (1 0 , 1 1 ), i.e., by 
using a procedure similar in principle to a pho- 
tolytic method we reported as an additional aid 
to the confirmation of nitrosamines in which 
GC-thermal energy analyzer (GC-TEA) detec­
tion was employed (12). The samples are ana­
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lyzed quantitatively for nitrosamines by GC- 
TEA, and then 3 principal characteristic ions of 
a nitrosamine are monitored by GC-MS before 
and after photolysis by UV light at 365 nm. We 
used this technique to confirm the presence of 3 
volatile nitrosamines in a few samples in an 
earlier report (13). The general applicability and 
details of this technique for the determination of 
NPYR in fried bacon, and NDMA in malt and 
beer are reported here.

Experimental

R e a g e n t s
(a) S o lv e n ts .—Dichloromethane (DCM), hex­

ane (dried over anhydrous Na2SC>4), and pen­
tane, all glass-distilled (Burdick & Jackson Lab­
oratories, Muskegon, MI 49442).

(b) S o d iu m  s u l f a t e .—Anhydrous, granular, 
reagent grade (Mallinckrodt, Inc., St. Louis, MO 
63147).

(c) S ilic ic  ac id . —100 mesh. Activate 4-5 h at 
110°C, cool to room temperature, and deactivate 
with 5 g water/95 g silicic acid (Mallinckrodt, 
Inc.).(d) A lu m in a .—Neutral, 100-200 mesh. Acti­
vate 3 h at 190° C, cool to room temperature, and 
deactivate to activity 3 with 6 g w ater/94 g alu­
mina (Bio-Rad Laboratories, Rockville Center, 
NY 11571).

(e) B oiling ch ip s .—Carborundum, small size (or 
equivalent).(f) N - N i tr o s o d im e th y la m in e  ( N D M A ).— 
Working standard, 0.5 ng/jiL DCM.

(g) N - N i tr o s o p y r r o l id in e  ( N P Y R ) .—Working 
standard, 5.0 n g / p L  DCM. Caution: NDMA 
and NPYR are potent animal carcinogens and 
must be handled appropriately.
A p p a r a t u s

(a) C h ro m a to g ra p h ic  c o lu m n s .—Condenser, 200 
mm, with 19/38 joints top and bottom (A. H. 
Thomas Co., Philadelphia, PA 19105, Cat. No. 
3215-M20). By glassblowing, lower joint was 
removed and replaced with stopcock. Also glass 
column, 15 mm id X 300 mm long with stop­
cock.

(b) E v a p o r a tiv e  c o n c e n tr a to r .—Kuderna-Dan- 
ish, 250 mL with 4 mL concentrator tube and 
Snyder and micro-Snyder distilling columns 
(Kontes Glass, Vineland, NJ 08360, Cat. No. K- 
503000-0121, K-570001-0250, K-570050-425, K- 
569251-0319, or K-569001-0119).

(c) L -S h a p e d  tu b e  a n d  f r e e z in g  tra p . —12/5 ball 
and socket joints with connecting tubing (A. H. 
Thomas Co., Cat. Nos. 5715-E46 and 5715-J46)

were bent in an L-shape. By glassblowing, 19/38 
male joint was connected to open end of ball 
joint, and open end of socket joint was connected 
to inlet tube of one-piece freezing trap, 195 mm 
long X 23 mm od.

(d) G la ss  w o o l .—Pyrex or equivalent.
(e) C a p illa r y  tu b e s .—Kimax 1.6-1.8 mm od X 

45-50 mm.
(f) G a s c h r o m a to g r a p h - th e r m a l  e n e r g y  a n a ly z e r  

(G C -T E A ) .—Previously described (14).
(g) G as 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 .— 

Hewlett-Packard Model 5992B low resolution 
quadrupole GC-MS interfaced to HP-9825A 
desktop computer, HP-9866B printer, and HP- 
9885M flexible disk drive, and fitted with capil­
lary interface system. GC instrument condi­
tions: 30 m X 0.5 mm id glass capillary column 
coated with UCON 5100, or 25 m X 0.5 mm id 
glass capillary column coated with Carbowax 20 
M; helium carrier gas 3.5 mL/min; injector 
150°C; column 20°C for 2 min, programmed at 
8 ° /m in to 160°C, and held at this temperature. 
For NDMA, 3 ions, m /z 74, 42, and 30, and for 
NPYR, m /z 100, 42, and 30, were monitored 
under the following conditions: electron energy 
70 eV; electron multiplier 2000-2600 eV; inte­
gration time 50 ms/mass monitored. When MS 
isolation valve was opened, 0.75 mL/min of He 
flow entered MS instrument and remainder was 
vented into overhead hood. Data acquired by 
GC-MS could be processed 1 ion individually or 
3 ions simultaneously. More detail could be 
obtained from the former than from the latter; 
therefore, the data were processed 1 ion indi­
vidually. Abundance scale for each ion differed 
from that of other ions.

(h) U V  so u r c e .—Chromato-Vue Model C-5 
(Ultra-Violet Products, Inc., San Gabriel, CA 
91778). Medium intensity lamp with 284 mi- 
crowatts/sq. cm of 365 nm radiation at distance 
of 457 mm.
S a m p l e s  a n d  P r o c e d u r e

(a) Fried bacon samples containing various 
levels of NPYR were obtained from USDA, Food 
Safety and Inspection Service monitoring pro­
gram of commercial producers. Nitrosamines 
were isolated by a reported modification (14) of 
a mineral oil distillation procedure (15) or a dry 
column procedure (16) and cleaned up by the 
following procedure: Add 15 mL hexane to 
water-cooled column and place glass wool plug 
in bottom. Add 5 g alumina and tap column to 
pack. (Cooling prevents vaporization of pen­
tane and DCM on alumina column.) Top col­
umn with 1-2 cm Na2S 04. Drain most of hexane
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and add 20 mL hexane to colum n. A dd bacon  
extract, using 5 mL hexane to w ash  concentrator 
tube, and add w ash to colum n. T echnique of 
transfer sh ou ld  avoid  contact w ith  ground  glass 
joint. Adjust stopcock to m aintain flow  rate of 
1 -2  mL / m in , and then  elu te w ith  50 mL each of 
1 +  10, 3 +  10, and 6 + 1 0  D C M -p en tan e and  
collect final fraction in  K uderna-D anish flask. 
A dd b o ilin g  chip , fit flask w ith  Synder colum n, 
and concentrate solvent on  steam bath to 2 -4  mL. 
Replace Synder colum n w ith  m icro-Synder co l­
um n; then  add b o ilin g  ch ip  and concentrate  
solven t to 1.0 mL in 60°C water bath. (Recovery 
o f NPYR varied from  77 to 100%.) W ith spatula, 
raise b o ilin g  chips above liqu id  lev e l in  tube, 
w ash  spatula and boiling chips w ith  a few  drops 
of DCM, and discard b o ilin g  chips. Cool extract 
to 10°C or low er (to prevent bum ping) and con­
n ect tube to on e en d  o f L-shaped tubing con­
tain ing 19/38  joint; connect other end o f tubing, 
co n ta in in g  ball joint, to freezin g  trap w h ich  is 
cooled  in  dry ice -m eth a n ol bath and connected  
to laboratory vacuum  system  (50-90 m m  H g). 
Concentrate to 20-40 ¿iL at am bient temperature. 
Transfer concentrate to 2 capillary tubes sealed  
at 1 en d , and seal tubes. Place 1 tube 2 -4  cm  
from  UV lig h t source at 365 nm  for 3 h.

(b) Beer m alt conta in ing various lev e ls  of 
N D M A  w as obtained from  the Food and Drug  
A dm inistration . N D M A  w as isolated by a 
mineral oil distillation procedure (7), and cleaned  
up by the fo llo w in g  procedure: A dd 10 mL 
hexane to colum n and place glass w o o l p lug in  
bottom . A dd 1 g  silicic acid as hexane slurry, 
w ash  sid es o f co lum n w ith  hexane, and open  
stopcock to pack colum n. Top colum n w ith  1-2  
cm N a2S0 4. Drain m ost o f hexane, and add 20 
mL additional hexane to colum n. Add m alt ex­
tract to colum n, usin g  5 mL hexane to wash  
concentrator tube and addin g w ash  to colum n. 
O pen stopcock and w ash  colum n w ith  50 mL 
D C M -pentane (4 +  10), elute ND M A w ith  50 mL 
DCM , and co llect eluate in  a K uderna-D anish  
flask. C oncentrate sam ple as in  (a). (Recovery  
o f N D M A  w as 80-89%.)

(c) O ne brand o f bock beer was obtained from  
a retail source and the N D M A  w as isolated by a 
dry colum n procedure (17). The extract was 
passed through an acid -C elite  colum n (18) fo l­
lo w ed  by procedure (b). (Recovery o f N D M A  
w as 89%.)

(d) A  2 juL sam ple injected in to  the GC-M S  
instrum ent w h ich  was m aintained in  the direct 
inject m ode 0 .6  m in , in  the flush  m ode 0.6  m in, 
and fin a lly  in  the run m ode. NPYR w as deter­
m in ed  on  the U C O N  5100 co lum n, and ND M A

w as d eterm ined  from  m alt and beer on  the Car- 
bow ax 20M  colum n. GC retention  tim es w ere  
22.8-23 .0  m in  for NPYR on the UC O N 5100 co l­
um n, and 14.6 m in  for N D M A  on the Carbowax 
20M  colum n.

R esu lts and D iscu ssion
In itia lly , the nitrosam ine peak w as co llected  

as it e lu ted  from  the GC colum n and then  ana­
lyzed  by GC-MS (13), but this technique w as too 
tim e consum in g as a cleanup procedure and was 
ab a n d on ed  for a co lu m n  chrom atographic  
m ethod . Silica gel, as used in  the FDA m ulti­
d etection  procedure for vo la tile  nitrosam ines
(19), w as also u sed  here, but eth y l ether, on e o f  
th e so lv en ts  sp ecified  to elu te nitrosam ines, 
cou ld  not be used  here because so lven t contam ­
inants interfered w ith  the GC-MS analysis. S i­
licic acid partially deactivated w ith  5% water was 
u sed  for cleanup  o f all extracts con ta in in g  
N D M A  because DCM eluted  th is n itrosam ine, 
but not NPYR. E lution profiles o f vo la tile  n i­
trosam ines on  activity 1-3 acidic, basic, and  
neutral W oelm  alum ina have b een  in vestigated  
and sum m arized (20). Based on  that w ork, 
neutral alum ina o f activity 3 w as selected for our 
investigation . W ith this colum n, N D M A  eluted  
w ith  D C M -pen tane (3 +  10) m ixture, w hereas  
NPYR elu ted  w ith  a 6 +  10 m ixture. A lth ou gh  
N D M A  and NPYR could be isolated  separately  
w ith  this colum n, no attem pt w as m ade to co n ­
firm N D M A  in fried bacon because th is n itrosa­
m ine is usually  present in  concentrations m uch  
low er than the 10 ppb violative lev el established  
by the regulatory agencies.

The criteria for th is GC-M S confirm atory  
analysis for N D M A  and NPYR are the sim ulta­
neou s presence before, and absence after, UV  
ph oto lysis o f the principal characteristic ions  
m onitored  and the sam e GC retention  tim e.

In lo w  resolu tion  mass spectra o f N D M A  and  
NPYR in w hich  the ions from m /z  29 to 120 w ere  
scanned, ions w ith  abundances greater than 10% 
of the base peak were m /z  30 ,42 ,4 3 , and 74 (base 
peak) for ND M A , and m /z  3 0 ,3 9 ,4 1  (base peak), 
42, 43, 6 8 , and 100 for NPYR. Three character­
istic and in ten se  ion s w ere selected  for m u ltip le  
ion  analysis. T hese ion s also gave the 3 m ost 
intense peaks in the ion chromatograms, nam ely, 
the parent ion , m /z  74 or 100, and m /z  30 (N O +) 
and 42 (C2H 4N +). The latter 2 are com m on ion  
fragm ents o f vo la tile  n itrosam ines (21). A l­
though m /z  41 was more intense than m /z  42 for 
NPYR in the lim ited  scan mass spectrum , th is  
advantage was nullified  by its greater prevalence 
from  the fragm entation o f som e o f the extract
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TIME, MINUTES

Figure 1. GC-MS of 3.7 ppb (92 ng) NPYR in extract from mineral oil distillation of fried bacon before (a)
and after (b) UV photolysis.

contam inants w h en  lo w  lev e ls  o f NPYR w ere  
analyzed .

The selected  ion  current profiles from  the
3-ion m onitoring of extracts from bacon and beer 
for NPYR or N D M A  before (a) and after (b) 
p h oto ly sis  under UV lig h t are sh ow n  in  Figures 
1 -3 . The abundance scale for any g iv en  ion  be­
fore and after p h oto ly sis  d iffered  by 2 0 % or less  
except for m /z  100 in  Figure 1, and m /z  74 for 
Figure 2, both  o f w h ich  d iffered  by 70%, and for 
m /z  74 in  Figure 3 w h ich  d iffered  by 60%. The 
latter 3 are the result o f the disappearance o f the  
large n itrosam ine peak after p h oto lysis, w ith  a 
corresponding decrease in  the ion  abundance  
scale. There w ere large variations in  the ion

TIME, MINUTES

Figure 2. GC-MS of 1.5 ppb (73 ng) NDMA in ex­
tract from dry column treatment of beer before (a) 

and after (b) UV photolysis.

abundance scale for d ifferent ion s, therefore d i­
rect com parison o f peak areas cannot be made.

Bacon sam ple analyzed  by th e m ineral oil 
distillation  procedure and con ta in in g  3.7 ppb  
NPYR or a total o f 92 n g  NPYR is sh o w n  in  Fig­
ure 1. The chromatogram represents an aliquot 
conta in ing approxim ately 3 n g  NPYR that w as 
injected into the GC-M S system. The m /z  42 ion  
peak for NPYR is on the shoulder o f a larger peak 
but it is ev id en t that th is as w e ll as the other 2 
peaks disappeared after photo lysis. Two other  
peaks for m /z  42 at d ifferent retention  tim es in ­
creased in  s ize after p h oto lysis, but d id  not in ­
terfere w ith  the interpretation o f the results. In 
fried bacon sam ples con ta in in g  greater than 5 
ppb NPYR, the in ten sity  o f all the ion  peaks in ­
creased, particularly the m /z  42 peak. As the 
level o f NPYR decreased to 5 ppb and below , the 
ions o f m /z  42 and 30 for NPYR began to disap­
pear into the background and becam e less d is­
cernible, w h ile  the m /z  100  ion  peak rem ained  
strong because o f the lo w  background lev e l for 
th is ion . A m ore rigorous cleanup procedure 
than the on e reported here sh ou ld  sign ifican tly  
decrease the background level, especially for m /z  
42 and 30, thereby increasing the sen sitiv ity  o f 
the procedure. W hen fried bacon w as analyzed  
by the m ineral o il d istilla tion  procedure, NPYR  
levels of 80-90 n g /2 5  g appeared to be the low er  
detection  lim it by this m ethod. For fried bacon  
analyzed  by the dry co lum n m eth od , extracts 
contain ing low er total NPYR than that from  the 
m ineral o il d istillation  procedure, 44 n g /1 0  g  or
4.4 ppb, could  be confirm ed. The reasons w ere  
less ion  fragm ents due to contam inants and  
therefore low er background lev e ls  for ion s of
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TIME, MINUTES

Figure 3. GC-MS of 2.8 ppb (71 ng) NDMA in extract from mineral oil distillation of malt before (a) and
after (b) UV photolysis.

m /z  30 and 42, and probably less NPYR was lost 
during the concentration step. The tube con ­
ta in in g  the extract was cooled  by the vaporiza­
tion o f the solven t during the concentration step  
and a th in  film  o f so lid , possib ly  m ono- and d i­
glycerides, w hich precipitated on the walls of the 
tube, m elted  at room tem perature and w as d is­
so lved  by w ash in g  the w alls o f the tube w ith  the 
concentrate. This o ily  film  probably decreased  
th e loss o f NPYR during the concentration step. 
O n injection into the GC-MS system , these oils 
co n d en sed  on  the w alls o f the injection port 
liner.

Figures 2 and 3 represent a bock beer extract 
containing 1.5 ppb or a total of 73 ng NDM A, and 
a m alt sam ple analyzed  by the m ineral o il d is­
tilla tion  procedure and conta in ing 2.8  ppb  
N D M A  or a total o f 71 n g  N D M A , respectively. 
In the chrom atogram , w h ich  represents an in ­
jected sam ple conta in ing approxim ately 2  ng  
ND M A , the presence before (a) and absence after
(b) UV p h oto ly sis o f N D M A  is ev ident. The 
low er lim it o f detection  for m alt w ith  the isola­
tion  procedure used w as probably about 70 ng  
N D M A /25 g. For beer, the detection lim it is not 
k n ow n  but should  be below  70 n g  ND M A  in the  
extract. The Food and Drug A dm inistration  
recen tly  established  a N D M A  vio la tive lev e l of 
5 ppb for m alt beverages (22) and > 10  ppb for 
m alt (23).

Extracts from m alt contained a large peak that 
elu ted  just before N D M A  on the U C O N  5100 
co lu m n , w h ich  interfered w ith  the analysis. 
H ow ever, w ith  the Carbowax 20M  colum n, the 
elu tion  tim e o f this peak was about 1 m in before 
the N D M A  peak and could be elim inated  from  
th e ion  chrom atogram . The beer extract also

conta in ed  in terfering peaks that w ere present 
w h en  the sam ple cleanup w as perform ed by the 
acid-C elite or silicic acid colum ns, but the use of 
both  co lum ns elim inated  this interference.

Ion peaks from  non-nitroso and non p h oto ly- 
zable com pounds w ere alw ays present in  the  
chrom atogram s. By usin g  these peaks as in ter­
nal reference standards, s ligh t variations in  the  
am ount o f the before and after p h oto ly sis  sam ­
p les  injected in to  the GC-MS system , or abun­
dance scale for a g iv en  ion chrom atogram , did  
not in terfere w ith  the interpretation o f the re­
sults.

This GC-M S procedure w as applied success­
fu lly  to the sam ples sh ow n  in  Table 1. The 
greatest em phasis w as placed on  bacon because 
th is w as the foodstuff in  w h ich  nitrosam ines 
h ave b een  detected  consistently . At present, 
fried bacon is routinely analyzed by the m ineral 
o il d istilla tion  procedure for vola tile nitrosam ­
ines; therefore, the greatest em phasis w as placed  
on ap p ly in g  this GC-MS technique to extracts 
obtained  by that isolation  procedure. A few  
sam ples w ere analyzed  by a recently d ev elop ed  
dry co lum n m ethod  (16) because th is m ethod  
appears to be m ore reliable and faster than the  
m ineral o il d istillation  procedure and m ay find  
w id er use for the routine analysis of NPYR in  
fried  bacon.

The major advantage o f th is low  resolu tion  
GC-MS confirm atory procedure is the low  levels  
of nitrosam ines required; the major disadvantage 
is that 2  analyses are required for the confirm a­
tion  o f on e sam ple. This procedure w ill be 
suitable w h en  the am ount o f sam ple is in ad e­
quate for a lim ited  or fu ll scan mass spectrum  or 
a m ultip le ion  analysis in  w h ich  the ratios o f the
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Table 1. Samples used for GC-MS confirmatory method

Sample Number
Wt of 

sample, g
Analytical
method

Nitrosamine
analyzed

Nitrosamine

Total, ng ppb

Bacon 18 25 min. oil distn NPYR 86-297 3.4-11.8
Bacon 3 10 dry column NPYR 44-88 4.4-8.8
Malt 4 25 min. oil distn NDMA 71-189 2.8-7.4
Beer 1 50 dry column NDMA 73 1.5

ion  peak areas are w ith in  a selected percent of the 
standard. The latter procedure requires a fairly 
clean sample; overlapping peaks such as is show n  
in  Figure 1 (m /z  42) w ill interfere w ith  integra­
tion o f the peak area and thus the results. With  
the procedure reported in  this paper, overlap­
p ing peaks w ill not be a problem  and therefore  
the procedure can tolerate dirtier sam ples. O ne  
disadvantage of this procedure is that 2 very  
com m on ion  fragm ents, m /z  30 and 42, are 
m onitored. H ow ever, th is disadvantage is 
overcom e by the requirem ent o f the sim ulta­
neous presence before and disappearance after 
UV photo lysis, w h ich  is strong ev id en ce that 
these ion  fragm ents are actually from  a nitrosa- 
m ine and not another co -e lu tin g  com pound.

The GC-M S confirm atory m ethod for ND M A  
and NPYR sh ou ld  also be applicable to other  
vola tile  nitrosam ines in  other foods or n on food  
substrates. This technique can also be applied  
to obtain a full-scan mass spectrum  w h en  su ffi­
cient concentrations of nitrosam ines are available 
in  the presence o f co -e lu tin g  non-n itrosam in es  
by subtracting the full-scan mass spectrum  ob­
tained after p h oto ly sis from  the on e before  
photolysis.
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ANTIBIOTICS
C y lin d e r  P la te  A ssa y  fo r  D e te r m in in g  B acitracin  in  P rem ix  F eed s an d  
F in is h e d  F eeds: C o lla b o r a tiv e  S tu d y
JOHN B. GALLAGHER and LINDA L. KNOTTS
International Minerals & Chemical Corp., PO Box 207, Terre Haute, IN 47808
Collaborators: D. Brennecke; H. H. Bryant; G. G. Carter; C. Harpster;
M. L. Hasselberger; K. D. Jones; L. L. Knotts; J. Martin; J. I. Olsen;
H. S. Ragheb; N. Stouffer; C. W inely
A cylinder plate assay procedure was studied by 10 
laboratories. For premix feeds, 3 samples of baci­
tracin methylene disalicylic acid and 3 samples of 
bacitracin zinc premixes covering the range of 10 to 
50 g/lb were used. The repeatability standard de­
viation was 2.11, and the reproducibility standard 
deviation was 2.13. The average recovery of baci­
tracin was 101.5%. The method has been adopted 
official first action. For finished feeds, 6 samples of 
bacitracin methylene disalicylic acid and 6 samples 
of bacitracin zinc covering the range of 10 to 800 
g/ton were used in the study. The procedure in­
cluded a sample cleanup step using disposable reverse 
phase columns. This step appears to be the cause of 
the poor results reported by most collaborators. 
Continued study is needed to develop an acceptable 
method for finished feeds.

Bacitracin is a p o lyp ep tid e antibiotic produced  
by Bacillus lichenform is and consists o f 3 active  
com p onents. Bacitracin added to anim al feeds  
for grow th prom otion, feed  effic ien cy , and d is­
ease control is stabilized by reaction w ith  zinc or 
m eth y len e d isalicylate (MD). It can be deter­
m in ed  in  prem ix feeds in  the concentration  
range 10-50 g / lb  and in  fin ish ed  feeds in  the  
range 1 0 -1 0 0 0  g /to n  by a h igh  pressure liquid  
chrom atographic procedure (1) or by biological 
m ethods (2-4). The biological assay procedures 
d ev elo p ed  for th is study w ere collaboratively  
tested  because m ost state laboratories already  
have the necessary equ ipm ent and qualified  
p ersonnel necessary to perform m icrobiological 
assays.

The AO AC official first action m ethod for 
fin ish ed  feeds uses an acid ified  pyrid ine extrac­
tion  procedure fo llow ed  by determ ination using

This report of the Associate Referee was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, DC.The recommendation of the Associate Referee was approved by the General Referee and Committee G and adopted by the Association. See J. Assoc. Off. Anal. Chcm. (1982) 65, 389. Received August 21,1981. Accepted March 29,1982.

th e M icrococcus fla vu s  cy linder plate assay. 
Ragheb proposed and studied a m ethanol ex­
traction procedure w ith  determ ination by using  
th e cy lin d er p late assay technique.

Work in  the Associate Referee's laboratory 
supports Ragheb's work w hich  show ed a positive 
bias by the pyrid in e procedure. A lso, in  the  
d ev elo p m en t o f the procedure for collaborative 
study, it w as n oted  that in  m any instances w ith ­
ou t sam ple cleanup, both positive and n egative  
bias existed  w ith  the m ethanol procedure.

Collaborative Study
The 3 statistical unit blocks used for the premix 

study consisted o f commercial premix level feeds 
w ith  nom ina l p oten cies o f 10, 25, and 50 g /lb .  
O n e m em ber o f each un it block consisted  o f a 
z in c  and the other a m eth y len e disalicylate bac­
itracin prem ix.

Bacitracin feed prem ixes are biom ass products 
that do not have a kn ow n  concentration of baci­
tracin. To evaluate m ethod recovery, the 25 g /lb  
u n it block w as prepared in  the Associate Refer­
ee's laboratory as a 1 +  1 d ilu tion  of the respec­
tive 50 g / lb  prem ixes. A  V-notch b len der was 
u sed  to ensure a h om ogen eo u s blend.

The 6 statistical un it blocks used for the f in ­
ish ed  feed  study w ere prepared at nom inal con ­
centrations o f 10 ,15 ,1 0 0 ,1 50 ,5 00 , and 800 g /to n  
from  both poultry and sw in e unm edicated  pre­
m ixes. O ne mem ber o f each unit block consisted  
of a z in c and the other a m eth y len e disalicylate  
bacitracin. F ive-pound batches of each m em ber 
o f each u n it block w ere prepared by accurately 
w e ig h in g  the poultry or sw in e prem ixes and  
th en  addin g the appropriate am ount of z inc or 
m eth ylen e disalicylate bacitracin premix. Each 
batch w as b len d ed  20 m in  in  a V-notch b lender  
and then  ground to a consistent particle size.

M aterials for each u n it block w ere riffled  and  
packaged in  m oisture-proof containers. Six 
conta iners o f each m em ber o f each un it block

000 4 -5 7 5 6 /8 2 /6 5 0 5 -1 168-10$01.00© Association of Official Analytical Chemists, Inc.
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w ere analyzed to confirm  the hom ogeneity of the 
packaged sam ples. Each package w as labeled  
w ith  the nom inal poten cy and a un iqu e set of 
random  num bers for each collaborator.

The 11 collaborators w ere sent 2 sam ples of 
each m em ber o f each un it block and w ere asked  
to perform  a s in g le  analysis on  each o f the 12 
prem ix sam ples and 24 fin ish ed  feed  sam ples. 
Collaborators w ere su p p lied  w ith  1 g z in c baci­
tracin standard, a slant o f M. flavus ATCC 10240 
culture, a pneum atic com peller, a copy o f the 
m eth od , p h otos sh o w in g  use o f the pneum atic  
co m p eller and preparation o f the cleanup co l­
um n, g lass filter pads used  in  the preparation of 
cleanup  co lum ns, and report forms.

Collaborators w ere also asked to prepare 2 
additional d ilu tions of the standard solution  and 
to plate these as sam ples to evaluate the standard 
curve error.

Pretest of the Method.— In advance o f the co l­
laborative study, the m ethod w as subjected to 
critical rev iew  and testing by H. S. Ragheb of 
Purdue University. Problems encountered were  
rev iew ed  and corrected. In addition , the fo l­
lo w in g  param eters w ere tested in  the A ssociate  
R eferee's laboratory: extraction tim e, effect of 
organic extraction so lven t on  M. flavus, evapo­
ration pH , analytical error expected w ith  various 
plate sen sitiv ities, num ber o f plates that should  
be used in  each determ ination, cleanup colum n  
configuration, w ash ing solvents for the cleanup  
colum ns, and elu tion  volu m e for bacitracin from  
cleanup  colum ns.

A  m in im um  of 5 m in  is required to obtain  
com p lete extraction. The plate sen sitiv ity  was 
adjusted to elim in ate interference from  organic  
solvents. Interaction of the error associated w ith  
th e selected  p late sen sitiv ity  and the num ber of  
plates required to provide a consistent error led  
to the con clu sion  that 4 plates w ere required for 
each determ ination.

The pH  adjustm ent prior to evaporation was 
fou n d  to be a critical factor in  the fin ish ed  feed  
analysis. M ethanol w as selected  as the elu tion  
so lven t and the 3.5 mL elu tion  vo lu m e w as se­
lected  to provide a safety factor of 1 mL for baci­
tracin elution .

Bacitracin in Premix Feeds 

Cylinder Plate Assay 

Official First Action

(A pplicable to prem ixes contg > 10  g baci- 
tracin /lb )

42.C06 P r i n c i p l e
Bacitracin is extd from feeds into acidified org. 

solv. system . Ext is centrfd, and supernate is dild  
in  phosphate buffer and analyzed  by cylinder  
plate assay w ith  M. flavus as detection  or­
gan ism .
42.C07 R e a g e n t s  a n d  A p p a r a t u s

(a) Microorganism.—Micrococcus flavus ATCC 
10240. M aintain  cu lture as in d icated  in  
42.199(a).

(b) Extracting solv.— Mix, by vol., 27% CH3CN, 
27% M eO H , 3% pH  6.0 phosphate buffer, 
(42.197)(f), 41% H zO, and 2% H 3PO 4 (85%); add 
0.5 g  EDTA/L. (Extg solv. is satd w ith  EDTA.).

(c) Phosphate buffer.— 5%, pH  6.5. See  
42.197(d).

(d) Diluting solvent.— M ethanol-5%  pH 6.5 
phosphate buffer (12  +  8 8 ).

(e) Dilute HCl.— Carefully add 89 mL HCI to 
H 2O and dil. to 1 L (IN ). Further d il. so ln  1:100 
(0.01N).

(f) Cylinders.—See 42.198(a).
(g) Cylinder dispenser.— O ptional: see

42.198(c).

42.C08 S t a n d a r d  S o l u t i o n s
See 42.202(a) and (b). Also prep. 0.30 and 0.16 

u n it/ mL solns to be plated as sam ples to m onitor 
assay.

42.C09 P r e p a r a t i o n  o f  P l a t e s
U se on e layer (ca 15 mL) o f agar antibiotic 

m edium  1, 42.196(a). Det. by trial plates opti­
m um  concn (usually  0.02-0.05% ) o f M. flavus 
ATCC 10240 to be added to agar to obtain zones  
o f in h ib ition  15-17 m m  for 0.2 un it bacitracin/ 
mL. Pour 4 plates for each p oin t on  std curve 
(i.e., 16 plates) and 4 plates for each sam ple soln. 
Std curve w ill be plated tw ice (i.e ., 32 plates) as 
w ill  check sam ples 0.30 and 0.16 un it/m L . 
Therefore, total o f 48 plates w ill be n eed ed  for 2 
curves and check samples, plus 4 addnl plates for 
each sam ple.

Let agar harden on  lev e l surface. Transfer to 
refrigerator and cool >1 h before dosing. Use 
plates sam e day prepd.
42.C10 E x t r a c t i o n

Accurately w e ig h  amt feed contg ca 4600 units 
of bacitracin into 300 mL erlenm eyer flask, or 
equiv.

A dd 100 mL extg solv. w ith  100 mL vol. p ipet 
and ext feeds > 5  m in by shaking flask or m ixing  
on mag. stirrer.
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Transfer supernate to plastic centrif. tubes and 
centrif. 10 m in  at 2000 rpm. Filter supernate 
thru glass w o o l into graduate. U se vol. glass­
w are and d ilg  so lv .to  prep, final d iln  0.2 ±  0.05 
u n it/m L .
42.C11 P l a t i n g

U se 16 seeded  plates for first curve. U se 0.20 
u n it/m L  as plate ref. O n each plate, fill 3 alter­
nate sta in less steel cy linders w ith  plate ref. and  
the 3 rem aining cylinders w ith  1 std. Be sure all 
cylinders are filled  w ith  const vol. (i.e., 0.25 mL). 
Preset Eppendorf p ipet is best for this purpose. 
U se 4 plates for each sam ple, in clu d in g  0.3 and  
0.16 u n it/m L  check sam ples.

U se 16 seeded  plates for secon d  curve, to be 
plated  after all sam ples are plated. U se 8 plates 
for second p lating o f 0.3 and 0.16 un it/m L  check 
sam ples.

Incubate dosed plates 16-18 h at 37 ±  2°. Read 
zon es o f in h ib ition  to nearest m m , using  
Fisher-L ily zo n e reader.
42.C12 D e t e r m i n a t i o n

Det. corrected av. zon e diam s for std (Z') and  
sam ple (Z) solns according to 42.200. Det. re­
sp on se lin e  as least squares linear regression of 
fo llo w in g  equation:

Z ' = m log P' +  b
w h ere P ' =  p oten cy in u n it/m L  of std so ln  asso­
ciated w ith  Z'; m,b =  are least squares fitted slope 
and intercept parameters. Calc, poten cy o f sam ­
p le  by fo llo w in g  equation:
g  b acitracin /lb  = [antilog(Z  — b /m )

X D X 0 .0108]/sam ple w t
w h ere D =  total sam ple diln; 0.0108 = 453.6 
(g / lb ) /4 2  000 (u n its /g  bacitracin).

Bacitracin in  F in ish ed  Feeds 
P r i n c i p l e

Feeds are w ashed  w ith  petroleum  ether to re­
m ove fat before extraction into acidified organic 
solven t system . Extract is then  centrifuged and  
filtered  through glass w o o l, pH  is adjusted, and  
organic so lven t is rem oved. R esidue is d ilu ted  
w ith  buffer, centrifuged, and applied to cleanup  
colum n. Eluate is analyzed  by cy lin d er plate  
assay usin g  M . flavu s  as d etection  organism .
R e a g e n t s  a n d  A p p a r a t u s

See 42.C07, p lus the fo llow in g:
(a) Rinsing so lv en t.— M ix, by vo lu m e, 44%

water, 44% pH  6.5 phosphate buffer (5%), and  
12% m ethanol.

(b) Pneum atic com peller. —T hese d ev ices w ere  
su p p lied  by the A ssociate Referee (Figure 1).
S t a n d a r d  S o l u t i o n

See 42.C08.
P r e p a r a t i o n  o f  P l a t e s

See 42.C09.
C l e a n u p  C o l u m n

Prepare cleanup co lum ns from  tw o 3 mL 
plastic syringes. Rem ove p lunger tips and save. 
Cut Luer-lok tip from  syrin ge and discard re­
m ainder. Place Type AP (N o. AP25 01000) 
M illipore filter in  bottom  o f second syringe. 
Slurry LiChroprop RP-8 packing (EM reagent 
N o. 9324-4R) in  m ethanol; then  draw in to  sy ­
ringe until packing reaches 20 mm mark. Place 
another Type AP M illipore filter on  top of 
packing. Insert U/2 in . 18G n eed le  through  
Luer-lok tip cut from first syrin ge and push 2 
p lu n ger tips onto n eed le. Insert th is assem bly  
in to  top o f secon d  syringe. Figure 2 is a sketch  
of fin ish ed  m in i colum n. Prepare colum n for 
use by pum ping 5 mL m ethanol fo llow ed  by 5 
mL rinsing so lv en t through colum n.
E x t r a c t i o n

O ne day before assay, extract feed s in  G old- 
fisch apparatus to rem ove fat: Accurately w eigh  
am ount o f feed containing 20 units of bacitracin 
in to fo ld ed  W hatman filter paper. Place in  
sta in less steel th im ble. Reflux 1 h on  h ig h  
temperature setting. Use 40 mL petroleum  ether 
as solven t. R em ove feed  and let air-dry over­
night.

O n day o f assay, carefully transfer treated feed  
to 300 mL Erlenm eyer flask or equivalent. Add  
100 mL extracting solven t, u sin g  100 mL v o lu ­
m etric pipet. Extract feed  5 m in  by either  
shaking flask or using m agnetic stirrer. Transfer 
supernate to centrifuge tubes and cen tr ifu ge 10 
m in at 2000 rpm. Filter supernate through glass 
w o ol in to  graduated cylinder.

U sin g  volum etric p ipet, rem ove appropriate 
vo lu m e (contain in g 5 units o f bacitracin) and  
place in  side-arm  filterin g  flask. Adjust pH  to
6.5 w ith  5N  NaO H . Sparge off organic material 
by usin g  stream of air into side-arm  flask. Or­
gan ic so lven t is gon e w h en  no m ethanol or ace­
ton itrile  odor rem ains. The usual tim e for this 
process is 20 m in.

Transfer liqu id  from  side-arm flask to centri­
fu ge tube. Q uantitatively w ash  side-arm  flask
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w ith  10 mL rin sin g  solven t. A ll so lids m ust be 
resuspended in  solvent; ultrasonic bath is useful 
for th is purpose. Transfer first w ash  to centri­
fu ge tube con ta in in g  supernate from  sparging  
process. A gain w ash  side-arm  flask w ith  10 mL 
r in sin g  so lven t. Transfer secon d  w ash  to cen ­
trifuge tube. A dd final 10 mL rinsing solven t to 
side-arm flask and set aside. The third wash w ill 
be used  to rinse colum n. C entrifuge sparged  
m aterial and the 20 mL rin sin g  so lven t 5 m in  at 
120 0  rpm.

A fter centrifugation , carefully transfer su ­
pernate to 50 mL disposable syringe. Attach to 
prepared cleanup colum n. A p p ly  air pressure

by u sin g  pneum atic com peller (Figure 1). Air 
pressure m ust be ca 40 psi but should  not exceed  
60 psi. Let liqu id  be forced through co lum n to 
V4 in . above glass fiber filter on  top o f packing. 
D o not let colum n dry during th is process.

R em ove 50 mL syringe from  pneum atic com ­
peller. Carefully transfer third and final w ash  
from  side-arm  flask to syringe. Attach to com ­
p eller  and force liq u id  through colum n to V4 in. 
above glass fiber filter. Do not let co lum n dry. 
R em ove colum n from  com peller. Fill 3 mL d is­
posab le syrin ge w ith  3.5 mL (2 mL p lu s 1.5 mL) 
of 100% m ethanol. Attach to top o f colum n and  
co llect e fflu en t in  25 mL volu m etric flask. Fill
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Figure 2. Sketch of completed mini column.

flask to vo lu m e w ith  pH  6.5 phosphate buffer  
(5%) and m ix w ell. Let foam  subside, pour test 
solutions into glass tubes, and subm it for plating. 
U se on ly  glass tubes because plastic tubes such  
as p o ly styren e can interfere w ith  assay.
P l a t i n g  

See 4 2 .0 1 .
D e t e r m i n a t i o n  

See 4 2 .0 2 .
Results and Discussion — Premix Feeds

Collaborative results w ere received from 10 of 
the 11 laboratories that w ere sent sam ples for 
analysis. Results are presented  in  Table 1. 
Sam ples 1 ,3 , and 5 are zinc bacitracin prem ixes; 
Sam ples 2, 4, and 6 are M D prem ixes. The d e­
s ig n  o f the study allow s the application o f both  
the analysis of variance procedure o f Steiner and

th e m ethod  o f Y ouden for statistical analysis of 
collaborative stu d ies (5).

The 2-sam ple charts for the 3 un it blocks are 
presen ted  in  Figure 3. As usual, the points are 
fou n d  p redom inan tly  in  quadrants I and III, 
representing  + ,+  and — results; 67% of the  
results lie  in  quadrants I and III, 33% appear in  
quadrants II and IV. The points are generally  
arranged in  the usual ellip tical pattern around  
a major axis at 45°. Laboratory 3 w hich  obtained  
the low est laboratory rank w as located con sis­
ten tly  in  quadrant III and w as outside the 95% 
con fid en ce circle, ind icating a large system atic 
error. H ow ever, in  2 o f the unit blocks reported  
by Laboratory 3, the results lie  near the 45° line, 
indicating good precision for the majority of data 
received  from  th is laboratory. Laboratory 10 
w h ich  had the h igh est laboratory score w as lo ­
cated con sisten tly  in  quadrant I and w as w e ll  
ou tsid e th e 95% con fid en ce circle, ind icating a 
very large system atic error. H ow ever, each unit 
block reported by Laboratory 10 was near the 45° 
line, indicating good precision. In general, these 
p lots  sh o w  that the m ethod  does not have an 
extrem ely  h ig h  precision. H ow ever, such ob­
servations are typical for m icrobiolog ical as­
says.

Table 2 presents the results o f the extra stan­
dard d ilu tion s that w ere plated as sam ples. 
These results again indicate that Laboratory 10 
had a system atic problem  w ith  the procedure. 
Laboratory 3 sh ow ed  a lo w  recovery o f the  
standard solu tion , w h ich  is consistent w ith  the  
conclusion  drawn from  2-sam ple charts. Labo­
ratory 2 also sh ow ed  a lo w  recovery on  the  
standard and had a lo w  laboratory rank.

R ejection of O u tliers .— The results o f ranking  
the collaborative analysis are presented in  Table
3. Laboratory 10 ranked h ig h est on  all 6 sam ­
p les, and Laboratory 3 ranked lo w est on  5 o f 6 
sam ples. Total ranks for Laboratories 10 and 3 
are w ell outside the approximate 5% 2-tail lim its

Table 1. Replicate results from collaborative tests reported by 10 laboratories on 6 premix samples (g/lb)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Lab. Replicates Sum Replicates Sum Replicates Sum Replicates Sum Replicates Sum Replicates Sum

1 10.8, 12.1 22.9 10.0, 9.3 19.3 28.1, 26.1 54.2 23.2,21.7 44.9 57.4, 51.7 109.1 46.2, 48.3 94.5
2 9.7, 11.3 21.0 9.7, 9.0 18.7 30.9, 21.9 52.8 23.9,23.9 47.8 56.0, 52.3 108.3 44.5, 46.3 90.8
3 9.2, 10.6 19.8 7.5, 8.1 15.6 23.8, 25.6 49.4 20.9, 19.3 40.2 50.3, 50.0 100.3 43.5, 43.4 86.9
4 10.5, 12.8 23.3 9.9, 9.4 19.3 25.2, 31.3 56.5 22.4, 24.8 47.2 56.5,60.4 116.9 48.4, 43.7 92.1
5 11.7, 10.7 22.4 10.3, 9.4 19.7 29.6, 31.5 61.1 22.0, 21.1 43.1 53.0, 55.1 108.1 44.5,46.5 91.0
6 11.1, 12.0 23.1 8.7, 10.5 19.2 29.3, 28.9 58.2 24.3,25.2 49.5 54.3, 54.3 108.6 44.6, 48.7 93.3
7 10.7, 9.9 20.6 8.5, 9.2 17.7 28.9, 28.8 57.7 21.2, 22.7 43.9 53.6, 57.7 111.3 44.4, 41.2 85.6
8 11.4, 11.5 22.9 9.5, 10.6 20.1 29.2, 28.3 57.5 22.6,21.9 44.5 57.4, 55.2 112.6 36.4, 47.7 84.1
9 10.6, 11.2 21.8 8.3, 8.3 16.6 26.6, 26.8 53.4 22.0,22.2 44.2 55.0, 55.2 110.2 45.1,46.6 91.7

10 16.8, 13.9 30.7 11.4, 12.2 23.6 30.8, 32.4 63.2 37.0,30.8 67.8 64.5, 84.0 148.5 58.1, 55.4 113.5
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1  ¿ 0  PAIR I

-------------- 1---------------1 1 ---------------
O  6 8.5 II 135 16

Figure 3. Two-sample charts for the 3 statistical unit 
blocks. Each pair consists of a zinc and an MD bac­
itracin premix. Numbers beside points identify 
collaborators. Average values are indicated by 
cross-hatch. Circle represents 95% confidence in­

terval around average.

for 10 laboratories w ith  6 sam ples o f 14 and 52. 
As a result o f the ranking o f these laboratories 
and their consistent presence in  quadrants I and  
III o f the 2-sam ple charts, data from  these labo­
ratories w ere excluded from statistical analysis.

Table 4 presents the results o f the D ixon test 
conducted on the sum  of duplicates to determ ine  
ind iv id u al ou tly in g  results. N o n e  o f the calcu­
lated values exceed ed  the 1 in  20 probability of 
0.55 and therefore w ere not rejected from  anal­
ysis.

H om ogeneity o f V ariation .—The h om ogen eity  
of experim ental variation b etw een  laboratories 
w as evaluated based on  the range o f duplicate  
results on each sam ple. The ranges, 1VS, for S =  
Sam ples 1-6  are 2.7, 3.5, 8.3, 6.4, 8.8, and 10.4 
g /lb , respectively . This g iv e s  an experim ental 
ratio IVmax/ Wtotal =  10.4/40.1 =  0.26, w h ich  is 
b elow  the 1 in  20 sign ifican ce lev e l o f 0.28. 
Therefore, there is no statistical ev idence that the 
sam ples need  to be analyzed  separately.

The h om ogen eity  o f experim ental variations 
b etw een  replicates w as evaluated  u sin g  the  
m axim um  and sum of the ranges ratio test. The 
result was significant at the 5% significance level. 
H ow ever, the data w ere not rejected because o f  
the abnorm al low  sum  obtained on  Sam ples 1 
and 2 w hich  adversely w eigh ted  the evaluation, 
and because the average results on  the data w ere  
near results reported by other collaborators.

Statistical R esults.—Table 5 sum m arizes the  
results o f the statistical analysis conducted by the 
Youden m ethod o f analysis o f variance. The 
precision standard d ev iation , Sr, w as com puted  
from  the d ifference o f the average result o f  
paired sam ples, correcting Sr by y f l ;  th e distri­
bution  standard deviation , Sd, from  th e total o f  
the pairs; and the standard d ev iation  for the  
distribution o f system atic error, Sb, from  Sd =  2 
Sb +  5?. The calculated F-values in  Table 4 are 
less than the critical F -value at the 10% lev e l o f  
sign ifican ce for 8 degrees o f freedom . H ence, 
the system atic error, Sb, d oes not m ake a statis­
tically sign ificant contribution (P  >  0.1) to the  
standard d eviation  o f the data Sd.

Table 6 summarizes the results o f the statistical 
analysis conducted usin g  the nested  analysis of 
variance techn ique o f Steiner. The b etw een - 
laboratory variance ratio is 1.22 and is not s ig ­
n ificant at the 10% lev e l o f sign ifican ce. N or is 
the laboratory-sam ple error sign ifican t at the  
10% level. The repeatability standard deviation  
(w ithin-laboratory) estim ate is 2.13 g  bacitra­
cin  / lb. The reproducibility standard d ev iation  
(betw een-laboratories) estim ate is 2.15 g baci- 
tracin /lb . These valu es correspond to the
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Table 2. Percent recovery on 0.16 and 0.30 un it/m L  bacitracin standard

Laboratory

Std 1 2 3 4 5 6 7 8 9 10 Av.

0.16 95.4 89.7 92.0 95.3 97.8 94,4 85.6 97.1 97.8 113.8 95.89
0.30 104.4 93.1 91.8 96.7 95.8 102.0 119.0 98.0 101.2 114.0 101.60
Av. 99.9 91.4 91.9 96.0 96.8 98.2 102.3 97.6 99.5 113.9 98.75

Table 3. Ranking of premix data from Table 1

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Lab. ' Sum Rank Sum Rank Sum Rank Sum Rank Sum Rank Sum Rank
Total
Rank

1 22.9 6.5 19.3 6,5 54.2 4.0 44.9 6.0 109.1 5.0 94.5 9.0 37.0
2 21.0 3.0 18.7 4.0 52.8 2.0 47.8 8.0 108.3 3.0 90.8 4.0 24.0
3 19.8 1.0 15.6 1.0 49.4 1.0 40.2 1.0 100.3 1.0 86.9 3.0 8.0
4 23.3 9.0 19.3 6.5 56.5 5.0 47.2 7.0 116.9 9.0 92.1 7.0 43.5
5 22.4 5.0 19.7 8.0 61.1 9.0 43.1 2.0 108.1 2.0 91.0 5.0 31.0
6 23.1 8.0 19.2 5.0 58.2 8.0 49.5 9.0 108.6 4.0 93.3 8.0 42.0
7 20.6 2.0 17.7 3.0 57.7 7.0 43.9 3.0 111.3 7.0 85.6 2.0 24.0
8 22.9 6.5 20.1 9.0 57.5 6.0 44.5 5.0 112.6 8.0 84.1 1.0 35.5
9 21.8 4.0 16.6 2.0 53.4 3.0 44.2 4.0 110.2 6.0 91.7 6.0 25.0
10 30.7 10.0 23.6 10.0 63.2 10.0 67.8 10.0 148.5 10.0 113.5 10.0 60.0

equ ivalent values Sb and Sa obtained  by the o f 103.1 ±  4.8%. By Student's test (fexp == 0.29),
Youden procedure. the 2 m aterials have equ ivalent recoveries (P >

R eco very .—  Because o f the biom ass nature o f 0.1). O verall average recovery for the m ethod
bacitracin premix products, it is possible to obtain 
o n ly  a m ethod recovery. Sam ple pair II was 
specially prepared by the Associate Referee from  
sam ple pair III to provide a m ethod of estimation  
o f the m ethod accuracy. Table 7 presents the 
results o f the calculated recovery obtained by

is 101.6 ±  2.8%.
C om m ents of Collaborators.— O ne collaborator 

w as concerned w ith  the exposure o f laboratory 
personnel to acetonitrile. The preparation of the 
extraction solvent should be carried out in  a hood  
as dictated by safe laboratory practices. O ne

each collaborator on both m ethylene disalicylate collaborator had an abnorm al loss in  m oisture
and z in c bacitracin feeds. T hese values w ere  
obtained  by the fo llo w in g  formulas:

% R ecovery MDj = (av. valu e Sam ple 4); X 
2 / (av. value Sam ple 6)j 

% R ecovery zinc, = (av. valu e Sam ple 3); X 
2 /(av . va lu e Sam ple 5); 

w h ere i represents each collaborator.
The recovery values for M D bacitracin range 

from  94.7 to 106.1% w ith  an average value of
101.2 ±  4.2%. Recovery values for zinc bacitracin 
range from 96.7 to 113.0% w ith  an average value

during drying o f the standard. This collaborator 
w as sen t fresh sam ples and redid the assays. 
O ne collaborator added neom ycin  to the agar to 
enhance zon e size. N o major problem s w ith  the 
tech n iq u e w ere noted  by any collaborators.

Results and Discussion — Finished Feeds

Collaborative results w ere received from 10 of 
the 11 laboratories sent sam ples for analysis. 
Results o f the collaborative study are presented  
in  Table 8. Sam ples 4, 5, and 6 w ere prepared  
from zinc bacitracin and an unm edicated poultry 
prem ix; Sam ples 10, 11, and 12 w ere prepared

Table 4. Outlying individual results in premix study

Sample

Value3 1 2 3 4 5 6

Highest 0,09 0.17 0.38 0.30 0.50 0.13
Lowest 0.16 0.35 0.11 0.17 0.04 0.16

a Critical value with 1 in 20 probability is 0.55; critical value 
with 1 in 100 probability is 0.68.

from  zin c bacitracin and an unm edicated  sw in e  
prem ix. Sam ples 1 ,2 , and 3 w ere prepared from  
M D bacitracin and an unm edicated  poultry  
prem ix; Sam ples 7, 8, and 9 w ere prepared from  
M D bacitracin and an unm edicated sw in e  
prem ix.

Table 9 sh ow s the results o f ranking the labo­
ratories by random  selection  o f one valu e for 
each laboratory on each sam ple. Results are
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Table 5. Results of statistical analysis by Youden method— premix study

Pair

Av. bacitracin, g /lb  

Zinc MD
Precision

Sr
Systematic

sb
Distribution

sd s l / s * DF

1 11.12 9.41 0.470 0.356 0.689 2.14 7
II 28.28 22.82 1.989 — 1.118 0.32 7

III 55.32 45.19 2.642 — 1.432 0.29 7

Table 6. Analysis of variance— premix study

Source of variance Sum of sq. DF Mean sq. Variance ratio

Between laboratories 0.25672E + 02 7 3.667 1.219
Between samples 0.27141E + 05 5
Lab-sample interaction 0 .10532E + 03 35 3.009 0.661
Between replicates 0.21839E + 03 48 4.550
Total 0.27490E + 05 95

w ith in  the 2-tail 95% con fid en ce lim its for 9 
laboratories w ith  12 sam ples.

Table 10 sh ow s the theoretical values for each 
feed  and the average recoveries. It is obvious  
from these data that the m ethod does not recover 
all bacitracin added to the sam ples.

Table 11 presents an analysis of variance on the 
data in  Table 9. The calculated F-ratio is s ig n if­
icant at 1 in  20 sign ifican ce level (critical value  
2.9). In addition , data in Table 8 sh ow  a h igh  
precision  error, a lthough  it w as not possib le to 
statistically  estim ate its value. Betw een-labo- 
ratory error was estim ated from Table 11 to be 53 
g bacitracin /ton .

Collaborators' C om m ents .— Collaborators had 
difficulty understanding the colum n preparation 
and use o f the pneum atic com peller, even  
th ou gh  illustrations w ere sent to each collabo­
rator. M any collaborators com plained about the 
tim e required for sam ple preparation. H ow ever, 
it has b een  d eterm ined  by the A ssociate Referee 
that sam ple cleanup is necessary to obtain accu­
rate results.

Conclusions and Recommendations

The poor recovery and precision  obtained in  
th e fin ish ed  feeds study resulted from  the lack

of experience o f m any o f the collaborators w ith  
the cleanup techn iques used for trace analysis. 
The A ssociate Referee sh ou ld  have provided  
practice sam ples to a llow  techn ique d ev e lo p ­
m ent. It is recom m ended that study o f the m i­
crobiological assay tech n iq u e for the determ i­
nation  o f bacitracin in  fin ish ed  feeds be con ­
tinued.

In a separate paper, a collaborative study using  
the sam e unit blocks w as conducted  o f a liqu id  
chrom atographic assay for prem ixes (6). The 
results of the 2 collaborative stu d ies compare 
statistically and provide support that both  
m ethods provide accurate and precise results. 
Analysis of the data by the 2 statistical procedures 
recom m ended by AOAC provides added ev i­
d en ce o f the va lid ity  o f the procedure for pre­
m ixes. The A ssociate R eferee recom m ends 
adoption o f this m icrobiological assay as official 
first action.
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Table 7. Calculated percent recovery obtained by collaborators— premix study

Laboratory

Bacitracin 1 2 3 4 5 6 7 8 Av.

MD
Zinc

95.0
99.3

105.3
97.5

103.7
96.7

94.7
113.0

106.1
107.2

102.6
103.7

105.8
102.1

96.4
96.9

101.2 ±4.2 
102.0 ±4 .8

Overall recovery 101.6 ±2.8
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Table 8. Results from collaborative study of cylinder plate assay for determining bacitracin in finished feeds (g/ton)

Sample
Lab. 1 2 3 4 5 6 7 8 9 10 11 12

1 9.0s 86.7a 351.1 3 16.0s 144.2 s 710.2 7.4s 70.4 399.6s 13.1 124.9s 636.7s__b 72.3 384.1 12.3 135.1 760.1s 7.9 92.7s 374.5 16.3s 146.9 714.7
2 7.5s 75.9 a 357.3 14.2 143.2 739.1s 4.6 75.0s 359 9.6s 37.8 535.8s

5.0 82.0 408.9 s 13.0 a 159.9s 740.9 4.9s 69.4 334.4s 10.7 126.6s 661.0
3 1.9a 53.2 379.9s 12.7 a 124.5s 654.5 4.0s 69.9 354.8s 13.7s 86.6 788 s

— 63.5a 163.8 14.5 170.1 823.5s — 92.4s 371.8 — 150.7s 812
4 5.2 66.3a 290.0 10.2 130.3 606.4s 6.3 64.5s 385.3 13.2s 131.4s 575.7s

5.7s 60.2 326.2s 12.0s 108.2s 543.6 6.7s — 352.1s 16.7 135.3 566.3
5 1.2 43.2 262.1s 7.3s 79.2s 510.2 — 46.1 258.7s 10.7s 89.0s 478.2

3.6a 54.5 a — 4.9 110.2 468.4s 3.9s 44.4s — 7.5 79.6 506.6s
6 3.5a 66.7a — — 95.3 500.2s 5.1s 71.4s 457.2s 10.0 75.0 657.6s

4.2 45.3 276.4s 4.4s 95.2s 542.4 5.3 66.2 330.7 11.5s 116.8s 148.7
7 3.4 49.4 358.3s 7.9s 137.0s 695.3 4.7 60.6 236.5s 11.3 125.0s 704.6 s

4.1a 72.1s 457.4 9.0 132.9 695.4s 5.3s 70.1s 351.9 11.4s 104.7 601.5
8 2.4 — — — 35.2 302 7.8 70.4 110.2 15.2 — 292.7

2.6 130.7 — — — — — — — — — 587.9
9 4.0s 74.9 a 162.6 5.3a 86.6 s 554.7 s 1.5 77.7s 238.9s 9.6s 122.2s 608.5

— — 224.2a — — 411.8 1.3s — 129.0 — — 505 s
10 1.7a 45.8 347.1s 6.2 147.3s 649.2 3.7s 69.5 265.7 6.9 129.3 563.6s

— 68.6 a 220.8 8.1s 137.4 567.0s 4.0 69.0s 346.8s 10.8s 145.4s 499.5

s Used in statistical analysis. 
b No result reported.

Table 9. Ranking of results from Table 8

Sample
Lab. 1 2 3 4 5 6 7 8 9 10 11 12 Total rank3

1 9 9 6 9 7 8 9 9 8 9 4 6 932 8 8 9 8 9 7 6 6 4 1.5 6 3 75.53 2 2 8 7 5 9 4 8 7 8 9 9 78.04 6 3 4 6 4 5 8 2 6 7 7 5 635 4 1 2 3 1 1 3 1 3 3 1 2 25.06 3 4 3 1 3 2 7 5 9 6 2 7 52.07 6 6 7 4 6 6 5 4 1 5 5 8 63.09 5 7 1 2 2 3 1 7 2 1.5 3 1 35.510 1 5 5 5 8 4 2 3 5 4 8 8 54.0
a Critical values 25 and 93.

tance in  obtain in g the M D bacitracin prem ixes; 
and the fo llo w in g  collaborators:

D orothy Brennecke, Ralston Purina Co., St. 
Louis, MO

Gordon G. Carter, H. H. Bryant, and K. D. 
Jones, Food and Drug A dm inistration , W ash­
in gton , DC

Carol Harpster, A. L. Laboratories, Inc., NJ 
Mary Lee H asselberger, State D ept o f A gri­

culture, L incoln, NE
Linda L. Knotts, International M inerals & 

Chem ical Corp., Terre H aute, IN  
James M artin, M orris C ounty T esting Labo­

ratory, C onvent Station, NJ

Table 10, Recovery of added bacitracin— finished feeds

Sample
g/ton

Theoretical Average Rec., %
1 9.9 4.5 45.52 99.5 69.9 70.33 488.3 326.0 66.84 15.7 9.6 61.45 158.2 120.2 76.06 784.3 635 80.97 10.0 4.6 46.38 99.1 73.0 73.79 487.4 331.0 67.910 16.0 11.9 74.211 160 125.8 78.612 784.5 608.2 77.5
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Table 11. Analysis of variance— finished feeds study

Source of variance Sum of sq. DF Mean sq. F-ratio
Between laboratories 70683.42 8 8835.42 3.68Between samples 5231499.22 11 — —
Laboratory-sample interaction 211164.96 88 2399.60Total 5513347.6 107

Jean Inglis O lsen , H oescht-R oussel Pharm a­
ceuticals, Som erville, NJ

H. S. Ragheb, Purdue U n iversity , W est La­
fayette, IN

N ancy Stouffer, State D ep t o f A griculture, 
Boise, ID

C. W in ely , Eli L illy & Co., Indianapolis, IN
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H ig h  P ressu re  L iq u id  C h r o m a to g ra p h ic  D e te r m in a t io n  o f  B ac itracin  
in  P rem ix  F eed s an d  F in ish e d  F eeds: C o lla b o r a tiv e  S tu d y
JOHN B. GALLAGHER, PAUL W. LOVE, and LINDA L. KNOTTS
International Minerals & Chemical Corp., Terre Haute, IN  47808
Collaborators: M. Allred; M. L. Hasselberger; A. Johnson; D. Louie; P. W. Love;
F. Quick; D. Sharley; R. L. Smallidge; V. A. Thorpe; W. H. Williams
A liquid chromatographic technique for the deter­
mination of bacitracin in finished feeds and premix 
feeds consists of an isocratic reverse phase, ion-sup- 
pressed technique. The chromatography can be 
completed in less than 25 min. In a collaborative 
study involving 9 laboratories and 3 samples of bac­
itracin methylene disalicylic acid and 3 samples of 
bacitracin zinc premixes covering the range of 10-50 
g/lb, the repeatability standard deviation was 0.55, 
and the reproducibility standard deviation was 1.35. 
The average recovery of the bacitracin was 102.0%. 
The method has been adopted official first action for 
bacitracin in premix feeds.

Bacitracin is a polypetide antibiotic produced by  
Bacillus lichenform is and consists of 3 active com ­
pon en ts. Bacitracin added to anim al feeds for 
grow th  prom otion , feed  effic ien cy , and disease  
control is stab ilized  by reaction w ith  zinc or 
m eth y len e  disalicylate (M D). It can be deter­
m in ed  in  prem ix feeds in  the concentration  
range 10-50  g / lb  by biological m ethods (1-3) or 
a h ig h  pressure liqu id  chrom atographic proce­
dure (4). The latter is a m uch faster and more  
rugged  m ethod  than b iolog ica l m ethods and  
p rovides inform ation on  com p onent distribu­
tion.

Collaborative Study

The 3 statistical unit blocks used  for this study  
consisted  o f comm ercial prem ix level feeds w ith  
n om in a l p oten cies o f 10, 25, and 50 g / lb , and  
fin ish ed  feed s at 10 ,100 , and 1000 g /to n  levels. 
O ne m em ber o f each un it block consisted  o f a 
zinc bacitracin premix and the other a m ethylene  
d isalicy late bacitracin prem ix.

For an intralaboratory study o f the m ethod for 
fin ish ed  feeds, 5 lb batches o f each m em ber o f  
each u n it block w ere prepared by accurately

This report of the Associate Referee was presented at the 95th 
A nnual M eeting of the AOAC, Oct. 19-22,1981, at W ashington,

The recommendation of the Associate Referee was approved 
by the  G eneral Referee and Com mittee G and was adopted  by 
the Association. See /. /Issoc. Off. Anal. Chem. (1982) 65, 389. 

Received A ugust 21,1981. Accepted January 8, 1982.

w e ig h in g  th e com m ercial unm edicated  prem ix 
and then  adding the appropriate am ount of zinc  
or m eth y len e d isalicylate bacitracin prem ix. 
Each batch w as b len d ed  20 m in  in  a V-notch  
blender, and then ground to a consistent particle 
size. The m aterials for each un it block w ere  
riffled  and packaged in  m oisture-proof con ­
tainers. Each package w as labeled  w ith  the  
n om in a l p oten cy  and a un iqu e set o f random  
num bers for each analyst. F ive analysts w ere  
p rovid ed  w ith  a set o f coded sam ples, 1 g zinc  
bacitracin standard (56.3 u n it/m g ), a reference  
chrom atogram , a copy of the m ethod, and report 
form s.

Bacitracin feed  prem ixes are biom ass products 
that do not have a kn ow n  concentration o f baci­
tracin. To evaluate m ethod recovery, the 25 g /lb  
u n it block w as prepared in  the A ssociate Refer­
ee's laboratory as a 1 +  1 d ilu tion  o f the respec­
tive 50 g / lb  prem ixes. A  V-notch b len der w as 
used  to ensure a h om ogen eo u s blend.

For th e collaborative study o f the m ethod  for 
prem ix feeds, m aterials for each unit block were  
riffled  and packaged in  m oisture-proof con­
tainers. Six containers o f each m em ber o f each 
u n it block w ere analyzed  to confirm  h om oge­
n eity  o f the packaged sam ples. Each package 
w as labeled  w ith  the nom inal poten cy and a 
u n iq u e set o f random  num bers for each collab­
orator. The 11 collaborators were sent 2 samples 
o f each m em ber o f each un it block and w ere  
asked to perform a sin g le  analysis on  each of the 
12 materials. Collaborators w ere supplied  w ith  
a chrom atographic colum n, 1 g  zinc bacitracin  
reference standard (56.3 u n its /m g ), a reference  
chrom atogram , a supply  o f the material used to 
prepare the reference chrom atogram , a copy of 
the m ethod , and report forms. Each laboratory 
w as also requested to subm it copies of the chro­
m atogram s w ith  the report forms.

P retest o f the M e th o d .— In advance o f the in ­
tralaboratory stu dy and the collaborative study, 
the m ethod w as subjected to ruggedness testing. 
T he fo llo w in g  parameters w ere investigated: 
co lu m n  type (4 colum ns), extraction tim e, sta­
b ility  o f the extract, pH  and organic content o f

0004-5756/82/6505-1178-08$01.00 
© Association of Official Analytical Chemists, Inc.
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the chrom atographic m obile phase, evaporation  
pH , cleanup colum n w ash solven ts, e lu tion  
volu m es.

Four d ifferent m anufacturers' co lum ns w ere  
tested. Three o f the 4 provided  satisfactory 
separation; h ow ever, on e colum n provided  b et­
ter reso lu tion  and peak shape and is the one  
recom m ended in the procedure. Extraction time 
m ust be a m inim um  of 5 m in and the final extract 
is stable 3 h at room  tem perature and 12 h at re­
frigeration temperature. The pH  of the solven t 
system  m ust be above 6.5 to obtain the necessary  
separation but pH  adjustm ent w as not a critical 
parameter. N orm al variation in  the organic 
content of the chromatographic m obile phase did  
n ot cause a sign ifican t variation in  the results.

In addition , it has been  noted  during m ethod  
d evelop m en t that HPLC colum ns used for other  
procedures w ou ld  not perform  satisfactorily. 
For th is reason, th e A ssociate R eferee provided  
the collaborators w ith  the chrom atographic 
colum ns o f various ages that have been used only  
for bacitracin analysis.

The cleanup colum n w ash in g  so lven t w as se­
lected  to provide m axim um  sam ple cleanup  
w ithou t eluting bacitracin. The cleanup colum n  
elu tion  so lven t was selected to provide com plete  
elu tion  o f bacitracin in  3 m l  so lven t w ith ou t  
e lu tin g  additional im purities.

Bacitracin in Premix Feeds 

Liquid Chromatographic Method 

Official First Action

42.C13 P r i n c i p l e
Bacitracin is extd from feed into acidified org. 

solv . system . Ext is centrfgd, and supernate is 
an alyzed  by ion-suppressed  reverse phase LC 
w ith  photom etric detection  at 254 nm.
42.C14 R e a g e n t s  a n d  A p p a r a t u s

(a) Liquid ch rom atograph .— H ew lett-Packard  
M odel 1084-A, equ ipped  w ith  UV  photom etric  
detector. O perating conditions: f lo w  rate 2.0 
m L /m in; detector w a velen g th  254 nm; 20 pL 
loop injection valve (Valeo Instruments Co., Inc., 
H ou ston , TX 77055); am bient tem perature.

(b) Chrom atographic column.— 15 cm X 3.0 mm  
id , co n ta in in g  5 pm  Supel Cosil LC-8  reverse  
phase packing (Supelco, Inc., B ellefonte, PA 
16823). U se colum n for bacitracin analysis 
only .

(c) P h osph ate-E D T A bu ffer.— p H 4.5. D issolve  
13 6 g  KH2P 0 4 and 2.5 g EDTA in 1 L H zO.

(d) P hosphate buffer.— pH  6.0. D isso lve 1.5 g 
K2H PO 4 and 8.5 g KH2PO4 in  L H zO.

(e) S olven t sy s te m s .—M easure vol. indicated  
b elo w  w ith  graduate (except w h ere n oted  oth ­
erwise) into 100 mL vol. flask and dil. to vol. w ith  
H 20 :

Vol. %
Solven t A Solv. B Solv. Extg Sc

CH 3CN 0 40 28
M eO H 0 12 28
P hosphate-E D T A

buffer
20 20 0

Phosphate buffer" 0 0 3
C oned phosphoric 0 0 1.2

acid"
a Use vol. pipet.

(f) M obile ph ase .—M ix 59% (v /v )  B solv. w ith  
41% (v /v )  A  solv. Mix, and adjust pH  to 6.8  w ith  
NaO H . S light adjustm ent to % vol. o f B solv. 
m ay be required to obtain desired sepn.
42.C15 P r e p a r a t i o n  o f  S t a n d a r d

(a) D ryin g  of s td .— Caution: Bacitracin is very  
hydroscopic. Dry std day before use and store 
in desiccator overn igh t. A ccurately w e ig h  
130-140 m g bacitracin ref. std (IMC, Terre Haute, 
IN  47808; 56.3 u n its /m g ) in to  tared (=  A) 50 mL 
vol. flask. Dry std 3 h at 60° under vac. at < 5  mm  
pressure. Rem ove from  oven  and place in  des­
iccator to cool. R ew eigh  (=  B). Am t bacitracin  
std = B — A.

(b) Preparation of s td  soln .— N ote: Store stds 
under refrigeration if  not analyzed w ith in  3 h of 
prepn. Preferably, prep, std, store in  refrigerator 
> 30  m in before analysis, and rem ove from  re­
frigerator just before analysis. S td  soln 1: D is­
solve bacitracin std in  50 mL vol. flask w ith  ca 20 
mL extg solv. and dil. to vo l. Prep, fo llo w in g  
dilns from this soln. S td  soln 2: P ipet 20 mL std 
soln  1 into 25 mL vol. flask; dil. to vo l. w ith  extg  
solv. S td  soln 3: P ipet 15 mL std  so ln  1 in to  25 
mL vol. flask; dil. to vol. w ith  extg solv.
42.C16 E x t r a c t i o n

A ccurately w e ig h  amt o f feed  contg ca 6000 
units bacitracin activity into 125 mL erlenm eyer. 
Add 50 mL extg solv. w ith  vol. p ipet and ext w ith  
wrist-action shaking > 5  m in. C entrifuge 10 mL 
portion o f ext 2 -3  m in at 2000-3000 rpm. U se  
clear supernate for assay. N ote: Store extd
sam ple so ln  under refrigeration if  not analyzed  
w ithin  3 h. Preferably, prep, sam ple solns, store
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in  refrigerator > 3 0  m in before analysis, and re­
m ove from  refrigerator just before analysis.
42.C17 D e te r m in a t io n

Inject clear supernate from centrfgd  feed  and  
std solns in to  chrom atograph, starting w ith  std  
soln , then  2  sam ple solns, and then  another std  
soln , until all sam ples and stds have b een  in ­
jected. Measure and total peak hts o f the 3 active 
com ponent peaks (Figure 4 2 : 0 )  for sam ple (PH ) 
and std (P H ')  solns.

Calc, response line for stds, using least squares 
linear fitting of fo llo w in g  equation:

P H ' =  m (P ') +  b
w h ere P H ' =  peak hts o f std so ln s 1, 2, and 3; P' 
= potency of std soln in u n its /50 mL for std solns 
1, 2, and 3; m , b =  least squares detd  slop e and  
intercept.

Det. bacitracin content o f feed  from:
g bacitracin /lb  = 0.01080(PH  -  b) 

m X sam ple w t
w h ere 0.01080 = 453.6 (g / lb ) /4 2  000 (u n its /g  
bacitracin).

Bacitracin in  F in ish ed  Feeds
P r in c ip le

Feeds are w ashed  w ith  petroleum  ether to re­
m ove fat before extraction into acidified organic 
so lven t system . Extract is centrifuged  and fil­
tered, pH  is adjusted, and organic so lven t is re­
m oved usin g  stream of air. Sam ple is e lu ted  
through colum n and analyzed  by direct m ea­
surem ent by ion-suppressed reverse phase HPLC 
w ith  photom etric detector at 214 nm.
R e a g e n ts  a n d  A p p a r a tu s

(a) Liquid chrom atograph.—See 42.C14(a), ex­
cept w a velen gth  214 nm; 200 jiL loop  injection  
valve.

(b) Goldfisch fa t ex trac to r .—Labconco Corp., 
Kansas City, MO 64108.

(c) Phosphate buffer.— pH  4.5. D isso lve 13.6 
g KH2P 0 4 in  1 L water.

(d) Solven t sy s te m s .— M easure vo lu m e in d i­
cated b elow  w ith  graduated cy lin d er (except 
w here noted otherw ise) into 100 mL volum etric  
flask and d ilu te to vo lu m e w ith  water.

(e) Preparation of standard.— S e e  4 2 .0 5 ,  except 
w eigh  betw een 30 and 35 m g bacitracin reference 
standard.

(f) Bond Elut colu m ns.— 6 mL reservoir above  
500 m g C-18 sorbent (Analytichem  International, 
Inc., Harbor City, CA 90710). Prepare by

A. B.

Volume,

Extg

%
Cleanup Column 
Washing E luting

Solvent Solv.3 Solv. a solv. solv. solv.
Acetonitrile 0 40 28 10 28
Methanol 0 12 28 3 28
Phosphate-EDTA

buffer 0 0 0 20 20
pH 4.5 phosphate

buffer 20 20 0 0 0
pH 6.0 phosphate

buffer 0 0 3 0 0
Coned phosphoric

acid6 0 0 1.2 0 0

3 Adjust pH to 6.8 with concentrated NaOH.
b Use volumetric pipet.

w ash in g  w ith  5 mL elu tin g  so lv en t and 5 mL 
so lven t A.
E x tra c tio n

O n day before assay, extract fin ish ed  feed s in  
G oldfisch apparatus to rem ove fat: A ccurately  
w eig h  am ount o f feed  as specified  b elo w  in to  
folded  Whatman filter paper. Place in  stainless 
steel thim ble, and extract 1 h at h igh  temperature 
setting. U se 40 mL petroleum  ether as so lven t. 
Rem ove from Goldfisch apparatus and let air-dry 
overn igh t. O n day o f assay, carefully  transfer 
treated feed  to 300 mL Erlenm eyer flask.

Add 100 mL extracting so lven t, usin g  100 mL 
volum etric pipet. Extract feeds > 5  m in by either 
shaking flask or usin g  m agnetic stirrer.

Transfer supernate to centrifuge tubes and  
centrifuge 10 m in at 2000 rpm. Filter through  
glass w o o l in to  flask.

U sin g  volum etric pipet, rem ove aliquot sp ec­
ified  below  and place in side-arm filtering flask. 
Adjust pH  to 6.5 w ith  5N  N aO H . Sparge o ff  
organic so lven t by u sin g  stream o f air in to  side- 
arm flask. O rganic so lven t is elim inated  w h en  
no m ethanol or acetonitrile odor rem ains.

Transfer liquid from side-arm flask to prepared 
Bond Elut colum n and, using vacuum , draw into  
colum n. Wash flask w ith  three 5 mL aliquots of 
w ash in g  solven t. Transfer each aliquot to the  
colum n and draw solu tion  in to  colum n. A ll 
solids m ust be resuspended in  so lven t. A n  u l­
trasonic bath is usefu l for th is purpose.

Sam ple w eigh ts and evaporation aliquots
Bacitracin, Sam ple A liquot for

g l  ton w t, mg eva p n , mL
10 50 7
50 43 2

100 43 1
250 17 1
500 8.6 1

1000 4.3 1
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Elute bacitracin from  Bond Elut colum n, usin g  
elu tin g  solven t. C ollect the first 3 mL eluate in  
3 mL volum etric flask.

Sam ples must be stored under refrigeration if 
not analyzed  w ith in  3 h o f extraction. For this 
reason, it is best to prepare sam ples and store in  
refrigerator > 30  m in before analysis, and rem ove 
from  refrigerator as needed.
D e t e r m i n a t i o n

Inject Bond Elut colum n eluate and standard 
so lu tion s into liqu id  chrom atograph, and pro­
ceed  as in  42.C17.
g  bacitracin /ton

= ________ 6485 ,7{P H  -  b)________
m X evapn aliquot X sam ple wt

R esu lts and D iscu ss io n  — Prem ix Feeds
C ollaborative results w ere received  from  9 o f 

th e 11 laboratories sent sam ples for analysis  
(Table 1). Sam ples 1 ,3 , and 5 are zinc bacitracin 
prem ixes; Sam ples 2, 4, and 6 are M D prem ixes. 
The collaborative stu dy w as d esign ed  so the 
analysis o f variance procedures o f both Steiner  
and Youden could be applied  to the data (5).

The 2-sam ple charts for the 3 un it b locks are 
p resented  in  Figure 1. As usual, the points are 
fou n d  predom inan tly  in  quadrants I and III, 
representing + ,+  and —,— results: 70% of the  
results lie  in  quadrants I and III, 19% appear in  
quadrants II and IV, and the rem aining 11% are 
located on  the borders betw een  quadrants. The 
p oin ts are gen era lly  clustered in  the usual e l­
lip tical pattern around a major axis at 45 ° . Lab­
oratory 3 w h ich  obtained the low est laboratory 
rank is con sisten tly  located in  quadrant III al­
th ou gh  the results are near the 45° lin e . Labo­
ratory 6, w ith  the m ost consistent error, is far 
rem oved from the 45° line in 2 o f the 3 pairs, and 
lies  just outside the circle representing the 95% 
co n fid en ce interval in  2 o f the 3 pairs and near 
th e circle in  the rem aining pair.

The chrom atogram s subm itted by the collab­
orators, w ith  on e exception , w ere o f excellen t  
quality. The shape o f the peaks indicated h igh  
chrom atographic efficiency and peaks w ere w ell 
separated from all extraneous feed com ponents. 
Collaborator 8 for som e reason experienced  
contin ual dow nw ard  drifting  o f the baseline, 
requiring draw ing o f slop in g  baselines; this  
problem  did  not have a serious effect on  the an­
alytical results from  this laboratory (Table 1).

R ejection of O u tliers .— The results o f ranking  
the collaborative analyses are presented in Table
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22 24.5 27 29.5 32

ZINC BACITRACIN

Figure 1. Two-sample charts for 3 statistical unit 
blocks, premix feeds. Each pair consists of a zinc and 
MD bacitracin premix. Numbers beside points

2. O n ly  Laboratory 3 approached the approxi­
m ate 5% 2-tail lim its for ranking 9 collaborators 
w ith  6 sam ples: 13 and 47.

Table 3 presents the results o f the D ixon test 
conducted  on  the sum  of the duplicates to d e­
term ine individual outlying results. N on e of the 
calculated valu es exceed ed the 1 in  100 proba­
b ility  o f 0.64 and n on e w ere rejected from  the  
analysis. The 1 in  100 probability w as selected  
because it provides a m ore cautious criterion for 
rejection.

H om ogen eity o f Variation .—The h om o gen eity  
o f experim ental variation b etw een  laboratories 
w as evaluated  based on  the range of duplicate  
results on  each sam ple. The ranges, Ws, for s =  
Sam ples 1-6  are 6.0, 4.5, 6.8, 7.3, 9.6, and 11.5 
g / lb ,  respectively . This g ives an experim ental 
ratio VVmax/W totai = 11.5 /45 .7  =  0.25, w h ich  is 
b elo w  the 1 in  20 sign ificance lev e l o f 0.27. 
Therefore, there is no statistical evidence that the 
sam ples n eed  to be hand led  separately.

The h om o gen eity  o f experim ental variation  
b etw een  replicates w as evaluated usin g  Coch­
ran's test. The experim ental valu e for this pa­
ram eter w as 0.15; the critical valu e at the 5% 
significance level is 0.21. Therefore, the residual 
variances were regarded as hom ogeneous and no 
data w ere rejected.

S ta tistica l R esu lts.— Table 4 sum m arizes the  
results o f the statistical analysis conducted by the 
Y ouden  m ethod  o f analysis o f variance. The 
precision  standard deviation , Sr, w as com puted  
from  the d ifference o f the average result o f the  
paired sam ples, correcting Sr by y f l ;  the distri­
b u tion  standard dev iation , Sd/ from  the total of 
the pairs; and the standard d ev iation  for the  
distribution o f systematic error, Sb, from Sd =  2Sb 
+  Sj. The calculated F-values in  Table 3 are less  
than th e critical F-value at the 10% lev e l o f s ig ­
n ifican ce for 8 degrees o f freedom . H ence, the  
system atic error, Sb, does not make a statistically 
sign ifican t contribution (P >0.1) to the standard 
d ev iation  o f the data Sd-

Table 5 summarizes the results o f the statistical 
analysis conducted  usin g  the nested  analysis o f 
variance techn ique o f Steiner. The betw een -  
laboratory variance ratio o f 2.351 is not s ig n ifi­
cant at the 10% lev e l o f sign ificance. The labo­
ratory-sam ple error is significant, w hich im plies 
th e m eth od  w ill sh ow  a greater variation w h en  
carried out betw een laboratories than w ith in  one

identify collaborators. Average values are indicated 
by cross-hatch. Circle represents 95% confidence 

interval around average.
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Table 2. Ranking of data from Table 1

Samplel Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Total

Lab. Sum Rank Sum Rank Sum Rank Sum Rank Sum Rank Sum Rank Rank

1 23.9 6.0 16.8 5.0 55.8 7.0 46.0 6.0 108.4 8.0 91.8 7.0 39.0
2 23.5 5.0 16.7 4.0 54.4 6.0 46.1 7.0 105.5 4.0 90.4 6.0 32.0
3 23.1 2.0 16.4 2.0 51.8 1.5 44.5 4.0 101.3 1.0 86.4 3.0 13.5
4 26.4 9.0 17.9 9.0 57.0 8.0 47.4 9.0 102.5 2.0 81.9 1.0 38.0
5 20.4 1.0 17.0 6.0 53.1 4.0 43.2 2.0 105.7 5.5 89.7 5.0 23.5
6 23.3 3.0 16.6 3.0 52.8 3.0 40.1 1.0 105.7 5.5 82.7 2.0 17.5
7 23.4 4.0 17.4 8.0 58.6 9.0 45.0 5.0 106.8 7.0 91.9 8.0 41.0
8 25.1 7.0 15.7 1.0 53.7 5.0 46.5 8.0 110.9 9.0 93.4 9.0 39.0
9 25.4 8.0 17.2 7.0 51.8 1.5 43.6 3.0 103.2 3.0 89.3 4.0 26.5

Table 3. Outlying individual results for premix feeds

Sample

Value3 1 2 3 4 5 6

Highest 0.30 0.33 0.24 0.21 0.30 0.14
Lowest 0.54 0.41 0.00 0.48 0.17 0.08

a Critical value with 1 in 20 probability is 0.51; critical value 
with 1 in 100 probability is 0.64.

laboratory. The repeatability standard deviation  
(w ithin-laboratory) estim ate is 0.55 g bacitra­
cin  / lb. The reproducibility standard deviation  
(betw een-laboratories) estim ate is 1.35 g baci­
tracin /lb . The laboratory-sam ple interaction  
standard deviation estimate is 1.15. These values 
correspond w ith  the equivalent values Sb, Sd/ and 
S T obtained  by the Y ouden procedure.

R eco very .— Because o f the biom ass nature of 
bacitracin prem ix products, it is o n ly  possib le to 
obtain  a m eth od  recovery. Sam ple Pair II was 
specially prepared by the Associate Referee from 
Sam ple Pair III to provide an estim ation  o f the

m ethod  recovery. Table 6 presents the results 
o f the calculated recoveries obtained by each 
collaborator on  both m ethylene disalicylate and 
z in c  bacitracin feeds. These values w ere ob­
tained  by the fo llo w in g  formula:
% R ecovery MD;

= 100 X (av. valu e Sam ple 4)j
X 2 /(av . va lu e Sam ple 6)j

% R ecovery zinc,
=  100 X (av. value Sam ple 3);

X 2 /(av . valu e Sam ple 5)i
w h ere  i represents each collaborator.

The recovery valu es for M D bacitracin range  
from  96.3 to 115.8% w ith  an average o f 101.0 ±  
4.6%. Recovery values for zinc bacitracin range 
from  96.8 to 111.2% w ith  an average o f 103.1 ±  
3.6%. By Student's f-test (fexp =  0.834), the 2 
m aterials have equ ivalent recoveries (P >0.1). 
The overall average recovery for the m ethod is
102.0 ±  2.64%.

E ffect o f C hrom atographic E quipm ent.— The

Table 4. Results of statistical analysis for premix feeds by Youden method 5

Par

Av., g /lb
Precision

Sr
Systematic

sb
Distribution

sd s?/sg si/s? DFZinc MD

1 11.92 8.62 1.078 __ 0.746 __ 0.48 8
II 27.17 22.35 1.124 0.597 1.406 3.54 1.56 8

III 52.73 44.30 1.516 1.190 2.265 1.62 2.23 8

Table 5. Analysis of variance for premix feeds

Source of Variance Sum of Sq. DF Mean Sq. Var. ratio

Between laboratories 0.50391E + 02 8 6.299 2.351
Between samples 0.27971E + 05 5 — —
Lab-sample interaction 0.10716E + 03 40 2.679 8.436
Between replicates 0.17148E + 02 54 0.318 —
Total 0.28145E + 05 107



1184 GALLAGHER ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 5, 1982)

Table 6. Percent recovery for premix feeds

Collaborator

Bacitracin 1 2 3 4 5 6 7 8 9 Average

MD
Zinc

100.2
103.7

102.0
103.1

103.0
102.3

115.8
111.2

96.3
100.5

96.9
99.9

97.9
109.7

99.6
96.8

97.6
100.4

101.0 ± 4.6
103.1 ±3.6

Overall average recovery 102.0 ± 2.64

various collaborative laboratories used a variety 
of pum ps, detectors, and injection techniques to 
provide the analysis for this collaborative study. 
A lth o u g h  there are not en o u g h  data to conduct 
a statistical analysis o f the interaction o f the d if­
ferent equipm ent on  the analytical data, it w ould  
appear that m ost com binations o f com m ercially  
available equ ipm ent w ill provide a successful 
analysis.

C om m ents o f Collaborators. —O ne collaborator 
com m ented  that h is system  had a dual pum p  
capability and it w ou ld  have b een  less d ifficu lt 
if  the instrum ent had m ixed the A and B solvents. 
W e in vestigated  th is su ggestion  and fou n d  that 
if  on e adjusts the pH  of so lven ts A  and B and  
th en  a llow s the instrum ent to perform  the so l­
v en t m ixing , equ ivalent chrom atograph per­
form ance is obtained. O ne collaborator had  
trouble obtain in g the separation sh ow n  on  the  
reference chromatogram and had to increase the 
f lo w  rate to 3 m L /m in . A n oth er collaborator 
u sed  a low er injection vo lu m e o f 10 qL and a 
h ig h er  detector sen sitiv ity  than specified  w ith ­
ou t adversely  affecting the procedure.

Collaborator 8 indicated that w e ig h in g  the 
sam ple in  a volu m etric flask caused a loss in  
precision . If the flask is brought to constant 
w e ig h t and the standard w e ig h t is determ ined

by d ifferen ce, th is procedure w o u ld  not cause a 
loss o f precision.

Several collaborators used m inor m odification  
of th e m obile phase to op tim ize separation.

Results and Discussion — Finished Feeds

The results o f the collaborative study and sta­
tistical analysis are presented  in  Table 7. The 
precision  standard deviation , Sr, w as com puted  
from  the d ifference o f the paired sam ples, the  
distribution  standard deviation , Sa, from  the to ­
tals o f the pairs, and the standard d eviation  for 
the distribution of system atic errors, Sb, from the 
relationsh ip  Sj =  2 S l +  S?. The calculated F- 
va lu es are less than the critical valu e at the 10% 
lev e l o f sign ificance for 4 degrees of freedom . 
H en ce, the system atic error, Sb, does not make a 
statistically  sign ificant contribution (P >0 .1) to 
th e standard d ev iation  o f th e data, Sj. The 
h igh er coeffic ien t of variation fou n d  for the 10 
g /to n  sam ples undoubtedly relates to the higher  
sam p lin g  error w h ich  is associated w ith  this  
m aterial.

R eco very .— The recoveries o f both z in c and  
m eth y len e  d isalicylate bacitracin w ere good. 
The average recovery for the zinc bacitracin  
sam ples w as 99.4% w h ile  the average recovery  
for the m ethylene disalicylate sam ples was 99.3%.

Table 7. Results of intralaboratory collaborative study of finished feeds

Nominal potency

10g/ton 100g/ton 1000g/ton

Analyst Zinc MD Zinc MD Zinc MD

1 9.2 9.4 110.2 117 1166 1146
2 10.1 11.3 114.0 115 1210 1140
3 9.6 10.4 118.4 122.2 1084 1124
4 9.9 9.6 113.4 121 1108 1124
5 9.7 10.7 113.0 112.4 1156 1176
Av. 9.70 10.28 113.8 117.52 1144.8 1142.0
Theor. 9.92 10.13 112.64 121.34 1151.83 1146.57
% Ree. 97.78 101.48 101.03 96.85 99.39 99.60
Sr 0.437 2.51 30.65
sb 0.418 2.52 22.87
sd 0.736 4.37 44.56
CV, % 4.37 2.17 3.07
Sd2/S? 2.84 3.03 2.11
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The overall recovery w as 99.36% and the recov­
eries ranged from  96.85 to 101.48%.

E ffect o f C hrom atographic E quipm ent.— Each 
analyst used  a d ifferent colum n for analysis. 
T hese co lum ns w ere o f d ifferent ages but had 
been used for bacitracin analysis only. O nly one  
detector and injector w as used but 3 d ifferent 
p u m p in g  system s w ere used  by analysts. A l­
th ou gh  the use o f the various equ ipm ent does  
not generate a successful intralaboratory study, 
it is p ositive  ev id en ce o f the ruggedness o f the 
procedure.

Conclusions and Recommendations

A separate paper reports a collaborative study  
for prem ix feeds u sin g  the sam e un it blocks for 
a biological cylinder plate assay (6). The results 
of the 2 collaborative studies compare statistically 
anc. provide support that the HPLC procedure 
provides an accurate, precise, and m ore rapid 
m ethod  o f analysis. A n alysis o f the data by the 
2 statistical procedures recom m ended by AO AC 
provid es added ev id en ce o f the valid ity  o f the 
procedure.

The A ssociate R eferee recom m ends adoption  
of the HPLC m ethod  as official first action for 
prem ix feeds.

The m ethod  for fin ish ed  feeds is very precise 
but still requires 2 days to com p lete an analysis. 
The chrom atographic portion of the analysis can 
be im proved by incorporation o f an internal 
standard and use o f a single calibration standard. 
The overall analytical tim e can be reduced by 
ch a n gin g  the fat rem oval procedure. T hese 2 
areas are under investigation  at the present, and 
it appears that an analysis can be perform ed in  
approxim ately 1 h. The A ssociate Referee rec­
om m en d s con tin u ed  study.
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R a p id  S c r e e n in g  A ssa y  fo r  B eta-L actam  A n t ib io t ic s  in  M ilk :  
C o lla b o r a tiv e  S tu d y
STANLEY E . CHARM and RUEY K. CHI1
New England Enzyme Center, Tufts University School of Medicine, 136 Harrison Ave., Boston, 
M A  02111
Collaborators: H. Bryant; M. Carson; W. S. Chu; A. Fraser; C. F. Gruetmacher;
O. Hostetler; K. Jones; L. Kenell; R. McQuattie; C. O'Neill; D. Richwine; J. Salimbene;
S. Smith; C. Wallace; R. Yokote
A 15 min assay for beta-lactam antibiotics has been 
used by dairies for several years as a screening pro­
cedure for testing milk tankers before they unload. 
The test is based on a competition between ^-pen­
icillin and beta-lactam antibiotics in the milk samples 
for sites on a microbial cell wall that specifically 
binds beta-lactam. In a collaborative study, 11 lab­
oratories correctly distinguished 10 coded zero pen­
icillin G samples and 10 coded 0.01 IU/mL samples. 
The proposed test is qualitative, positive or negative, 
and can detect the presence of beta-lactam antibiotics 
at the 0.01 IU/mL level. The control point for de­
termining positive or negative samples is more than 
3 standard deviations from the mean of 0.01 IU/mL. 
The method has been adopted official first action.

Beta-lactam antibiotic (BLA) contam ination of 
m ilk  is a major problem  in  the dairy industry. 
There has been  a need  for a rapid BLA assay that 
can screen m ilk tankers before they unload at the 
processing plant. U p to now , m ethods used  for 
d etectin g  BLA are based on in h ib ition  o f m icro­
bial grow th  and require at least 2.5 h (1) w h ich  
is too lo n g  for screen ing bulk m ilk sh ipm ents  
before unload ing.

W e collaboratively studied  an assay that has 
b een  u sed  for several years by dairy processors 
for screening m ilk tankers. The test requires 15 
m in and discrim inates b etw een  zero p en ic illin  
and 0.01 IU /m L . This assay procedure, k n ow n  
com m ercially  as the Charm test™ (2-4), is a 
qualitative test for screen ing flu id  m ilk sam ples 
at antib iotic lev e ls  less than 0.01 IU /m L , based  
on specific, irreversib le affin ity  o f (/-lactam an­
tibiotics for certain enzym e sites on  the cell wall 
of m icroorganism s (5).

In th is test, I4C -p en icillin  is the tagged BLA.
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A n  exem pt quantity o f carbon-14 is used  so that 
n o licen sin g  is required on  the part of the user.

Collaborative Study

A collaborative study w ith  12 laboratories was 
arranged to test the rapid BLA assay as a quali­
tative procedure w ith  positives at the 0.01 IU /m L  
lev e l or less. Ten o f these collaborative labora­
tories carry out the test routinely, w h ile  2 are 
govern m en t laboratories, u sin g  the test for the  
first time.

C oded sam ples, standards, and reagents w ere  
m ade available by P enicillin  Assays Inc., Boston, 
M A 02111.

Penicillin in M ilk

A ffin ity Quantitative Determination 

Official First Action

(Applicable to levels >0.01 IU pen icillin  G /m L  
or /3-lactam equiv.).
16.C01 P r i n c i p l e

Assay is based on  specific, irreversible affin ity  
of /3-lactam antibiotics for certain en zym e sites  
on cell w a ll o f m icroorganism s. 14-C -labeled  
p en ic illin  and Bacillus stearotherm ophilus  are 
added to m ilk sam ple. A n tib iotic in  sam ple  
com petes w ith  14C -p en icillin  for b in d in g  sites. 
Am t o f bound carbon-14 is counted  and com ­
pared w ith  control to det. presence o f /3-lactam  
antibiotic.
16.C02 R e a g e n t s
N ote: Stds and reagents are co n v en ien tly  m ea­
sured into tubes, stoppered , and frozen  at —20° 
if  held  >1 day. Keep reagents at < 4° w h en  used. 
M ilk sh ou ld  be < 15 ° w h en  test starts.

(a) P enicillin-free m ilk .—R econstitute p en ic il­
lin -free w h o le  m ilk pow d er (Yankee M ilk, 
N ew in gto n , CT) w ith  H 2O.

(b) Penicillin-free skim m ilk p o w d er .—Test ac­
cording to 16.131-16.136.
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Table 1. Summary of correct and incorrect determinations of positive and negative coded samples of penicillin G, and 
standard deviations of negatives (0.00 lU/mL) and positives (0.01 IU/mL)

Lab.

Model
analyzer

for
readout

Correct
detns

Incorrect
detns

Normalized mean 
of coded zero 

samples & SD ( - )

Normalized mean 
of coded 0.01 

IU /m L samples 
& SD (+)

Mean (Tzero Mean ctO.01
1 150 20 0 0.93 0.06 0.52 0.032 300 20 0 1.07 0.10 0.57 0.05
3 300 20 0 1.02 0.06 0.59 0.05
4 300 20 0 0.94 0.11 0.59 0.10
5 150 20 0 0.93 0.04 0.51 0.03
5 150 20 0 1.05 0.11 0.59 0.07
7 150 20 0 0.96 0.08 0.55 0.06
3 300 20 0 0.95 0.06 0.62 0.039 300 20 0 0.96 0.06 0.52 0.0313 150 20 0 0.96 0.09 0.56 0.04

11 150 20 0 1.05 0.09 0.65 0.09128 150 18 l 8 0.99 0.09 0.60 0.06
Overall mean 0.98 0.57
8 Incorrect protocol used in this laboratory; suspect positives were not tested a second time. The Incorrect positive reported 

here might have shown negative on the retest.

(c) 14-C  P en icillin .— Contg 103 p C i / p m o \ e  
(Penicillin  Assays Inc., 33 Harrison A ve, Boston, 
MA 02111). U se 0.0027 p C i  in  each assay.

(d) B. stearothermophilus.—Use vegetative cells, 
ca 47 m g w et w t in  each test.

(e) Penicillin G s td s .— (2) Zero std: U se p en i­
cillin-free milk, (a). (2 )0 .0 1  IU /m L  std: Add 1.00 
IU N a or K p en icillin  G USP ref. std to sm all amt 
of reconstitu ted  skim  m ilk pow d er in  125 mL 
bottle and freeze-dry. Add 100 mL p en icillin -  
free m ilk (a) and mix w ell.
16.C03 A p p a r a t u s

(a) Heater.—Const temp., dry w ell tube heater 
for 13 X 100 mm glass tubes (Constantemp, Roeco 
M anufacturing Co., Box 357, City, ST zip).

(b) Cold p la te .—A ccom m odates 13 X 100 mm  
tubes (P en icillin  Assays Inc., or equiv.).

(c) Radiation cou n ter.— M odels 150 or 300 mm  
(P en icillin  Assays Inc., or equiv.).

(d) P ip e ts .—Sem i-autom atic (Absoluter, Tri- 
C ontin ent Scientific , 12541 Loma Rica Dr, Graff 
V alley, CA 95945, or equiv.).
16.C04 Procedure

Pipet 5 mL sam ple in to  13 X 100 mm  glass 
tube. P ipet in  200 p L  14C -p en icillin  and mix. 
Pipet in  200 p L  B. stearotherm ophilus susp en sion  
and mix. Incubate 3 m in  in  90° dry w e ll heater. 
Centrf. 4 m in  at 1200 X g.

Decant m ilk and swab out fat ring, u sin g  2 
cotton swabs. R inse tube tw ice w ith  H 20  from  
wash bottle; do not disturb ppt at bottom of tube. 
Add ca 300 p L  H 20  and resuspen d ppt, using

tube mixer.
Place A1 planchet on 400° hot plate. Pour 

suspension into planchet, touching mouth of 
tube to planchet to remove last drop. Rinse tube 
twice with 300 pL  H20  and add washings to 
planchet. Let planchet dry. Place dry planchet 
in penicillin analyzer and measure radiation 
from 14C for 8 min. Compare count with pre- 
detd control point to det. whether sample is pos. 
or neg.
16.C05 C ontrol P o in t D eterm ina tion

Analyze 10 zero stds and average. If any zero 
std falls ±20% from av., replace with new std and 
det. new av. Control point = 0.80 X av. count. 
Test samples fall below control point if they 
contain /3-lactam antibiotic or if there is a test 
failure.

To identify test failure, make second detn of 
pos. samples, zero std, and 0.01 IU/mL std at 
same time. Zero std count should be greater 
than control point, and pos. sample should again 
be less than control point to confirm pos. detn.

R esults and D iscu ssion  
S u m m a ry  o f  R esults

Data from collaborating laboratories are sum­
marized in Table 1. The coded sample data may 
be normalized by dividing with the zero stan­
dard mean for that laboratory. This facilitates 
comparisons between laboratories using differ­
ent equipment.

The over-all normalized mean values are 0.98
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Table 2. Number of standard deviation difference 
between control point (0.80) and coded zero means ( - )  

and 0.01 lU /m L sample means (+), and lower lim it of 95% 
tolerance level of zero standard mean for various 

laboratories (x0 -  2.815 a ) / x 0)

Lab.

No. of SD
between zero mean 
coded sample and 

control point

No. of SD 
between 0.01 
coded sample 

and control point

Lower limit 
95%

tolerance 
level for 

mean zero
I 2.20 9.30 0.78
2 2.70 4.60 0.69
3 3.67 4.20 0.92
4 1.27 5.90 0.86
5 3.25 9.70 0.80
6 2.27 3.00 0.66
7 2.00 4.17 0.81
8 2.50 6.00 0.94
9 2.70 9.30 0.66

10 1.78 6.00 0.86
11 2.79 1.67 0.75
12 2.11 3.33 0.65

for the zero samples and 0.57 for 0.01 IU/mL of 
penicillin G. Standard deviations range from 
0.03 to 0.11 for the various laboratories.

In this assay, samples are classified as positive 
or negative. Those greater than 0.80 are negative 
and all others are positive.

A total of 239 coded samples were tested by 12 
laboratories with 220 tested according to correct 
protocol by 11 laboratories. The laboratory not 
following correct protocol reported one false 
positive.

The 11 laboratories following correct protocol 
determined all samples correctly. Each labora­
tory had 10 positive and 10 negative samples.
C o n t r o l  P o i n t

The normalized control point is 0.80 and is at 
least 3 standard deviations from the 0.01 IU / mL 
mean (except in the case of Laboratory 11). See 
Table 2.

It is important that this assay allows no false 
negatives, because there is no opportunity to 
recheck these, and they pass through the screen. 
Positives are checked a second time, and the 
probability of reporting a false positive is thereby 
reduced. The zero mean is not as far removed 
statistically from the control point as the 0.01 
IU/mL (except in one case). The control point 
is selected, therefore, to pass those samples that 
are clearly negative (the great majority of milk 
samples tested) and to require a retesting of all 
samples that are not passed and are suspected 
positive.

The control point may be changed to "open" 
or "close" the screen. It has been found through

experience that a control point of 0.8 results in a 
screen that does not pass false negatives and does 
not have an excessively high number of false 
positives that require a second determination.

In Table 2, a comparison is made of the control 
point, 0.8, and the lower limit of the 95% toler­
ance level from the mean of the zero standard. 
In some cases the 95% lower tolerance level used 
as a control point results in a highly variable 
screen compared with 0.8. The variability de­
pends on the standard deviation associated with 
the laboratory.

Using the 0.8 control point, the mean of the 
zero concentration samples in laboratories with 
the greater standard deviations is less than 1.7 
standard deviations from the control point (see 
Table 2). These laboratories have more re­
checking of negatives that fall below the control 
point, i.e., samples appear positive on the first 
test but are negative on recheck.

A study by the Safeway laboratory in Lan- 
dover, Maryland indicated 2 false positives in 
3200 assays and no false negatives in a 6-month 
study (J. Reeder, Maryland and Virginia Milk 
Producers Association, Inc., 1981).
P r o p o r t i o n  o f  P o s i t i v e s  f o r  L a b o r a t o r i e s  a n d  
C o n t r o l

The results in Table 3 indicate that there is no 
significant difference in the laboratory results 
between the coded samples and the known 
control: (X2 = 0.08, i.e., less than 5.04.)
P r o p o r t i o n  o f  C o r r e c t  R e s u l t s  f o r  N e g a t i v e s  
(0 .0 0  I U / m L ) a n d  P o s i t i v e s  ( 0 .0 1  I U / m L )

Results in Table 4 indicate there is no signifi­
cant difference between the proportion of posi­
tives and negatives correctly determined by the 
laboratories. The results are based on a control 
point that is the lower limit of the 95% tolerance 
level about the mean standard zero for the labo­
ratory, i.e., (xo — 2.815 a)/xo. When using this 
control point, 95% of the samples are detected 
correctly, compared with 100% when the control 
point is 0.80.
A g r e e m e n t  B e t w e e n  a n d  W i t h i n  L a b o r a t o r i e s

Although there is a wide variation in the 
standard deviation between laboratories, each of 
11 laboratories picked the same 10 positive 
samples and the same 10 negative samples. It is 
noted previously that laboratories with large 
standard deviations must do more work in re­
checking false positive samples, but even these 
laboratories determined all coded positives and 
all coded negatives correctly.



Table 3. Comparison of coded positives determined in each laboratory with known control using lower lim it of 95% tolerance level from  mean of zero standard as control 
____  po in t3

Negative Code Positive Code
Lab.b

1
2
3
4
5
6
7
8 
9

10
11
Known

control
2  Ni
2  N2
2 Xj

1
1
1
1
1
1
1
1
1
1
1
1

12
144

11

1
1
1
1
1
0
1
1
1
1
1
1

11
121

10

1
1
1
1
1
1
1
1
1
1
0
1

11
121

10

1
1
1
1
1
1
1
1
1
1
1
1

12
144

11

1
1
1
1
1
1
1
1
1
1
1
1

12144
11

1
1
1
1
0
1111111

11121
10

1
1
1
1
0
1
1
1
1
1
1
1

11
121

10

1
1
1
1
1
1
1
1
1
1
1
1

12
144

11

1
1
1
1
1
1
1
1
1
1
1
1

12
144

11

10
10
10
12
10

7
10
13
10
12
9

10
12 123

144 1363
11 113

3 Results transformed so that positives = 1, and negatives = 0. 
b Lab. 12 omitted from analysis because of incorrect protocol. 
N  =  No. of samples = 20 
L  = No. of labs plus known control = 12 
B  — 2 N  = 123 
C  =  2 (N )2 = 1363 
A  = 2 X  = 113

P  i = -N(L -  1) = proportion of positives in laboratories = 0.51

„ B - A
P 2 = ——— = proportion of positives in known control = 0.50

x2 = [ ( L - 1)B— ia ?  < 
L B  -  C
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Table 4. Comparison of correct determination of coded samples with known control using lower lim it of 95% tolerance level from  the mean of zero standard as control
po in ta

Negative Code Positive Code
Lab. b A B c E F J K N Q T D G H 1 L M P R S U L, Li2

1 1 1 1 1 1 1 1 i 1 1 1 1 i 1 1 1 1 1 1 1 20 400
2 i 1 1 1 1 1 1 i l i 1 1 i 1 1 1 1 1 1 1 20 400
3 1 1 1 1 1 1 1 i 1 1 1 1 i 1 1 1 1 1 1 1 20 4004 0 0 1 1 1 1 i i 1 i 1 1 i 1 1 1 1 1 1 1 18 324
5 1 1 1 1 1 1 i i 1 1 1 1 1 1 1 1 1 1 1 1 20 400
6 1 1 1 1 1 1 i 1 1 i 1 0 1 1 1 0 0 1 1 1 17 2897 1 1 1 1 1 1 1 i 1 i 1 1 i 1 1 1 1 1 1 1 20 400
8 0 1 0 0 1 1 1 i 1 1 1 1 i 1 1 1 1 1 1 1 17 289
9 1 1 1 1 1 1 1 i 1 i 1 1 i 1 1 1 1 1 1 1 20 400

10 0 1 1 0 1 1 1 i 1 i 1 1 i 1 1 1 1 1 1 1 18 324
11 1 1 1 1 1 1 i i 1 i 1 1 i 1 1 1 1 1 1 1 20 400Known 1 1 1 1 1 1 i i l i 1 1 i 1 1 1 1 1 1 1 20 400

control
Total 9 11 11 10 12 12 12 12 12 12 12 11 12 12 12 11 11 12 12 12 230 4426

3 Correct results = 1; incorrect = 0.
b Lab. 12 omitted from analysis because of incorrect protocol. 
N \  = No. of negatives = 10 
N 2 = No. of positives = 10 
N  =  N i  + N 2 = 20
L  = No. of labs + known control = 12
2 L j=  T =  U i +  U 2 =  230
2(Lj)2 = V  = 4426
U \  = correct negatives =113
U 2  -  correct positives =117

( N -  1) ( N 2 U i -  N x U 2) 2 _ 19 [10(113) -  10(117)]2 _ 
( N i ) ( N 2) N T - V  100 20(23 0 )-4 42 6

U 1 113
R 1 = proportion correct negatives = = 0.94

f?2 = proportion correct positives = Uz
N 2 L

117
120 = 0.98

CHARM
 & CHI: 

J. ASSOC. OFF. ANAL. CHEM
. (VOL. 65, NO. 5, 1982)
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Table 5. Ruggedness test scheme, variables, and combinations of conditions
Variable Capital letter Lower case letter

Reagent A Aa freshly prepared freeze & thaw
Reagent B Bb freshly prepared freeze & thaw
Heating block Cc No. 1 set of 90°C No. 2 set of 88°C
Reaction time Dd 3 min 3 min 50 s
Centrifuge Ee 12-tube centrifuge 6-tube centrifuge
Reagent A Ff most recent lot previous lot
Reagent B Gg most recent lot previous lot

(A) Sample to be tested in triplicate
(1) zero standard
(2) 0.008 standard

(B) Counter and planchet holder 
Two sets of counters can be used
(1) Single unit
(2) Multi-unit
Each set of planchets had to be counted with counter 1 and counter 2.

I n t e r f e r e n c e  w i t h  A s s a y
O ne com m on interference w ith  the assay is fat 

in the planchet that is read in  the analyzer. The 
fat p revents penetration o f 14C-radiation and its 
subseq u en t registering by the analyzer or read­
out system . To avoid this, the fat ring is swabbed  
w ith  2  cotton  swabs.

R eagents that deteriorate also cause false pos­
itives. R eagents, esp ecia lly  I4C -p en icillin , are 
sen sitive  to heat. Freeze-dried 14C -penicillin  is 
stable at — 20°C  for at least 6 m onths, but w ill  
deteriorate 10% in 12 h at 37°C. R econstituted, 
it is stable for 12 h at less than 4°C, 24 h at — 2°C, 
and for at least 1 m onth  at —20°C. Reagents 
should  not be used beyond their expiration dates. 
R etesting p ositive  sam ples a lon g w ith  a zero  
standard checks the reagents and avoids false 
p ositives due to reagent failure.
D i s t r i b u t i o n  o f  M e a s u r e m e n t  i n  D i g i t a l  
R e a d o u t  S y s t e m

T w o types of d igital readout system s are used  
w ith  th is assay. T hey have sim ilar characteris­
tics, a lth ou g h  the num bers d isp layed  are d iffer­
ent. If th e sam e p lanchet is m easured in  the 
sam e system  several tim es, a d istribution o f 
readouts is observed  w h ose  standard d eviation  
is approxim ately the square root o f the average 
count. The reason for the distribution is that 
carbon-14 disintegrates in  a random  w ay. As 
m easuring tim e increases, the standard deviation  
b ecom es a sm aller percentage o f the total count. 
The 8 m in  count is su ffic ient to discrim inate be­
tw een  0.01 IU /m L  and zero.
R u g g e d n e s s  T e s t

A rugged n ess test w as carried out as recom ­
m en d ed  in the AOAC Statistical M anual (6 ).

Variables in clu d ed  14C -p en icillin  (fresh and  
frozen); B. stearotherm ophilus (fresh and frozen); 
h eatin g  block temperature; reaction tim e; type  
o f centrifuge; 2 lots o f reagents. The various 
con d ition s and com binations o f variables tested  
are sh ow n  in  Table 5. Statistical analysis in d i­
cated that the variables are not sen sitiv e  to the 
range o f variation tested.

Recommendation
The results o f the collaborative study indicate 

that the p ositive /3-lactam sam ples conta in ing  
0.01 IU /m L  o f p en ic illin  G are detectable and  
d ifferentiated  from sam ples con ta in in g  zero  
/3-lactam. It is recom m ended that the m ethod be 
adopted official first action for detecting /3-lactam 
at the 0.01 IU /m L  equ ivalent o f p en ic illin  G or 
higher.
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Qualitative Ampule and Multitest for Beta-Lactam Residues in Fluid 
Milk Products: Collaborative Study
W ESLEY N . KELLEY
State Chemical Laboratory, Vermillion, SD 57069
C o lla b o ra to rs: J. A n d r e w s;  A . W . A p p e lt ;  R. Barber; J. B arnett; L. Barta; B. Bass; E. B on e;
L. B resk e; H . H . B ryan t; R. A . C ase; K. C o le m a n ; R. Cyr; S. K. D e w a ld ;  P. D o m b ro sk i;
E. L. D u b s; F. F. F e ld s te in ;  B. E. G ay; R. E. G in n ; C. G o tto m o lle r ;  H . G rant; J. H ea d y ;
D . G. H il ls ;  L. Jerrod; K. Jon es; C. K aus; A . L. L ane; J. E. L es lie ; D . M a rch ette ; M . M isu p ;  
L. M orris; R. N . M u lle n ;  C. P a y to n ; J. S ch m id t;  D . S c h n e id e r ;  R. S h are; M . S ierck ;
H . M . W eh r; R. W illia m s

A collaborative study was performed on a rapid B a­
c i l l u s  s t e a r o t h e r m o p h i l u s  agar diffusion ampule 
method to detect low levels of penicillin G in 7 types 
of fluid milk products. A multitest technique for 
processing a large number of samples simultaneously 
was also studied. Slight modifications were made in 
the original method to establish more uniformity and 
to eliminate doubtful responses by specifying a 
confirmation procedure. Twenty samples spiked 
with penicillin G (0.000 to 0.008 IU/mL) and tetra­
cycline hydrochloride were frozen and sent to 20 
laboratories in the ampule test, and 16 laboratories 
in the multitest. Each analyst was asked to do a 
screening run and a confirmation run. Results were 
reported by color reaction and also as positive or 
negative for /3-lactam inhibitors. The concentrations 
(penicillin G) where percent positive results equal 100 
or not significantly less than 100 (a = 0.05) ranged 
from 0.005 to 0.007 IU/mL in the ampule test and 
from 0.004 to 0.007 IU/mL in the multitest. Both 
techniques have been adopted official first action.

Since the m iddle o f th is century, a num ber of 
m eth od s have been  d evelop ed  to detect the  
presen ce o f antibiotic residues in  m ilk and m ilk  
products. M ost o f these m ethods are tim e con ­
sum ing and are not suitable for a rapid field  test. 
In 1960, w orkers at Iowa State U n iversity  (1) 
fou n d  a strain o f Bacillus stearotherm ophilus su it­
able for d etectin g  antib iotics in  m ilk, usin g  a 
reduction  test as w e ll as a disc assay procedure. 
The organism  had a fast grow th rate at 65°C, was 
sensitive to pen icillin , and could be stored under 
refrigeration.

In 1974, a test m ethod k n ow n  as the D elvo- 
test®-P was marketed in kit form by Gist-Brocades 
NV , Delft, The Netherlands. This agar diffusion

This report of the Associate Referee was presented at the 95th 
A nnual M eeting of the AOAC, Oct. 19-22,1981, at W ashington, 
DC.The recom m endation of the Associate Referee was approved 
by the  G eneral Referee and C om m ittee G and was adopted  by 
the  Association. See /. Assoc. Off. Anal. Chcm. (1982) 65,389.

Received A ugust 21, 1981. Accepted October 22,1981.

test uses a strain o f B. stearotherm ophilus var. cali- 
dolactis, and incubation in  a w ater bath for 2 V2 h 
at 64°C. If inhibitory substances are absent, the 
organism  produces en o u gh  acid to change the  
indicator from purple to y e llo w . If antibiotic 
residu es are present, acid production  is delayed  
and the agar rem ains purple. This has been  d e­
scribed by Van Os et al. (2).

In 1975, Packard, Tatini, and G inn (3) com ­
pared th is test w ith  the standard m ethods o f the  
Bacillus subtilis disc assay and the Sarcina lutea  
cylinder plate assay. They found it to be simpler 
and faster than the conventional plate m ethods, 
but sensitivity was such that an excessive number 
of positive sam ples w ould  be detected w h en  used  
rou tin ely  to test farm sam ples. H ow ever, they  
felt this sam e sensitiv ity w ould  be advantageous 
for testin g tank trucks and storage tanks.

Pater (4) conducted  a study o f a large num ber 
of receiv in g stations in The N etherlands in  1976. 
H e also noted  the extrem e sen sitiv ity , and re­
ported som e doubtful readings.

H uhtan en  et al. (5) studied  this m ethod  on  
reconstitu ted  dry m ilk pow ders and raw milk. 
T hey concluded that the m ethod w as “a good  
field  techn ique for d etecting antibiotics in  raw 
m ilk and dry m ilk pow der." T hey also deter­
m in ed  that untrained analysts could detect 
0.008-0 .010 IU p en ic illin /m L  95% of the time.

In 1980, a few  modifications were incorporated 
in to  the m ethod to obtain m ore uniform ity  of 
results, elim inate reporting of false positives, and 
elim in ate reporting the doubtful area o f results. 
The m odifications consisted of specifying a block 
heater instead o f the original water bath, or baby 
b ottle warm er, and requiring a side by side, 
pen cillinase-treated  vs heat-treated test sam ple  
confirm ation  before reporting results. The 
present study w as conducted to determ ine if 
th ese m odifications w ou ld  establish  a rapid, 
sensitive, reliable, portable m ethod for detecting

0004-5756/82/6505-1193-15$01.00 
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antibiotics in  m ilk and m ilk products at the farm 
lev e l as w e ll as in receiv in g stations, processing  
plants, and regulatory laboratories.

In 1980, Van Os and Beukers (6 ) described the 
D elvotest® -P-M ultitest System  d evelop ed  by  
Gist-Brocades NV. This test is sim ilar in  prin­
cip le to the am pule m ethod but perm its up to 96 
test cups to be used at one time. The polystyrene  
plate is d esigned  so that a block of 16 cups can be 
broken off, depending on the num ber of samples 
to be analyzed  at one tim e. Since the sam e 
p rin cip les apply to both the m ulti and am pule  
tests, it w as felt they both shou ld  sh ow  sim ilar 
results u sin g  sim ilar m odifications. H ow ever, 
the multitest could not be m odified to use a block 
heater instead of a water bath; therefore it was 
im portant for each analyst to establish rigid  
controls to m aintain the water bath temperature 
at a constant 65° ±  2°C for 2 h and 45 m in.

C ollaborative Study
A total o f 20 frozen sam ples o f 7 types o f fluid  

m ilk  products conta in ing various lev e ls  o f p en ­
ic illin  G and som e conta in ing tetracycline h y ­
drochloride w ere sent to 20 and 15 laboratories 
to be analyzed  by 30 and 26 analysts, respec­
tively , for the am pule test and the m ultitest. 
Collaborators were d ivided  into 2 groups (A and 
B). Both groups received  the sam e num ber and  
types o f sam ples. O nly  the concentration of 
p en ic illin  G w as varied. A ll analysts received at 
least 1 p ositive and 1 n egative sam ple for each  
product.

Each laboratory w as supplied  w ith  a block  
heater, liquid pen icillinase, frozen standardized 
p en ic illin  G (1000 IU /m L ), antibiotic-free skim  
m ilk  pow der, a color brochure describ ing the  
test, a Delvotest-P Am pule test kit, and a Delvo- 
test-P-M ultitest kit for each analyst. Each labo­
ratory was asked to standardize its water bath and 
obtain its ow n  inhib itor-free m ilk for d ilu tin g  
standards. Instructions for conducting the test 
w ere m ailed w ith  the test sam ples. The experi­
en ce  o f the analysts ranged from n on e  to those  
w h o  w ere ru n n in g  several hundred tests per 
w eek .

Raw m ilk w as taken from  a farm m ilk bulk  
tank at the com p letion  o f 3 m ilk ings. The p en ­
ic illin  concentrations prepared varied from  u n ­
detectable to h ig h ly  detectable. O ne sam ple o f  
each product was untreated. Two sam ples were  
sp iked  w ith  0.25 p g  tetracycline hydrochlo- 
ride/m L .

Processed products w ere selected  by a 2 day  
survey o f 3 superm arkets to determ ine the ap­
proxim ate popularity o f each product; 2 % low fat

m ilk seem ed to be the most popular fo llow ed  by  
1% low fat, 3.25% h om o gen ized , skim  and choc­
olate skim  about even , and half-and-half pre­
ceding w h ipp ing cream. Because children seem  
to prefer chocolate products, this was selected for 
the "other inhibitor" sam ple in  the processed  
group o f sam ples.

Collaborators w ere asked to keep the sam ples  
frozen until the day of testing. Instructions were  
given  on checking the equipm ent and preparing 
standards. Before ana lyzin g  the test sam ples, 
each analyst was asked to m ake a check run on  5 
p en ic illin  standards and the 3 n egative  controls  
to ensure that all reagents and equ ipm ent w ere  
satisfactory and to becom e familiar w ith the color 
reactions. The result o f each tube or cup w as 
recorded by color reaction on  a tem plate and  
interpreted as to w h eth er  further confirm ation  
w ou ld  be n eed ed  or if it w as a true n egative  
sam ple.

A fter com p letion  o f the check run, collabora­
tors w ere asked to thaw  the 20  test sam ples by  
partial im m ersion in a 50°C water bath for about 
5 m in, w ith frequent shaking, and then com plete  
thaw in g at room tem perature w ith  occasional 
shaking. Sam ples w ere then  h eld  in  the refrig­
erator until use, not to exceed  24 h. A fter use, 
sam ples w ere refrozen for future use. A  
screen ing run w as conducted  on  all 2 0  sam ples  
sim ultaneously. Color reactions w ere recorded  
on a tem plate and interpreted as "negative" or 
"confirm ation needed."  Som e analysts con ­
firmed only those sam ples needing confirmation, 
w h ile  others com pleted a confirm ation test on all- 
sam ples.

The results o f 6 analysts for the am pule test, 
and 2  analysts for the m ultitest, w ere not in ­
cluded in  th e final tabulation because results 
arrived too late to be inclu ded , or the analyst 
could  not com p lete the work.

Beta-Lactam in Fluid M ilk Products 

Qualitative Color Reaction Tests 

Official First Action

16.C17 P r i n c i p l e
Test is based on  rapid grow th  rate and acid 

production o f Bacillus stearotherm ophilus var. cal- 
idolactis. Acid changes color o f brom cresol 
purple to y e llo w  in  absence o f /3-lactam in h ib i­
tors. In presence o f inhib itors, purple color re­
mains. Applicable for detecting and confirm ing  
lev els  o f /3-lactam residues >0 .007  IU /m L  pro­
cessed flu id  m ilk products and raw m ilk. Test
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may be perform ed by usin g  am pule or m ultitest 
kits.
16.C18 R e a g e n t s  a n d  A p p a r a t u s

(a) D elvotest® -P -A m pu le test k i t .— (GB Fer­
m entation Industries, Inc., O ne N  Broadway, Des 
Plaines, IL 60016). Contg: 100 test am pules, 
seeded  w ith  B. stearotherm ophilus  var. calidolactis  
in  plain  so lid  agar m edium  (store at 4 -15°); 100 
nutrient tablets contg tryptone (0.5 m g), glucose  
(5.0 m g), nonfat dry m ilk (2.0 m g), and brom- 
cresol purple (0.025 m g) (store at 4 -1 5 °  until 
op en ed  and then  store at room  tem p.); plastic  
forceps to transfer nutrient tablets; and plastic  
syrin ge w ith  100  d isposable tips for sam pling  
and d isp en sin g  0.1 mL portions o f m ilk.

(b) D elvo test® -P -M u lti te st k i t .— (GB Ferm en­
tation Industries, Inc.). Contg: herm etically  
sealed A1 bag contg 3 plates w ith  96 cups each of
B. stearotherm ophilus  var. calidolactis in  so lid  m e­
dium  w ith  brom cresol purple indicator. Each 
plate can be divided into 6  blocks of 16 cups each. 
Sim ilar A1 bag contains 3 sim ilar plates w ith  1 
nutrient tablet per cup, and sealing tapes to cover 
all b locks in d iv id u ally . Store at 4 -1 5 °  until 
opened; then  store at room  tem p.

(c) H eaters. —Block heater and H 2O bath, both  
therm ostatically  controlled  at 65 ±  2°. Check  
daily.(d) Dispensing p ip e t.—Disposable, as in am pule 
test, or m icropipettor (Micro /Pettor, Scientific  
M anufacturing Industries, 1399 64th St, Emery­
v ille , CA 94608).

(e) Phosphate buffer.— 1%, pH 6.0. D issolve 8.0 
g  anhyd. K H 2 P O 4  and 2.0 g  anhyd. K 2 H P O 4  in  
H 20  and dil. to 1 L w ith  H 2 O.

(f) Penicillinase (beta-lactam ase).—Cone., store 
at 0 -4 .4 ° (D ifco, BBL, or P en icillin  Assays, Inc., 
m aterial is satisfactory).

(g) Penicillin stock soln. — Accurately w e ig h  ca 
30 m g USP K pen icillin  G ref. std and d isso lve in  
pH  6.0 buffer to g iv e  k n ow n  concn o f 100-1000  
IU / mL. Store at 0 -4 .4° not > 2  days. Stock soln  
may be dild in inhibitor-free milk to final desired  
concn , d istributed in  sm all quants in tubes, 
sealed , and frozen  < 6  m onths.

(h) Inhibitor-free m ilk.—A ny fluid milk product 
(butterfat content 0.00-3.50%, total solids <13%) 
m ay be used  after bein g tested w ith  this m ethod  
to verify it is inhibitor-free. Use for dilg stds and 
as n eg . control.
16.09 C h e c k  R u n  P r o c e d u r e

Perform  on each n ew  lot num ber o f am pule or 
test kits and on  n ew  batches o f prepd reagents.

Prep. 10 mL v o ls  o f p en ic illin  stds in  in h ib i­

tor-free m ilk , con tg  concns 0.002, 0.004, 0.006, 
0.008, and 0.010 IU /m L , 10 mL H 20 ,  and 10 mL 
inh ib itor-free m ilk in  test tubes. Transfer 5 mL 
aliquot from each tube into a corresponding tube. 
H eat both sets o f tubes to 82° for 3 m in in  H 20  
bath. Remove; cool rapidly to room temp. Add  
0.2 mL p en icillin ase to 1 series o f tubes. Shake 
w ell; let stand 15 m in at room tem p.

For am pule test, rem ove and identify 1 am pule 
for each test tube from test kit. Break off neck of 
am pule and place am pule in  lid  o f am pule box, 
or other suitable rack. W ith clean , dry forceps, 
place 1 nutrient tablet in each ampule. For multi 
test, rem ove 1 plate from  each o f the 2  fo il bags. 
Score fo il coverin g  at cutline on end block of 
each plate and break off 1 block o f agar cups and 
1 block o f cups contg nutrient tablets. O pen  
both blocks by carefully tearing back foil. Place 
block contg agar upside d ow n , exactly on  top of 
those w ith  nutrient tablets. H old ing both blocks 
together, invert them  and tablets w ill fall in to  
each corresponding cup. Light tapping of tablet 
cup m ay be n eed ed  to get all o f tablets out. Ar­
range test tubes o f controls according to cup lo ­
cations in the block. Attach dry sam pling pipet 
to plastic syringe. C om pletely depress p lunger, 
place end o f pipet into tube, ca 1 cm below  top of 
sam ple lev el. A llo w  p lunger to return slow ly  
u nder pressure o f spring. Level o f sam ple  
sh o u ld  reach w id e part o f pipet. If air bubble  
appears, slow ly  expel sam ple back into tube and  
let p lu n ger slo w ly  return again. Do not con ­
tam inate syringe. If drop o f m ilk c lin gs to ou t­
sid e  o f p ipet tip, g en tly  touch it o ff on  ed ge of 
tube. This vo l. is ca 0.1 mL. Empty p ip et into  
appropriate am pule or cup. R em ove p ip et tip 
and replace w ith  n ew  pipet for each sam ple, 
control, or std. If using m icropipettor, w ip e  
ou tsid e w ith  tissue and rinse 3 tim es in  sam ple  
before rem oving test aliquot. C ontin ue this p i­
p ettin g  procedure until all tubes have been  
sam pled.

For am pule test, place am pules in to  appropri­
ate h o les  in  heater block. Incubate at 65 ±  2° 
exactly 2 V2 h. R em ove am pules im m ediately. 
Read p en icillinase-treated  am pule and its cor­
resp o n d in g  untreated am pule side by side, 
look in g  through agar against w h ite  reflective  
background; com pare and record colors as y e l­
low , purple, or yellow -p u rp le. D isregard in ­
tense color surrounding nutrient tablet.

For m ulti test, carefully seal block o f cups w ith  
strip o f adhesive tape enclosed  in  kit. Very 
carefully float sealed block in 65° H 20  bath. 
Incubate exactly 2 h and 45 m in  at 65 ±  2°. Re­
m ove block from  H 20  bath, read, and record
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colors develop ed . Read from  bottom  side of 
block. Compare and record colors as ye llo w , 
purple, or yellow -p u rp le.

F ollow ing colors are satisfactory in  check run: 
y e llo w  for H 2O, inhib itor-free m ilk , and 0 .0 0 2  
IU /m L  std; y e llo w  or ye llow -p u rp le  for 0.004  
IU /m L  std; purple for 0.006, 0.008, and 0.010 
IU /m L  stds.

N ote: O ccasionally kits o f a particular Lot No. 
may require a longer incubation tim e for color to 
fu lly  d evelop . If H 2O and inh ib itor-free m ilk  
sam ples are not truly y e llo w  a n d /o r  0.006 and  
0.008 IU /m L  stds are not com p letely  purple at 
en d  of 2 V2 h  incubation (2 h and 45 m in for m ulti 
test) continue incubating until proper colors are 
developed. Check color develop m en t at 10 m in  
intervals and record optim um  incubation  tim e  
required for each Lot N o.
16.C20 S c r e e n i n g  P r o c e d u r e

U se 1 neg . and 1 pos. control (0.008 or 0.010 
IU /m L ). Sam ples may be heat-treated, as in  
check run, if desired.

Prep, test am pules or blocks o f cups as in  check 
run and arrange sam ples in  sam e order as am ­
pules or cups. Shake sam ples 25 tim es through  
arc o f 1 ft in  7 s. U sin g  n ew  pipet tip for each  
sam ple, control, and std, proceed w ith  sam pling  
and incubation as in  check run. R em ove am ­
pules or blocks o f cups and record colors.

A ll-y e llow  sam ples are neg . and n eed  not be 
confirm ed. Purple or yellow -p u rp le  sam ples  
m ust be confirm ed before reporting.
16.C21 C o n f i r m a t i o n  P r o c e d u r e

Heat-treat tw o 5 mL portions o f each sam ple  
to be confirm ed and the 0.002, 0.004, and 0.006 
IU /m L  stds. D o not treat neg . control or 0.008 
IU / mL std. A dd 0.2 mL p en ic illin ase  to 1 por­
tion o f each heat-treated sam ple and the 3 low  
concns of stds. Prep, am pules or blocks o f cups, 
sam ple, and incubate as in  check run. Rem ove  
am pules or blocks and read treated and untreated 
sam ples side by side and record color results.
16.C22 I n t e r p r e t a t i o n

A ll results are reported as pos. or neg . for 
/3-lactam residue.

Neg.: Solid  y e llo w  in  screen in g  test.
N eg.: H eated sam ple y e llo w , p en ic illin ­

ase-treated sam ple ye llow .
N eg.: H eated sam ple purple, p en ic illin ­

ase-treated sam ple purple.
Neg.: H eated sam ple ye llow -p u rp le , p en i­

cillinase-treated sam ple y e llo w -  
purple.

Pos.: H eated sam ple ye llow -p u rp le , p en i­
cillinase-treated sam ple y e llo w .

Pos.: H eated sam ple purple, p en ic illin ase-  
treated sam ple ye llow .

Sam ples contg heat-stable natural inhibitor g ive  
true neg. test for /8 -lactam residues. Sam ples 
contg heat-stable natural inhibitor plus pen icillin  
may result in false neg. test for /8-lactam residues. 
Sam ple contg other inh ib itory substances (e.g., 
tetracycline) w ill g ive true neg . test for /8 -lactam  
residues. Sam ples o f chocolate-flavored  prod­
ucts are d ifficu lt to read in  the m ulti test kit b e­
cause o f light-d istortin g  colors from  adjacent 
cubes. T hey shou ld  not be reported as pos. by 
that m eth od  w ith ou t first confirm ing w ith  an­
other m ethod.

Results and Discussion — Ampule Test

A ll 24 collaborators reported n egative  results  
w ith  the 0.002 IU / mL p en ic illin  G standard and  
all n egative controls (Table 1). Results o f the  
0.004 and 0.006 IU /m L  standards w ere reported  
as 72.3% and 98.8% positive, respectively . A ll 
analysts reported the 0.008 and 0.010 IU /m L  
standards as positive.

Table 2 lists the results for all collaborators on  
the screen ing run m ade on  all sam ples and re­
ported as described on the screen ing procedure  
under m ethod. A ll screen ing results listed  as 
n eed in g  to be confirm ed w ere confirm ed and  
reported as either positive or n egative for /3-lac­
tam residue as described in  the confirm ation  
procedure (Table 3). Table 4 sum m arizes the  
results in  Tables 2 and 3 by concentration of 
p en icillin  G.

Table 4 illustrates that fo llow ing the described  
confirm ation procedure elim inates the reporting  
of doubtfu l results; all analysts reported all re­
sults as either positive or n egative for /8 -lactam  
residue. O f the 168 n egative results, o n ly  4 
(2.4%) needed confirmation. After confirm ation, 
all analysts reported all sam ples to be n egative  
for /8 -lactam residue w h ich  elim inates any  
problem  o f reporting false n egative reactions.

At the 0.004 IU /m L  lev e l, 69.7% of the results 
ind icated  that confirm ation w as n eed ed  before  
reporting. A fter confirm ation, 57.6% o f the re­
sults w ere reported as n egative and 42.4% w ere  
reported as positive. This indicates that the  
0.004 IU / mL lev el is the approximate sensitiv ity  
o f th is test for flu id  m ilk products.

A ll concentrations of pen icillin  at or above the 
0.005 IU /m L  lev e l, as w e ll as all sam ples spiked  
w ith  tetracycline hydrochloride, w ere reported  
to n eed  confirm ation in  the screen ing run. At 
the 0.005 and 0.006 IU /m L  lev els, 97.4% and
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98.9%, respectively , o f all sam ples w ere con ­
firm ed p ositive  for /3-lactam residue. At the  
0.007 and 0.008 lev e ls , all sam ples w ere con­
firm ed as positive. A ll tetracycline-spiked  
sam ples w ere confirm ed and reported as n ega­
tive for /3-lactam residue and all analysts reported 
that further testing was needed  to determ ine the 
presen ce o f other inhibitors.

The confirm ed or reported results from  Table 
3 w ere  statistically analyzed  to (a) estim ate the  
low est levels (penicillin G) that have confidence 
lim its that include 100% correct identification for 
each product and group (7), and (b) to compare 
the concentration  w h ere 50% correct iden tifica­
tion  w as estim ated to a sim ilar value constructed  
from  the current AO AC m ethod (8 ).

The percent correct results for the iden tifica­
tion o f p en ic illin  are sh ow n  in Table 5. Sam ples 
and concentrations are listed  for the 2  groups of 
collaborators (A and B). W hen the same samples 
w ere analyzed by both groups, results appear in 
each colum n. Values reported as n eed in g  to be 
confirm ed for other inhibitors w ere considered  
n eg ative  for (8 -lactam residues. Laboratory ac­
cidents were not considered in  the analysis. The 
estim ates o f percent difference significantly less 
( a  =  0.05) than 100 are indicated in  the tables.

Table 6 sh ow s the low est concentration for 
each product w here percent positive results were 
not sign ifican tly  less than 100%. Because con ­
centrations did  not span the entire range o f all 
products, the lev el o f d etection  could not be 
com pared for all products. The lev e l o f d etec­
tion  ranged from  0.005 to 0.007 IU p en icillin  
G /m L .

A n algorithm  often  used to obtain estim ates is 
based on  the concentration w h ere 50% (ED50) of 
analysts observed  a p ositive result. The Spear- 
m an-Karber (9) m ethod was used to compute the 
ED50 value o f the controls, 0.0036 IU/m L, w hich  
is s ign ifican tly  less ( a  =  0.05) than the 0.005 
IU /m L  reported for the B. stearotherm ophilus 
A O  A C  test (8 ).

Results and Discussion — Multitest

A ll 24 collaborators reported n egative results 
for the w ater and n egative controls and 95.8% 
reported their inhib itor-free m ilk control as 
negative, Table 7. Results of the 0.002 and 0.004 
IU /m L  p en ic illin  G standards w ere reported  
66.7% and 95.8% p ositive, respectively . A ll an­
alysts reported the 0.006,0.008, and 0.010 IU /m L  
p en ic illin  standards as positive.

Table 8 lists the results for all collaborators on  
the screen in g  run m ade on  all sam ples and re­
ported as described in  the screen ing procedure

Table 5. Ampule method summary

Group
Sample

v ôncn,
IU /m L A(N= 11) B (« =  13)

Raw milk 0.000 0 a o a
0.004 36 3 —
0.005 — 92
0.006 100 92
0.008 100 92
Tet-HCI — 0 a

Skim milk 0.000 0 a 0 a
0.006 — 100
0.007 100 —

1 % Low fat 0.000 o a 0 a
0.004 — 55 a
0.005 100 —
0.008 100 100

2% Low fat 0.000 o a o a
0.005 — 100
0.006 100 —
0.007 — 100
0.008 100 —

Homog- 0.000 o a 0 a
enized 0.004 36 a —

0.006 100 100
0.007 — 100

Chocolate 0.000 o a o a
skim 0.006 100 100

0.008 — 100
Tet-HCI o a —

Half-and- 0.000 o a 0 a
half 0.007 100 100

a Significantly different from P =  100% correct identifica­
tion at the a  = 0.05 level.

under m ethod. A ll screen ing results listed  as 
n eed in g  confirm ation w ere confirm ed and re­
ported as either positive or negative for /3-lactam 
residue as described in  the confirm ation proce­
dure and are reported in  Table 9. Table 10 
sum m arizes the results in  Tables 8 and 9 by 
concentration  o f p en ic illin  G.

Table 10 illustrates that fo llo w in g  the d e­
scribed confirm ation procedure elim inates the  
reporting o f doubtful results because all analysts 
reported their results as either p ositive or nega-

Table 6. Lowest /3-lactam concentration where percent 
positive results were equal to 100 or were not significantly 

less than 100 at a  = 0.05 level In ampule study
Sample Concn, IU /mL

Controls 0.006
Raw milk 0.005
Skim milk 0.006
1 % Low fat 0.005
2% Low fat 0.005
Homogenized 0.006
Chocolate skim 0.006
Half-and-half 0.007 a

a Lowest concentration used In study.



Table 1. Summary of results on controls used in the ampule method

Screening test Confirmed or reported results
Total To be % % To be Total % %Control results Neg. confirmed Neg. confirmed results Neg. Pos. Neg. Pos.

Water 24 23 i 95.8 4.2 24 24 0 100.0 0.0IFMa 24 24 0 100.0 0.0 24 24 0 100.0 0.0Neg. b
control 24 23 1 95.8 4.2 86 86 0 100.0 0.0Penicillin stds, lU/mL:
0.002 24 24 0 100.0 0.0 48 48 0 100.0 0.00.004 83 18 65 21.7 78.3 83 23 60 27.7 72.30.006 84 1 83 1.2 98.8 84 1 83 1.2 98.80.008 24 0 24 0.0 100.0 85 0 85 0.0 100.00.010 24 0 24 0.0 100.0 24 0 24 0.0 100.0

a Inhibitor-free milk, supplied by collaborator. 
b Powdered skim milk, supplied by Associate Referee.

Table 2. Reported color results a of screening tests on frozen fluid m ilk products by ampule method

Coll.

Raw milk Skim 1% Low fat
1

(0.000)b
6A

(0.004)
6B

(0.005)
10

(0.006)
13A

(0.008)
13B

(Tet-HCI)
9

(0.000)
2B

(0.006)
2A

(0.007)
3

(0.000)
11A

(0.004)
11B

(0.005)
16

(0.008)
1 Y Y /P 0 C P P 0 Y 0 P Y Y /P 0 P2 Y Y /P 0 Y /P P 0 Y 0 P Y Y 0 P3 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P4 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P5 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P6 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P7 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P8 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P9 Y Y /P 0 Y /P P 0 Y 0 P Y Y /P 0 P10 Y Y 0 P P 0 Y 0 P Y Y /P 0 P11 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P% Neg. 100.0 9.1 0.0 0.0 100.0 0.0 100.0 9.1 0.0% To be
confirmed 0.0 90.9 100.0 100.0 0.0 100.0 0.0 90.9 100.0

12 Y 0 Y /P Y /P 0 P Y Y /P 0 Y 0 Y /P P13 Y 0 Y /P P 0 P Y P 0 Y 0 Y /P p14 Y 0 P Y /P 0 P Y P 0 Y 0 P p15 Y 0 Y /P P 0 P Y P 0 Y 0 Y /P p
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16 Y 0 P P 0 P Y P 0 Y 0 Y /P P17 Y 0 P P 0 P Y P 0 Y 0 P P18 Y 0 P P 0 P Y P 0 Y 0 Y /P P19 Y 0 Y /P Y /P 0 P Y P 0 Y 0 Y /P P20 Y 0 Y /P P 0 P Y P 0 Y 0 Y /P P21 Y 0 Y /P P 0 P Y Y /P 0 Y 0 Y /P LA22 Y 0 P P 0 P Y P 0 Y 0 Y /P P23 Y 0 Y /P Y /P 0 P Y Y /P 0 Y /P 0 Y /P P24 Y 0 Y /P P 0 P Y P 0 Y 0 Y /P P% Neg. 
% To be

100.0 0.0 0.0 0.0 100.0 0.0 92.3 0.0 0.0
confirmed 0.0 100.0 100.0 100.0 0.0 100.0 7.7 100.0 100.0

2% Low fat Homogenized Chocolate skim Half-and-half

Coll.
17

(0.000)
19B

(0.005)
4A

(0.006)
4B

(0.007)
19A

(0.008)
5

(0.000)
20A

(0.004)
15

(0.006)
20B

(0.007)
7

(0.000)
12

(0.006)
18B

(0.008)
18A

(Tet-HCI)
14

(0.000)
8

(0.007)
1 Y 0 P 0 P Y Y /P Y /P 0 Y Y /P 0 0 Y /P P2 Y 0 Y /P 0 P Y Y Y /P 0 Y Y /P 0 0 Y P3 Y 0 P 0 P Y Y /P P 0 Y P 0 0 Y /P P4 Y 0 P 0 P Y Y P 0 Y Y /P 0 0 Y P5 Y 0 P 0 P Y Y P 0 Y Y /P 0 0 Y P6 Y 0 P 0 P Y Y P 0 Y Y /P 0 0 Y P7 Y 0 P 0 P Y Y P 0 Y P 0 0 Y P8 Y 0 P 0 P Y Y /P P 0 Y P 0 0 Y P9 Y 0 P 0 P Y Y LA 0 Y P 0 0 Y P10 Y 0 P 0 P Y Y LA 0 Y Y /P 0 0 Y P11 Y 0 P 0 P Y Y LA 0 Y P 0 0 Y P% Neg. 100.0 0.0 0.0 100.0 72.7 0.0 100.0 0.0 81.8 0.0% To be

confirmed 0.0 100.0 100.0 0.0 27.3 100.0 0.0 100.0 18.2 100.0
12 Y Y /P 0 Y /P 0 Y 0 0 Y /P Y Y /P Y /P P Y p13 Y P 0 P 0 Y 0 0 P Y Y /P P P Y p14 Y P 0 P 0 Y 0 0 P Y P P P Y p15 Y Y /P 0 P 0 Y 0 0 P Y P P P Y p16 Y P 0 P 0 Y 0 0 P Y Y /P P P Y p17 Y /P Y /P 0 P 0 Y 0 0 P Y P P P Y p18 Y P 0 P 0 Y 0 0 P Y Y /P P P Y p19 Y Y /P 0 P 0 Y 0 0 P Y Y /P P P Y p20 Y Y /P 0 P 0 Y 0 0 P Y Y /P P P Y p21 Y Y /P 0 P 0 Y 0 0 P Y Y /P P P Y p22 Y P 0 P 0 Y 0 0 P Y Y /P P P Y p23 Y Y /P 0 Y /P 0 Y /P 0 0 Y /P Y Y /P P P Y p24 Y Y /P 0 P 0 Y 0 0 P Y Y /P P P Y p% Neg. 92.3 0.0 0.0 92.3 0.0 100.0 0.0 0.0 0.0 100.0 0.0% To be

confirmed 7.7 100.0 100.0 7.7 100.0 0.0 100.0 100.0 100.0 0.0 100.0
a Y = Yellow, no confirmation needed; may be reported as negative. P = Purple, sample must be confirmed before reported. Y /P  = Yellow-purple, sample must be confirmed 

before reported.
b Penicillin concentration, lU/m L. 
c Sample not analyzed by this group.
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Table 3. Collaborative results for analysis of frozen fluid milk samples by ampule method

Raw milk Skim 1 % Low fat
1 6A 6B 10 13A 13B 9 2B 2A 3 11A 1 IB 16Coll. (0 .000) (0.004) (0.005) (0.006) (0,008) Tet-HCIa (0 .0 0 0) (0.006) (0.007) (0 .0 0 0) (0.004) (0.005) (0.008)

1 _ + 0 " + + 0 _ 0 + _ + 0 +
2 - + 0 + + 0 - 0 4- - - 0 +3 - + 0 + + 0 - 0 + - + 0 +4 - - 0 + + 0 - 0 4- - + 0 +5 - - 0 + + 0 - 0 + - + 0 +
6 - - 0 + + 0 - 0 + - + 0 +7 - - 0 + + 0 - 0 + - - 0 +
8 - - 0 + + 0 - 0 + - - 0 +9 - - 0 + + 0 - 0 + - - 0 +

10 - - 0 + + 0 - 0 4- - - 0 +
1 1
Correct — + 0 + + 0 — 0 4- — + 0 +

results, % 10 0 36 100 10 0 10 0 10 0 100 55 10 0

1 2 - 0 + + 0 - - + 0 _ 0 + +13 - 0 + 4- 0 - - + 0 - 0 + +14 - 0 + + 0 _ - + 0 - 0 + +15 - 0 + 4- 0 - - + 0 - 0 + +16 - 0 + + 0 - - + 0 - 0 + +17 - 0 + + 0 - - + 0 - 0 + +18 - 0 + + 0 - - + 0 - 0 + +19 - 0 + _ c 0 - - + 0 - 0 + +
20 - 0 + 4- 0 - - + 0 - 0 + +
2 1 - 0 - + 0 - - + 0 - 0 + LA
2 2 - 0 + + 0 - - + 0 - 0 + +23 - 0 + + 0 - - + 0 - 0 + +24
Correct “ 0 + 4- 0 — — + 0 — 0 + +

results, % 10 0 92 92 100 100 10 0 10 0 10 0 10 0

2% Low fat Homogenized Chocolate skim Half-and-half

Coll. 17(0.000) 19B
(0.005) 4A(0.006) 4B(0.007) 19A

(0.008) 5(0.000) 20A(0.004) 15
(0.006)

20B(0.007) 7(0.000) 12(0.006) 18B
(0.008)

18A
Tet-HCIa

14
(0.000) 8(0.007)

1 - 0 + 0 + _ 4- + 0 _ + 0 _ _ c 4-2 - 0 + 0 4- - 4- 4- 0 - 4- 0 - - 4-3 - 0 + 0 4- - 4- 4- 0 - 4- 0 - - 4-4 - 0 + 0 4- - - 4- 0 - 4- 0 - - 4-5 - 0 + 0 4- - - 4- 0 - 4- 0 - - 4-6 0 4- 0 4- - - 4- 0 - 4- 0 - - 4-7 - 0 4- 0 4- - - + 0 - 4- 0 - - 4-8 0 4 0 4- - - + 0 - 4- 0 - - 4-9 - 0 + 0 + - - LA 0 - 4- 0 - - 4-10 - 0 4- 0 4- - 4- LA 0 - 4- 0 - - 4-11 0 4- 0 4- - - LA 0 - 4- 0 - - 4-
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Correct
results,

%
100 100 100 100 36 100 100 100 100 100 100

12 — + 0 + 0 - 0 + + - + + 0 - +
13 - + 0 + 0 - 0 + + — + + 0 — +
14 - + 0 + 0 - 0 + + — + + 0 — +
15 - + 0 + 0 - 0 + + - + + 0 - +
16 - + 0 + 0 - 0 + + - + + 0 — +
17 - + 0 + 0 - 0 + + - + + 0 - +
18 - + 0 + 0 - 0 + + - + + 0 - +
19 - + 0 + 0 - 0 + H- — + + 0 — +
2 0 - + 0 + 0 - 0 + + — + + 0 - +
2 1 - LA 0 + 0 - 0 + + - + LA 0 - +
2 2 - + 0 + 0 - 0 + + — + + 0 - +
23 - + 0 + 0 - 0 + + — + + 0 — +
24
Correct

- + 0 + 0 — 0 + + — + + 0 +
results, 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 100 100 100 100 100%

3 Reported as negative for /3-lactam inhibitor, all 11 analysts also reported that additional testing was needed to confirm that another inhibitor was present. 
b Sample not analyzed by this group. 
c Incorrectly reported as other inhibitor.

Table 4. Summary of collaborative results reported by penicillin concentration on frozen fluid m ilk products by ampule method

Pencillin 
concn, lU /m L

Screening test Confirmed or reported results
Total

results Neg.
To be 

confirmed % Neg.
% To be 

confirmed
Total

results Neg. Pos. % Neg. % Pos.
0.000 168 164 4 97.6 2.4 167 a 167 0 100.0 0.0
0.004 33 10 23 30.3 69.7 33 19 14 57.6 42.4
0.005 39 0 39 0.0 100.0 38b 1 37 2.6 97.4
0.006 93 0 93 0.0 100.0 9 3  a,c 1 92 1.1 98.9
0.007 61 0 61 0.0 100.0 60 0 60 0.0 100.0
0.008 59 0 59 0.0 100.0 57 d 0 57 0.0 100.0
Tet-HCI 24 0 24 0.0 100.0 24 24 e 0 100.0 0.0

a 1 incorrectly reported as other inhibitor.
6 1 laboratory accident. 
c  3 laboratory accidents. 
d 2 laboratory accidents.
3 All collaborators reported further testing needed to confirm other inhibitors.
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Table 7. Summary of results on controls used in multitest method
rooto

Screening test Confirmed or reported results

Control
Total

results Neg.
To be 

confirmed
%

Neg.
% To be 

confirmed
Total

results Neg. Pos.
%

Neg.
%

Pos.
Water 24 24 ' 0 100.0 0.0 24 24 0 100.0 0.0
IFM 3 72 66 6 91.7 8.3 24 23 1 95.8 4.2
Neg. b 72 70 2 97.2 2.8 24 24 0 100.0 0.0

control
Pen. stds, lU /m L: 

0.002 — 24 8 16 33.3 66.7
0.004 48 2 46 4.2 95.8 24 1 23 4.2 95.8
0.006 72 1 71 1.4 98.6 24 0 24 0.0 100.0
0.008 72 0 72 0.0 100.0 48 0 48 0.0 100.0
0.010 72 0 72 0.0 100.0 — — — — —

a Inhibitor-free milk, supplied by collaborator. 
b Powdered skim milk, supplied by Associate Referee.

Table 8. Reported color results a of screening tests on frozen fluid m ilk products by m ultitest method

Rawmllk Skim l% Lo w fa t

Coll.
1

(0.000)
6A

(0.004)
6B

(0.005)
10

(0.006)
13A

(0.008)
13B

Tet-HCI
9

(0.000)
2B

(0.006)
2A

(0.007)
3

(0.000)
11A

(0.004)
11B

(0.005)
16

(0.008)
1 Y /P Y /P 0* Y /P P 0 Y 0 P Y /P Y /P 0 P2 Y P 0 P P 0 Y 0 P Y P 0 P3 Y P 0 P P 0 Y 0 P Y Y /P 0 P4 Y Y /P 0 P P 0 Y 0 P Y P 0 P5 Y P 0 P P 0 Y 0 P Y P 0 P6 Y P 0 P P 0 Y 0 P Y P 0 P7 Y P 0 P P 0 Y 0 P Y P 0 P8 Y P 0 P P 0 Y 0 P Y Y /P 0 P9 Y P 0 P P 0 Y 0 P Y Y /P 0 P10 Y P 0 P P 0 Y 0 P Y Y /P 0 P11 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P12 Y Y /P 0 P P 0 Y 0 P Y P 0 P13 Y Y /P 0 P P 0 Y 0 P Y Y /P 0 P% Neg. 92.3 0.0 0.0 0.0 100.0 0.0 92.3 0.0 0.0% To be
confirmed 7.7 100.0 100.0 100.0 0.0 100.0 7.7 100.0 100.0

14 Y 0 Y /P p 0 P Y P O' Y 0 Y /P P15 Y 0 P p 0 P Y P 0 Y 0 Y /P P16 Y 0 P P 0 P Y P 0 Y 0 P P17 Y 0 P p 0 P Y P 0 Y 0 P P
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18 Y 0 P p 0 P Y p 0 Y 0 p P
19 Y 0 p p 0 P Y p 0 Y 0 Y /P P
20 Y 0 p p 0 P Y p 0 Y 0 p P
21 Y 0 p p 0 P Y p 0 Y 0 p P
22 Y 0 p p 0 P Y p 0 Y 0 p P
23 Y 0 p p 0 P Y p 0 Y 0 p P
24 Y 0 p p 0 P Y p 0 Y 0 p P
% Neg. 100.0 0.0 0.0 0.0 100.0 0.0 100.0 0.0 0.0
% To be

confirmed 0.0 100.0 100.0 100.0 0.0 100.0 0.0 100.0 100.0
2% Low fat Homogenized Chocolate skim Half-and-ha.lf

17 19B 4A 4B 19A 5 20A 15 20 B 7 12 18B 18A 14 8
Coll. (0.000) (0.005) (0.006) (0.007) (0.008) (0.000) (0.004) (0.006) (0.007) (0.000) (0.006) (0.008) (Tet-HCI) (0.000) (0.007)

1 Y 0 P 0 P Y Y /P P 0 Y P 0 P Y P
2 Y 0 P 0 P Y Y /P P 0 Y P 0 P Y P
3 Y 0 P 0 P Y Y /P P 0 Y P 0 P Y P
4 Y /P 0 P 0 P Y P P 0 Y /P P 0 P Y P
5 Y /P 0 P 0 P Y /P P P 0 Y /P P 0 P Y P
6 Y 0 P 0 P Y /P Y /P P 0 Y P 0 P Y Y /P
7 Y 0 P 0 P Y P P 0 Y P 0 P Y P
8 Y 0 P 0 P Y Y /P P 0 Y /P P 0 P Y P
9 Y 0 P 0 P Y Y /P P 0 Y /P P 0 P Y P

10 Y 0 P 0 P Y Y /P P 0 Y /P P 0 P Y P
11 Y 0 P 0 P Y Y /P P 0 Y /P P 0 P Y P
12 Y 0 P 0 P Y Y /P P 0 Y P 0 P Y P
13 Y 0 P 0 P Y Y /P P 0 Y P 0 P Y P
% Neg 
% To be

84.6 0.0 0.0 84.6 0.0 0.0 46.2 0.0 0.0 100.0 0.0
confirmed 15.4 100.0 100.0 15.4 100.0 100.0 53.8 100.0 100.0 0.0 100.0

14 Y P 0 p 0 Y 0 p p Y /P P P 0 Y P
15 Y P 0 p 0 Y 0 p p Y /P p P 0 Y P
16 Y P 0 p 0 Y 0 p p Y /P p P 0 Y P
17 Y P 0 p 0 Y 0 p p Y p P 0 Y P
18 Y P 0 p 0 Y 0 p p Y p P 0 Y P
19 Y P 0 p 0 Y 0 p p Y p P 0 Y P
20 Y P 0 p 0 Y 0 p p Y p P 0 Y P
21 Y P 0 p 0 Y 0 p p Y /P p P 0 Y P
22 Y P 0 p 0 Y 0 p p Y p P 0 Y P
23 Y P 0 p 0 Y 0 p p Y /P p P 0 Y P
24 Y /P P 0 p 0 Y 0 p p Y p P 0 Y P
% Neg. 
% To be

91.0 0.0 0.0 100.0 0.0 0.0 54.5 0.0 0.0 100.0 0.0
confirmed 9.0 100.0 100.0 0.0 100.0 100.0 45.5 100.0 100.0 0.0 100.0
a Y = Yellow, no confirmation needed; may be reported as negative. P = Purple, sample must be confirmed before reported. Y /P  = Yellow-purple, sample must be confirmed 

before reported.
6 Sample not analyzed by this group.
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Table 9. Collaborative results of analysis of frozen fluid milk samples by multitest method

Raw milk Skim 1 % Low fat
1 6A 6B 10 13A 13B 9 2B 2A 3 11A 11B 16

Coll. (0.000) (0.004) (0.005) (0.006) (0.008) (Tet-HCI)a (0.000) (0.006) (0.007) (0.000) (0.004) (0.005) (0.008)
1 _ 4 o b 4 4 0 _ 0 4 _ 4 0 4
2 - + 0 4 4 0 - 0 4 - 4 0 4
3 - 4- 0 4 4 0 - 0 4 - 4 0 4
4 - 4 0 4 4 0 - 0 4 - 4 0 4
5 - 4 0 4 4 0 - 0 4 - 4 0 4
6 - + 0 4 4 0 - 0 4 - 4 0 4
7 _ + 0 4 4 0 — 0 4 - 4 0 4
8 - + 0 4 4 0 - 0 4 - 4 0 4
9 - 4- 0 4 4 0 - 0 4 - 4 0 4

10 - 4- 0 4 4 0 - 0 4 - 4 0 4
11 - 4- 0 4 4 0 - 0 4 - 4 0 4
12 - 0 4 4 0 - 0 4 - 4 0 4
13
Correct

— 4 0 4 4 0 — 0 4 — 4 0 4
results, % 100 92 100 100 100 100 100 100 100

14 _ 0 4 4 0 _ - 4 0 - 0 4 4
15 - 0 4 4 0 - - 4 0 - 0 4 4
16 - 0 _ c 4 0 - - 4 0 - 0 4 4
17 — 0 4 4 0 - - 4 0 - 0 4 4
18 - 0 4 4 0 - - 4 0 - 0 4 4
19 - 0 4 4 0 - - 4 0 - 0 4 4
20 - 0 4 4 0 - - 4 0 - 0 4 4
21 - 0 4 4 0 - - 4 0 - 0 4 4
22 - 0 4 4 0 - - 4 0 - 0 4 4
23 - 0 4 4 0 - - 4 0 - 0 4 4
24
Correct

~ 0 4 4 0 — — 4 0 ~ 0 4 4
results, % 100 91 100 100 100 100 100 100 100

2% Low fat Homogenized Chocolate skim Half-and-half
17 19B 4A 4B 19A 5 20A 15 20B 7 12 18B 18A 14 8

Coll. (0.000) (0.005) (0.006) (0.007) (0.008) (0.000) (0.004) (0.006) (0.007) (0.000) (0.006) (0.008) (Tet-HCI) (0.000) (0.007)
1 _ 0 4 0 4 _ 4 4 0 _ 4 0 — — 4
2 - 0 4 0 4 - 4 4 0 - 4 0 - - 4
3 - 0 4 0 4 - 4 4 0 - 4 0 - - 4
4 - 0 4 0 4 - 4 4 0 _  c _  c 0 - - 4
5 - 0 4 0 _  c - 4 4 0 _  c _  c 0 - - 4
6 - 0 4 0 4 - 4 4 0 - 4 0 - - 4
7 - 0 4 0 4 - 4 4 0 - 4 0 - - 4
8 - 0 4 0 4 - 4 4 0 - _  c 0 - - 4
9 - 0 4 0 4 - 4 4 0 - _ c 0 - - 4

10 — 0 4 0 4 _ 4 4 0 - _  c 0 - - 4
11 - 0 4 0 4 - 4 4 0 - _  c 0 - - 4
12 - 0 4 0 4 - _  c 4 0 — 4 0 - - 4
13 - 0 4 0 4 - 4 4 0 - 4 0 - - 4
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Correctresults, % 1 0 0 1 0 0 92 1 0 0 92 1 0 0 1 0 0 45 1 0 0 1 0 0 1 0 0

14 _ + 0 + 0 - 0 + + _  c _  c _  c 0 - +
15 - + 0 + 0 - 0 + + _ c —  C _c 0 - +
16 - + 0 _  c 0 - 0 + + — c — c _c 0 — +
17 - + 0 -f 0 - 0 + + - + + 0 - +
18 - + 0 + 0 - 0 + + - + + 0 - +
19 — + 0 + 0 - 0 + + - + + 0 - +
2 0 - + 0 + 0 - 0 + + - + + 0 - +
21 - + 0 + 0 - 0 + + — + + 0 - +
22 - + 0 + 0 - 0 + + - + + 0 - +
23 - + 0 + 0 - 0 + + - + + 0 - +
24 - + 0 + 0 - 0 + + - + + 0 - +
Correctresults, % 100 100 91 100 100 100 100 77 73 100 100

a Reported as negative for /3-lactam inhibitor, all analysts also reported that additional testing was needed to confirm the presence of another inhibitor. 
b Sample not analyzed by this group. 
c Incorrectly reported as other inhibitor. * 6

Table 10. Summary of collaborative results reported by penicillin concentration on frozen fluid m ilk products by m ultitest

Screening test Confirmed or reported results
Penicillin 

concn, lU /m L
Total

results Neg.
To be 

confirmed
%

Neg.
% To be 

confirmed
Total

results Neg. Pos.
%

Neg.
%

Pos.
0.000 168 150 18 89.3 10.7 168 168 3 0 100.0 0.00.004 39 0 39 0.0 100.0 39 2 b 37 5.1 94.90.005 33 0 33 0.0 100.0 33 \ b 32 3.0 97.00.006 96 0 96 0.0 100.0 96 9 C 87 9.4 90.6(100.0)0.007 59 0 59 0.0 100.0 59 l b 58 1.7 98.30.008 61 0 61 0.0 100.0 61 4 b.e 57 6.6 93.4(97.9 ) dTet-HCI 24 0 24 0.0 100.0 24 24' 0 100.0 0.0

a 5 analysts reported confirmation testing needed for other inhibitors.
6 1 analyst reported confirmation testing needed for other inhibitors.
c All analysts reported confirmation testing needed for other inhibitors in chocolate products. 
d  Revised after removing results for chocolate skim milk from data.
e 3 analysts reported confirmation testing needed for other inhibitors in chocolate products.
' All analysts reported confirmation testing needed for other inhibitors in all samples.
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Table 11. Multitest summary

Sample
Concn,
IU/mL

Group
A(/V = 11) B(/V= 13)

Raw milk 0.000 0 a 0 3
0.004 92 —
0.005 — 91
0.006 100 100
0.008 100 —
Tet-HCI — 0 a

Skim milk 0.000 o a o a
0.006 — 100
0.007 100 —

1 % Low fat 0.000 o a o a
0.004 100 —
0.005 — 100
0.008 100 100

2% Low fat 0.000 o a o a
0.005 — 100
0.006 100 —
0.007 — 91
0.008 92 —

Homogenized 0.000 0 a 0 a
0.004 92 —
0.006 100 100
0.007 — 100

Chocolate 0.000 o a 0 a
skim 0.006 45 a 77 3

0.008 — 73a
Tet-HCI 0 a —

Half-and- 0.000 0 a 0 a
half 0.007 100 100
3 Significantly different from P= 100% correct identifica­

tion at the a  =  0.05 level.

tive for /3-lactam residues. O f the 168 n egative  
results, 18 (10.7%) w ere determ ined to n eed  
confirm ation. After confirm ation, all analysts 
reported all sam ples to be n egative for /3-lactam 
residue.

A ll sam ples sp iked  w ith  either p en ic illin  or 
tetracycline hydrochloride w ere reported to need  
confirm ation after the screen ing test. A ll sam ­
ples sp iked  w ith  tetracycline w ere correctly re­
ported as n egative for /3-lactam residue and as 
n eed in g  additional testin g for other inhibitors. 
Table 10 show s that 90.6-98.3% of all results were  
confirm ed as /3-lactam residues for all sam ples  
sp iked  w ith  p en icillin . Several analysts re­
ported d ifficu lty  in reading the color reaction  
w ith  the chocolate skim  m ilk sam ples. This is 
illustrated in  Tables 8 and 9. M ost collaborators 
felt that the color diffusion from adjacent sam ple 
cups, a lon g w ith  the natural color o f the choco­
late material, caused the problem . If the results 
of the chocolate sam ples are rem oved from  the  
calculations in  Table 10, w e  fin d  that the per­
centage of correctly reported p ositive results 
increases to 94.9% at the 0.003 level and to 100.0% 
at the 0.006 IU /m L  level.

Table 12. Lowest (3-lactam concentration where percent 
positive results were equal to 100 or were not significantly 

less than 100 at the a  = 0.05 level in the multitest study

Sample Concn, IU /mL
Controls 0.004
Raw milk 0.004
Skim milk 0.006
1 % Low fat 0.004
2% Low fat 0.005
Homogenized 0.004
Chocolate skim __a

Half-and-half 0.007 b

a None determined due to numerous incorrect other in­
hibitors reported.

6 Lowest concentration used in study.

The confirm ed or reported results from  Table 
9 w ere statistically analyzed  (a) to estim ate the  
low est lev els (pen icillin  G) that have confidence  
lim its that include 100% correct identification for 
each product and group (7), and (b) to com pare 
the concentration w h ere 50% correct id en tifica­
tion was estim ated to a sim ilar value constructed  
from  the current AOAC m ethod (8 ).

The percent correct results for the id en tifica­
tion o f p en ic illin  are sh ow n  in  Table 11. Sam­
ples and concentrations are listed  for the 2 
groups o f collaborators (A and B). W hen the  
sam e sam ples w ere analyzed  by both groups, 
results appear in  each colum n. Values reported  
as n eed in g  to be confirm ed for other inhib itors  
w ere considered negative for /3-lactam residues. 
Laboratory accidents w ere not considered in  the 
analysis. The estim ates of percent d ifferences  
sign ifican tly  less (a  =  0.05) than 100 are in d i­
cated in  Table 11.

Table' 12 sh ow s the low est concentration for 
each product w here percent positive results were  
significantly less than 100%. This concentration  
could not be determ ined for chocolate skim  m ilk  
w ith  this m ethod. A ll n egative results in  Table 
11 (chocolate skim  m ilk) w ere due to incorrectly  
reported negatives need ing further confirm ation  
for other inhibitors. The lev e l of detection  for 
all other sam ples ranged from  0.004 to 0.007 IU  
p en ic illin  G /m L.

The Spearman-Karber (9) m ethod was used to 
com pute the ED50 value o f the controls, 0.0018 
IU/m L, w hich is significantly less (a  =  0.05) than  
the 0.005 IU /m L  reported for the B. stearother- 
mophilus AOAC test (8 ).

R ecom m en d ation
A rapid, reliable, sen sitiv e, and portable 

m ethod for d etecting antibiotics in large n u m ­
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bers o f m ilk  sam ples at the farm and receiv in g  
station lev e ls  is n eeded . The results o f this co l­
laborative study sh ow  that the Delvotest®-P- 
Multitest and Delvotest®-P-Ampule m ethod can 
fu lfill these requirem ents on  raw m ilk and on  
processed flu id  m ilk  products. It is recom ­
m en d ed  that, except for the m ultitest on  choco­
late-flavored m ilk products, both techn iques be 
adopted official first action for the detection  o f 
/3-lactam residues in m ilk  and m ilk products.
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Bacillus stearothermophilus Disc Assay for Detection of Inhibitors in 
Milk: Collaborative Study
JA M E S W . M ESSER , JA M ES E. LESLIE, G A R Y  A . H O U G H T B Y ,
JA M E S T. PEELER, a n d  JER A LD  E. B A R N E T T
Food and Drug Administration, Division of Microbiology, 1090 Tusculum Ave, Cincinnati, OH  
45226
C o lla b o ra to rs: A . A p p e lt;  E. B o o n e ; H . B ryan t; L. B u rro u g h s; K. C o lem a n ; M . C u p ery ;  
R. C yr; P. D o m b r o w sk i;  P. D o n a h u e ;  S. Farm er; R. G in n ; H . G ran t, Jr; J. H a w k in s ;
J. H e a d y ;  D . H erb st; W . K e lle y ;  M . M isu p ; L. M orris; R. M u lle n ;  N . O n d ru s; C. P a y to n ;
D . S e iz ;  R. S h are; M . S tern ; R. W illia m s

A 2-part (A and B) collaborative study was conducted 
on a B a c illu s  s t e a r o th e r m o p h i l u s  paper disc (12.7 mm) 
method to detect residual inhibitors in milk. The 18 
participating collaborators assayed raw milk samples 
spiked with a beta-lactam (penicillin G). Of the 18 
collaborators, 14 participated in part A and 16 in part
B. Part A demonstrated that either Antibiotic Me­
dium No. 4 or PM Indicator Agar is suitable for use 
in the assay. The lowest concentration detectable, 
not significantly different from 100% at the a  = 0.05 
level, was 0.008 unit/mL with either medium. Part 
B demonstrated that the sensitivity of the method is 
equal to that of the current AOAC method (16.131- 
16.136). The concentration of beta-lactam detected 
by 50% of the analysts was 0.003-0.005 unit/mL in this 
study, compared with 0.005 unit/mL reported in an 
earlier collaborative study on the current AOAC 
method. No false positive results were reported in 
part A or part B. All samples found positive by the 
confirmatory test in part B were correctly identified 
as a beta-lactam with commercial Penase discs. The 
lowest concentration detectable by the method, not 
significantly different from 100% at the a  = 0.05 level, 
was 0.008 unit/mL. The method was adopted official 
first action.

Since the late 1940s, antibiotics and drugs have  
b een  w id e ly  used  to control disease in  dairy 
cattle. M ilk from  treated anim als that is not 
w ith h e ld  from  the m ilk supply  for the tim e re­
quired for excretion of the antibiotic or drug may 
contain residual levels of inhibitors and may not 
be sold (1). Several microbiological m ethods are 
offic ia lly  recogn ized  to detect residual lev e ls  of 
inh ib itors (antibiotics a n d /o r  drugs) in m ilk (2 , 
3). The m ethod presented  w as d esign ed  as an 
alternative eq u ivalen t to the official AOAC  
m ethod  16.131-16.136 (3).

Received August 6,1981. Accepted O ctober 26,1981.
This report o f the  Associate Referee, J. W. Messer, 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 C om m ittee G and was adopted  by 
the  Association. See J. Assoc. Off. Anal. Chem. (1982) 65, 389.

Collaborative Study

Ten frozen  raw m ilk sam ples w ere prepared  
w ith  m ilk that had been previously tested for the 
presen ce o f inhib itors by the Bacillus stearo ther­
m ophilus m ethod. A buffered stock solu tion  of 
p en ic illin  G w as prepared (1000 u n its/m L ) and  
diluted in  the inhibitor-free m ilk to give 4 spiked  
sam ples. O ne additional sam ple w as used  as a 
n eg ative  control. The 5 sam ples w ere subdi­
v id ed  to provide a b lin d  duplicate. The 10 
sam ples w ere packaged in  40 mL am ounts in  
sterile polystyrene bottles, d ivided  into replicate 
sets o f 10 sam ples, and frozen.

The collaborative study w as carried out in  2 
parts. Part A  w as d esign ed  to fam iliarize the  
collaborators w ith  the m ethod and to determ ine  
w h ether PM Indicator Agar w ould  produce assay 
results sim ilar to those obtained w ith  Antibiotic 
M edium  No. 4. Part B was designed to study the 
use o f the m ethod  at 2 incubation tem peratures 
and to determ ine w h eth er com m ercial Penase 
discs could  be used to id en tify  the residue as a 
beta-lactam .

For each part o f the study, 10 frozen sam ples, 
essentia l m aterials, and instructions w ere pro­
v id ed  to each collaborator. The identities o f the 
sam ples and b lin d  duplicates w ere u n k n ow n  to 
the participants. The collaborators sen t their 
data forms to the Associate Referee w h o decoded  
th e data and had the statistical analysis (4-6) 
performed. For purposes of comparison, the 50% 
detectable lev e l (ED50) w as used  (5).

Penicillins in M ilk

B a c i l l u s  s t e a r o t h e r m o p h i l u s  Qualitative Disc 
Method II

Official First Action

(A pplicable to lev els  >0.008 IU p en ic illin  
G /m L )

0004-5756/82/6505-1208-07$01.00 
ûîfnri'atinn nf Official Analytical Phnm ists Inc
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Table 1. Beta-lactam residues In heated milk detected by using Antibiotic Medium No. 4, incubated at 55 ±  2°C

Coll.

Penicillin G (unit/m L)
0.000/mL

sample
0.002/mL

sample
0.004/mL

sample
0.008/mL

sample
0 .0 1 2 /m L

sample
1 9 2 5 7 8 3 4 6 10

1 _  a _ — _ +  b _ 4- 4- 4- 4-
2 -  - -  — + + 4- 4- 4- +
3 -  - -  - + - 4- + 4- 4-
4 -  - -  - + 4- 4- + 4- 4-
5 -  - -  - + 4- + 4- 4- 4-
6 -  - -  - - - 4- + 4- +7 -  - -  — + + 4- + 4- 4-

10 -  - -  - + 4- 4- + + 4-
11 -  - -  - - 4- 4- 4- 4- 4-
12 -  - -  - - - 4- + 4- 4-
13 -  - -  - — — 4- 4- 4- 4-
14 -  - -  - + + 4- + 4- +
15 -  - -  - - - 4- + 4- 4-
18 -  — -  - - — 4- 4- 4- 4-

Correct
results(%) 1 0 0 0 C 54 c 1 0 0 1 0 0

8 -  = negative test (zone < 14.0 mm).
6 + = positive test (zone > 14.0 mm).
c Significantly different from 100% at the a = 0.05 level.

16.C06 C u ltu r e  M e d ia sorbate 80, 0.06 g  brom cresol purple, and 15.0 g
agar in  H 2O and dil. to 1 L. Adjust if necessary

(a) A g a r m edium  B .—  See 42.196(b). so  that after sterilization  pH  is 7.8 ±  0.2. (D ifco
(b) A gar medium P. —Dissolve 3.0 g beef ext, 5.0 PM Indicator Agar has been fou n d  satisfac-

g  p ep ton e, 1.7 g tryptone, 0.3 g  soyton e, 5.25 g tory.)
dextrose, 0.5 g  NaCl, 0.25 g  K2H PO 4, 1.0 g  poly- (c) A g a r m edium  M .—See 16.131(b).

Table 2. Beta-lactam residues in heated milk detected by using PM Indicator Agar ‘ incubated at 55 ± 2 ‘C
Penicillin G (unit/m L)

0.000/mL 0.002/mL 0.004/mL 0.008/mL 0.012/mL
sample sample sample sample sample

Coll. 1 9 2 5 7 8 3 4 6 10
1 — b — _ _ + C 4- 4- 4- 4- 4-
2 -  — -  — 4- 4- 4- 4- 4- 4-
3 -  - + + 4- 4- 4- 4- 4- 4-
4 -  - -  - 4- 4- 4- + 4- -
5 — — -  — + 4- 4- 4- 4- 4-
6 _ - -  — 4- — 4- 4- 4- 4-
7 -  - -  - 4- 4- 4- + 4- 4-

10 -  - -  - 4- 4- 4- + 4- 4-
11 -  - -  - 4- 4- 4- + 4- 4-
12 -  - -  - 4- 4- 4- 4- 4- 4-
13 -  - -  - - 4- 4- + 4- 4-
14 -  - + 4- 4- 4- 4- 4- +
15 -  - -  - - - 4- 4- 4- 4-
18 - -  - 4- - 4- 4- 4- 4-

Correct
results
<%) 1 0 0 n a 82>d 1 0 0 96

8 Prepared by heating to boiling. 
b -  = negative test (zone < 14.0 mm). 
c + = positive test (zone > 14.0 mm). 
d Significantly different from 100% at the a = 0.05 level.
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T a b le  3 .  B e t a - la c t a m  r e s id u e s  In  h e a te d  m ilk  d e te c te d  b y  u s in g  P M  In d ic a t o r  A g a r 8 a n d  in c u b a te d  a t  5 5  ±  2 ° C

Penicillin G (unit/m L)
0.000/mL 0 .0 02 /m L 0.004/mL 0.008/mL 0 .0 1 2 /m L

sample sample sample sample sample
Coll. 1 9 2 5 7 8 3 4 6 10

1 _  b — _ + C + + 4- + 4- 4-
2 -  - - - + + + 4- 4- 4-
3 -  - + + + - + + + 4-
4 -  - - - + + + + 4- +
5 _  _ ■ - - + + 4- 4- 4- +
6 _  _ - - - - + + 4- +
7 -  - - - + + 4- + 4- 4-

10 - - - + + + 4- 4- 4-
11 _  _ - - + - + + 4- 4-
12 -  - - - 4- - + + 4- +
13 _  _ - - + + 4- 4- + 4-
14 -  - - + + + + 4- 4- +
15 -  - - - - - + + + 4-
18 - - - - + 4- 4- + 4-

Correct
results
(%) 100 14« 71« 100 100

8 Prepared by autoclaving.
b -  = negative test (zone < 14.0 mm).
c + = positive test (zone > 14.0 mm).
d Significantly different from 100% at the a  = 0.05 level.

(d) Broth m edium  D .—D isso lve  17.0 g pancre­
atic d igest o f casein, 3.0 g papaic d igest o f soy­
bean, 5.0 g  N aC l, and 2.5 g  K2H PO 4 in  H 2O and  
dil. to 1 L. Adjust if necessary so that after ster­
iliza tion  pH  is 7.3 ±  0.2. (BBL Trypticase Soy  
Broth w ith ou t Dextrose has been  fou n d  satis­
factory.)
16.C07 Reagents and Apparatus

(a) Penicillin stock so ln .—See 16.132(a). (Difco 
PM P ositive Controls, P en ic illin  G, and P en icil­
lin  Assays Inc. p en ic illin  stds have been  found  
satisfactory.)

(b) P en ic illin a se  (b e ta - la c ta m a s e ) . — See  
16.132(b). (Commercial Penase Discs (12.7 mm) 
h ave b een  fou n d  satisfactory.)

(c) Filter paper disc, blank.—U se S&S 740 E, 12.7 
m m  discs or discs of equiv. absorption perfor­
m ance qualities and purity.(d) C ontrol d iscs.— Prep, fresh daily  from pos. 
control m ilks contg 0.008 IU p en ic illin /m L .

(e) P etri dishes (p la te s ) .—See 42.198(b).

16.C08 Stock Culture o f  Test Organism s
M aintain B. stearothermophilus ATCC 10149 on  

agar m edium  M (c), transferring to fresh slant 
w eek ly . Inoculate slant of agar m edium  M w ith  
test organism  and incubate overn igh t at 55 ±  2° 
or 64 ±  2°. Inoculate three 300 mL erlenm eyers, 
each con tg  150 mL broth m edium  D (d), w ith  1

loop fu l o f test organism . Incubate at 55 ±  2° or 
64 ±  2° and periodically make spore stains to det. 
extent o f sporulation. W hen ca 80% sporulation  
has occurred (usually in  72 h), centrf. cell sus­
p en sion  15 m in at 5000 rpm. Decant supernate, 
resuspend cells in  saline solution, 42.197(r), and 
recentrf. Repeat saline w ash ing . R esuspend  
w a sh ed  cells  in  30 mL saline and store at 4°. 
Spore suspension w ill remain viable 6 -8  m onths. 
Check viability periodically by prepn of trial test 
plates. (Com. prepd spore susp en sion  has been  
fou n d  satisfactory.)
16.C09 P r e p a r a tio n  o f  P la te s

Inoculate aliquot o f liq u ified  agar m edium  B 
(a) or P (b), cooled  to 55° or 64° w ith  p reviously  
prepd spore suspensions. Adjust inoculum  level 
to provide clear, readable zon es o f in h ib ition  
from  p en ic illin -p os. control discs (d) after 3 -4  h

T a b le  4 .  C o m p a r is o n  o f  a s s a y  m e d ia

Medium 50% Detection level (unit/m L)
Antibiotic Medium No. 4 0.00390 c
PM Indicator Agara 0.00351 «
PM Indicator Agar6 0.00312 c

8 Prepared by heating to boiling.
b Prepared by autoclaving.
c Not significantly different at the a  = 0.05 level.
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incubation at 55 ±  2° or 2 -3  h incubation at 64 ±  
2°. Pour 6 mL inocu lated  agar m edium  B or P 
in to each plate, and let harden on  flat, lev e l sur­
face. U se w ith in  5 days.
16.C10 A ssay

Screening .—W ith clean, dry forceps, touch  
paper disc to surface o f w e ll m ixed m ilk and let 
m ilk be absorbed by capillary action. Drain ex­
cess m ilk by tou ch in g  disc to in sid e  surface o f  
sam ple vessel. Im m ediately place disc on  agar 
surface, pressing g en tly  to ensure good  contact. 
Identify each disc or section on w h ich  it is placed. 
Place control disc con tg  0.008 IU p en ic illin /m L  
on plate. Invert plate and incubate at 55 ±  2° or 
64 ±  2° until w e ll d efin ed  zo n es  o f in h ib ition  
(17-20  m m ) are obtained  w ith  the 0.008 IU /m L  
control. Exam ine plate for clear zo n e o f in h ib i­
tion  surrounding discs. Clear zo n e o f > 14  mm  
indicates p resence o f inh ib itory substances. 
Z ones o f < 1 4  m m  are read as neg . Confirm  
presence o f inhibitor.

Confirm ing .—Heat test sam ples to 82° > 2  m in. 
Cool prom ptly to room  tem p. W ith clean , dry 
forceps, touch paper disc to surface o f w ell m ixed  
m ilk and let m ilk be absorbed by capillary action. 
A lso fill p en icillin ase-im p regn ated  d isc or add  
0.05 mL penicillinase to 5 mL sam ple and fill disc. 
Drain excess m ilk by tou ch in g  disc to in sid e

surface o f sam ple vessel. Im m ediately  place 
each disc on  agar surface, p ressing g en tly  to e n ­
sure good contact. Place control disc contg 0.008 
IU / mL on plate. Invert plate and incubate at 55 
±  2° or 64 ±  2° until w e ll d efin ed  zo n es  o f in h i­
b ition  (17-20 m m ) are obtained  w ith  0.008 
IU /m L  control. Examine plate for clear zon e of 
in h ib ition  (> 1 4  m m ) surrounding disc, ind icat­
in g  presence o f inh ib itory substance.
1 6 .0 1  Interpretation

Assay o f test m ilk in  screen ing and confirm a­
tory test m ay produce fo llo w in g  results:

(3) N o  zone around disc contg untreated m ilk  
in  screen ing test is neg. test for inh ib itory  sub­
stances.

(2) Zone around disc contg untreated m ilk but 
n o zo n e around disc contg pen icillinase-treated  
m ilk in confirm atory test is pos. test for /3-lactam 
residue.

(3) Clear zon e o f equal size around both discs 
in  confirm atory test indicates presence o f in ­
hibitors other than /3-lactam residues.

(4) Clear zon e around p en icillinase-treated  
m ilk substantially sm aller than around untreated  
m ilk disc in  confirm atory test indicates presence  
of /3-lactam residues as w e ll as another in h ib i­
to rs).

P en icillin -p os. control so ln  at 0.008 IU /m L

T a b le  5 .  S c r e e n in g  t e s t s  f o r  b e t a - la c t a m  r e s id u e s  in  u n h e a t e d  m ilk  in c u b a te d  a t  5 5  ±  2 ° C

Coll.

Penicillin G (unit/m L)
0.000/mL

sample
0.002/mL

sample
0.004/mL

sample
0.008/mL

sample
0.012/mL

sample
1 9 2 5 7 8 3 4 6 10

1 _  a _ _ _ + b + + + + +
2 -  - + - + + + + + +
3 -  - - - + + + + + +
4 -  - - - - - + + + +
5 -  - + + + + + + + +
6 -  - + + + + + 4- + +
7 -  - - - - - + + + +
8 -  - - - + + + 4- + 4-
9 -  - - - + + + 4- + 4-

10 -  - - - + + + + + 4-
1 1 -  - - - + + 4- 4- + 4-

12 -  - - - •f + 4- 4- + 4-

13 -  - - - - + + 4- + +14 -  - - - + + 4- 4- + 4-
15 -  - + + + + + + + 4-

16 -  - + + + + + + + 4-
Correct

results(%) 100 ro CO o 84 c 10 0 100

3 -  = negative tes t (zone < 14.0 mm). 
b + = positive tes t (zone > 14.0 mm). 
c Significantly different from 100% a t the a  = 0.05 level.
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T a b le  6 .  S c r e e n in g  t e s t s  f o r  b e ta - la c ta m  r e s id u e s  In  u n h e a t e d  m ilk  in c u b a te d  a t  6 4  ±  2 ° C

Penicillin G (unit/m L)
0 .000/m L 0.002/m L 0.004/m L 0.008/m L 0 .01 2/m L

sample sample sample sample sample
Coll. 1 9 2 5 7 8 3 4 6 10

1 _  a _ _  _ + b _ + + + +
2 -  — -  ~ - + + + + +
3 - - + + + + + +
4 -  - -  - + + + + + +
5 _  - + + + + + + + +
6 -  - _  ~ + + + + +
7 -  - -  - - + + + + +
8 -  — -  - - - + + + +
9 -  - _  - - ~ + + + +

10 -  - -  - - - + + + +
11 -  - -  - + + + + + +
12 -  - -  - + - + + + +
13 -  - -  - - - + + + +
14 -  - -  - - — + + 4- +
15 -  - -  - + - + + + +
16 -  - -  - + - + + + +

Correct
results
(%) 100 6 C 50 c 100 100

3 -  = negative test (zone < 14.0 mm).
6 + = positive test (zone > 14.0 mm). 
c Significantly different from 100% at the a = 0.05 level.

should  produce clear, w e ll d efin ed  zo n es o f in ­
h ibition (17-20 mm). If no zon e o f inh ib ition  is 
produced by p en icillin -p os. control, test sen si­
tiv ity  is not adequate and test sh ou ld  be re­
peated.

Results and Discussion
Fourteen collaborators participated in  part A 

and 16 in  part B of the study. Tables 1 -3  present 
th e collaborative data from part A, in w h ich  the  
equ ivalency of the 2 agar media was tested. The 
percentage o f correct results is given  for each pair 
of sam ples. The low est concentration not s ig ­
n ifican tly  d ifferent from  100% at the a  =  0.05 
lev e l w as 0.008 u n it/m L . For purposes o f com ­
parison, the ED50 w as used. As dem onstrated  
in  Table 4, th e detectable concentration of the  
beta-lactam inhibitor (penicillin  G) did not differ 
sign ifican tly  at the a  =  0.05 lev e l for the 2 agar 
m edia; therefore, e ither m edium  is suitable for 
use in  the assay. In addition , no false positives  
w ere reported w h en  either m edium  w as used.

Because of the equ ivalency of the assay media, 
o n ly  on e (PM Indicator Agar) w as used  in  the  
collaborative study. Tables 5 -8  present the data 
obtained  by each collaborator in  the screen ing  
and confirm atory tests at 55 and 64°C. The 
percentage of correct results is g iven  for each pair

o f sam ples. The low est concentration not s ig ­
n ifican tly  d ifferent from 100% at the a  =  0.05 
level was 0.008 unit/m L. N o false positives were 
reported at either incubation tem perature. A ll 
sam ples fou n d  p ositive by the confirm atory test 
w ere correctly id en tified  w ith  a com m ercial 
Penase disc as h av in g  a beta-lactam inhibitor. 
Table 9 com pares the concentration o f beta-lac- 
tam inh ib itor detectable by the screen ing and  
confirm atory tests at 55 and 64°C. A lthou gh  
statistical ana lysis dem onstrated  sig n ifica n t  
differences betw een screening and confirmatory 
tests and assays, these small statistical differences 
w ere not considered  to be o f practical s ig n if i­
cance because th e test w as d esign ed  to be quali­
tative rather than quantitative.

The 50% concentration o f beta-lactam  (p en i­
cillin  G) calculated from the data presented in the 
collaborative study (7) on  the current official 
m eth od  (3) w as 0.005 u n it/m L . The 50% con ­
centrations dem onstrated in  this collaborative 
study ranged from 0.003 to 0.005 unit/m L . Thus 
the m ethods are o f equal sensitiv ity .

Recommendation
These collaborative studies dem onstrated that 

the Bacillus stearotherm ophilus  disc assay m ethod  
can be used to detect and id en tify  a beta-lactam
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T a b le  7 .  C o n f ir m a t o r y  t e s t s  f o r  b e t a - la c t a m  r e s id u e s  in  h e a te d  m ilk  in c u b a te d  a t  5 5  ±  2 ° C

Coll.

Penicillin G (units/mL)
0.000/mL

sample
0.002/mL

sample
0.004/mL

sample
0.008/mL

sample
0.012/mL

sample
1 9 2 5 7 8 3 4 6 10

1 _  a _ _ _ + b _ + + + +
2 NDC ND - - + + + + + +
3 ND ND - - + + + + + +
4 - - - - - - + + + +
5 - - + - + + + + + +
6 - - - - - - + + + +
7 ND ND ND ND - + + + + +
8 - - - - - + + + + +
9 - - - - + + + + + +

10 - - - - - - + + + +
11 - - - - + + + + + +
12 - - - - + + + + + +
13 ND ND ND ND - - + + + +
14 ND ND ND ND - - + + + +
15 - - - - + + + + + +
16 ND ND - + + + + + + +

Correct
results
(%) 100 8 d 59 100 100

3 -  = negative test (zone! < 14.0 mm).
b +  =  positive test (zone > 14.0 mm).
c ND = not done.
d  Significantly different from 100% at the a  =  0.05 level.

T a b le  8 .  C o n f ir m a t o r y  t e s t s  f o r  b e t a - la c t a m  r e s id u e s  in  h e a te d  m ilk  in c u b a te d  a t  6 4  ±  2 ° C

P e n ic illin  G  ( u n it s / m L )

0 . 0 0 0 / m L 0 . 0 0 2 / m L 0 . 0 0 4 / m L 0 . 0 0 8 / m L 0 . 0 1 2 / m L
s a m p le s a m p le sa m p le sa m p le s a m p le

C o ll. 1 9 2 5 7 8 3 4 6 1 0

1 _  a _ _ _ _ _ + b + + 4-
2 N D C N D ND N D - - + + + 4-
3 ND N D ND N D + + + + 4- 4-
4 - - - - + - + + 4- 4-
5 _ - - - - - 4- + 4- 4-
6 _ - - - - - + + 4- 4-

7 N D ND N D N D - - + + 4- 4-

8 - - - - - - + + 4- 4-

9 _ — - - - - + + 4- 4-

1 0 - - - - - - + + 4- 4-
11 _ _ - - + + + + 4- 4-
1 2 - - - - + + + + 4- 4-
1 3 ND ND ND ND N D ND + + 4- +
1 4 N D ND N D ND ND ND + + 4- 4-
1 5 _ - - - - - + + 4- 4-
1 6 N D N D N D N D - N D + + 4- 4-

C o r r e c t
r e s u lt s
(%) 1 0 0 0 d 2 6  d 1 0 0 1 0 0

3 -  = negative test (zone < 14.0 mm).
6 + = positive test (zone > 14.0 mm). 
c ND = not done.d Significantly different from 100% at the a = 0.05 level.
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T a b le  9 . 5 0 %  D e te c t io n  le v e l

Screening test Confirmatory test
Penicillin G 55°C 64°C 55°C 64°C
Unit/mL 0.00263 0.00386 0.00356 0.0053c

3 Significantly lower at the a = 0.05 level. 
b Not significantly different at the a = 0.05 level. 
c Significantly higher at the a = 0.05 level.

inh ib itor rapidly, precisely, and accurately. It 
is recom m ended that this m eth od  be adopted  
official first action.
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VITAM IN S AND O TH ER  N U TR IEN TS

Determination of Tocopherols (Vitamin E) by Reduction of Cupric Ion
EMILIO S. CONTRERAS-GUZMAN and FREDERICK C. STRONG III 
Universidade Estadual de Campinas, Faculdade de Engenharia de Alimentos e Agricola, Caixa 
Postal 6121,13100 Campinas, Sao Paulo, Brasil

This research details the principal characteristics of 
a new chemical reaction for the determination of to­
copherols (vitamin E). The proposed technique is 
based on the reduction of Cu(II) to Cu(I) by the to­
copherols. The reduced ion is then available to form 
a complex with 2 ,2'-biquinoline (cuproine) and with 
2,9-dimethyl - 4,7-diphenyl-l,10-phenanthroline 
(bathocuproine), which have maximum absorbances 
at 545 and 478 nm, respectively. One mole of to­
copherol reduces 2 moles of copper. When urea is 
used as a catalyst in the reaction, a-tocopherol and 
7 -tocopherol react completely in 10 s; 5-tocopherol 
reacts in 90 s. The reaction is not affected by expo­
sure to light. The method was compared with 2 other 
methods: reduction of Fe(III) to Fe(II) and com­
plexation with 2,2'-bipyridine (conventional Em- 
merie-Engel method), and reduction of the free rad­
ical l,l'-diphenyl-2-picrylhydrazyl (DPPH) to the 
corresponding hydrazine. Absorptivities of the 
complexes Cu(cuproine)J, Cu(bathocuproine>2 , Fe- 
(bipyridine)++, and DPPH, in terms of concentration 
of tocopherol were: 30.89,61.87,39.91, and 48.86 L g -1  
cm-1, respectively.

The early w ork o f Em m erie and Engel (1, 2) has 
becom e a standard procedure for the determ i­
n ation  o f tocop herol (vitam in E), because it is 
sim p le  and rapid. In the original procedure, 
ferric ion  is reduced to ferrous ion  w h ich  then  
com p lexes w ith  2,2'-bipyridine. The product 
has a strong absorbance at 520 nm. Ferrous ion  
can also be com p lexed  w ith  4 ,7 -d ip h en y l-l,10 -  
p h en an th rolin e or 2,4,6-tripyridyl-5-tetrazine, 
accord ing to the m odification  by Tsen (3).

The reaction w ith  ferric ion s is affected  by in ­
terferences due to traces o f reductants or ox i­
dants, tim e o f reaction, and especially  exposure 
to light. The m odification by Tsen im proved the 
sen sitiv ity  but did  not overcom e the suscepti­
b ility  o f ferric ion  to photoreduction .

The low er sen sitiv ity  w ith  the orig inal com ­
p lex (2 ,2 '-b ipyrid ine) w as not a major problem  
because v itam in  E exists in  re latively  large

This w ork is a portion  of a thesis to be subm itted  by E. S. 
C ontreras-G uzm an in partial fu lfillm ent of the requirem ents 
for the  degree of Doctor of Philosophy in Food Science a t the 
U niversidade Estadual de Campinas.

Received N ovem ber 6,1981. Accepted February 22,1982.

quantities in  natural products. M any research­
ers co n tin u e to use the original reaction; h o w ­
ever, th ey  stab ilize it w ith  phosphoric acid as 
recom m ended by Tsen.

Another m ethod was proposed by Glavind and 
H olm er (4), fo llo w in g  the su ggestion s o f Blois
(5). T hey recom m ended the use o f the radical 
l,l'-d ip h en y l-2 -p icry lh yd razy l (DPPH ) to ox i­
d ize tocopherols. A ccording to Pryor (6 ), the  
free radical DPPH  is reduced to the correspond­
in g  hydrazine w h en  it reacts w ith  hyd rogen  
donors of the type found in  tocopherols, phenols, 
and syn th etic  antioxidants. Contreras (7) d e­
scribed a m ethod for determ ining ethoxyquin  in  
fish  m eal and sh ow ed  that the principal in ter­
ference was a-tocopherol in  the tissues. Boguth  
and Repges (8 ) also d ev elop ed  a m eth od  for to­
copherols w ith  DPPH.

A variety o f chem ical com pounds have been  
used for d etectin g  tocopherols by paper chro­
m atography and th in  layer chrom atography  
(TLC). In his 2 review s, Bunnell (9,10) m entions  
th e use o f 2 ,6 -d ich loroq u in on e ch lorim ide, 
ph osp h om olyb d ic acid, iod in e , s ilv er  nitrate, 
antim ony pentachloride, and other com pounds. 
The sam e author reports that ceric su lfate w as  
used to determ ine purity o f pharm aceutical 
preparations.

Sem enova and K utnetsow  (11) tested  p-phe- 
nylenediam ine, chromotropic acid, and titanium  
sulfate in  su lfuric acid, and fou n d  that these re­
agents perm itted d istin gu ish in g  th e d ifferent  
tocop herols colorim etrically.

The present work is based on  the assum ption  
that, if th e tocopherols are so active in  reducing  
ferric ions, th ey  w o u ld  also reduce other ions  
w h ich  m ight not have the disadvantages of ferric 
ions. Such substances should  have the fo llow in g  
characteristics: They should  be rapidly reduced  
by tocopherols, shou ld  be reasonably so lu b le in  
organic so lven ts, and sh ou ld  perm it the deter­
m ination  o f the reduced ion  sim ply an d  sen si­
tively . The cupric ion , as its nitrate or acetate, 
w as considered as possibly fu lfillin g  all o f these  
requirem ents.

In the literature consu lted , w e fou n d  no re-
0004-5756/ 82 / 6505-1215- 07Ï 01.00 © Association of Official Analytical Chemists, Inc.
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corded use o f cupric ion  in  the qualitative or 
quantitative evaluation  o f tocopherols. Pre­
lim inary experim ents indicated that acids in ­
h ib ited  and bases accelerated the reduction of 
cupric ions by tocopherols; how ever, bases 
caused precipitation. Urea did  not sh ow  this 
in con ven ien ce and therefore w e  investigated  its 
use as a catalyst.

The reaction b etw een  tocopherols and cupric 
ions was studied and compared w ith  the original 
m ethod of Emmerie and Engel (1 ,2) and w ith  the 
reduction of the free radical DPPH  (5).

E xperim ental
M aterials

(a) C om plex in g  a g en ts .— 2,9 -D im eth y l-4 ,7 -  
dipheny 1- 1,10 -phenanthroline (bathocuproine); 
2 ,2 '-b iq u in o lin e  (cuproine); 2 ,2 '-b ip yr id in e;  
l , l /-d iphen yl-2-p icrylh ydrazyl (DPPH).

(b) C upric and ferric  rea g en ts .— Cupric 
nitrate, C u (N 0 3)2-3 H 2O; cupric acetate, 
(CH 3C 0 0 ) 2Cu -H20 ;  ferric ch lorid e, FeCl3-6
h 2o .

(c) T ocophero ls.— all-rac-a -T ocop h ero l for 
biochem ical use, 99%, Merck; D-7 -tocopherol and 
D-d-tocopherol isolated from  natural sources
( 11 ).

(d) Toluene.— To purify, add 50 mL saturated  
cupric acetate in  ethan ol to 1 L to lu en e and let 
so lu tion  stand overn igh t. W ash solu tion  tw ice  
w ith  d istilled  w ater and dry w ith  anhydrous  
N a2SC>4. D istill and co llect m iddle fraction of 
750 mL.

(e) Ethanol.— To purify, add 5 g  KOH to 1 L 
absolute ethanol and let so lu tion  stand over­
night. D istill and collect m iddle fraction o f 750 
mL. To distillate, add 0.1 g cupric acetate and  
reflux m ixture 1 h. Then d istill again.

(f) 0.50%  Cuproine in to luene.— Store in  amber 
bottle in  freezer.

(g) 0.25% Bathocuproine in toluene.— Store in  
am ber bottle in  freezer.

(h) 2.5% Urea in absolute ethanol.
(i) 0.1% Cupric n itra te in absolute ethanol.
(j) D P P H  so lu tions.—Stock  solution: 0.04%

DPPH in  absolute ethanol. Store in  amber bottle 
in  freezer. W orking solution: D ilu te stock so lu ­
tion to prepare 0.004% DPPH in absolute ethanol. 
Discard after analysis.

(k) 0.5% Ferric chloride in absolute ethanol (12).
(l) 0.5% 2 ,2 '-B ipyridine in absolute ethanol (12). 

— Store in  amber b ottle in  freezer.
(m) Tocopherol solutions.— Stock solution: 0.1% 

«-Tocopherol, D-7 -tocopherol, and D-5-tocoph- 
erol in absolute ethanol. Store in  amber bottle

in  freezer. W orking solution: D ilu te 0.1% so lu ­
tions to prepare 0.005% solutions o f tocopherols. 
Discard after analysis.

(n) Com plexing reagen t.— 0.50% C uproine in  
to lu e n e -2 .5% urea in  absolute e th a n o l-0 .1% cu­
pric nitrate in  absolute ethan ol (0.5 +  2.5 +  1) or 
0.25% bathocuproine in  toluene-2.5%  urea in  
absolute e th a n o l-0 .1% cupric nitrate in  absolute 
ethan ol (0.5 +  2.5 + 1 ) .  Prepare fresh for each  
determ ination.

(o) Copper stan dard solu tions.— Stock solution: 
0.125% (1.25 m g Cu/m L). Prepare by disso lving  
electrolytic copper in  H N 0 3. Evaporate solution  
to elim inate excess acid, d isso lve  residue in  
water, and d ilute to prepare solution  containing
1.25 m g C u/m L . W orking solution: 25 p.g C u/ 
mL. D ilu te 10 mL stock solution to 500 mL w ith  
absolute ethanol. Discard working solution after 
analysis.
Procedure

Reaction ve lo c ity  experim ents using cupric ion .— 
Prepare m ixture o f 1 mL tocopherol w ork ing  
solution and 3 mL com plexing reagent. Quickly 
place solu tion  in  Zeiss M 4 QIII spectrophotom ­
eter and read absorbance at 10 s intervals. For 
uncatalyzed  reaction, prepare com p lexing re­
agent by u sin g  2.5 vo lu m es o f pure ethan ol in ­
stead o f 2.5% urea solution .

Reaction betw een cupric ions and excess o f a -to co -  
pherol.— D ilu te 0.1, 0.2, 0.4, 0.6, and 0.8 mL por­
tions o f copper w ork ing so lu tion  to 1 mL w ith  
ethanol. To each d ilu tion , add 0.5 mL solution
(f) or (g), 1.5 mL so lu tion  (h), and 1 mL a-toco- 
pherol stock solu tion . Shake tubes and read 
absorbance after 10 m in  at 545 nm  (cuproine) or 
at 478 nm  (bathocuproine).

Reaction betw een tocopherols and excess o f cupric 
ions.— Add 0.1, 0.2, 0.4, 0.8, and 1 mL portions of 
each o f the 3 tocopherol w ork ing so lu tion s to 3 
mL com plexing reagent. Adjust volu m e o f each  
so lu tion  to 4 mL w ith  ethanol. M easure ab­
sorbance w ith in  2 -15  m in.

Reaction betw een tocopherols and free radical 
D PP H .— Add 0.1, 0.2, 0.4, 0.8, and 1 mL portions 
of each o f the 3 tocopherol w o rk in g  so lu tion s to 
3 mL DPPH  w orking solu tion . Adjust vo lu m e  
of each so lu tion  to 4 mL w ith  ethanol. For re­
action velocity  experim ents, take readings every  
10 s; take other m easurem ents after 15 m in. 
Prepare reagent blank by substituting 1 mL pure 
ethan ol for tocopherol w orking solu tion . D if­
ference b etw een  readings for blank and sam ple  
corresponds to DPPH  consum ed by tocop h­
erol.

Reaction betw een tocopherols and ferric ions (Em-
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Figure 1. Reaction rate of tocopherols with cupric ion in presence of cuproine and bathocuproine.

m erie-Engel m eth od ).— U se conditions recom ­
m end ed  by M üller M ulot (12), adjusting final 
vo lu m e to 4 mL.

R esu lts and D iscu ssion  
Reaction Rate Studies

Figures 1 and 2 dem onstrate the variation of 
absorbance w ith  tim e for the reaction w ith  cop­
per; Figures 3 and 4 sh o w  the variation for reac­
tion w ith  the ferric ion  and DPPH, respectively. 
In all o f the reactions, velocity  w as a fu n ction  o f  
the num ber o f m ethyl groups in  the chrom an  
ring, and w as a m axim um  for the 5,7,8-trim ethyl 
tocol (a -tocopherol) and a m inim um  for the 8 - 
m ethyl tocol (5-tocopherol). The reaction w ith  
DPPH was the slow est of all, requiring more than 
10 m in  for 5-tocopherol to react com p letely .

The catalytic effect o f urea is clearly ev id en t 
w h en  Figures 1 and 2 are compared. In the  
presence o f urea, usin g  cuproine, a-tocop h ero l 
and 7 -tocopherol w ere evaluated in  less than 10 
s; 5-tocopherol could  be evaluated in  90 s.

The curves for the com plex w ith  bathocu­
proine also show ed a notable increase in  reaction 
velocity , a llow in g  the 5-tocopherol to be deter­
m in ed  after 120  s.

D u ring th is research, it w as not possib le  to 
establish  w h eth er  the urea acts as a proton ac­
ceptor, or forms a transitory complex w ith  cupric 
ion s that favors their reduction by tocopherols, 
or if its function is o f som e other nature. In any  
case, urea is sh ow n  to be a very efficien t catalyst 
and w as incorporated in  all subsequent experi­
ments. A  test show ed that urea is w ithout effect, 
h ow ever, in  the reaction o f ferric ion s w ith  to­
copherols.

The fact that all tocopherols can be determ ined  
after 2  m in  by the catalyzed reaction presented  
here w ou ld  be of great va lu e in  the analysis o f  
vegetab le oils. It is d oub tfu l w h eth er  the anal­
ysis o f o ils  by the E m m erie-E ngel procedure re­
sults in  com plete reaction o f 5-tocopherol in the
2.5 m in conventionally  used. M üller M ulot (12) 
and others have recom m ended that the tim e o f  
reaction be increased to 10 m in.
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Figure 2. Reaction rate of tocopherols with cupric ion in presence of cuproine and bathocuproine, catalyzed
by urea.

Experiments at Equilibrium  Conditions
Absorbance data for various cupric ion  con ­

centrations reacting w ith  excess a-tocop h ero l 
and cuproine or bathocuproine are sh ow n  in  
Table 1. Calculating molar absorptivities on the 
basis o f copper g ives 6590 (cuproine) and 13 800 
(bathocuproine), w h ich  are in  accordance w ith  
valu es cited by Sch ilt (13), 6450 and 14200, re­
sp ectively . It shou ld  be n oted  that the data co l­
lected  by Schilt w ere obtained  by reducing the  
cupric ion  w ith  hydroxylam ine in  buffered so­
lu tion  at pH  5 -7  and extracting the cuprous 
com plex w ith  isoam yl or hexyl alcohol. This 
agreem ent o f absorptiv ities dem onstrates that 
cupric ion s can be reduced in  an eth an olic  m e­
dium  by a hydrophob ic reductant lik e a-toco- 
pherol. The sim ilarity in  the molar absorptivity  
data also sh ow s quantitative reduction.

T a b le  1 . V a r ia t io n  o f  a b s o r b a n c e  a w ith  c o p p e r  
c o n c e n t r a t io n  in  p r e s e n c e  o f  e x c e s s  a - to c o p h e ro l a n d  

c o m p le x in g  r e a g e n ts

Concn, Cuproine, Bathocuproine,
g Cu++/m L A  at 545 nm A  at 478 nm

0.625 0.065 0.133
0.066 0.138

1.25 0.129 0.273
0.133 0.274

2.50 0.257 0.541
0.259 0.542

5.00 0.518 1.085
0.522 1.090

10.00 1.035 —

1.040 —
3Cu 103.7 217.4
¿Cu 6590 13 810

3 Duplicate analyses were carried out with each complexing 
reagent at each concentration.
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Figure 3. Reaction rate of tocopherols with ferric ion in presence of 2,2'-bypyridine (Emmerie-Engel
reagent).

R e a c tio n  tim e  ( s e c )
Figure 4. Reaction rate of tocopherols with l,l'-diphenyl-2-picrylhydrazyl free radical.
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T a b le  2 .  S p e c t r o p h o t o m e t r ic  d a ta  f o r  f o u r  r e a c t io n s  fo r  d e t e r m in a t io n  o f  a - to c o p h e ro l

Concn, U-g n-T/mL Cu(cuproine)2 , A at 545 nm Cu(bathocuproine)2 , A at 478 nm
Fe(bipyridine)++, 

A at 520 nm
DPPH, 3 

A4 at 517 nm
1.25 0.044 0.089 0.046 0.068

0.047 0.089 0.052 0.068
2.50 0.076 0.164 0.090 0.142

0.080 0.170 0.108 0.142
5.00 0.156 0.312 0.190 0.238

0.160 0.319 0 .2 1 2 0.248
10 .0 0 0.308 0.621 0.388 0.508

0.310 0.634 0.405 0.512
12.50 0.386 0.791 0.492 0.650

0.388 0.791 0.508 0.652
bob 0.00342 0.01018 -0.00050 0.01061
bib 0.03089 0.06187 0.03991 0.04886
r 0.9998 0.9999 0.9991 0.9993
Se 0.0034 0.0047 0.0097 0 .0 10 1
a 30.89 61.87 39.91 48.86
e 13300 26650 17190 21040

3 See "Procedure"for explanation of data for DPPH. 
b For the regression equation y = b0 + fri x.

In Table 2, co lum ns 1 and 2 g ive  the results of 
the complem entary experim ent in w h ich  various 
m easured quan tities o f a -tocop h ero l w ere  
reacted w ith  an excess o f cupric ions (this corre­
sponds to the analytical application o f the reac­
tion). In the other co lum ns, the corresponding  
data are tabulated for the reactions w ith  ferric 
io n s-2 ,2 ,-b ipyrid ine and w ith  DPPH.

W hen the m olar absorptivities for cuproine  
and bathocuproine, calculated on  the basis of 
a-tocopherol (MW 430.72), w ere com pared w ith  
those in  Table 1, based on  copper, w e  found  a 
m olar reaction ratio for Cu+ + /a -T  o f 2/1: 
13300/6590  =  2.02 and 2 5 6 5 0 /1 3 8 0 0  = 1.93. 
G oodhue and Risley (14) sh ow ed  that the prod­
uct o f the oxidation o f a -tocop h ero l by b en zoy l 
peroxide in  alcoholic solutions is the hem iacetal 
of the a-tocop heroxide. Because form ation of 
this product requires 2  electrons, w h ich  is also  
sh ow n  above for our reaction, and the so lven t  
used in  our procedure was absolute ethanol (plus 
a sm all am ount o f to luen e), w e  propose that the  
product is the same.

C H  o 
1 ^

L r
K

c h 3  X ,  \ c h 3

C H 3  0 C 2 H 5

The com parison o f the reactions usin g  cupric 
ions w ith  the 2  optional reactions in  the litera­

ture, as presented  in  Table 2, reveals that the  
sensitiv ities are Cu(bathocuproine)J >  DPPH >  
F e(bipyrid ine)++ >  C u(cuproine)2 • A lth ou gh  
C u(cuproine)2 is least in  sen sitiv ity , its m ore fa­
vorable coeffic ient o f correlation and standard  
error o f estim ate m ake it suitable for use in  the  
determ ination  of total tocols in  vegetab le o ils, 
w h ich  usually  have relatively  large am ounts of 
tocopherols. For low er concentrations, the  
C u(bathocuproine)J com plex is recom m ended. 
In these experim ents, the reactions w ere carried 
out under norm al laboratory illu m in ation , a 
com bination of daylight and artificial light, and  
all glassw are w as colorless. Absorbances of so­
lutions of the copper com plex rem ained constant 
for hours.

The application o f the n ew  reaction to the  
study o f tocopherols and tocotrienols in  fresh  
and mature corn has been  reported in  a prelim i­
nary form  (XIV C ongreso Latinoam ericano de  
Quimica, San José, Costa Rica, February 1981). A  
more extensive publication on analysis of cereals 
and vegetab le o ils is in  preparation.
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Enzymatic Determination of Cholesterol in Egg Yolk
CHIH-SHANG J. SHEN, ISABEL S. CHEN, and ALAN J. SHEPPARD 
Food and Drug Administration, Division of Nutrition, Washington, DC 20204

The quantitative determination of cholesterol in egg 
yolk by using an enzymatic test kit is described. 
Cholesterol in the egg yolk is extracted with other 
lipid components by methylene chloride-methanol 
(2 +  1) and is enzymatically determined after sapon­
ification of the lipid extract. The method is relatively 
rapid, simple, and accurate and gives results which 
agree with those obtained by using a gas-liquid 
chromatographic (GLC) method. The mean choles­
terol content of egg yolk determined by the enzy­
matic and GLC methods was 1237 and 1240 mg/100 
g, respectively.

The increased need  for a rapid, sim ple m ethod  
for determ ining cholesterol in  foods has becom e 
apparent in  governm ent regulatory and food  
industry quality assurance laboratories w ith  the 
advent of voluntary food labeling regulations (1). 
The ch o lestero l la b e lin g  req u irem en t w as  
prom pted prim arily by the increasing concern  
about the health  im plications o f dietary ch o les­
terol (2-7).

A  variety o f m ethods, in clu d in g  chem ical (8 , 
9), gas-liquid  chrom atographic (GLC) (10-14), 
and h igh  perform ance liqu id  chrom atographic 
(HPLC) (15), are presently  available for the de­
term ination o f cholesterol in  foods. Derivati- 
zation of cholesterol is generally  required for 
GLC and HPLC. The choice o f m ethod  usually  
d ep en d s on  the type o f sam ple analyzed , the ac­
curacy and sen sitiv ity  required, and the avail­
ability o f instrum entation. For egg  and egg  
products, the official AOAC m ethod is a titri- 
m etric m ethod  usin g  sodium  th iosu lfate (8 ). 
H ow ever, th is procedure is som ew hat s lo w  and  
ted ious, and lacks specificity . GLC, because of 
its specificity, sensitiv ity , and accuracy, has been  
the preferred m ethod  in  recent years (9, 10).

Several rapid, sim ple enzym atic m ethods 
usin g  cholesterol oxidase have b een  d evelop ed  
for the determ ination  o f serum  cholesterol 
(16-21). These m ethods differ m ain ly  in  the  
coupled  indicator reaction used to m easure the 
hyd rogen  peroxide generated from the ch o les­
terol oxidase reaction. These m ethods have not 
been applied to the determ ination o f cholesterol

This paper was presented in part at the 65th Annual Meeting 
of the Federation of A m erican Societies for Experim ental Biology, A pril 12-17, 1981, at A tlanta, GA.

Received January 8, 1982. Accepted February 8, 1982.

in  foods to any appreciable extent. A n en z y ­
matic m eth od  (18), usin g  a test kit, has been  em ­
p loyed  satisfactorily for the determ ination of 
cholesterol in  m ilk (22) and tissue (23). In the  
present study, this m ethod w as evaluated to d e­
term ine its su itability  for quantitative determ i­
nation  o f cholesterol in  egg  yolk . C holesterol 
was extracted along w ith  other lipid com ponents 
by m eth y len e ch lo rid e-m eth an ol (2 +  1) (24). 
After saponification  o f the lip id  extract, ch o les­
terol w as m easured by both the enzym atic  
m eth od  and a GLC m ethod (12), and the results 
w ere compared.

M ETH O D S
Apparatus and Reagents

(a) Spectrophotom eter.— Perkin-Elm er M odel 
402 u ltraviolet-visib le.

(b) E n zym a tic  te s t k it .— O btained  from  
B oehringer-M annheim  Biochem icals, Indian­
apolis, IN. C ontains 3 bottles of solution: so­
lution  1 consists of am m onium  phosphate buffer 
(0.8 m ol/L , pH  7.0), m ethanol (2.6 m ol/L ), and  
catalase (2.3 X 106 U /L ); so lu tion  2 consists of 
acetylacetone (0.05 m ol/L ), m ethanol (0.3 m o l/  
L), and stabilizers; and solution 3 is a cholesterol 
oxidase susp en sion  (12 X 103 U /L ).

(c) R eagent m ixture.— T horoughly mix 3 parts 
solution 1 and 2 parts solution 2. Store in brown  
bottle.

(d) Cholesterol stan dard solutions.— Stock solu­
tion .—Accurately w eigh  100 m g pure cholesterol 
(B oeh rin ger-M an n h eim  B iochem icals) an d  
quantitatively transfer to 100 mL volum etric flask 
w ith  isopropanol; d ilu te to volu m e w ith  isopro­
panol. Prepare series o f cholesterol standard  
so lu tion s o f the fo llo w in g  concentrations: 1 0 0 , 
200, 400, 500, 600, 800, and 1000 jfg /m L  isopro­
panol.

(e) T rifluoride-m ethanol solu tion.— 14% (w /v )  
(Sulpelco Inc., B ellefonte, PA).

(f) B utyric anhydride and pyrid in e.— Eastman 
Kodak Co., Rochester, NY.
Sam ple Preparation

Carefully separate eg g  yo lk  from eg g  w h ite . 
Take representative sam ple of eg g  yolk  con ­
tain ing ca 1 g  fat and transfer to hom ogenization  
vessel. Extract total lip id  from sam ple, u sin g

0004-5756/82/6505-1222-03$01.00
© Association of Official Analytical Chemists, Inc.
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T a b le  1 . C h o le s t e r o l  c o n t e n t  ( m g / 1 0 0  g ) o f  e g g  y o lk  a s  m e a s u r e d  b y  e n z y m a t ic  a n d  G L C  m e t h o d s

Sample No. Enzymatic3 GLC6
1 1129.8 ± 15.3(1.4) 1133.4 ±75.2 (6.7)2 1143.5 ± 11.1 (1.0) 1159.0 ±37.8 (3.3)3 1305.0 ± 13.2(1.0) 1282.6 ±36.5 (2.8)4 1330.2 ±44.9 (3.4) 1306.1 ± 10.8(0.8)5 1068.8 ±24.9 (2.3) 1049.5 ± 14.0(1.3)6 1304.4 ± 15.7 (1.2) 1272.7 ±37.0 (2.9)7 1091.0 ±24.9 (2.3) 1091.8 ±42.6 (3.9)8 1271.2 ±  17.4(1.4) 1293.2 ±20.2 (1.6)9 1246.6 ±20.5 (1.6) 1213.7 ±24.7 (2.0)10 1349.8 ± 20.7 (1.5) 1373.3 ±33.6 (2.4)11 1324.0 ±27.9 (2.1) 1379.5 ± 58.9(4.3)12 1282.0 ±34.4 (2.7) 1325.4 ±29.2 (2.2)X 1237.2 1240.0SD 100.6 109.3

a Each value is the mean of 8 determinations ± SD (CV, %). 6 Each value is the mean of 4 determinations ± SD (CV, %).

m eth y len e ch lo rid e-m eth an ol ( 2 + 1 )  (24). Sa­
ponify lipid extract and prepare fatty acid m ethyl 
esters (25). The hexane so lu tion  obtained  (25) 
contains free cholesterol and fatty acid m ethyl 
esters. Take aliquot o f hexane so lu tion , dry 
under stream of n itrogen , and then  d ilu te to 
original vo lu m e w ith  isopropanol. T his iso ­
propanol so lu tion , w h ich  contains free ch o les­
terol, is used  as the sam ple solu tion  in the assay 
procedure.
Enzym atic Assay

Pipet 5 mL reagent mixture and 0.4 mL sample 
solution or cholesterol standard solution into test 
tube (20 X 150 mm). T horoughly mix contents  
o f test tube. P ipet 2.5 mL so lu tion  into each of 
2 screw-cap test tubes (13 X 100 mm). To first 
test tube (blank), add 0.02 mL w ater and mix 
w ell. To second test tube (sam ple), add 0.02 mL 
cholesterol oxidase su sp en sion  and mix thor­
ou g h ly . Cap test tubes and incubate 90 m in  in  
37°C w ater bath. Rem ove test tubes from water 
bath and let cool to room  tem perature (ca 1 h). 
Transfer contents o f test tubes to m atched 1 cm  
quartz ce lls  and place in  spectrophotom eter. 
Read absorbance o f sam ple against blank at 405  
nm  to obtain  absorbance (A). D eterm ine ch o­
lesterol concentration  o f sam ple so lu tion  from  
standard curve, w h ich  is constructed by graphi­
cally p lo ttin g  A  vs p g /m L  for each lev el o f ch o­
lestero l standard solu tion . Linear range of 
standard curve obtained  is sim ilar to that re­
ported by other w orkers (18, 22, 23).
Calculation

C holesterol content, m g /1 0 0  g product =  C X 
DF X 100/S, w here C =  pg cholesterol/m L  sam­

ple solu tion  (obtained from  standard curve), DF 
=  d ilu tion  factor, and S =  sam ple w e ig h t, g.
G as-Liquid Chrom atography

Prepare butyrate derivative o f cholesterol, 
using portion o f hexane solution  conta in ing free 
cholesterol, and determ ine cholesterol content  
by GLC m ethod described by Sheppard et al.
(1 2 ).

R esu lts and D iscu ssion
The enzym atic m ethod  used  in  the present 

study consists o f 2 enzym atic reactions, catalyzed  
by cholesterol oxidase and catalase, and the  
H antzsch reaction (18). C holesterol is oxid ized  
by cholesterol oxidase to ch olesterone. The 
hydrogen peroxide produced oxid izes m ethanol 
to form aldehyde in  the reaction catalyzed by 
catalase. In the presence o f am m onium  ion , the  
form aldehyde reacts w ith  acetylacetone, form ing  
a ye llow  lutid ine dye. The concentration of the 
lu tid in e dye form ed is sto ich iom etric w ith  the  
am ount o f cholesterol and is m easured by the  
increase in absorbance at 405 nm. O ptim ization  
studies for each o f the assay com p onents o f the  
m ethod  have been  perform ed (18, 22, 23).

The cholesterol contents o f 12 eg g  yo lk  sam ­
p les determ ined by the enzym atic and GLC 
m ethods are presented  in  Table 1. The results 
obtained by the 2  m ethods w ere in  excellen t  
agreem ent (P <  0.05). Linear regression analysis 
(X-axis, data for the enzym atic m ethod; Y-axis, 
data for the GLC m ethod) gave a correlation o f  
0.963, w ith  a slope o f 1.05 and an intercept of 
—55.6 m g /1 0 0  g. Precision o f the enzym atic  
m ethod w as excellen t as indicated by the coef­
ficient o f variation (CV) obtained from 8 analyses
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of each sam ple, w h ich  ranged from  1.0 to 3.4%. 
The m ean cholesterol content o f eg g  yo lk  d e­
term ined by the enzym atic and GLC m ethods 
w as 1237.2 and 1240.0 m g /1 0 0  g, respectively . 
M any data are available on  the cholesterol con­
tent of egg yolk (9 ,10,26-29). D ependin g on  the 
type of egg analyzed, the extraction m ethod, and 
the determ inative m ethod used, a w id e range of 
values, from  1200 to 2400 m g /1 0 0  g, have been  
reported. GLC m ethods are u sually  m ore accu­
rate than either colorim etric or gravim etric 
procedures for determ in in g  the cholesterol 
content o f egg yolk (9,10) because o f their greater 
specificity.

A  recovery experim ent w as carried out by 
addin g 500 p g  cholesterol to 1 mL sam ple so lu ­
tion  obtained from  each egg  yolk  sam ple before  
enzym atic determ ination. Eight determ inations 
w ere perform ed on each sam ple. A  m ean re­
covery o f 97.4% w ith  a standard d ev iation  (SD) 
of 1.6% (CV 1.6) was obtained. Recovery studies 
of the m ethylene ch loride-m ethanol m ethod for 
extracting cholesterol from  a variety o f foods 
have been  previou sly  reported (24). In these  
studies, the average recovery w as 99.1 ±  2.2% 
w h en  cholesterol w as gravim etrically deter­
m ined.

The enzym atic m ethod  has been  w id e ly  used  
in  clin ical laboratories for the determ ination  of 
serum  cholesterol because o f its sim plicity , reli­
ability, and relatively h igh  specificity (16-21). It 
has proven  to be usefu l in  th e determ ination  of 
milk (22) and tissue (23) cholesterol as w ell. Data 
obtained in  the present study dem onstrate that 
the enzym atic m ethod  is suitable for the quan­
titative determ ination o f cholesterol in  egg  yolk  
and provides results com parable to those ob­
tained  by the GLC m ethod. W hether this  
m ethod  can be applied  to the determ ination  of 
cholesterol in  other food s requires further in ­
vestigation .
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Analysis of Fat-Soluble Vitamins. XXVI. High Performance Liquid 
Chromatographic Determination of Vitamin D in Fortified Milk and 
Milkpowder1
BEN BORSJE, ELLEN J. d e  VRIES, JAKOB ZEEMAN, a n d  FRITS J. MULDER 
Duphar B. V., Research Laboratories, Weesp, The Netherlands

Vitamin D is determined by high performance liquid 
chromatography (HPLC) in samples containing other 
fat-soluble vitamins. The vitamin D in the unsa- 
ponifiable residue is extracted and separated from 
interferences by straight phase chromatography, and 
the fraction corresponding to vitamin D3 is collected 
and quantitated using the AOAC official final action 
HPLC method for vitamin D3. Analysis of a syn­
thetic mixture gave reasonable recoveries. The 
method measures potential vitamin D3 content in 
milkpowder samples containing 2 IU vitamin D /g  in 
the presence of all known vitamin D3 isomers, vita­
min A, and vitamin E.

The determ ination  o f vitam in  D at low  levels, 
such as the levels in  fortified m ilk, 35-50  IU / 100 
mL, is a tim e-consum ing and tedious procedure. 
Several m ethods have been  dev ised  p reviously  
(1-4), each having its lim itations and drawbacks. 
Particular attention  has b een  g iv en  to th e gas- 
liq u id  chrom atographic determ ination  o f v ita­
m in  D in  m ilk, but precollaborative testing  
proved unsatisfactory.

H ow ever, general interest in the determ ina­
tion  o f v itam in  D in  m ilk is increasing. For ex­
am ple, the Associate R eferee on vitam in D was 
requested by the N orthern Dairy Practices 
C ouncil (5) to study the H enderson m ethod  (4) 
for its su itability  as an official m ethod, but a 
particular problem  is encountered  w ith  p revi­
tam in D form ation, a property o f v itam in  D. 
V erification o f the H enderson  m ethod (4) re­
su lted  in  recoveries o f v itam in  D o f 43 and 6 8 %. 
Study o f the chrom atographic system  sh ow ed  a 
peak w ith  th e sam e retention  tim e as v itam in  D 
to be a vitam in  A isom er. The Thom pson  
m ethod (3) d ep ends on  labeled vitam in  D to 
verify  colum n perform ance.

A n analytical procedure for determ in in g  v i­
tam in D can be considerably shortened  by mak­
in g  certain assum ptions. First, p oten cy, w h ich  
is usually  expressed in  International U n its in

1 For P art XXV, see de  V ries, E. J., M ulder, F. J., & Borsje, B. 
(1981) /. <4ssoc. Off. Anal. Chem. 64, 61- 70 .

T h is  rep o rt o f th e  A ssociate R eferee, F . ). M u ld er (p re sen t 
A ssociate R eferee, E. J. d e  V ries), w as p re sen ted  at th e  93rd  
A nnual M eeting  of th e  AOAC, Oct. 15- 18, 1979, at W ashington, 
DC.

relation to bioactivity, is the sum  of the b iop o­
tencies o f both previtam in D and vitam in  D (6 ,
7). This p oten cy is determ ined by a physical 
m ethod  w h ich  separates vitam in  D  from  previ­
tam in D (8 ). H ow ever, previtam in D in low  
p oten cy sam ples is d ifficu lt to separate from  
im purities; therefore, poten cy m ust be derived  
from  the vitam in D peak on ly , a llo w in g  a cor­
rection for previtam in D. This correction can be 
calculated, dependent on the selected procedure, 
tim e, and tem perature. Corrections under  
practical conditions w ill be about + 2 0 % o f the  
vitam in  D potency.

The second assum ption concerns the quality  
o f vitam in  D used for m ilk fortification. In Eu­
rope, m ilk is enriched m ainly by add in g  phar­
m aceutical grade vitam in  D 3 (cholecalciferol). 
By d efin ition , no inactive vitam in D isom ers are 
present, as w ou ld  be expected in m ixtures o f v i­
tam in D isom ers, so-called vitam in  D resins, or 
vitam in  D resin -contain ing products.

In the U n ited  States, h ow ever, n o  conditions  
are g iven  for vitam in  D  in  m ilk fortification, so  
vitam in  D m ust be separated from  its inactive  
isom ers, such as tachysterol, trans-vitam in D (9), 
isotachysterol, and lu m in isterol as present in  
irradiated 7-deh ydrocholestero l or irradiated  
ergosterol.

From previou s h ig h  perform ance liq u id  
chrom atographic (HPLC) work for the determ i­
nation  o f vitam in  D in  concentrates and m u lti­
v itam ins (10-13), w e  learned that an analytical 
colum n is n eeded  to separate vitam in  D from  its 
isom ers and that a cleanup colum n is required to 
isolate the vitam in D fam ily in one peak from the 
other fat-soluble vitam ins and im purities. D if­
ferent types o f chem ically  bond ed  stationary  
phases (C8 , C18, etc.) were exam ined and optimal 
results w ere obtained w ith  a n itrile stationary  
phase in  the straight phase m ode. We had suc­
ceeded  in  usin g  the standardizing analytical 
colum n (adopted in the AOAC HPLC m ethod for 
vitam in  D) both for concentrates and m u ltiv i­
tam ins, so it w as collaboratively stu d ied  tw ice. 
In this study, w e  m aintained this technique, and 
stu d ied  the cleanup procedure and isolation  of
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T a b le  1 . R e c o v e r y  o f  v it a m in  D  a t  2  le v e ls  f r o m  s k im m e d  
m ilk p o w d e r  s a m p le s  (2  a n d  5  lU / g )  a s  d e te r m in e d  w ith  

e x t e rn a l s t a n d a r d  ( c h o le c a lc i f e r o l )

2 lU /g  samples 5 lU /g  samples
Day Eli B2 B3 Cl C2

1 122.9 a 109.4 a 61.1 b 100.1 90.9
2 98.5 92.9 95.6 95.9 90.1
3 105.1 107.8 101.1 91.3 95.1
4 109.5 108.0 111.9 101.9 102.2
5 113.2 115.4 114.0 106.8 104.7

Mean of Sample B 106.1% Mean of Sample C 97.9%
Repeatability SD 2.5% Repeatability SD 3.8%
Reproducibility SDi 8.3% Reproducibility SD 6.3%

a These recoveries were eliminated. 
b Eliminated by the Dixon test.

the unsapon ifiab le residue for vitam in  D from  
m ilk.

M E T H O D
See part XXVII, E. J. de Vries & B. Borsje (1982) 

J. Assoc. O ff. A n al. Chem. 65, 1228-1224.

Resu lts and D iscussion
M ilk contains about 10% dry substances and  

the content of vitam in D in fortified m ilk is about 
200 IU /L  (2IU  vitam in D /g  in the dried sam ple). 
To check the proposed HPLC m ethod, w e  took  
unfortified, skim m ed m ilkpow der containing no  
vitam in  D 3 and m ixed it w ith  a kn ow n  am ount 
( 2 IU) o f vitam in D3/g  and 2 0 IU vitam in A /g . A 
second pow der sam ple w as m ixed w ith  a know n  
am ount (5 IU) of vitam in D 3/g  and 50 IU vitam in  
A /g . Two lev e ls  of vitam in  D are required to 
verify  w h eth er  a system atical error is present.

We also studied  the use o f internal and exter­
nal standards.

At th ese  lo w  le v e ls  o f fortifica tion  in  
m ilkpow der, it is im possib le to determ ine the 
previtam in D peak. A 45 m in  saponification  at 
80°C p rovides a constant ratio o f vitam in  D / 
previtam in D, from w hich the vitam in D  potency  
content can be calculated usin g  a factor. A 
cholecalciferol standard subjected to the entire  
procedure gave 80% choleca lciferol on  analysis. 
T herefore, results o f the HPLC m ethod should  
be m u ltip lied  by the factor 1.25 to determ ine v i­
tam in D potency.

Blank skim m ed m ilkpow der con ta in in g  on ly  
50 IU vitam in  A /g  w as stu d ied  to determ ine in ­
terfering substances, calculated as v itam in  D in  
the vitam in  D 3 fraction. This blank sam ple

T a b le  2 . R e c o v e r y  o f v it a m in  D a t  2  le v e ls  f r o m  s k im m e d  
m ilk p o w d e r  s a m p le s  (2  a n d  5  lU / g )  a s  d e te r m in e d  w ith  

in t e r n a l  s t a n d a r d  ( A  4 ,6 - c h o le s t a d ie n o l)

Day
2 l l l /g  samples 5 lU /g  samples

B1 B2 B3 Cl C2
1 110.83 109.3 a 62.9 o 92.6 95.3
2 93.3 95.7 96.7 95.8 100.5
3 109.3 100.8 105.7 89.7 92.6
4 105.6 106.8 107.7 99.1 96.7
5 104.7 105.9 111.8 101.9 105.7

Mean of Sample B 103.6% Mean of Sample C 97.0%
Repeatability SD 3.0% Repeatability SD 2.4%
Reproducibility SD 6.1% Reproducibility SD 5.1%

a These recoveries were eliminated. 
b Eliminated by the Dixon test.

(conta in in g  no vitam in  D) sh ow ed  < 0 .2  IU 
choleca lciferol / g.

Two sam ples conta in ing, respectively , 2 IU 
vitam in D w ith 20 IU vitam in A and 5 IU vitam in  
D w ith  50 IU vitam in  A w ere analyzed  daily  in  
random  sequence (Tables 1 and 2). Recoveries 
w ere d eterm ined  w ith  the internal standard (A
4,6-cholestad ienol) and an external standard. 
For the statistical analysis, on e determ ination in  
Sam ple B on the first day w as elim inated  (ac­
cording to the D ixon test) as a significant outlier. 
W e also elim inated  (14), for sim p lify in g  the cal­
culation, the replicates o f Sample B from that day 
in Tables 1 and 2. Recoveries from Sam ples B 
and C are, respectively , 84.9% and 78.3% for ex­
ternal standard calculation, and 82.9% and 77.6% 
for internal standard calculation. The d iffer­
en ces in  recovery b etw een  Sam ple B (2 IU vita­
m in  D /g )  and Sam ple C (5 IU vitam in  D /g )  in  
Tables 1 and 2 are nearly significant. Appar­
en tly , recoveries at low er concentrations are 
m ore in flu en ced  by interfering substances.

For potential vitam in D content, all recoveries 
m ust be m u ltip lied  w ith  a factor to be deter­
m ined  at the sam e tim e. There is no  sign ificant  
difference betw een calculations using an internal 
standard or an external standard. The internal 
standard procedure gives a n on sign ificant better 
reproducibility  o f the standard deviation; h o w ­
ever, the external standard is generally  available 
and is therefore preferred. Tests w ith  w h o le  
m ilkpow der gave sim ilar results.

Recom m endation
It is recom m ended that the proposed HPLC 

m ethod be collaboratively stu d ied  for fortified  
skim m ed m ilkpow der, m ilkpow der, and forti­
fied  milk.
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Analysis of Fat-Soluble Vitamins. XXVII. High Performance Liquid 
Chromatographic arid Gas-Liquid Chromatographic Determination of 
Vitamin D in Fortified Milk and Milkpowder: Collaborative Study1
ELLEN J. DE VRIES and BEN BORSJE
Duphar B. V R esearch  Laboratories, Weesp, The Netherlands
Collaborators: L. Ameika; N. T. Baillies; N. Delano; E. J. de Vries; W. Egtberts;
G. A. Fischer; E. George, Jr; P. J. Gillingham; W. Hancock; H. Knapstein; A. Monard;
J. F. Muniz; G. Nedelkovitch; G. Nicolaux; E. Oelrich; G. F. Phillips; R. Pollman;
E. F. Richter; H. Scholz; P. Schwarze; H. Steuerle; U. Thiele; V. A. Thorpe; C. Weaver;
H. M. Wehr
A collaborative study of the high performance liquid 
chromatographic (HPLC) method for vitamin D in 
fortified milkpowder (skimmed and whole milk) and 
a milkpowder preparation was carried out on 182 
samples distributed to 26 laboratories. Thirteen 
laboratories submitted results. The level of vitamin 
D was 2 -7 IU vitamin D3/ g milkpowder. All samples 
also contained vitamin A. Three laboratories were 
excluded from the statistical evaluation because of 
incomplete results or deviation from the analytical 
procedure. Other laboratories reported acceptable 
results. At the same time, 63 samples were distrib­
uted to 9 laboratories which used a gas-liquid chro­
matographic method for determining vitamin D in 
milkpowder. Only one laboratory reported results. 
The HPLC method has been adopted official first 
action.

The h igh  perform ance liquid  chrom atographic 
(HPLC) m ethod  for determ in ing vitam in  D 2 in  
fortified  m ilk and m ilkpow der, presented  in  
1979 (1), w as recom m ended for collaborative  
study. A vitam in  D  roundtable d iscussion  w as 
organized  during the 93rd AOAC m eetin g  to 
in v ite  and instruct future collaborators for the  
study. At that tim e, it w as requested that for 
those laboratories w h ich  have gas chrom ato­
graphic equ ipm ent on ly , a parallel study be 
conducted  u sin g  an u n p u b lish ed  gas-liquid  
chrom atographic (GLC) procedure (2) on  the  
sam e sam ples. A  com parison w ith  the AOAC  
biological m ethod (3) for vitam in  D w as con sid ­
ered superfluous, because this HPLC m ethod was 
tested on  syn th etic  m ixtures w ith  a know n  
am ount o f vitam in  D, so the system atic error 
could  be calculated.

The HPLC m ethod  is based on saponification
1 For part XXVII, see Borsje, B„ de Vries, E. J„ Zeem an, J., & 

M ulder, F. J. (1982) /. Assoc. Off. Anal. Client. 65, 1225-1227.
This report of the Associate Referee, E. J. de Vries, was p re ­

sented  at the 94th A nnual M eeting of the AOAC, Oct. 20-23, 1980, 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 /. Assoc. Off. Anal. Chem. (1981) 64,432.

and extraction o f the unsaponifiable residue  
fo llow ed  by an HPLC cleanup on  a n itrile co l­
um n to separate vitam in  D and its isom ers from  
in terfer in g  substances; th e fraction  corre­
sp on d in g  to v itam in  D  is co llected  and quanti­
tated using the AOAC HPLC m ethod for vitam in  
D (4). The GLC m ethod is based on  saponifica­
tion and extraction of the unsaponifiable residue 
fo llow ed  by a d ig iton in  precipitation o f ch o les­
terol, cleanup by Florisil chrom atography, and, 
after s ily lation , GLC quantitation o f the pyro- 
calciferols.

C o llab orative Study
Sam ples

In th is study, 5 fortified  m ilkpow der prepa­
rations o f d ifferent com position  (Table 1) w ere  
assayed. Three sam ples contained  pure chole- 
ca lc ifero l, in  coated  form  (m icrobeadlets). 
Sam ples 1 and 2 w ere based on  skim m ed  
m ilkpow der, w hereas Sam ple 3 w as based on  
w h o le  m ilkpow der. The vitam in  D3 con ten t of 
these sam ples w as calculated on  a w e ig lit  basis: 
S in g le  detertninations w ere carried out in  these  
coded sam ples. Preparations 4 (contain in g v i­
tamin D 3 resin) and 5 (containing cholecalciferol) 
w ere com m ercially available fortified  m ilk ­
pow d er preparations, feed  and food  grade, re­
spectively, from different manufacturers. From 
each o f the Preparations 4 and 5, 2 d ifferen tly  
coded  sam ples w ere assayed, thus y ie ld in g  in ­
dep enden t duplicate determ inations for each of 
these preparations.
Collaborators

For this collaborative study, w e distributed 245 
sam ples to 26 collaborators (HPLC) and 9 col-

2 V itam in D is used here as a generic term  for v itam in D2 
(ergocalciferol) or D3 (cholecalciferol); previtam in D is used for previtam in D2 or D3.

.0004-5756/82/6505-I228-07$01.00© Association of Official Analytical Chemists, Inc.
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T a b le  1 . C o m p o s it io n  o f  c o lla b o r a t iv e  s a m p le s

Sample
Vit. d3,
IU/g

Vit. A, 
IU/g Preparation

1 exactly 2.0 ±  20 skimmed milkpowder
2 exactly 5.0 ±  50 skimmed milkpowder
3 exactly 5.0 ± 50 whole milkpowder
4 declared 7.6 ±112 skimmed milkpowder3
5 declared 5.0 ± 50 skimmed milkpowder'’

3 Dogfood preparation, so-called "bitch milk,” also con­
taining vitamins Bj., B2, niacin, pantothenic acid, choline 
chloride, and biotin and trace elements.

b Fortified skimmed milkpowder, for the World Food Pro­
gram, containing 5000 IU vitamin A and 500 IU vitamin D3/
100 g.

laborators (GLC). The HPLC collaborators were  
asked to test their equ ip m en t for separation o f  
trans-vitam in D /p rev itam in  D on  th e analytical 
colum n. If the peak resolu tion  w as better than  
1, the colum n performance was satisfactory. The 
GLC collaborators w ere asked to (a) determ ine  
the presence o f possib le interfering m aterials in  
Florisil; (b) verify  elu tion  patterns on  Florisil; (c) 
determ ine recoveries o f sp iked  sam ples. If the  
recovery exceeded 85%, the colum n performance 
w as satisfactory.

M ETH O D S

Gas-Liquid Chromatographic Method
See ref. 2.

Vitam in D  in  Fortified M ilk  and 
Milkpowder

High Performance (Pressure) Liquid  
Chromatographic Method

Official First Action
(A pplicable to flu id  m ilk  and m ilkpow der  

con tg  > 1  IU vitam in  D /g )
(Caution: See 51.039)

43.B09 P r in c ip le
Sam ples are saponified  and extd. V itam in D 

and isom ers are sepd from interfering substances 
on cleanup colum n. Second colum n seps vita­
m in  D from  im purities. V itam in D is corrected  
for am t previtam in  D  form ed during sap on ifi­
cation. V itam in D is sum  of vitam in  D  and  
previtam in  D.
43.B10 A p p a r a tu s

(a) Liquid chrom atograph .— H ew lett Packard 
1010A, or equ iv ., w ith  254 nm  UV detector w ith  
2  colum ns: cleanup and anal.

(b) Cleanup co lu m n.— Stainless steel, 250 X 4.6 
(id) m m , packed w ith  10 ¿im particle size  
Sil60D -10C N . Typical operating conditions: 
chart speed , 1 cm /m in ; eluant f lo w  rate, 1 m L/ 
m in; detector sen sitiv ity , 0.128 AUFS; tem p., 
am bient; va lv e  injection vo l., 2 0 0  pL; m obile  
phase, « -hexane contg 0.35% «-am yl alcohol.

(c) A nalytical column.—Stainless steel, 250 X 4.6 
(id) m m , packed w ith  5 pm  particle s ize Partisil, 
passin g  system  suitability  test. Typical operat­
in g  conditions: chart speed , 1 cm /m in ; eluant 
f lo w  rate, 2.5 m L /m in; detector sensitiv ity , 0.008 
AUFS; tem p., am bient; va lve injection vo l., 500 
pL; m obile phase, «-hexane contg 0.35% «-am yl 
alcohol.
43.B11 Reagents

(a) n -H exan e.—See 43.081(a).
(b) A n tiox idan t so/«.— 0.1% butylated hydrox- 

yto lu en e  (BHT) in  «-hexane.
(c) Vitam in D  s td  so/«.— USP Ref. Std Ergocal- 

ciferol (if sam ple labeled as contg vitam in D 2) or 
C holecalciferol (if labeled as contg vitam in D  or 
D 3). Accurately w e ig h  ca 12.5 m g vitam in D std 
in  100 mL am ber vo l. flask. D isso lve  w ith ou t  
heat in  toluene and dil. to vol. w ith  toluene. Dil. 
10 mL o f th is so ln  to 100 mL w ith  m obile phase. 
D il. 25 mL of this so ln  to 100 mL w ith  to luen e- 
m ob ile  phase (5 +  95) for vitam in  D std (3.125 
pg /m L , 125 IU /m L ). Prep, fresh daily.

(d) System  suitability std  so ln .—Prep, so ln  contg  
2 m g vitam in  D 3 and 0.2 m g trans-vitam in D 3 /g  
in  vegetab le oil. Peaks o f trans-vitam in D 3 and  
previtam in  D3 m ust have ca sam e peak hts. If 
necessary, increase previtam in D 3 content by 
w arm ing o il so ln  at 90° ca 45 m in. Store so ln  at 
5°.
43.B12 System  S u ita b ility  Test for

A n alytica l Column
D issolve 0.1 g  system  suitability std soln  in  100 

mL to lu en e-m ob ile  phase (5 +  95) and chrom a­
tograph 200 pL. Det. peak resolu tion  betw een  
p revitam in  D 3 and trans-vitam in D 3 as: R =  
2D  I (B +  C): w h ere D = distance b etw een  peak  
max. o f previtam in D 3 and trans-vitam in D3; B =  
peak w id th  of previtam in D 3; and C = peak  
w id th  o f trans-vitam in D 3. Perform ance is sat­
isfactory if R >  1.0.
43.B13 Calibration

Inject 200 pL  vitam in  D  std so ln  onto  cleanup  
co lu m n  thru sam pling valve, and proceed as in  
D eterm in ation , “ . . . adjust operating conditions  
. . ." Det. retention  tim e of vitam in  D on  anal, 
and cleanup co lum ns and peak ht o f vitam in  D
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on  anal, colum n. R etention  tim e of vitam in  D 
on  cleanup colum n should  be betw een  10 and 20 
m in; adjust am yl alcohol content of m obile phase, 
if  necessary to ach ieve th is situation.
43.B14 Preparation o f  Sam ple

(a) Isolation o f unsaponifiable m a tter  from  po w ­
der .—Accurately w e ig h  ca 50 g  m ilkpow der into  
saponification flask. Add 100 mL alcohol, 25 mL 
25% aq. N a ascorbate soln , and 25 mL 50% (w /w )  
aq. KOH soln . Reflux 45 m in  on  steam  bath. 
C ool rapidly under run n in g  H 2O. Transfer liq  
to separator w ith  tw o 75 mL portions H 2O, tw o  
25 mL portions alcohol, and tw o 100 mL portions 
ether. Shake vigorously 30 s and let stand until 
both  layers are clear. Transfer aq. phase to sec­
o n d  separator and shake w ith  m ixt. o f 25 mL al­
cohol and 100 mL pentane. Let sep., and transfer 
aq. phase to third separator and p en tane phase  
to first separator, w ash in g  second separator w ith  
tw o  10 mL portions pentane, add in g w ash in gs  
to first separator. Shake aq. phase w ith  100 mL 
pen tan e and 25 mL alcohol and add pentane to 
first separator. W ash com b ined  pen tane exts 
w ith  three 100 mL portions freshly prepd 3% soln  
of KOH in  10% alcohol, shaking vigorously . 
T hen w ash  w ith  100 mL portions H 2O u n til last 
w a sh in g  is neutral to phth ln . Drain last few  
drops o f H 2O, add 4 sheets 9 cm filter paper in  
strips to separator, and shake.

Transfer dried pentane ext to 500 mL r-b flask, 
r in sin g  separator and paper w ith  pentane, and  
add 1 mL antioxidant soln . Evap. to dryness  
und er vac. by sw irlin g  in  H 2O bath at < 40°. 
C ool under ru n n in g  H 2O and restore atm. pres­
sure w ith  N . D isso lve residue im m ediately  in
2 -3  mL to lu en e-m ob ile  phase (5 +  95).

Transfer ext to 10 mL r-b flask, rinsing 500 mL 
r-b flask w ith  pentane. Evap. under N  stream at 
room  temp. D issolve residue im m ediately in  2.0 
mL toluene-m obile phase (5 +  95). U se this soln  
as w o rk in g  sam ple so ln  for injection.

(b) Isolation of unsaponifiable m atter from  flu id  
m ilk .— Pipet 200 mL m ilk in to  1 L saponification  
flask. A dd 300 mL alcohol, 5 g N a ascorbate, and 
50 mL 50% aq. KOH. Proceed as in  (a), b eg in ­
n in g , "Reflux 45 m in  . .  ."
43.B15 D eterm ination

(a) C leanup .— Inject 200 p L  w ork ing sam ple 
so ln  onto  cleanup co lum n thru sam pling va lve  
and adjust operating con d ition s o f detector to 
g iv e  largest possib le on-scale peaks for vitam in
D. C ollect fraction b etw een  2 m in  before and 2 
m in  after v itam in  D peak, in  10 mL vol. flask. 
A d d 1 mL antioxidant so ln  and evap. to dryness

u nder N  stream. D isso lve residue im m ediately  
in  2 mL toluene-«-hexane (5 +  95). Use this soln  
for injection  onto anal, colum n.

N ote: To regenerate cleanup colum n, w ash  
w ith  am yl alcohol-n -hexane (10 +  90) at 6 m L/ 
m in  u n til detector response returns to 0 (ca 15 
m in). Sw itch  to m obile phase, hexane contg  
0.35% am yl alcohol. C olum n is ready for 
reuse.

(b) Assay.—Inject 500 p h  so ln , (a), onto  anal, 
co lu m n  thru sam pling va lve, and adjust operat­
in g  conditions of detector to g ive largest possible 
on-scale peaks o f vitam in  D. Repeat injections 
o f sam ple and stds to verify  that response re­
m ains const. M easure peak ht o f vitam in  D in  
sam ple and external std  solns.

(c) C alcu la tion .—  V itam in D  p oten cy, I U /g  =  
(1.25 X P X W ' X V X  40 000)/(P ' X W X V ')  
w h ere  1.25 =  correction factor for previtam in D  
form ed during refluxing for saponification; P  
and P' =  peak ht o f vitam in D in  sam ple and ref. 
std, resp.; W and W  =  g sam ple and m g ref. std, 
resp.; V  and V ' =  total mL sam ple and ref. std  
so ln s, resp.; 40 000 =  IU vitam in  D /m g  USP ref. 
std.

Results
Tables 2 and 3 summarize the various colum ns 

and packings used  and th e retention  tim es and  
resolu tions obtained in  the collaborative study. 
Eight collaborators gave their com m ents. Two  
collaborators stated that the m ethod  is tim e 
consum in g. Four collaborators en countered  
som e problem s w ith  the saponification  step, 
w h ich  they solved  them selves by increasing the 
am ount o f "saponification liquid" a n d /o r  by 
using a m agnetic stirrer w ith  heating plate. O ne 
collaborator had d ifficu lty  in  obta in in g  the  
cleanup colum n. M oreover, he indicated  that 
this cleanup colum n show ed poor separation and  
recom m ended that th is m ethod  be further stud­
ied  w ith  possib le  m odifications. A n oth er co l­
laborator stated that the cleanup step appeared  
to w ork w e ll, but a detector w ith  a h ig h  noise  
lev e l created problem s w ith  the analytical co l­
um n. O ne collaborator suggested  regenerating  
the cleanup colum n by injection o f approxi­
m ately 2 mL (5 X 400 p L )  o f 10% «-am yl a lcohol 
in  «-hexane, instead of w ashing the colum n w ith  
the sam e m ixture. Som e collaborators had no  
com m ents, or stated that the m ethod w orks w e ll 
and m ay be a sound basis for the d evelopm ent of 
th e HPLC assay of vitam in  D in  foods and  
feeds.

The collaborative results are g iv en  in  Table 4.
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T a b le  2 . C o lu m n s  a n d  p a c k in g  u se d  f o r  c le a n u p  c o lu m n

Lab.
Column, 

cm X mm Packing
Particle

size,
f im

Mobile phase, 
% amyl 
alcohol

Flow rate, 
m L/m in

Ret. time, 
min

1 30 X 3.9 /¿Bondapak CN 10 0.35 1.5 7
2 25 X 4.6 Partisi! PAC 10 0.7 1 34
3 2 5X 2 .6 Spherisorb Nitrile 5 0.5 1.5 18
L 25 X 4.6 R-SilCN 10 1.6 1.0 14
5 2 5X 4 .6 Spherisorb CN 5 0.35 1.5 19-20
6 2 5X 4 .0 Lichrosorb CN 10 0.35 1.5 9
7 25 X 4.6 SIL-60D-10 CN 10 0.35 1 22
8 30 X 4.0 /xBondapak CN 10 0.35 3.0 5
9 25 X 4.6 SIL-60D-10 CN 10 0.35 1.0 12

10 30 X 3.9 SiOH 10 0.53 2.0 14.4
11 22 X 4.0 Polygosil 60-10 CN 10 0.35 2 11
12 30 X 3.9 /rBondapak CN 10 0.35 1.0 8
13 2 5X 4 .6 SIL-60D-10 CN 10 0.35 1 —
13A 2 5X 4 .6 juBondapak Cis — __a 1 —
3 Acetonitrile-methanol-water (50 + 50 + 5).

Fourteen laboratories participated in this study, 
of w h ich  10 perform ed the m ethod according to 
the instructions. Laboratory 8 used a Q g  instead 
of a silica colum n in  the analytical procedure. 
Laboratory 10 used a silica colum n in the cleanup  
procedure instead o f the prescribed one. Labo­
ratories 8 and 10 reported an incom plete set of 
results and w ere excluded  from  the statistical 
evaluation . Laboratory 12 analyzed  Sam ple 4 
b io logically  by the double lev el rat bioassay and  
reported under num ber 12A. Laboratory 13, 
m eetin g  d ifficu lties w ith  the extraction proce­
dure, m odified  the procedure substantia lly, by 
replacing the iso lation  procedure by h is ow n  
laboratory m ethod. Furthermore, he applied his 
ow n laboratory m ethod for vitam in D in  feeds to 
the sam ples and reported these results under  
13A. Laboratory 14 analyzed  the sam ples by 
u sin g  the GLC m ethod  o f M uniz and W ehr (2).

Statistical Evaluation
Table 1 g ives the com p osition  o f the d ifferent 

preparations; Sam ples 1 and 2 w ere identical 
except for the d ifference in v itam in  D and vita­
m in A levels. For the sim plest statistical ana ly­
sis, equal num bers o f replicate determ inations  
per sam ple m ust be available. In this context, 
s in g le  determ inations of d ifferent sam ples, 
w h ich  on ly  d iffer in  vitam in  D  content, m ay be 
considered  as replicates.

H ence, for purposes o f sim p licity , the statisti­
cal analysis, according to Steiner (5) is, in  the first 
instance, con fin ed  to the results o f Sam ples 1 +  
2, 4, and 5. To detect laboratories w h ich  sh ow  
consistently h igh  or low  values, the ranking test 
described by Youden (5) w as applied  to sum s of 
paired observations. The pairs are Sam ples 1 
and 2, and the duplicates of Samples 4 and 5. N o

T a b le  3 . C o lu m n s ,  p a c k in g s , a n d  r e s o lu t io n  o b t a in e d  w ith  a n a ly t ic a l  c o lu m n

Lab.
Column, 

cm x  mm Packing
Particle

size, 
fj, m

Mobile 
phase, 
% amyl 
alcohol

Flow
rate,

m L/m in
Ret.

time,
min

Resolution,
pre/trans

1 2 5X 4 .6 Partisil 5 0.35 3 25 3
2 2 5X 4 .6 Partisil 5 0.35 2.5 26.4 1.7
3 25 X 4.0 Lichrosorb SI 60 5 0.5 2.5 17 2.5
4 2 5X 4 .6 R-Sil 5 0.6 2.5 17 1.66
5 2 5X 4 .6 Partisi! 5 0.35 2.5 26.5 1.7
6 25 X 4.0 Lichrosorb SI 60 5 0.35 1.9 29 1.85
7 25 X 4.6 Partisil 5 0.35 2.5 27 1.14
8 30 X 4.0 /uBondapak Cis 10 0.35 2.5 9.5 »1
9 25 X 4.6 Partisil 5 0.35 2.5 14 1.8

10 3 0X 3 .9 SiOH 10 0.53 2.0 14.4 —
11 22 X 4.0 Partisil 5 1.0 2 13 2
12 30 X 4.6 (UPorasil 10 0.35 2.5 18 —
13 20 X 4.6 Partisil 5 0.7 2.5 10 —
13A 20 X 4.6 Partisil 5 1.0 2.5 10 —
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T a b le  4 . C o l la b o r a t iv e  r e s u lt s  ( IU / g )  f o r  d e t e r m in a t io n  o f  v it a m in  D 3 in  m ilk p o w d e r  ‘

Lab.
Sample

i 2 3 4 5
1 0.54 4.5 10.3» 4.4 3.5

4.6 2.5
2 0 C 5.70 5.70 5.19 3.67

6.20 5.36
3 3.92 8.16 6.40 6.22 5.66

8.13 5.45
4 4.3 6.5 6.5 4.8 5.1

6.2 5.7
5 3.4 6.3 7.4 5.9 5.4

7.8 4.6
6 3.3 6.3 6.0 7.3 5.5

7.0 7.0
7 4.0 6.3 7.0 4.2 5.4

3.7 9.1
8* 4.24 10.04 — — 16.47

7.83 8.10
9 2.6 6.2 5.7 8.1 5.1

8.5 6.0
10» 3.2 6.6 9.98 70.3 9.2

— 15.3
11 2.6 8.2 5.4 6.9 5.0

19.0» 6.1
12 1.49 7.72 3.01» 3.22 7.98

3.56 4.14
12A 7.6»
13» 1.8 2.3 4.3 2.2 3.4

2.4 3.2
13A» 2.0 6.4 2.0 4.5 6.2

5.5 5.014e 2.5 6.0 4.2 4.5 7.7
5.6 2.5

Mean 2.62 6.59 6.26 5.89 5.41

a See text for description of methods.
» Excluded from statistical analysis; see text. 
c Not detectable. 
d Double level rat assay; see text. 
e GLC results; see text.

outly ing laboratories were found  at the 5% level 
of significance.

N ext, the data w ere exam ined for incid ental 
outly in g  results per sam ple by m eans o f Dixon's 
test on  sum s o f paired observations, and w ere  
sign ificant (at the 5% lev e l) on  Sam ple 4 from  
Laboratory 11. Because on ly  on e o f the d u p li­
cates is apparently w ron g (poor saponification), 
it was decided to exclude that particular value (19 
IU /g ) from statistical analysis.

O ne o f the requirem ents u n d erly in g  the sta­
tistical analysis (analysis of variance) is h om o­
gen eity  o f variation b etw een - and w ith in -labo- 
ratories. The test described by Steiner (5) was 
perform ed in order to check these assum ptions, 
and d id  not reveal h eterogen eity  at the 5%  lev el 
of sign ificance (Table 5).

The m ean square for laboratory X sam ple in ­
teraction was compared w ith  the replicates mean 
square by means of the F-test, and was significant

at the 5% lev e l, ind icating that d ifferences be­
tw een  laboratories are not the sam e for the 3 
sam ples.

T a b le  5 . A n a ly s is  o f  v a r ia n c e  o f c o lla b o r a t iv e  r e s u lt s
( IU / g )  ( S a m p le s  1 + 2 , 4 ,  a n d  5 )  f o r  H P L C  d e te r m in a t io n  

o f  v it a m in  D  in  m ilk p o w d e r

Source of Degrees of Mean
variation freedom square

Laboratories (L) 9 5.1691
Samples (S) 2 9.1182
L X S interaction 18 2.4776
1 vs 2 1 79.2020
Replicates 28 1.2126
Estimate of repeatability standard deviation, So = 1.10 

IU /g (CV = 21%; df = 28)
Estimate of reproducibility standard deviation, S x  = 1.51 

IU /g(CV = 28%; dfa = 39)

a Approximated by Satterthwaite’s formula (6).
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Table 6. Means of 2 replicates of Samples 1 + 2, 4, and 5 
and single determinations on Sample 3 (lU/g) for HPLC 

determination of vitamin D in milkpowder

Lab.3

Sample

1 + 2 3 4 5

1 2.52 lO ^ 6 4.50 3.00
2 2.85 5.7 5.70 4.52
3 6.04 6.4 7.18 5.56
4 5.40 6.5 5.50 5.40
5 4.85 7.4 6.85 5.00
6 4.80 6.0 7.15 6.25
7 5.15 7.0 3.95 7.25
9 4.40 5.7 8.30 5.55

11 5.40 5.4 6.90 5.55
12 4.60 3.06 3.39 6.06

a Data from Laboratories 8, 10, 12A, 13, 13A, and 14 ex­
cluded from statistical analysis; see text. 

b Rejected by Dixon’s test at the 5% level.

The bias o f the m ethod  for Sam ple 1 can be 
obtained, because th e d ifference in  v itam in  D 
content b etw een  Sam ples 1 and 2 is accurately  
k n ow n  (3.000 IU /g ). The estim ate o f the d if­
ference is 3.97 IU /g . H ence the bias w ith  95% 
co n fid en ce lim its is estim ated by

m ean bias = 0.97 (—0.04 to +1.97) IU /g
For statistical analysis o f all sam ples, the u n ­
replicated data on  Sam ple 3 can be incorporated  
by analysis o f variance o f the m eans o f Sam ples 
1 +  2, 4, and 5, together w ith  the s in g le  deter­
m inations on  Sam ple 3 (see Table 6 ). The anal­
ysis is based on  the fo llo w in g  m athem atical 
m odel:

i/ij = p +  U +  Sj +  Xij +  C;j (1)
w h ere p = general mean; L = stochastic (error) 
term for labs, E (L) =  0, V  (L) = a l;  Sj =  com p o­
n en t for sam ples 2*=1 Sj = 0 , j = 1, 2 ,3 ,4  samples; 
Xij = stochastic interaction term, E (X,,) =  0, V  
(Xjj) =  al; Cij = stochastic (error) term w ith in  labs, 
E (C^) =  0 ,V  (C^) = <j \  for j =  1, 2, 3 = a 2 for j =  4. 
The various stochastic term s can be considered  
as norm ally distributed and m utually uncorre­
lated.

The analysis o f variance y ie ld s m ean squares 
for laboratories and for sam ples and an interac­
tion  m ean square (see Table 7). U sin g  the pos­
tulated m odel, the expectations o f the m ean  
squares can be obtained after som e straightfor­
ward but tedious algebra. These expectations are 
d iso layed  in  Table 7. The reproducibility stan­
dard dev iation , \ /  a 2 +  a l  +  a \ ,  can n o w  be esti­
m ated by the fo llo w in g  linear com bination  of 
m ean squares:

Table 7. Analysis of variance of collaborative results 
(IU/g) of all samples for HPLC determination of vitamin D 

in milkpowder

Source of 
variation

Degrees of 
freedom

Mean
square

Expectation of 
mean square

Laboratories (L) 9 3.0236 % a2 + ax + 4of
Samples (S) 3 3.9940 not relevant
L X S interaction 25 1.0779 % a2 + ox

Estimate of reproducibility standard deviation, Sx = 1.42 IU/g 
(CV = 26%; df3 = 42)

3 Approximated by Satterthwaite's formula (6).

Sx =  V2 v /M S i +  3 M S 2 +  1 .5M S 3, (2)
w h ere M Si = m ean square b etw een  labs (Table 
7); M S2 =  interaction mean square (Table 7); ATS3 
= replicates m ean square (Table 5).

Before the analysis of variance was perform ed, 
the data in  Table 6 w ere subjected to the ranking  
test for ou tly in g  laboratories; there w as no sta­
tistical sign ificance at the 5% level. Further­
m ore, D ixon's test w as applied  to the data of 
Sam ple 3. The result o f Laboratory 1 for Sam ple 
3 (10.3 IU / g) was significant at the 5% level. This 
result was regarded as an outlier and w as om itted  
in  the subsequent analysis o f variance. The low  
result o f Laboratory 12 (3.01 IU /g )  w as also s ig ­
nificant, and this valu e w as also ex cluded  from  
statistical analysis. The resulting m issing value  
w as dealt w ith  by the m issin g  valu e technique. 
As a consequence, the expectation o f th e m ean  
square b etw een  laboratories g iv en  in  Table 7 
m ust n ow  be regarded as a close approxim ation. 
The estim ate o f the reproducibility  standard  
deviation according to formula 2 is Sx =  1.42 IU /  g 
(CV =  26%), in close agreem ent w ith  the estimate 
based on the analysis o f the data for Sam ples 1 +
2 ,4 , and 5 only. The estimate o f the repeatability 
is, o f course, the same by both  analyses.

Discussion

The saponification  and extraction procedure 
is a rather com plicated m eth od  for instrum ent- 
m inded  p eop le. Som e practice is n eed ed  to use  
th is procedure. Too gen tle  shak ing in  th e ex­
traction, and evaporation at an increased tem ­
perature, may g ive negative system atic errors in  
the range o f 10-25%. A nalysts inexperienced  in  
the HPLC determ ination of vitam in D, especially  
at th is lo w  lev e l, usually  encounter m any prob­
lem s in  the chem ical part o f the procedure, and  
attem pts shou ld  be m ade to s im p lify  the sapon­
ification.

The fact that the m ean valu es for Sam ples 1
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and 2 (skimm ed m ilkpowder) exceed the level of 
the added am ount o f v itam in  D  sh ou ld  not be 
contributed to recovery only , but to the presence 
of various sterols in  this natural nutrient. The 
bio log ica l result o f 7.6 I U /g  reported by Labo­
ratory 12A confirm s the declared potency.

Study o f GLC procedure for v itam in  D  in  
m ilkpow der seem s to be stalled: O f 9 co llabo­
rators, on e gave no response, 2 did  not report 
their results, another 2 had problem s w ith  the  
Florisil recoveries (40-60% ), and on e did  not 
collaborate for other reasons. Four o f the 9 co l­
laborators are either interested  in  or converted  
to the HPLC procedure. O ne collaborator did  
report results (Laboratory 14, in  Table 4). It is 
clear that no recom m endation  can be m ade on  
the GLC procedure.
R e c o m m e n d a t i o n s

It is recom m ended (2) that the HPLC m ethod  
for the determ ination  o f v itam in  D in  fortified  
m ilk and m ilkpow der be adopted as official first 
action; (2) that the HPLC stu dy be con tin u ed  to  
sim p lify  the m ethod.
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S Y M P O S I U M  O N  C O M P U T E R S  IN 
T H E  L A B O R A T O R Y

This sym posium  w as h e ld  on  O ctober 20 ,198 1 , at the 95th A n nual M eetin g  o f th e A ssociation  o f  
O fficial A nalytical C hem ists. N in e  papers w ere p resented  by speakers representing  
govern m en t, industry, and un iversity  laboratories. The purpose o f the sym posium  w as to 
present to the analytical chem ist an ov erv iew  o f h o w  the com puter can be used  as a tool or aid 
for m any d ifferent applications in  today's laboratory. The papers w ere d esign ed  to be tutorial 
in  nature, or to p resent specific applications o f the com puter in  the analytical laboratory.

The real im pact o f th e com puter and the m icroprocessor is n o w  b ein g  felt and seen  both  in  the 
instrum entation  and in  th e w ay that analyses are perform ed in  the laboratory. If today one  
purchases a mass spectrom eter, Fourier transform  (FT) nuclear m agnetic resonance spectrom eter, 
FT-infrared spectrom eter, gas chrom atograph, h ig h  pressure liq u id  chrom atograph, scin tilla tion  
counter, or any on e o f m any instrum ents too num erous to list, o n e  w o u ld  fin d  that each  
incorporates a com p lete m inicom puter system  and / or on e or m ore m icroprocessors to run and  
control the instrum ent. The analyst can v ie w  th e com puter or m icroprocessor as m erely  one  
addition al tool to be u sed  to accom plish the required analytical task. W e h op e that these  
sym posium  papers w ill serve to illustrate w h y  and h o w  autom ation in  the laboratory can be 
carried ou t successfu lly . Com puters in  the laboratory can free the analyst from  tediou s, 
repetitious, tim e con su m in g activities o f th e past, and increase h is or her productivity.

L a u r e n c e  R. D u s o l d  
S y m p o s iu m  C h a irm a n

F o od  a n d  D r u g  A d m in is tr a t io n  
W a s h in g to n , D C  2 0 2 0 4
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T r a n s f e r  o f  R e p o r t s  f r o m  a n  A u t o m a t e d  G a s  C h r o m a t o g r a p h i c  S y s t e m  
to  a  L a r g e  C o m p u t e r  f o r  F i n a l  P r o c e s s i n g

MARION CLOWER, Jr
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A n  au to m a te d  gas ch ro m a to g ra p h ic  sy s tem  co n s is tin g  
o f  a  H e w le tt -P a c k a rd  5710 g as  c h ro m a to g ra p h , a 
V a r ia n  8000 a u to s a m p le r , a n d  a S p e c tra -P h y s ic s  4000 
la b o ra to ry  d a ta  s y s te m  h a s  b e e n  in te r fa c e d  to  F D A 's  
la rg e , c e n tra l  c o m p u te r  fa c i l i ty  b y  u s in g  a T e k tro n ix  
4923-01 d ig i ta l  c a r tr id g e  ta p e  re c o rd e r . T h e  a u to ­
s a m p le r  p ro v id e s  s in g le  o r  m u l t ip le  in je c t io n s  o f u p  
to  60 sa m p le s . T h e  d a ta  sy s te m  is  p re p ro g ra m m e d  
w i th  a p p ro p r ia te  s a m p le  a n d  s ta n d a rd  in fo rm a tio n  
in  a d d it io n  to  p a ra m e te rs  fo r  p ro p e r  p e a k  in te g ra tio n . 
A  c h ro m a to g ra m  is  tra c e d  a n d  a re p o r t  o f  in te g ra tio n  
a rea  c o u n ts  fo r  each  p e a k  d e te c te d  is  p re p a re d  b y  th e  
d a ta  sy s te m  a f te r  ea ch  c h ro m a to g ra p h ic  a n a ly s is . A 
d u p lic a te  o f e a ch  re p o r t  is  re c o rd e d  o n  th e  d a ta  c a r­
tr id g e . A f te r  a n a ly s is  o f a l l  s a m p le s , th e  q u a l i ty  o f 
c h ro m a to g ra p h y  is  ex a m in e d  fo r  a c c e p ta b il ity . T h e  
c h ro m a to g ra p h ic  re p o r ts  c o n ta in e d  o n  th e  d a ta  c a r­
t r id g e  m a y  th e n  b e  e n te re d  in to  th e  c o m p u te r  v ia  a 
te rm in a l  e q u ip p e d  w i th  a  s im ila r  d ig i ta l  c a r tr id g e  
ta p e  re c o rd e r . T ra n s la t io n  o f th e  re p o r ts , c o rre la tio n  
o f re sp o n se s  f ro m  sa m p le  a n d  s ta n d a rd  so lu tio n s , a ll 
c a lc u la tio n s , a n d  a  c o m p le te  re p o r t  o f  e a ch  s a m p le  
a n a ly s is  a re  o b ta in e d  b y  u s in g  th e  c o m p u te r  p r o ­
g ra m m in g  la n g u a g e  APL. T h e  d a ta  sy s tem -ca rtr id g e  
ta p e  re co rd e r in te rfa ce , as w e ll as d a ta  re d u c tio n  u s in g  
th e  la rg e  c o m p u te r , is  d isc u sse d .

The Spectra-Physics 4000 laboratory data system
(1) is a m ultichan nel m icroprocessor-based data 
system  specifica lly  d esign ed  for use w ith  gas 
and/or liquid chromatographs. The installation  
described here is used by Food and Drug A d­
ministration (FDA) analysts conducting research 
in  th e area o f analytical m eth od o logy  for p esti­
cide residues in  food and feeds. This system  is 
used  to process data from  recovery stu d ies in  
w h ich  residue identities are know n, as w e ll as in  
the analysis o f sam ples conta in ing u n k n ow n  
pesticide residues. In its current configuration, 
the system  is interfaced w ith  1 liqu id  chrom ato­
graph equipped w ith  a fluorescence detector and  
5 gas chrom atographs eq u ipped  w ith  electron  
capture, e lectro ly tic  co n d u ctiv ity , or flam e  
photom etric detectors.

The system  w as purchased to increase re li­
ability and efficiency in  processing the relatively  
large am ount o f data obtained from  overn igh t

Presented at the Symposium on Computers in the Labora­tory, 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, DC.

use o f autosam pler-equipped chrom atographs. 
T hese goals w ere readily ach ieved  once the an­
alysts became familiar w ith  the organization and 
operation o f the data system .

The introduction to automated data processing  
provided  through use o f the system  clearly  
dem onstrated the ben efits that autom ated data 
processing techn iques offer to the laboratory  
analyst. The availability o f the FDA's large 
central com puter facility, the Parklawn C om ­
puter Center, suggested  that m inim al effort 
w ou ld  be required for further application of au­
tom ated data processing to p esticide residue  
analysis. A d ditional data reduction, advanced  
statistical analysis, graphic representation, and  
archival storage and retrieval of data w ou ld  all 
be possible once the data w ere transferred to the  
com puter system . A lth ou gh  m anual entry in to  
the com puter o f results o f chrom atographic 
analyses is p ossib le, it is extrem ely tim e-con­
sum ing and error-prone. Direct transfer of data 
in  digital form to a m agnetic tape and subsequent 
entry into the computer from the tape elim inates 
these difficulties. At a m inim um , the taped data 
provide a duplicate copy of analytical results and 
a h ig h ly  com pact form of data storage.

This paper describes the operational structure 
of the autom ated gas chrom atographic system . 
An interface for addition  o f a d igita l cartridge 
tape recorder to the data system  and th e m e­
chanics o f transfer of chrom atographic reports 
to the tape are presented  in  detail. Exam ples of  
com puter processing of the data via user-written  
computer programs are given  to illustrate current 
and potential use o f the entire com puter-assisted  
laboratory data processing system .

The D ata System
The SP 4000 laboratory data system  is a m od­

ular, m ultichan nel data reduction system  d e­
sign ed  to m onitor a chrom atographic detector  
sign al, integrate detected  peaks, and prepare an 
analytical report o f all inform ation pertaining to 
the chrom atographic analysis. Data from  16 
chrom atographs can be accom m odated by the  
central processor unit (CPU), the hub o f the  
system . The CPU contains m em ory for storage 
o f operational param eters as w e ll as for all cal-

0004-5756/82/6505-1236-13$01.00 
©  A s s o c i a t io n  o f  O f f i c ia l  A n a ly t i c a l  C h e m i s t s ,  In c .
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d ila tio n s required for data processing. Each 
chrom atograph in  the system  is connected  to a 
data interface m odule (DIM). A ll DIM s are 
lin k ed  to each other and to the CPU, thereby  
form ing a com m unication network for the entire 
system . The DIM m onitors and d ig itizes the  
output and then transmits this inform ation to the 
CPU for processing. W hen the chromatographic 
run is com pleted, an analytical report is prepared 
by the CPU and sent back to the DIM. The re­
port is then  prin ted  at a specified  output device. 
In m ost cases, th is is the printer-plotter co n ­
nected  to the DIM. The DIM also has control 
signals available for operation o f autosam pler  
and / or chromatograph relays. H ence, each DIM  
w ith  its chrom atograph and printer-plotter  
constitutes a s in g le  data acquisition u n it (i.e., 
channel) w ith in  the data system .

Data acquisition and processing are controlled  
by SP 4000 param eter files. A  file , com p osed  of 
6 sub-files, is set up for a g iv en  type o f chrom a­
tographic analysis and controls peak integration  
sen sitiv ity , baselin e correction, and area alloca­
tion. Pertinent sam ple inform ation, the desired  
post-run calculations, and the form at o f the re­
port are also controlled  by the file. O nce a file  
has been created, it contains default values for all 
param eters necessary for use o f the file  in  a sim ­
p le chromatographic analysis. M ost users o f the 
SP 4000, h ow ever, prefer to tailor the file  pa­
rameters to the specific task at hand. A lth ou gh  
a file  m ust be used  to acquire and process data 
each tim e a sam ple is analyzed , in  m ost cases a 
s in g le  file  m ay be used  repeatedly for any n u m ­
ber o f sam ples to be ana lyzed  under identical 
chrom atographic conditions. A d dition  o f an  
autosam pler to the chrom atograph-SP 4000 sys­
tem  perm its a large num ber o f sam ples to be an­
alyzed  autom atically w ith ou t assistance by the  
analyst.

O peration o f the system  can be controlled  by  
programs. This lim ited  program m ability is 
provided  by sets o f instructions, called  proce­
dures, w h ich  are executed  by the CPU. Proce­
dures are used  to control the tim ing o f data ac­
qu isition , data storage, report functions, and  
output o f m essages. D irect control over data 
acquisition  through th e ability  to m anipu late  
files and other procedures is also available. 
U nder procedure control, for exam ple, any file  
param eter can be autom atically set to the value  
desired for the next analysis. The increased  
flex ib ility  o f autom atic control o f the SP 4000 
provided by a procedure gives the analyst greater 
freedom  of operation o f the system  in  th e unat­
tended  m ode.

r>

0 * ¡0  ' 20 * 30 * 40

MINUTES

F ig u re  1. T y p ic a l SP  4000 c h ro m a to g ra m  re c o rd e d  
b y  p r in te r -p lo t te r  o f  s o lu tio n  c o n ta in in g  ( in  o rd e r  o f 
e lu t io n )  4.91 n g  p a ra th io n , 9.75 n g  d ie ld r in ,  1.85 n g  
e n d r in ,  8.35 n g  m e th o x y c h lo r , a n d  7.4 n g  m ire x  
c h ro m a to g ra p h e d  o n  5% O V -101  l iq u id  p h a s e  o n  
C h ro m o so rb  W (H P ) w i th  e le c tro n  c a p tu re  d e te c ­

t io n .

A procedure is com p osed  o f a series o f steps, 
or d irections. Each o f the 8 types o f steps avail­
able is nam ed according to the fu n ction  it per­
forms: acquire, report, wait, m essage, command, 
jum p, num ber, and halt. The order, num ber, 
and type of steps conta ined  in  a procedure is 
d eterm ined  by the user and is based on  the task 
to be accom plished  by the procedure. A  proce­
dure m ay contain from 1 to 255 steps. Each step, 
regardless o f overall function , is com p osed  o f 
eigh t 1-digit flag registers and n in e  3-digit work  
registers. The flag registers turn on  or o ff sp e­
cific softw are sw itches that are related to the  
function o f the step. The work registers contain  
num bers used by the CPU to d efin e  the precise  
m anner o f execution  o f the step. Two proce­
dures for transfer o f SP 4000 reports to a m agnetic 
tape cartridge are in clu d ed  in  the A p pendixes. 
A p plication  o f these procedures is  d iscussed  in  
the section describing the interface betw een  the 
SP 4000 and the tape unit.

The printer-plotter is a d ig ita l recorder that 
uses z-fo ld  therm al paper. A  5 X 7 dot matrix is 
used for printing characters. A n eighth  elem ent 
in  the print head is used  for tracing chrom ato-
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FISH EXTRACT COMPARISON 1981 JUL 13 18:14:08
CHANNEL 5 RUN 2 FILE 5 METHOD 5
VIAL 2 TRAY 2
INDEX 4 SAMPLE 2-2 STD NFF *A
S . AMT =
NAME C0NC RT AREA KF
PARATHI0N 15270 293 15266 1DIELDRIN 132900 547 132940 1ENDRIN 25790 610 25788 1M0XYCHL0R 45750 1344 45753 1MIREX 74760 1672 74759 1
TOTALS 294500 294506

F ig u re  2. T y p ic a l SP  4000 re p o r t .  D a ta  c o rre s p o n d  to  c h ro m a to g ra m  s h o w n  in  F ig u re  1.

grams. A  typical chrom atogram  recorded on  a 
printer-plotter after injection o f a so lu tion  of 
reference standards is g iven  in  Figure 1. Re­
ten tion  tim es (in  seconds) are printed on  the  
backside o f each peak. Because peak area is 
b ein g integrated by the system , off-scale peaks 
w ill  not affect quantitation, p rovided  that the  
response is w ith in  the linear range o f the d etec­
tor b ein g  used.

W hen the run is com pleted, data are retrieved  
from  storage and calculations are com p leted  as 
specified  in  the file. A n  analytical report, such  
as that sh o w n  in  Figure 2, is th en  sent to the  
output device specified in  the file  used to collect 
the data. This may be any printer-plotter in  the 
system , or som e other output d ev ice such  as a 
teletypew riter or tape recorder.

The report contains inform ation from  the  
chrom atographic analysis and docum entation of 
the SP 4000 routines used  in processing the  
chrom atographic data. The nam e of the file  and  
tim e of injection are g iven  in  the first lin e  of the 
report. L ine 2 contains pertin ent SP 4000 doc­
um entation. A listing o f file  5, for exam ple, w ill 
docum ent all parameters that controlled  in te­
gration of peaks during the run. Line 3 gives the 
position  o f the sam ple v ia l in  the autosam pler 
rack from  w h ich  the injection w as made. The 
nam e o f th is vial can be com pared w ith  the 
sam ple nam e entered into the file and printed on  
the next lin e of the report. If these nam es do not 
m atch, the w ron g via l w as injected or incorrect 
sam ple inform ation w as entered  in to  the file. 
T herefore, any sam ple inform ation used  by the  
SP 4000 in  these calculations w ill not necessarily 
correspond to the actual sam ple injected. To

facilitate th is com parison, the position  o f the  
sam ple vial in  the autosam pler tray has been  in ­
clud ed as part o f the sam ple nam e w h ich  was 
entered  in to  the file.

Data from  peaks detected during the run are 
listed  in  the second half o f the report. Peak re­
ten tion  tim e and raw area are prin ted  in  m ost 
report formats available. A ll peaks m eeting  
detection criteria in  the file are listed in  order of 
increasing retention  tim e and are assigned  an  
iden tification  num ber. In th is report, all peaks 
fall w ith in  a retention  w in d o w  specified  in  the  
file  C onsequently , the peak id en tification  
num bers are replaced by the nam es corre­
sp on d in g  to these retention  w in d ow s. Values 
o f un ity  w ere entered  for all calculation factors 
so that the reported concentrations represent the 
raw area counts "rounded" to a m axim um  o f 4 
non-zero digits. The SP 4000 uses concentration 
valu es, not raw area counts, for any additional 
calculations it perform s.

The chrom atograph, o f course, is the center of 
the instrum entation and the reason for the ex is­
tence o f the data system . The autosam pler used  
w ith  the chrom atograph occupies a critical p o­
sition  w ith in  the entire system . The autosam ­
pler is the source o f unattended operation for the 
chrom atographic system . Its operation is in d e­
p en d en t o f th e SP 4000. The chrom atographic 
system , controlled  by the autosam pler, and the  
SP 4000 are synch ron ized  through the autosam ­
pler' s internal clock. The autosampler's analysis 
tim e (betw een  injections) is adjusted to in clu d e  
tim e for the chrom atographic analysis and tim e 
for th e SP 4000 to print the report. The auto­
sam pler signals the SP 4000 to b eg in  the run at
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the m om en t o f injection. If this sign al is re­
ce ived  w h ile  a report is b ein g  printed, the run 
w ill not be started un til after com p letion  o f the  
report. In th is case the m om en t o f injection for 
the SP 4000 (and all peak retention  w in d ow s)  
w ill  not correspond to the actual tim e o f injec­
tions. Several extra m inutes are usually  added  
to the autosam pler's analysis tim e to accom m o­
date reports o f lon ger than expected len gth . 
W ith proper synchronization of autosampler and 
SP 4000 operation, the injection-integration- 
report sequence w ill be repeated for each sample.

D ig ita l Tape U n it Interface
A ddition  o f a d igital cartridge tape recorder to 

the SP 4000 provides a m eans of obtaining almost 
u n lim ited  additional processing o f the data 
conta ined  in  th e analytical reports produced by 
the data system. The data cartridge unit becom es 
a com p on en t o f the SP 4000 and appears to the  
CPU as another output d ev ice  available to all 
users o f the system . The CPU transm its the re­
port to the output device specified by the file; the 
nature o f that d ev ice is  im m aterial. A fter the  
report is printed at the printer-plotter containing  
the chrom atogram , the file  output d ev ice is 
changed. A  second, duplicate report is then sent 
to the data cartridge unit. (File and procedure 
listin gs can also be output to the data cartridge.) 
O nce on  the data cartridge, the reports may be 
entered  in to  a com puter through a com puter  
term inal interfaced w ith  a sim ilar d igita l data 
cartridge unit. A sin g le  data cartridge un it may 
be used  if it is com patible w ith  both th e SP 4000  
and the com puter term inal. In this w ork, the  
com puter extracts selected  inform ation from  a 
series o f reports. These data are then  used  to  
prepare com p reh en sive reports o f sam ple anal­
yses and p esticide residue quantitations as d is­
cussed b elo w . A  Tektronix M odel 4923-01 d ig ­
ital data cartridge recorder (2) is an acceptable 
unit for this application. Digital data cartridges, 
certified 100% error-free on  receipt according to 
Am erican N ational Standards Institute sp ecifi­
cations1 are readily available for th is type o f data 
cartridge unit.

The interface b etw een  the data cartridge un it 
and the CPU of the SP 4000 is com p osed  o f an  
interface cable and a com puter/teletype interface 
board. Both com p onents are available from  
Spectra-Physics and can be installed by the user. 
The RS-232-C interface cable (part num ber 
A0640) connects the data cartridge u n it to th e

1 For example, DC-300A certified; DC-300XL certified from 3M Company or equivalent.

interface board (part num ber A649-010) installed  
in  the CPU. The CPU has a capacity for 2 in ter­
face boards, each o f w h ich  m ay have 2 channels  
(output dev ices in  th is application). O n ly  one  
ch an n el in  th is system  is currently in  use. 
Transfer o f a typical report (Figure 2) to the data 
cartridge requires less than 3 s at 2400 baud. This 
is very fast relative to printer-plotter speed  (less  
than 100 baud), for w h ich  several m inutes are 
required. Therefore, the data cartridge un it is 
rarely busy. For these reasons, it appears that 
o n ly  a very heavy user load or extrem ely  large 
sam ple vo lu m es from  several users w o u ld  re­
quire addition of another interface cable and data 
cartridge unit.

O ne m odification m ust be m ade in  the w iring  
of the interface board connector o f the interface  
cable. In this installation the data cartridge unit 
is alw ays ready to receive a sign al and transm its 
no “clear to send" signal to the CPU. The CPU, 
how ever, must receive such a signal before it w ill 
transmit data. A  wire installed betw een pins A4 
and B2 of the interface board connector uses the  
+5V  signal at pin  A4 to continuously provide the 
required "clear to send" sign al for the data car­
tridge unit. Table 1 contains a description o f the 
w irin g  in  the m odified  interface cable.

Successful data transfer requires that both  
transm itter and receiver use the sam e transfer 
rate and data format. The rate of data transfer for 
each channel is determ ined by 2 in d ep en d en t  
rotary sw itches. Transfer rates o f 110, 300, 600, 
1200, and 2400 baud are available. The fastest 
rate available that is also compatible w ith  the data 
cartridge unit, 2400 baud, is selected. Five slide  
sw itch es control parity bit (on), w ord  len g th  (8 
bit), and stop bit (on). The interface board 
sw itch es m ust be set to the proper position s b e­
fore the board is in sta lled  in  the CPU circuit 
board cage. The 2 channels on  the board are 
g iv en  output d ev ice num bers based on  th e p o­
sition  o f the channel s lid e sw itch .

The Tektronix 4923-01 functions as a data re­
ceiver only. The on -lin e sw itch m ust be off and  
th e local-test-com puter sw itch  m ust be in  the  
local position. The m odem  cable supplied  w ith  
the un it is not used. For sim plicity , both the 
receive and transmit rate sw itches are set to 2400 
baud. The unit can function at data transfer rates 
of up to 9600 baud. To record data on  a data 
cartridge, p ow er is applied , a data cartridge is 
in stalled , and the u n it is p laced  in  the "write"  
m ode. Data w ill be recorded w h en  received. 
O nce the chrom atographic run is com p lete, the  
u n it is stopped, the data cartridge is rem oved, 
and the pow er is turned off.
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Table 1. Wiring of modified Spectra-Physics RS-232-C interface table (A0640)

Interface board connector

Wire

Tape unit connector

Pin Purpose Pin Purpose

B1 ground blue/orange 1,7 ground
B6 transmit yellow 2 receive
B3 receive green 3 transmit
B4 request to send violet 4 request to send
B2a clear to send brown 5 clear to send
A43 data terminal ready red 20 data set ready

3 SP cable modified by wiring +5V of pin A4 to pin B2 to provide "clear to send”  signal to SP 4000 CPU.

R ecord ing R eports on  Tape
N orm al use o f the SP 4000 requires 3 steps for 

each sam ple to be analyzed: (1) injection o f the  
sam ple into the chrom atograph, (2) acquisition  
of integration  data, and (3) processing and  
printing o f the analytical report according to file  
parameters. Reports are sent to the data car­
tridge if its output device num ber is entered into  
the file. In most instances, the analyst w ill w ant 
a copy o f the report attached to the chrom ato­
gram so that both  pieces o f chrom atographic in ­
form ation about th e sam ple m ay be exam ined  
together. The report on  data cartridge then  be­
com es a duplicate and an additional task for the  
SP 4000 to accom plish before b eg inn ing the next 
run. In theory, obtain in g a duplicate report re­
quires on ly  the change in  output d ev ice, w h ich  
is reset to the in itia l valu e after the duplicate re­
port is com pleted . In practice, th e process is 
som ew hat m ore in vo lved . For com p letely  u n ­
attended operation, this change requires using  
a procedure. Because o f the algorithm  used  by 
the SP 4000 to process data and print reports, 
each set o f data m ust be processed according to 
the file  before each report is generated .2

The procedural sequence used  to obtain  du­
plicate reports is built around the basic analytical 
sequence described above. A  flow  chart for this 
type o f procedure is g iv en  in  Figure 3. Sam ple 
data are acquired, saved in  procedure storage, 
processed, and reported to the printer-plotter. 
The output d ev ice is reset to that o f th e data car­
tridge. The data from procedure storage are then  
processed through the file  a second tim e and the 
duplicate report is recorded on the data cartridge. 
The entire sequence is repeated for each sam ple  
to be analyzed . The procedure is also used  to 
initial all file  parameters at the b eg in n in g  o f the

2  The SP 4000 provides a com m and (RE) for re-calculation
of results, w hich prints a duplicate report. This command was 
unsuitable for use w ith  statistical reports. Since th is type of 
report is often  used by analysts using  the  system , it was ex­
cluded from all use in  the  procedures developed for report 
transfers.

F ig u re  3. F lo w  c h a rt o f  p ro c e d u re  fo r  t r a n s f e r  to  
d ig ita l  c a r tr id g e  o f d u p lic a te  re p o r ts  fo r  s e r ie s  of 

sa m p le s .
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MULT INJ TAPE TEST 1980 DEC 22 10:00:19
CHANNEL 5 RUN 3 FILE 5 METHOD 5 
INDEX 3 SAMPLE 1-1 STD NUMBER 1
NAME AVERAGE REL SD % STD DEV VARIANCE
JUNKHCBHEPTACLOR 73370 .335 245.5 60070CPFSHEP EPDIELDRINENDRINP , P1-DDT

F ig u re  4. T y p ic a l s ta t is t ic a l  r e p o r t  p re p a re d  b y  u s in g  d a ta  f ro m  a b b re v ia te d  re p o r t .

sequence. H aving this chore done automatically 
under procedure control not on ly  saves tim e but 
elim inates a poten tia l source o f operator error. 
O nce this procedure has been entered into the SP 
4000, on ly  on e change is usually  required for its 
use in  any su bsequen t run. The num ber o f  
sam ples to be analyzed  in  the run m ust be 
respecified  if it is d ifferent from  the num ber o f  
sam ples analyzed  w h en  th e procedure w as last 
used. A sam ple procedure based on  th is f lo w  
chart is reproduced and discussed in m ore detail 
in A p pendix  A.

The SP 4000 can be program m ed to correlate 
m ultip le sets o f injection data from  replicate in ­
jections o f a s in g le  sam ple in to  a s in g le  "abbre­
viated" report. In a typical abbreviated report, 
som e inform ation  d ocu m en tin g  system  param­
eters is om itted. In addition, on ly  concentration  
data from peaks iden tified  by retention w in d ow  
nam es are g iven . After each injection , the n ew  
set o f integration data is processed by the file and 
included in  the report. The index num ber given  
in  the report corresponds to the injection se­
quence num ber o f the current set o f data. C on­
centration data such as these may be further  
processed to produce a "statistical" report such  
as that g iven  in Figure 4. A n abbreviated report 
may be obtained  w ith ou t the corresponding  
statistical report if desired. The com bined report 
provides a secondary advantage o f an autom ated  
laboratory data system . Inform ation relating to 
the precision  of the determ inative step o f an 
analytical m ethod, as w e ll as the ind iv id u al 
quantitation, may be obtained w ith  no additional 
w ork by the analyst.

A  com bined abbreviated-statistical report, or 
any other type, m ay be further consolidated  
w ith ou t loss o f critical in form ation  by u sin g  a 
procedure to control data acquisition . A proce­

dure's ACQUIRE step may be set up to inhib it all 
but the last report for a sequence o f m u ltip le  in ­
jections o f a sam ple. Three chrom atogram s, for 
exam ple, fo llow ed  by a s in g le  abbreviated and  
statistical report avoid repetitious reports and  
conserve the relatively expensive therm al paper 
used by the printer-plotter.

Transfer o f an abbreviated-statistical report to 
the data cartridge requires that each set o f data 
be stored, then sequentially processed by the file 
for a report to any output device. Interm ediate  
reports are output to the cathode ray tube (CRT) 
o f the CPU to a llow  proper term ination o f each  
chrom atographic run.3 A  flow  chart sh ow in g  
the required procedural sequence for triplicate 
injection reports is g iv en  in  Figure 5. A fter in i­
tialization o f file  parameters, the next sam ple  
num ber is checked. W hen all sam ples have been  
analyzed, the procedure halts. In all other cases 
the system  accepts the next injection as the first 
of 3 injections o f the sam ple.

The sam ple num ber is stored for use in  the  
final report. A fter each injection , integration  
data are stored in  a selected  procedure storage 
location and processed by the file, and a num ber 
of reports are output to the CRT. The file output 
d ev ice is then  set for the printer-plotter and the  
first 2 sets o f data are retrieved and processed. 
N o  reports are generated. The third set o f data 
is th en  retrieved and processed, and a report is 
output to the printer-plotter. F ollow ing a check  
of the file  output d ev ice to determ ine the d esti­
nation o f the last report, the report seq u en ce is 
repeated for the data cartridge, or the entire  
procedure sequence is repeated for th e next 
sam ple. A typical procedure based on  this flow

3 A ppendix B contains a m ore detailed  descrip tion  of the 
need  for reports ou tpu t to the CRT.
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F ig u re  5. F lo w  c h a rt o f  p ro c e d u re  to  t r a n s fe r  a b b re v ia te d -s ta tis t ic a l  re p o r ts  o f  tr ip lic a te  an a ly se s  o f s a m p le
to  a n y  2  o u tp u t  d e v ice s .

chart is g iv en  and d iscussed  in  greater detail in  
A p pendix  B.

Recovery and Use of Taped Reports

Reports recorded on  a data cartridge can serve 
as a compact duplicate record of chromatographic

analyses. R eading o f the reports on  the data 
cartridge usually  requires a secon d  d igita l data 
cartridge unit, as w e ll as a com puter term inal. 
H ow ever, the data cartridge unit interfaced to the 
SP 4000 m ay be used , provided  that it is com ­
patib le w ith  the term inal. In eith er case, n o
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FISH EXTRACT COMPARISON 1981 JUL 13 22:05:48

CHANNEL 5 RUN 7 FILE 5 METHOD 5

VIAL 7 TRAY 2

INDEX 14 SAMPLE 7-2 15 169-1 NFF *B

S. AMT =

NAME C0NC RT AREA KF

1 69 1878
2 269 1017

PARATHI0N 15470 296 15468 1
DIELDRIN 134800 549 134804 1
ENDRIN 27480 613 27477 1

6 892 4395
M0XYCHL0R 1758 1344 1758 1

TOTALS 179500
F ig u re  6. T y p ic a l re p o r t  as  i t  a p p e a rs  in  A SC II c h a rac te rs  o n  p r in te r -p lo t te r  o r  tr a n s fe r re d  fro m  d a ta  c a rtr id g e

to  c o m p u te r  te rm in a l .

com puter is required; reports are transferred  
from  the data cartridge to the term inal in  the  
local m ode. For all practical purposes, the ap­
pearance o f the report at the term inal w ill be 
virtually  identical to the report p rin ted  at the  
printer-plotter. Som e m inor characters m ay be  
d ifferen t if  the term inal character set does not 
precisely  m atch the upper case ASCII character 
set used by th e SP 4000. Term inals w ith  an au­
tom atic lin e  feed  feature w ill add an extra blank  
lin e  after each lin e  o f the report u n less th is fea­
ture is turned off. A  typical report as it appears 
at the printer-plotter and after transfer from  the  
data cartridge to a term inal is sh ow n  in  Figure
6.

M ore im portant, the data cartridge provides  
a co n v en ien t m ediu m  for error-free transfer of  
reports to a more pow erful computer than the SP 
4000. O nce entered  into that com puter, u n lim ­
ited  additional processing and data reduction  
becom e available. The data cartridge reports are 
entered  in to  th e com puter in  m uch th e sam e 
m anner as used  for reading at a term inal. The 
data cartridge u n it and term inal m ust be on-line  
w ith  th e com puter. A  com puter program  en ­
tering th e reports in to  th e com puter is  executed  
before the data cartridge is read.

In this application the computer program m ing 
language APL (A Program m ing Language, 6 -8 )  
running on  on e of 2 IBM 370/168 M odel 3 central 
processor units at the Parklawn Computer Center 
is u sed  to process the reports. APL is a conver­
sational, tim e-sh aring language capable o f pro­
cessing num eric or alphabetic data. It has a large

set o f p rim itive operators and a pow erfu l array 
of processing capability to sim p lify  m atrix op ­
erations. A n  unusual syntax and character set, 
as w e ll as understandable error m essages, m ake 
program construction and use a relatively sim ple 
task. A  large variety o f graphics and statistical 
softw are packages are also available.

The SP 4000 reports are com p osed  en tire ly  o f  
character data— letters, d ig its, and punctuation. 
Before data conta ined  in  the reports can be pro­
cessed  by the com puter th ey  m ust be translated  
in to  APL language. This translation4 is carried 
out by the com puter as the reports are read from  
the data cartridge. Each ASCII character is re­
p laced  by its corresponding APL character. 
Figure 7 sh ow s the SP 4000 report as it appears 
in  APL characters before translation in to  the  
com puter language. The sam e report after 
translation, except for th e ita licized  alphabet, 
appears identical to the orig inal ASCII version  
sh ow n  in  Figure 6. A ll o f the inform ation  con ­
tained  in  th e reports is n o w  available to the  
computer. Character d igits can be converted to 
num eric data and used in  calculations. Chemical 
and sam ple nam es can be stored for correlation  
w ith  in tegration  data produced by the SP 4000. 
In addition , the translated reports, as w e ll as all 
reduced data, can be saved in  com puter m em ory  
for future reference or recorded on  m agnetic tape 
at th e com puter center or a data cartridge in  a

4 For a deta iled  discussion of the  ASCII to  APL translation  
and  sim ilar processing of data from an  Inductively  Coupled 
Plasma, see Capar, S.G., & Dusold, L.R. (1978) A m . Lab. 10,17-27 
passim.
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i r  A ~ n o | * a p i 1 ot 1981 o+0 13 2 2 ( 0 5 ( 4 8

nAciTTeD 5 P+T 7 i de 5 |e -AoL 5

u i a0 7 — pa t  2

i T L e => 14 T a | * 0 e 7 + 2 15 169+1 T___ x i

T . a | ~ x

T a le n o m P~ apea i

1 69 1878

2 269 1017

* a p a ~ A i ot 15470 296 15468 1

1 i eOl  PiT 134800 549 134804 1

C T l p i T 27480 613 27477 1

6 892 4395

I o=>t n AGop 1758 1344 17,58 1

~o~oDr 179500 186797

F ig u re  7. T y p ic a l re p o r t  as  i t  a p p e a rs  in  A PL  c h a ra c te rs  b e fo re  t r a n s la t io n  in to  A PL.

laboratory for archival storage. C om puter pro­
grams have been  w ritten  in  APL to process in ­
tegration data for both th e s in g le  and the ab­
breviated-statistical report formats. Specifically, 
the program s are d esign ed  to produce detailed  
reports o f sam ple analyses for pesticide residues 
from  chrom atography o f so lu tion s conta in ing  
sam ple extracts in  series w ith  so lu tion s con­
tain in g  the corresponding reference standards.

Sam ple inform ation is entered  in to  a SP 4000 
file  w h ich  contains proper parameters for in te­
gration o f peaks detected in  the type o f chrom a­
tography to be used for the analysis. A utosam ­
pler tray position  and a quantitation code are 
coded into the sam ple nam e. The quantitation  
code consists of an asterisk follow ed by a specific 
letter. A ll in jections of a g iv en  sam ple solu tion  
and the standard so lu tion  to be used for quanti­
tation o f residues found in  that sam ple are g iven  
the sam e quantitation code. The code is used by  
the programs to correlate injections o f 2 or more 
solutions. A fter the run is com p leted , the re­
ports are transferred from  the data cartridge to 
the com puter, translated in to  APL, and stored. 
A utosam pler tray position  for each via l is com ­
pared w ith  that g iv en  in  the sam ple nam e. Re­
ports con ta in in g  codes that do not m atch are 
brought to the attention o f the analyst w h o  m ay 
keep or discard the data. A ll p ertin ent in for­
m ation available in  the reports is extracted, 
grouped according to type, and stored. Separate 
lists o f sam ple nam es, p esticide nam es, and d e­
tector response to sam ple and standard solutions  
are com piled for use in the programs, but are also 
readily accessib le for other purposes.

Several types o f inform ation required for res­
idue quantitation cannot be entered into the SP 
4000. This inform ation is readily entered  into  
the com puter through the interactive nature of 
the APL language. Pesticide concentrations in  
standard solutions, w eights of pesticides used for 
fortification  o f sam ples, and som e sam ple data 
(e.g., analysis w e ig h t and final volu m e) are en ­
tered in  response to prom pting by the computer. 
Rec undant checks of the accuracy of inform ation  
entered  by the analyst have been inclu d ed  
throu ghout the program s to avoid  errors that 
oth erw ise m ay go  unnoticed . The analyst is 
asked if the sam ples w ere fortified  before forti­
fication data are requested. After entry, the data 
are displayed so that a check of the accuracy may 
be made. A n y errors detected  are corrected be­
fore proceed ing to the next operation.

The data necessary for quantitative calcula­
tions o f the concentrations o f all residues d e­
tected in  all sam ples are n ow  stored in  the com ­
puter. A ll calculations are com pleted in a matter 
of several seconds. A title for all analyses is e n ­
tered, and the com prehensive analytical reports 
generated  by the com puter are printed at the  
term inal. Figure 8 contains a typical com ­
puter-generated report of sam ple analysis. In 
th is exam ple, a fish  sam ple w as analyzed  for 
fortified and b iologically  incorporated pesticide  
residues by the m ethod for nonfatty foods in  the 
P esticide A n a ly tica l M anu al (6). The report con ­
tains all num eric data rounded to 3 sign ifican t  
figures. The analyst-entered sam ple inform a­
tion is fo llow ed  by 2 sections containing sam ple 
and standard data. The analyst m ust determ ine
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FISH  EXTRACTION COMPARISON------ WHITE PERCH NON-FATTY FOOD METHOD

PAM 212 ANALYSIS OF IS  169-1  NFF *B*************************************************************************
20 JULY 1981 1 5« /«  ELUATE

SAMPLE WEIGHT: 22 . 8 CHROMATOGRAPHED-. 13 JUL 1981
ML CH3CN: ADDED- - 2 1 7 ,  REC ' -2 0 5
ML PET ETHER REC 'D i 88 . 5 G ONTO FLO R ISIL : 19 . 1
ML F I  HAL VOL: 5 .0 MG SAMPLE EQUIV: 19 . 1

SAMPLE SOLUTION DATA

PARATHION DIELDRIN ENDRIN MOXYCHLOR
«/«  RECOVERY 102 - 109 -
PPM FOUND .259 . 52 . 104 . 0164
NG FOUND 4.  93 9. 91 1 . 98 . 313
MEAN RES 15500 135000 27500 1730
SD (MINIMUM) 15500 135000 27500 1700
CV (MAXIMUM) 1 5500 135000 27500 1760
UG ADDED 5 .77 0 2 . 17 0
PPM ADDED . 253' 0 . 0954 0

STANDARD SOLUTION DATA

PARATHION DIELDRIN ENDRIN MOXYCHLOR MIREX
NG INJECTED 4.91 9 . 75 1 . 85 8 . 3 5  7 . 4
UG/ML . 982 1 . 95 .37 1 . 6 7  1 . 4 8

STD NFF *B ---------- ----5 UL INJECTIONS
MEAN RES 1 5400 133000 25700 46100 75200
MIN RES 1 5300 132000 25400 45500 75000
MAX RES 15400 133000 26000 46700 75400

F ig u re  8 . C o m p re h e n s iv e  A P L  re p o r t  o f a n a ly s is  g e n e ra te d  fro m  d a ta  in  ta p e d  S P  4000 re p o r ts  s u p p le m e n te d  
b y  a d d i t io n a l  in fo rm a t io n  e n te re d  in to  c o m p u te r  b y  a n a ly s t .

if  response data for peaks detected in  the sam ple 
solution  correspond to m axim um  and m inim um  
or standard d ev iation  (SD) and coeffic ien t of 
variation (CV) values. This determ ination  can 
norm ally be m ade by com parison o f the orders 
of m agn itud e o f these data w ith  th e m ean re­
sponse. In th is report, equal orders o f m agn i­
tude im p ly  that 2 injections o f the sam ple so lu ­
tion  w ere made. A ll other inform ation does not 
require interpretation b eyon d  that norm ally re- - 
quired for this type o f analysis. A  report sim ilar 
in  form at to that g iv en  in  Figure 8 is prin ted  for 
sam ples analyzed  by any other m ethod. In this  
m ore general case, the o n ly  sam ple inform ation

required is the analytical sam ple w e ig h t and  
corresponding final volu m e.

In m any series of analyses the analyst m ust 
com pare selected  data from  each o f the reports. 
Extraction and tabulation from  com p reh en sive  
computer-generated reports is a tim e-consum ing  
task for th e analyst. A supp lem en ta l com puter  
program  has therefore b een  w ritten  to carry out 
this chore. A  typical com puter sum m ary report 
of percent recovery is g iven  in  Figure 9. A ny of 
the 8 item s listed  in  the sam ple so lu tion  data 
section  o f a report o f analysis (Figure 8) m ay be  
tabulated in  a sum m ary report o f th is type.

The entire com puter-assisted laboratory data

PAM 212 FISH
ANALYSES

EXTRACTION COMPARISON------ WHITE PERCH
SUMMARY OF-. O /  O RECOVERY14 JULY 1981 CHROMATOGRAPHED-. 13 JUL 1981

PARATHION DIELDRIN ENDRIN MOXYCHLOR6 169-1 NFF *A - - - 10115 1 69-1 NFF *B 94.1 - 100 -6 169-2 NFF *C - - - 9 8 . 415 1 69-2 NFF *D 91 . 6 - 101 -
MIREX6 169-1 NFF *A 88 . 315 169-1 NFF *B -6 169 -2 NFF *C 8 4 . 6

15 1 69-2 NFF *D -

F ig u re  9. T y p ic a l c o m p u te r -g e n e ra te d  s u m m a ry  o f  d a ta  s e le c te d  f ro m  se r ie s  o f  a n a ly se s .
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processing system  has b een  used w ith  little  d if­
ficulty by a num ber of analysts in  this laboratory. 
The m inim al k n ow led g e of com puter program s 
and operations required for u tilization  o f this 
system  m akes it ideal for laboratory data m an­
agem ent.
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APPENDIX A

Procedure for Transfer of Single Injection 
Reports to Magnetic Tape

This procedure has b een  used to transfer a 
duplicate report to m agnetic tape. File 5, output 
d ev ice 5, and channel 5 are orig inal SP 4000 
com ponents. The tape u n it is output dev ice 50. 
A ll com m ands are ech oed  at the CPU's CRT 
(output device 54) because of the s low  print rate 
o f the printer-plotter w ith  respect to CPU oper­
ations. Several WAIT steps in  the procedure 
ensure that each d ev ice  is not busy before it is 
used. Several CO M M AND steps are used  to 
execute 2 com m ands each by entering the step  
w ith  a blank b etw een  the 2 com m ands. The 
num ber 13 (hexadecim al equ ivalent for "enter") 
is th en  entered  in to  the w ork register corre­
sp on d in g  to the blank space. W hen printed at 
any output device other than the CRT, the second  
comm and w ill appear on a separate lin e from the 
first com m and in  the step (e.g., Step 3).

Step 1 is extra and has been  used  as a COM­
M A N D  step to execute a procedure listin g  chro­
m atographic conditions before b eg in n in g  a run. 
Steps 2 -6  set up the file  for the first sam ple

PROCEDURE005 STEP 001 PROCEDURE005 STEP 009
ACQUIRE DELAY0.000 COMMAND OD50
FO 0 FI 0 F2o F3 o XX
F*4 0 F50 F60 F7 0 FO 0 F10 F2 1 F 3 0
W0 000 W1 000 W2 000 F4 0 F50 F61 F7 0
W3 000 W4 000 W5 000 W0 006 W1 054 W2 079
W6 000 W7 000 WS 000 W3 068 W4 053 W5 048

W6 013 W7 088 W8 088
PROCEDURE005 STEP 002
COMMAND AT5 PROCEDURE005 STEP 010
F0 0 F10 F2 1 F3 0 WAIT DELAY 0.000
F4 1 F50 F61 F7 0 F0 0 F10 F20 F 3 0
W0 006 W1 054 W2 065 F4 0 F50 F60 F7 0
W3 084 W4 053 W5 032 W0 002 W1 000 W2 005
W6 0 32 W7 0 32 W8 0 32 W3 000 W4 000 W5 000

W6 000 W7 000 W8 000
PROCEDURE005 STEP 003
COMMAND FI5 PROCEDURE

xioo STEP 011
SN1 REPORT
F0 1 F 10 F20 F 3 1 FO 0 FI 0 F2 1 F3 0
F4 0 F50 F61 F7 0 F4 0 F50 Fb 0 F7 0
W0 006 W1 054 W2 070 W0 001 W1 005 W2 001
W3 073 W4 053 W5 013 W3 004 W4 000 W5 0C1
W6 083 W7 078 W8 049 W6 000 W7 000 W8 0C0

PROCEDURE005 STEP 004 PROCEDURE005 STEP 012
COMMAND RN0 WAIT DELAY 0.0001X1 FO 0 F10 F20 F3 o
F0 0 F 11 F2 1 F5 1 F4 0 F50 F60 F7 0
F4 0 F50 F61 F7 0 W0 002 W1 000 W2 005
W0 006 W1 054 W2 082 W3 000 W4 000 W5 000
W3 078 W4 048 W5 013 W6 000 W7 000 w8 000
W6 073 W7 088 W8 049

PROCEDURE005 STEP 005 PROCEDURE005 STEP 013
COMMAND 0D5 COMMAND FI5
FF F0 1 F10 F20 F 3 1
F0 0 F 10 F21 F3 0 F4 0 F50 F61 F 7 0
F4 0 F50 F61 F 7 0 W0 006 W1 054 W2 070
W0 006 W1 054 W2 079 W3 073 W4 053 W5 032
W3 068 W4 053 W5 01 3 W6 032 W7 032 W8 032
W6 070 W7 070 W8 032

PROCEDURE005 STEP 014
PROCEDURE005 STEP 006 JUMP
COMMAND XD 1 F0 0 F10 F20 F 3 0
XX F4 0 F50 F60 F7 0
F0 0 F10 F2 1 F3 0 WO 003 W1 000 W2 000
F4 0 F50 F61 F7 0 W3 000 W4 011 W5 005
W0 006 W1 054 W2 088 W'6 000 W7 000 W8 000
W3 068 W4 049 W5 013
Wo 088 W7 088 Wo 032

- PROCEDURE005 STEP 015
PROCEDURE005 STEP 007 COMMAND 0D5
ACQUIRE DELAY0.000 XX

F0 0 F 10 F2 1 F 3 0 F0 0 F10 F2 1 F3 0
F4 0 F50 F60 F7 0 F4 0 F50 F61 F7 0
WO 000 W1 005 W2 001 W0 006 W1 054 W2 079
W3 004 W4 000 W5 000 W3 068 W4 053 W5 013
W6 000 W7 000 W8 000 W6 088 W7 088 W8 032

PROCEDURE005 STEP 008 PROCEDURE005 STEP 016
COMMAND FI5 MESSAGE STOP

F0 1 F10 F20 F 3 1 F0 0 F10 F2 1 F3 0
F4 0 F50 F61 F7 0 F4 1 F50 F6 1 F7 0
W0 006 W1 054 W2 070 W0 005 W1 050 W2 083
W3 073 W4 053 W5 032 W3 084 W4 079 W5 080
W6 032 W7 032 W8 032 W6 032 W7 032 W8 032

analysis. In step 7, data are acquired and stored  
in  procedure storage location 1 (W2), and a report 
is printed at output device 5 (the printer-plotter) 
as part of the file's normal operation. Steps 8 and  
9 reset the output device for the report to the tape 
m ade in  Step 11. Step 13 enters the file  in  
preparation for chan gin g  the output device. 
Step 14 jum ps d irectly to Step 5 (W5), incre­
m en tin g  the jump counter (W2) in  the process. 
Since the file  w as entered before the jum p, Step  
5 can chan ge the output d ev ice for the next in ­
jection. This sequence is con tin u ed  u n til the  
valu e o f th e jump counter (W2) o f Step 14 is the  
sam e as the desired num ber o f jum ps (sam ples). 
At th is po in t, no jum p is made. The file  output 
d ev ice is reset to its or iginal valu e (5) in  Step 15,
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since m ost runs not under procedure control 
require a report at the printer-plotter. The 
m essage "STOP" that is used  by the com puter  
programs is recorded on  the tape (W1 =  50) in the 
final step o f the procedure.

APPENDIX B

Procedure for Transfer of Duplicate 
Abbreviated and Statistical Reports to

Magnetic Tape

This procedure has b een  used to transfer d u ­
plicate com b ined  abbreviated and statistical re­
ports to m agnetic tape. The sam e data system  
com p onents and general com m ents g iv en  in  
A p pendix  A  apply here.

Steps 1 through 4 in itia l the file. O nly  a few  
file  param eters m ust be set in itia lly , because 
m any are forced to the desired valu es by steps  
used to accom plish  other tasks later in  the pro­
cedure. Each run is b egu n  by the autosam pler  
signal to the "run set" screw terminal at the DIM. 
The run is en d ed  by u sin g  the T6 tim e function  
to signal the "run re-set" screw term inal. In the 
tim e file, T6 is set to turn on  to end  the run, then  
turn o ff 1 s later during th e report. If T6 is not 
turned off, each n ew  run b egu n  by the auto­
sam pler sign al is im m ediately  en d ed  by T6, 
w h ich  is still on. A ll sam ples w ill be injected by  
the autosam pler but no chrom atogram s or data 
w ill be processed. This is exactly w h at occurs 
w h en  no report is m ade by the file  for an in d i­
v idual injection m ade under control o f an AC­
QUIRE step as used  in  th is procedure. The T6 
tim e function  w ill not turn o ff un less a report is 
b ein g  m ade at the sam e tim e. This problem  is 
easily  avo id ed  by output o f a relatively  large 
num ber (20) o f reports to the CRT m essage lin e  
(output d ev ice  54). In sp ite o f the sp eed  o f the  
CPU, this operation requires several seconds and  
a llow s en o u gh  tim e for T6 to be turned o ff dur­
in g  a report.

Step 6 is u sed  as a sam ple counter. A  jum p to 
Step 8 is m ade until the counter (W2) equals the  
W4 value, the num ber of sam ples plus 1. At this 
tim e, the procedure passes through the JUMP 
and stops at Step 7. O therw ise, Step 8 stores the 
sam ple num ber (W2 of Step 6) in  Step 18. Steps 
9 ,1 0 , and 11 each acquire data from  a s in g le  in ­
jection and store it in  the procedure storage lo ­
cation specified in  W2 of each step. Steps 12 and  
13 reset the file output device for the report to the 
printer-plotter. A n abbreviated report w ith  
statistics requires that each set o f data be pro­
cessed throu gh  th e file  in d iv id u ally . Steps 14

PROCEDURE003 STEP 001 PROCEDURE.003 STEP 013
COMMAND AT5 COMMAND XX
F0 0 FI 0 F2 1 F3 0 F0 0 F10 F20 F3 1
F4 1 F50 F61 F7 0 F4 1 F50 F6 1 F7 0
WO 006 W1 054 W2 065 W0 006 W1 054 W2 088
W3 084 W4 05 3 W5 0 32 W3 088 W4 032 W5 032
W6 0 32 W7 032 W8 0 32 W6 032 W7 0 32 W8 0 32
PROCEDURE003 STEP 002 PROCEDURE003 STEP 014
COMMAND FI5 REPORT
RNO F0 0 F 10 F2 1 F3 0
F0 1 FI 0 F20 F 3 1 F4 1 F50 F60 F7 0
F4 0 F50 F6 1 F7 0 W0 001 W1 005 W2 000
W0 006 W1 054 W2 070 W3 020 W4 000 W5 001
W3 0"3 W4 053 W5 013 W6 000 W7 000 W8 000
W6 062 W7 078 W8 048

PROCEDURE003 STEP 003 PROCEDURE003 STEP 015
COMMAND 0D54 REPORT
F0 0 F10 F2 1 F 3 0 F0 0 F 10 F2 1 F3 0
F4 0 F50 F6 1 F7 0 F4 0 F5 1 F60 F7 0
W0 006 W1 054 W2 079 wo 001 W1 005 W2 000
W3 068 W4 053 W5 052 W3 036 W4 000 W5 002
W6 0 32 W7 0 32 W8 0 32 W6 000 W7 000 W8 000

PROCEDURE003 STEP 004 PROCEDURE003 STEP 016
COMMAND NR20 COMMAND FI5
XX F0 1 F10 F 20 F3 1
F0 0 F11 F20 F3 0 F4 0 F50 F6'1 F7 0
F4 1 F50 F61 F7 0 W0 006 W1 054 W2 070
W0 006 W1 054 W2 078 W3 073 W4 053 W5 032
W3 082 W4 050 W5 048 W6 0 32 W7 0 32 W8 0 32
W6 0'3 W7 088 W8 088

PROCEDURE003 STEP 005 PROCEDURE003 STEP 017
WAIT DELAY5.000 COMMAND SN
F0 0 FI 0 F20 F3 0 F0 0 F11 F 2 1 F 3 1
F4 0 F50 F60 F7 0 F4 0 F50 F6 1 F7 0
W0 002 W1 000 W2 000 W0 006 W1 054 W2 083
W3 000 W4 000 W5 000 W3 078 W4 0 32 W5 032
W6 000 W7 005 W6 000 W6 0 32 W7 0 32 W6 032
PROCEDURE003 STEP 006 PROCEDURE003 STEP 018
JUMP COMMAND 001
F0 0 F 10 F20 F3 0 F0 0 F 10 F20 F3 0
F4 0 F50 F60 F7 0 F4 1 F51 F60 F7 0
W0 0C3 W1 000 W2 000 W0 006 W1 200 W2 048
W3 0C0 W4 on W5 008 W3 048 W4 049 W5 0 32
W6 000 W7 000 W8 000 W6 032 W7 032 W8 032
PROCEDURE003 STEP 007 PROCEDURE003 STEP 019
HALT COMMAND XX
F0 1 F10 F20 F3 0 FÜ 0 F10 F20 F3 1
F4 0 F50 F60 F7 0 F4 1 F5G F6 1 F7 0
W0 0C4 W1 000 W2 000 W0 006 W1 054 W2 086
W3 0C7 W4 000 W5 000 K3 088 W4 032 W5 032
Wb 0C0 - W7 000 W8 000 W6 032 W7 0 32 W8 0 32

PROCEDURE003 STEP 008 PROCEDURE003 STEP 020
NUMBER REPORT
F0 0 FI 1 F20 F3 0 F0 0 F 10 F2 1 F3 0
F4 0 F50 F60 F7 0 F4 1 F5 1 F60 F7 0
W0 007 W1 005 W2 000 W0 001 W1 005 W2 001
W3 002 W4 000 W5 018 W3 052 W4 000 W5 003
W6 1 ’ 4 W7 000 W6 000 W6 000 W7 000 W8 000

PROCEDURE003 STEP 009 PROCEDURE003 STEP 021
ACQUIRE DELAY 0.000 JUMP
F0 0 F 10 F2 1 F3 0 F0 1 F 10 F20 F3 0
F4 1 F50 F60 F7 0 F4 0 F50 F60 F7 1
W0 000 W1 005 W2 001 wo 003 W1 005 W2 000
W3 020 W4 000 W5 000 W3 129 W4 000 W5 002
W6 000 W7 000 W8 000 W6 009 W7 000 W8 050

PROCEDURE003 STEP 010 PROCEDURE003 STEP 022
ACQUIRE DELAY 0.000 COMMAND FI5
F0 0 F10 F21 F3 0 F0 1 F10 F20 F3 1
F4 0 F5 1 F60 F7 0 F4 0 F5U F6 1 F7 0
wo 000 W1 005 W2 002 W0 006 W1 054 W2 070
W3 036 W4 000 W5 000 W3 073 W4 053 W5 032
W6 000 W7 000 W8 000 W6 032 W7 0 32 W8 032

PROCEDURE003 STEP 011 PROCEDURE003 STEP 023
ACQUIRE DELAY0.000 COMMAND 0D50
F0 0 F10 F21 F3 0 XX
F4 1 F5 1 F60 F7 0 F0 0 F10 F2 1 F3 0
wo 000 W1 005 W2 003 F4 0 F50 F6 1 F7 0
W3 052 W4 000 W5 000 W0 006 W1 054 W2 079
W6 000 W7 00C W8 000 W3 068 W4 053 W5 048

W6 013 W7 088 W8 088
PROCEDURE003 STEP 012

STEP 024COMMAND FI5 PROCEDURE003
0D5 JUMP
F0 1 F10 F20 F 3 1 F0 0 F 10 F20 F3 0
F4 0 F50 F 6 1 F7 0 F4 0 F50 F60 F7 0
W0 006 W1 054 W2 070 wo 003 W1 000 W2 000
W3 073 W4 053 W5 013 W3 000 W4 000 W5 014
W6 079 W7 068 W8.053 W6 000 W7 000 W8 000



1248 CLOWER: J. ASSOC. OFF. ANAL. CKEM . (VOL. 65, N O . 5, 1982)

and 15 retrieve data from procedure storage (W5) 
and process it w h ile  forcing file  in d ex in g  pa­
rameters to the proper valu es w ith  flag register 
entries. In both  cases no report is m ade (W2 =
0). The proper sam ple num ber is then  entered  
in to  the file  by Steps 16-19.

The final report is prepared in  Step 20. The 
third set of data is retrieved from storage location  
3 (W5) and processed w ith  appropriate file  pa­
rameters, and 1 copy (W2) is output to the device  
sp ecified  in  the file  (the printer-plotter).

JUMP Step 21 m akes a logical com parison of

the valu e in  W8 and the current file  output d e ­
vice number. Since the file value is less than the 
W8 value, a report to the tape has not been  made. 
The file is then entered, the output device is reset 
to 50, and a direct jump to the b eg in n in g  o f the  
report sequence (Step 14) is m ade in  Steps 22-24. 
W hen the file  valu e (50) is greater than or equal 
to the W8 valu e (50), a jump to Step 2 is made. 
Reports to both  the tape (device 50) and the  
printer-plotter (device 5) have been  m ade and  
the cycle b eg in s for the next sam ple.
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D e v e l o p m e n t  o f  a  C h e m i c a l  I n f o r m a t i o n  S y s t e m

G. W . A . M IL N E
National Cancer Institute, Information Technology Branch, Bethesda, M D 20205
T h e  1 0 -y e a r h is to r y  o f th e  d e v e lo p m e n t  o f  th e  N IH -  
EPA  C h e m ic a l In fo rm a tio n  S ystem  is  d esc rib e d . T h e  
S y s te m  g re w  f ro m  th e  c o o p e ra tiv e  e f fo r ts  o f s e v e ra l 
a g e n c ie s  o f  th e  fe d e ra l  g o v e rn m e n t  a n d  n o w  is  p u b ­
lic ly  a v a ila b le  o n  a  fee -fo r-se rv ic e  b as is  o n  co m p u te rs  
in  th e  p r iv a te  se c to r .

Mass Spectral Search System (MSSS)

By 1969, th e Laboratory o f Chem istry o f the N a­
tional Heart and Lung Institute o f the N ational 
Institutes o f H ealth  (N IH ) had becom e very  
h ea v ily  in v o lv ed  in  the application o f mass 
spectrom etry to problem s in  b iochem istry and  
m edicine. A major capability o f mass spec­
trom etry in  th is and other areas is its ab ility  to 
id en tify  chem ical substances from  the mass 
spectra th ey  produce. As m ore and m ore refer­
ence spectra becam e available, it becam e in ­
creasingly clear that the establishm ent o f a mass 
spectral library together w ith  com puter pro­
grams that can search it effic ien tly  could be very  
useful as an aid in the identification o f unknow n  
chem icals.

A ccordingly, in  a collaborative effort w ith  the 
N IH  D iv ision  o f Com puter Research and Tech­
n o lo g y  (DCRT), a p ilo t "Mass Spectral Search  
System " (MSSS) w as d ev elop ed  and made 
available for use by N IH  scientists (1). This pilot 
system  perm itted  the iden tifica tion  o f com ­
pounds from  their mass spectra. A n exam ple of 
such a procedure is sh ow n  in  Figure 1. H ere the 
user asks first to retrieve a ll spectra w ith  a peak  
at m /z  207 h av in g  an in ten sity  in  the range be­
tw een  100% and 100%, i.e., the in ten sity  m ust 
equal 100%; th is m ust be the "base peak" o f the  
spectrum. In response, the system  iden tifies 59 
library spectra that m eet this condition  and they  
are stored in  a tem porary file  N o. 1. Searching  
w ith  a secon d  peak, m /z  209, in ten sity  b etw een  
95% and 100%, reduces th is num ber to 3. The 
third peak entered , m /z  224 w ith  in ten sity  b e­
tw een  70% and 100%, leads to the s in g le  com ­
pound in  the library, 2,3,6-trichlorobenzoic acid, 
w h o se  spectrum  m eets all 3 o f these conditions. 
This reference spectrum  can be retrieved  in  bar 
graph form , as sh ow n  in  Figure 2, w h ich  can be

Presented  at the  Sym posium  o n  Com puters in  the  Labora­
tory, 95th A nnual M eeting of the  AOAC, Oct. 19-22,1981, at 
W ashington, DC.

used for direct com parisons o f the u n k n ow n  and  
reference spectra.

In addition to this interactive search capability, 
MSSS has a batch search program and also a re­
verse search feature. The form er is based on  
algorithm s o f H ertz et al. (2) and th e latter on  
program s from  M cLafferty's group (3). Both 
batch searches can be run o n -lin e  (" w h ile  you  
wait") or in  an overnight procedure. In addition  
to th e basic search program s, MSSS has a w id e  
variety o f other search capabilities, ranging from  
a proton affin ity  search system  to program s 
w h ich  can calculate form ulas from  accurate 
masses.

The program s in  MSSS are all conversational 
and the com putation necessary for th e various 
search and disp lay fu n ction s w as accom plished  
in  real tim e on a DEC System  10 com puter at 
DCRT.

D uring the decade since th is project w as in i­
tiated, the search system  has been used by several 
hundred analytical chem ists in  m any countries 
around the w orld . The applications o f th e sys­
tem  are num erous and in clu d e em ergen cy  tox i­
co logy , quality control, p ollu tan t m onitoring, 
and studies in  b iological d isposition  o f ch em i­
cals.

Structure and Nomenclature Searching

As use o f the Mass Spectral Search System  in ­
creased, it soon  becam e clear that a lthough  
iden tification  o f a com pound from  its mass 
spectrum , as sh ow n  in  Figures 1 and 2, w as a 
usefu l function , the reverse task, iden tifica tion  
and retrieval o f the mass spectrum  from  a g iv en  
structure, w as also im portant. It w as therefore  
decided  to provide th is capability as an adjunct 
to MSSS.

Richard Feldm ann had b een  w ork in g  at N IH  
since 1972 on  the d esign  o f com puter program s 
for retrieval o f chem ical structures (4) and the  
Chem ical Inform ation System  (CIS) sou gh t to 
capitalize on  th is ach ievem en t by th e adoption  
of m any of the techniques that had em erged from  
his work. A n y chem ical structure can be ex­
pressed in  a purely alphanum eric form by using  
on e  o f a variety o f co n ven tion s (5). Com puter  
program s have been  w ritten  (6) for the in ter­
conversion  o f conven tion a l structure diagram s 
and m any o f the alphanum eric equ ivalents.

0004-5756/82/6505-I249-10$01.00
©  A s s o c i a t io n  o f  O f f i c ia l  A n a l y t i c a l  C h e m i s t s ,  t n c .
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O p t io n ?  P E A K

T y p e  p e a k ,  m in  in t ,  m a x  in t
C R  t o  e x i t ,  1 f o r  C A S  R N ,  Q l ,  M W , M F  a n d  N a m e

U s e r :  2 0 7 ,1 0 0 ,1 0 0

F i l e  1 c o n t a in s  5 9  r e f e r e n c e s  t o  m / z  2 0 7

N e x t  r e q u e s t :  2 0 9 ,9 5 ,1 0 0

F i l e  2  c o n t a in s  3  r e f e r e n c e s  t o  m / z  2 0 7  2 0 9

N e x t  r e q u e s t :  2 2 4 ,7 0 ,1 0 0

F i l e  3  c o n t a in s  1 r e f e r e n c e  t o  m /z  2 0 7  2 0 9  2 2 4

N e x t  r e q u e s t :

C A S  R N  Q l M W  F o r m u la ,  N a m e s
5 0 - 3 1 - 7  5 0 7  2 2 4  C 7 H 3 C 1 3 0 2

B e n z o ic  a c id ,  2 ,3 ,6 - t r ic h lo r o -  ( 8 C I9 C I )
B e n z a b a r

B e n z a c
B e n z a c  1 -2 8 1

B e n z a c  1 ,2 8 1

Figure 1. Interactive search through mass spectral 
data base.

T ypically, such a record contains, for each atom  
in  the structure, a string o f digital inform ation  
w h ich  id en tifies  the atom  type, its neighbors, 
and the types o f bonds b etw een  it and its 
neighbors. A  co llection  o f such data for every  
n on -h y d rogen  atom  in  the m olecu le is called  a 
connection  table and is eq u ivalen t to the struc­
ture o f th e m olecu le, a subset o f the conn ection  
table of course being equivalent to a substructure. 
It fo llow s that connection tables can be searched  
on a lin e-b y -lin e  basis and that herein  lies  a 
m ethod  o f structure or substructure searching. 
This fact w as exp loited  by the Feldm ann pro­

grams, w h ich  w ere successfully m erged into CIS 
in  1976 (7). This original version of the Structure 
and N om enclature Search System  (SANSS) 
subsequen tly  u n d erw en t various m odifications  
(8) as it ev o lved  into the system  w h ich  is cur­
rently  in  general use.

Every chem ical in  CIS is iden tified  in  terms of 
its Chem ical Abstracts Service (CAS) Registry 
num ber. This task has been  carried out by CAS 
under contract to the governm ent and is done by 
searching the files o f the CAS Registry using the  
nam e or the structure o f the chem ical. O nce the  
correct entry is located, th e Registry num ber is 
retrieved and is used in  turn to retrieve the con ­
nection table and the nom enclature information. 
A ll these data are used by CIS to b u ild  the files  
w h ich  support the Structure and N om enclature  
Search System . This effort, in  addition  to m ak­
in g  possible the use o f the CAS Registry num ber 
and structure for all chem icals in  CIS, also serves 
as a check on  th e quality and accuracy o f the n o ­
m enclature used  in  th e files. As such, it has 
proved to be a w orth w h ile  task, as it has a llow ed  
the resolu tion  o f num erous errors in  the data 
base (9).

It is possib le, by u sin g  these program s, to 
search the data base for any fu ll structure or any  
partial structure, d efin ed  as on e or m ore atom s 
and their n eighbors and bonds. The structure 
or substructure b ein g  sou gh t m ust be entered  
in to  the com puter, as sh ow n  in  Figure 3, and  
then  sp ecific  search requests m ay be made. In  
Figure 3, an m -d ich lorob en zen e m oiety  is  d e­
fin ed  by the user w ith  the h e lp  o f sim p le com ­
m ands such as RING, ALTBD, and so on , w h ich  
the com puter interprets and uses to bu ild  a con-

CAS RN Ql MW MF.Name 
50-31-7 507 224 C7H3CT302

B e n z o i c  a c i d ,  2 , 3 , 6 - t r i c h l o r o -  ( 8 C I 9 C I )
I n s t r u m e n t : M A T  C H 5  ; I n l e t : D I R E C T  ; S o u r c e  t e m p . :  2 0 0  C ;  e V :  7 0
C o n t r i b u t o r : C A T A L O G U E  O F  M A S S  S P E C T R A  O F  P E S T I C I D E S ,  A P R I L  1 9 7 5 ;
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Option? RING 
Option? ALTBD 1 2 
Option? ABRAN 1 AT 1 1 AT 3 
Option? SATOM 7 8 
Specify element symbol = CL 
Option? _D

5

• •6 4
• •
• •

7CL1 3??8CL
• •

• •2
Option? FPROB 1 3

Fragment:

...................................

2C

Required occurrences for hit: 2
This fragment occurs in 3258 compounds

Option? #1 AND #2

File: 3 Count: 2269

Option? SU BSS 3

Doing sub structure search 
Type E to Exit

File entry 20, Hits so far 13
File entry 40, Hits so far 28
File entry 60, Hits so far 39

File entry 2240, Hits so far 1346 
File entry 2260, Hits so far 1356

File = 4 Successful sub structures = 1361

Option? SSHOW 4

How many (E to Exit)? 2_

Type E to terminate display.

File = 1, 3258 compounds contain this fragment Entry CAS RN 50-30-6

Option? RPROBE

C??C 
? ?

? ?
c c??
7 7

7 7
C??C
7

7

c

CL*C C

0% % C **C  C
% • • 
% • •
0 c

Conditions of search
Characteristics to be matched Type of match

Type of ring or nucleus EXACT
No heteroatoms EXACT
Substituents IMBED
This ring/nucleus occurs in 21844 compounds

File = 2, 21844 compounds contain this ring/nucleus

F ig u re  3. A to m -c e n te re d  f r a g m e n t  a n d  r in g  s e a rc h  
fo r  m -d ic h lo r o p h e n y l  m o ie ty .

n ection  table. O nce the "query structure" is 
com p lete, th e user d isp lays it as in  Figure 3 and  
then asks (FPROBE 1 3) to retrieve all com pounds  
w h ich  contain  an atom  id en tical to atom  1 and  
also an atom  iden tical to atom 3. Stated d iffer­
en tly , the system  is b ein g  asked to fin d  in  the  
data base all com p ounds co n ta in in g  2 or m ore 
chlorine atom s attached to aromatic rings. This 
is accom plished in a matter of seconds, and 3258 
com pounds are retrieved  and stored in  tem po-

CL

Entry CAS RN 50-31 -7

CL*C

0 % % C **C C**CL

CL

F ig u re  4. S u b s tru c tu re  sea rch  fo r  m -d ic h lo ro p h e n y l 
m o ie ty .
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Option? 1DENT

File 5, This structure is contained in 1 compounds.

Option? SSHOW 5

Entry 1 CAS RN 541-73-1
CIS Sources Of Information

2 - CIS, El Mass Spectrometry
3 - CIS, Carbon-13 NMR Spectrometry 

115 - EPA/CIS, WaterDROP

Non-CIS References

1 - EPA, TSCA Inventory List 
7 - Merck Index: 3028 

11 -  EPA, AEROS SOTDAT: 5806 
17 -  NBS/NIH, Ionization Potential 
19 -  FDA/EPA, Pesticides Ref. Standards: 244 
21 - U.S. International Trade Commission P&l Statistics:

IM P/T03-77, PROD/T03
25 - EPA, Effluent Guidelines Priority Pollutants
26 - EPA, Organic Chemical Producers: 1215 
30 - EROICA, Organic Properties
35 -  ORNL, EMIC
53 - APIfTRC, Thermodynamics and Spectroscopy 
77 -  NLM, CHEMLINE: TOXLINE,TDB,TOXBACK 

112 -  Aldrich Catalog/Handbook: 113808
C6H4C12

C

C C

CL*C C**CL

C

Benzene, 1,3,-dichloro- (9CII 
Benzene, m-dichloro- (8CI) 
m-Dichlorobenzene 
m-Dichlorobenzol 
m-Phenylene dichloride 
1,3-Dichlorobenzene

F ig u re  5. F u ll s t ru c tu re  se a rc h  fo r  m -d ic h lo r o ­
b e n z e n e .

rary file  N o. 1. The on ly  property com m on to 
these 3258 com pounds is that th ey  all m ust pos­
sess 2 ch lorines attached to aromatic rings; the  
position  o f these atom s is not specified . In a 
secon d  search (RPROBE), the user seeks all 
com pounds that contain  a 1,3-disubstituted aro­
matic ring. Extra substituents are a llo w ed  and  
the system  finds 21 844 com pounds m eeting this 
condition. These are stored in  file N o. 2. W hen  
the contents o f file  N o . 1 are com b ined  w ith  
those o f file  N o. 2, as sh o w n  in  Figure 4, file  N o. 
3 is created, co n ta in in g  2269 com p ounds that 
each contain  2 ch lorop h en yl fragm ents and a
1,3-disubstituted ring. Som e but not necessarily 
all o f these com pounds w ill  contain a 1,3-di- 
chloro aromatic system .

To elim inate those com pounds that m eet the  
search criteria but are not 1,3-dichloro aromatic 
com pounds, a "substructure search" through this 
set o f 2269 com pounds m ust be carried out as in  
Figure 4. This leads to 1361 com p ounds in  file  
N o. 4 w h ich  are all in  fact 1,3-dichloro aromatic

com pounds. The first 3 retrieved structures are 
sh ow n  in  Figure 4.

CIS C h em ical Locator F unction  (CLF)
The exact structure o f a com p ound is a special 

case o f a substructure and thus the addition  o f a 
substructural searching capability to the system  
m et the im m ediate requirem ent in  that com ­
pounds could be retrieved from the data base by  
structure. Substructure searching is, how ever, 
a relatively  in effic ien t w ay to retrieve an exact 
match to a chem ical structure and so a d ifferent 
approach to full structure searching was adopted. 
In th is m ethod, the fu ll query structure is hash- 
encoded and the resulting code is passed against 
a copy o f the structure file  in  w h ich  every entry  
has b een  sim ilarly h ash-encoded  (10). This 
procedure finds and retrieves the correct struc­
ture reliably and rapidly w ith  a s in g le  pass 
through the data base, as m ay be seen  from  the  
exam ple in  Figure 5, in  w h ich  a fu ll structure 
search for m -d ich loroben zene is carried out and  
leads o n ly  to that exact structure, w h o se  record, 
b eg in n in g  w ith  the Registry num ber 541-73-1, 
is then  printed at the term inal. The Chem ical 
Locator Function o f SANSS disp lays the files  
w h ich  carry data on  the com pound, and the re­
m ainder o f the record contains the com pound  
m olecular and structural form ulas and all its 
nam es, w h ich  in clu d e 2 system atic nam es, the  
CAS N in th  C ollective Index (9CI) and Eighth  
C ollective Index nam es, and 4 synonym s.

A  secon d  additional capability w h ich  w as 
provided  w as that o f nom enclature searching. 
Searching for chem icals by nam e has som e w e ll 
know n deficiencies w h ich  stem  from am biguities 
in  the rules for chem ical nom enclature. O th­
erw ise, it is  a con ven ien t m eans o f locating  
com plex chem icals rapidly. As an exam ple, 
h an d lin g  com plex structures, such  as those o f  
natural products, on  a com puter is far m ore d if­
ficu lt and tim e-consum ing than searching w ith  
trivial nam es such  as "m orphine" or "choles­
terol." C onsequently , nam e searching appears 
to com p lem ent structure searching n ice ly  and  
this has been clearly evident in  CIS, w h ich , since  
1978, has been  the on ly  public system  in  the  
w orld to offer both nam e searching and structure 
searching (11). A  usefu l nom enclature search  
capability m ust be able to hand le com p lete or 
partial nam es, e.g., "benzyl chloride" or "benzyl" 
w ith  or w ith ou t "chloride." Truncation o f a 
w ord, either on  the left ":enzyl," or th e right 
"benz:" m ust also be possible.

A ll o f these variations may be u sed  in  CIS, an  
exam ple o f w h o se  nam e searching capability is
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Option? NPROBE

Fragment or whole name search (F/W) (F)?W

Specify name (CR to exit): TCDD

File 1, 1 compounds having name: TCDD  
Specify name (CR to exit):

Option? SSH O W  1

Entry 1 C A S  RN 1746-01-6
C IS  Sources of Information

2 -  C IS  Mass Spectrometry 6 -  Cambridge Xray Crystal: 1746-01-6.01 
23 -  EPA Effluent Guidelines 
32 -  NIOSH R T EC S : HP35000

Non-CIS References

34 -  ORNL ETIC
77 -  NLM CHEM LINE: TO X U N E, MEDLINE

C 0  C C12H4C1402• • # * • •• • * * • •
C L *C  C C C **C L• • • •• • • •
CL*C  C C C * * C l• • » < • •

• • * « • •
C 0 c

Dibenzo|b,ell1,4|dioxin, 2,3,7(8-tetrachloro-(9CI) 
Dibenzo-p-dioxin, 2,3,7,8-tetrachloro- (80)
Dioxin (herbicide contaminant)
TCDBD
TCDD
2,3,7,8-Tetrachlorodibenzo-p-dioxin
2,3,7,8Tetrachlorodibenzo-1,4-dioxin

F ig u re  6. N a m e  se a rc h  fo r  T C D D .

g iven  in  Figure 6. Here a search is m ade for the  
acronym  TCDD. This is id en tified  by the user 
as a com p lete or "w hole"  nam e and the system  
retr ieves on e  com p ou n d , Registry num ber  
1746-01-6, for w h ich  TCDD is a synonym . From 
the record for that com pound, printed in  Figure 
6, it m ay be seen  that use o f either the 9CI or 8CI 
nam es presum es som e fam iliarity w ith  n om en ­
clature rules. For this reason, it is important that 
nam e search program s be able to search for sy n ­
onym s and nam e fragm ents in  the m anner 
show n.

Other Data Bases

As work proceeded on the developm ent of the 
structure searching capability, n ew  data bases 
w ere being added to the system. The biom edical 
research com m u nity  had been  supporting the  
d ev elop m en t o f search system s based on  car- 
bon-13 NM R (12) and x-ray diffraction data (13); 
at the sam e tim e, the environm ental and regu­
latory com m unity , particularly EPA and FDA, 
had taken the lead in  the developm ent o f system s

such as the O il and H azardous M aterials Tech­
nical A ssistance Data System , the Federal R eg­
ister Search System  (14), and the NIH -EPA Tox­
icology Search System (15), w h ich  is based on  the 
NIO SH  Registry o f Toxic Effects o f Chem ical 
Substances (RTECS).

In each o f these cases, it w as necessary to be 
able to search the data base w ith  num erical data. 
For exam ple, just as a chem ist m igh t w ish  to 
id en tify  all chem icals w ith  a g iv en  NM R shift, a 
regulator may w ish  to learn of all chem icals that 
have b een  regulated by a specific agency or 
under a particular law . For th is reason, each of 
these system s w as equ ipped w ith  its ow n  search 
programs. Som e program s w ere used  in  com ­
m on by m ore than one system , but m uch o f the  
code is, by its nature, un iqu e to a s in g le  com p o­
nent. It is also necessary in  every case, how ever, 
to be able to search the data base by structure, as 
was true w ith  the mass spectral file. Rather than 
re-install the structure searching program s in  
each system , a s in g le  Structure and N o m en cla ­
ture Search System  w as created w h ich  searches 
a s in g le  m aster file. This m aster file  contains  
structure and nom enclature records for all 
chem ical com pounds in  CIS. Every chem ical 
carries in its record the identity of the files w h ich  
have inform ation on  it. The files w h ich  are re­
ferred to in  this w ay in clu d e all CIS data bases 
and also a w id e variety o f external files. O nce 
a chem ical is id en tified  by SA NSS, it is possib le  
for the system  to provide the Registry num ber of 
the com pound, its m olecular and structural for­
m ulas and chem ical and trivial nam es and all 
files, CIS and other, w h ich  contain  data on  the  
com pound. An exam ple o f this is sh ow n  in  
Figure 5.

Chemical Information System

The integrated C hem ical Inform ation System  
that em erged from these efforts is in  fact a star­
shaped netw ork of search system s, as sh ow n  in  
Figure 7. The Structure and N om enclature  
Search System  is the "hub" or "center" o f the  
network and provides nam e and structure search 
capability for any or all o f the num eric data 
com ponent files. Searching w ith  num eric data, 
on the other hand, m ust be carried out in  the  
appropriate com ponent. Thus searching w ith  
mass spectral data as described in  Figure 1 m ust 
be don e in  the Mass Spectral Search System . 
C om pounds retrieved  in  th is w ay are provided  
in the form  of their CAS Registry num bers, and  
these can be used in  SANSS to obtain the struc­
tures and nam es o f the com pounds or in MSSS to 
disp lay the appropriate mass spectrum .
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CIS COMPONENTS 
FALL, 1980

F ig u re  7. N IH -E P A  C h e m ic a l I n fo rm a tio n  S y s te m .

The possible uses o f the entire CIS in  either o f 
these sen ses is dep icted  in Figure 8. As can be 
seen  from  this schem atic diagram , any o f a 
num ber o f parameters such as nam e, structure, 
and m olecular form ula can be entered  into  
SANSS. This returns Registry num bers w h ich  
can be used  to retrieve data such as spectra or 
toxicity inform ation. C onversely, num eric data

of th is sort may be used to id en tify  the Registry  
num bers o f candidate com pounds. The Registry 
num bers can then  be used  in  turn to lead to 
chem ical nam e and structure inform ation. In 
th is w ay, the CIS fu lfills  its goal o f retrieving  
com p ounds on  the basis o f e ither structure or 
num eric data and is used frequently by those  
seek in g  to id en tify  a com pound from  data and

THE NIH-EPA CHEMICAL INFORMATION SYSTEM

F ig u re  8. S tru c tu re  a n d  N o m e n c la tu re  S e a rc h  S y s te m  (S A N S S) a n d  C h e m ic a l L o c a to r F u n c t io n  (CLF).
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TSCA CANDIDATE LIST IN THE CIS AND CHEMLINE

CHEMLINE

F ig u re  9. C h e m ic a ls  c o m m o n  to  T SC A  C a n d id a te  
L is t a n d  C H E M -L IN E  o r  SA N SS.

100%'of the list w as in  C IS/SA N SS. In fact, the  
Candidate List, and later, the actual TSCA In­
ventory, w ere subsequen tly  m erged in to  both  
system s. In another application o f th is ap­
proach, the num ber o f p esticides present in  the  
EPA-FDA C ollection o f Reference Standards but 
absent from  the mass spectral data base w as es­
tablished , as seen  in  Figure 10. T hose m issing  
from mass spectral data base w ere iden tified  and  
sam ples o f them  w ere p rovided  to a contractor 
w h o  m easured their mass spectra. The n ew  
spectra w ere added to the mass spectral data base 
w h ich , as a result is more nearly exhaustive as far 
as registered p esticides are concerned. This 
sh ou ld  presum ably m ake the file  m uch m ore 
u sefu l from  the p o in t o f v ie w  o f analysis o f en ­
v ironm ental sam ples.

also those w ish in g  to retrieve data pertaining to 
a sp ecific com pound.

File Management

SANSS is organ ized  in  term s o f a num ber of 
files  or "collections" o f chem icals and each  
chem ical is assigned  its un iq u e CAS Registry  
number. It is therefore possible to consider each 
file  o f chem icals as m erely  a list o f Registry  
num bers; com parison o f 2 such lists is, for a 
com puter, a trivial exercise. W hen, in  1976, the 
TSCA Candidate List w as assem bled, it was quite 
sim p le to sh ow  the overlaps b etw een  th is and  
CHEMLINE, NLM 's chem ical dictionary, and  
C IS/SA N SS, as in  Figure 9. O nly  41% of the  
Candidate List appeared in  CHEMLINE, w h ile

EPA pesticides - analytical 
reference standards (473)

F ig u re  10. M ass  sp e c tra  o f p e s tic id e s .

Environmental Pollution

CIS is used ex ten siv ely  by EPA regional labo­
ratories in  d ea lin g  w ith  chem ical p o llu tion . 
D ep en d in g  on  the problem , the agency uses  
various com ponents of the system  to retrieve and  
review  data pertain ing to id en tity , toxicity, reg­
ulation , and so on. In a typical exam ple, EPA 
w as called  in  to assist the State o f M aryland in  
assessing the potential hazard associated w ith  the  
cleanup  o f an abandoned tank farm in  Sharp- 
tow n, MD (16). U sing gas chromatography-mass 
spectrom etry (GC-MS) in  conjunction w ith  
MSSS, agency scientists id en tified  a num ber of 
organic m aterials present in  the dum p.

A typical contam inant was isophorone, w h ose  
SANSS record is g iven  here sh ow n  in  Figure 11. 
This revealed  that there w as a considerable  
am ount o f inform ation available for the com ­
poun d. It has an entry in  RTECS, for exam ple, 
rev iew  o f w h ich  su ggested  that the com p ound  
is not h ig h ly  toxic but is an eye irritant. Further 
exploration o f CIS for entries d ea lin g  w ith  iso ­
p h oron e provided  inform ation con cern in g  the  
potential o f the material on  public health  in  case 
of a spill. Prior history as a water pollutant w as 
found  by using the Distribution R egister o f O rganic 
P ollu tan ts in W ater  and, fin a lly , the regulatory  
status o f isophorone w as review ed. Retrieval of 
all o f th ese data for each com p ound required  
o n ly  a few  m inutes; w h en  the task w as com ­
p leted , it w as concluded  that rem oval o f the  
chem icals to a distant disposal site d id  not entail 
any intolerable risk. A ccordingly, all th e d is­
carded chem icals were rem oved from the site and 
sh ip p ed  u n ev en tfu lly  to a d isposal facility  in  
Baltim ore, w h ere they w ere destroyed.
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C A S  R N  7 8 - 5 9 - 1

C I S  S o u r c e s  O f  I n f o r m a t io n  

C I S ,  E l  M a ss  S p e c t r o m e t r y
C I S ,  C a r b o n - 1 3  N M R  S p e c t r o m e t r y :  7 8 - 5 9 - 1 .0 1  t o  7 8 - 5 9 - 1 .0 3  
E P A / C I S ,  O H M / T A D S :  7 2 T 1 6 7 6 6  
N I O S H / C I S ,  R T E C S :  G W 7 7 0 0 0  
E P A / C I S ,  W a t e r D R O P

1 3  N o n - C IS  R e f e r e n c e s  A v a i la b le

ch2 ch 2 n ic h 3i2

PYRIBENZAMINE
RN = 154-69-8

PYRILAMINE MALEATE 
RN = 59-33-6

C 9 H 1 4 0 ch2 c h 2 n ic h 3>2

c
Ic — c

/  \C c  C =  0
\ l  /c — c

Ic

2 - C y c lo h e x e n - 1 - o n e , 3 ,5 ,5 - t r im e t h y l -  ( 8 C I 9 C I )
.a lp h a .- I s o p h o r o n
.a lp h a .- I s o p h o r o n e
I s o a c e t o p h o r o n e
I s o fo r o n
Is o p h o r o n
I s o p h o r o n e
3 .5 .5 -  T r im e t h y l- 2 - c y c lo h e x e n e - 1 - o n e
3 .5 .5 -  T  r im e t h y l- 2 'C y c lo h e x e n o n e

F ig u re  11. CLF re c o rd  fo r  is o p h o ro n e .

Identification of Toxic Chemicals

I
CH2 ebb N ICHab

METHAPYRILENE 
RN = 135-23-9

I
CH2 OBJ N ICH3b

PHENIRAMINE 
RN-85-21-5

I
ch 2 ch2 n ich3i2

CHLOROPHENIR AMINE 
R N -113-92-8

NICOTINAMIDE 
R N -98-92-0

M any products that can readily be purchased  
in  the U n ited  States are sim ple m ixtures of 
chem icals w h ich  are toxic alon e or in  m ixtures. 
A w id e variety o f househ old  products are in  this 
category, and som e o f them  are in ev itab ly  in ­
v o lv ed  in  cases o f accidental intoxication. In an 
effort to am eliorate this problem , H od ge, Gos- 
se lin , and their coworkers have, over a num ber 
of years, com piled a data base (17) w h ich  contains 
th e com p osition  o f m any com m ercial products 
and the toxicity o f the chem ical constituents. 
This data base, the Clinical Toxicology of Commercial 
P roducts, has b een  installed  in  CIS. It is lin k ed  
to SANSS, as described above, and the resu lting  
system  permits answering a variety of interesting  
questions.

A  search for the entire SANSS data base for all 
com pounds con ta in in g  a pyrid ine ring leads to 
6555 retrievals. If the CTCP file  is exam ined to 
locate decongestants con ta in in g  any o f these  
com pounds, a total o f 127 currently available  
products are found, and further analysis o f all the 
com p onents o f these 127 com m ercial products 
reveals that only 6 different pyridine derivatives 
are in vo lved . Three o f these, pyribenzam ine, 
pyrilam ine, and m ethapyrilene, are, as sh ow n  in

F ig u re  12. D e r iv a t iv e  o f p y r id in e  f o u n d  in  
d e c o n g e s ta n ts .

Figure 12, in  the pyribenzam ine fam ily. A  fur­
ther tw o, pheniram ine and chloropheniram ine, 
are congeners and the last on e is n icotinam ide.

A n analysis o f th is sort sh ow s h o w  m uch may 
be learned from fragmentary evidence if a system  
such as CIS is available. In th is fictional case, 
that the m aterial w as sold  as a d econgestant and  
that it conta ined  a pyrid ine derivative w ere the  
o n ly  k n ow n  facts, but th ey  prom pted a fairly  
exhaustive rev iew  o f over-the-counter products 
w h ich  led  to the reasonable conclusion  that on ly  
a few  such com pounds are used in  this way. Had 
th is b een  an overdose case, an atten d in g  p h y si­
cian m igh t be quite co n fid en t that on e o f these  
6 com pounds w as in vo lved  in  the patient's con ­
d ition  and treatm ent m igh t be em barked u pon  
w ith  th is in  m ind.

Applications of Artificial Intelligence

The m ost obvious shortcom ing o f a system , 
such as CIS, w hich  seeks to identify chem icals by 
searching libraries o f data is that if  the un k n ow n
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Option? PEAK

Type peak, min int, max int
CR to exit, 1 for CAS RN. Ql, MW, MF and Name

User: 85,100,100

File 1 contains 167 references to mIz 85 

Next request: 100,0,10 

File 2 contains 18 references to m/z 85 100 

Next request: 128,0,10

File 3 contains 4 references to m/z 85 100 128

Next request: 198,0,10

There are no spectra in the file
with that combination of m/z peaks and intensities

Peak of 198 disregarded. 

Next request: J_

How many (E to Exit)? _4_

Type E to terminate display.
CAS RN 

104-61-0
Ql

656
MW
156

Formula, Names 
C9H1602
2(3H)-Furanone, dihydro-5-pentyl- (8CI9CI) 
.delta.-n-Amylbutyrolactone 
.gamma.-n-Amylbutyrolactone 
.gamma.-Amyl-.gamma.-butyrolactone 
.gam ma. - Amylbutyrolactone 
C11H2002
2{3H)-Furanone, 5-heptyldihydro- (8CI9CI) 
.delta.-Undecalactone 
.gamma.-n-Heptylbutyrolactone 
.gamma.-Heptyl-,gamma.-butyrolactone 
.gamma.-Heptylbutyrolactone 
C7H1202
2(3H)-Furanone, dihydro-5-propyl- (8CI9CII 
.gamma.-Heptalactone 
.gamma.-Heptanolactone 
.gamma.-Propiobutyrolactone 
.gamma .-Propyl -.gamma. -butyrolactone 
C7H1202
Ethanone, 1 (1 -hydroxycyclopentyl)- (9CI)

F ig u re  13. Id e n t i f ic a t io n  in  M SSS o f a b e e tle  
p h e ro m o n e .

is not represented in  the library, the approach  
w ill fail. In practice, how ever, it is often possible 
in  cases o f this sort to extract considerable in ­
form ation from  the data bank and use it to com ­
plete the identification o f the unknow n material. 
The trial p herom one from  a b eetle  (18), after

GC-MS, w as sh ow n  to have a major com p onent 
w ith  prom inent mass spectral peaks at m /z  85, 
100,128, and 198. W hen these data w ere used in  
an MSSS search as sh ow n  in  Figure 13, 4 com ­
poun ds w ere found  w ith  peaks at m /z  85, 100, 
and 128, but none of these also had a peak at m /z  
198. R eview  of th e  structures o f the 4 retrieved  
com pounds, how ever, sh ow ed  that 3 w ere all 
gam m a-lactones w ith  side chains o f varying  
len gth . The gam m a-lactone derived  from  3- 
hydroxy-n-dodecanoic acid w o u ld  have a m o­
lecular w e ig h t o f 198 and sh ou ld  g ive  peaks at 
m /z  85,100, and 128, in its mass spectrum. This, 
therefore, is a logical candidate for the ph ero­
m one, and subsequent syn th esis and testin g  of 
the material sh ow ed  that it is, in  fact, the correct 
com pound.

Subsequently, attem pts have b een  m ade to 
system atize approaches o f th is sort to problem s  
in  structure determ ination. The general tech­
n ique has been  to use statistical analysis o f the 
mass spectral file  in  an effort to id en tify  rules 
w h ich  can reliably lead to structural information. 
Thus a num ber o f rules w ere estab lished  in  this 
w ay w hich permit a determ ination as to w hether  
or not the m olecu le w h o se  mass spectrum  is at 
hand contains ch lorin e (19). In the spectrum  
sh ow n  in  Figure 14, the program  first attem pts  
an estim ate o f the m olecular w e ig h t of the u n ­
kn ow n . It is at once ded uced  that n either the 
base peak at m /z  99 nor the m inor ion at m /z  105 
can be the m olecular ion  because if e ither is the  
m olecular ion, the other is inexplicable. In fact, 
the program  concludes that 134 is the m ost 
probable m olecular w eigh t and if that is correct, 
the probability is 100% that the m olecule contains 
chlorine. It then proceeds to present other, less 
lik ely  com binations o f m olecular w e ig h t and  
probability of presence o f ch lorine but, as can be 
seen  from  Figure 14, the com p ound in  question  
is l-chloro-4-ethoxy-but-2-ene, w ith  a m olecular 
w eig h t o f 134, just as the program  forecast.

CAS RN Ql MW MF, Name
53957 -  23 -  6 664 134 C6H11C10

2 — Butene, 1 — chloro— 4— ethoxy— I9CI)
Instrument ATLAS CH4 , Inlet .Source temp. 270 C, ev. 70
Contributor R. F. HUDSON UNIVERSITY OF KENT, CANTERBURY

40 60 80 100 20 40

F ig u re  14. M ass  s p e c tru m  o f  l - c h lo ro -4 -e th o x y -b u t-2 -e n e .
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D etection  o f the presence o f ch lorin e in  a 
m olecu le from its mass spectrum  is relatively  
sim ple in  som e 90% of all spectra but in  the re­
m aining 10%, the difficulty is considerable. This 
program appears to handle m any o f the d ifficult 
spectra, and over the w h o le  data base it reaches 
the correct result in about 96% of all cases. Per­
haps the m ost in teresting facet o f th is approach  
is that it is quite general. Because o f th is it has 
proved possib le, by usin g  the sam e approach, to 
generate rules w h ich  perm it determ ination  of 
the presence or absence in a m olecu le o f bro­
m in e, n itrogen , and a p h en y l ring.

Use of CIS
As has been m entioned previously, the entire 

CIS resides on  com puters in  the private sector 
w here it is publicly accessible on a fee-for-service 
basis.1 The U.S. governm ent does not subsidize  
the use o f the system  and, in d eed , m ust pay to 
use it just like any other user. There is con ­
tinu ing governm ent support for various aspects 
of the d ev elop m en t o f the system . In the past, 
m uch o f this support w en t for softw are d ev e l­
opm ent. Currently, how ever, the CIS softw are  
is fairly stable and a larger proportion o f the  
govern m en t support is used for data co llection  
and validation.

The com puters used  by CIS have, since 1972, 
been  lin k ed  to international netw orks such as 
GE, Tym net, and GTE-Telenet. As a result, there 
is a considerable am ount o f use o f CIS from over  
20 countries other than the U nited States. About 
25% of all CIS usage originates from  countries 
other than the U nited States.

About 30 000 transactions per m onth  are n ow  
logged  by the system  and the num ber of users is 
approxim ately 1000. The cost o f usin g  CIS d e­
p en d s on  w h ich  com p onent is b ein g  used  and  
varies b etw een  $45 and $90 per connect hour. 
The tim e required for a search in  CIS may be 
anyw h ere b etw een  1 and 10 m in, and the costs 
therefore lie betw een $1 and $15. Netw ork and, 
in  countries outside the U n ited  States, PTT 
charges, are additional. The network charges are 
on the order of $10 per hour and the PTT charges, 
w h ich  vary w ith  country, are on the sam e 
order.

1 To obtain access to CIS, please contact CIS Inc., 7215 York Rd, Baltimore, MD 21212; telephone (301) 821-5980.
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A n  in d u c t iv e ly  c o u p le d  a rg o n  p la sm a  (IC A P ) e m is ­
s io n  s p e c tro m e te r  is  c a p a b le  o f s im u l ta n e o u s ly  d e ­
te rm in in g  th e  c o n c e n tra tio n s  o f m a n y  e lem e n ts . T he  
J a r re ll -A sh  IC A P  s y s te m s  a t  FD A  h a v e  d e d ic a te d  
m in ic o m p u te r s  w h ic h  c o n tro l  th e  a n a ly s is  v ia  te r ­
m in a l c o m m a n d s . T h e  s ta n d a rd  IC A P  te rm in a l  in ­
te rfa c e  h a s  b e e n  c h a n g e d  to  e n a b le  lo g g in g  o f  IC A P  
d a ta  o n to  a m a g n e tic  ta p e  d a ta  c a r tr id g e . T h is  ta p e  
is s u b s e q u e n tly  p ro cesse d  th ro u g h  th e  p ro g ra m m in g  
la n g u a g e  A P L  in to  a la rg e  c o m p u te r  s y s te m . T h e  
t r a n s f e r  o f  d a ta  in to  th e  la rg e  c o m p u te r  sy s te m  e n ­
ab le s  a d d itio n a l s ta tis tic a l p ro cessing , re p o rt w ritin g , 
a rc h iv a l s to ra g e , a n d  m a g n e tic  re e l ta p e  g e n e ra t io n  
fo r  t r a n s f e r r in g  p ro c e s se d  d a ta  to  c o m p u te r  s y s te m s  
o f o th e r  ag e n c ies . T h re e  o f F D A 's  IC A P  sy s te m s  u se  
th e s e  d a ta  p ro c e s s in g  p ro c e d u re s . T h e  IC A P  te r m i­
n a ls  h a v e  b e e n  u p g ra d e d  o r  re p la c e d  f ro m  c u r re n t 
lo o p  1 10-300  b a u d  to  R S-232-C  1200 b a u d  a n d  
e q u ip p e d  w i th  m a g n e tic  ta p e  d a ta  c a r t r id g e  u n i ts . 
S e p a ra te  g ra p h ic s  d is p la y  te rm in a ls  w i th  m a g n e tic  
ta p e  d a ta  c a rtr id g e  u n i ts  a re  u se d  to  re ad  th e  d a ta  in to  
th e  la rg e  c o m p u te r  s y s te m  a t  1200 o r  4800 b a u d .

The Food and Drug A dm inistration (FDA) has a 
num ber o f m inicom puter-controlled inductively  
cou p led  argon plasm a (ICAP) em ission  spec­
trom eters w h ich  perform  sim ultaneous m u lti­
e lem en t determ inations. M ost o f these instru­
m ents provide /xg/mL or u g l g  results in  less than 
1 m in. The instrum ents are prim arily used  for 
studies in  w h ich  a large num ber of sam ples must 
be analyzed  for m any elem ents. Exam ples of 
such studies are surveys o f processed foods or 
raw agricultural products, research on  n ew  ana­
lytical m ethods, and tissue analysis o f anim als 
in v o lv ed  in  nutritional or toxicological feed in g  
studies. The ICAP m ulti-elem ent capabilities are 
also used to in vestigate a product susp ected  of 
conta in ing dangerously  h igh  lev els  o f an e le ­
m ent (such as lead or cadm ium ).

The large am ount o f data generated by the  
ICAP is usually  statistically evaluated  and con ­
den sed  before final reporting. The statistical 
analysis (i.e., correlation, frequency plot, an d /or  
percen tile) is perform ed on  a large IBM 3033 
com puter system . O lder m odel ICAPs provide

Presented  at the Sym posium  on C om puters in  the  Labora­
tory, 95th A nnual M eeting of the  AOAC, Oct. 19-22,1981, at 
W ashington, DC.

1  D ivision of C hem istry and Physics.

results on ly  in  units o f jag/mL. T hese results 
must be further processed to obtain a /xg/'g result. 
This re latively sim ple calculation becom es very  
ted iou s w h en  it m ust be don e for all the e le ­
m ental results o f each sam ple. The large com ­
puter system  could perform  th is com putation  
very efficiently. Therefore, it was advantageous 
to enter the data into the com puter system  to 
perform  the sim p le yet redundant calculations 
and still have access to m any d ifferent statistical 
routines. Because o f the tim e in vo lved  and the  
potential for errors, k ey in g  the data in to  the  
com puter system  w as to be avoided.

FDA's first ICAP system  used a T eletype ASR 
38 term inal w ith  paper tape read er /p u n ch  to 
enter the ICAP operating programs. By acti­
vatin g  the paper tape punch  w h ile  the ICAP re­
sults w ere prin ting on the term inal, a com ­
puter-readable record was produced. The paper 
tape record w as then  read into our large com ­
puter system via the programming language APL
(1). For conven ience, the paper tape w as copied  
onto a m agnetic tape data cartridge before it was 
processed on  the large computer. The problem s 
in h eren t w ith  paper tape w ere overcom e by re­
p lacing the read er/p u n ch  w ith  a m agnetic tape 
data cartridge. This d evice w as also incorpo­
rated into our other 2 ICAP system s, w h ich  used  
flop p y  disks instead o f paper tape to enter and  
store ICAP operating program s. At the sam e 
tim e, the ICAP term inals w ere upgraded from  
current loop  110-300 baud to RS-232-C 1200 
baud. The ICAP system  w h ose paper tape 
reader/p u n ch  w as replaced also had to be 
upgraded to a floppy disk system  so that the  
ICAP operating program s could  be entered  and  
stored. This totally elim inated use o f paper tape 
for either input or output and m ade the entire  
ICAP system  approxim ately 10 tim es faster than 
that orig inally  su p p lied  by the vendor.

The ICAP Instrument

Three o f FDA's ICAP system s h ave been  
upgraded to h igh  speed term inals and m agnetic  
tape data cartridge lo g g in g  devices. Two o f  
these ICAPs are located in  W ashington, DC and  
on e is in  C incinnati, O H. A ll 3 instrum ents are 
Jarrell-Ash M odel 975 Plasma Atom  Com p, 0.75

0004-5756/82/6505-1259-05$01.00 
©  A s s o c i a t io n  o f  O f f i c ia l  A n a l y t i c a l  C h e m i s t s ,  I n c .
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EGGAC

BURN # 1 FDA1 9 : 0 6  2 2 J U L 8 1

BURN # 2 F D A I 9 : 0 6 2 2 J U L 8 1

AVERAGE FD A1 9 : 0 7  2 2 J U L 8 1
I S

2 8 4 3
AL AS B BE CA

. 1 5 2 6 . 0 5 8 4 . 3 4 1 2 < 0 2 4 . 7 4
FE GE MG MN MO

9 . 9 0 7 . 0 5 3 2 1 9 . 5 3 . 1 5 8 0  . 0 3 0 2
SE SN TE T I  T L

< 0 . 0 5 8 5 . 2 1 8 3 . 0 0 8 8  . 0 5 2 3

CA CD CO CR CU
2 5 . 8 8 < 0 . 0 0 7 9 . 0 0 7 2  < 0

N I N I P PB SB
. 0 3 7 6 . 0 4 5 9 3 7 . 3 9 < 0 < 0

V ZN K
0 . 2 3 8 0 1 2 9 .  3

F ig u re  1. O u tp u t  f ro m  IC A P  w ith  P D P -8  m in ic o m p u te r . E le m e n ta l  re s u l ts  in  u n i ts  o f  p g /m L .

m direct reading spectrom eters. T hey incorpo­
rate dedicated D igita l Equipm ent Corp. (DEC) 
m inicom puters w h ich  control the analysis via  
term inal com m ands. Two o f the ICAPs have  
PD P-8/E  or PDP-8 /M  m inicom puters, w hereas  
the third ICAP has a m ore pow erfu l PDP-11 
m inicom puter. Each o f the ICAPs is capable of 
determ ining about 30 elem ents sim ultaneously. 
The m inicom puter perform s the quantitation by  
first preprogram m ing the concentration o f a set 
of standard solutions. The so lu tion s are then  
analyzed  to obtain and store the response m ea­
surem ents. Two d ifferent concentrations for 
each elem ent are used for calibration. Linearity 
is assum ed. Sam ple so lu tion  responses are 
com pared to the calibration data to obtain e le ­
m ent concentrations.

The 2 PDP-8 ICAP system s report results in  
units o f ;iig/mL. The PDP-11 ICAP system  uses 
a d ilu tion  factor obtained from  the entered  
w eigh t and volu m e of a sam ple to com pute M g/g 
results. A ll 3 system s allow  com m ent statements 
to be typed at the ICAP terminal. This com m ent

facility is used to flag Inform ation to be processed  
by an APL program . A n  exam ple o f the output 
from  an ICAP w ith  a PDP-8 m inicom puter is 
g iv en  in  Figure 1.

Different types o f solutions are analyzed, such  
as sam ple, reagent blank, and quality control 
solutions. The sam ple and quality control so­
lu tion s m ust be corrected for the concentration  
of the elem ents in  their respective reagent blank  
solu tions. This correction is autom atically per­
form ed by the ICAP w ith  the PDP-11. The other 
ICAPs, h ow ever, require th e correction to be 
m ade apart from  the ICAP system .

ICAP Hardware Interface

A diagram  of the hardware interface o f the  
h igh  speed  printer and data cartridge is g iven  in  
Figure 2. The fo llo w in g  hardware is required  
but w as not part o f the original ICAP system .

(a) P rin ter term inal.— Capable o f 1200 baud  
RS-232-C (DEC LS-120 HE, or LA-120 w ith  RS- 
232-C, or equ ivalent). This replaced a teletype

EIA C onve rte r 
Cable

P D P -8 /M

KL-8-JA

ICP
M ode l

975

Nu ll M odem  
Cable

Car­
tr id g e
U n it

P rin te r
Te rm ina l
Keyboard

(LS -120 o r 
D ecw rite r III)

F ig u re  2. H a rd w a re  in te r fa c e  o f h ig h  s p e e d  p r in te r  a n d  d a ta  c a r t r id g e  to  IC A P .
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1200 Baud 
Dial-Up 

Capability

(2) 2741 Correspondence l/F 
(M-6800 Microprocessor 
with 2K Buffer)

Figure 3. Configuration of communication equipment to IBM computer.

ASR-33 on  on e o f our instrum ents and a LA-36 
on the others.

(b) D ata  cartridge u n it.— Capable o f lin e  con ­
nection. A  Tektronix No. 4923-01 was used w ith  
DC 300A certified  tapes.

(c) Term inal in terface board .—The DEC PDP- 
8 /M  required that its KL8-E asynchronous data 
control board be replaced w ith  a KL8JA asyn­
chronous data I /O  board. The PDP-8 / E already 
had a KL8JA board. The PDP-11 had its asyn­
chronous data control board replaced w ith  a 
DL11WB asynchronous data I /O  board.

(d) Cables.—N u ll m odem  (DEC N o. BC03M- 
25) and EIA converter cable (DEC N o. BC01V- 
25).

T here are 5 functions on  the 4923-01 Data 
Cartridge Unit: on-line, reverse, write, run, and 
forward. In order for the term inal to interact 
w ith  the ICAP, the pow er sw itch  o f the cartridge 
u n it m ust be on  and th e "on-line" sw itch  m ust 
be depressed . W hen n o  other sw itch es are ac­
tivated, th e data cartridge u n it is transparent to 
the system . W hen th e "on-line" and "write"  
sw itch es are activated, the data cartridge un it 
records all in form ation  passing b etw een  the 
term inal and the ICAP. The inform ation  w ill  
still be printed at the term inal. Data already 
recorded on  a cartridge can be prin ted  at the  
term inal by turning the "on-line" sw itch  off and 
activating the "run" sw itch.

Interfaces
L a r g e  C o m p u t e r  I n t e r f a c e

A ll 3 ICAP facilities have equ ipm ent available 
to access FDA's IBM 3033 com puter system  lo ­
cated at the Parklawn Com puter C enter in

R ockville, MD. Two o f the ICAP facilities have  
th is equ ipm ent in  the laboratory near the ICAP. 
The equ ipm ent in clu d es a Tektronix 4013 or 
4015-1 graphics d isp lay term inal w ith  the APL 
character set, a Tektronix 4923-0 data cartridge 
unit, and a Tektronix 4610 or 4631 hard copy  
unit. Telecom m unications for the term inals are 
p rovided  by either a Bell 212A m odem  used  at 
1200 baud or Bell 500A w ith  D ataphone D igita l 
Service at 4800 baud. Figure 3 sh ow s the con ­
figuration o f this equipm ent. The equ ipm ent is 
not dedicated to ICAP data reduction but is used  
by a num ber of chem ists for other projects. The 
ICAP data reduction is perform ed by the chemist, 
p rovid in g  the analyst w ith  the opportunity to 
review  the data and ensure its integrity .
I C A P  S o f t w a r e  I n t e r f a c e

Elem ental data can be obtained  for d ifferent 
types of so lu tion s such as a sam ple, sam ple re­
agent blank, quality control, calibration standard, 
or standard reagent blank. N o t all inform ation  
com in g from  the ICAP is useful; therefore, once  
in form ation  to be processed by the large com ­
puter is d istinctly  id en tified , all the excess data 
can be ignored  sim ply by u sin g  the com m ent 
statem ent w ith  keyw ords. A  list o f keyw ords  
used  w ith  the PDP-8 ICAPs is g iv en  in  Table 1. 
The keyw ord id en tifies  the ICAP data that are 
next to the keyw ord  or that im m ediately  fo llo w  
it in  a fixed  sequence. The w e ig h t and volu m e  
of the sample are also entered; keywords are used  
for the 2 ICAPs w h ich  provide o n ly  q g /m L  re­
sults. The location o f the elem ental results is 
id en tified  by the first elem en ta l sym bol. The 
rigid structure of the ICAP output enables all the 
elem ental results to be located in  relation  to the
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Table 1. ICAP keyword phrases

Keyword Definition

*/ID =  Characters after “ = ”  are sample identification. 
Next ICAP elemental data is analysis of 
sample. Weight and volume data expected 
before elemental data.

*/WGT= Sample weight follows “ = ".
•/VO L= Sample volume follows “ =".

XX Elemental data are on next few lines (number of 
lines depends on ICAP system). XX is symbol 
of first element listed by ICAP.

*/BLK Elemental data that follow are for sample 
reagent blank.

*/STD Elemental data that follow are for standard
*/ID =  solution. Characters after " = "  are standard 

identification.
*/STD Elemental data that follow are for standard
*/BLK reagent blank.
•/END End of analytical session.

first lin e  o f elem ental sym bols. A n exam ple of 
a sam ple and standard analytical printout from  
a PDP-8 ICAP is g iv en  in  Figure 4. The PD P-11 
ICAP, w h ich  provides p g /g  results, also lists the 
w e ig h t and vo lu m e of the sam ple. These data 
are presented in  a strict format and can be easily  
located for use by the large computer.

A P L  S o f t w a r e  I n t e r f a c e
The ICAP data are m ade available to the large 

com puter system  through the interactive com ­
puter language APL (2). Our com puter system  
runs APL.SV version  3.1 in  a tim e sharing en v i­
ronm ent under the operating system  M VS/SE2  
Release 3.8. Programs have been written in  APL 
w h ich  perform  a variety of functions (1). The

* /ID = V E G E T A B L E  J U I C E  4 1  

* /V O L =  5 0  

* /W G T = l0 . 0 0  

*0
EGGAC

BURN # 1 FDA1 9 : 0 6  2 2 J U L 8 1

BURN # 2 FDA1 9 : 0 6  2 2 J U L 8 1
AVERAGE FDA1 9 : 0 7  2 2 J U L 8 1

I S
2 84 3

AL AS B BE CA CA CD CO CR CU
. 1 5 2 6  . 0 5 8 4 . 3 4 1 2  < 0 2 4 . 7 4 2 5 . 8 8 < 0 . 0 0 7 9  . 0 0 7 2  < 0

FE GE MG MN MO N I N I P PB SB
9 . 9 0 7  . 0 5 3  2 1 9 . 5 3 . 1 5 8 0  . 0 3 0 2 . 0 3 7 6 . 0 4 5 9 3 7 . 3 9  < 0 < 0

SE SN T E T I  TL V ZN K
< 0 . 0 5 8 5 . 2 1 8 3 . 0 0 8 8  . 0 5 2 3 < 0 . 2 3 8 0 1 2 9 . 3

* /S T D

* / I D =  Q C 3 7

* 0
EGGAC

BURN # 1 FDA1 9 : 0 8  2 2 J U L 8 1
BURN # 2 FDA1 9 : 0 9  2 2 J U L 8 1
AVERAGE FDA1 9 : 0 9  2 2 J U L 8 1

I S
2 8 4 1

AL AS B BE CA CA CD CO CR CU
1 4 . 6 6  . 2 1 7 8 5 . 0 2 6  < 0 4 . 9 1 3 5 . 2 0 0 1 . 0 0 8 . 0 0 0 1 . 0 3 3 4 5 . 1 2 8FE GE MG MN MO N I N I P PB SB

< 0 5 SE. 0 3 0 5  5
. 2 2 6  SN. 08  2 <

. 0 0 2 3  
TE 0

. 0 0 1 0  . 0 0 8 7  T I  TL 

. 0 0 0 5  5 . 1 3 2
1 . 0 2 4

V
< 0

. 9 9 6 8
ZN

5 . 0 0 9
. 1 3 6 1

K
< 0

< 0 < 0

F ig u re  4. O u tp u t  f ro m  IC A P  w ith  P D P -8  m in ic o m p u te r  in c lu d in g  s a m p le  a n d  s ta n d a rd  id e n t i f ic a t io n .
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in itia l program  used on  an ICAP data cartridge 
translates the upper case ASCII ICAP characters 
in to  the appropriate APL characters. These 
translated raw data are tem porarily stored in  an 
N  X 80 matrix, w h ich  is an im age o f th e ICAP 
term inal output (exclud ing blank lin es). This 
matrix is then  sequentially scanned for keywords 
that cause th e appropriate action to be taken on  
the data. The elem ental results, identifications, 
w eig h ts, vo lu m es, etc., are all stored in  in d iv id ­
ual variables to await further processing. The 
tim e and date stamp of each analysis is also saved. 
The p g /g  calculation can n ow  be easily  per­
form ed in  the APL workspace. At this point, the 
data are available for any APL program  su p ­
ported by the com puter center or w ritten  by an 
ind ivid ual. The data can also be transferred to 
com puter disk files and then  through APL batch 
subm it to be u sed  by other program s supported  
by th e com puter facility.

B en efits  o f Large C om puter S ystem s
H avin g  our data on  a large com puter system  

in  APL has m any added advantages. Tabular 
listing o f analytical results in  a variety o f formats 
is available throu gh  program s w ritten  in  APL. 
This output can be produced im m ediately on  the 
graphics disp lay term inal or, through the aid of 
disk file  storage, on  either m icrofiche or a h igh  
speed line printer. Both the microfiche and h igh  
sp eed  lin e  printer can furnish  m u ltip le  copies. 
W e are also able to produce m icrofiche o f the  
unprocessed  ICAP data. This m edium  takes up  
m uch less space for archival storage but still 
fu lfills  th e requirem ents o f the federal regula­

tions on  G ood Laboratory Practices (3), w h ich  
require that duplicate copies o f all analytical data 
be m aintained for a num ber o f years.

Selected  ICAP data can be put on  disk files  
through APL and subm itted to system -supported  
statistical packages such as SAS (Statistical 
A n alysis System , SAS Institute, Inc.). C hanges 
can be m ade to the files as w e ll as add ition s of 
elem ental data from sources other than the ICAP 
(i.e ., atom ic absorption spectroscopy or anodic  
stripping voltam m etry).

C o n clu sion
The integration  o f the ICAP system  to a large 

com puter facility has been  extrem ely successfu l 
in  term s o f effic ien cy  and versatility . The rela­
tively  in exp en sive  and sim p le interface m akes 
it possib le  to take fu ll advantage o f data reduc­
tion  routines available on  a large com puter sys­
tem . The APL language has proved  to be fu lly  
capable o f m anaging the ICAP data. The nature 
of th is com puter language has perm itted  the  
rapid developm ent of specifically requested data 
reduction procedures. The data lo g g in g  and  
com puter processing o f ICAP data has becom e  
standard practice for all 3 FDA ICAP facilities.
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A n e tw o rk  o f c o m p u te rs  is  b e in g  u sed  to  s u p p o r t  th e  
F o o d  a n d  D ru g  A d m in is t r a t io n 's  B u rea u  o f F o o d s  
m ass  s p e c tro m e try  fa c ility . F iv e  m ass  s p e c tro m e te rs  
a re  ea ch  in te r fa c e d  to  a t le a s t  2 o f th e  6 d e d ic a te d  
m in ic o m p u te r s  in  th e  la b o ra to ry . T h is  m u lt ip le  i n ­
te r fa c in g  p ro v id e s  d a ta  a c q u is it io n  a n d  p ro c e s s in g  
b a c k u p , re d u c in g  th e  o v e ra ll d o w n - t im e . S e le c te d  
d a ta  f ro m  a ll o f  th e  m in ic o m p u te r s  ca n  b e  s e n t  to  
F D A 's  m a in  c o m p u te rs  v ia  a d ig ita l  c a r t r id g e  ta p e  
re c o rd e r  o r p a p e r  ta p e . T h e  d ig i ta l  c a r t r id g e  ta p e  
re c o rd e r  re c o rd s  d a ta  th a t  a re  o u tp u t  f ro m  a m in i­
c o m p u te r  te rm in a l  a n d  th e n  p la y s  i t  b a c k  o n  a te r ­
m in a l w h ic h  is  o n - l in e  w i th  th e  m a in  c o m p u te r . 
T h is  m a in  c o m p u te r  s to re s  a n d  e d i ts  d a ta ; p lo ts  
sp e c tra  fo r  re p o rts , d a ta  b a n k s , a n d  p u b lic a t io n s ;  a n d  
ca rr ie s  o u t  s o m e  d a ta  p ro c e s s in g . M u lt ip le  in te r ­
fa c in g  a lso  s e rv e s  to  s u p p le m e n t  th e  c a p a b il i t ie s  o f 
th e  8 -y ea r-o ld  F in n ig a n  M A T  (fo rm erly  V a ria n  M A T) 
SS-100 d a ta  s y s te m  (S p e r ry -U n iv a c /V -7 6 )  w i th  th e  
n e w e r  a n d  m o re  p o w e rfu l  F in n ig a n  M A T  IN C O S  
(D a ta  G e n e ra l/N o v a  3) d a ta  sy s tem . T h e  SS-100 d a ta  
sy s tem  is  also  e n h a n c e d  b y  th e  s u b s t i tu tio n  o f th e  110 
b a u d  p a p e r  ta p e  w ith  a 9600 b a u d  c a r tr id g e  ta p e  r e ­
c o rd e r fo r  I / O  o f sy s tem  b o o ts tra p s , BASIC p ro g ram s, 
a n d  ra w  d a ta .

The advance of com puters and the d evelopm ent  
of mass spectral software have contributed much  
to mass spectrom etry (MS) in  the last decade (1). 
The dedicated m inicom puter has m ade it possi­
ble to manage the extrem ely large quantity of MS 
data w h ich  can be generated. This ability has 
proved to be especially valuable for the analysis 
of com plex m ixtures by gas chrom atography  
(GC)/M S. The m uch larger tim e-shared com ­
puter system s run user-w ritten program s, store 
MS data, and search large libraries o f MS data.

The Food and Drug Adm inistration's Bureau 
of Foods (BF) MS laboratory first used a d igital 
d evice for the acquisition of data in  1971. An  
Infotronix d igital data acquisition d ev ice w as 
used to acquire tim e /in ten s ity  data and record  
it on  m agnetic tape. This m agnetic tape w as 
then  read by the FDA central com puter, w h ich  
could recreate the mass spectrum . S ince that 
tim e, mass spectrom eter and com puter instru­
m entation has increased from  2 mass spectrom -

Presented  at the  Sym posium  on C om puters in the Labora­tory, 95th A nnual M eeting of the  AOAC, Oct. 19-22, 1981, a t W ashington, DC.

eters and the Infotronix d evice to 7 mass sp ec­
trom eters, 7 m ini-com puters, and additional 
term inals for com m unication  w ith  m uch larger 
tim e-shared com puter system s. The in ten tion  
of th is paper is to describe the netw ork o f com ­
puters w h ich  has been im plem en ted  in  the BF 
MS laboratory and the enh ancem ents that have  
b een  made, w h ich  broaden the field  o f MS ap­
plications but m in im ize mass spectrom eter d e­
p en d en ce on  any s in g le  data system .

M ass Spectrom etry C om puter N etw ork
Table 1 lists the data system s currently in use  

in the BF MS laboratory and the mass spectrom ­
eters to w h ich  each is interfaced. P ertinent 
hardware and the m eans em p loyed  to transm it 
data to FDA's central com puter system  are also  
inclu ded . N ot inclu d ed  in  the table is a H ew ­
lett-Packard 9825A calculator w ith  dual floppy  
discs, w h ich  is an in h eren t part of a H ew lett- 
Packard 5992A GC/M S system  and therefore not 
a part o f the netw ork o f com puters described  
below .

Figure 1 depicts the organization o f the BF MS 
com puter netw ork. The netw ork is m ainly  
com prised o f the 6 data system s described in 
Table 1 w h ich  are interfaced to 6 mass sp ec­
trom eters. In this netw ork, 5 o f the mass sp ec­
trometers are each interfaced or can be interfaced 
to at least 2 data system s. This m u ltip le  in ter­
facing m inim izes mass spectrometer dependence  
on any sin g le  data system . It allow s an alterna­
tive data system  for 5 o f the mass spectrom eters 
if the data system  norm ally used sh ou ld  require 
service or periodic m aintenance. It also perm its 
an operator to choose the data system  w h ich  w ill 
provide the best softw are for a particular analy­
sis. The Finnigan MAT 1015SL (purchased 1970) 
is currently interfaced to o n ly  o n e  data system . 
A n alternative data system  w as deem ed to be 
unnecessary because o f its lim ited  use.

FDA's large central com puter facility, k n ow n  
as the Parklawn Computer Center (PCC), consists 
of two IBM 3033 computers. As show n in  Figure 
1, it is also considered  part of the com puter n et­
work. Data from  any m inicom puter in  the lab­
oratory can be easily transferred to PCC. Two  
Tektronix M odel 4923-0 digital cartridge tape

0004-5756 /82 /6505-1264 -04$01 .00
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F ig u re  1. C o m p u te r  h a rd w a re  in te rc o n n e c t io n  a n d  
d a ta  t r a n s m is s io n  ro u te s  in  BF M S  n e tw o rk .
S o lid  lin e s  d e p ic t c o n n e c tio n s  m o st f re q u e n t ly  

u se d . B ro ken  lin e s  in d ic a te  th a t  a cab le  m u st be 
m o v e d  fro m  its  n o rm a l p o s itio n  to e s ta b lish  

c o n n e c tio n . T h e  3300 C l a n d  El a re  a c tu a lly  2 
in d e p e n d e n t  m ass sp e c tro m e te rs . T he to p  ro w  are  

a ll m ass sp e c tro m e te rs . T he s e co n d  ro w  are  
m in ic o m p u te r  d a ta  system s. T he  th ird  ro w  a re  all 

c o m p u te r  te rm in a ls : T ek tro n ix  M o d e ls  4010-1, 
T e k tro n ix  M o d e l 4010, a n d  ASR33 te le ty p e s  (TTY). 

T h e  re sp e c tiv e  in te rfa c e s  to  th e  T ek tro n ix  M o del 
4015-1 te rm in a l a n d  PC C  are  d e p ic te d  a t b o tto m .

recorders (DCTRs) are used  to record ASCII 
representation o f MS data from  2 Tektronix  
4010-1 term inals at 9600 baud. Data can be ob­
tained  in  th is fash ion  from  4 m inicom puters. 
Data from  the F innigan MAT 6000 and 6100 
com puters are p u n ch ed  on  paper tape through  
110 baud ASR33 teletypes. A Tektronix 4015-1 
term inal, w h ich  can com m unicate d irectly  w ith  
PCC, is interfaced to both a DCTR and an optical 
paper tape reader/perforator. By u sin g  these  
4015-1 term inal peripheral dev ices, the m in i­
com puter data recorded on  DCTR tape cartridge 
or paper tape can be transm itted to PCC at 4800 
and 2000 baud, respectively . C urrently this  
m ethod is used to transmit individual spectra for 
storage or graphics p lotting.

N etw o rk  C om p on en ts
The F inn igan  MAT (form erly Varian MAT) 

SS-100 data system  is used  on ly  w ith  the F in n i­
gan MAT CH5-DF mass spectrometer. It has the 
standard capabilities o f other data system s but 
lacks certain desirable features of software (mass 
spectral addition , d econ vo lu tion  o f G C /M S  
peaks, real tim e data processing) and hardware 
(autom atic operating system  reloading). We 
have com pensated for the lack o f sophistication  
of the SS-100 data system  by en h an cin g  the per­

form ance w ith  a DCTR or by u sin g  the INCOS  
data system  as an alternative w h en  required.

A DCTR interfaced in to  the m inibus o f the  
Tektronix 4010-1 term inal resulted in  the com ­
p lete elim in ation  o f the paper tapes norm ally  
em p lo yed  for system  reload ing and m ainte­
nance, and for reading in  user-w ritten BASIC 
routines such as mass spectral add ition  (2). 
Bootstraps and program s are read in  from  a 
DC-300A or DC-300XL data cartridge at 9600 
baud instead of 110 baud from  a teletyp e paper 
tape reader. T hese procedures o n ly  require a 
few  seconds at this h igh er speed .

The DCTR interfaced to th is term inal is also 
used for data transfer o f on e spectrum  at a tim e 
to and from PCC, as described above. O ne w ir­
in g  m odification w as m ade to the term inal to 
allow  sw itch-selectab le insertion  o f mark parity 
regardless of the parity on  the tape. Mark parity 
is required on ly  for the re-entry o f spectral data 
to the SS-100 data system .

An INCOS 2300 data system  w as purchased in 
1978 prim arily for the acquisition o f data from  
the F innigan MAT 3300 electron  ion ization  (El) 
a n d /o r  chem ical ion ization  (Cl) mass spectrom ­
eters. The INCOS could be interfaced to 2 mass 
spectrom eters and 2 term inals sim ultaneously . 
This perm itted an interface to the CH5-DF and  
the Tektronix 4010-1 term inal norm ally used  
w ith  the C H 5-D F/SS-100 system . H ow ever, to 
perm it the term inal to be used w ith  both data 
system s w ithou t changing cables and strappable 
options in  the term inal each tim e, several hard­
ware m odifications w ere m ade (see Figure 2). 
First, a T-bar sw itch  w as installed  to perm it 
sim ple data system  selection. Second, since the  
SS-100 and INCOS data system s use opposite data 
transm ission form ats, the m od em /com p u ter  
strappable option  connection  w as changed from  
SS-100 orientation (direct com puter connection) 
to the INCOS orientation  (m odem  connection- 
norm al position  (3). Third, the SS-100 data 
transm ission form at w as re-established  at an 
RS-232 connection betw een the T-bar sw itch and 
the SS-100. The w ires on  p ins 2 and 3 w ere in ­
terchanged and the w ire on  p in  20 was relocated  
to p in  5. Fourth, since the INCOS data system  
required a carriage return graphic inp u t term i­
nator, the graphic in p u t term inator strappable 
op tion  on  card TC-2 w as changed  to the m iddle  
position  (carriage return on ly). T hese m od ifi­
cations a llow ed  both data system s to perform  
norm ally w ith  a Tektronix 4010-1 term inal 
equ ip p ed  for use w ith  an SS-100 data system .

The state-of-the-art softw are o f the INCOS 
2300 has been beneficial for data acquisition and
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Table 1. Data systems in Bureau of Foods MS facility

System Vendor CPU
Memory.

bytes
Peripheral 
disc drive

Disc storage 
capacity, 

bytes

Data out­
put to 

IBM via Interfaced to

INCOS
2300

Finnigan
MAT

Data General 
Nova 3 /12

64K CDC Model 
9448

(Phoenix type 
disc)

32M DCTR Finnigan MAT 3300EI 
Finnigan MAT 3300CI 
Finnigan MATCH5DF 
Finnigan MAT 4023T

INCOS
2300

Finnigan
MAT

Data General 
Nova 3 /12

64K CDC Model 
9448

(Phoenix type 
disc)

32M DCTR Finnigan MAT 4023T 
VG Analytical ZAB-2F

SS-100 Finnigan
MAT

Sperry-Univac
V-76

128K 
(32K in 
use)

CDC Model 
9427H

(IBM 5440 type 
disc)

12.5M DCTR Finnigan MAT CH5DF

2250 VG Analyt­
ical

DEC
PDP 8A (2)

48 K + 
48K

Systems Indus­
tries (IBM 5440 
type disc)

12.5M DCTR VG Analytical ZAB-2F

6100 Finnigan
MAT

Computer Auto­
mation 
Alpha 16

32K Diablo Model 
31

3M paper
tape

Finnigan MAT 3300EI 
Finnigan MAT 3300CI

6000 Finnigan
MAT

Computer Auto­
mation 
Alpha 16

32K Diablo Model 
31

3M paper
tape

Finnigan MAT 1015SL 
Finnigan MAT 3300EI 
Finnigan MAT 3300CI

processing w ith  the Finnigan MAT 3300 El, 3300 
Cl, and CH5-DF mass spectrom eters. Sw itching  
INCOS data acquisition b etw een  the 3300 El, 
3300 positive ion  Cl, or 3300 n egative ion  Cl in ­
volves the connection of the appropriate external 
mass set and signal cables to the INCOS. The 
3300 Cl is m odified  to perform  pulsed  positive  
n egative ion  chem ical ion ization  MS (4). W ith  
th is dual acquisition , no other acquisition  may 
take place sim u ltan eou sly , because both inter­
faces are used. H ow ever, data from  the 3300 El 
and CH5-DF m ay be acquired and processed on  
the Finnigan MAT 6100 (or 6000) and the SS-100 
data system s, respectively . Data acquired from  
the 6000 or 6100 data system s may be transferred 
to PCC by paper tape as described above. Data 
acquired on  the INCOS data system  m ay be 
transferred to PCC by d isp lay in g  the data o f in ­
terest on  the 4010-1 term inal interfaced to the  
DCTR and recording the data on  the tape car­
tridge. T hese data can then  be transferred to 
PCC in  the sam e fashion  as described for the 
SS-100 data.

A Tektronix dual interface op tion  is installed  
on the Tektronix 4010-1 term inal, w h ich  is used  
prim arily for the ZAB-2F mass spectrom eter. 
W ith 2 external sw itches on the dual interface of 
the term inal, the operator can sw itch -select be­
tw een  the 2250 or INCOS data system . A 4923-0

DCTR, w hich is interfaced to the 4010-1 terminal, 
can record single spectra from either data system. 
These data can then  be transm itted to PCC for 
plotting or storage as described previously.

PCC Interface
Adjacent to the MS laboratory is a com plete  

graphics term inal installation w ith  a 4800 baud 
D ataphone D igita l Service hardwired to PCC. 
The graphics term inal hardware consists o f a 
T ektronix 4015-1 term inal w ith  en h an ced  
graphics, dual interface, M-6800 m icroprocessor 
w ith  2K RAM buffer, 4923-0 DCTR, 4662-AA  
plotter w ith  8K buffer option , 4911 h igh  speed  
reader/perforator for paper tape, and a 4631 hard 
copy unit. The dual interface a llow s 1200 baud  
com m unication w ith  a Bell 212-A D ataphone in  
addition  to the 4800 baud lin e  to PCC. This 
perm its easy access to the N IH /E P A  Chem ical 
Inform ation System  (5). Searches m ay be per­
form ed by usin g  the Mass Spectrom etry Search  
System  option  of the Chem ical Inform ation  
System  to aid in the interpretation o f an u n ­
k n ow n  com pound.

The procedure to elim inate paper tape b oot­
straps w ith  the SS-100 data system  in vo lv ed  
reading the paper tape bootstraps w ith  the 4911 
optical paper tape reader/punch. This was done  
in  an "off-line" m ode, and a data cartridge copy
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F ig u re  2. H a rd w a re  m o d if ic a tio n s  to  a l lo w  T e k tro n ix  M o d e l 4010-1 te rm in a l  c o m m u n ic a t io n  to  F in n ig a n
M A T  SS-100 a n d  IN C O S  2300 d a ta  sy s te m s .

of the paper tape bootstraps w as m ade. In this  
m anner bootstraps for m em ory reload, system  
generation , and certain d iagnostic program s 
were recorded. This process had to be done only  
once. A ll o f the bootstraps w ere separated by  
file  marks on  the tape cartridge, so that the cor­
rect on e could  easily  be selected.

The DCTR o f the 4015-1 term inal is used  as a 
data transfer m edium  betw een the MS laboratory 
and PCC. A  data cartridge w ith  data from  the  
SS-100,2250, or the 2 INCOS data system s is then  
ph ysica lly  transferred to the 4015-1 term inal's 
DCTR and read into an APL program  at PCC. 
Paper tapes o f MS data from  the 6000 and 6100 
data system s are read at 2000 baud w ith  the 4911 
reader/perforator on -lin e  to an APL program  at 
PCC. The program  reform ats data from  paper 
tape or tape cartridge so that they can be replot­
ted  in  one o f m any formats to produce h igh  
quality ink plots of the mass spectra. If the data, 
for exam ple, concerned a m ycotoxin, they could  
be added to the data base o f over 100 m ycotoxins 
available "on line"  in  APL at PCC (2, 6). Other 
data bases of interest to FDA are presently under  
d evelop m en t. A ll o f the data bases use APL 
softw are to perm it search by nam e or m olecular 
w eigh t.

Sum m ary
The use o f com puters in  the BF MS laboratory 

is d esign ed  to m axim ize the b en efits derived  
from  com puters and m in im ize  d ep en d en ce on  
any s in g le  com puter. A  mass spectrom eter in ­
terfaced to a single data system  effectively suffers 
costly  d ow n -tim e w h en  the data system  is in op ­
erable. The BF MS laboratory netw ork o f data 
system s is capable o f s ign ifican tly  reducing  
overall instrum ental dow n -tim e by p rovid ing

data acquisition and processing backup. It also 
provides the analyst the option to choose the best 
data system  for a particular analysis.

DCTRs provide a rapid m ethod to transfer data 
from  a m inicom puter to another com puter. 
They are presently used in  the BF MS laboratory 
to transfer data to the IBM 3033 computers for 
storing and ed itin g  data and creating graphics 
reproductions. They are also used to com pletely  
replace the m uch slow er paper tapes on  the  
Finnigan  MAT SS-100 data system .

The com puter netw ork o f th e BF MS labora­
tory has evolved  to im prove the utilization of the 
grow in g num ber o f data system s. As the num ­
ber o f ind iv id u al m inicom puters increases, a 
system  to interconnect them  or substitute one for 
another becom es increasingly important (7). We 
are presently  w ork in g  on  the transm ission of 
entire files o f data b etw een  com puters b y  u sin g  
ex isting hardware. This ability  w ill provide  
additional flex ib ility  to deal w ith  the h u ge  
quantities o f data that can be produced by m od­
ern analytical instrum entation.
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Food and Drug Administration, Technical Operations Staff, Washington, DC 20204
T h e  B ureau  o f  F oo d s h a s  d e v e lo p e d  th e  S c ie n tif ic  
I n f o r m a t io n  R e t r ie v a l  a n d  E x c h a n g e  N e tw o rk  
(S IR E N ) to  p ro v id e  a m o d e m  m e th o d  o f re c o rd s  
m a n a g e m e n t a n d  an  a u to m a te d  c ro s s - re fe re n c e d  
s u b je c t  in d e x  fo r  a c c u ra te  a n d  c o m p re h e n s iv e  in f o r ­
m a tio n  re tr ie v a l. A u th o r iz e d  B ureau  p e rs o n n e l m a y  
access S IR E N 's  200 000 re fe re n c e s  d ire c t ly  o n  d is ­
t r ib u te d , in te ra c t iv e  o n - l in e  te rm in a ls  o r  in d ire c t ly  
th ro u g h  search es  co n d u c ted  b y  th e  S IR E N  D o c u m e n t 
C o n tro l  C e n te r.

The Bureau o f Foods (BF) o f the Food and Drug  
A dm inistration (FDA) bases its regulatory d eci­
sions and actions regarding the safety and  
w h olesom en ess o f the nation's food  su p p ly  on  
the results of scientific research perform ed by its 
ow n  staff and by other scientists. H ow ever, the 
rapid expansion  o f scientific and technical lit­
erature has m ade traditional m ethods o f id en ti­
fy in g , storing, and accessing this inform ation  
obsolete. A lth ou gh  specia lized  filin g  system s  
adequately m et the in d iv id u al needs o f BF sci­
entists, th ey  w ere virtually  u seless to other per­
sonnel and often led to a redundancy of data and 
a duplication o f scientific effort. In response to 
the A gency's need  for an integrated inform ation  
system, an in-depth study was made to determ ine 
h ow  BF could im prove its m ethod o f h an d lin g  
scientific information. The internally generated  
and in d iv id u ally  stored scientific inform ation  
w as v iew ed  as an organizational resource, w ith  
costs controlled  and b en efits m axim ized, and a 
m anagem ent strategy w as form ulated to estab­
lish  an autom ated data base for scien tific  in for­
m ation storage and retrieval.

SIREN

R e c o r d s  M a n a g e m e n t
The Scientific Inform ation Retrieval and Ex­

change N etw ork  (SIREN) w as d ev elop ed  to 
provide a m eans for m odern records m anage­
m ent through strict control of the arrangem ent, 
m icrofilm ing, and accession o f docum ents, and  
an autom ated, cross-referenced subject index.

Presented  at the  Sym posium  on Com puters in  the Labora­
tory, 95th A nnual M eeting of the  AOAC, Oct. 19-22,1981, at W ashington, DC.

A lth ou gh  SIREN does not abstract, com pare, or 
evaluate docum ents, it is valuable as an index  
w h ich  lists the precise locations o f the inform a­
tion  requested. As a central source o f scientific  
inform ation, SIREN m akes the sp ecia lized , in ­
d ep en d en tly  m aintained research files  easily  
available to all authorized BF personnel.

SIREN's approach to inform ation processing, 
storage, and retrieval in v o lves 4 major steps: 
docum ent consolidation , m icrofilm ing, docu ­
m ent control, and autom ated subject in d ex in g . 
The first 3 steps relate to records m anagem ent 
and are the foundation  o f SIREN; the fourth en ­
sures consistency in  entering and retrieving in ­
form ation through a controlled  vocabulary.

C o n s o l i d a t i o n
Hard copies o f files are gathered and purged  

of all duplication. M aterial is arranged, pagi­
nated, and bound in  a standard m anner. The 
n ew  page num bers becom e the reference point 
for locating inform ation on the m icrofilm  or the 
hard copy and m ake it obvious w h en  material is 
m issin g  from the file. A lth ou gh  pages lost b e­
fore consolidation can no longer be restored, any  
pages or w h o le  files lost after consolidation  can 
be re-created from  the ex isting m icrofiche.

R ecent consolidation  o f the Food A d ditives  
Inform ation System  (FAIS), a m odule o f SIREN, 
inclu d ed  all sign ifican t internal files related to 
food  additive research and regulation. M ore 
than 20 separate food additives files, containing  
about 3.5 m illion  pages, had been  orig in ally  
m aintained in triplicate, w ith  one copy o f each  
located in  a d ifferent functional group in  the 
Bureau. H ow ever, w h en  a com p rehensive re­
v iew  o f all available safety inform ation  w as 
n eed ed  for the food additives cyclic rev iew  
program , retrieval o f inform ation from  the trip­
licate files was virtually im possible. Som e of the 
inform ation had been lost, and the rem aining  
material had to be reorganized and consolidated  
into a m eaningful arrangement. After duplicate 
material was purged, FAIS files w ere reduced by
1.75 m illion  pages and 600 linear feet o f storage  
space, redundant files w ere elim inated , and a 
com p rehensive file  w as established.

In a typical exam ple, 3 copies o f a petition  file
0004-5756 /  82 /  6505-1268 -03$01 .00

©  Association of Official Analytical Chemists, Inc.



BRINDZA & M cCA N N : J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 5, 1982) 1269

w ere fou n d  in  separate BF areas. The m ost 
com plete copy contained 1000 pages (80% of the 
original); the others each had 700 and 800 pages. 
A fter duplicate m aterial w as purged, pages 
con ta in in g  additional inform ation  w ere taken  
from  the sm aller files  and added to th e m ost 
com p lete file , b rin g in g  it to 1200 pages, alm ost 
100% o f its orig inal com plem ent. The 1500 
pages o f th e 2 sm all files w ere then  elim inated . 
Thus the original 2500 pages w ere reduced to 
1200, th e stored inform ation  in  the m ost com ­
p lete file  w as increased by about 20%, and the  
total num ber o f pages w as reduced by about 
50%.
M i c r o f i l m i n g

A ll docum ents in  the SIREN system  are p h o­
tographed on  m icrofilm , th e hard copy is stored  
in  its appropriate functional area, and 6 copies of 
the microfiche are distributed to various BF areas. 
The m aster m icrofiche copy, w h ich  serves as 
"backup" in  the u n likely  even t that the original 
hard copy w ould  be totally or partially destroyed, 
is stored separately in  a rem otely located  vault.
D o c u m e n t  C o n t r o l

D ocum ent control ensures central storage o f 
files, updating o f inform ation according to sp e­
cific g u id e lin es, and lim ited  access to files. A  
m ain docum ent control center, w h ich  supports 
all m odules o f SIREN, is available to the entire 
Bureau, and satellite centers are located in  the  
appropriate BF branches.
S u b j e c t  I n d e x i n g

Indexin g term s u sed  in  SIREN are controlled  
by a thesaurus, w h ich  lists all terms or codes used  
for in d ex in g  and retr iev ing  inform ation  from  a 
particular file . The thesaurus designates pre­
ferred term s, the relationsh ips b etw een  terms, 
and a hierarchical pattern, if appropriate. Paired 
relationsh ips kn ow n  as broader and narrow er 
term s (BT and NT) express d ifferent lev e ls  of 
generality (e.g., BT plastic and NT polyethylene). 
Two preferred entries m ay sim p ly  be related  
term s (RT); if on e is  indexed , the other shou ld  
also be considered  (e.g ., data processing, RT 
com puters). SIREN uses codes to represent 
index term s (e.g., CAS registry num bers replace 
chem ical nam es).

A n  alphabetic list o f chem ical nam es, a g lo s­
sary o f nam e sources, and a tree structure as­
sem bled  from  logical com binations o f broader 
and narrow er term s can be d isp layed  and used  
for searching. Ind ividual records are flagged  
and prin ted  in  subgroups or m icrothesauri, of

w h ich  there are 18 in  SIREN. T hese subsets in ­
clude petitions, m onographs, types o f chemicals, 
routes o f adm inistration, dosage form s, subjects 
of experim ental w ork, and chem istry and toxi­
cology topics. W hen m ultiple codes are selected, 
a larger group such as the entire chem ical au­
thority list, is printed. In SIREN, th is list 
am ounts to m ore than on e-h a lf the thesaurus.
C h e m i c a l  N a m e s

The total num ber of thesaurus entries is 65 000, 
w ith  about 37 000 preferred terms. Chem ical 
nam es w ith  their CAS registry num bers account 
for nearly 19 000. D rug nam es once accounted  
for the largest group, fo llow ed  by cosm etic in ­
gred ien t nam es and food additives. H ow ever, 
the general chem ical d ictionary, w h ich  lists 
p ossib le degradation products, contam inants, 
m etabolites, or m anufacturing interm ediates of 
p etition ed  food additives, is n o w  the fastest 
grow in g  section  o f th e chem ical file.

Preferred nam es for chem ical substances in ­
clude com m on or established nam es assigned to 
direct or indirect additives, cosm etics, and drugs 
under leg isla tive and regulatory directives. 
Com m on or trivial nam es are assigned to natural 
products, e.g ., resins. Natural substances, such  
as algae, rice bran o il, and Salm onella  are all 
treated as chem ical substances; h ow ever, they  
have no CAS registry num bers. Som e general 
or collective names, for w h ich  the exact chem ical 
d esign ation  m ay have b een  lost or m ay n ever  
have existed, are not always precise, as in  C 13-16  
isoparaffins, carrageenan, and salts. Others, like 
fatty acid esters and fatty acid salts, are actually  
d efin ed  in  the Code o f Federal Regulations.

As a chem ical nam e authority list, th e thesau­
rus supp lies the fo llow in g: preferred chem ical 
name; current CAS registry num ber; internal 
num ber w h en  there is no CAS num ber; alterna­
tive names; and designator or flag, indicating the 
FDA program interest o f the com pound, such as 
direct food  additive, indirect add itive , flavor.
V o c a b u l a r y  C o n t r o l

W hen an index record is added to th e SIREN 
file , the com puter checks the code against the  
thesaurus vocabulary. W hen records are re­
trieved , the codes are again com pared w ith  the 
thesaurus table, translated in to  chem ical nam es 
or index terms, and prin ted  on  the index  
record.
I n d e x i n g  L e v e l s

SIREN in d ex in g  is p rovided  at 2 d ifferent 
levels. L evel 1 data e lem en ts describe the doc­
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um en t as a w h o le  (e.g ., the nam e o f a subm itter 
of a petition, the petitioned chem ical, or another 
chem ical w ith  a sp ecified  relationsh ip  to the  
previous one). L evel 2 data e lem en ts describe 
specific tox ico logy  inform ation, chem istry or 
m anufacturing inform ation, and m em oranda  
w ith in  p etition s and other docum ents. A  d e­
tailed in d ex in g  gu id e ensures consistent in ­
dexing.

Discussion

SIREN operates at the Parklawn Com puter 
C enter (PCC) in  R ockville, M D, on  an IBM 3033 
central processor. The data base is m anaged by 
M odel 204, w h ich  is sup p lied  by Com puter 
Corporation o f America. In the past, hard copies 
of BF docum ents, previously stored in  m ore than  
25 in d iv id u a lly  m aintained  files, cou ld  not be

cross-referenced; now , how ever, SIREN provides 
concurrent on -lin e  and batch access to approxi­
m ately 300 000 references s im u ltan eou sly  to 
m any users throu ghout FDA. T hrough 1986, 
m ore than 65 000 references are sch ed u led  to be  
added yearly to the system . Because o f SIREN's 
success, addition al Bureau files are b e in g  con ­
sidered for p lacem ent in  the netw ork.

Because o f the n eed  to protect the co n fid en ti­
ality o f inform ation stored in  SIREN, on ly  those 
authorized  w ith in  FDA are perm itted d irect ac­
cess to the system. Persons outside FDA may use  
SIREN indirectly through proper FDA channels. 
A ccess p riv ileges m ust be d eterm ined  on  a 
case-by-case basis. For further inform ation  on  
the possib le use o f SIREN, please contact: 
H am ilton  Parran, D eputy Director, D iv ision  o f  
Food and Color A d ditives, 200 C St, SW (HFF- 
330), W ashington , DC 20204. (202) 472-5676.
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D a t a  S y s t e m  a n d  S o f t w a r e  f o r  a  F o u r i e r  T r a n s f o r m  I n f r a r e d  
S p e c t r o m e t e r

JOHN W. PHILBRICK and WAYNE F. HERR* 1 
IBM Instruments, Inc., Danbury, CT 06810
T h e  c o m p u te r  d e s c r ib e d  h a s  as  i t s  p r im a ry  p u rp o s e  
th e  c o n tro l  o f a n  F T IR  s p e c tro m e te r . T h is  ta s k  r e ­
q u ire s  e n o u g h  p o w e r  to  h a n d le  th e  r a th e r  h ig h  p e a k  
lo a d  o f  th is  in s t ru m e n t .  S o f tw a re  h a s  b e e n  w r i t te n  
to  f le x ib ly  s h if t  th e  sy s tem  reso u rces  to  m e e t th is  ta sk , 
a n d  to  m a k e  th e s e  re so u rc e s  a v a ila b le  to  th e  sp e c - 
tro s c o p is t  fo r  o th e r  jo b s  as  re q u ir e d . C le a r ly  th e s e  
jo b s  in c lu d e  th e  ro u tin e s  o f co lle c tin g , tr a n s fo rm in g , 
s to r in g , a n d  d is p la y in g  th e  sp e c tra  o f  in te r e s t .  T h e  
c a p a b il i t ie s  d e s c r ib e d  g o  b e y o n d  th a t ,  to  in c lu d e  th e  
a b i l i ty  to  h a n d le  a n  a u to m a t ic  s a m p le  c h a n g e r , to  
v a ry  th e  m e a su re m e n ts  m a d e  o n  s a m p le s  w i th in  th a t  
s a m p le  c h a n g e r  as  r e q u ir e d , a n d  to  a n n o ta te  th e  r e ­
s u l t in g  p lo ts  w i th  m u c h  o f th e  r o u t in e  b o o k k e e p in g  
d a ta  r e q u ir e d  in  a n  a n a ly t ic a l  la b o ra to ry . T h is  s y s ­
te m  h a s  th e  a b i l i ty  to  m u l t i ta s k  — to  p e r fo rm  u p  to  3 
ta sk s  a t  a t im e , o r  to  p ip e l in e  — to  a u to m a t ic a lly  p ass  
d a ta  f ro m  o n e  re g io n  to  a n o th e r .  B oth  o f  th e s e  p r o ­
v id e  e n h a n c e d  p ro d u c t iv i ty .  T h e  sy s te m  s u p p o r ts  
h ig h  le v e l la n g u a g e , fo r  th e  u s e r 's  o w n  a n a ly se s . I t  
h a s  fa c i l i t ie s  fo r  l ib r a ry  s e a rc h in g , to  h e lp  id e n t i f y  
th e  u n k n o w n  sam p les . F in a lly , i t  h as  te x t p ro cessin g , 
to  a l lo w  th e  u s e r  to  p re p a re  re p o r ts  a n d  p a p e rs  in  a 
m o d e rn  w a y . In  s h o r t ,  th e  l in e  b e tw e e n  a n  in s t r u ­
m e n t  c o m p u te r  a n d  a la b o ra to ry  c o m p u te r  h a s  b e e n  
b lu r r e d  b y  th e  g ro w th  o f  th e  c a p a b il i t ie s  o f th e  
fo rm e r.

The basic job o f a laboratory com puter is to make 
its user more productive by hand ling som e or all 
of the data h an d lin g  faced by a scien tist in  a 
laboratory (1). These include:

B ookk eep in g— K eeping track o f sam ples and  
data.

Instrum ent control— Setting key instrum ent 
param eters, m on itorin g  instrum ent con d ition , 
and con tro llin g  operation.

Data acquisition—A cquiring raw data from  a 
sam ple during analysis.

Data ana lysis—C onverting raw data into a 
m ore m ean in gfu l form.

Data interpretation— C onverting analyzed  
data in to  an answer.

Storage—Placing the data and the answer iijto 
an easily  recovered file.

Report gen era tion —P resenting the data in  a

Presented  at the Sym posium  on Com puters in  the  Labora­
tory, 95th A nnual M eeting of the  AO AC, Oct. 19-22,1981, at 
W ashington, DC.1 IBM Corp., Poughkeepsie, NY 12602.

fashion that help s the scientist's organization or 
scien ce in  general.

The com puter(s) used  by the scien tist in  h is /  
her job sh ou ld  im pose m inim um  requirem ents 
on the scientist, in  term s o f m aking th e analyst 
learn n ew  procedures or restricting th e w ay the  
data can be stored, m anipulated, or presented . 
As m uch as possible o f the job should be handled  
in  w ays w h ich  are transparent to the user—file  
m anagem ent and data m ovem ent for instance  
sh ou ld  be all but in v isib le .

U sin g  th is brief list, laboratory com puters 
m igh t be d iv id ed  according to the tasks they  
handle. Instrum entation com puters are those  
w h ich  handle data acquisition and perhaps data 
analysis a n d /o r  instrum ent control. G eneral 
purpose laboratory com puters m igh t be seen  as 
those w h ich  hand le th e b ook k eep in g , storage, 
and data interpretation part o f the job. The re­
port generation  part is largely om itted  in  labo­
ratory com p utin g, yet as avid  users o f text pro­
cessing, w e  feel that such  om ission  is a serious  
oversight.

In this paper, w e  w ill consider the distinction  
b etw een  general purpose laboratory com puters 
and specialized instrum entation com puters, and  
describe h ow  the gro w in g  p ow er o f in strum en­
tation com puters in  particular is leading them  to 
reach in to  the dom ain  p reviously  h an d led  by  
larger m achines. We w ill  focus on  the data sys­
tem  in  a Fourier transform infrared spectrometer 
(FTIR) as an exam ple o f an instrum entation  
com puter.

Laboratory Computers

Computers first appeared in  laboratories either 
to perform  calculations, or to m anage data bases. 
The latter is particularly im portant in  clin ical 
laboratories (2), and has not b een  as w id e ly  d e­
ve lop ed  in  analytical laboratories (3). Later, 
th ese com puters began to actually connect to 
instrum ents. This function  fell aw ay as d ed i­
cated m inicom puters appeared under the covers 
in  instrum ents. It has gradually b een  restored  
as m id -sized  lab com puters gain ed  the ab ility  to 
han d le m ore than one problem  at a tim e. Cur­
rently , the lin e  b etw een  the instrum entation  
computer and the laboratory computer m ay blur,

0004-5756/82/ 6505T 271-08$01.00 
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w ith  the d iv id in g  lin e  b ein g  d eterm ined  by 
w h ere the data are actually d igitized .

M ore com m only, the larger laboratory com ­
puters are supporting m ultip le users, each w ith  
the ability to access and m anipulate h is ow n  set 
of data, and yet w ith  each h av in g  the ability  to 
contribute or access data in  a larger data base. 
T hese larger m achines m ay be used for library 
searching, for large theoretical calculations, for 
archival storage o f data, and for text processing  
of reports. W e are not advocating that scientists 
becom e typists, but if the k eying process is part 
of the creative process, w h y  not have the author 
produce leg ib le  output usin g  the exten sive  
pow er o f w ord processing? W atching the  
num ber o f peop le w h o  are usin g  hom e com put­
ers to w rite letters, papers, and books suggests  
that th is capability is  g o in g  to be in  m ore and  
m ore dem and on laboratory system s.

The data base m anagem ent capability is an­
other u nder-utilized  feature. W hy have dusty  
notebooks fu ll o f data, or rolls of spectra stuffed  
aw ay in  boxes, w h en  a com puter can store tre­
m end ous vo lu m es o f data for alm ost instant ac­
cess? A ll that is really n eed ed  is a cataloguing  
system , and the discip line to use it. This should  
include the ability to link textual files, containing  
material describing the sam ple's history and the 
details o f the analysis, w ith  the num erical data 
resu lting from  the analysis.

Finally, netw orking is important. This paper 
was written w ith  little direct contact betw een the 
2 authors. O ne o f us (JWP) keyed h is contribu­
tions on  a term inal located in  C onnecticut and  
co nnected  to a com puter in  Yorktow n H eights, 
NY. The other (WFH) keyed  h is data on  a ter­
m inal in  on e  b u ild in g  in  a large com plex, con­
nected to a computer located close to a m ile away 
in another bu ild in g, both in  P oughkeepsie, NY. 
The data w ere transm itted from  on e m achine to 
another through a netw ork o f perhaps 5 other 
com puters. The reader may judge w h eth er or 
not the quality o f the work suffered; certainly it 
w as a very co n ven ien t w ay to work.

Instrumentation Computers

A n instrum entation computer could do as little 
as co llect and analyze the data (h ow ever large 
this job may be), or it could provide control of the 
basic instrum ent. For instance, a chrom ato­
graphic integrator m ay sim ply acquire and per­
form a preliminary analysis on  data w h ich  w ould  
otherw ise be presented on a strip chart recorder. 
A more sophisticated chromatographic controller 
m ight also control the m ixture o f the carrier 
gasses or liquids b ein g  used , or m igh t control

colum n tem perature. In either or both o f these  
cases, these variations could be preset and  
ch anged  in  a tim e-d ep en d en t fash ion , a llo w in g  
m ere sophisticated analyses to be run in a shorter 
tim e. T hese control functions could  be per­
form ed m anually, d ep en d in g  on  the tim es in- 
vo .ved , or could  be perform ed w ith  analog in ­
strum entation if needed .

Som e instrum ents require the com puter for 
data analysis. NM R spectrom eters m ay require 
signal averaging to obtain reasonable signal to 
noise values. Pulsed or Fourier transform NM R  
spectrom eters require the com puter to make 
sen se o f the data— interpretation of the m ag­
netization  decay is d ifficu lt in  the frequency  
dom ain, but m ay be d on e in  a m ore straightfor­
ward fashion  in  the tim e dom ain.

The com puter in  a Fourier transform  infrared  
spectrom eter w as orig in ally  placed there to 
convert the data into a com prehensib le form  (4). 
The retardation data have direct m eaning in on ly  
a very few  cases—thin  film  m easurem ent is on e  
possib ility . Even there, m ore inform ation can 
be extracted from the interferogram , or the data 
may be m ore accurately interpreted if th ey  are 
transform ed into the m ore fam iliar frequency  
dom ain.

O nce the com puter w as in clu d ed  in  the in ­
strum ent, additional functions w ere added. 
Signal averaging was present from  the start. 
Control of a plotter was a necessity—w e are used  
to see in g  spectral inform ation d isp layed  graph­
ically. Som e additional capabilities rem ained  
w i:h in  the dom ain o f the traditional instru­
m entation com puter, like con tro llin g  various 
features of the instrum ent, e.g., sam ple changers, 
beam  splitters, sources, and detectors. O thers 
m eved  m ore in to  the realm of the general labo­
ratory com puter. File m anagem ent, as larger 
disks and as tape drives w ere added, w as n eces­
sary. A d ditional analysis, m ovin g  towards in ­
terpretation, w as another. This can take the  
form  of spectral com parison, e ither sim p le sub­
traction o f one spectrum  from another to e lim i­
nate an u n w anted  com p onent, or the m ore 
com plex com parison o f the spectrum  of an u n ­
k n ow n  w ith  those stored in  a library. Greater 
analysis flex ib ility  w as added by in clu d in g  the  
ability to w rite software in  h ig h  lev el languages, 
ratner than the assem bly code used  at the start. 
Thus, the user could tailor at least the analysis 
and interpretation o f his data to match h is ow n  
needs.
F T I R  D a t a  S y s t e m  T a s k s
The data system  for an FTIR must provide for 
rapid data collection; Fourier transform support;
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m ass storage; flex ib le  control system ; h ig h  lev el  
language; hard copy output (graphics and text); 
productiv ity  /autom ation  capabilities. W e w ill 
discuss the first 3 o f these here; the others w ill be 
am p lified  below .

The data collection  job o f an FTIR com puter is 
really quite im pressive. At h igh  mirror ve lo c i­
ties, the analog to d igital converter (ADC) m ust 
sam ple at speed s up to 100 KHz. W ith a 16 bit 
ADC, th is is a bit rate o f 1.6 M b /s. W h ile the  
actual duty cycle m ay be about 50% (data m ay be 
acquired on ly  w h ile  the mirror is m ovin g  in  one  
direction), th is still requires rapid m ovem en t o f  
the data. The data are acquired into m em ory or 
to disk, d ep en d in g  on  the resolu tion  and h en ce  
the num ber o f data points b ein g  acquired. The 
n ew  data are then correlated w ith  the previously  
acquired data, and may be rejected if th ey  appear 
to have been  sh ifted  w ith  respect to the earlier 
data, perhaps due to a m echanical jolt to the in ­
strum ent or due to an electronic n oise sp ike. If 
accepted, the n ew  data are then added to the data 
already stored in m em ory or on disk. A ll o f this 
m ust be d on e on  an interrupt-driven fashion , 
because the computer must be ready to repeat the 
d ig itiza tion , acquisition , signal averaging, and  
storage cycle as soon  as the mirror returns to its 
start position .

The transform ation itse lf is a com p lex com ­
putation, w h ich  has been m assively studied and 
docum ented (5). Briefly, it can be broken d ow n  
in to 3 separate com putations— phase correction, 
apodization , and transform ation. The first 2 
correct for the difference betw een the theoretical 
in fin ite , com plex m athem atical dom ain o f the  
Fourier transformation, and the real, finite nature 
of the data actually b ein g  acquired. The trans­
form ation itse lf in v o lv es  the use o f an array of 
sine values, w h ich  are m ost conveniently  looked  
up from  the valu es stored in  read-only m em ory  
in the computer. The density of these tables (the 
num ber o f va lu es stored there) is im portant in  
ensuring the accuracy o f the final calculation. 
T hese 3 operations in v o lv e  m u ltip lication s and  
additions o f each p oin t in  the in itia l interfero- 
gram, or a num ber o f operations o f the order o f  
8000 for a 2 w avenum ber, mid-IR spectrum . 
Clearly, all o f these calculations m ust be per­
form ed rapidly for the instrum ent to be su ffi­
ciently  responsive to a llow  the chem ist to do his 
job w ith ou t b ein g  delayed  by instrum ental fac­
tors.

There n ever seem s to be en ou gh  m em ory, e i­
ther on -lin e  or in  mass storage. W h ile  a 2- 
w avenum ber mid-IR spectrum  may use on ly  8K 
data w ords, h igh er resolu tion  spectra require

proportionately m ore room: 0.5 w avenum ber  
spectra require 32K data words; 0.05 w a ven u m ­
ber spectra require 320K w ords. Clearly, h igh  
resolu tion  dem ands either large m em ory or the  
ability  to sw ap data in  and out o f m em ory  
quickly.

A reasonable library of spectra can also bulk up 
quite quickly: 5000 2 w avenum ber spectra re­
quire 40,000 data points. S ince disk and tape 
s izes are m easured in  8 bit bytes, and FTIR com ­
puters work in  16, 20, or 24 bit w ords, that 5000 
spectra library can require up to 120 KB on a disk  
or tape.

The volum e of data w h ich  can be generated by 
techn iques as gas chrom atography /in frared  
spectrom etry (GC/IR) or tim e-resolved  spec­
troscopy (TRS) is even  m ore m assive. In GC / IR, 
the FTIR is used as the detector, taking advantage 
of the spectrom eter's ability  to acquire several 
spectra per second. A 4 w aven u m b er spectra 
y ie ld s  4K data p oin ts per spectra. Even co-add­
in g  spectra to y ie ld  on e per secon d , a run of 
s ligh tly  over an hour can accum ulate 16M data 
points, or 48MB of data. Clearly, e ither a large 
disk or som e techn ique for se lec tiv e ly  storing  
data is required.

The resources the com puter can brin g to bear 
on these and its other jobs are sh ow n  in  Figure
1.

Figure 1 show s the computer and its associated 
peripheral d ev ices, w ith  the instrum ent itse lf 
sh ow n  on ly  as a co llection  o f in p u t/o u tp u t d e­
vices. N ote  that the softw are is  su ffic ien tly  
pow erfu l to a llow  several th in gs to happ en  at 
once. There is a supervisory system , w h ich  in ­
teracts w ith  the various peripherals including the 
term inals, the disk, the diskette drive, the in ­
strum ent interface, and the p lotting devices. In 
the ASPECT com puter, used  on  the IBM IR /90  
and IR /80 series o f instrum ents, the supervisor  
is know n as ADAKOS. G iven en ou gh  m em ory, 
ADAKOS can run 2 m em ory partitions. T ypi­
cally, one partition w ou ld  be used to operate the 
instrum ent, and a secon d  m igh t be used  for 
program creation or off-lin e data analysis, using  
a second term inal. The instrum ent operating  
system , ATS on  the ASPECT, m ay in  turn be d i­
v id ed  into 3 regions as sh ow n  in  th is figure, for 
additional operating efficiency. A ll o f this w ill 
be illustrated below .

Computer Usage

Perhaps an easy w ay o f illustrating th e d e­
m ands m ade on a com puter system , and the  
p ow er such a system  provides its user, can be 
g iven  by fo llow in g  a typical w ork ing session for
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F ig u re  1. S c h e m a tic  d ia g ra m  o f c o m p u te r  sy s te m  fo r  a n  F T IR  s p e c tro m e te r .

a spectroscopist. In th is exam ple, m any of the  
details w ill be drawn from  the ASPECT data 
system  usin g  ADAKOS and ATS. In addition , 
som e com m ents w ill be m ade about additional 
facilities w h ich  m igh t be desirable.

Instrument Check and Verification 

I n s t r u m e n t  C h e c k
At the start of a session w ith  an instrum ent, the 

chem ist needs to check and verify the instrum ent 
perform ance, then  set it up to do the job he  
needs. Som e system s require an Initial Program  
Load (IPL) from  som e external m edium . O lder 
instrum ents use paper tape; m ore recent system s 
w ill load from a floppy d iskette, ROM, or w ill  
have the program s and data stored on  a disk.

T raditionally, spectroscopists check an IR 
spectrophotom eter by running the 100% line, the 
plot of the instrum ent's response to a perfectly  
transparent or n u ll sam ple. This is as va lid  on  
an FTIR as on a dispersive instrument. The 100% 
lin e  check uses alm ost all o f the system: the
keyboard, the data system , the optics, and the  
display. It really uses a com plex array o f com ­
m ands and parameters, but can be invoked w ith  
a s in g le  com m and, as sh ow n  below . The 
m ean ing and function  of the in d iv id u al com ­
m ands is b eyon d  the scope o f th is paper; the  
important point is that one comm and, defined by  
the user, can recall 8 prim itive com m ands, and  
that one of those prim itive comm ands in turn can 
recall som e 39 instrum ent parameters.

The ATS program  allow s the user to d efin e , 
store, and recall com plex operations very easily. 
U ser-defined comm ands and parameter sets may

be specified  in  the norm al sequence of opera­
tions. The sequence o f com m ands is entered , 
and the parameters are set. If the resu lting o p ­
eration m eets the user's objectives, the comm and  
sequence may be identified  and saved, using one 
com m and w h ich  saves the inform ation under a 
nam e entered  in response to a prompt.

HPL: Com m ands for 100% line check

Invoked
P aram ­

eters
C om m and M eaning U sed

RUP UDP = restore user 39
PARAMHPL parameters

SBS sin g le  beam
SBR

calibrate, sam ple 
s in g le  beam

CLR
calibrate, 
reference  

collect reference (19)
CLS collect sam ple ( 2)
CPR com pute reference (10)
CPS com pute sam ple ( 2)
PLT POP = DSC plot ( 8)
P o l y m e r  F i l m  V e r i f i c a t i o n  R u n

The next step is to check the instrum ent on  a 
test sam ple. T raditionally, a polym er film  has 
been  used. This run uses m any o f the sam e 
com m ands and parameters used for the 100% 
lin e , and could be set up by sim ply ch a n gin g  
som e o f the parameters stored in  a data file  
nam ed PARMHPL. Because these data m ay be 
retained as part o f an o n g o in g  record o f instru­
m ent perform ance, the plot shou ld  be sen t in i­
tia lly  to the disp lay scope for verification , and
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V E L  =  6  
A P F  =  H G

Wavenumbers (cm - 1)
F ig u re  2. U n c o rre c te d  p o ly m e r  f i lm  sp e c tru m .

then  to the digital plotter for perm anent record. 
The com m ands to do this are sh ow n  below .

VPF: C om m ands for verification run on po lym er  
film

Invoked
P aram ­

eters
C om m and M ean ing U sed

RUP UDP = restore user 39
PARMVPS parameters

SBS sin g le  beam

SBR
calibrate, 
sam ple 

s in g le  beam

CLD
calibrate, 
reference  

co llect dual (21)
CPD com pute dual (12)
PLT plot to scope ( 8)
RUP UPD = restore user 2

PARMVPP parameters
PLT plot to plotter ( 8)

A gain, on e u ser-defined  com m and in vok es a 
series o f actions, in clu d in g  in vo k in g  m ore com ­
plex com m ands and recalling preset parameters. 
The parameters recalled from PARMVPP change 
the p lotter output from  the scope to the plotter, 
and add certain lab elin g  to make the p lo t a per­
m anent record. Three 16 character variables  
may be specified by the user, included in  the data 
file  itself, and listed on the plot. The results are 
sh ow n  in  Figures 2 and 3. The com puter was 
program m ed to autom atically label the plot, and  
to in clu d e both  the date and tim e o f the run. It 
also in clu d ed  an in d ep en d en t sequence check:

The num ber "6109" on both plots show s the total 
num ber o f scans m ade by the instrum ent since  
the com puter w as pow ered  up. This run n in g  
scan num ber is o f great assistance in  reordering  
a set of plots after having been rem oved from the 
plotter and shuffled  on  the chem ist's desk. The 
inform ation on num ber of scans, resolution, and 
zerofillin g , am ong other acquisition parameters, 
is also stored a lon g w ith  the actual data: The 
system  is operating autom atically like a labora­
tory notebook.

The d ifference b etw een  Figures 2 and 3 is in ­
structive. Figure 2 is an uncorrected p lot o f the 
polym er film  transmission, w ith  sloping baseline 
due to the ligh t scattering w ith in  the film . Fig­
ure 3 has had the slop e corrected, u sin g  som e  
built-in  softw are routines. It has also had the  
various peaks picked out, stored in  a separate file, 
and labeled  on  the plot.

W h ile all o f this annotation  is in  o n e  sense  
trivial (person can easily  m ake a couple o f notes  
on the paper w h ile  the plotter is running) it is an 
exam ple o f the way the com puter can take over  
the trivia, ensure that it is h and led , and free the  
analyst to do the creative work that is in  fact that 
person's real job.

N ote  that the particular com m and sequence  
sh ow n  above inclu d ed  no com m ands for file  
m ovem ent. The system  autom atically handles  
this for the user. A n addition al capability is 
sh o w n  on  the top of Fig. 2, w h ere  FLR and FLS 
call out the names under w hich  the reference and 
sam ple 4ata  are stored. Up to 8 alphanum erics 
may be used for these names, for easy recognition  
by the chem ist later. N ote that the system  can
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also increm ent the file  nam es, as sh ow n  here, if  
sequentia l sam ples are to be m easured.

Multitasking and Pipelining 

M u l t i t a s k i n g
Figure 1 indicates that the instrum ent com ­

puter can perform multitasking. In essence, this 
m eans that the user can assign it up to 3 separate 
jobs at once. The softw are w ill then  go ahead  
and work on  each o f these tasks, sharing the re­
sources and im proving productivity by w orking  
on each task as the required resources becom e  
available. For instance, w h ile  on e region  is 
collectin g , it n eed s to have im m ediate access to 
the disk for data storage, but it m ay o n ly  need  
this access 50% of the tim e. W h ile the interfer­
ometer mirror is m oving back to its start position, 
the disk is largely available for another job. 
M ultitasking takes advantage o f these tim e- 
varying requirem ents on  system  resources to 
apparently accom plish  m ore than on e job at a 
time.
P i p e l i n i n g

A m ore sophisticated  variation on  m ultitask­
in g  is called  p ip e lin in g . This m ode requires 
comm unication betw een the various tasks, in  the 
form  o f (a) data m ovem ent from  on e region  to 
another, and (b) setting and reading of flags such 
that on e region  can notify  another about the  
availability or th e consum p tion  o f the data. A  
typical operation u sin g  p ip e lin in g  is sh o w n  in  
Figure 4. This figure assum es that a series of 
sam ples are available to be measured. The actual

data are collected in region 1. As soon as the data 
are co llected  on  a g iv en  sam ple, region  2 is n ot­
ified  via a system  of flags. This region  can then  
transform and analyze the data w h ile  region 1 is 
co llectin g  data on  another sam ple. If the user 
assigns subtasks o f about equal tim e duration to 
each region , tim e savings approaching 50% can 
be achieved.

Flandling Multiple Samples

T ypically, more than on e sam ple w ill be han ­
d led  by a spectroscopist at a tim e. Indeed, he  
m ay have a w h o le  rack of them . Som e of the  
FTIR instrum ents n ow  have autom atic sam ple  
changers w ith  softw are selection  o f the specific  
sam ple to be m easured. It is straightforw ard to 
use id en tical m easurem ents on  all o f those sam-

Sample 1 2  3

Collect 1 Collect 2 Collect 3

Analyze 1 Analyze 2 Analyze 3 
• Benefit of Pipelining

I___ Straight Line Operation Time___________________|

1___ Pipelining Operation Time________ |__ Savings___ |
F ig u re  4. P ip e l in in g  o p e ra t io n  a n d  b e n e f i ts .
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pies. O f m ore valu e is th e ability  to select the  
m easurem ent con d ition s appropriate for each  
individual sample. D ense sam ples may get more 
scans to im prove the signal-to-n oise ratio; rela­
tiv ely  transparent sam ples may be m easured  
m ore quickly. It may be k n ow n  in  advance that 
som e sam ples w ill require peak p ick in g  and la­
beling; som e chem ists may w ant to see their data 
presented  in  on e form at or at on e resolution; 
others w ith  other variations. Software w h ich  
a llow s th is flex ib ility  offers the p ossib ility  of 
u nattend ed  m easurem ents and h en ce a h ig h ly  
productive w ay o f run ning. ATS has the capa­
b ility  o f not o n ly  p rovid in g  in d iv id u a lized  
m easurem ents, but also o f p rovid in g  in d iv id u ­
ally annotated plots. Thus at com pletion of a run 
of a series o f sam ples, there is an array o f plots 
sittin g  on  the plotter, each labeled  and ready to 
be handled  back to the requester. Furthermore, 
since the ASPECT can interm ix files o f different 
sizes autom atically, each specim en  m ay be m ea­
sured at an appropriate resolution.

Library Searching

A  fundam ental job o f the analytical chem ist is 
the iden tifica tion  o f the sp ecim ens presented  to 
him . Infrared spectroscopy provides a pow erful 
tool for th is purpose, because it looks at the very  
electronic interactions and bondings w h ich  cause 
a com pound to exist and behave as it does. This 
in form ation  appears in  th e fam iliar form  of ab­
sorp tion  band s o f var iou s stren g th s and  
frequencies in  an infrared spectrum . Clearly, 
com parison o f the u n k n ow n  spectrum  w ith  that 
o f spectra from  various k n ow n  com pounds can 
aid in  iden tification . A lternatively , k n ow in g  
that various functional groups typ ica lly  create 
absorption bands at characteristic frequencies  
m ay enable the spectroscopist to do som e d etec­
tive w ork to id en tify  the un k n ow n . In either  
case, the spectroscopist m ust u ltim ately confirm  
the iden tifica tion  based on  a visual com parison  
of the u n k n ow n  and candidate spectra.

This process can be accelerated if the computer 
can do som e o f the w in n o w in g  for the spectros­
copist. There are m any w ays o f d o in g  this, 
trading o ff the speed o f the search w ith  accuracy 
of the ultim ate identification. U sing more o f the 
p oin ts in  th e various spectra m ay y ie ld  a closer  
m atch than u sin g  few er, but it m ay also take 
longer. O ne lon g  accepted approach is the  
co d in g  schem e used in  the Sadtler Spec-finder®  
in  w h ich  a reduced form  of the spectrum  is 
created and searched against sim ilarly reduced  
data in  the library. This reduction allow s storage 
of all 60 000 spectra to be on  lin e  at once to be

searched w ith in  10-20  s. The candidates m ay  
th en  be confirm ed by com parison w ith  pub­
lish ed  and catalogued data, or w ith  data auto­
m atically retrieved usin g  a m icrofiche system . 
ATS softw are also a llow s th e user to add spectra 
from  sam ples of h is ow n  choosing to the library, 
to m eet particular requirem ents o f h is  o w n  or­
gan ization . O ther searching tech n iq u es are 
b e in g  s tu d ied  in  th e in d u stry , in c lu d in g  
searching on  the fu ll spectrum , or searching on  
a portion o f the inter ferogram .

High Level Languages

W hile instrum ent m anufacturers use con su l­
tants and their ow n  staff o f experienced  spec- 
troscopists to d efin e  and w rite the softw are for 
their instrum ents, m any spectroscopists have  
their ow n  particular requirem ents and w ant the  
ability to tailor the data analysis and instrum ent 
operation accordingly. The instrum ent m anu­
facturer frequently w rites h is softw are in  the  
assem bly language peculiar to h is ow n  computer, 
for sp eed  o f execution . The spectroscopist 
w ould  prefer to work in  som ething more familiar 
and, preferably, som eth in g  w h ich  already has a 
library o f usefu l program s. PASCAL and FOR­
TRAN m eet both  o f these requirem ents.

PASCAL is a structured language, w h ich  is 
easy to learn and currently quite popular on  
cam puses and on  hom e com puters. Program s 
w ritten  in  this language are easy to read, and  
h en ce easy to m odify  and to m aintain.

FORTRAN has th e advantage that m any  
practicing scientists learned it during their ca­
reers. Further, a considerable library o f pro­
grams has been  created in  th is language. U n ­
fortunately, there are a num ber o f d ialects of 
FORTRAN; h en ce not all o f those program s are 
im m ediately  available to the user o f a g iven  
version .

Text Processing

A rather n eg lected  area o f com puter usage in  
laboratories is text processing. This is probably  
on e w h ich  is g o in g  to have rapidly gro w in g  im ­
portance. It is in trigu ing to note the num ber of 
h obb yist com puters appearing on  the desks of 
faculty on  co lleg e  cam puses. T hese are not 
b ein g  used  for com putation, but instead  are 
b ein g  u sed  to w rite books or papers.

That capability is provided  as part o f our sys­
tem , u sin g  program s in itia lly  w ritten  by James 
Cooper o f Bruker Instrum ents, Inc. T hey w ere  
in itia lly  w ritten  to provide h is  scientists and  
program m ers an easy w ay to w rite the m anuals 
and docum ent the programs on  the instrum ents
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b ein g  offered  by that firm. T his facility offers 
th e user the ability  to format and justify text; 
operate on  files created w ith  the norm al system  
editor; create indices; autom atically num ber  
pages and chapters; create subscripts and super­
scripts, d ep en d in g  on  the printer; conditionally  
include or exclude text; indent, center, underline, 
and print boldface text.
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Distributed data processing has been accomplished 
by a computer system in which laboratory instrument 
data are collected on a PEAK-11 system for prelimi­
nary processing and generation of initial reports. 
When further processing is required, or when archi­
val storage of raw or processed data is desired, data 
are transferred over telephone lines to an IBM 3033; 
an IBM 7406 Device Coupler is used to handle pro­
tocol conversion and "handshaking." User-written 
programs in APL.SV on the IBM machine and in As­
sembly Language on the PEAK-11 system effect the 
transfer of bidirectional data. The distributed pro­
cessing approach allows efficient use of expensive 
peripherals w hile maintaining short response 
times.

A PEAK-11® Laboratory Data System and an IBM 
3033 remote mainframe have been connected for 
use in distributed processing of data in the Food 
and Drug Administration (FDA). The total 
system is being used to collect data from 16 in­
struments physically located on 2 floors of FDA's 
Bureau of Foods laboratory facility. The types 
of data being collected concern food packaging, 
various types of food additives, electrochemistry, 
and radiochemical detection.

The laboratory data system is a PDP-11/34A 
that utilizes PEAK-11 applications programs 
(Figure 1). These are divided into 2 major 
groups: (1 ) data acquisition and processing, and
(2 ) report generation and parameter set-up and 
change.

The foreground job runs in real time under the 
RT-11 Version 3B Foreground/Background op­
erating system. It is an assembly language rou­
tine which schedules collection of analog data 
from up to 16 channels "simultaneously" at 
speeds of 20 Hz per channel. The same routine 
processes the raw data for peaks, and stores raw 
data, peak data, or both on a disk.

The background job, in our version of RT-11, 
runs during the CPU idle time. In the PEAK-11 
system, MU-BASIC, a multi-user version of 
BASIC, runs as the background task. "Canned" 
programs running under MU-BASIC handle all

1 Present address: General Foods Corp., White Plains, NY 
10625.Presented at the Symposium on Computers in the Labora­tory, 95th Annual Meeting of the AOAC, Oct. 19-22, 1982, at 
Washington, DC.

communication between the users and the fore­
ground task, as well as reporting of processed 
peak data.

This configuration offers a great deal of flexi­
bility, because several users can be changing 
analysis parameters, getting reports, or pro­
gramming in BASIC concurrent with data col­
lection and processing of up to 16 analog data 
signals. It does, however, have one major dis­
advantage over a true multitasking operating 
system (Figure 2). Under this monitor, only 2 
jobs or tasks are allowed at any one time, and 
both of the Peak-11 tasks must be running for the 
user to get reports, change analysis or acquisition 
parameters, or program in BASIC while data are 
acquired.

The other computer facility available to us 
(Figure 3) was the Parklawn Computer Center 
(PCC), located approximately 30 miles away, 
which provides services to the Food and Drug 
Administration as well as several other federal 
agencies.

As Figure 3 illustrates, the hardware available 
at PCC included (but was not limited to) dual 
CPUs with parallel access to disks, magnetic tape 
drives, mass store units, etc. These large devices, 
although desirable, are uneconomical for a small 
laboratory system.

In addition to the hardware, several software 
advantages were available at PCC. FORTRAN, 
BASIC, COBOL, ALGOL, PL1, RPG, SNOBAL, 
and APL were among the language choices. We 
chose to use APL for most of our programming 
at PCC because of its ease of use and its ability to 
handle variable length strings easily.

With these systems already configured as de­
scribed, our most serious problem in establishing 
a distributed processing system was to find a 
suitable method for information interchange 
between the CPUs.

Digital Equipment Corporation (DEC) sold a 
combination hardware/software package for 
communication between a PDP-11 series CPU 
and an IBM 370 mainframe. Their 2780 Remote 
Job Entry Subsystem transfers entire files be­
tween processors. However, the particular 
version suitable for use with our operating sys­
tem could require 90 of each 100 milliseconds of 
CPU time to handle time-dependent protocol

0004-5756/82/6505-1279-04$01.00
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Figure 1. Laboratory data system.

requirements. The PEAK-11 foreground job 
could require, under certain circumstances, as 
much as 50 of each 100 milliseconds of CPU time. 
Thus we would be required to suspend data ac­
quisition to ensure data transfer. This was not 
an acceptable solution in our laboratory where 
samples frequently were automatically injected 
around the clock.

We were therefore limited to considering ap­
proaches that would allow transfer while both 
PEAK-11 tasks were running on the laboratory 
computer. We considered and discarded notions 
of physical transfer of disks or magnetic tape 
between sites because we desired essentially 
"on-line" turn around times for transfer. The

approach we finally adopted involved commer­
cially available hardware and user-written soft­
ware to transfer data, one word at a time, be­
tween CPUs.

The hardware included a 16 bit parallel inter­
face (a DR-1 IK from DEC) which plugs directly 
into the PDP-11/34A Unibus® (Figure 4), and an 
IBM 7406 Device Coupler connected into the

Figure 4a. Status register data flow (f write/ [ read).

Figure 2. True multitasking operating system. Figure 4b. Register assignments.
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Figure 5. Device coupler operation.

telephone line between the IBM 370 host and a 
remote terminal (Figure 5). The 7406 Device 
Coupler was equipped with Digital Input (DIM) 
and Digital Output modules (DOM) as well as the 
standard System Communications Module 
(SCM).

Because the operation of the Device Coupler 
is somewhat unusual, we will briefly mention 
only a few of the salient points. Normally the 
device coupler merely passes data between the 
host CPU and a terminal, as shown in Figure 5. 
However, when a special character sequence 
appears on the communication line, the SCM 
"traps" the following character string and in­
terprets it as a command. Depending on the 
nature of the command, the SCR activates the 
appropriate module to take action (see Figure 5). 
The following is the general format of a Device 
Coupler command string:

,SZcmad—d,F
where:
,S is the character sequence which 

activates the System Communi­
cation Module (SCM)

Z is a required command flag
c is the command

W to write to a module 
R to read from a module 

m is a command modifier
d—d is data sent to the addressed module 
,F is the character sequence which

disables the SCM
The DR-1 IK module consists of independent 

buffered input and output registers and a status 
register, each of which is individually address­
able on the Unibus.

In contrast to the hardware, which was all 
commercially available, all software for our sys­
tem was written by chemists in the laboratory. 
The software consisted of 4 major sections:

1. APL.SV programs at PCC to activate and 
control the Device Coupler and decode in­
coming data;

2. JCL instructions to handle transfer between 
APL.SV and other PCC partitions;

3. MU-BASIC programs on the PEAK-11 sys­
tem to access data files and handle macro 
level protocols;

4. Assembly Language routines linked to 
MU-BASIC to control the DR-1 IK in a 
manner similar to a device handler rou­
tine.

Figure 6. Data transfer operation.
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The actual transfer involves 2 distinct levels 
of protocols. From the program, or macro level, 
the user running an MU-BASIC program calls a 
subroutine, DRCO (A,B) for output or DRCI (A,B) 
for input, with 2 arguments. A is the value or 
variable name to be output or input. B is a con­
trol flag. The subroutine called handles the 
micro or word-level transfer on the PDP-11. 
Similarly an APL.SV program sends a character 
string to the Device Coupler, activating it for a 
word transfer.

The following example of data transfer from 
the PDP-11 to the IBM 370/168 may help to 
clarify the situation. The MU-BASIC program 
calls DRCO with the value to be output. The 
assembly language routine DRCO loops either 
for a given time or until the input flag is set in the 
DR-11K status register. Meanwhile, the APL.SV 
program at PCC sends a character string to the 
Device Coupler, activating the DIM to signal the 
DR-11K, indicating that the DIM is ready to ac­
cept data. The trigger pulse from the DIM sets 
the input flag of the DR-1 IK status register. The 
data word is loaded into the output register, and 
the DR-1 IK pulses the DIM over the control line 
(Internal Data Ready) that valid data are available 
(see Figure 6 ).

The routine DRCO clears the status word flag, 
sets the control flag B (to 1 for successful transfer, 
to 0 for a time-out), and returns to the calling 
BASIC program. Meanwhile, the DIM inputs 
the data, transfers it through the SCM to the 
calling APL.SV program, and is deactivated.

Transfer from PCC to the PDP-11 system oc­
curs in a completely analogous manner, with the 
MU-BASIC program using the routine DRCI and

the APL.SV program activating the DOM for 
transfer (see Figure 6 ).

At the macro or program level, certain con­
ventions are followed. The first 2 words trans­
ferred indicate the total number of items to be 
transferred. The programs at each location can 
thus retain the flexibility to transfer files of 
variable length without reprogramming.

From the APL.SV workspace through the 
shared-variable facility using the JCL routines, 
we have access via the TSIO and JES2 processors 
(see Figure 7) to essentially all the resources of 
the large mainframe system. This provides 
several direct and indirect benefits. For exam­
ple, each Mass Store unit has the capacity to store 
over 30 m illion  chromatograms of 60 min duration 
with data collected at 20 points/s. The direct 
benefits include reducing laboratory space ded­
icated to data storage. From this same example, 
however, we derived several indirect benefits. 
The Mass Store unit automatically makes a du­
plicate copy of each record as it is being stored, 
thus assuring backup of critical data. In addi­
tion, the security arrangements already in place 
at PCC eliminated all but very modest expendi­
tures at our site to limit access to data.

In summary, we have presented the concepts 
and some of the details of the approach we took 
in establishing a communication link between 
a PEAK-11 Laboratory Data System and an IBM 
370/168 mainframe for distributed processing of 
laboratory data. Our approach allowed us access 
to resources which could not be economically 
supported in the laboratory, and it resulted in 
cost savings for several overhead activities.
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T E C H N I C A L  C O M M U N I C A T I O N S

D e s i g n  o f  a n  A l l - M e t a l  S y r i n g e  H e a t i n g  M a n t l e

B. DENIS PAGE and CLAUDETTE F. CHARBONNEAU
H e a l t h  a n d  W e l f a r e  C a n a d a ,  F o o d  R e s e a r c h  D i v i s i o n ,  H e a l t h  P r o t e c t i o n  B r a n c h ,  O t t a w a ,  
O n t a r i o ,  C a n a d a  K 1 A  0 L 2

The design and fabrication of a simple, robust, all- 
metal heating mantle, readily adaptable to different 
sizes of gas-tight (or other) syringes, is described.

Headspace gas chromatography (HSGC) has be­
come an increasingly powerful tool for the de­
termination of volatile compounds in liquid or 
solid matrices. In recent years, several books and 
review articles have been published (1-3) on the 
quantitative aspects of this topic. In trace anal­
ysis by HSGC, the volatile components from the 
matrix can be concentrated by using a purge and 
trap technique before chromatography. Alter­
natively, the matrix to be analyzed may be sealed 
in a closed system, and when an equilibrium of 
the volatiles between the gas and the matrix is 
reached, an aliquot of the headspace gas can be 
removed and analyzed by gas chromatography. 
To increase the concentration of volatile com­
ponents in the headspace, the equilibrium tem­
perature of the headspace sample vial may be 
increased. With automated headspace sampling 
equipment, thermostat-controlled heating of the 
sample vial and the injection mechanism is 
readily achieved; however, this equipment is 
expensive and involves either an injection sys­
tem or a gas chromatograph dedicated to HSGC. 
Manual headspace injection, however, can be 
readily carried out on conventional gas chro­
matographs and requires only a heated syringe 
to approximate the automated procedures. To 
obtain the necessary rapid and reproducible 
heating, a syringe mantle, in which only the 
needle and hub are not directly heated, can be 
used.

Ideally, the temperature of the syringe should 
be reproducibly adjusted, by using a thermostat, 
to the same temperature as the sample or to a 
higher temperature. This avoids problems 
arising from the condensation of hot sample 
gases onto the cold syringe barrel or other sy­
ringe parts. If such condensation occurs, the 
small quantities of condensate, containing the 
volatiles, possibly in a different proportion to the

Received December 2, 1981. Accepted February 22,1982.

noncondensed gas, may be injected into the gas 
chromatograph. Thus, acceptable repeatability 
may be difficult to achieve. Even the use of an 
internal standard may not compensate for this 
problem. Condensation in the syringe could be 
minimized by heating the syringe in an oven; 
however, such heating would not be rapid, and 
reproducible syringe temperatures, except after 
prolonged heating, would be difficult to attain. 
The resulting varying syringe temperatures 
could adversely affect repeatability. All-glass 
heating mantles for Hamilton gas-tight syringes, 
which permit uniform reproducible heating to 
prevent condensation problems, have long been 
available (Hamilton Co., Reno, NV). These glass 
mantles, however, are fragile and generally not 
adaptable to syringes of other manufacturers.

This note describes a readily fabricated, inex­
pensive, robust metal syringe mantle. The de­
sign of this mantle can be easily modified to fit 
gas-tight or conventional syringes of different 
capacities and manufacturers. In addition to 
headspace analysis, applications requiring a 
heated or cooled syringe are readily accommo­
dated.
F a b r i c a t i o n

To a piece of 1.5 or 1.25 in. id copper pipe (part 
A), solder 2 circular end plates (part B) of 0.0625 
in. thick copper sheet as shown in Figure 1. Drill 
two 0.25 in. diameter holes about 0.5 in. from 
each end on the same side and fit 2 pieces of 0.25 
in. od X 2 in. copper pipe (part C) just into the 
holes and solder in place. Cut pipe with end 
caps lengthwise into 2 pieces as shown in Figure
1. Hold the 2 sections firmly together with two 
2 or 1.5 in. hose clamps and drill holes, about
0.0625-0.125 in. greater than syringe barrel di­
ameter, in center of each end. Dress all rough 
edges with suitable file.

To assemble mantle on syringe, slide 2 pieces 
of tygon or rubber tubing (part D) over syringe 
barrel and position them adjacent to end caps of 
mantle. Run bead of silicone sealant (e.g., Sili­
cone seal, Canadian General Electric, Toronto, 
Ontario) along contacting edges of both sides of
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Figure 1. Metal syringe mantle, adapted for 1 mL 
Pressure-Lok® syringe: A, 1.5 in. id copper pipe cut 
lengthwise into 2 pieces; B, 0.0625 in. thick copper 
plate, one for each end; C, 0.25 od X 2 in. copper pipe, 
2 pieces; D, rubber tubing gasket over metal end fit­

tings of syringe.

mantle. Insert syringe and place the two 2 or 1.5 
in. hose clamps around mantle just inside 0.25 in. 
tubes. Tighten hose clamps and smooth ex­
truded silicone sealant.
U se

To heat syringe, thermostatically-controlled 
water can be recycled through mantle, or steam 
from boiling water bath can be drawn through 
mantle by using water aspirator. Alternatively, 
mantle may be connected to steam generator. 
Aspiration is preferred because steam or heating 
supply does not have to be turned off each time 
syringe is used. The hot mantle must be insu­
lated, or the analyst must wear gloves for pro­
tection.

To connect mantle to steam or water supply, 
we use tygon tubing with ball joints or "quick 
disconnects" clamped in a stand. Mantle and 
syringe, with matching joint component, can 
then be readily connected or disconnected.

The use of steam or water as a heating source 
restricts mantle to a maximum of 100°C. Syringe 
can be removed from mantle after hose clamps 
are removed and silicone seal is slit with a razor 
blade. Because this mantle is easily made, in our 
laboratories we use a separate mantle for each 
size or brand of syringe. Using larger diameter 
rubber tubing (part D), a smaller diameter sy­
ringe, if long enough, may be reversibly fitted 
into a mantle designed for a larger syringe. To 
fit a larger syringe into the same mantle, the end 
holes would have to be irreversibly enlarged by 
drilling or filing.

The adaptation of this design of mantle to any 
syringe is limited by the diameter of the pipe 
(part A) and by the ease of sliding the rubber 
tubing (part D), which acts as a seal, onto the sy­
ringe barrel. Large protuberances at both ends 
of the syringe barrel would prevent the use of the 
rubber tubing seal. In the instance, split tubing, 
rubberized tape, or other compressible seals 
could be improvised.

The heating mantle described here is robust, 
easily fabricated from readily available parts, 
and, most important, can be made to fit syringes 
for which commercial mantles are unavailable.
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An unknown Bratton-Marshall-positive compound 
was observed when liver extracts were screened by 
a procedure for the simultaneous determination of 
sulfamethazine and sulfathiazole in swine livers. 
The unknown has been conclusively identified as
o-aminobenzoic acid (anthranilic acid), a tryptophan 
metabolite, by gas-liquid chromatography-mass 
spectrometry of swine liver extracts obtained by a 
modified Tishler procedure for sulfonamide residues 
in animal tissues.

In a previous publication (1), we described a 
rapid thin layer chromatographic screening 
procedure for the simultaneous determination 
of sulfamethazine and sulfathiazole in swine 
livers. Application of this procedure to a num­
ber of liver samples resulted in the consistent 
observation of an unknown Bratton-Marshall- 
positive (2) compound. Although the unknown 
did not interfere with determining the presence 
or confirming the absence of the drugs, its po­
tential was recognized for contributing to false 
positive results in the modified Tishler method
(3) which is used by regulatory agencies for 
monitoring sulfonamide residues in swine livers. 
This communication presents evidence which 
identifies the unknown and establishes its 
presence in liver extracts obtained by a modified 
Tishler method.

M ETH O D
R e a g e n ts  a n d  M a te r ia ls

(a) S o lv e n ts .—Ethyl acetate, dichloromethane 
(DCM), acetone, and methanol (Distilled-in- 
Glass®, Burdick & Jackson Laboratories, Inc., 
Muskegon, MI 49442). Chloroform (Baker An­
alyzed reagent, J. T. Baker Chemical Co., 
Phillipsburg, 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 ). 
—40% aqueous solution (Aldrich Chemical Co., 
Inc., Milwaukee, WI 53233).

(c) M e th y la t in g  r e a g e n t .—0.2M iodomethane 
(Aldrich Chemical Co., Inc.) in DCM.

Received December 8, 1981. Accepted February 22, 1982. Reference to brand or firm name does not constitute en­dorsement by the U.S. Department of Agriculture over others 
of a similar nature not mentioned.

(d) 0 .1 M  C a rb o n a te  b u ffe r , p H  1 0 .—Prepared 
from 0.1M solutions of sodium carbonate and 
sodium bicarbonate.

(e) N - ( 1 - N a p h th y l ) e th y t e n e d i a m in e  d ih y d r o -  
ch lo n d c  (N E D A ) .—Sigma Chemical Co., St. Louis, 
MO 63178. 0.4% methanol solution.

(f) B en zo ic  a c id s  a n d  b e n z o a te s .—o-Aminoben- 
zoic acid, methyl p-aminobenzoate (Eastman 
Kodak, Rochester, NY 14650); p-aminobenzoic 
acid (Chem Service, Media, PA 19063); methyl 
m-aminobenzoate, methyl o-aminobenzoate 
(Chemalog, South Plainfield, NJ 07080).

(g) C h ro m a to g ra p h ic  su p p o r t. —100-120 mesh 
Chromosorb 102 (Sigma Chemical Co.).

Slurry 0.6 g in 10 mL methanol. Add slurry to 
super Pasteur disposable pipet (Curtin Matheson 
Scientific, Inc., Houston, TX 77001) plugged with 
glass wool. Add small wad of glass wool to top 
of column. Wash resin consecutively with 15 
mL portions of methanol, acetone, and water 
before use. Note: Do not let column run dry.

(h) R e s in .—Dowex-1, chloride form, 2% cross- 
linked, 200-400 mesh (Sigma Chemical Co.). 
Slurry sufficient resin in water to prepare 2 cm 
column in disposable Pasteur pipet plugged with 
glass wool. Add plug of glass wool to top of 
column and wash resin with 3 mL IN NaOH. 
Rinse column with water until effluent is neu­
tral, then wash column with 5 mL IN HC1. 
Rinse column with water until effluent is neu­
tral. Rinse column with 5 mL methanol before 
use.
A p p a r a tu s

(a) T issu e  g r in d e r .—Brinkmann Polytron® ho- 
mogenizer (Brinkmann Instruments Inc., West- 
bury, NY 11590).

(b) C e n tr ifu g e s .—International clinical cen­
trifuge, Rotor 213 (International Equipment Co., 
Needham Heights, MA 02194); Servall Super- 
speed centrifuge, type SS-1 rotor. (Ivan Sorvall, 
Inc., Norwalk, CT).

(c) U V  s o u r c e .—Chromato-Vue (Ultra-Violet 
Products, Inc., San Gabriel, CA 91778).

(d) TLC  p la te s .—2.5 X 10 cm precoated (250 p m  
layer) silica gel G glass plates (Analtech, Inc., 
Newark, DE 19711). Free acid solvent system:
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ethyl acetate-methanol (4 + 1); methyl ester 
system: hexane-ethyl acetate (3 + 1). Develop 
plates 0.5 cm from origin, dry in forced air oven 
at room temperature, and redevelop to height of 
6 cm from origin. Partially air-dry developed 
plates and view under longwave (365 nm) UV 
light to locate blue-white fluorescent spot. 
Completely dry plates in forced air oven at room 
temperature and visualize aromatic primary 
amines with NEDA following diazotization
(1).(e) G L C .-M S  s y s t e m .—  70 eV electron impact 
mass spectra were obtained on Hewlett-Packard 
Model 5992-B combination GLC-low resolution 
quadrupole MS system interfaced to Hewlett- 
Packard Model 9825-A data system. GLC con­
ditions: 1.83 m X 0.64 cm od glass column
packed with 3% OV-17 on 100-120 mesh Gas- 
Chrom Q; injection port 150°C; column pro­
grammed from 70 to 280°C at 6 ° /min; helium 
carrier gas flow rate 2 0  mL/min.
L iv e r  S a m p le s

Swine livers were obtained from a local 
slaughter house and portions were extracted 
within 3 h of being excised from the animals.
P r o c e d u r e s

(a) M e th y la t io n  o f iso la te d  u n k n o w n -T B A H  ion  
p a ir .—Combine DCM extracts from two 2.5 g 
liver samples obtained by screening procedure 
previously described (1). Evaporate combined 
extracts to dryness in 9 mL screw-cap specimen 
vial. Add 2 mL 0.2M iodomethane in DCM and 
stir mixture magnetically 30 min. Remove io- 
domethane-DCM under stream of nitrogen at 
40°C. Dissolve residue in 0.4 mL DCM and spot 
10 p L  on thin layer chromatographic (TLC) plate. 
Develop plates in hexane-ethyl acetate (3 + 1).

(b) Iso la tio n  o f  u n k n o w n  b y  m o d if ie d  T ish le r  p r o ­
c ed u re  (3).—Add 20 mL chloroform-acetone (1 
+ 1 )to 5 g swine liver in 50 mL polypropylene 
centrifuge tube and homogenize mixture 1 min 
at low speed. Centrifuge homogenate 2 min at 
3500 rpm. Use Pasteur pipet to remove solvent, 
and filter solvent through plug of glass wool 
packed in super Pasteur pipet into 50 mL poly­
propylene screw-cap centrifuge tube. Just re­
move solvent under stream of nitrogen at 60°C 
and dissolve residue in 10 mL hexane. Add 2 mL 
IN HC1 and shake mixture 3 min in rocking 
motion and then centrifuge 2 min at 3500 rpm. 
Pour contents of centrifuge tube into 60 mL 
separatory funnel containing 8 mL water in 
manner that prevents mixing aqueous and or­
ganic phases. Recover acid phase (0.2N) and

pass it through column of Chromosorb 102. 
Wash resin with 15 mL water and elute column 
with 5 mL methanol. Combine methanol ef­
fluents from 4 isolations (20 g liver) and evapo­
rate to dryness in 9 mL screw-cap specimen vial 
under stream of nitrogen at 60°C. Dissolve 
residue in 0.5 mL methanol. Spot 10 p L  aliquot 
on TLC plate and develop in ethyl acetate- 
methanol (4 + 1).

Carry out methylation by exhaustive alkyla­
tion procedure of Gyllenhaal et al. (4). Remove 
methanol under stream of nitrogen and add 2 mL 
pH 10 buffer and 0.05 mL TBAH solution to res­
idue. Vortex-stir solution 30 s. Add 2 mL 0.2M 
iodomethane in DCM and magnetically stir 
mixture 4 h to complete methylation. Centri­
fuge reaction vial 2 min at 2500 rpm and slowly 
pour contents (less magnetic stirrer) into 60 mL 
separatory funnel containing 5 mL DCM. Rinse 
reaction vial with 6 mL DCM, centrifuge, and 
add solvent to separatory funnel. Recover DCM 
and evaporate it to ca 0.5 mL in 9 mL screw-cap 
specimen vial under stream of nitrogen. Spot 20 
p L  aliquot on TLC plate and develop plate in 
hexane-ethyl acetate (3 + 1). Evaporate sample 
to dryness.

Dissolve residue in 0.5 mL methanol and pass 
solution through Dowex 1 column, collecting 
effluent in 15 mL screw-cap centrifuge tube. 
Rinse vial with three 0.5 mL portions of metha­
nol. Add rinses to ion exchange resin individ­
ually and collect total effluent. Remove meth­
anol under stream of nitrogen at 50°C and dis­
solve residue in 10 mL DCM. Add 5 mL water 
and shake mixture vigorously 2 min. Centrifuge 
mixture 2 min at 2500 rpm, and then slowly add 
separated mixture to 60 mL separatory funnel 
containing 5 mL DCM. Recover DCM in 23 mL 
screw-cap specimen vial and evaporate to ca 3 mL 
at 40°C under stream of nitrogen. Transfer 
DCM by using disposable Pasteur pipet, in ca 0.5 
mL increments, to 2 mL screw-cap specimen vial 
and evaporate to ca 75 p L  at room temperature. 
Inject 15 p L  into gas-liquid chromatographic- 
mass spectrométrie (GLC-MS) system.

Results and Discussion
The unknown compound was tentatively 

identified in liver extracts obtained by the 
screening procedure which limits the extraction 
of Bratton-Marshall-positive compounds to 
amphoteric compounds (1). Hence, a variety of 
agricultural chemicals and drugs, and/or their 
metabolites (5), were eliminated as the possible 
source of the Bratton-Marshall-positive com­
pound in the liver extracts. In addition, the
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Table 1. Comparison of relative intensities (%) of the 10 
most abundant mass fragment ions of methylated 

unknown Bratton-Marshali-positive compound with 
authentic methyl aminobenzoate isomers *

m /z
Unknown
(10.6)0

ortho-
(10.5)

mefa-
(13.6)

para-
(15.2)

119 100.0 100.0 <1.0 <1.0
92 73.4 68.3 99.1 34.9
65 53.3 50.1 75.3 42.6

151 41.1 44.9 85.7 38.6
120 31.0 31.3 100.0 100.0

39 29.6 30.2 38.5 21.2
64 19.6 16.8 14.8 8.1
52 17.3 13.4 13.1 6.9
63 15.7 16.0 18.8 10.1
91 12.8 12.5 9.9 4.4

a Data corrected for background by data system. 
b Values in parentheses are GLC retention times (min).

unknown was present to varying degrees in 
nearly all livers subjected to the screening pro­
cedure, thus suggesting to us that the unknown 
was a naturally occurring compound. Among 
such compounds, p-aminobenzoic acid (PABA) 
has been considered a potential source of false 
positive results in the Tishler procedure for sul­
fonamides (6 ). However, our comparative TLC 
studies of the unknown with PABA revealed 3 
differences which eliminated this compound as 
the unknown: (a) R f  values were slightly dif­
ferent (PABA, 0.7; unknown, 0.6); (b) the un­
known exhibited a blue-white fluorescence 
when viewed under longwave UV light whereas 
PABA did not fluoresce; and (c) the diazotized 
PABA reacted almost immediately with NEDA 
whereas the unknown developed color slowly.

Methylation of the isolated unknown-TBAH 
ion pair with iodomethane presented the first 
evidence as to the identity of the unknown. The 
methylated compound had a grape-like odor 
which we recognized as that of the o r th o - i s o m e r  
of aminobenzoic acid (anthranilic acid). TLC 
studies on authentic o-aminobenzoic acid and 
methyl o-aminobenzoate revealed the same R f

values, and the same fluorescence and color de­
velopment characteristics with NEDA, as those 
for the unknown and its methyl ester. Based on 
this information, the unknown was tentatively 
identified as o-aminobenzoic acid.

This compound was also present in extracts 
obtained by the Tishler procedure. TLC results 
were positive on these extracts, and the identity 
of the unknown, as its methyl ester, was un­
equivocally established by GLC-MS. Table 1 
presents GLC retention times and the relative 
intensities of the 10 most abundant MS ions of 
the methylated unknown and methyl o-amino­
benzoate. The retention times and ion intensi­
ties of methyl p-ami nobenzoate and methyl m -  
aminobenzoate are presented for comparison. 
Based on TLC and GLC-MS studies, we conclude 
that the unknown is o-aminobenzoic acid, a 
naturally occurring metabolite of tryptophan in 
animal tissues.

The specific contribution of o-aminobenzoic 
acid to the results obtained by the Tishler method 
for sulfonamide residues in swine liver is not 
precisely kncwn. Our knowledge of the actual 
sampling, storage, and other conditions that 
occur before analysis in the regulatory moni­
toring program suggest that o-aminobenzoic acid 
contributes to the sulfa drug "background" level 
frequently encountered. Further investigations 
on this effect will be carried out.
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F O R  Y O U R  IN F O R M A T IO N

1 9 8 2  A O A C  W i le y  A w a r d  W in n e r  is  O d e t t e  
S h o t w e l l ,  U .S. D e p a r tm e n t  o f  A g r ic u l tu r e

Odette L. Shotwell, Research Leader, 
Mycotoxin Analytical and Chemical Research 
Unit, Northern Regional Research Center, 
Agricultural Research Service, U.S.
Department of Agriculture, Peoria, Illinois, is 
the winner of the 1982 Harvey W. Wiley 
Award. James P. Minyard, 1982 AOAC 
President, will present the award to Dr. 
Shotwell on Monday evening, October 25, at 
the AOAC 96th Annual International Meeting.

The $2500 award is given annually to a 
scientist who has made outstanding 
contributions to the development and 
validation of methods of analysis for foods, 
drugs, cosmetics, pesticides, feeds, fertilizers, 
environmental contaminants, or other related 
areas. The award was established in 1956 in 
honor of Harvey W. Wiley, "Father" of the 
1906 Pure Food and Drug Act and a founder of 
AOAC. Its primary purpose is to emphasize 
the role of the scientist in protecting the 
consumer and the quality of the environment.

Dr. Shotwell has conducted and led research 
at the National Regional Research Center for 
34 years. Since 1965, the focus of her work 
has been on mycotoxins, particularly 
aflatoxins and Fusaria toxins. Through this 
continuous research, she and her group have 
played a key role in providing, improving, and

validating analytical methodology to protect 
workers and consumers from mycotoxins and 
have produced 1 1  distinct discoveries and 
developments used in agriculture, industry, 
government, and universities.

Mycotoxins are not Dr. Shotwell's only area 
of expertise. For 12 years, she investigated the 
chemistry of antibiotics and was involved in 
the discovery and characterization of 4 -new 
antibiotics—hydroxystreptomycin, 
cinnamycin, curamycin, and azacolutin. In 
addition, as senior chemist, over a 1 0-year 
period, she supervised studies of Japanese 
beetle hemolymph in a program on 
microbiological control of the beetles by milky 
spore disease organisms. These years of 
research are documented by 138 publications 
and 87 presentations including 40 invited 
papers.

Odette Shotwell's achievements and 
expertise have not gone unrecognized. She 
received the U.S. Department of Agriculture's 
Distinguished Service Award and its 
Certificate of Merit, and has been a member or 
chairman of various regional, national, and 
international mycotoxin committees. She is a 
consultant to the Food and Drug 
Administration's Bureau of Veterinary 
Medicine, and a member of the Editorial Board 
of the Jo u rn a l o f  E n v iro n m e n ta l  S c ien ce  a n d  
H e a lth ,  P a r t B: P e s tic id e s , F ood  C o n ta m in a n ts ,  
a n d  A g r ic u ltu r a l  W a ste s .

Active in various professional organizations, 
Dr. Shotwell has been an AOAC Associate 
Referee for Mycotoxins in Grains since 1968 
and was elected a Fellow of the AOAC in 1978. 
She is a member of the American Oil 
Chemists' Society Mycotoxin Committee, 
chairman of the American Association of 
Cereal Chemists Mycotoxin Committee, a 
member of the Joint Association of Official 
Analytical Chemists/American Oil Chemists' 
Society/American Association of Cereal 
Chemists/International Union of Pure and 
Applied Chemistry Mycotoxin Committee, a 
member of the American Oil Chemists' Society 
Smalley Mycotoxin Sample Committee, 
secretary of the Regional NC-151 Committee 
"Marketing and Delivery of Quality Cereals 
and Oilseeds in Domestic and Foreign 
Markets," and chairman of an NC-151 
subcommittee.

0004-5756/82/6505-1288-05$01.00
© Association of Official Analytical Chemists, Inc.
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Dr. Shotwell holds a B.S. degree from 
Montana State University which awarded her 
their Distinguished Alumni Award in 1961. 
Her M.S. and Ph.D. degrees are from the 
University of Illinois.

Dr. Shotwell is a resident of Peoria, Illinois, 
where she is deeply involved in community 
affairs. She is active as Chairman of the 
NAACP Education Committee on the 
improvement of educational opportunities for 
minorities and underprivileged, is a 
commissioner of the Mayor's Advisory Board 
for the Handicapped, chaired the 
Informational Branch of the Peoria Human 
Relations Committee, was President of the 
Peoria Chapter of the League of Women 
Voters, and was instrumental in planning and 
fund raising for the Lakeview Center for the 
Arts and Sciences.
A O A C  to  H o ld  I ts  9 6 th  A n n u a l  I n te r n a t io n a l  
M e e t in g  O c to b e r  2 5 -2 8 ,  1 9 8 2

The Association of Official Analytical 
Chemists (AOAC) will hold its 96th Annual 
International Meeting October 25-28, at the 
Shoreham Hotel, Washington, DC.

The latest in analytical methodology in 
agricultural, environmental, and public health 
areas will be presented and discussed. The 
meeting will include the following 5 
symposia: Measurement of Water Activity in 
Foods, Tuesday, October 26; Advances in 
Nitrosamine Analysis, Tuesday, October 26; 
Chemical Analysis of Drinking Water—Trace 
Contaminants, Wednesday, October 27; Good 
Laboratory Practices, Wednesday, October 27; 
and Detection of Deliberate Adulteration of 
Foods, Thursday, October 28.

About 200 papers will be given on new 
techniques, methods and instrumentation, 
analysis of foods, drugs, pesticides, cosmetics, 
feeds, fertilizers, mycotoxins, beverages, 
colors, forensic science materials, hazardous 
substances, vitamins, water and air pollutants, 
microbiological and extraneous materials, 
contamination of foods, and related material.

October 22-24, immediately preceding the 
AOAC Meeting, the American Chemical 
Society will sponsor a short course, "Practice 
of Modern Liquid Chromatography." 
Instructors will be Dr. J. J. Kirkland of E. I. 
duPont de Nemours and Co., and Dr. Lloyd R. 
Snyder of Technicon Instrument Corp.

Evening seminar workshops will be held 
October 26th by LaChat Instruments on 
automated analysis, October 26th by Tecator,

Inc. on a topic to be decided, and October 27th 
by Technicon Industrial Systems on automated 
analysis.

For further details contact Kathleen M. 
Fominaya, AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209; telephone 703/522-3032.

1982 F ellow s o f th e AO AC
Eight scientists have been chosen to receive 

the 1982 Fellow of the AOAC awards. James
P. Minyard, AOAC President, will make the 
presentations at the opening session of the 
95th Annual International Meeting of the 
AOAC, on Monday, October 25, 1982.

The award recipients are Wallace S. 
Brammell, Food and Drug Administration, 
Washington, DC; D. Earle Coffin, Health and 
Welfare Canada, Ottawa, Ontario, Canada; 
Thomas Fazio, Food and Drug Administration, 
Washington, DC; Elmer George, Jr, New York 
Department of Agriculture and Markets, 
Albany, NY; Arthur H. Hofberg, Ciba-Geigy 
Corp., Greensboro, NC; Stanley E. Katz,
Rutgers University-Cook College, New 
Brunswick, NJ; John W. Sherbon, Cornell 
University, Ithaca, NY; and Edward Smith, 
Food and Drug Administration, Washington, 
DC.

The Fellow of the AOAC award was 
established in 1961 to recognize those persons 
giving meritorious service to the Association. 
Winners of the Award have performed notably 
for 1 0  years or more, usually as officers, 
referees, or committee members.
Nominations are made by AOAC members, 
reviewed by the Committee on the Fellows, 
and finally approved by the Board of 
Directors.

Wallace S. Brammell has a total of 4 
Associate Refereeships and 1 General 
Refereeship. At present, he is Associate 
Referee on Phosphorus in Eggs and Egg 
Products, Sodium Chloride in Vegetable 
Products, Phosphorus in Dairy Products, and 
Inorganic Salts in Colors, and is General 
Referee on Eggs and Egg Products.

D. Earle Coffin has served on 4 Committees 
and the Board of Directors. Of these, he is 
presently a member of the Board and of 
Committee C, and is Chairman of the 
Committee on the Constitution.

Thomas Fazio has served as Associate 
Referee on 2 topics in the past and is, at 
present, General Referee on Food Additives, 
Chairman of the Committee on Nitrosamines,
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and AOAC Representative to ICC Committee 
on Additives and Residues.

Elmer George, Jr, has served on a total of 3 
Committees and on the Official Methods 
Board. He is presently Chairman of the latter 
and a member of Committee D.

Arthur H. Hofberg has served as a member 
of a Committee and as Associate Referee on a 
total of 9 topics. Of the 9, he is, at present, 
Associate Referee on 7: s-Triazine Herbicides, 
Diazinon, Fluometuron, Chloroxuron, 
Chlorodimeform, Metolachlor, and Larvadex.

Stanley E. Katz has served and is presently 
serving as Associate Referee on Slow Release 
Mixed Fertilizers and on Tetracyclines in 
Tissues, as General Referee on Antibiotics, as a 
member of the Committee on State 
Participation and the Committee on 
Collaborative Studies, and as Chairman of the 
Ways and Means Committee.

John W. Sherbon has served and is, at 
present, serving as Associate Referee on the 
following 3 topics: Rapid Tests for Solids- 
Not-Fat in Dairy Products, Rapid Tests for 
Protein in Milk, and Enzymatic Determination 
of Lactose in Dairy Products.

Edward Smith has served as Associate 
Referee on 2 topics, Glutethimide, and Opium 
and Paregoric and is serving as General 
Referee on Alkaloid Drugs and as a member of 
the Committee on Collaborative Studies.
A O A C 's P r iv a te  S u s ta in in g  M e m b e r s h i p  
G r o w s

AOAC welcomes 2 new additions to the 
growing list of companies aware of the need to 
support an independent methods validation 
association. These new members are Gerber 
Products Co., Fremont, MI, and Nabisco 
Brands, Inc., Fair Lawn, NJ.
In  th e  A u th o r 's  B e s t I n te r e s t  — A n  E d ito r 's  
A d v ic e
From time to time editorials are written on the 
subject of preparation of manuscripts 
submitted for publication, and on the time that 
elapses between receipt of a paper and its 
eventual publication. Very often a great deal 
of delay can be caused by poor preparation of 
the original manuscript, especially with regard 
to the drawing of figures and the typing of 
references. If figures are badly drawn or the 
lettering on them is untidy, it is necessary to 
have them redrawn and relettered, and this 
not only takes time in the drawing office, but 
may also lead to error if the draughtsman

concerned is unable to decipher or interpret 
the original correctly. With a set of good 
quality stencils, a drawing board and a T- 
square, or alternatively a good typewriter with 
a carbon film ribbon, lettering should be no 
problem. Likewise a set of French curves or a 
flexible ruler should enable the author to 
produce acceptably smooth curved lines on 
graphs, etc. The size of letters and thickness 
of lire  to use will depend on the size of the 
drawing and the degree of reduction to be 
used. Measurement of the lettering on a 
published figure of good quality, in relation to 
the scale of the figure, should give a good idea 
of the letter size to use, and the thickness of 
the stencilled letter will indicate the line 
thickness needed for the drawing itself.

There is no excuse whatever for carelessness 
in listing references, since no skill is needed to 
copy character by character from the original. 
A conscientious editor may check not only the 
“suspicious" references, but the whole lot, and 
this can take a great deal of time, especially in 
the case of a review paper, and if some of the 
references are found to be non-existent or to 
have nothing whatever to do with the paper, 
the editor will either try to find the correct 
references to save delay in producing the 
paper, or be obliged to write to ask the author 
to do the job. In either case his faith in the 
scientific work in the paper is bound to be 
somewhat reduced, and he can scarcely be 
blamed if he feels annoyed at having to waste 
time that could be more rewardingly 
employed. The editor's duty is to protect the 
reader from false information, and at the same 
time to protect the author from having his 
carelessness made public for all to see, but he 
is entitled to expect authors not to give him 
occasion to perform this duty. He is also 
entitled to expect authors to prepare their 
references in the style used by his journal and 
not that of another journal. It is in the 
author's own interests to do this anyway, since 
a referee may well suspect that a paper has 
been already rejected by the journal that uses 
the reference style employed by the author! It 
is also important that references should be 
checked against the original journal whenever 
possible—the abstracting journals are not 
always correct in the details given. 
Furthermore, the abstracting journals (with 
the honourable exception of Z e its c h r if t  fu r  
A n a ly tis c h e  C h em ie ) omit any accents on 
authcrs' names, which is discourteous as well 
as inaccurate.
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We therefore urge all authors, whether 
contributing to this or another journal, to act 
in their own best interests by taking proper 
care in preparing their manuscripts. The 
editor will deal with any linguistic problems, 
and some editors will do their best to make 
sure the chemistry is correct as well, but 
responsibility for the figures and references 
lies primarily with the author(s).

— R e p rin te d  from  Talanta, V ol. 28, p . 1, 1981 
w ith  p e rm iss io n  o f P e rg a m o n  P ress  L td .

A O C S  A p p o i n t s  I ts  F ir s t  D ir e c to r  o f  M e th o d s  
D e v e lo p m e n t

James “Scotty" Miller has been named the 
first Director of Methods Development for the 
American Oil Chemists' Society. AOCS is a 
professional society whose members work in 
the chemistry, biochemistry, nutrition, or 
processing of fats, oils, lipids, and protein. 
Miller will coordinate the modernization and 
expansion of the AOCS Book of Official and 
Tentative Methods.

Most recently director of laboratories of the 
Research Institute of the University of 
Petroleum and Minerals at Dhahran in Saudi 
Arabia, Miller has also worked as division 
manager of laboratory services with the 
Illinois Environmental Protection Agency, as 
vice president of Trace Elements, Inc., as an 
atomic absorption specialist with Perkin- 
Elmer, as chief chemist for the state of Alaska, 
and as a chemist with Boeing Co. and E. I. 
DuPont Co.
S R M s  f o r  C i t r u s  L e a v e s  a n d  B o v in e  L iv e r  
W il l  b e  A v a i la b l e  T h is  W in te r

S R M  1 5 72  C itr u s  L e a v e s—A new botanical 
Standard Reference Material, SRM 1572 
certified for chemical composition and 
intended as a replacement for SRM 1571, 
Orchard Leaves, will soon be available. The 
botanical SRM series is useful for assessing the 
accuracy of elemental determinations in plant 
tissues, agricultural food products, and similar 
natural matrices of environmental and 
nutritional interest, and for calibrating the 
instruments used in these analyses.

The Certificate of Analysis for SRM 1572 
lists certified concentrations and their 
uncertainties for the elements calcium, 
magnesium, phosphorus, and potassium, and 
for trace elements aluminum, arsenic, barium, 
cadmium, chromium, copper, iron, lead, 
manganese, mercury, molybdenum, nickel, 
rubidium, sodium, strontium, and zinc.

Two other plant tissue SRMs are available in 
this series—SRM 1573, Tomato Leaves, and 
SRM 1575, Pine Needles. These Standard 
Reference Materials may be purchased at the 
following prices: 1571 at $49 per 10-g unit 
and 1572, 1573, or 1575 at $92 per 70-g unit, 
from the Office of Standard Reference 
Materials, Room B311, Chemistry Bldg, 
National Bureau of Standards, Washington,
DC 20234; telephone 301/921-2045.

S R M  1 5 7 7 a  B o v in e  L iv e r—Standard Reference 
Material 1577a, also available this winter, is a 
renewal of the previously issued Bovine Liver 
(SRM 1577). This animal tissue certified 
reference material was developed for use in 
validating methods for the analysis of animal 
tissues and oiher biological matrices, and for 
calibrating instruments used in these analyses. 
These methods are of importance in the food 
industry and in medical studies.

The Certificate of Analysis for SRM 1577a 
provides certified concentrations and their 
uncertainties for the following elements: 
arsenic, calcium, chlorine, cobalt, iron, 
magnesium, manganese, molybdenum, 
phosphorus, potassium, selenium, sodium, 
zinc, cadmium, lead, mercury, rubidium, 
silver, strontium, and uranium. The 
following elements are not certified, but are 
given for information only: aluminum, 
antimony, bromine, nitrogen, sulfur, and 
thallium.

SRM 1577a is a freeze-dried material 
prepared from fresh bovine liver. It may be 
purchased for $107 per unit of 50 g (3 bottles, 
each containing approx. 17 g) from the Office 
of Standard Reference Materials, Room B311, 
Chemistry Bldg, National Bureau of Standards, 
Washington, DC 20234; telephone 301 / 921- 
2045.
C r o s s  R e fe r e n c e  S e r v ic e  f o r  G a s A n a ly s i s

Scott Specialty Gases has released a new 
bulletin describing their expanded Cross 
Reference Services, a program now in its 18th 
year. Samples of unknown concentrations are 
provided to participants for analysis. Scott 
statistically evaluates the results so 
participating laboratories can measure the 
analytical accuracy they have achieved. 
Components in the gas mixtures provided 
include oxygen, sulfur dioxide, carbon 
monoxide, oxides of nitrogen, hexane, 
benzene, and other hydrocarbons. The price 
of the quarterly services ranges from $325 to 
$430 per service per year. For free bulletin,
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contact Scott Specialty Gases, Plumsteadville, 
PA 18949; 215/766-8861.
M e e t in g s

S e p te m b e r  2 3 - 2 4 ,  1982: 5th European 
Seminar on Quality Control in the 
Pharmaceutical and Cosmetic Industries— 
Administrative and Economic Problems, 
University of Geneva, Switzerland. Contact: 
Economics of Quality Control Pharma 
Cosmetic Section, c/o SAQ, PO Box 2613, CH- 
3001 Berne, Switzerland; Telex 33528 atag ch; 
telephone 031 22 03 82.

O c to b e r  12 -1 4 , 1982: Dioxin 82—3rd 
International Symposium/Workshop on 
Chlorinated Dioxins and Related Compounds, 
International Conference Centre, Salzburg, 
Austria. Contact: E. Merian, Im Kirsgarten 
22, CH—4106 Therwil, Switzerland.

O c to b e r  1 8 - 2 1 ,  1982: ISA/82 International 
Conference and Exhibit, Philadelphia Civic 
Center, Philadelphia, PA. Contact: Steve 
Settle, Instrument Society of America, 67 
Alexander Dr, Research Triangle Park, NC 
27709; 919/549-8411.

O c to b e r  2 2 - 2 3 ,  1982: 8 th Annual Meeting of 
the Northeastern Association of Forensic 
Scientists, Sheraton Airport Inn, Albany, NY. 
Contact R. C. Herrmann, State Police 
Headquarters Crime Laboratory, State Campus, 
Bldg. 22, Albany, NY 12226; 518/457-1208.

O c to b e r  2 4 - 2 8 ,  1982: American Association 
of Cereal Chemists 67th Annual Meeting, San 
Antonio, TX. Contact: AACC, 3340 Pilot 
Knob Rd, St. Paul, MN 55121; 612/454-7250.

O c to b e r  2 5 - 2 8 ,  1982: 96th AOAC Annual 
International Meeting, Shoreham Hotel, 
Washington, DC. For information, see article 
above.

D e ce m b er  6 - 8 ,  1982: Third Bi-annual 
International Thin Layer Chromatography 
Symposium, Hilton Hotel, Parsippany, NJ. 
Contact: J. C. Touchstone, Hospital 
University of Pennsylvania, Philadelphia, PA 
19104; 215/662-2081; or H. M. Stahr, 1636 
College of Veterinary Medicine, Iowa State

Univ., Ames, IA 50011; 515/294-1950.
F eb ru a ry  1 3 - 1 7 ,  1983: International 

Conference on Oils, Fats & Waxes, University 
of Auckland, Auckland, New Zealand.
Contact: S. G. Brooker, International 
Conference on Oils & Fats, Chemistry Dept, 
University of Auckland, Private Bag,
Auckland, NZ.

M a y  2 4 - 2 6 ,  1983: 37th Annual Quality 
Congress and Exposition, Boston, MA.
Contact: Holly A. Kuusinen, American 
Society for Quality Control, 230 West Wells St, 
Milwaukee, WI 53203; 414/272-8575.

June 7 - 1 0 ,  1983: 1st International 
Symposium on Drug Analysis, Free University 
of Brussels, Brussels, Belgium. Contact: C. 
Van Kerchove, Société Belge des Sciences 
Pharmaceutiques—Belgisch Genootschap voor 
Pharmaceutische Wetenschappen, rue 
Archimedesstraat 11, B-1040 Brussels, Belgium; 
telephone (02) 733 98 20 ext. 33.

J u ly  1 7 - 2 3 ,  1983: SAC 83—International 
Conference and Exhibition on Analytical 
Chemistry, the University of Edinburgh, 
Edinburgh, Scotland. Contact: P. E. 
Hutchinson, Secretary, Analytical Div., Royal 
Society of Chemistry, Burlington House, 
London, W1V OBN, UK.

Ju ly  2 7 - 3 0 ,  1983: 3rd International 
Conference on Instrumental Analysis of Foods 
and Beverages—Recent Developments in 
Chemistry and Technology, Corfu Hilton 
Hotel, Corfu, Greece. Contact: D. J. 
Mussinan, IFF R & D, 1515 Highway 36, Union 
Beach, NJ 07735; 201 /264-4500.
C o u r s e  O f f e r e d

The Rocky Mountain Center for 
Occupational and Environmental Health at the 
University of Utah, Salt Lake City, Utah, is 
offering a course entitled "Industrial Hygiene 
Chemistry (NIOSH 590)," November 15-19,
1982. Tuition is $500.00. for further 
information contact: RMCOEH, Ms K. Blosch, 
Univ. of Utah, Building 512, Salt Lake City, UT 
84112; telephone 801/581-5710.
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B O O K  R E V I E W

M odern F luorescence Spectroscopy.
V o lu m es 3 and 4. Edited by E. L. Wehry. 
Published by Plenum Press, Division of 
Plenum Publishing Corp., 233 Spring St, 
New York, NY 10013, 1981. Vol. 3: approx. 
350 pp., price $39.50, hardcover, ISBN 0- 
306-40690-X; Vol. 4: approx. 275 pp., price 
$35, hardcover, ISBN 0-306-40691-8.
These volumes are a continuation of a series 

which covers advances in fluorescence 
techniques. Each chapter is written by one or 
more authors and covers a different aspect of 
luminescence technology which is now 
commercially available as well as speculations 
on future technology. There is something of 
interest for a wide range of readers. Some 
topics will be of interest to biologists and 
others to bench analysts and those working in 
method development in industry or regulatory 
agencies. There are also theoretical chapters 
for the academician. The contributors are 
from the United States and Europe. The 
content of Volume 3 tends toward practical 
application while that of Volume 4 is more 
theoretical.

Volume 3 covers such diverse topics as 
quantitation of DNA and RNA in a single cell 
and identification of mixtures from their 
fluorescence spectrum through a 
computerized search routine. There are 
practical tips on the use of fluorescence 
detectors for both liquid and gas 
chromatographic analyses and a discussion of 
pre-column and post-column reactions to

enhance analyte fluorescence and thereby 
sensitivity. The chapter on 
fluoroimmunoassay provides an overview of 
immunoassay techniques as well as a 
comparison to radioimmunoassay. Analysis of 
complex samples through kinetic 
measurement is also covered. Where 
appropriate, each chapter includes a discussion 
of the instrumentation used by that specific 
technique.

Volume 4 discusses the newest technological 
advancements such as, the use of lasers as 
excitation sources, the development of array 
detectors to produce excitation-emission 
matrices (EEM) for three-dimensional plots 
and the use of these EEM plots to analyze 
mixtures, synchronous excitation spectroscopy 
and its applications, and identification of oil 
spills by fluorescent spectral manipulation and 
by a low-temperature technique. The reader 
needs a good background in fluorescence 
theory to understand several of the chapters in 
this volume.

Both volumes contain interesting and 
pertinent topics. Improvement in 
instrumentation has enhanced the sensitivity 
and selectivity of fluorescence spectroscopy. 
Modern fluorescence techniques offer the 
chemist greater capability in the analysis of 
multicomponent mixtures at lower levels.

El a in e  A. Bu n c h

S e a tt le  F ie ld  O ffice
F o od  a n d  D ru g  A d m in is tr a t io n
S e a tt le ,  W A  9 8 1 7 4
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N E W  P U B L I C A T I O N S

Dairy Microbiology. Volume 1 — The 
Microbiology of Milk & Volume 2 —The 
Microbiology of Milk Products. Edited by 
R. K. Robinson. Published by Applied 
Science Publishers Ltd, 22 Rippleside 
Commercial Estate, Ripple Rd, Barking,
Essex 1G11 OSA, England, 1981. Volume 1: 
x + 255 pp., 37 illus., price US $38 plus $4 
post/packing, ISBN 0-85334-948-7; Volume 
2: ix + 330 pp., 31 illus., price US $46 plus 
$4 post/packing, ISBN 0-85334-961-4.
Volume 1 contains chapters on milk and 

milk processing, microorganisms associated 
with milk, control and destruction of 
microorganisms, the microbiology of raw milk, 
market milk, dried milk powders, and 
concentrated milks.Volume 2 contains chapters on the 
microbiology of ice cream and related 
products, cream and dairy desserts, butter, 
starter cultures, cheese, and fermented milks, 
and on quality control in the dairy industry.
Reversed-Phase High-Performance Liquid 

Chrom atography— Theory, Practice, and 
Biomedical Applications. By A. M.
Krstulovic and P. R. Brown. Published by 
Wiley Professional Books-By-Mail, Dept 
0001, Somerset, N] 08873,1982. 312 pp. 
Price $35.00. ISBN 1-05369-4.
Reversed-phase liquid chromatography 

(RPLC) has increased tremendously in 
popularity over the past 10 years. This book 
covers both theoretical aspects of RPLC and 
practical information needed in diverse areas 
of research. It also contains a review of the 
RPLC applications in the biomedical/ 
biochemical fields, with references and 
collateral readings.
Recent Developments in Food Analysis — 

Proceedings of the First European 
Conference on Food Chemistry. Edited by
W. Baltes, P. B. Czedik-Eysenberg, and W. 
Pfannhauser. Published by Verlag Chemie 
International Inc., Plaza Centre, Suite E,
1020 NW 6 th St, Deerfield Beach, FL 33441,
1982. 550 pp., 192 figures, 94 tables. Price 
$61.30. Paperback. ISBN 3-527025942-2.
The lectures and posters that were presented

at the First European Congress on Food 
Chemistry (EURO FOOD CHEM I) are 
presented in this book. It provides reports on 
67 topics of current importance in food 
analysis. The methods include 
chromatography, mass spectrometry, 
electrophoresis, immunological and enzymatic 
assays, as well as procedures for the analysis of 
inorganic contaminants. Applications of 
these methods in the analysis of a variety of 
foodstuffs are described.
Analysis of Pesticides in Water. Volume 1: 

Significance, Principles, Techniques, and 
Chemistry of Pesticides. Edited by A. S. Y. 
Chau. Published by CRC Press, Inc., 2000 
NW 24th St, Boca Raton, FL 33431, 1982.
224 pp. Price $69.50 in U.S., $80 outside 
U.S. ISBN 0-8493-5210-X.
Volume 1 is a survey of the analytical 

methodology used in the analysis of 
pesticides. Essential background information 
emphasizing practical aspects of various 
methods is given. Advantages and 
disadvantages of methods are examined, and 
the experiences of the author are discussed.
Laboratory Decontamination and

Destruction of Aflatoxins Bj, B2, Gi, G2 in 
Laboratory Wastes. Edited by M. 
Castegnaro, D. C. Hunt, E. B. Sansone, P. L. 
Schuller, M. G. Siriwardana, G. M. Telling,
H. P. Van Egmond, and E. A. Walker. 
Published by the International Agency for 
Research on Cancer, 1980. Available from 
WHO Publications Centre USA, 49 Sheridan 
Ave, Albany, NY 12210. 59 pp. Price:
Sw.fr. 18.0, US $10. I ARC Scientific 
Publications No. 37.
The first of a series, this volume deals with 

laboratory decontamination and destruction of 
aflatoxins in laboratory wastes. Of the seven 
methods investigated, 4 are recommended. 
These 4 methods are described in International 
Organization for Standardization (ISO) format 
and cover disposal of stock, aqueous, and 
nonaqueous solutions, content of Petri dishes, 
animal carcasses and bedding, and 
decontamination of work surfaces, clothing, 
equipment and accidental spills. An extensive 
bibliographical review of the chemical and
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biological properties of these aflatoxins is also 
included.
M cG raw -H ill E ncyclop ed ia  o f Scien ce and  

T ech n o lo g y  — Fifth  E dition . Editor-in- 
Chief Sybil P. Parker. Published by 
McGraw-Hill Book Co., 1221 Avenue of the 
Americas, New York, NY 10020,1982. 15 
volumes, 15 000 pp. + illus. Price: $850.00. 
ISBN: 0-070079280-1.
To reflect the scientific and technical 

achievements of the 5 years since the previous 
edition was published, this edition has been 
extensively revised and updated. Entries on 
75 separate disciplines in science and 
technology examine the physical and natural 
sciences and engineering disciplines and 
discuss basic and recent theories, concepts, 
terminology, discoveries, materials, methods, 
and techniques. New material is included on 
genetic engineering, artificial intelligence, 
nuclear medicine, desertification, 
psycholinguistics, industrial robots, and 
immunoassay, as well as, video disk recording, 
metallic glasses, acoustic levitation, magnetic 
bubble memory, gluons, and computerized 
tomography.
Food P ackaging M aterials: A spects o f 

A n a lysis  and M igration  o f C ontam inants.
By. N. T. Crosby. Published by Applied 
Science Publishers Ltd, 22 Rippleside 
Commercial Estate, Ripple Rd, Barking,
Essex 1G11 OSA, England, 1981. 188 pp., 21 
illus. Price: US $28 plus $4 post/packing. 
ISBN 0-85334-926-6.

Contents: 1. Food packaging 
requirements. 2. Plastic packaging materials.
3. Determination of monomers. 4. 
Toxicological aspects. 5. International 
legislation. 6 . and 7. Migration—theoretical 
aspects and experimental determination. 8 . 
Other food contact materials.

R eactive P olym ers —Ion  Exchangers 
Sorbents. Editor-in-Chief, F. G. Helfferich. 
Published by Elsevier Scientific Publishing 
Co., PO Box 330,1000 AH, Amsterdam, The 
Netherlands. Also available from Elsevier 
North-Holland Inc., 52 Vanderbilt Ave,
New York, NY 10017. Published quarterly 
beginning July 1982. Subscription price per 
volume (4 issues): US $76/Dutch Guilders 
190.
R e a c tiv e  P o ly m e r s  is a new journal devoted to 

science and technology of polymers with 
functional groups providing chemical or 
physical reactivity. The scope extends from 
inorganic zeolites to organic resins, 
functioning as ion exchangers, selective 
sorbents, catalysts, biologically active reagents, 
etc. and their applications such as water or 
effluent treatment, separation, recovery, 
catalysis, or organic synthesis. It is for both 
the research worker and the practicing 
engineer, and its audience should include 
chemists, chemical engineers, pharmaceutical 
chemists, agricultural chemists, metallurgists, 
biochemists, biophysicists, and environmental 
engineers.
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O B I T U A R Y

E r n e s t  A . E p p s , J r
Ernest Allen Epps, Jr, a former president of 

the AOAC (1976-1977), died July 28, 1982. 
Ernie, as he was known by all, was born March 
18,1917 in Corinth, Mississippi and received 
his BS in chemistry from Louisiana 
Polytechnic Institute in 1936 and an MS in 
soils and chemistry from Louisiana State 
University in 1938. After serving as an 
instructor in Agronomy at Louisiana State 
University, a soils technologist with the US 
Bureau of Reclamation, and as a chemist with 
Bay Chemical Company and Standard Oil of 
New Jersey, he assumed the Chief Chemist 
position of the Louisiana Department of 
Agriculture and the Louisiana Agricultural 
Experiment Station in 1946, positions which 
he occupied for almost 35 years, until his 
retirement.

Ernie served as the AOAC president in 
1975-1976, after serving as President of the 
three related Control Official Societies— 
Association of American Pesticide Control 
Officials, Association of American Feed

Control Officials, and Association of American 
Fertilizer Control Officials. During his 
tenure, the AOAC held its first annual Spring 
Workshop and Training Conference and 
distributed the FDA B a cter io lo g ica l A n a ly t ic a l  
M a n u a l , 4th edition, and the EPA M a n u a l o f  
C h em ic a l M e th o d s  fo r  P e s tic id e s  a n d  D e v ic e s . He 
served the AOAC as General Referee on Feeds 
for over 15 years and published more than 25 
papers on agricultural subjects, many in the 
AOAC Jou rn al.

Although Ernie used automated 
instruments, in his Presidential address he 
pointed out that most automated methods are 
merely automated finishes. He stated that 
with all his instruments and computers, the 
laboratory was not doing more work or better 
work, and that the chemist was still the 
important feature of the analytical laboratory. 
Ernie, as the State Chemist of Louisiana, 
continued the important contributions made 
to the AOAC by the chemical laboratories and 
experiment stations of the states.

W illiam  H orw itz



I N S T R U C T I O N S  T O  A U T H O R S
S c o p e  o f  A r t i c le s

T h e  Jo u rn a l o f th e  A O A C  w ill p u b lish  a r tic le s  th a t 
p re se n t, w ith in  th e  fie ld s  o f in te re s t o f th e  A ssocia tion  
(a ) u n p u b lish e d  o rig in al research ; (b ) n ew  m ethods; (c) 
fu r th e r  s tu d ie s  o f p re v io u s ly  p u b lish e d  m e th o d s ; (d ) 

b a c k g ro u n d  w o rk  le ad in g  to d e v e lo p m e n t o f m etho d s; 
(r) co m p ila tio n s  o f a u th e n tic  d a ta ; (/) te ch n ica l co m ­
m u n ic a tio n s , c a u tio n a ry  n o tes , a n d  co m m e n ts  on  
tech n iqu es, appara tus, an d  reagen ts; (y ) in v ited  review s 
o f m e th o d o lo g y  in  specia l fie ld s . A ll a rtic le s  are  re ­
v iew ed  for scientific  co n ten t an d  ap p ro pria ten ess  to the 
jo u rn a l.

P r e p a r a t io n  o f  M a n u s c r ip t
A u th o rs  a re  re q u ire d  to su b m it th re e  co p ies  o f th e  

co m p le te  m an u sc r ip t, in c lu d in g  a ll tab les  a n d  a ll i l­
lu s tra tio n s . T h e  m a n u sc r ip t is to  be ty p e w ri t te n  on  
o n e  s id e  o n ly  o f w h i te  b o n d  p a p e r, 8 V2 X 11 in ch es , 
w ith  m in im u m  p ag e  m a rg in s  o f 1 in ch , a n d  m u st be 
double-spaced th ro u g h o u t ( in c lu d in g  title , a u th o rs ' 
n am es a n d  ad d resses, fo o tn o tes, tables, re fe ren ces, an d  
c a p tio n s  fo r il lu s tra tio n s , as w e ll as th e  tex t itself). 
T ab les a re  to  b e  ty p e d  on  sep a ra te  sh e e ts , not in te r ­
sp e rse d  th ro u g h  th e  m an u sc rip t. D ra w in g s  a n d  p h o ­
to g ra p h s  s h o u ld  b e  m o u n te d  ap a rt from  th e  tex t or 
s u b m itte d  as s e p a ra te  item s, not in te rs p e rs e d  th ro u g h  
th e  text.
S t y l e  a n d  F o rm a t

T he tex t sh o u ld  b e  w ri t te n  in  c lear, concise , g ra m ­
m atica l E n g lish . U n u su a l a b b re v ia tio n s  s h o u ld  be 
em p lo y e d  as li ttle  as p o ssib le  a n d  m u st a lw ay s be d e ­
f in e d  th e  firs t tim e th e y  ap p e a r. -T itles o f a rtic le s  
sh o u ld  b e  specific  a n d  d e sc rip tiv e . Full firs t n am es, 
m id d le  in itia l (if any ), an d  last n am es of au th o rs  sh o u ld  
be g iv en . T he ad d ress  o f th e  in stitu tio n  (in c lu d in g  zip  
code) from  w h ic h  th e  p a p e r  is s u b m itte d  sh o u ld  be 
g iv e n  a n d  s h o u ld  be in  a fo rm  to  w h ic h  in q u irie s , 
p ro o fs, a n d  re q u e s ts  fo r re p r in ts  can  b e  sen t. In fo r­
m atio n  su p p lem e n tin g  th e  title  an d  au th o rs ' n am es an d  
ad d resse s  s h o u ld  b e  g iv e n  in  fo o tn o te  fo rm .

M e th o d s , R esu lts  a n d /o r  D iscussion , A c k n o w le d g ­
m en ts , a n d  R eco m m en d atio n s  (app licab le  to re p o rts  of 
G en era l an d  A ssociate R eferees) sh o u ld  be p laced  in 
sep ara te  sectio ns  u n d e r  a p p ro p ria te  h ea d in g s  ty p ed  in 
c a p ita ls  a n d  lo w e r case le tte rs , c e n te re d  on  th e  p age, 
not u n d e rsc o re d .

Abstracts: Each m an u sc rip t sh o u ld  be acco m p an ied  
by  a co n c ise  ab s tra c t (n o t m o re  th a n  200 w o rd s). T he 
ab s tra c t s h o u ld  p ro v id e  specific  in fo rm a tio n  ra th e r  
th a n  g e n e ra liz e d  s ta tem en ts .

In troduction : Each artic le  sh o u ld  in c lu d e  a sta tem en t 
on  w h y  th e  w o rk  w as d o n e , th e  p re v io u s  w o rk  d o n e , 
a n d  th e  use o f th e  c o m p o u n d  b e in g  s tu d ie d .

M ethods: M eth od s sh o u ld  b e  w ritte n  in  im p era tiv e  
s ty le , i.e., "A d d  10 m L . . . H ea t to  b o ilin g  . . . R ead in  • 
s p e c tro p h o to m e te r ."  S pecia l re a g e n ts  a n d  ap p a ra tu s  
sh o u ld  b e  sep a ra te d  from  th e  d e ta ils  o f th e  p ro c e d u re  
a n d  p lac ed  in  sec tio n s  w ith  a p p ro p r ia te  h ea d in g s ;

h o w e v e r, co m m o n  re a g e n ts  a n d  a p p a ra tu s  (e g., c o n ­
ce n tra te d  HC1, ch lo ro fo rm , o rd in a ry  g lassw are , ovens, 
etc.), o r  th o se  w h ic h  re q u ire  no  specia l p re p a ra t io n  o r 
a ssem bly , n ee d  n o t b e  lis ted  sep a ra te ly . H a z a rd o u s  
a n d /o r  ca rc in o g en ic  ch em ica ls  sh o u ld  b e  n o te d . T he  
s tep s  o f th e  p ro c e d u re  sh o u ld  n o t b e  n u m b e re d , b u t 
sh o u ld  b e  g ro u p e d  to g e th e r to fo rm  a log ical seq uence  
o f tw o , th re e , o r  fo u r  o p e ra tio n s . A n y  v e ry  lo n g , d e ­
ta iled  o p e ra tio n  can  b e  g iv en  in  a sep a ra te  sectio n  w ith  
an  a p p ro p r ia te  h e a d in g  (e.g., P re p a ra tio n  o f Sam ple; 
E x trac tion  a n d  C le an u p ; P re p a ra tio n  o f S ta n d ard  
C urve ). A n y  n ecessary  ca lc u la tio n s  sh o u ld  b e  in ­
c lu d e d . C are s h o u ld  b e  ta k e n  th a t th e  n u m b e r  o f s ig ­
n if ic a n t fig u re s  tru ly  re flec ts  th e  accu racy  o f th e  
m e th o d . E quations sh o u ld  be ty p ed  in  o n e -lin e  form . 
W h e re v e r  p o ssib le , m e tric  u n its  s h o u ld  b e  u se d  fo r 
m e a su re m e n ts  o r q u a n titie s .

Tables: A ll tab les  m u s t b e  c ited  in  th e  tex t c o n se cu ­
tiv e ly . T ab les a re  n u m b e re d  by a rab ic  n u m b e rs , a n d  
ev e ry  ta b le  m u st h av e  a d e sc rip tiv e  title , su ff ic ie n t so 
th a t  th e  tab le  can  s ta n d  by  itse lf  w ith o u t re fe re n c e  to 
th e  text. T h is  ti tle  s h o u ld  b e  ty p e d  in  lo w e r case le t­
te rs , not cap ita ls , w ith  th e  ex c ep tio n  o f th e  w o rd  
"T a b le "  a n d  th e  firs t w o rd  o f th e  d e sc r ip tiv e  p o r tio n  
o f th e  title , o f w h ic h  th e  firs t le t te r  is ca p ita lized . 
E very  v ertic a l c o lu m n  in  th e  ta b le  s h o u ld  h av e  a 
h e a d in g ; a b b re v ia tio n s  m ay b e  u sed  free ly  in  th e  
h e a d in g s  to  save space, b u t sh o u ld  b e  s e lf -e v id e n t o r 
m u st b e  ex p la in ed  in  foo tno tes. F oo tn o tes  to  b o th  th e  
h e a d in g s  a n d  th e  b o d y  o f th e  ta b le  a re  in d ic a te d  by 
lo w e r case le tte rs  in  a lp h ab e tic a l o rd e r; th ese  le tte rs  
sh o u ld  be u n c e rsc o re d  a n d  ra ised  ab o v e  th e  lin e  of 
ty p e . H o riz o n ta l ru le s  s h o u ld  b e  u sed  sp a rin g ly ; 
h o w e v e r, th e y  a re  u sed  to b o u n d  th e  ta b le  a t to p  a n d  
b o tto m  a n d  tc d iv id e  th e  h ea d s  from  th e  co lu m n s. 
A u th o rs  sh o u ld  re fe r to  re ce n t issues o f th e  Jo u rn a l fo r 
ac cep tab le  fo rm a t o f tab les; tab les  s h o u ld  n o t exceed  
th e  n o rm a l p ag e  w id th  o f th e  Jo u rn a l, a n d  a u th o rs  
s h o u ld  a t te m p t to  re v ise  o r re a r ra n g e  d ata  to  fit th is  
p a tte rn .

Illu s tra tio n s : I llu s tra tio n s , o r  fig u re s , m ay be su b ­
m itte d  as o r ig in a l d ra w in g s  o r p h o to g ra p h s ; p h o to ­
cop ies a re  accep tab le fo r th e  tw o  re v iew  cop ies b u t n o t 
fo r th e  p r in te r  s copy. A ll figu res  m u st b e  cited  in  th e  
tex t co n se cu tiv e ly . F ig u res  a re  n u m b e re d  by arab ic 
n u m b e rs , a n d  all f ig u re s  m u st be ac co m p an ied  by d e ­
sc rip tiv e  ca p tio n s , ty p e d  on  o n e  (o r m o re) sep ara te  
sh e e ts , not o n  th e  f ig u re  itse lf. T he fig u re  sh o u ld  be 
id e n tif ie d  by  n u m b e r  on  th e  back by a soft p e n c il o r 
(p re fe rab ly ) a g u m m e d  label.

D raw in g s  sh o u ld  be su b m itted  e i th e r  as th e  o rig in a l 
d ra w in g  o r a g o o d  g lossy  p h o to g ra p h ; p h o to co p ies , 
m u lti lith s , V erifax  co p ies, Xerox co p ies , etc. a re  not 
accep tab le . D ra w in g s  s h o u ld  b e  d o n e  in  b lack  In d ia  
in k  (o rd in a ry  o lu e  o r b lu e-b lack  in k  is n o t accep tab le ) 
o r w ith  d ra f tin g  tape  on w h ite  trac in g  p a p e r o r trac ing  
c lo th  o r o n  " fa d e -o u t"  g ra p h  p a p e r  (o rd in a ry  g ra p h  
p a p e r  ru le d  w ith  g re e n  o r d a rk  b lu e  in k  is n o t a c ce p t­
ab le). L e tte rin g  sh o u ld  be d o n e  w ith  a L eroy le tte rin g  
set, p ress-on  le tte rin g , o r a s im ila r dev ice ; fre e h a n d  o r



ty p e w ri t te n  le tte r in g  is n o t accep tab le . V alues fo r 
o rd in a te  a n d  abscissa s h o u ld  be g iv e n , w ith  p ro p e r  
id e n tif ic a tio n  c o n fo rm in g  to jo u rn a l s ty le  (exam ple: 
w a v e le n g th , n m ), a t th e  sides  an d  bo tto m  o f th e  figure . 
L e tte r in g  o r n u m b e r in g  on  th e  face o f th e  f ig u re  itse lf 
s h o u ld  b e  k e p t a t a m in im u m ; su p p le m e n ta ry  in fo r­
m atio n  sh o u ld  b e  g iv en  in  th e  cap tio n . Several cu rves 
on  th e  sam e fig u re  sh o u ld  be id e n tif ie d  by  s im p le  
sym b o ls, su ch  as le tte rs  o r n u m b e rs , a n d  th e  p ro p e r  
id e n tif ic a tio n  o r e x p lan a tio n  g iv e n  in  th e  cap tio n . 
L e tte rs  a n d  n u m b e rs  sh o u ld  b e  la rg e  e n o u g h  to allo w  
redu c tio n  to  jou rnal page o r co lum n  size. JA O A C  does 
n o t p u b lish  s tra ig h t lin e  c a lib ra tio n  cu rv es ; th is  in ­
fo rm a tio n  can  b e  s ta ted  in  th e  text. T he sam e d ata  
s h o u ld  n o t b e  p re se n te d  in  b o th  tab les  a n d  figu res.

Footnotes: F o o tn o tes  a re  a d is tra c tio n  to th e  re a d e r  
a n d  sh o u ld  be k e p t to  a m in im u m . F o o tn o tes  to  th e  
text a re  id en tif ie d  by arab ic  n u m b ers  set ab o ve th e  line  
o f ty p e  (n o t a s te risk s  o r s im ila r sym bols). Each fo o t­
n o te  m u st b e  in d ic a te d  by its n u m b e r  w ith in  th e  
text.

Acknowledgm ents: E ssential c red its  m ay be in c lu d ed  
at th e  e n d  o f th e  text b u t sh o u ld  b e  k ep t to a m in im u m , 
o m itt in g  social a n d  academ ic  title s . In fo rm a tio n  on 
m e e tin g  p re se n ta tio n , fin a n c ia l assistan ce , a n d  d is ­
claim ers sh o u ld  b e  u n n u m b e re d  fo o tn o tes  an d  ap p ea r 
a f te r  th e  References section .

References: R eferences to  p rev io u sly  p u b lish ed  w ork 
sh o u ld  be co llec ted  at th e  e n d  o f th e  a r tic le  u n d e r  th e  
h ea d in g  "R eferences." Each item  in th e  list is p receded  
by  an  a rab ic  n u m b e r  in  p a re n th e se s . E very  re fe re n c e  
m u st be cited  som ew h ere  in  th e  text in  n um erical o rd er 
(ra th e r th a n  a lph ab e tica l o r ch ro n o log ical). (N ote: If 
an  a r tic le  co n ta in s  o n ly  o n e  re fe ren ce , th is  re fe re n c e  
m ay b e  in se rted  d irec tly  in  th e  text, ra th e r  th an  p laced  
at th e  e n d .)  It is th e  a u th o r 's  re sp o n s ib ili ty  to  v erify  
all in fo rm a tio n  g iv en  in  th e  re fe ren ces.

R eferences  to  jo u rn a l a rtic le s  m u st in c lu d e  th e  fo l­
lo w in g  in fo rm ation : last n am es an d  at least o n e  in itial 
o f a ll a u th o rs  (not ju st th e  s e n io r  au th o r) ; y e a r o f p u b ­
lica tio n , en c lo sed  in  p a re n th e se s ; t i tle  o f jo u rn a l, ab ­
b rev ia ted  acco rd ing  to accepted  Chemical Abstracts style; 
v o lu m e  n u m b e r ; n u m b e rs  o f firs t a n d  last pages. 
R eferen ces  to  books, b u l le t in s , p a m p h le ts , etc. m u st 
in c lu d e  th e  fo llo w in g  in fo rm a tio n : la st n am es  an d  
in it ia ls  o f a u th o rs  o r e d ito rs ; y e a r o f p u b lic a tio n , e n ­
c losed  in  p a re n th e se s ; fu ll ti tle  o f book; v o lu m e  n u m ­
b e r  o r e d it io n  (u n less  it is th e  firs t e d itio n ); p u b lish e r ; 
c ity  o f p u b lic a tio n ; n u m b e rs  o f p e r t in e n t  p ag es , c h a p ­
ter, o r sectio n  C ita tion  to p riv a te  co m m u n ica tio n s  o r 
u n p u b lish e d  d ata  sh o u ld  b e  in c lu d e d  in  th e  text, not in  
th e  list o f re fe ren ce s , in  th e  fo llo w in g  form : a u th o r 's  
n am e a n d  a ffilia tio n , a n d  y ear.

T h e  a b b re v ia tio n  fo r th e  jo u rn a l ti tle  s h o u ld  b e  re ­
p e a te d  fo r each  re fe ren ce ; do  n o t use ibid. This Journal 

w ill be re fe rre d  to as J. Assoc. O ff. A n a l. Chem.

T he c o m p e n d iu m  o f m e th o d s  o f th e  A ssoc ia tio n  
s h o u ld  be listed  as fo llow s: O ffic ia l M e thods o f A na lys is  

(198C) 13th Ed., A O A C , A rlin g to n , VA, w ith  a p p ro ­
p ria te  sec tio n  n u m b ers ; th e  e d it io n  a n d  y e a r are , of 
co u rse , sub ject to  ch a n g e .
Symbols and A bbreviations

k g k ilo g ram (s)
g g ram (s)
m g m illig ram (s)
Mg m icrogram (s)
n g n an o g ram (s)
L liter(s)
mL m illilite r(s )
ML m icro lite r(s)
m m eter(s)
cm ce n tim e te r(s )
m m m illim e ter(s )
fun m ic ro m ete r(s) (not m icro n)
n m n a n o m e te r(s )  (not m illim ic ro n )
A am p ere(s)
V volt(s)
dc d ire c t c u rre n t
ft foo t (feet)
in . in ch (es)
cu. i r . cub ic in ch (es)
gal. g allon (s)
lb p o u n d (s)
oz ounce(s)
p pm p arts  p e r  m illio n
p p b p arts  p e r  b illio n
psi p o u n d s  p e r  sq u a re  in ch
s p g r specific  g rav ity
bp b o ilin g  p o in t
m p m e ltin g  p o in t
id in s id e  d ia m e te r
od o u ts id e  d ia m e te r
h h o u r(s)
m in m in u te (s)
s second(s)
% p erc en t
Ï s ta n d a rd  ta p e r
N n o rm al
M m o lar
m M m illim o la r

(N ote: S p e c tro p h o to m e tric  n o m e n c la tu re  s h o u ld  
fo llo w  th e  ru le s  co n ta in e d  in  O ffic ia l M e th o ds o f A n a l­

ysis, " D e fin it io n s  o f T erm s a n d  E x p lan a to ry  N o tes .")
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3 n  O ll is  3 S S u e

1 2 3 5  S y m p o s iu m  o n  C o m p u te r s  in  t h e  
L a b o ra to r y

1 0 6 6  A lc o h o lic  B e v e r a g e s
1 1 6 8  A n tib io tic s
1 0 8 0  C o lo r  A d d itiv e s
1 0 5 4  D ru g s
1 0 4 4  D ru g s  in  F e e d s
1 0 8 6  E x t r a n e o u s  M a te r ia ls
1 0 7 3  F e e d s
1 1 6 2  F o o d  A d d itiv e s
1 1 4 0  M e ta ls  a n d  O th e r  E le m e n t s
1 1 2 9  M ic ro b io lo g ic a l M e th o d s
1 0 9 7  P e s t i c id e  R e s id u e s
1 1 5 0  P la n ts
1 0 3 9  R a d io a c tiv i ty
1 1 5 5  S te r ili ty  T e s tin g
1 2 8 3  T e c h n ic a l  C o m m u n ic a t io n s
1 2 1 5  V ita m in s  a n d  O th e r  N u tr ie n ts

1 2 9 3  B o o k  R e v ie w s  
1 2 8 8  F o r  Y o u r  In fo rm a tio n
1 2 9 4  N e w  P u b l ic a t io n s
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