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

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

Do you realize how much lower-purity HPLC solvents might be costing you? Consider the frequent consequences.
4 The cosf to repeat separation procedures 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 requires additional chromatographs to perform the same 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 particles — this can increase costs from $200-800.4 The cost of isolating residue from preparative peaks — this may cause additional intermediary separations to remove unwanted contaminants.4 The cost of maintaining an additional inventory of several “grades” of purity (HPLC, GC, Spectro, etc.) — the quality of high purity solvents deteriorates while on a shelf.4 The 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,"»hep it comes to cost and performance, 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 currently using lower purity HPLC solvents, try the highest purity solvents — B&J Brand. You’ll notice the difference right away.Then do this. Figure out your cost- benefit equation for HPLC chromatography. 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 conveniently order B&J Brand Solvents from a distributor near you.
Avoid the hidden costs. Switch to B&J Brand High Purity Solvents.

■T> BURDICK&• |g l . JACKSON
LABORATORIES, INC.1953 South Harvey Street, Muskegon, Michigan U.S.A. 49442 (616) 726-3171
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O f f i c ia l  M e t h o d s  o f  A n a l y s i s ,  often referred to as "the bible" by its users, provides research and regulatory chemists and other scientists with reliable methods of analysis for determining the composition of commodities subject to legal control. The reliability of each method adopted by AO AC has been demonstrated by an interlaboratory collaborative study, showing its reproducibility in the hands of professional analysts.
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For the specialist and non-specialist working 
with analytical methods, our new monthly 
journal — I rHC — is essential reading.

Easy to read...
no jargon, no highly-specialised terminology

Informative yet informal...
brings you not only purely scientific reviews, but also regular information about the broad
er implications of analytical chemistry — both 
practical and theoretical aspects — plus top
ical news items from all over the world.

Affordable...
if you need to keep up with current trends 
and future perspectives in analytical chemis
try, you can’t afford to miss IRnC

L o o k  a t  w h a t  y o u ’v e  
m i s s e d  i f  y o u  h a v e n ’t  
s e e n  In VIC
•  GC-MS in diagnosis of human metabolic diseases, 

by E. Jellum.
•  Clinical analysis oflipids using microbial enzymes, by 

T. Uwakima and 0 . Terada
•  Analytical chemistry as an information science, by

B. Kowalski
•  Fluorescence methods for studying speciation of pollutants in water, by W. R ud o lf  
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•  Characterization of individual airborne particles - methods used and their limitations, by M. Grasser- 
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•  The limitations of radioimmunoassay. by R. Yalow
•  Solid surface sample handling techniques in organic trace analysis, by R. W. Frei and  

V.A. Th. Brinkman
•  The Analytical Division of IUPAC, by T.S. West

... and many more

Don’t despair -  subscribe 
now! and keep up-to-date with what others are doing in the fields of
•  analytical chemistry•  clinical and biochemistry•  toxicology•  environmental research•  geology

t r e n d s  in  a n a l y t i c a l  c h e m i s t r y

t Please enter my subscription to the: ACT NOW!
□  Personal Monthly Edition (12 issues) from ______________ (month).

( P e r s o n a l s u b s c r ip t io n s  m u s t  be  a c c o m p a n ie d  b y  a  c h e q u e  o r  p a y m e n t  
a d v ic e ) . US S42.50; UK £20.00; Europe 91.50 Dutch guilders; Japan 
Yen 12400; elsewhere 95.50 Dutch guilders

□  Library Edition Vol. 1,1981/82 (16 issues plus compendium volume 
containing all review articles and indexed.for easy retrieval) and 
send invoice for US S104.00/260 Dutch guilders

□  Please send a free sample copy o f TrAC
Name_
Address

If you're still not convinced, ask fora free sample copy of Zip/Post Code

Send to:

ELSEVIER I
P.O. Box 330,
1C00 AH Amsterdam, 
The Netherlands
Tel.: (20) 5803-450

52 Vanderbilt Ave„ 
New York, NY 10017,
U.S.A.
Tel.:(212)867-9040 72
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N e w b u r g e r ’s  M a n u a l  o f

C o s m e t i c  A n a l y s i s
• Chapters on analytical techniques: gas chromatography, other chromatographic techniques, and spectroscopy
• Chapters on analysis of creams and lotions, lipsticks, nail lacquers and extenders, hair fixatives and dyes, cold wave solutions and neutralizers, antiperspirants and deodorants, sunscreens
• Chapters on cosmetic microbiology, colors, perfumes and fragrances, preservatives, and toothpastes

2nd Edition — 1977 
$13.00 + $2.00 book post & handling in U.S.A., $13.00 + $3.00 outside U.S.A.

ASSOCIATION OF 
OFFICIAL ANALYTICAL 
CHEMISTS
1111 N. 19th St., Suite 210-J 
Arlington, VA 22209



When you need a reliable source of reguL information about ingredients, consult the FOOD CHEMICAL NEWS GUIDE
to, /  . Z- , . ' U . S''

1. Direct and indirect food, additives 1
2. Substances generally recognised as safe
3. Prior sanctioned substances
4. Additives proposed for clearance by petitions
5. Ing^dients listed for p i! in meaflitnd _.ji , j

:> : pouffiy products by U K A  v
6 . Compounds included in lists recognized by

BATF for use in alcoholic beverages |
:::7i Pesticide tolerance« for processed foods . - -1
' andrieeds " to
8 . Substances specifically banned from 

use in food by FDA
;9. Su^ancee exempted ftpai tolerances as .. . j

inert ingredients in pesticide' i|j 
'̂ '-"S l̂ormulations 

* --¿¿Sfe. 10. Color additives
5? ^ , l o t  foods,

. .drugs and -M
~~to ^ * * '* e 4.. /cosmetics—  <

?/. ^*S- /cleared,
'  / / ' '  '***»». ■to’®5*’' /Suovisionally

' /tisted or petitionetf|

Complete in one volume 30-day approval guarantee Includes weekly update service * 1101
Published by FOOD CHEMICAL NEWS1101 Pennsylvania Ave., S.E.Washington, D.C. 20003
□  YES, send me the FOOD CHEMICAL NEWS GUIDE, including one full year of weekly update service for $355.*

□  Bill me. □  Check enclosed.

Name__________________________ Title___________________
Organization___________________________________________
Address ______________________________________________
City___________________________ State________________ Zip.

w ‘Postal charge additional for foreign subscriptions.
For more information, call our Circulation Manager at (202) 5 4 4 -1 9 8 0 . 1



Preston Publications offers 
two technical 

journals 
for the 

analytical 
chemist...

Journal of
CHROMATOGRAPHIC SCIENCE

The Journal of Chromatographic Science is an international scientific publication published monthly for the purpose of presenting the latest technical information concerning the practice of chromatography in all its varied forms. Every month JCS features articles describing recent advances in chromatographic techniques and applications. In addition to its featured editorial content, JCS regularly publishes announcements of new products and new literature, meetings and short courses, programs, book reviews and “news" items.A new feature, “A Forum for Chromatographers” serves as an open invitation for analysts in the field to discuss problems they might be having in their labs. Readers’ questions are forwarded to experts in the field for answers and discussions. Special issues are planned each year in order to update and provide a reference source for information in specific areas of the chromatographic field.
To order your subscription, please fill out the coupon below:
I want to subscribe to:□  Journal of Chromatographic Science □  Journal of Analytical Toxicology(1 yr. $62.00) (1 yr. $67.00)□  Both Journals (1 yr. $127.00)□  Check enclosed. □  Please bill me.□  Please bill my credit card: □  VISA □  MASTERCARD

Card # ______________________
Expiration date _________________ ______________________

( S ig n a t u r e )

Journal of
ANALYTICAL TOXICOLOGY

The Journal of Analytical Toxicology, a bimonthly, publishes original manuscripts, review articles and short communications relating to the Isolation, identification and quantitation of potentially toxic substances and their biotransformation products In specimens of human, animal or environmental origin. Articles on the monitoring of therapeutic drugs, environmental and Industrial contaminants, clinical reports of poisonings (with analytical data), the development of analytical techniques, and the results of forensic toxicologic investigations are included. JAT has new products, new literature, book reviews and meetings and short courses listings to keep the reader current.

Name _____________________________________ —*-----------
Address __________________ -__________________________
City_________________ State_________________ Zip_______

Preston Publications Inc. • P.O. Box 48312 • Niles, IL 60648
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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 l e s

The Journal of the AOAC will publish articles that present within the fields of interest of the Association 
(a) unpublished original research; (b) new methods; (c) further studies of previously published methods; (d) background work leading to development of methods; (c) compilations of authentic data; (/) technical communications, cautionary notes, and comments on techniques, apparatus, and reagents; (y) invited reviews of methodology in special fields. All articles are reviewed for scientific content and appropriateness to the journal.
P r é p a r a t i o n  o f  M a r t u s c r i p t
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Methods: Methods should be written in imperative style, i.e., "Add 10 mL . . . Heat to boiling . . . Read in spectrophotometer." Special reagents and apparatus should be separated from the details of the procedure and placed in sections with appropriate headings;

however, common reagents and apparatus (e.g., concentrated HC1, chloroform, ordinary glassware, ovens, etc.), or those which require no special preparation or assembly, need not be listed separately. Hazardous and/or carcinogenic chemicals should be noted. The steps of the procedure should not be numbered, but should be grouped together to form a logical sequence of two, three, or four operations. Any very long, detailed operation can be given in a separate section with an appropriate heading (e.g., Preparation of Sample; Extraction and Cleanup; Preparation of Standard Curve). Any necessary calculations should be included. Care should be taken that the number of significant figures truly reflects the accuracy of the method. Equations should be typed in one-line form. Wherever possible, metric units should be used for measurements or quantities.
Tables: All tables must be cited in the text consecutively. Tables are numbered by arabic numbers, and every table must have a descriptive title, sufficient so that the table can stand by itself without reference to the text. This title should be typed in lower case letters, not capitals, with the exception of the word "Table" and the first word of the descriptive portion of the title, of which the first letter is capitalized. Every vertical column in the table should have a heading; abbreviations may be used freely in the headings to save space, but should be self-evident or must be explained in footnotes. Footnotes to both the headings and the body of the table are indicated by lower case letters in alphabetical order; these letters should be underscored and raised above the line of type. Horizontal rules should be used sparingly; however, they are used to bound the table at top and bottom and to divide the heads from the columns. Authors should refer to recent issues of the Journal for acceptable format of tables; tables should not exceed the normal page width of the Journal, and authors should attempt to revise or rearrange data to fit this pattern.
Illustrations: Illustrations, or figures, may be submitted as original drawings or photographs; photocopies are acceptable for the two review copies but not for the printer's copy. All figures must be cited in the text consecutively. Figures are numbered by arabic numbers, and all figures must be accompanied by descriptive captions, typed on one (or more) separate sheets, not on the figure itself. The figure should be identified by number on the back by a soft pencil or (preferably) a gummed label.Drawings should be submitted either as the original drawing or a good glossy photograph; photocopies, multiliths, Verifax copies, Xerox copies, etc. are not acceptable. Drawings should be done in black India ink (ordinary blue or blue-black ink is not acceptable) or with drafting tape on white tracing paper or tracing cloth or on "fade-out" graph paper (ordinary graph paper ruled with green or dark blue ink is not acceptable). Lettering should be done with a Leroy lettering set, press-on lettering, or a similar device; freehand or



typewritten lettering is not acceptable. Values for 
ordinate and abscissa should be given, with proper 
identification conforming to journal style (example: 
wavelength, nm), at the sides and bottom of the figure. 
Lettering or numbering on the face of the figure itself 
should be kept at a minimum; supplementary infor
mation should be given in the caption. Several curves 
on the same figure should be identified by simple 
symbols, such as letters or numbers, and the proper 
identification or explanation given in the caption. 
Letters and numbers should be large enough to allow 
reduction to journal page or column size. JAOAC does 
not publish straight line calibration curves; this in
formation can be stated in the text. The same data 
should not be presented in both tables and figures.

Footnotes: Footnotes are a distraction to the reader 
and should be kept to a minimum. Footnotes to the 
text are identified by arabic numbers set above the line 
of type (not asterisks or similar symbols). Each foot
note must be indicated by its number within the 
text.

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

References: References to previously published work 
should be collected at the end of the article under the 
heading "References." Each item in the list is preceded 
by an arabic number in parentheses. Every reference 
must be cited somewhere in the text in numerical order 
(rather than alphabetical or chronological). (Note: If 
an article contains only one reference, this reference 
may be inserted directly in the text, rather than placed 
at the end.) It is the author's responsibility to verify 
all information given in the references.

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

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

The compendium of methods of the Association 
should be listed as follows: Official Methods of Analysis 
(1980) 13th Ed., AOAC, Arlington, VA, with appro
priate section numbers; the edition and year are, of 
course, subject to change.
Symbols and Abbreviations 
kg kilogram(s)
g gram(s)
mg milligram(s)
fig  microgram(s)
ng nanogram(s)
L liter(s)
mL milliliter(s)
fiL  microliter(s)
m meter(s)
cm centimeter(s)
mm millimeter(s)
fim  micrometer(s) (not micron)
nm nanometer(s) (not millimicron)
A ampere(s)
V volt(s)
dc direct current
ft foot (feet)
in. inch(es)
cu. in. cubic inch(es)
gal. gallon(s)
lb pound(s)
oz ounce(s)
ppm parts per million
ppb parts per billion
psi pounds per square inch
sp gr specific gravity
bp boiling point
mp melting point
id inside diameter
od outside diameter
h hour(s)
min minute(s)
s second(s)
% percent
T standard taper
N normal
M molar
mM millimolar

(Note: Spectrophotometric nomenclature should
follow the rules contained in Official Methods of A nal
ysis, "Definitions of Terms and Explanatory Notes.")

Rev. 1/81



P a r t ic ip a t io n  in  th e  C o p y r ig h t  C le a ra n c e  C e n te r  ( C C C )  
a s s u re s  y o u  o f  le g a l p h o to c o p y in g  a t  th e  m o m e n t  o f  n e e d .

L i b r a r i e s  e v e r y w h e r e  h a v e  f o u n d  t h e  e a s y  w a y  t o  f i l l  

p h o t o c o p y  r e q u e s t s  l e g a l l y  a n d  i n s t a n t l y ,  w i t h o u t  t h e  

n e e d  t o  s e e k  p e r m i s s i o n s ,  f r o m  m o r e  t h a n  3 0 0 0  k e y  

p u b l i c a t i o n s  in  b u s i n e s s ,  s c i e n c e ,  h u m a n i t i e s ,  a n d  s o c i a l  

s c i e n c e .  Y o u  c a n :

F i l l  r e q u e s ts  f o r  m u l t ip le  c o p ie s ,  in t e r l i b r a r y  lo a n  ( b e y o n d  
th e  C O N T U  g u id e l in e s ) ,  a n d  re s e rv e  d e s k  w i th o u t  fe a r  o f  
c o p y r ig h t  in f r in g e m e n t .

S u p p l y  c o p i e s  f r o m  C C C - r e g i s t e r e d  p u b l i c a t i o n s  s i m p l y  

a n d  e a s i l y .

T h e  C o p y r i g h t  C l e a r a n c e  C e n t e r  i s  y o u r  o n e - s t o p  p l a c e  

f o r  o n - t h e - s p o t  c l e a r a n c e  t o  p h o t o c o p y  f o r  i n t e r n a l  u s e .

I t s  f l e x i b l e  r e p o r t i n g  s y s t e m  a c c e p t s  p h o t o c o p y i n g  

r e p o r t s  a n d  r e t u r n s  a n  i t e m i z e d  i n v o i c e .  Y o u  s e n d  o n l y  

o n e  c o n v e n i e n t  p a y m e n t .  C C C  d i s t r i b u t e s  i t  t o  t h e  m a n y  

p u b l i s h e r s  w h o s e  w o r k s  y o u  n e e d .

A n d , y o u  n e e d  n o t  k e e p  a n y  re c o rd s ,  t h e  C C C  c o m p u t e r  

w i l l  d o  i t  f o r  y o u .  R e g i s t e r  n o w  w i t h  t h e  C C C  a n d  y o u  w i l l  

n e v e r  a g a i n  h a v e  t o  d e c l i n e  a  p h o t o c o p y  r e q u e s t  o r  

w o n d e r  a b o u t  c o m p l i a n c e  w i t h  t h e  l a w  f o r  a n y  p u b l i c a t  o n  

p a r t i c i p a t i n g  in  t h e  C C C .

T o  r e g i s t e r  o r  f o r  m o r e  i n f o r m a t i o n ,  j u s t  c o n t a c t :

0 Copyright Clearance Center |
2 1  C o n g r e s s  S t r e e t  I 

S a l e m ,  M a s s a c h u s e t t s  0 1 9 7 0  i 

( 6 1 7 )  7 4 4 - 3 3 5 0

a not-for-profit corporation I
I NAME TITLE ,
1 ORGANIZATION I
. ADORESS '
j CITY STATE ZIP I
1 COUNTRY TELEPHONE 1



S U G A R S  A N D  S U G A R  P R O D U C T S

13C/12C Ratios of Citrus Honeys and Nectars and Their Regulatory 
Implications
JONATHAN W. WHITE, Jr and FRANK A. ROBINSON* 1 *
Honeytech, Inc., Navasota, TX 77868
A p p lic a tio n  o f  iso to p e  ratio te stin g  for adu lteration  
to p re d o m in a n tly  citrus h o n e y s  w ith o u t u sin g  the  
reco m m en d ed  con firm atory  te s t in g  has caused  reg
ulatory d ifficu ltie s  for several Florida h on ey  packers. 
It is  d em on stra ted  that 813C o f citrus h o n e y  is  s ig 
n ific a n tly  le ss  n eg a tiv e  than that o f o th er h o n ey  
ty p es. A n a ly s is  o f citrus nectar sh o w s  that th e  less  
n egative  values are not due to the inadvertent m ixing  
o f cane or corn syrup s used  for sp r in g  fe e d in g  o f the  
b ee  c o lo n ie s  p rev io u s  to th e citrus nectar f lo w . 
M ean s for id e n t ify in g  citrus h o n e y  and sp e c ific  
lim itin g  values o f 8J3C for adulteration testin g  o f th is  
h o n e y  ty p e  are p roposed .

U se o f the stable carbon isotope ratio to d em on 
strate the addition  to h on ey  o f cane or corn syr
ups is n ow  w e ll established  (1). The average 
513C valu e for 119 h on ey  sam ples (84 U nited  
States, 35 imported) was —25.4%o (s = 0.98%o) and 
for corn syrup, —9.7%o (513C = [(13C /12C sam- 
p le /13C /12C std) — 1] X 103). Values for mixtures 
o f h o n ey  and corn syrup are the w e igh ted  sum  
of the valu e for each com ponent. Individual 
valu es have been  p u b lish ed  (2). A lth ou gh  the 
com p osition  o f a m ixture can be established  
w ith in  a few  percent w h en  the 513C value o f the 
h o n ey  com p on en t is know n (ref. 1, Table 5), the 
variability encountered  am ong the authentic  
sam ples precludes accurate calculation of the 
com p osition  o f u nkn ow n m ixtures. In fact, 
sam ples w ith  values b etw een  —23.5%o (2s) and  
—21.5%o (4s) should  be confirm ed as adulterated 
by an independent test (3). N onetheless, at least 
one laboratory has regularly declared sam ples to 
be adulterated w h en  such values were obtained, 
w ith ou t additional testing. D uring the 1980 
season, th is practice caused som e m arketing  
difficu lty  w ith  the Florida citrus honey crop. In 
on e instance a citrus sam ple w ith  513C = —23.8%o
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w as said to be 10% adulterated, resu lting in  
considerable confu sion  and econom ic loss.

M any 513C values for citrus h on ey  w ere en 
countered  that w ere w ith in  the range requiring  
addition al testing; in all cases, the result was 
negative. It thus seem ed advisable to establish  
the isotope ratio ranges to be expected w ith  au
th en tic  citrus h oney, w ith  the h yp oth esis that 
this floral type differs from other U.S. honeys in 
th is regard. A ccordingly, sam ples o f "orange" 
(citrus) h on ey  from bulk sh ipm ents to a Florida 
packer from  long-estab lished  producers w ere  
analyzed for stable carbon isotope ratio. Results 
confirm ed the less negative nature o f citrus 
honey 513C compared w ith  averages for all honey  
d eterm ined  in an earlier study. H ow ever, the  
origin of this difference was not resolved because 
stim ulative feed in g  was a com m on practice for 
m ost producers.

Because the citrus nectar flow  com es so early  
in the year, it is frequently necessary to feed  
h on eyb ee colonies w ith  honey or sugar syrup to 
ensure that they are strong en o u gh  to take full 
advantage of the usually heavy nectar flow . This 
stim ulative feed in g  is a necessary and normal 
m anagem ent practice, and beekeepers are careful 
to avoid  m ixing stores from such feed in g  w ith  
surplus h on ey  rem oved for sale. The recent 
h igh  cost o f sugar has encouraged substitution  
by h igh-fructose corn syrup for bee feedin g. 
H en ce, it is conceivable that the less negative  
513C valu es usually found for citrus h on ey  actu
a lly  represent a consistent, inadvertent ad
m ixture of corn or cane syrup used for the bee  
feed in g  before the flow .

To resolve this question , isotope ratio mea
surem ents were made on a series o f citrus nectars 
co llected  directly from  the blossom s, thus elim 
inatin g  any possib le contam ination by other 
sugars. We found that 513C values of citrus 
nectars are identical w ith  those found earlier for 
citrus h on ey , sh ow in g  that no appreciable ad
mixture w ith  feeding sugars took place under the 
norm al b eek eep in g  practice, and that the dif-
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Table 1. 613C values (%») of honeys and nectars

Sam ple
No.

sam ples Mean
Range

SD
CM.
%High Low

Citrus h o n ey 3 15 - 2 3 .8 -2 2 .1 -2 5 .5 0.96 4 .03
Citrus nec tar 17 -2 3 .3 -2 2 .0 -2 4 .6 0.74 3.17
U .S .h o n ey 0 84 - 2 5 .2 -2 2 .5 - 2 7 .4 0 .94 3.73

a Negative TLC te s ts  w ere obtained on each  of th e  5 sam ples te s ted  (see  text). 
b From ref. 1.

fering 5 13C values of citrus h on ey  are indeed  
characteristic of that type of h oney.

E x p e r im e n ta l
Samples

Citrus honey.—Samples were taken from stored 
bulk Florida citrus h oney (1980 crop) as supplied  
to a Florida packer by 15 producers w ho regularly 
sell h oney to this packer. Stable carbon isotope 
ratio w as determ ined for each sam ple and in 
addition , the 5 sam ples w ith  <513C values less 
n eg ative  than —23.1%o w ere tested for h igh  
fructose corn syrup by the charcoal colum n-TLC  
m ethod  (4).

C itrus nectar .—A ll nectar sam ples w ere co l
lected  from mature but u n op en ed  citrus buds. 
By se lectin g  buds w h ose  petals w ere just b eg in 
n in g  to separate, a s ligh t pressure on the tip of 
the bud w o u ld  cause the petals to open fu lly  
provid ing easy access to the accumulated nectar, 
w h ich  w as co llected  in 10 or 20  juL capillary pi- 
pets. After b ein g  filled , the end s o f the pipets  
w ere flam e-sealed , and the sealed tubes were  
placed in  b o ilin g  water to sterilize the nectar 
sam ple to prevent ferm entation.
Determination of  5 13C

Stable carbon isotope ratio was determ ined  
gen era lly  according to m ethod 31.150 (4) by

Coastal Science Laboratories, Inc., Port Aransas, 
TX. C om bustion was carried out according to 
Sofer (5) in a tube in w hich the sam ple had been  
dried. Copper oxide was added, the air w as 
evacuated, the tube w as sealed and heated in  a 
furnace, and the CO? was purified as specified  in 
31.150 (4).

R e s u lt s  a n d  D is c u s s io n
The results o f the analyses o f the 1980 citrus 

hon eys and the 1981 citrus nectars are sum m a
rized in  Table 1, w h ich  also sh ow s data for 84
U.S. h on eys studied  earlier (1). Table 2 sh ow s  
the individual results for the nectar sam ples.

Application of the f-test show ed that the mean  
values for the citrus h on ey  and for the citrus 
nectar do not differ significantly (t =  1.66, 30 DF; 
to io, 30 DF = 1.697). The generally less negative 
5I3C valu es for citrus h on ey  in com parison w ith  
other floral types of honey therefore do not arise 
from inadvertent contamination w ith  sugar used 
before the nectar flow  for spring build-up of the 
bee co lony, but are characteristic o f the plant.

The mean values for citrus h on ey  and all U.S. 
honey are significantly different (f =  5.11, 97 DF; 
t o oi, 100 DF = 2.64). This im p lies that use of 
isotope ratio values for judgm ent o f adulteration  
of h on ey  k n ow n  to be of citrus orig in  shou ld  
properly be based on m ean and variability  data

Table 2. 613C values of Florida citrus nectars

Variety Location
Collection

date 513C, » .
O range

P arson  Brown Clerm ont 3 /1 9 /8 1 —2 3 .2 a, -2 2 .3 ,  - 2 3 .2
Valencia Clerm ont 3 /1 9 /8 1 -2 3 .6 .  - 2 3 .2 .  - 2 2 .7

Lake Placid 3 /0 8 /8 1 -2 2 .4 , - 2 3 .0
St. P e tersburg 3 /2 3 /8 1 - 2 3 .4

Temple Clerm ont 3 /1 7 /8 1 -2 3 .3
Clerm ont 3 /1 9 /8 1 - 2 4 .4Tángelo Clerm ont 3 /1 9 /8 1 -2 3 .3 .  -2 2 .0 ,  - 2 4 .2
Clerm ont 3 /1 7 /8 1 - 2 3 .6
Clerm ont 3 /2 5 /8 1 - 2 4 .6

Grapefruit Clerm ont 3 /3 0 /8 1 - 2 4 .3

a Each value rep resen ts  a single determ ination  on a different sam ple.



WHITE & ROBINSON: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 3

for citrus h on ey , not all h on ey  in  general. The 
4s lim it proposed earlier (1) for declaring hon ey  
to be unqu estion ably  adulterated (—21.5%o) 
should  logically  be replaced for citrus h on ey  by  
—20.0%o. This value was obtained by subtracting 
4s (4 times the standard deviation o f 0.96%o) from  
the m ean valu e for citrus h on ey  o f —23.8%o 
(Table 1). Confirm ation by the TLC test shou ld  
be required for a citrus sam ple if the va lu e is be
tw een —21.9%» (2s) and — 20.0%o (4s). The use of 
4s (assum ing a norm al distribution for 513C) 
m eans that less than 1 tim e out o f 10 000  w ou ld  
a pure sam ple fa lsely  be declared adulterated. 
Such conservatism  could lead to frequent ac
ceptance of adulterated sam ples as unadulterated  
u nless accom panied by the recom m ended TLC 
a n d /o r  m eth yl anthranilate testing described  
below .

A pplication o f these criteria requires that a 
h on ey  be iden tifiab le as prin cipally  citrus in  or
igin. This is not d ifficult because the flavor and 
aroma of such h on ey  is quite d istin ctive and is 
easily  recogn ized . Furtherm ore, citrus hon eys  
are unique am ong U.S. h on eys in  conta in ing  
m ethyl anthranilate (6 - 8 ). (Lavender honey, not 
produced in the U nited States, it also reported to 
contain  this substance (9)), Knapp (8 ) has stated  
that on ly  1 in 1000  citrus h on eys w o u ld  be ex
pected  to contain  less than 1.5 ppm . The 80 cit

rus honeys studied (7, 8 ) averaged 3.8 ppm  (range 
0.84-4.9). W hite (7) reported an apparent 
m ethyl anthranilate content averaging 0.07 ppm  
for 12 non-citrus honeys.

It m ay reasonably be concluded  that Florida 
citrus hon ey  has significantly less negative 513C 
values than does other U.S. h on ey , and requires 
different standards for the determ ination  of 
adulteration by this measurement. These values 
are not less negative than those o f other h on ey  
because of possib le contam ination  w ith  feed in g  
sugar, but are characteristic o f th e  p lan t  
species.
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S u lfa th ia zo le  residues w ere extracted from  h o n ey  by  
h om o g en iz in g  sam ples in  acetone, filtering , and then  
evaporating the acetone under n itrogen  at 40°C. The 
rem ain in g  extract w as transferred  to  a separatory  
fu n n e l w ith  IN  HC1 and e th y l ether. A n a liq u o t o f  
th e  reta ined  acid  layer w as screen ed  b y  u s in g  th e  
B ratton-M arshall reaction . If th e test w as p o s it iv e , 
the rem ain ing portion  w as analyzed  directly  through  
a pB ondapak  p h en y l co lu m n  m o n ito red  b y  a U V  d e
tector at 254 nm . T he m o b ile  p hase w as potassium  
ph osph ate m onob asic in  10% a ceton itrile  adjusted to 
pH  3.0. T im e for e lu tio n  w as 13 m in . A verage re
co v er ies  w ere 78% at the 0.1 ppm  sp ik in g  le v e l and  
68% at th e 1.0 p p m  le v e l. T h e m in im u m  d etectab le  
am ou n t w as 0.06 ppm  based  o n  a sp ik ed  sam p le  ex 
tract.

The antibiotic sodium  sulfathiazole is used in  the 
prevention and treatment of American foulbrood  
in bees. In the United States, federal regulations 
com m only lim it sulfonam ide residues to 0.1 ppm  
in  ed ib le tissues ( 1).

Sulfath iazole residues in  various substrates 
have been  determ ined by m any m ethods. Gas- 
liqu id  chrom atography w ith  electron capture 
detection  of su lfonam ides in  ed ib le tissue has 
been reported by G oodspeed et al. (2), fo llow in g  
pH  adjustm ent, extraction , d iazom eth an e  
m ethylation , and acylation w ith  pentafluo- 
ropropionic anhydride. Daun (3), determ ining  
su lfonam ides in  extracted feeds, used  derivati- 
zation by diazom ethane and heptafluorobutyric 
anhydride fo llow ed  by electron capture d etec
tion.

M ethods have been reported for sulfathiazole  
residues in honey. Bregha-Morris (4) developed  
a colorim etric procedure based on the Bratton- 
M arshall reaction, w h ich  could  g iv e  false p osi
tives because color d evelop m en t occurs w ith  
su lfonam ides in  general. The th in  layer chro
matographic method described by Grandi (5) as 
sen sitive to the 0.1 ppm  lev el in vo lves colum n  
cleanup and is not su ffic ien tly  quantitative for 
residue analyses. The h igh  perform ance liquid  
chrom atographic (HPLC) m ethod proposed by 
Belliardo (6 ) is reported to be quantitative to the 
1 ppm  lev el but no supportive recovery data are

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

g iven . Attem pts to duplicate this work w ere  
unsuccessful. The purpose of the present study  
is to d evelop  a m ethod to ensure that Canadian  
h on ey  is free from sodium  sulfath iazole residues 
to the detection  lim it o f 0.06 ppm.

METHOD
A p p a r a t u s

(a) Liquid chrom atograph.—A ltex M odel 110A 
so lv en t m etering pum p w ith  f lo w  rate set at 1.1 
m L /m in  (A ltex Scientific Inc., Berkeley, CA), 
eq u ipped  w ith  R heodyne 7125 loop  injector 
(R heodyne Inc., Berkeley, CA).

(b) U V  d e te c to r .—Spectra-Physics SP 8300 
fixed  w a velen g th  U V /v is ib le  detector w ith  254 
nm  filter kit set at sen sitiv ity  o f 0.0025 absorb
ance unit fu ll scale (Spectra-Physics, Santa Clara, 
CA).

(c) R ecorder.— Linear, w ith  40 c m /h  chart 
speed  (Linear, Irvine, CA).

(d) Chrom atographic colu m n.—Stainless steel, 
30 cm X 3.9 mm id pBondapak p h en y l (Waters 
A ssociates Inc., M ilford, MA).

(e) B lender.— H am ilton Beach M odel 33.
R e a g e n t s

(a) A c e to n e .— D istilled  in  g lass (C aledon  
L aboratories Ltd, G eorgeto w n , O ntario, 
Canada).

(b) E thyl e ther.—ACS reagent grade (Caledon  
Laboratories Ltd).

(c) A ceto n itr ile .— HPLC grade (Caledon Lab
oratories Ltd).

(d) H PLC mobile ph ase .—D isso lve 13.6 g p o
tassium  phosphate m onobasic in  1 L aceton i
tr ile-w ater  (10 +  90), adjust to pH  3.0 w ith  
p hosphoric acid, and filter through 0.5 p m  
polytetrafluoroethylene (Type FH, M illipore Co., 
Bedford, MA). Degas by using a water aspirator 
vacuum . U se d eio n ized  water.

(e) Standard solu tion.— D issolve 13 m g sodium  
su lfath iazo le .U /2 H 2O (11.85 m g sodium  su l
fath iazo le) in  IN  HC1 in  25 mL volu m etric flask  
and d ilu te to vo lu m e w ith  IN  HCL

(f) N -( t-N a p h th y l)e th y le n e d ia m in e  d ih y d ro 
chloride (N E D ).—Sigm a Chem ical Co., St. Louis, 
MO. 0.1% aqueous solution . Refrigerate so lu 
tion  w h en  not in  use.

0004-5756/83/6601-0004-04$01.00 
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(g) A m m onium  su lfam ate .— 0.5% aqueous so

lu tion . Refrigerate solu tion  w h en  not in use.
(h) Sodium n itr ite .— 0.1% aqueous solution . 

Refrigerate so lu tion  w h en  not in use.
S a m p l e  P r e p a r a t i o n

W eigh 50 g h on ey  into 250 mL Erlenm eyer 
flask. A dd 25 mL acetone and b len d  2 m in  at 
lo w  speed  w ith  H am ilton Beach b len der con
trolled by rheostat. Decant acetone into a 250 
mL flask and filter through N o. 1 W hatman 
paper. Repeat acetone extraction tw ice. Evap
orate acetone in 40°C w ater bath under gen tle  
stream of n itrogen , and quantitatively transfer 
extract to 250 mL separatory fu n n el w ith  20 mL 
IN  HC1 fo llo w ed  by 20 mL ethyl ether. G ently  
shake separatory fu n n el and let 2 phases sepa
rate. C ollect acid phase in graduated cy linder  
and d ilu te to 30 mL. P ipet 15 mL aliquot into  
graduated centrifuge tube.
B r a t t o n - M a r s h a l l  S c r e e n i n g

To so lu tion  in  graduated cylinder, add 2 mL 
sodium  nitrite solution, mix, and let stand 3 m in.

A dd 2 mL am m onium  sulfam ate solu tion , mix, 
and let stand 2 m in. Add 1 mL NED solution , 
m ix, and let stand 15 m in. Sam ple is p ositive if 
red-purple color develops. If B-M test is p o si
tive, contin u e w ith  HPLC confirm ation.

D e t e r m i n a t i o n
D iv id e solu tion  in centrifuge tube into equal 

parts. Spike on e part w ith  5 p L  standard so lu 
tion, w h ich  is equ ivalent to 0 .2  ppm  sodium  
sulfath iazole. D eterm ine am ount o f sodium  
su lfath iazole present by m ethod o f standard  
additions. Inject 20 p L  sam ple before and after 
addition o f standard. M easure peak h eights for 
sample and spiked sam ple and determ ine sodium  
su lfath iazole as follow s:

ppm  Sodium  sulfath iazole = [(peak heigh t  
sam ple)/(peak  h eigh t sp iked  sam ple — peak 
h eig h t sam ple)] X 0 .2  ppm

The m inim um  detectable am ount w as 0.06 
ppm. This is the m inim um  concentration of 
sodium  sulfath iazole in  a sp iked  sam ple extract 
that results in  a signal-to-n oise ratio of 2 .

Figure 1. L iquid  chrom atogram s o f a n eg ativ e  sam p le  and th e sam e sam p le sp ik ed  at th e  1.0 ppm  le v e l. 
Arrow ind icates the sod iu m  su lfa th iazo le peak in  the spiked  sam ple and w here it w ou ld  appear in  the negative

sam ple.
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Figure 2. L iquid  chrom atogram  o f a b lank  sam p le sp iked  w ith  the m in im u m  detectab le q u an tity , 0.06 ppm .
A rrow  in d ica tes  th e sod iu m  su lfa th ia zo le  peak.

Results and Discussion
Several sam ple preparation procedures w ere  

tried to obtain optim um  extraction efficien cy. 
A cetone proved to be a better extracting solven t 
than chloroform . H om o gen iz in g  the sam ple  
before extraction w ith  5 mL water or IN  HC1 did  
not im prove recovery. H om o gen iz in g  the  
sam ple at low  speed  rather than cen trifu gin g  or 
shaking w as m ore efficien t. The H am ilton  
Beach b lender w as capable o f h om ogen izin g  
relatively sm all am ounts o f such a viscou s sub
stance better than a W aring or P olytron  
blender.

The pH  of the m obile phase w as critical to 
ensure com plete ion suppression and separation 
from interfering compounds. The m obile phase 
w as stable over a period o f a day, g iv in g  an av
erage retention tim e of 13.25 ±  0.06 m in. The

p h en yl colum n resolved  the su lfath iazo le peak  
from interferences better than the Q s  or CN  
colum n.

N in eteen  com m ercial h on eys co llected  by  
Agriculture Canada inspectors w ere analyzed . 
The hon eys originated  from various sources in 
cluding buckwheat, clover, and natural. Liquid, 
cream, pasteurized, and nonp asteurized  h on ey  
w ere analyzed . T w elve sam ples w ere p ositive  
by the screening test. Because the B-M reaction  
form s a color derivative w ith  all prim ary aro
matic am ines, HPLC confirm ation is necessary. 
The presence of su lfath iazole residues w as co n 
firm ed in 8 sam ples at lev els from  0.10 to 0.56  
ppm. Chromatograms o f a negative sam ple and 
a n egative sam ple fortified  w ith  1 ppm  su lfa th i
azole are sh ow n  in Figure 1. Figure 2 is a chro
matogram of a sam ple extract sp iked  w ith  :he  
m inim um  detectable am ount o f su lfath iazole .
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Table 1. Recovery (%) of sodium sulfathiazole added to 

honey

Sam ple
Added, 0.1 ppm Sam ple

Added, 1.0 ppm
i 73 1 652 70 2 70
3 65 3 83
4 87 4 69
5 95 5 726 51

Av. 78 68.3
SD 12.5 10.4
CV. % 16.1 15.2

To determ ine the recovery of sodium  su l
fathiazole, sam ples o f h on ey  w ere spiked w ith  
a solution o f sodium  sulfath iazole to g iv e  added  
lev els  o f 0.1 and 1.0 ppm , and w ere analyzed  by 
the present m ethod. Results are sh ow n  in  Table
1. The variation in recoveries could be due to 
the differences in the ind iv id u al h on eys as d e
scribed previously. To study the repeatability  
of the m ethod, a positive sam ple was analyzed 3 
successive tim es. Results for the 3 determ ina
tions were 0.56, 0.59, and 0.52 ppm  sulfath iazole  
(average, 0.56; SD, 0.04; CV, 7.14%).

Sodium  su lfath iazole gave a linear response  
from  0 to 2.8 ppm. Linear regression o f the  
am ount injected vs peak height gave a correlation 
coefficient o f 0.9948.

Prelim inary work w ith  an am perom etric 
electrochem ical detector connected  in  series to

the system  was prom ising. Eight o f the sam ples 
w ere also confirm ed electrochem ically  w ith  an 
applied  voltage of 0.89 V. By con tro llin g  the 
applied  voltage, peak h eigh ts equal to those of 
the UV detector could be ach ieved  w ith  a m uch  
low er attenuation. Further w ork w ith  this d e
tector could possibly increase the sensitiv ity and  
se lectiv ity  of the analysis.

In conclusion , the m ethod presented  enables 
the determ ination o f sodium  sulfath iazole resi
dues in h on ey  to the 0.06 ppm  lev el by HPLC.
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T O B A C C O

High Performance Liquid Chromatographic Determination of 
Selected Gas Phase Carbonyls in Tobacco Smoke
DELMAR L. MANNING, MICHAEL P. MASKARINEC, ROGER A. JENKINS,1 
and AMOS H. MARSHALL
O a k  R i d g e  N a t i o n a l  L a b o r a to r y ,  A n a l y t i c a l  C h e m i s t r y  D i v i s i o n ,  P O  B o x  X ,
O a k  R i d g e ,  T N  3 7 8 3 0

Low molecular w eight gas phase carbonyls in tobacco 
sm oke are separated as 2,4-dinitrophenylhydrazones 
and determ ined by reverse phase h igh  perform ance 
liqu id  chrom atography. A trapping procedure is 
used w hereby the gas phase carbonyls are reacted 
w ith the derivatizing reagent in a closed system . The 
deliveries of acetaldehyde and acrolein are compared 
w ith  published  data. In addition , p ropionaldehyde  
and acetone deliveries o f selected  cigarettes are re
ported.

M uch of the cilia toxicity o f tobacco sm oke is as
sociated w ith  low  m olecular w e ig h t carbonyls, 
in clu d in g  acetaldehyde and acrolein (1, 2 ). 
These constituents have been determ ined by the 
cryotherm al trapping of the gas phase of the 
cigarette sm oke fo llow ed  by transferring the 
constituents to a gas chrom atograph. Various 
trapping system s have included a copper radiator 
trap im m ersed in liquid  nitrogen (3), a low  tem 
perature still (4), and the cryotherm ally cooled  
head o f a gas chrom atographic (GC) colum n (5,
6 ). The latter procedure (6 ) is currently in use at 
th is laboratory. The gas chrom atographic  
analysis requires about 2  h /cigarette; thus, the 
num ber of cigarettes w h ich  can be analyzed  is 
lim ited. Of greater concern is that authentic gas 
phase standards cannot be conven iently  injected 
in to  the chrom atograph in a quantitative m an
ner. To overcom e this problem , a reference 
cigarette is sm oked and analyzed , and carbonyl 
d eliv eries are quantitatively determ ined by ra- 
tio in g  peak areas.

D eterm ination  of the carbonyls as their 2,4- 
d in itrop h en ylh yd razon es (D N PH s) by h igh  
perform ance liquid  chrom atography (HPLC) 
(7—14) inheren tly  offers the potential of greater 
sam ple throughput as w e ll as increased sen si
tivity. Also, absolute standardization is possible. 
Several investigators (7, 8 ,15) have used DN PH

1 Research sponsored by N ational Cancer Institute under 
Interagency A greem ent DOE No. 40-485-74, NIH (NCI) No. Y01 CP 60206 under Union Carbide Corp. contract W-7405- 
eng-26 w ith the U.S. D epartm ent of Energy.
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derivatization  for the determ ination of lo w  m o
lecular w e ig h t carbonyls in cigarette sm oke by 
both HPLC and GC. H ow ever, few  comparisons 
have been  m ade o f the apparent lev els  o f acet
a ld eh yd e and acrolein in  sm oke as determ ined  
by th is m ethod w ith  those determ ined by other 
procedures for reference cigarettes under w e ll 
d efin ed  sm oking procedures. In som e cases, 
discrep an cies b etw een  valu es obtained  by 
D N P H /H P L C  and those o f m ore accepted pro
cedures have been  considerable. For exam ple, 
acetaldehyde and acrolein levels in the sm oke of 
3 Japanese com m ercial cigarettes, 2 -2 .7  m g /c ig -  
arette and 460-680 g/c igarette , respectively , (8 ) 
w ere considerably greater than the h igh est va l
ues observed  (1.3 m g and 225 /rg/cigarette, re
sp ective ly) w h en  m ore than 120  varieties o f ex
perim ental cigarette sm okes were assayed as part 
of the N ational Cancer Institute Sm oking and  
H ealth  Program (16-19).

In earlier work (20), w e reported on  a closed  
trapping/D N PH  derivatization/HPLC approach 
to the m easurem ent o f low  m olecular w e igh t  
carbonyls in cigarette sm oke and other gas phase 
mixtures. The analytical separation is sim ilar to 
that p u blished  by Fung and Grosjean (21). 
H ow ever, reference cigarette deliveries of these  
constituents, particularly acrolein , tended to be 
som ew hat low er than accepted values. Here, w e  
detail a m odified trapping/analytical procedure 
for tobacco sm oke that provides values w hich are 
in  good  agreem ent w ith  those determ ined by 
accepted gas chrom atographic procedures.

M ETH O D
A p p a r a t u s

(a) Liquid chrom atograph. —Two W aters A sso
ciates (M ilford, MA) M odel 6000A chrom atog
raphy pum ps, a Waters WISP 710A sam ple pro
cessor, a Waters M odel 720 system controller and 
a Waters M odel 440 absorbance detector operated 
at 365 nm. A Waters M odel 730 data m od u le is 
used for data readout.

0004-5756/83/6601-0008-05$01.00 
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(b) S m o k e  co lle c tio n  f l a s k .—  Borosilicate glass 
1 L flask equ ipped w ith  2 side arms: on e for 
evacuation, the other for connection to sm oking  
m achine. Each side arm is sealed from atm o
sphere by m eans o f rubber tubing and pinch  
clamp. Sm oke outlet side arm extends inside  
flask to w ith in  ca 3 mm of bottom  of flask.(c) S m o k in g  d e v ic e .—S in gle port, Filamatic 
sm oking m achine as described and diagram m ed  
by H orton and Guerin (22).
R e a g e n t s

(a) R e fe r e n c e  s o lu t i o n s .— Prepare carb on yl-  
D N PH  derivatives for calibration purposes by 
co n ven tion a l procedures (23). D isso lve stan
dards in  m ethanol or chloroform  on w /v  basis 
and store refrigerated. Solutions are stable 
several w eeks.(b) T r a p p in g  s o lu t io n .—Prepare 2,4-dinitro- 
p h enylhydrazine (D NPH ) trapping solution (ca 
4 m g/m L ) by saturating 200 mL 2M HC1 w ith  
D N P H  (J. T. Baker Chem ical Co.).(c) S o l v e n t s .— Reagent grade CHCI3 (ACS 
certified , or equivalent); m ethanol (d istilled  in  
glass, Burdick & Jackson Laboratories, Inc., 
M uskegon , MI 49442).(d) H P L C  e lu tio n  s o lv e n ts .—Water (distilled in 
glass, Burdick & Jackson Laboratories, Inc.); 
m ethanol (d istilled  in glass). Degas by sonica- 
tion  for 20  m in  under vacuum .
P r o c e d u r e

Transfer 40 mL trapping solu tion , 20 mL 
chloroform , and Teflon®-coated m agnetic stir
ring bar to borosilicate glass 1 L co llection  flask. 
Reduce pressure in sid e flask via h ou se vacuum  
or pum p to ca 100 torr. T hen place flask on  
m agnetic stirrer and attach to s in g le  port ana
lytical sm oking m achine. (Flask is attached to 
sw itch  S-2 o f sm oking m achine as diagram m ed  
in  Figure 2 of Ref. 22.) C ondition  p reviously  
selected  cigarettes 48 h at 72-76°F  and 60% rela
tive hum idity, and sm oke under standard con 
d itions (24) o f 35 mL, 2 s duration puffs at 1 m in  
intervals through Cam bridge filter assem bly. 
Collect sm oke gas phase sam ples by transferring 
sm oke, p u ff by puff, from  on e cigarette d irectly  
into sm oke collection flask containing 2,4-DNPH  
derivatizing reagent and chloroform  extractant. 
Stir m ixture w h ile  cigarette is sm oked. (In pre
viou s work (2 0 ), trapping solu tion  w as static 
during co llection , and apparent recoveries of 
acrolein w ere low er than those reported here.) 
At end o f sm oking period, seal o ff flask by re
attaching pinch clamp and rem ove from sm oking  
machine. After carefully opening inlet side arm

to let pressure in sid e flask equ alize, place on  
shaker 30 m in. F ollow in g  reaction period, 
transfer contents o f flask to separatory fu n n el 
and drain chloroform  layer (bottom ). Extract 
aqueous phase a second tim e w ith  5 mL ch loro
form. C om bine chloroform  extracts and w ash  
w ith  5 mL 2M HC1 fo llow ed  by 10 mL water. 
Adjust final volum e to 25.0 mL. A nalyze aliquot 
of this so lu tion  by HPLC.
H i g h  P e r f o r m a n c e  L i q u i d  C h r o m a t o g r a p h y

Perform HPLC analysis as follow s: analytical 
colum n, D upont Zorbax ODS (4.6 m m  X 25 cm), 
or equivalent, operated at am bient temperature. 
M obile phase, m ethanol-w ater (70 +  30) at flow  
rate o f 1 m L /m in  (may vary som ew hat to obtain  
m axim um  separation efficiency); recorder chart 
speed , 0.5 cm /m in . Set absorbance detector at 
0.1 absorbance unit (may vary d ep en d in g  on  
concentration o f sam ples and standards b ein g  
analyzed). N orm ally inject 10 to 20 pL onto LC 
colum n.

Perform quantitation by manual measurem ent 
of peak height or electronic measurem ent of peak 
area.
C a l c u l a t i o n s

Calculate carbonyl content o f sm oked  ciga
rettes as follow s:

Carbonyl content (m g /c ig .)
=  (concn std (m g/m L )/area  std) X area sam ple

X final vol. sam ple (m L )/N o . o f cigs sm oked
Adjust concentration of standard so lu tion s  

chrom atographed to obtain approxim ately the 
sam e area for standards and sam ple solutions. 
U se sam e volu m e injected onto LC colum n  
(usually 10 pL) for standards and sam ples.

Results and Discussion
It has been  sh ow n  that lo w  m olecular w e igh t  

carbonyls can be quantitatively trapped by 
flo w in g  the cigarette sm oke through a D N PH  
trapping solution (7, 8 , 15), so this approach was 
in itially  exam ined. That is, after the sm oke was 
passed through a Cambridge filter, the gas phase  
w as d ilu ted  w ith  a carrier gas and bubbled  
through fritted glass in  traps con ta in in g  2,4- 
d in itro p h en y lh y d ra z in e reagent. H ow ever, 
under our conditions (effective flow  rate =  17.5
sq. cm /s), the apparent trapping effic ien cies of 
carbonyls from the gas stream w ere consistently  
low . For exam ple, apparent acrolein deliveries  
of reference cigarettes w ere approxim ately 40% 
of published  values. A lso, the attachm ent o f a 
second trap in series failed  to sign ifican tly  im -
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Figure 1. Liquid chrom atographic profile o f gas 
phase carbonyl-D N PH  derivatives from a K entucky  
Reference (1R1) cigarette: (1), form aldehyde; (2), ac

etaldehyde; (3) acrolein; (4), propionaldéhyde; (5), 
acetone.

prove recoveries. This w as true for both stan
dard vapor mixtures and filtered cigarette smoke. 
Varying the acidity of the trapping solutions and 
the flow  rate o f the carrier gas did  not s ig n if i
cantly im prove the results. U nder these sam
p lin g  conditions, it appeared that the residence  
tim e o f the gas phase in  the derivatizing reagent

w as in su ffic ien t for the com plete conversion  of 
the carbonyls to 2 ,4-d in itroph enylhydrazones. 
Thus, the flow -throu gh  system  was abandoned  
in  favor o f the closed system  described above.

A liqu id  chrom atogram  of the gas phase car
b on y l-D N P H  derivatives from the m ainstream  
sm oke of a K entucky Reference 1R1 cigarette is 
sh o w n  in  Figure 1. N ote that the acetalde- 
h yd e-d in itrop h en ylh yd razon e is id en tified  as 
2 peaks, not com p letely  resolved. This w as ob
served  for both sm oke sam ples and standard
ization solution, w ith relative areas of the 2  peaks 
ch a n g in g  occasion a lly . R eduction  in  the  
am ount of the derivative injected onto the HPLC 
colum n resulted in  no m erging o f the peaks, 
su ggestin g  that the p h en om en on  was not a co l
um n overloading effect. Each com ponent o f the 
d ou b le peak was subjected in d iv id u ally  to h igh  
resolu tion  GLC (on a 30 m SE-52 coated fused  
silica colum n). The resulting 2 chrom atogram s 
each portrayed a pair of peaks, the first and sec
ond com p onents of w h ich  had respective id en 
tical retention  tim es but considerably different 
peak sizes. The relative size of the 2 peaks was 
dependent on  w hich  of the 2 HPLC fractions was 
analyzed. H igh resolution GLC of the combined  
com p onents o f the HPLC peak also y ie ld ed  2 
peaks w ith  retention  tim es identical to those  
observed in  the chromatogram of the individual 
com p onents. The mass fragm entation patterns 
obtained from GC/M S analysis of the HPLC peak 
for the 2  peaks w ere identical, and indicative of 
an acetaldehyde-D N PH  derivative. The data 
su ggest that, under these particular HPLC con 
d ition s, separation o f 2 isom ers of the acetalde
hyde-D N P H  derivative is nearly achieved. The 
form ation o f isom eric form s during sim ilar der- 
ivatization  reactions has been p reviously  re-

Table 1. Comparison of cigarette smoke vapor phase carbonyl deliveries, DNPH/HPLC method vs cryothermal GC

Deliveries, m g /c ig .

C igarette T ar3
A cetaldehyde Acrolein Propionaldéhyde A cetone

HPLC GC3 HPLC GC3 HPLC GCb HPLC GC'
Kentucky Ref. 1R1 c 35.6 1.36 1.22 0.11 0.12 0.10 0.54RJR (filtered)" 17.6 1.14 1.02 0.10 0.11 0.09 __ 0.46 __
C ode 06 e 22.3 1.15 0.88 0.22 0.19 0.10 __ 0.23 __
C ode 21 e-' 17.1 1.16 0.87 0.06 0.05 0 .09 __ 0.33 __
Code 23 e 28.1 1.37 1.02 0.11 0.12 0.11 __ 0.39 __
Code 3 2 3 25.7 1.28 1.01 0.10 0.11 0.10 — 0.47 —

3 Ref. 19.
b Not de term ined  by GC.
c Obtained from University of Kentucky Tobacco and Health R esearch Institute, Lexington, KY. 
d O btained from  R. J. Reynolds Tobacco Co., W inston-Salem, NC. 
e National C ancer Institute Series IV Experim ental C igarettes; see  Ref. 19.
'A ceta ld eh y d e  and acrolein deliveries de term ined  from sep a ra te  experim ent; values not taken  from  Ref. 19.
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Table 2. Gas phase carbonyl deliveries of selected low tar cigarettes

Brand (tar 
delivery, m g /c ig .)

Deliveries, fj,g /c ig .
A cetaldehyde Acrolein Propionaldehyde A cetone

A (3 mg) 270 20a 20 80
B (2 mg) 90 3 6 7 20
C (1 mg) 100 3 a 6 30

3 Acrolein analysis by GC yielded 19 ±  1 p g /c ig . 
b Acrolein analysis by GC yielded < 5  p g /c ig .

ported (11, 25). A lso o f interest, propional
d éh yd e isom ers w ere not resolved  w ith  our 
system .

A verage gas phase deliveries of acetaldehyde, 
acrolein , p rop ionaldéhyde, and acetone from  
several experim ental cigarettes are reported in 
Table 1. For com parison, values for acetalde
h yd e and acrolein determ ined by GC are re
ported (19). In addition, "tar" deliveries for the 
cigarettes are reported (19). The relative stan
dard d ev iation  for the m easurem ent of the re
ported gas phase carbonyls by the HPLC m ethod  
w as about 12%. Good agreem ent w ith  the GC 
valu es w as obtained for the acrolein deliveries. 
The FfPLC m ethod y ie ld ed  som ew hat h igher  
valu es for acetaldehyde than did the GC proce
dure. The acetone deliveries varied over a wider 
range than did those o f the propionaldéhyde. 
W ith either the HPLC or GC values, there 
seem ed to be no distinct relationship betw een tar 
and acetaldehyde or acrolein levels. To our 
know ledge, there exists no published data for the 
m ainstream  sm oke deliveries o f propional
d éh yd e and acetone for these cigarettes. D e
term ination of the gas phase deliveries o f form 
a ld eh yd e was not perform ed because o f the 
poorly  d efin ed  form aldehyde-D N P H  peaks. 
H ow ever, qualitative relative ranking o f the 
deliveries could be made from visual inspection  
o f the chrom atogram s.

Because of their ultra-low  sm oke constituent 
d eliv eries, certain low  tar cigarettes n ow  being  
marketed have not been  am enable to gas phase 
acrolein determ inations by our gas-liquid chro
m atographic procedure. To dem onstrate the 
utility of the derivatization/H PLC  approach for 
the determ ination o f gas phase carbonyls from  
low  tar cigarettes, the sm okes o f 3 low  tar brands 
w ere analyzed . In this case, the gas phase por
tions from several cigarettes w ere co llected  and  
analyzed as one. This w as accom plished  by 
evacuating the flask, co llectin g  the gas phase, 
reacting to derivatize the carbonyls, then  re
evacuating the flask, and repeating the proce

dure. Table 2 lists the gas phase carbonyl con 
tents of the 3 brands. For the on e brand (brand 
A) on w h ich  acrolein analysis had been possible  
by conventional m eans, good  agreem ent be
tw een the GC and HPLC determ ined values was 
achieved.

The low er lim it o f d etection  o f carbonyls, for 
exam ple acrolein, is about 10 pg/c igarette , based  
on sm oking one cigarette and adjusting the final 
volu m e of the chloroform  extract to 25 mL. A l
though  the volu m e o f chloroform  extract could  
be reduced som ew hat by evaporation under a 
stream of nitrogen , large vo lu m e reductions  
w ou ld  require additional cleanup  o f the ch loro
form because it contains traces o f acetaldehyde  
and acetone.

The best resolution of the prop ion ald eh yd e  
and acetone derivatives w as obtained on  a rela
tively  n ew  D uPont Zorbax colum n. O n aged  
colum ns, the resolu tion  o f these 2  peaks deteri
orated, w ith  the acetone derivative b ein g  the  
predom inant peak. H ow ever, resolu tion o f the 
acetaldehyde and acrolein derivatives continued  
to be adequate.

Attractive advantages o f the liqu id  chrom a
tographic procedure em p lo y in g  a closed  trap
p in g  system  are that standard sam ples can be 
rerun periodically , m ultip le analyses can be 
made on the same cigarette, and a greater sample 
throughput can be achieved . D N PH  derivati- 
zation follow ed by HPLC appears to be a reliable 
and sen sitive m ethod for determ in in g  acetalde
hyde, acrolein, propionaldehyde, and acetone in  
tobacco sm oke. The m ethod sh ou ld  also be ap
plicable to other gas phase matrices.
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IN D U S T R IA L  C H E M IC A L S

Selected Ion Mass Spectrometric Identification of Chlorophenol 
Residues in Human Urine
ERIKA E. HARGESHEIMER and RONALD T. COUTTS* 1
U n i v e r s i t y  o f  A l b e r t a ,  F a c u l t y  o f  P h a r m a c y  a n d  P h a r m a c e u t ic a l  S c ie n c e s ,  E d m o n t o n ,  A l b e r t a ,  
C a n a d a  T 6 G  2 N 8

A m eth od  is  p resen ted  tor th e  d etectio n  and co n fir 
m a tio n  o f trace c h lo r o p h en o l resid u es in  e n v ir o n 
m en tal and b io lo g ica l sam p les b y  m ass spectrom etry  
w ith  selected  io n  m o n ito r in g  (SIM ). P rop ionate and  
acetate ester derivatives o f p h en ol, cresols, m ono-, d i-, 
tri-, and  te trach lorop h en o ls , p en ta ch lo r o p h en o l, as 
w e ll as th e  in tern a l standard  4 ,6 -d ib ro m o -o -cr eso l, 
w ere prepared directly  in aqueous so lu tio n , u sing  the 
appropriate a n h y d rid e reagent. T he acetate or p ro 
p io n ate  esters w ere q u an tita tiv ely  extracted and then  
separated by gas-liquid  chrom atography u sin g  either  
an SP -1240D A  or O V -101 packed  co lu m n . E lectron  
im pact SIM  w as carried out by s im u lta n eo u sly  
m o n ito r in g  up to  4 d ia g n o stic  fragm en t io n s  o f each  
ch lor in ated  p h en o l. T h e u se o f SIM  e lim in a ted  
b ack grou n d  in terferen ce en cou n tered  u s in g  flam e  
io n iz a tio n  or electron  capture detectors, and a llo w ed  
id e n tifica tio n  o f ch lorop h en o l residues in  extracts o f 
u rine sam p les  co llec ted  from  in d iv id u a ls  w ith o u t  
k n o w n  exposure to  ch lo ro p h en o ls . P h en o l co n ce n 
trations as lo w  as 1.0 p m o l/m L  urine gave peaks that 
w ere rea d ily  d isce rn ib le  b y  SIM .

The w idespread use of chlorinated phenols (1 ,2) 
com bined w ith  their toxicity (2, 3) and persis
tence in the environ m en t (4) has generated  
considerable interest in  the d evelop m en t of 
sen sitive, rapid, and reliable m ethods for their  
routine analysis. Various analytical procedures 
exist for quantitation o f chlorinated p h en o ls  in  
biological flu ids (5-7), tissues (8 , 9), river water 
( 10 ), industrial w astes (11 ), and m any other  
sample matrices (12). Chlorinated phenols have 
been  analyzed  w ith ou t derivatization by usin g  
h ig h  perform an ce liq u id  chrom atography  
(HPLC) (5, 13), n egative chem ical ion ization  
mass spectrom etry (9), and gas-liquid chrom a
tography (GLC) on bonded or sp ecia lly  treated 
stationary phases (7, 14). A lthough these direct 
m ethods of phenol analysis have been reported, 
GLC techn iques generally  in vo lv e  an initial 
solvent extraction follow ed by derivatization and 
analysis using a flam e ion ization  detector (FID)

Received February 9, 1982. Accepted A pril 10, 1982,
1 Address correspondence to this author.

or an electron capture detector (ECD). M ost 
com m only, ethers prepared w ith  diazoalkane 
reagents (6 , 15) or acetate esters prepared w ith  
acetic anhydride (1 0 ) are used for identification  
and quantitation o f ch lorophenols. A major 
lim itation  o f these analytical techn iques is the 
h igh  degree o f uncertainty associated w ith  the 
identification of com pounds based sim ply on  the 
co inciden ce o f GLC retention  tim es w ith  those  
of authentic standards. Q uantitation o f ch lo 
rophenols at parts per b illion  lev e ls  has been  
reported frequently; how ever, natural constitu 
ents in  a biological extract may have GLC reten
tion  tim es sim ilar to the ch lorop h en ols o f in ter
est. The reliability o f trace analysis u sin g  ECD 
has recently been questioned (2, 4, 5). The EC 
detector is h ig h ly  sen sitiv e but it is nonspecific, 
and additional ev id en ce is necessary to confirm  
the iden tities o f GLC peaks. Lores et al. (5) ad
vocated the use o f HPLC w ith  electrochem ical 
detection for the confirm ation o f ch lorophenols  
detected  in  urine by usin g  GLC w ith  ECD.

In the present study, the mass spectrom eter  
(MS) is used as a very sen sitive  and specific de
tector in  selected ion m onitoring (SIM) m ode for 
uneq u ivocal id en tifica tio n  of ch lo rop h en o l 
residues. Both propionate and acetate deriva
tives of ph en ol (PHE), o-cresol (o-CRE), p-cresol 
(p-CRE), 2 -ch lorop h en ol (2-M CP), 4-chloro- 
p h en ol (4-MCP), 2 ,4-d ich lorophenol (2,4-DCP),
2,6-d ich lorophenol (2,6-DCP), 2,4,5-trichloro- 
p h e n o l (2,4,5-TCP), 2 ,4 ,6 -tr ich lo rop h en o l 
(2,4,6-TCP), 2 ,3,4,5-tetrachlorophenol (2,3,4,5- 
TeCP), 2,3,4,6-tetrachlorophenol (2,3,4,6-TeCP), 
p en tach lorophenol (PCP), and the internal 
standard 4,6-dibrom o-o-cresol (4t6-DBC) are 
prepared directly in aqueous so lu tion  (16-19), 
using the appropriate reagent anhydride. The 
derivatives are resolved by gas chrom atography  
and detected by m onitoring one or m ore char
acteristic fragm ent ions for each com pound by 
SIM-MS. The sen sitiv ity  o f SIM com pares fa
vorably to sen sitiv ities ach ieved  u sin g  FID or 
ECD, and background interferences are e lim i
nated. Urine sam ples collected from individuals

0004-5756/83/6601-0013-09$01.00 
© Association of Official Analytical Chemists, Inc.
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w ithou t know n exposure to ch lorophenols were 
exam ined using the d evelop ed  SIM procedure.

M ETH O D
R e a g e n t s  a n d  S a m p l e s

(a) S o lven t.—M ethylene chloride, glass-d is
tilled  before use.

(b) W a ter .—D eion ized , g lass-d istilled  (Cor
n in g  AG-11, C orning G lassworks, Corning, 
NY).

(c) Sodium su lfa te .— A nhydrous, granular, re
agen t grade. Heat in m uffle furnace at 400°C  
and store in capped (alum inum  foil-lined) amber 
bottle.

(d) Standard phenol so lu tion s.—Prepare in d i
v idual 1 mM solutions o f PHE, o-CRE, p-CRE, 
2-MCP, 4-MCP, 2,6-DCP, 2,4-DCP, 2,6-DCP,
2,4,5-TCP, 2,4,6-TCP, 2,3,4,5-TeCP, 2,3,4,6-TeCP, 
PCP, and 4,6-DBC in 95% ethanol and store in  
glass-stopper bottles at 4°C. D ilu te stock so lu 
tions w ith  water for use.

(e) U rine sam ples.—First vo id  sam ples were  
obtained from persons in the general population  
w ith ou t kn ow n  occupational exposure to in 
dustrial chem icals or pesticides.
A p p a r a t u s

(a) Gas ch ro m a to g ra p h .— H ew lett-P ackard
M odel 5730A equipped w ith  FID, 15 mCi 63N i 
linear ECD, and M odel 3380A integrator. O p
erating temperatures: injector, 250°C, FID,
250°C, ECD, 250°C.

(b) C om bined G L C -M S  s y s te m .— H ew lett-  
Packard M odel 5710A gas chrom atograph/M odel 
5981A quadrupole mass spectrom eter, w ith  
H ewlett-Packard M odel 5934A data system  for 
carrying out total ion scanning (40-400 amu) and 
selected  ion  m onitoring. MS scan conditions: 
scan speed , 100 am u/s; band w id th , 430 Hz; 
electron energy, 10-70 eV; d w ell tim e, 200 ms; 
ion  source tem perature, 180°C. Separator tem 
perature sam e as for oven .

(c) Chromatographic colum ns.—Colum n 1: 1.26 
m X 4 mm id glass packed w ith  1% SP-1240DA on  
100-120 m esh Supelcoport. C olum n 2: 1.26 m 
X 4 mm id glass packed w ith  5% OV-101 on  
80-100 m esh Chrom osorb W. O perating tem 
peratures: colum n 1, 75-170°C  at 8 ° /m in ; co l
um n 2, 75-220°C  at 8 ° /m in .
P r e p a r a t i o n  o f  S a m p l e s  a n d  S t a n d a r d s

Pipet 5 mL urine or standard (d istilled  water 
containing 0.005-1.0 nm ole of each phenol listed  
in R eagents and Sam ples (d)) into a 20 X 125 mm  
screw-cap (T eflon-lined) test tube and acidify

w ith  0.2 mL concentrated H 2SO4. To hydrolyze  
conjugates in the urine samples, place sealed tube 
in  b o ilin g  water bath for 2 h. Cool sam ple to 
room tem perature, add 0.2 mL 1 pM  4,6-DBC  
internal standard, make basic to pH  >  12 w ith  
NaO H  pellets, and extract w ith  1 mL m ethylene  
chloride to rem ove basic and neutral organic 
com pounds. Discard organic layer and n eu 
tralize partially purified sam ple w ith  con cen 
trated H 2SO 4 before derivatization. Prepare 
derivatives by adding 0.5 g NaHCCh follow ed  by 
addition  of 250 pL of either acetic anhydride or 
propionic anhydride to aqueous sam ple. After 
carbon d iox ide ev o lu tion  ceases, extract acyl 
derivatives by shaking sam ples tw ice for 2 m in  
w ith  2 mL m eth ylen e chloride. (Q uantitative 
recovery o f sim ple p h en o ls  by usin g  this proce
dure has been  dem onstrated p reviously  (16).) 
After com bining extracts, rem ove traces o f water 
in  m eth y len e  ch lo rid e by passin g  so lven t  
through Pasteur pipet containing glass w ool plug  
and ca 1 g anhydrous N a2S 0 4. R inse N a2S0 4 
colum n w ith  additional 0.5 mL m eth ylen e  
chloride, and evaporate com bined extracts to 100 
pL w ith  gen tle  stream of n itrogen.

M ass Spectral Data
The acetate and propionate derivatives o f the 

phenols w ere positively  identified  by GLC-MS. 
Mass spectral data consistent w ith  the assigned  
structures o f the acyl derivatives of PHE, o-CRE, 
p-CRE, 2-M CP, 4-M CP, 2,4-D C P, 2,6-DC P,
2.4.6- TCP, 2,4,5-TCP, 2,3,4,6-TeCP, 2,3,4,5-TeCP, 
PCP, and internal standard 4,6-DBC are su m 
m arized in Table 1.

D iscu ssion
P hen olic  hydroxyl groups can be derivatized  

readily in  aqueous alkaline solu tion  by reaction  
w ith  chloroform ate (2 0 ) or anhydride (16-18) 
reagents. In our previous studies (16-18), acetic 
anhydride w as used successfu lly  to prepare ac
etate derivatives of trace phenols directly in  large 
volu m es o f water; the excellen t GLC character
istics and stability o f acyl derivatives o f m any  
p h en ols  has already been established. In the 
present study, direct acylation of an alkaline 
(NaHCOa) aqueous solu tion  by usin g  acetic an
hydride or propionic anhydride com p letely  
converted the trace am ounts of added PHE, 0- 
CRE, p-CRE, 2-MCP, 4-MCP, 2,4-DCP, 2,6-DCP,
2.4.6- TCP, 2,4,5-TCP, 2,3,4,5-TeCP, 2,3,4,6-TeCP, 
PCP, and internal standard 4,6-DBC to their re
spective acyl derivatives. U sin g  either a n h y 
dride, the reactions proceeded rapidly to com 
pletion  at room tem perature and the ester de-
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Figure 1. Gas chrom atogram s o b ta in ed  by d er iva-  
tiza tion  o f 20 n m oles  o f each p h en o l in  100 mL w ater 
w ith  acetic  a n h y d rid e (A) and p ro p io n ic  a n h y d rid e  
(B). C hrom atographic co n d ition s: 1% S P -1240D A , 
75-170°C  at 8 ° /m in . Peak id entifica tion : 1, ph en ol; 
2, o -cresol; 3, p -c reso l; 4, 2 -ch lorop h en o l; 5, 4 -ch lo -  
rop h en ol; 6 , 2 ,6 -d ich lo ro p h en o l; 7, 2 ,4 -d ich lorop h e-  
nol; 8 ,2 ,4 ,6-tr ich lorophenol; 9 ,2 ,4 ,5-tr ich lorophenol; 
10, 2 ,3 ,4 ,6-tetrach lorop h en o l; 11, 4 ,6 -d ib ro m o -o -  

cresol; 12, 2 ,3 ,4 ,5 -te trach lorop h en o l; 13, 
p en ta ch lo ro p h en o l.

F igure 2. Gas chrom atogram  o f acetate d er iv a tiv es  
o f ch lo r o p h en o ls  reso lv ed  on  a pack ed  5% O V -101  
co lu m n . C hrom atographic co n d ition s: 75-220°C  at 

8 ° /m in . See Figure 1 for peak  id e n tific a tio n .

rivatives could be effic ien tly  extracted from  
aqueous solution into m ethylene chloride. The 
so lven t vo lu m es w ere reduced under a gen tle  
stream of n itrogen; evaporation o f sam ple ex
tracts to dryness was avoided  because erratic re
sults were obtained due to the loss of volatile acyl 
derivatives. F ollow in g  this sim ple one-step  
acylation procedure, the 13 phenols included in  
this study w ere easily  separated by usin g  either  
an SP-1240 or an OV-101 packed colum n. Typ
ical chrom atogram s o f the acetates and pro
pionates are sh ow n  in  Figure 1; com p lete reso
lu tion  w as ach ieved  w ith in  less than 12 m in. 
SP-1240D A, a p h osp h oric acid deactivated  
polyester m aterial, is therm ally unstable above  
180°C and is neutralized by basic materials 
w h ich  cause rapid colum n deterioration (14). 
SP-1240DA w ou ld  not be a suitable stationary  
phase for the analysis of sam ples containing basic 
com pounds or im purities w h ich  could  on ly  be 
elim inated from the colum n by h igh  temperature 
baking. OV-101 can be used as an alternative  
colum n packing for the GLC analysis o f the ac- 
ylated ph en ols. Figure 2 is a typical chrom ato
gram of acetate ester derivatives o f 12 p h en ols  
and the internal standard obtained usin g  an 
OV-101 colum n.
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Table 1. Diagnostic fragment ions in the mass spectra (70 ev 
ion source) of acetate (I) and propionate (II )  d erivatives

0IIR - 0 —C—CH,
0liR—0 —CCHj CHj

II

Compound R m/z (% R elative Abundance)

phenol

o-cresol

p-cresol

I 1 3 6 [M t](1 2 ) , 9 4 ( 1 0 0 ) ,  4 3 (6 )
II 150[M fJ( 1 5 ) ,  9 5 ( 7 . 7 ) ,  9 4 ( 1 0 0 ) ,  5 7 (2 1 )

I 1 5 0 [M t](2 1 ) , 1 0 8 (1 0 0 ) , 1 0 7 (4 6 ) ,  4 3 (2 1 )
II 1 64 [M t]( 1 6 ) ,  1 0 9 (1 0 ) ,  1 0 8 (1 0 0 ) ,  

1 0 7 (2 5 ) ,  5 7 (8 7 )

I 150[M t] ( 1 2 ) ,  1 0 8 (1 0 0 ) , 1 0 7 (5 7 ) ,  4 3 (1 3 )
II  1 6 4 [M t](9 ) , 1 0 9 (8 ) ,  1 0 8 (1 0 0 ) , 1 0 7 (3 1 ) ,  

5 7 (1 8 )

2-chlorophenol I 1 7 0 [M t](9 ) , 1 3 0 (3 1 ) , 1 2 8 (1 0 0 ) , 4 3 (1 3 )
II 186[M +]( 8 ) ,  1 8 4 [M t]( 2 0 ) ,  1 3 0 (3 3 ) ,  

1 2 9 (1 0 ) ,  1 2 8 (1 0 0 ) , 5 7 (8 9 )

4-chlorophenol

2,4-dichlorophenol

2,6-dichlorophenol

I 1 70 [M t]( 1 0 ) ,  1 3 0 (3 4 ) ,  1 2 8 (1 0 0 ) , 4 3 (1 0 )
II 1 8 6 [M t](6 ) , 184[M f] ( 1 6 ) ,  1 3 0 (3 2 ) ,  

1 2 8 (1 0 0 ) , 5 7 (4 5 )
I 206[M +]( 1 1 ) ,  204[M +]( 1 8 ) ,  1 6 4 (6 0 ) ,  

1 6 2 (1 0 0 ) , 4 3 (1 8 )
II 2 2 0 [M t]( 8 ) ,  2 1 8 [M f]( 1 0 ) ,  1 6 6 (5 ) ,  

1 6 4 (1 8 ) , 1 6 2 (2 8 ) , 5 7 (1 0 0 )
1 2 0 6 [M t]( 7 ) ,  2 0 4 [M + ](1 1 ), 1 6 4 (6 3 ) ,  

1 6 2 (1 0 0 ) , 4 3 (1 3 )
II 2 2 0 [M t]( 9 ) ,  2 1 8 [M t]( 1 1 ) ,  1 6 6 (9 ) ,  

1 6 4 (4 0 ) ,  1 6 2 (6 3 ) ,  5 7 (1 0 0 )

The iden tities o f the com pounds from  each 
peak in  Figures 1 and 2 w ere confirm ed by com 
bined  GLC-MS. M ass spectral data on  the p h e
n ols as acetate and propionate derivatives are 
sum m arized in  Table 1. The mass spectra of the 
acetates all contained  the ions M +, (M — 42)+, 
and (CH 3CO)+; the propionate derivatives sim 
ilarly contained  the ions M +, (M — 56)+, and 
(CH 3CH 2CO)+ . Typical isotopic ion  clusters 
w ere observed in  the spectra of ch lorophenols. 
Characteristic and abundant ions w ere chosen  
from  the MS data sh ow n  in  Table 1 for SIM 
analysis of the 13 p h en o ls  as acetate and propi
onate derivatives. The Hewlett-Packard M odel 
5934A MS data system  is capable of scannin g 20

selected masses during a sin g le run. A group of 
4 m asses w as m onitored  at any one tim e and a 
total of 5 groups w as selected  for each SIM anal
ysis. The ions chosen  for SIM analysis o f each  
phenyl acetate and phenyl propionate are show n  
in  Tables 2 and 3, respectively , and the SIM  
profiles obtained for standard m ixtures o f the 13 
p h en ols  as acetate and propionate esters are 
sh ow n  in  Figures 3 and 4, respectively . The 
standard profiles were prepared by derivatizing  
1 n m ole o f each p h en o l in  5 mL water. In addi
tion  to the ion s m onitored in Figures 3 and 4, 
other ions from Table 1 could also be used  for 
SIM. The abundance of the ions scanned  could  
be optim ized by changing the ion source voltage.
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Table 1. (continued)

Compound R m/z (1 R elative Abundance)

2 ,4 ,6 -tr ic h lo r o -phenol

2 ,4 ,5 -tr ic h lo r o -
phenol

2 ,3 ,4 ,6 - te tr a -  
chlorophenol

2 ,3 ,4 ,5 - te tr a -  
chlorophenol

pentachloro-
phenol

1 242[M +](4), 240[M t](14), 238[M +](14), 
200(30), 198(100), 196(97), 43(25)

II 256[M t](9 ) , 254[M f](31), 252[M+](31), 
200(30), 198(92), 196(100), 57(84)

I 242[M t]{3), 240[M i](1 2 ), 238[M t](12), 
200(33), 198(99), 196(100), 43(28)

II 256[Mt) ( 6 ) ,  254[MiD(1 7 ), 252[Mt]
(1 7 ), 200(31), 198(98), 196(100), 
57(38)

I 276[Mi3 (5 ) , 274[M t](12), 272[M+](9), 
234 (4 7), 232(100), 230(77), 43(25)

II 290[M t)(16), 288[M t](30), 286[Mt]
(2 5 ), 234(49), 232(90), 230(72), 
57(100)

I 276[M t](4 ) , 274[Mt](1 0 ) , 234(49), 
232(100), 230(82), 43(26)

II 290[M t](5 ) , 288[M i](1 2 ), 286[Mt]
(9 ) ,  234(33), 232(65), 230(59),
57(100)

I 312[M t](3), 310[M t](1 2 ), 308[Mt]
(1 7 ), 306[M t](11 ) ,  270(21), 268(59), 
266(100), 264(67), 167(22), 165(22), 
43(20)

4 ,6-d i bromo- 
o-cresol

II 324[M t](12), 322[Mt](1 8 ) , 320[Mf]
(1 2 ), 270 (7 ), 268(25), 266(38), 
264(24), 169(12), 167(38), 165(38), 
57(100)

1 310[M f](5 ), 303[M t](1 0 ), 306[Mt] 
(5 ) ,  268(52), 266(100), 264(54), 
187(25), 185(25), 43(20)

II 322[M i](1 0 ), 320[M t](7 ) , 268(38), 
266(80), 264(41), 187(18), 185(19), 
57(100)

As sh ow n  in Figure 5, the relative abundance of 
fragm ent ion s in  the mass spectrum  of 2,4-di- 
ch lo ro p h en y l p rop ion ate  w as a ffected  by 
changes in  ion  source voltage. As the voltage  
decreased few er low  molecular w eight fragments 
w ere produced and the abundance o f the m o
lecular ion  sim ultaneously  increased. In this 
study, an ion ization  voltage o f 70 eV ach ieved  
optim um  sensitiv ity  for the detection of the ions 
chosen for screening and iden tified  in  Figures 3 
and 4.

The SIM program s sh ow n  in Tables 2 and 3 
were applied  to the determ ination  o f chloro- 
p h en ol residues in  acylated extracts o f hydro
lyzed  urine sam ples. N orm al urine sam ples

contain com plex m ixtures o f natural organic 
com pounds w h ich  are not rem oved by the sim 
p le  extraction-cleanup procedure described in 
this study. It w as im possib le to confirm  the  
presence o f trace ch lorophenols by using FID or 
ECD because o f interferences from  organic 
background. A  num ber o f m ethods for GLC 
analysis include ex ten sive purification steps on  
alum ina, Florisil, and XAD colum ns (6 - 8 ). 
Edgerton and M osem an (6 ) fou n d  that colum n  
cleanup w as essential for th e determ ination  of 
PCP at lev els  b elo w  30 ppb. F o llow in g  the  
analysis of over 400 urine samples collected from 
the general U.S. population  (21), m ean PCP and
2,4,5-TCP concentrations w ere less than 6 ppb.
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Table 2. Diagnostic ions used for selected ion monitoring-mass spectrometry of phenols derivatized with acetic
anhydride

Peak No. A cetate derivative of Group Ion (m /z )

1 phenol 1 942 o-cresol 108
3 p-cresol 108
4 2-chlorophenol 128. 130
5 4-chlorophenol 128, 1306 2,6-dichlorophenol II 162. 164, 204, 206
7 2,4-dichlorophenol 162, 164, 204, 2068 2,4 ,6-trichlorophenol III 196, 198, 200, 240
9 2,4,5-trichlorophenol 196, 198, 200, 24010 2 ,3 .4 ,6 -tetrach lorophenol IV 230, 23211 4,6-dibrom o-o-cresol 264, 26612 2 ,3 .4 ,5-tetrachlorophenol 230, 232

13 pentachlorophenol V 264, 266, 268, 270

T hese concentration lev els w ere at the lim its of 
the specified  detection  range for the ECD-GLC 
m ethod used. At these lev els, therefore, the 
p h en olic  com pounds o f interest are d ifficu lt to 
distin gu ish  from background or baseline drift, 
using FID or ECD, even  fo llo w in g  len g th y  iso
lation procedures. GLC retention  tim es cannot 
be used for the unequivocal id en tification  of 
chlorophenois because other com ponents in the 
sam ple may possess co inciden t retention  tim es. 
SIM-MS provides m ore selective detection  w ith  
sen sitiv ity  comparable to that for ECD, and can 
be used  to confirm  the presence o f trace ph en ol 
lev els  in biological extracts.

The detection  lim it (signaknoise, 2:1) of the  
ch lorop h en ois id en tified  in Table 1 was 1 
p m ole /m L  w h en  they w ere added to urine  
sam ples and detected by SIM -M S fo llow in g  
aqueous acylation. PCP acetate, for exam ple, 
was detected by adjusting the MS to m onitor only  
the ion currents of the m /z  266 base peak (due to 
the loss of ketene from the m olecular ion) and its 
isotope cluster ions m /z  264, 268, and 270. As 
sh o w n  in  Figure 6 , the MS in  total ion  current 
m ode (B) produced a response for all the volatile

organic com p onents in  the acetylated urine ex
tract w h ich  entered the ion source. Acetylated  
PCP, present in the sam ple at a retention tim e of
9.6 m in, w as m asked by other constituem s. In 
contrast, using SIM (Figure 6A), a detector re
sponse w as obtained on ly  for the PCP derivative  
present in the injected sam ple. O ther com 
pounds in the GLC efflu en t w ith  sim ilar reten
tion  tim es but w h ich  lacked the ions b ein g  
m onitored w ere no longer detected. PCP was 
unequivocally  id en tified , because all 4 ion  cur
rent peaks w ere present at the GLC retention  
tim e w h ich  m atched that o f the authentic stan
dard.

The SIM profile of a urine sam ple derivatized  
with acetic anhydride is show n in Figure 7. The 
sam ple, contain ing added 4,6-DBC internal 
standard, contained  PHE, p-CRE, 2,3,4,6-TeCP, 
and PCP. To provide conclu sive iden tification  
of the presence o f a p h en o lic  com p ound, peaks 
must be observed at all the m onitored diagnostic  
ions at the expected retention  tim e o f the stan
dard com pound. A lth ou gh  a num ber o f peaks 
are present in Figure 7, in the ion current groups 
II and III, DCPs and TCPs were not present in the

Table 3. Diagnostic ions used for selected ion monitoring-mass spectrometry of phenols derivatized with propionic
anhydride

Peak No. Propionate  derivai ve of Group Ion (m /z )
4 2-chlorophenol 1 128, 130, 184, 186
5 4-chlorophenol 128, 130, 184, 1866 2,6-dichlorophenol II 162, 164, 218, 220
7 2,4-dichlorophenol 162, 164, 218, 2208 2,4 ,6-trichlorophenol III 196, 198, 252, 254
9 2,4 ,5-trichlorophenol 196, 198, 252, 25410 2 ,3 ,4 ,6 -tetrach lorophenol IV 230, 232, 28811 4,6-dibrom o-o-cresol 26612 2,3 ,4 ,5-tetrachlorophenol 230, 232, 288

13 pentachlorophenol V 264, 266, 268, 322
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F igure 3. S IM -M S  chrom atogram  o f acetate d er iv 
a tiv es  o f a standard  m ix tu re o f 13 p h e n o lic  co m 
p ou n d s. Ion  gro u p s and p h en o ls  co rresp on d in g  to  
each peak  nu m ber are id e n t ifie d  in  T able 2. C hro
m atograp h ic co n d itio n s: 1% S P -1240D A , 75-170°C  
at 8 ° /m in . M S scan con d ition s: electron  en ergy , 70 

eV .

F igure 4. S IM -M S  chrom atogram  o f p ro p io n a te  
d er iv a tiv es  o f a standard m ixture o f 10 p h e n o lic  
com p ou n d s. Ion groups and p h en o ls  corresp on d in g  
to  each peak  n um ber are id e n t ifie d  in  T ab le 3. 
C hrom atographic co n d ition s: 1% SP -1240D A , 75- 
170°C  at 8 ° /m in . M S scan co n d ition s: electron

en erg y , 70 eV .

m/z
Figure 5. E ffect o f io n  source vo ltage (10 -70  eV ) o n  abundance o f fragm ent io n s  in  the electron  im pact m ass

spectrum  o f 2 ,4 -d ich lo r o p h en y l p rop ion ate .
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Time (min)
Figure 6. U sin g  S IM -M S  (A ), d er iv a tized  PCP res
id u e in acetylated urine sam ple is easily  d istin gu ish ed  
from  o th er natural urinary c o n stitu e n ts  d etected  by  
m ass spectrom eter in  to ta l ion  m ode (B). C hrom a
tograph ic co n d ition s: 1% SP -1240D A , 7 5 -17 0°C  at 

8 ° /m in .

sam ple. To confirm  the presence of these chlo- 
rophenols, peaks m ust be observed sim ulta
n eo u sly  at all o f the ion  currents set to detect 
them . O f the 25 urine sam ples analyzed  by  
SIM -M S fo llo w in g  derivatization w ith  both  
propionic and acetic anhyrides, m ore than 90% 
contained  detectable lev e ls  o f PCP.

At very low  ch lorop h en ol concentrations, 
colum n adsorption p h enom ena affected the de
tection of PCP. A fter m any injections onto the 
SP-1240DA colum n, PCP could  no longer be 
detected  in extracts o f sam ples spiked w ith  the 
standard m ixture o f 13 ph en ols. Wu et al. (22) 
reported sim ilar effects for analysis o f PCP in 
extracts of rainbow trout tissue. W e observed in 
the present procedure that PCP could no longer  
be detected if the colum n becam e contam inated  
w ith  extraneous sam ple constituents. A dsorp
tion effects o f the other 12 p h en o ls  inclu d ed  in

F igure 7. S IM -M S  a n a ly sis  o f a cety la ted  u rine  
sam p le  id e n tified  presence o f p h en o l (1); p -creso l (3);
2.3.4.6- tetrachlorophenol (10); and pentach lorophenol 
(13). 4 ,6 -D ib rom o-o-cresol (11) w as added as in ternal 
standard. Ion groups and peak num bers correspond  
to  S IM -M S  program  o u tlin e d  in  T able 2. C hrom a
tograph ic co n d ition s: 1% SP -1240D A , 7 5 -17 0°C  at

8 ° /m in .

this study w ere not as pronounced as those ex
perienced w ith  PCP. If the glass w ool p lug and  
the first few  in ch es of colum n packing material 
w ere replaced regularly, losses o f PCP on-col- 
um n w ere m in im ized .

Q uantitative SIM analysis o f ph en ols, usin g
4.6- DBC as an internal standard, was not possible. 
The linear relationship  b etw een  concentration  
and ion  peak area was incon sisten t at lo w  con 
centration levels. G enerally, the fragm entation  
and chem ical characteristics o f a suitable refer
ence com pound for SIM quantitation m ust 
clo sely  parallel those o f the com pound o f inter
est. Bose and Fujiwara (23) prepared PCP b en 
zoate derivatives and used  the corresponding  
pentadeuterated benzoate o f PCP as the internal 
standard for quantitative SIM analysis. Ingram  
et al. (24) described a mass spectrom etric isotope  
d ilu tion  m ethod  using lsO -labeled PCP as the  
reference com pound. Wu et al. (22) used pen- 
tach lorophenetole as an internal standard for 
PCP analysis, and a plot of peak h eig h t vs con 
centration was linear. For quantitative analysis,
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internal standards other than stable isotope- 
labeled analogs can be used but results are usu
ally less accurate at low  concentrations due to 
differences in  partition coeffic ient and chrom a
tographic properties of the com pound and in 
ternal standard. 4,6-DBC, therefore, could  be 
used  as a retention-tim e marker, but w as not 
suitable for quantitative analysis.

SIM -M S can be used as an alternative m ethod  
for the iden tification  of ch lorop h en ol residues  
in  b iological or environm ental sam ples con 
tain in g  interferences w h ich  com plicate the d e
tection of p h en o ls  by FID or ECD. The propio
nate and acetate derivatives have d ifferent re
tention  tim es under identical GLC conditions. 
The application o f both SIM program s to the  
analysis of u n k n ow n  sam ples can be used  as an 
alternative m ethod for the analysis o f biological 
or environm ental sam ples conta in ing interfer
ences w h ich  com plicate the detection of phenols  
by FID or ECD.
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Interlaboratory Calibration Results of Polychlorinated Biphenyl 
Analyses in Herring
CHARLES J. MUSIAL and JOHN F. UTHE
D e p a r t m e n t  o f  F is h e r ie s  a n d  O c e a n s ,  F is h e r ie s  a n d  E n v i r o n m e n t a l  S c ie n c e s ,  H a l i f a x  L a b o r a to r y , 
P O  B o x  5 5 0 ,  H a l i f a x ,  N o v a  S c o t i a ,  C a n a d a  B 3 J  2 S 7

T w en ty -th r ee  lab oratories from  13 co u n tr ies  in  co n 
tin e n ta l Europe, S can d in av ia , th e B ritish  Isle s, and  
N o rth  A m erica participated  in  a p o ly c h lo r in a te d  b i
p h e n y l (PCB) C heck  S am p le  Program  con d ucted  
u n d er th e a u sp ices  o f th e In ternation a l C ou n cil for 
Exploration o f the Sea (ICES). PCBs w ere determ ined  
in  u n sp ik ed  and sp iked  (1.00 m g A roclor 1 2 5 4 /k g  o il) 
h errin g  (Clupea harengus harengus) o il  by th e par
tic ip a n ts , each o f w h ich  used  h is  or her o w n  clean up  
and q u an tita tion  techn iques; a com m on A roclor 1254 
m ixtu re w as used as a standard and a com m on  q u an 
titation  techn ique w as used for com parative purposes. 
R esu lts for th e u n sp ik ed  o il ranged from  0.48 to 3.416 
m g P C B /kg  o il, w h ile  sp ik ed  o il resu lts ranged from  
0.70 to 3.891 m g /k g . C alcu lated  sp ik e  recoveries  
ranged from  22 to 136%. S er ious d e f ic ie n c ie s  w ere  
fo u n d  in  m ost step s in th e procedures. N o  ev id e n c e  
w as fo u n d  to sup p ort the u se o f a co m m o n  PCB 
standard  or a com m on  m eth od  o f ca lcu la tio n  u sin g  
packed  co lu m n  chrom atography. T he ch rom ato
graph ic station ary  p hase used  appeared to  a ffect th e  
PCB le v e ls  o b ta in ed . F lorisil clean up  adsorb en t 
y ie ld ed  h ig h er  m ean resu lts  for both  u n sp ik ed  and  
sp ik e d  o ils  than  did  a lu m in a. Large c o e ffic ie n ts  o f  
varia tion  w ere fo u n d  (25-50% ), th e p rin c ip a l source  
o f w h ich  w as system a tic  error (in terlaboratory).

A num ber o f interlaboratory calibration studies  
of polychlorinated  b ip h en yls (PCBs) dealing  
w ith  various com p onents o f the m arine en v i
ronm ent have appeared in the literature in recent 
years (1-3). Large coefficients o f variation  
(25-30%) have been associated w ith  the results 
of these studies. Reasons for these large coeffi
cients o f variation w ere not apparent in  these  
earlier studies, for exam ple, the effects o f d if
ferent analytical m ethodologies were not studied  
nor w ere the separate parts of the analytical 
procedures in d iv id u ally  scrutinized for their 
contributions to the variance. In an attem pt to 
identify the sources of variance, the International 
Council for the Exploration of the Sea (ICES) 
M arine Chem istry W orking Group agreed to 
carry out another PCB intercalibration study  
in vo lv in g  a m arine o il and the sam e oil spiked  
w ith  a polychlorinated  b ip h en yl m ixture. The 
23 participating laboratories w ere a llow ed
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com plete freedom  as to m eth od ology  used , but, 
in addition , w ere requested to supply  results 
based on a com m on PCB preparation and a 
com m on quantitation m ethod, both supplied  by 
the coordinating laboratory. This report d e
scribes the results obtained; the sources o f error 
are also discussed, w hich have not been disclosed  
by earlier exercises.

Experim ental
P r e p a r a t i o n  o f  F is h  O i l  S a m p l e s

A pproxim ately 25 herring (C lupea harengus 
harengus) o f com m ercial fishery size (25-30 cm 
fork length ) w ere filleted , and fillets w ere  
m inced in  a Hobart Silent Cutter. The approxi
m ately 5 kg m ince was m ixed w ith  3 volu m es  
(~ 15  L) of glass-d istilled  acetone and allow ed  to 
stand overn igh t. The extract w as filtered  
through prew ashed W hatman N o. 1 paper, and  
the residue w as re-extracted tw ice w ith  5 L 
glass-d istilled  aceton e-h ex an e (1 +  1). The f il
trates were pooled and mixed w ith glass-distilled  
water until the phases separated. The aqueous 
phase was washed twice w ith 500 mL portions of 
hexane w h ich , after separation, w ere added to 
the original hexane layer. The so lven t w as re
m oved under vacuum  in a Buchler flash evap o
rator (~30°C ), using dry ice -e th an o l to cool the  
collecting reservoir. The resulting oil was stored 
under nitrogen at all times to m inim ize oxidative 
degradation. O ne-h alf o f the o il w as spiked  
w ith  Aroclor 1254 (M onsanto Co., St. Louis, MO  
63166) d isso lved  in a m inim um  volu m e o f h ex 
ane to add 1.00 m g PC B/kg oil. After thorough  
m ixing w ith  a magnetic stirrer, 5-10 mL portions 
of each oil (sp iked and unspiked) w ere flam e- 
sealed in so lven t-w ash ed  borosilicate glass am 
pules flushed  w ith  n itrogen. Extreme caution  
was used to prevent any of the oil from adhering  
to the heat-sealed area. These am pules w ere  
analyzed  periodically  by the coordinating labo
ratory to determ ine the stability o f PCB content. 
Intercalibration kits, consisting of one am pule of 
each of the o ils p lus a vial o f Aroclor 1254 from  
the sam e batch used to spike the o il, w ere pre
pared and distributed to the participating labo-
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Figure 1. C hrom atogram  o f su p p lied  PCB standard  
(A roclor 1254) in  h exan e. C on d ition s: iso th erm al 
at 200°C , a rg o n -m e th a n e  (95 +  5) carrier gas at 50 
m L /m in . P eaks u sed  for PCB q u a n tita tio n  at re ten 

tio n  tim es  1 .2 2 ,1 .4 1 , and 1.67.

ratories by air m ail. Instructions regarding  
analysis and quantitation w ere issued  to partic
ipants as indicated in  the fo llow in g  2  sections.
S e p a r a t i o n  o f  P C B s  f r o m  O i l

The m ethod o f cleanup o f the oils was entirely  
at the d iscretion o f the participant and w as, for 
the m ost part, the m ethod norm ally used by the 
participant for routine analysis of PCBs in marine 
oils. The m ethods inclu d ed  colum n chrom a
tography usin g  Florisil, alum ina, a n d /o r  silica  
gel, saponification , concentrated H 2SO 4, parti
tion, and th in  layer chrom atography.
Q u a n t i t a t i o n  o f  P C B s

For quantitation, packed colum n gas chrom a
tography w ith  electron capture detection (ECGC) 
w as genera lly  used. Several laboratories used  
glass capillary gas chromatography. Participants 
w ere requested to quantitate PCBs by usin g  (a) 
their ow n  standard, and (b) the sup p lied  1254 
standard. Results based on 2 calculation m eth
ods w ere also requested: (a) the participant's 
usual method; and (b) another (the ICES m ethod) 
using the sum  of 3 prom inent peaks o f Aroclor 
1254 as follow s: com posed o f tetra- to hexa-
ch lorob iph enyls and elu tin g  from a 180 cm X 4 
mm glass colum n packed w ith  3% SP-2100 on  
80-100 m esh Supelcoport at retention  tim es rel
ative to p ,p '-DDE (Rqde) ° f  1-22, 1.41, and 1.67 
(see Figure 1).

Participants w ere also requested to prepare 
duplicate standard solu tions o f the supplied  
Aroclor 1254 on 2 d ifferent days and to report 
these results.
C a l c u l a t i o n  o f  T h e o r e t i c a l  P l a t e  V a lu e s

Theoretical plate counts were calculated by the 
coordinating laboratory from  representative  
chrom atogram s o f the spiked o il subm itted by  
the participants. For this calculation, the peak 
w ith  R d d e  = 1-67 (Figure 1) w as used.
S t a t i s t i c a l  T r e a t m e n t  o f  R e s u l t s

The results in  the tables ind icating the PCB 
ranges in  unspiked  and sp iked  oils  as reported  
by the in d ivid ual participants are presented  on  
an as received basis. In subsequent tables, 
rounding was used w h ere required to render 
data m ore am enable to statistical analysis. Be
cause o f the varying degrees o f analytical in 
vestigation  and in su ffic ien t inform ation  re
garding appropriate w e ig h tin g  factors, it was 
d ifficu lt to analyze these data statistically. In 
those cases w h ere statistical analysis o f the data 
w as perform ed, arithm etic m eans o f applicable 
results w ere calculated.

Calculations of m eans, m edians, standard d e
viations, and f-tests w ere perform ed on  a H ew 
lett-Packard M odel 97 programmable calculator. 
The statistical test for presence o f system atic er
rors w as done as recom m ended by Y ouden.

R esults and D iscu ssion
The great d iversity of m ethods can readily be 

seen in Table 1. Tables 2 and 3 present all results 
received  from the analysts, a lon g w ith  the coor
dinating laboratory's calculated recovery of 1.00 
m g PC B/kg oil spike (Table 3). Reported lev els  
of PCB in  the unsp iked  oil ranged from  0.48 to 
3.416 m g PC B/kg oil, w h ile  the sp iked  oil con 
centration ranged from 0.70 to 3.891 m g PCB/kg  
oil. Recovery of the 1.00 mg / kg spike, calculated 
from  the data subm itted by the authors, ranged  
from  0.22 to 1.364 m g /k g .

It shou ld  be n oted  that the figures in  Tables 2 
and 3 represent various levels  o f analytical in 
vestigation  by the various laboratories. N ot all 
analysts reported all 4 values based on  the 2 PCB 
standards (the supplied  one and the laboratory's 
ow n) and the 2 m ethods of calculation (the ICES 
m ethod and the analyst's own). O ne participant 
(N o. 1) used  3 chrom atographic co lum ns in  the 
quantitation step and reported valu es for each  
colum n. In general, the participants did  not 
indicate w h ich  valu e was the m ost lik ely  value  
for the PCB level; therefore, Tables 2 and 3 con-
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Table 1. List of m ethods used to  d e te rm in e  PCBs

Lab. Analytical procedure Chromatograph method
i Florisil cleanup, KOH removal of DDT group, peak height, 

3 column confirmation
packed column

2 alumina cleanup, silica gel split, peak height packed column
3 alumina cleanup, Florisil split, peak height packed column
4 alumina cleanup, silica gel split, peak height, chromic acid 

confirmation
packed column

5 silica gel cleanup/spllt, peak height packed column
6 Florisil cleanup, silica gel split, peak area packed column
7 saponification, alumina cleanup, peak height, peak area packed column, 

capillary GLC for 
individual isomers

8 Florisil cleanup, silica gel split, peak height packed column
9 hexane/DMF/hexane, alumina, KOH, peak height packed column

1 0 column extraction, Florisil cleanup/split, 
H2SO4  treatment, peak height, peak area

packed column capillary GLC
11 H2S0 4 cleanup, perchlorination, peak area packed column
1 2 H2SO4 cleanup, hexane extraction, peak height capillary GLC
13 Florisil cleanup/split, chemical cleanup (KOH, CrOa), peak height packed column
14 alumina cleanup, silica gel split, peak height, peak area packed column
15 alumina cleanup, silica gel split, peak height packed column
16 alumina cleanup, silica gel split, peak height packed column
17 riorisil cleanup/split, peak area capillary GLC
18 alumina cleanup, silica gel split, peak area capillary GLC 

packed column
19 saponification and perchlorination or alumina cleanup, silica 

gel split, peak height
packed column

2 0 alumina cleanup/split, peak area (?) packed column
2 1 alumina cleanup/Florisil split, peak height packed column
2 2 H2SO4  cleanup, peak height packed column
23 TLC cleanup, peak height packed column

tain the range o f values reported. It must be 
em phasized  that a narrow range does not n ec
essarily reflect better perform ance but may 
sim ply reflect the degree of analytical in vesti
gation.
Statistical Interpretation of the Data

Table 4 lists the results for the unsp iked  oil 
separated into 4 groups according to the standard 
and m ethod of calculation used. O nly  8 partic
ipants reported results w h ich  could  be d iv id ed  
in to  each o f the 4 groups; these 8 are boldface. 
Arithm etic m eans (X4M) for each group w ere not 
sign ifican tly  d ifferent (1.11-1.22 m g /k g ) and  
coeffic ien ts of variation (CV) w ere all sim ilar 
(32-41%). This indicates that use of e ither a 
com m on PCB standard or a com m on calculation  
m ethod does not result in  a sign ificant decrease 
in interlaboratory variance. However, the grand 
m ean (X j) based on  the m ean value for each of 
all the participants was 1.14 ±  0.56 m g /k g . X T 
is not significantly different from X4M but the CV 
is larger (49%). This indicates that laboratories 
w hich subm itted less than the requested amount 
of data are, as a group, less able to obtain inter
com parable results. This large CV is sim ilar to 
that reported by H old en  (4) for the fourth ICES

organochlorine intercalibration in  spite of the 
som ew hat low er lev els of PCB in the o il used in  
H old en 's study.

The CV associated w ith  X 4m (32-41%) com 
pares favorably w ith  that reported by Sawyer (5) 
for an environm entally  incurred PCB residue in 
fish (4.5 m g /k g  ±  20%) considering that (a) the 
PCB concentration in  Sawyer's study w as ap
proxim ately 4 tim es h igher than in our study, 
and (b) standardized m eth od ology  w as em 
p loyed  in  Sawyer's study. In com parison, 
Pavlou and Horn (1) reported a CV of ±25% for 
PCB in  m arine sedim ents, w ith  m ost o f the 10 
participants in  that study using sim ilar m eth 
odology.

Results for the spiked oil (Table 5) essentia lly  
m im icked those for the unspiked  oil, d ifferin g  
on ly  in  the low er coefficients of variation. This 
can be expected, considering the h igh er co n 
centration o f PCBs in  the spiked oil and the  
sim ilar standard deviations. As w ith  the u n 
sp iked  oil, there w as no ev id en ce to support the  
use o f a com m on PCB standard or a com m on  
calculation m ethod am ong the 8 laboratories 
subm itting adequate data, since there w ere no 
sign ificant d ifferences am ong the 4 m eans 
(1.92-2.05 m g PC B/kg oil) or their CV valu es
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Table 2. PCB levels reported  fo r unspiked oil (m g /k g  oil)

ICES Aroclor 1254 std Laboratory PCB std
Lab. ICES calen Lab. calen ICES calen Lab. calen
l - l a 0.86 1.28 0.97 1.38
1-2" 0.83 0.84 0.90 0.93
1-3C 1.01 1.03 1.15 1.202-1 d 1.050 1.000 1.015 0.970
2-2 * 0.905 0.870 0.910 0.860
3 1.164 — — —

4 1.36, 1.58 1.46, 1.69 1.08, 1.26 1.17, 1.40
5 0.947 0.727 0.843 0.709
6-1 d — 0.934, 1.016 — 1.037
6-2“ — 1.030 — —

7 1.000 — 0.950 —
7A' — — — 0654*
8-1 d 2.02 1.66 1.82 1.52
8-2“ 2.14 1.72 1.93 1.61
9 — 0.606 — —

10 0.763.0.819 0.808. 0.866 0.817 0.865
10A' 1.014,0.935 — 1.010 —

11 — 3.416" — 3.210"
12-1d — 1.29, 1.35, 1.44' — 1.65
12-2® — 1.28. 1.35 — 1.61
13 1.30, 1.71 — — —

1.20. 1.44 — — —
1.32, 1.39 — — —
1.38, 1.38 — — —

14 0.732' 0.658' 0.667/ 0.692'
0.840* 0.790* 0.750* 0.800*

15 — 1.05 — —
16 — 0.830,0.841' — —
17 — 1.35, 1.36, 1.17 — —
18 1.19, 1.19 1 305m — —

0.82 — — —
18A' — — — 0.725*
19 0.72 0.70" — 0.74
20 — 1.084, 0.860 — 0.950, 0.860
21 1.079, 1.036 

1.082
1.135, 1.119, 1.169" 
1.290, 1.243, 1.282“ 
0.812, 0,746, 0.794f>

—
22 — 0.48 — —
23 1.80« CO O ■o CT> O ■o 1 .60"

a b' c  Three different chromatographic columns. 
d e Two ICES intercalibration kits.
'  Using capillary chromatography.
*  Individual isomers.
h Based on perchlorination.
' Analyzed 1 month later.
' Peak height calculation.
* Peak area calculation.
' Repeated next day.
m  Based on Aroclor 1260.

Based on individual (order of elution) peaks as recommended by ICES. 
i  Repeated on 6 different days.

(19-24%). The grand m ean X t for the spiked oil 
w as not s ign ifican tly  d ifferent from these 4 
m eans but its CV (28%) was, like that for the u n 
spiked oil, som ew hat larger than the 4 individual 
means.

Calculation o f the m eans after d ele tion  o f re
sults d iffering from their grand m eans by m ore 
than 3 standard d eviations (one laboratory in  
each set) did not s ign ifican tly  low er the m eans

(X exci =  1.07 ±  0.33 m g /k g  for unsp ik ed  oil and 
1.93 ±  0.41 m g /k g  for sp iked  oil) but did  low er  
the CV valu es (31% and 21%, respectively) to 
levels associated w ith  the 8 laboratories reporting 
adequate data.

M edian valu es for the unspiked  and spiked  
oils w ere determ ined (1.02 and 1.94 m g /k g , re
spectively). The m edians are not sign ifican tly  
different from  X exci for each oil. S im ilarly, the
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Table 3. PCB levels repo rted  for spiked oil (m g /k g  oil)

Lab.
ICES Aroclor 1254 std Laboratory PCB std

Diff.rICES calen Lab. calen ICES calen Lab. calen
l - l a 1.79 2.14 2.00 2.30 \
\ . 2 b 1.54 1.67 1.69 1.851
1-3° 1.92 1.88 2.18 2 . 1 7 ' 0.71-1.03
2-1 d 1.590 1.540 1.560 1.5151
2-2 e 1.570 1.470 1.515 1.440/ 0.540-0.665
3 1.696 — — — 0.532
4 2.39, 2.27 2.66, 2.43 1.91, 1.81 2.19, 2.00 0.69-0.97
5 1.610 1.466 1.507 1.441 0.663-0.739
6-1 « — 1.899. 2.032 — 1.9801
6-2« — 1.952, 1.931 ---- - 1.920 1 0.922-1.016
7 1.940 — 1.910 — 0.860-0.940
7A' — — — 1.145* 0.591s
8-1 d 2.64 2.23 2.37 2.041
8-2 e 3.06 2.54 2.76 2.38 1 0.52-0.92
9 — 1.827 — — 1.221

10 1.627, 1.747 1.683, 1.806 1.744 1.803 0.864-0.938
10A' 2.012, 1.854 — 2.010 — 0.919-0.998
11 — 3.891 — 3.785 0.475-0.575'
12-1 d — 2.17, 2.27, 2.42' — 2.75112-2 e — 2.33, 2.22 — 2.86) 0.88-1.25
13 2.37, 2.42, — — — —

2.49, 2.55 — — — 1.07°
14 2.000' 1.956' 1.821' 2.056' 1

2.014k 1.956 k 1.800k 1.980kf 1.050-1.364
— 2.15 — — 1.10

16 — 1.888, 1.913' — 1.956 1.058-1.095
17 — 1.790, 2.130 — 0.667d
18 1.95, 1.97, 2.07™ — — 0.670-0.780

1.40 — — — (0.765)™
18A' — — — 1.295 0.570s
19 1.48 1.53 ̂ — 1.67 0.76-0.89
20 — 2.129, 2.005 — 1.867, 1.757 0.960-1.095
21 1.875, 1.875 1.844, 1.864, 1.754" — \ —

1.910 2.093, 2.098, 2.49° — 0.677-0.870
1.687, 1.664, 1.635" )

2 2 — 0.70 - - — 0.22
23 2.60° 2.70° 2.40° 2A0q 0.60-1.CO

a-° As in Table 2.
r The oil was spiked with 1.00 /rg PCB (Aroclor 1254)/g. These sets of values were calculated from paired sets of data 

submitted by individual laboratories. There Is no direct relationship between maxima and minima of spiked and unsplked 
oils and maximum and minimum differences. 

s Some isomers.
* Based on decachlorobiphenyl.
"  Difference of the means.

overall recovery o f the spike (d ifference o f 2 
grand means for laboratories) was 0.87 ±  0.23 and 
the median value was 0.91. This suggests w e are 
d ea lin g  w ith  a population  of results distributed  
in  a norm al m anner.

O ne further point shou ld  be noted. N o d if
ferences were found in the standard deviation of 
m eans of unspiked  and sp iked  oil values deter
m ined by any of the above calculations or groups 
of laboratories. This suggests that the majority 
o f the variance arises from the m eth od ology  at 
som e point in w hich  the spiked and unspiked oil 
w ou ld  suffer the sam e apparent losses or gains 
of PCBs w ith in  each laboratory. The standard

d eviation  o f Xexci is com posed o f the standard  
d ev iation  o f laboratory precision and the stan
dard deviation of the system atic errors and these  
are equ ivalent for both oils. According to You- 
den  (6), this m eans that neither o il induces a 
system atic or laboratory precision change. It is 
possib le to interpret this study by u sin g  each 
laboratory's m ean valu e and e lim in atin g  labo
ratories u sin g  perchlorination or capillary (PCB 
isom ers) techn iques, because n ow , to a firs: ap
proxim ation, w e  have a “com m on" analytical 
m ethod (gas chromatography using a m ixed PCB 
standard) and ev idence that the system atic error 
is the sam e for each oil. From the va lu es from



MUSIAL & UTHE: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983) 27

Table 4. Mean levels of PCB rep o rted  in unspiked oil (m g /k g  oil)

ICES Aroclor 1254 std Laboratory PCB std
Lab.

meanLab. ICES calen Lab. calen ICES calen Lab. calen
i 0.90 1.05 1.01 1.17 1.032 0.98 0.94 0.96 0.92 0.953 1.16 — — — 1.164 1.47 1.58 1.17 1.29 1.385 0.95 0.73 0.84 0.71 0.816 — 0.99 — 1.04 1.027 1.00 — 0.95 — 0.988 2.08 1.69 1.88 1.57 1.819 — 0.61 — — 0.6110 0.79 0.84 0.82 0.87 0.8310A 0.98 — 1.01 — 1.00

h — 3.42 — 3.21 3.3112 — 1.34 — 1.63 1.5113 1.39 — — — 1.3914 0.79 0.72 0.71 0.75 0.7415 — 1.05 — --- 1.0516 — 0.84 — 0.86 0.8517 — 1.29 — — 1.2918 1.07 — — 1.31a 1.1919 0.72 0.70 — 0.74 0.7220 — 0.97 — 0.91 0.9421 1.07 1.14, 1.27" 
0.78

— — 1.07
22 — 0.48 — — 0.4823 1.80 1.80 1.60 1.60 1.70

X4mc = 1.22 ± 0.50[8]d 1.17 ±0.45 1.12 ± 0.41 1.11 ± 0.35 XT S = 1.14 ± 0.56[24](41%)' (38%) (37%) (32%) (49%)
Xexci2 = 1.07±0.33[23] 

(31%)
Median = 1.02

3 Based on Aroclor 1260. 
b Based on individual peaks of Aroclor 1254. 
c Mean ± SD (standard deviation) of boldface laboratories. 
d  Number of laboratories included in calculation. 
e Grand mean of all laboratory means.
' Coefficient, of variation (CV).
* Mean excluding all results > xT ± 3 SD (i.e., x > 2.82: Lab. 11).

Tables 4 and 5, w h ich  had been used to calculate 
X exci for each oil, w e  have determ ined that the 
precision  (intralaboratory) standard d eviation  
(S r) is 0.654 w h ile  the overall standard deviation  
(Sa) is 2.2461. The F-ratio is 11.79, w h ich  show s  
that system atic error is the predom inant source 
of the variance, rather than intralaboratory pre
cision  (P  «  0.01) (6).
Sources of Error

It sh ou ld  be n oted  that som e laboratorys' du
plicate standard so lu tion s sh ow  as m uch as 6% 
difference, w h ich  could  contribute to the sys
tematic error and indicates that som e participants 
had instrum entation problem s (balance, syringe, 
gas chrom atograph, glassware).

It is possib le that the chrom atographic sta
tionary phase may have som e major effect on  the 
quantitation o f PCBs in  the oils. This is dem 
onstrated by the results subm itted by Laboratory

1 w h ich  analyzed  the PCB fraction by u sin g  the 
3 d ifferent s ilicon e stationary phases, SP-2401, 
OV-101, and OV-105, and reported results w hich  
w ere quite d ep en d en t on  the stationary phase  
used. W hen the m eans reported by laboratories 
(N os. IB, 3, 5, 7, 10, 13, 18, 21) u sin g  h ig h  per
form an ce p o ly d im eth y ls ilo x a n e  stationary  
phases (OV-1, OV-101, and SP-2100) are com 
pared w ith  the m eans (Xexci) from  Tables 4 and  
5, no sign ifican t d ifferences are noted  in  the 2 
m eans for either the unsp ik ed  or the sp iked  oil. 
H ow ever, it should be noted that the coefficients 
of variation o f the results from  laboratories 
w h ich  em p loyed  a h ig h  grade o f s ilicon e sta
tionary phase w ere Substantially low er than that 
of the grand m ean. This suggests that analysts 
sh ou ld  consider use o f such stationary phases.

It is also possib le that laboratories em p loyin g  
h ig h ly  effic ien t packed chrom atographic co l
um ns w ou ld , as a group, perform  better than the
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Table 5. Mean levels of PCB reported  in spiked oil (m g /k g  oil)

ICES Aroclor 1254 std Laboratory PCB std
Lab.

meanLab. ICES calen Lab. calen ICES calen Lab. calen
i 1.75 1.90 1.96 2.11 1.93
2 1.58 1.51 1.54 1.48 1.53
3 1.70 — — — 1.70
4 2.33 2.54 1.86 2.10 2.21
5 1.61 1.47 1.51 1.44 1.51
6 — 1.96 — 1.92 1.94
7 1.94 — 1.91 — 1.93
8 2.85 2.39 2.57 2.39 2.55
9 — 1.83 — — 1.83

10 1.69 1.75 1.74 1.80 1.74
10A 1.93 — 2.01 — 1.97
11 — 3.89 — 2.79 3.84
12 — 2.24 — 2.81 2.53
13 2.46 — — — 2.46
14 2.01 1.96 1.81 2.02 1.95
15 — 2.15 — — 2.15
16 — 1.91 — 1.96 1.93
17 — 1.96 — — 1.96
18 1.77 — — 2.07a 1.92
19 1.48 1.53 — 1.63 1.55
20 — 2.07 — 1.82 1.94
21 1.89 1.82, 2.08b 

1.662 — — 1.87
22 — 0.70 — — 0.70
23 2.60

X4mc = 2.05 ±0.49(8]d 
(24% ) '

2.70
2.03 ± 0.47 

(23%)
2.40

1.92 ±0.38 
(20%)

2.40
1.97 ±0.37 

(19%)
2.53

XTe = 2.01 ±0.56(24] 
(28%)

Xexcls= 1.93 ±0.41(23] 
(21%)

Median = 1.94
a ,b ,c ,d ,e , t  ¡n t able 4.
® Mean excluding all results > XT ± 3 SD (I.e., x > 3.58: Lab. 11).

w h o le  group or at least better than analysts 
em ploying less efficient packed colum ns. W hen  
results from  laboratories usin g  colum ns w ith  
efficiencies of greater than 2000 theoretical plates 
(Nos. 6 ,1 3 ,1 4 ,1 9 , 20, and 21) are compared w ith  
those usin g  colum ns o f less then  2000 plates 
(Nos. 1 ,2 ,3 ,4 ,5 ,  7, 8 ,9 ,1 0 ,1 5 ,1 6 ,1 8 , and 22) and 
to X exci, no sign ificant d ifferences are found.

We com pared results on the use o f Florisil or 
alum ina as cleanup agent (Table 6). Results of 
a f-test su ggest a trend toward h igh er m ean val
ues for both oils w h en  cleaned up on  Florisil. It 
is d ifficu lt to assess the im portance o f the d if
ference in  results b etw een  Florisil and alum ina. 
The Florisil results are not significantly different 
from the 4 results obtained by capillary chro
m atography, not u n expected ly  because 3 o f 4 
capillary users used Florisil, and the fourth, a 
sulfuric acid cleanup. The results m ay be in 
terpreted as a se lective  loss o f PCB on alum ina  
but this is contradicted by the sp ike recovery  
(difference) figure for alum ina w h ich  did  not 
differ sign ifican tly  from  that o f Florisil (91 and

88%, respectively). It is possib le that Florisil 
allow s som e interfering material to co-elute w ith  
PCB w h ich  cannot be separated by capillary  
chrom atography. H ow ever, this seem s h ig h ly  
u n lik e ly  considering the effic ien cy  o f the capil
lary co lum ns used. What is m ore probable is 
more effective retention of lip id  com ponents by 
Florisil. Visual inspection  o f the subm itted  
chrom atogram s indicated a h igh  degree o f cor
relation b etw een  the occurrence o f n egative  
peaks (below baseline) and the use of alumina for 
cleanup. T hese peaks are caused by easily  io n 
ized (electron-donating) b iogenic hydrocarbons 
such as pristane, the presence o f w h ich  w as re
ported by on e participant (No. 20) usin g  a flam e  
ion ization  detector. Ackm an (7) also has re
ported the presence of large am ounts o f pristane 
and octadecane in  herring as w e ll as sm aller  
quantities o f other nonsaponifiab le hydrocar
bons. W hile negative peaks are most ev id en t in  
the early part o f the chrom atogram s w h ere rel
atively  few  PCB isom ers elute, it is en tire ly  
probable that the later-eluting PCB com ponents
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Table 6 . C om parison of PCB c o n ce n tra tio n s  (m g /k g ) using a lum ina  and  Florisil fo r c leanup

Lab. Unspiked oil Spiked oil Diff.
Alumina

2 0.95 1.53 0.58
3 1.16 1.70 0.54
4 1.38 2.21 0.84
7 0.98 1.93 0.96
9 0.61 1.83 1.22

14 0.74 1.95 1.21
15 1.05 2.15 1.10
16 0.85 1.93 1.08
18 1.19 1.92 0.73
19 0.72 1.55 0.83
20 0.94 1.94 1.00
21 1.07 1.87 0.80
X alumina = 0.97 dt 0.22 (23%) 1.88 ±0.21 (11%) 0.91 ±0.23(25% )

-̂ excl = 1.07 ±0 .33  (31%) 1.93 ±0.41 (21%)
Florisil

1 1.03 1.93 0.90
6 1.02 1.94 0.92
8 1.81 2.55 0.74
10 0.83 1.74 0.91

10A 0.99 1.97 0.98
13 1.39 2.46 1.06
17 1.29 1.96 0.67
X Florisil

-^ e x c l =

= 1.19 ± 0.33 a (28%) 
1.04 ±0.31 (30%)

2.08 ± 0.30a (15%) 
1.90 ±0.39 (21%)

0.88 ±0 .13  (15%)

a 0.1 < P < 0.05 indicates that this mean is significantly different from the corresponding alumina mean.

m ost often  u sed  for quantitation are superim 
posed  on  such n egative peaks, the overall result 
of w hich  w ould  be a positive peak of dim inished  
size.

A d ditional inform ation can be gain ed  by in-

spection  o f Figure 2. This Y ouden p lot o f each  
laboratory's result for the unspiked oil vs that of 
the spiked o il v isu ally  id en tifies laboratories 
w h ich  subm itted consistently  h ig h  or con sis
ten tly  lo w  results com pared w ith  the m edian

L 1_______ 1________I________I________I________1________I________1________1------------1-----------J1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
Spiked Oil

F igure 2. Y ou d en  p lo t o f resu lts for sp ik e d  and u n sp ik ed  o ils , based  o n  a lu m in a  (A ) or F lo ris il ( • ) .
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lev e ls  o f all laboratories for each o il (6). Labo
ratory results w hich  fall in  the upper left or lower  
right quadrant are inconsistent. It is interesting  
that of 6 laboratories fa llin g  w ith in  the in co n 
sistent areas, 5 used alum ina as cleanup adsor
bent.

A lin e  (constant error line) w ith  a slope o f 1 
passing through the m edian intercept may be 
used to judge the degree by w h ich  a laboratory's 
results d iffer from  those in  w h ich  both results 
differ from the intercept of the 2 m edian lines by 
the sam e am ount. A laboratory result falling  
a lon g the constant error lin e  in  the upper right 
quadrant has reported results w hich  have higher  
valu es by a constant am ount than the m edian  
valu es w h ile  those in the low er left quadrant 
report values a constant am ount low er than the 
m edian values. Visual inspection  o f the figure 
su ggests that laboratories usin g  Florisil as a 
cleanup agent fall closer to this constant error 
line than do those laboratories using alum ina for 
cleanup. It shou ld  also be noted that the use of 
a correction factor for each laboratory upon  
w h ich  to com pare data from d ifferent laborato
ries can on ly  be justified for those laboratories 
fa llin g  close to the constant error lin e , because  
use o f such a correction factor w ould only correct 
for a constant error.

C o n c lu s io n s  a n d  R e c o m m e n d a t io n s
The results o f this collaborative study indicate 

that problem s still exist in  the determ ination  of 
PCBs in fish  o ils  and in interlaboratory com par
isons o f results, especially  w h en  a variety of 
m ethods is used.

W hile w e have identified that systematic error 
is the most likely source of the observed variance, 
w e are unable to state w h eth er such system atic  
error is due to differences inherent in  the pro
cedures used  by the various participants or by  
d ifferences that w ou ld  be in h eren t in  each lab
oratory's application o f a com m on m ethod. 
There is ev id en ce to support the form er p ossi
b ility  and the answ er to this question  w ou ld  
com e from an intercalibration study using, as far 
as possib le, identical m ethods. Results o f Saw
yer's collaborative study (5) indicate that a 
som ew hat low er CV can be obtained for fortified  
sam ples through use of a standard m ethod; 
how ever, in the case o f an env iron m en ta lly  in 
curred PCB residue in fish , the valu e obtained  
was 4.5 m g /k g  ±  20%. Therefore, it w ould  seem  
that the results of our study com pare fairly w ell 
to the state-of-the-art, considering that w e used  
a great variety of analytical m ethods, and that w e  
w ere determ in ing PCB concentrations one-

quarter to on e-h alf as great as that m en tion ed  
above.

Our study corroborates that o f Saw yer, w h o  
reported that use of a com m on calculation  
m ethod does not result in  an increase in  preci
sion w h en  commercial PCB m ixtures are used as 
standards.

An intralaboratory study com paring alum ina, 
Florisil, and concentrated sulfuric acid is war
ranted. The role of hydrocarbon interferents, 
both physiologically based and environm entally  
incurred, in  affecting the determ ination  o f PCB 
and other organochlorine contam inants in  her
ring and other m arine and freshw ater fish , 
should  be elucidated. The results o f our study  
suggest that estim ates o f PCB in  herring, ob
tained by participants usin g  the alum ina proce
dure, m ay be n egatively  in error by as m uch as 
20%.

N egative peak interference could  account for 
the differences in  results reported by Laboratory 
1 (d ifferent results from d ifferent stationary  
phases). The phases used (SP-2401, OV-101, and 
OV-105) vary in  degree of polarity, w ith  OV-105 
exh ib itin g  the largest M cReynold's constants. 
The retention  tim es o f the in terfering b iogen ic  
hydrocarbons w ou ld  vary considerably w ith  
respect to PCB com p onents on  these phases, 
g iv in g  rise to the varied PCB values.

If the use of packed colum ns is to be continued, 
analysts shou ld  use as h ig h ly  effic ien t colum ns  
as possible. The use o f h igh  perform ance sta
tionary phases may im prove the results som e
what.

F inally, w e  su ggest that im provem en t w ould  
occur should  PCBs be determ ined on the basis of 
ind iv id u al isom ers. Saw yer (3) found  that the  
precision  of determ ination of PCBs in m ilk and 
chicken fat was im proved by quantitation based  
on in d ivid ual peaks and usin g  a syn th etic  stan
dard rather than the com m ercial PCB m ixtures. 
In this study, packed colum ns w ere used. The 
use o f capillary co lum ns shou ld  im prove in ter
laboratory precision  still more, y ie ld in g  results 
less in  error from interfering peaks than packed  
colum ns. In the current study, 6 participants 
used capillary chrom atography, 2 o f w h ich  re
ported concentrations o f PCB com ponents in the 
oils. The other 4 participants reported m ean  
values for the sp iked  and unspiked  oils  w h ich  
w ere higher than the mean values X exci reported  
for these oils  in Tables 4 and 5. A lso, the CV of 
the sp iked  results w as reduced by half. The  
sign ificance o f this observation is d ifficu lt to 
judge because on ly  a sm all num ber of capillary  
chrom atographs w as in vo lved . Laboratory 10
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analyzed  the oils  by both packed and capillary  
colum n gas chrom atography and reported the 
same observation, i.e., h igh er results from  the  
latter technique. This is incon sisten t w ith  
findings generated by the author w h o found that 
the PCB lev e ls  in hexane extracts (stored for 9 
m onths in a refrigerator at 3.5°C) of the oils were 
low er by capillary chrom atography than by  
packed colum n. This effect w as greater for the  
unspiked oil than for the spiked. W h ile the  
capillary colum n w ou ld  m agn ify  d ifferences in  
concentrations of chlorinated biphenyls betw een  
unspiked and sp iked  oils, further work is re
quired to resolve these inconsistencies. Another 
intercalibration exercise usin g  capillary gas 
chromatography has been carried out (8) and w ill 
be the subject o f a subsequen t paper.

A c k n o w l e d g m e n t s
The fo llow in g  laboratories participated in this 

study:
Rijksstation voor Zeevisserij, D ept o f B iology  

& Fish Q uality, M inisterie van L andouw , O s
tende, Belgium

M inistry o f the Environm ent, N ational Food  
Institute, Spborg, Denm ark

Canadian W ild life Service, Ottawa, O ntario, 
Canada

D epartm ent o f F isheries & O ceans (coordi
n atin g  laboratory), H alifax, N ova Scotia, 
Canada

Health Protection Branch, Health and Welfare 
Canada, H alifax, N ova Scotia, Canada

B io log isch e A nstalt, H e lgo lan d  L ist/S y lt, 
FRG

B u n d esforsch u n gsa n sta lt fur F ischerei, 
Ham burg, FRG

Institut fur M eeresforschung, Brem erhaven, 
FRG

Institute of M arine Research, H elsin k i, F in
land

N ational Board of Waters, H elsink i, Finland
Institut Scientifiqu e et T echnique des Peches 

M aritim es, N antes, France
D epartm ent of Fisheries, F isheries Research

Centre, A bbotstow n, D u blin , Ireland
Delta Instituut voor H yd robiologisch  O nder- 

zook, Yerseke, The N eth erlan ds
Nederlands Instituut voor Onderzoek der Zee, 

Texel, The N etherlands
Rijks-Kwaliteits Instituut voor land-en  tuin- 

bouw prod u k ten , W a gen in gen , The N eth er
lands

Rijksinstituut voor V isserijonderzoek, IJmui- 
den , The N etherlands

Rijksinstituut voor V o lk sg en zon d h eid , Bil- 
th oven , The N etherlands

In stitu te o f M arine R esearch, B ergen , 
N orw ay

M inistéria da Agricultura e Pescas, Secretaria 
de Estado do Fom ento Agrârio, O eiras, Por
tugal

Departm ent o f A griculture and Fisheries for 
Scotland, P itlochy, Scotland

M inistry o f Agriculture, Food and Fisheries, 
Burnham -on-Crouch, UK

Bodega Bay M arine Laboratory, U n iversity  o f  
California, Bodega Bay, CA

N ational M arine F isheries Service, N ortheast 
Fisheries Center, G loucester, MA
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Gas-Liquid Chromatographic Determination of Polychlorinated 
Biphenyls and a Selected Number of Chlorinated Hydrocarbons in 
Serum
VIRLYN W. BURSE, LARRY L. NEEDHAM, MARGARET P. KORVER, 
CHESTER R. LAPEZA, Jr, JOHN A. LIDDLE, and DAVID D. BAYSE 
P u b l i c  H e a l t h  S e r v i c e ,  C e n t e r s  f o r  D i s e a s e  C o n t r o l ,  C e n t e r  f o r  E n v i r o n m e n t a l  H e a l t h ,  
A t l a n t a ,  G A  3 0 3 3 3

A m eth od  is  p rop osed  for con cu rren tly  d eterm in in g  
th e  le v e ls  o f m u ltip le  in tact e x o g e n o u s  co m p ou n d s  
in  seru m , particu larly  p o ly c h lo r in a te d  b ip h e n y ls  
(PCBs) as A roclor (AR) 1254 and ch lor in ated  h y d ro 
carbons (C H s). B ov in e serum  p o o ls  c o n ta in in g  in  
v iv o -b o u n d  PCBs (as AR  1254) and in  v itr o -sp ik e d  
C H s are u sed  to eva lu ate  th e m eth od , w h ic h  en c o m 
p asses seru m  d én atu ration  w ith  m eth an o l, m ixed  
so lv e n t  ex traction , m u ltip le  so lv e n t  fraction ation  
from  activa ted  s ilica  g e l, and d eterm in ation  b y  e le c 
tron capture g a s-liq u id  chrom atography. M ean re
co v er ies  o f th e in  v itr o -sp ik e d  9 C H s at le v e ls  o f 
2 .0 -29 .1  p pb  ranged  from  52.8 to  98.4% from  trial e n 
v iro n m en ta l p oo ls; m ean recoveries o f the in  v iv o -  
b ou n d  PCBs (as AR  1254) w ere 114.1 and 92.6% at 
le v e ls  o f 10 and 50 p p b , resp ectiv e ly .

Since the first analytical evidence was found that 
DDT is stored in the hum an body (1), increasing  
num bers of chem icals have been  discovered in  
the food chain (2); m any o f these chem icals are 
stored in  hum ans (3, 4). The lev els  o f these  
com p ounds m ust be m onitored periodically so 
that trends and lev e ls  o f exposure can be as
sessed. M ethods must be d eveloped  that permit 
a series o f intact chem icals to be m onitored rou
tinely .

Because o f the nature of the major en v iron 
m en ta lly  d isp en sed  substances (ch lorinated  
hydrocarbons (CHs), chlorinated b iphenyls) 
k n ow n  to be stored in  hum ans, it is d ifficu lt to 
reso lve these com pounds so they m ay be u lti
m ately m easured. A nalytical approaches have  
been  described for the concurrent analyses of 
polych lorinated  b ip h en y ls  (PCBs) and CHs in  
sources to w h ich  hum ans are exposed, e.g., food  
(5), water sedim ent and bottom  material (6), and  
air (7). H ow ever, few  accounts have been  pub
lish ed  regarding attem pts to concurrently ana
ly ze  m ultip le intact com pounds in  blood serum. 
In our rev iew  o f the scientific literature, w e  
fou n d  n o  d iscussion  o f m any o f the problem s 
associated w ith  this analysis. W e did find  d e
scriptions o f analyses for either CHs (8-10) or

Received January 26,1982. Accepted April 16,1982.

PCBs (11-14) in serum. With few  exceptions, the 
determ inations o f PCBs in serum  have been  
predicated on  a pretreatm ent o f the serum  to 
preclude or m in im ize the contribution o f the  
CHs. Studies in  w h ich  intact organochlorine  
com p ounds and PCBs have been  reported in  
blood have been lim ited to (a) evaluation of these 
com p ounds in  toxem ia o f pregnancy, by Was
serm ann et al. (15); (b) assessm ent o f these com 
pounds in m other and fetus during labor (16) and 
after norm al delivery , by Polishuk et al. (17); (c) 
determ ination  o f these com pounds in  cachectic 
patients and healthy persons, by H esselberg and 
Scherr (18); and (d) evaluation of serum levels of 
PCBs (19) and DDTs (20) in residents o f Triana, 
Alabam a, by Kreiss et al.

Because the first 4 publications m en tion ed  
above (15-18) are not m ethod papers, the quality 
of the separation w h ich  preceded the sim ulta
n eou s determ ination  o f PCBs and CHs :s not 
described. In the approach used by Kreiss et al.
(19), silica ge l w as im pregnated w ith  silver n i
trate to separate the PCBs (as Aroclor 1260) from  
DDT and m etabolites; how ever, the DDT and  
D D D  isom ers could not be recovered intact be
cause they w ere deh ydroh alogenated . Instead, 
DDT and m etabolites w ere determ ined after 
colum n chrom atography, w ith  silica ge l used as 
th e adsorbent (20); therefore, the DDT con cen 
tration values, specifica lly  the isom ers o f D D D  
and DDT, conta ined  contributions from  PCBs. 
N eed h am  et al. (21) reported usin g  these dual 
adsorption colum ns so that the CHs and PCBs 
cou ld  be quantitated by d ifference.

The m ethod presented  here in v o lv es  serum  
dénaturation w ith  m ethanol, m ixed so lven t ex
traction, m u ltip le  so lven t fractionation from  
activated silica gel, and subsequent determ ina
tion  by electron capture gas-liquid chrom atog
raphy (22, 23). The problem s in h eren t in  
ap p ly in g  th is m eth od ology  to b ov in e serum
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pools conta in ing in  vitro-spiked CHs and in  
v ivo-b ou n d  PCBs as AR 1254 w ill be discussed.

Preparation of Pool Material
To evaluate the procedure, w e prepared serum  

pools conta in ing in  v ivo-b ou n d  PCBs and a se
lected num ber of in  vitro-spiked CHs. The pool 
material w as prepared to reflect the general 
population in  terms o f types and concentrations 
o f CH s and PCBs present. The lev els  o f CHs 
selected  w ere m ean or m axim um  levels obtained  
from  the E nvironm ental Protection A gency  
(EPA) (Richard Kutz, Decem ber 1978), and PCB 
lev e ls  w ere in d icative o f the m ean lev e l and 5 
tim es the m ean lev e l obtained in  other studies 
in v o lv in g  popu lations not kn ow n  to be abnor
m ally exposed  to PCBs (PCBs/PBBs serum  
screening of M ichigan residents by the M ichigan  
Departm ent of Public Health and the Centers for 
D isease Control (CDC)).

The source o f the in  v ivo-b ou n d  PCBs (as AR 
1254) w as a cow  that had been  g iv en  oral doses 
of AR 1254 for 14-21 days, a llow ed  to approach  
equ ilibrium  of storage in  the absence o f dosing, 
and then  bled . After w e  separated the serum  
from  the w h o le  b lood, w e  determ ined its PCB 
concentration. The fo llo w in g  CH standards 
(purity 98-100%) w ere obtained from  the Pesti
cide R epository o f the EPA, Research Triangle  
Park, NC: h exach lorobenzene, hexachlorocy- 
clohexan e, oxychlordane, heptachlor epoxide, 
frans-nonachlor, p ,p '~ DDE, d ield rin , o,p'-DDT, 
and p ,p '- DDT. Appropriate am ounts o f these  
in d iv id u a l standards in  isooctane w ere com 
b in ed , the so lven t w as evaporated, and the resi
d u e w as red isso lved  in  acetone to com prise the 
sp ik in g  solu tion .

The trial environm ental pools (TEPs) w ere  
prepared as follow s:

TEP 3: To a poo l o f essen tia lly  CH - and
PCB-free b ov in e serum , an am ount o f serum  
from  the cow  dosed  w ith  AR 1254 w as added to 
yield  a fortification level o f approximately 50 ppb  
(n g/m L ) PCBs.

TEP 2: A n aliquot o f TEP 3 (after 72 h o f m ix
in g  at 0°C) was rem oved and added to a poo l of 
essentially  CH- and PCB-free b ov in e serum  to 
yield  a fortification level of approximately 10 ppb 
(ng/m L ) PCB. This pool w as a llow ed to mix for 
72 h  at 0°C. The 9-com p onent CH sp ik in g  so
lu tion  (25 mL) w as added to each o f th e above 
pools (1% of the final volum e) and allow ed to mix 
for an additional 72 h at 0°C.

TEP 1: To a pool o f essen tia lly  CH- and
PCB-free b ov in e serum , acetone (25 mL) was

added (1% of the final volume) and allowed to 
mix for 72 h at 0°C.

We saw no evidence of a protein precipitate 
before any of the 3 pools were sterilized. All 
pools were sterilized by using a Millipore Fil
tration System, dispensed into 3-dram vials in a 
sterile environment, and stored at — 30°C.

M ETH O D
Apparatus

(a) A n a ly t ic a l  s y s t e m ,  P C B s .—A Varian 3700
gas-liquid chromatograph (GLC) (Walnut Creek, 
CA) equipped with a Hewlett-Packard Model 
7671A automatic injector (Avondale, PA), a 
constant current 63Ni electron capture detector 
(ECD), and a Perkin-Elmer Model 56 strip-chart 
recorder were used. The chromatograph was 
controlled and the data were calculated by a 
Varian CDS 111(c) microprocessor. Operating 
conditions: temperatures (°C)—column 195,
detector 330, injection port 250; nitrogen flow 20 
mL/min; ECD range 10, and recorder attenuation 
X8. Gas chromatographic column, 6 ft X 2 mm 
(id) glass, packed with performance-tested 3% 
SE-30 on 80-100 mesh Gas-Chrom Q.

(b) A n a ly t ic a l  s y s te m ,  C H s .—A Varian 2100 
GLC instrument equipped with a 3H(Sc) electron 
capture detector and a Varian Model A-25 strip- 
chart recorder were used. Operating conditions: 
temperatures (°C)—column 200, detector 285, 
injection port 225; nitrogen flow 37 mL/min; 
electrometer range 10~10; and attenuation X16. 
Gas chromatographic column, 6 ft X 4 mm (id) 
glass, packed with 1.5%/1.95% OV-17/QF-1 on 
80-100 mesh Chromosorb WHP.

(c) C h r o m a to g ra p h ic  c o lu m n .—Glass, 28 cm X 
9 mm, equipped with 50 mL reservoir and 
polytetrafluoroethylene (PTFE) stopcock (Tudor 
Scientific Glass, Belvedere, SC).
Reagents

(a) S o lv e n t s .—Pentane, n-hexane, methanol, 
benzene, and ethyl ether were all distilled-in- 
glass grade (Burdick & Jackson, Muskegon, 
MI).(b) S o d iu m  s u l f a t e .—Anhydrous, reagent 
grade. Wash with hexane and oven-dry con
tinuously at 130°C. Remove from oven and let 
cool under desiccation before use.

(c) S ilica  g e l .—Weigh 20 g silica gel (Woelm 
70-150 mesh) into beaker, cover with aluminum 
foil (shiny side up; punch several holes in foil), 
and let stand in 200°C oven 8 h. Let cool over
night under desiccation. Transfer to Erlenmeyer 
flask containing 75-150 mL pentane. Hand-
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rotate flask to rid mixture of any air bubbles, and 
seal w ith  PTFE-lined screw cap.
Extraction

Pipet 4 mL serum  in to  culture tube (16 X 125 
mm  w ith  PTFE-lined cap), and add 2 mL m etha
nol. Sw irl briefly  on  vortex mixer. Extract 
serum  w ith  5 mL h ex a n e-eth y l ether (1 +  1) on  
rotary m ixer (15 m in at 50 rpm), centrifuge at 
1800 rpm for 6 m in, and then rem ove superna
tant extract. Repeat extraction tw ice. Transfer 
each solvent extract to culture tube (20 X 150 mm  
w ith  PTFE-lined cap). Concentrate com bined  
extracts under gen tle  stream of n itrogen  to low  
vo lu m e (0.5 mL).
Adsorption Chromatography

Prepare adsorption chromatography (9 mm id) 
colum n equipped w ith PTFE stopcock by adding, 
in  order: silan ized  glass w o o l p lug, 10 mm so
dium  sulfate, pentane to height of 125 mm, silica 
ge l as a slurry from a shortened 5 mL (graduated 
in Vio mL) serological pipet to a height of 100 mm  
w ith  settlin g , and 10 mm sodium  sulfate.

Partially fill reservoir w ith  pentane, and mark 
level. Adjust stopcock so that flow  is 3 m L /m in. 
D u ring this adjustm ent, so lven t also serves as 
prew ash. O nce flow  is set, process contin ues  
w ith ou t interruption. W hen lev el of pentane  
reaches top o f sodium  sulfate layer, transfer 
concentrated sam ple extract in 0.5 mL hexane to 
top  o f colum n. R inse sam ple tube 3 tim es w ith  
0.5 mL pentane per w ash, and transfer w ash to 
head o f colum n. O nce sam ple has been  com 
p lete ly  transferred, fill reservoir w ith  pentane  
to p reviou sly  marked lev el, and m aintain this 
lev e l during co llection  o f fractions I, II, and III, 
each consisting of 15 mL eluate. Collect frac
tions in  15 mL conical centrifuge tubes that are 
calibrated to 1 mL and 15 mL. A fter fraction III 
is collected, let pentane eluant drain (referred to

as p en tane interface) into 20 X 150 mm culture  
tube. Then use ben zen e as eluant. Collect two  
15 mL b en zen e fractions and designate them  as 
IV and V. Reduce each of fractions I, II, and III 
and pentane interface to <1.0 mL in a 25°C water 
bath w ith  gen tle  stream of n itrogen . Reduce 
fractions IV and V each to < 1 .0  mL in  a 45°C  
w ater bath w ith  a gen tle  stream of n itrogen . 
R econstitute all fractions to 1.0 mL w ith  hexane  
or isooctane.
Gas Chromatography

P olychlorinated  b iphenyls .—Generate necessary  
calibration factors by usin g  W ebb and McCall
(24) Aroclor com position data for 3 pL injections 
of AR 1254 at 4 concentration levels ranging from  
400 to 40 p g /p L . O nce calibration factors are 
established , inject 3 g L  o f fractions II and III.

C hlorinated hydrocarbons.—A nalyze all eluates, 
fractions I-V , and interface quantitatively by 
com paring responses o f u n k n ow n s w ith  appro
priate concentration lev els  o f the 9-com ponent 
CH standard contained  in hexane or isooctane. 
A n alyze  fractions II and III by using analytical 
system  for CHs, because adsorption chrom atog
raphy does not consistently preclude the elution  
of HCB, frans-nonachlor, and p ,p '~DDE in  one or 
m ore o f these fractions.

R esu lts and D iscu ssion
Characterized valu es for TEPs (PCBs) w ere  

established through a series of 20 analytical runs 
in  w h ich  fractions II and III w ere analyzed . In 
5 o f the 20 analytical runs, characterized values  
for the chlorinated hydrocarbons w ere also es
tablished  through the analysis of fractions I-V  
and the interface. A n analytical run consisted  
o f th e results o f ana lyzin g  the extracts of dupli
cate sam ples taken from on e vial each o f TEPs 1, 
2, and 3.

As sh ow n  in  Table 1, m ost o f the PCBs elu te in

Table 1. Typical e lu tion  p a tte rn  from  silica gel for CHs and PCBs found  in TEPs 2 and 3 3

Fraction HCB /3-HCCH
Oxychior-

dane
Hepta-
chlor-

epoxide
t r a n s -N o o -

achlor p,p'-DDE Dieldrin o,p'-DDT p,p'-DDT
PCBs as 
AR 1254

1 + 0 0 0 0 0 0 0 0 0II 0 0 0 0 0 + (11) 0 0 0 + (82)III 0 0 0 0 + (17) + (64) 0 0 0 + T8)Interface 0 0 0 0 + (63) + (22) 0 + (66) + (18) 0IV 0 + + + + (20) + (2) + (77) + (34) + (82) 0V 0 0 0 0 0 0 + (23) 0 0 0
Average percent found in each fraction given in parentheses.
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RELATIVE RETENTION TIME
P, P'-DDE

Figure A, A roclor 1254 standard (2100 pg injected);
B, TEP 2 Fraction II; C, TEP 2 Fraction III; D , TEP 3 
Fraction II; E, TEP 3 Fraction III (19 m g in jected , a ll 
fractions); F, 9 -co m p o n e n t ch lor in ated  hydrocarbon  
standard (pg injected , RRTDDe): HCB (48.41 pg, 0.20); 
/9-HCCH (199.28 p g, 0.34); o xy ch lord an e (94 pg, 0.61); 
h ep tach lor  ep o x id e  (95.88 p g, 0.68); fran s-n on a ch lo r  
(113.74 p g, 0.78); p,p'-D D E  (97.76 p g, 1.00); d ie ld r in  
(96.82 pg, 1.07); o,p'-DD T  (287.64 p g, 1.43); p,p'-VVT 

(293.28 p g , 1.88). For GLC c o n d itio n s , see  text.

fraction II; a sm all percentage elu tes in  fraction
III. O f the CHs that w e evaluated, only p ,//-D DE  
eluted  in fraction II, and o n ly  p ,p '-DDE and  
frans-nonachlor eluted in  fraction III. The only  
other CH that elu ted  either w ith  or before PCBs 
was hexachlorobenzene; how ever, these 3 CHs 
can be discerned from  PCBs by electron  capture 
gas chrom atography, either by the in ten sity  of 
the peak {p ,p r-DDE) or by retention  tim es (HCB 
and frans-nonachlor). Gas chrom atogram s  
(under CH conditions) illustrative o f total elution  
of PCBs (as AR 1254) and selected CHs are show n  
in  Figures 1, 2, and 3. Gas chrom atogram s of

RELATIVE RETENTION TIME
P, P'-DDE

Figure 2. A , 9 -co m p on en t ch lorin ated  hydrocarbon  
standard  (con cen tratio n s and id e n t it ie s  as in  Figure  
1); B, TEP 1 Fraction I; C, TEP 1 Fraction II; D , TEP 1 
Fraction III; E, TEP 1 in terface; F, TEP 1 Fraction IV; 
and G, TEP 1 Fraction V (19 m g  in jected , a ll 

fractions).

fraction V contained the m ost extraneous peaks. 
Fortunately, the com pound (dieldrin) that elutes 
in  this fraction is w e ll resolved  from  the con 
tam inants). These traces again dem onstrate that 
m ost CHs elute in fraction IV and m ost PCBs in  
fraction II. A lth ou gh  the m ixed-phase colum n  
indicated the presence of several CH s in  TEP 1 
(Figure 2), on ly  p ,p '-DDE w as confirm ed by  
using a dual colum n technique. C olum n blank  
evaluations indicate that m ost o f the peaks ob
served in fractions I-V  of TEP 1 were attributable 
to contam inants from the silica gel.

Electron capture detection  o f contam inants  
resulting from elution  of adsorbents o f this type 
is not n ew  (25,26). We have applied to silica gel 
the so lven t pretreatm ent tech n iq u es that had  
b een  used for silicic acid (27) and fou n d  that at
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RELATIVE RETENTION TIME
P, P'-DDE

Figure 3. A , 9 -com p on en t ch lorinated  hydrocarbon  
standard (con cen tra tio n s and id e n t it ie s  as in  Figure  
1); B, TEP 2 Fraction I; C, TEP 2 in terface; D , TEP 2 
Fraction IV; and E, TEP 2 Fraction V (19 m g in jected , 

all fraction s).

the levels at w h ich  w e need to operate, even  w ith  
pretreatm ent those solven t system s necessary to 
elute certain CHs from  th is type o f absorbent 
invariably result in  a m easurable background. 
We have considered a cleanup procedure for this 
adsorbent som ewhat analogous to one previously  
proposed (28) as a possib le rem edy for the u n 
desirable contam inants observed in  fraction V; 
how ever, its effect has not been  evaluated.

Recovery of added pesticides (Table 2) ranged  
from 56.3% for /3-HCCH to 98.4% for o,p'-DDT in 
TEP 2 and from  52.8% for /3-HCCH to 96.4% for 
o ,p '-DDT in  TEP 3. A lth ou gh  in  vitro sp ikes of 
the CHs are identical in  these pools, the recovery 
is invariably higher in TEP 2. Our recoveries for 
som e o f the CHs w ere equal to, a lthough  most 
often  not better than those reported in  the liter
ature in  w h ich  parallel analytical techn iques  
w ere used (10, 29, 30).

Table 2. Recovery (%) of In vitro-spiked ch lo rina ted  
h y d ro carb o n s3

CH
Spike,

ppb TEP 2 TEP 3
HCB 6.2 58.2 ± 5.0 56.0 ±9 .4
/3-HCCH 8.4 56.3 ±4 .0 52.8 ±3 .6
Oxychlordane 4.0 78.6 ±4.1 74.4 ±6 .6
Heptachlor epoxide 2.0 79.8 ± 5.8 76.2 ±5 .6
frans-Nonachlor 4.8 89.6 ±4 .8 85.0 ± 7.9
p, p'-DDE 29.1 63.0 ±3 .6 62.4 ± 5.3
Dieldrin 12.4 75.5 ± 5.4 70.0 ±6 .4
o.p'-DDT 2.0 98.4 ± 10.1 96.4± 11.6
p.p'-DDT 8.3 84.2 ± 5.4 81.6 ± 7.0

3 Mean percent ± SD ¡n percent; N  = 5 analytical runs of 
duplicates.

The recovery of p ,//-D D E  is in  contrast to data 
obtained in  our laboratory w h en  id en tical de- 
protein ization  techn iques w ere u sed  that re
su lted  in h igh er y ie ld s (31). W e b e liev e  that 
som e losses probably occurred during the solvent 
evaporation and transfer that preceded the  
preparation o f the spiking solution. A dditional 
losses probably occurred during the sterile f il
tration.

U sin g  analysis o f variance, w e  evaluated  the 
analytical data obtained for the CHs in  TEPs 1-3  
(Table 3). G enerally, for the CHs the total co ef
fic ien t of variation (CV) is h igh er in  TEP 3 than  
it is in  TEP 2. o,p'-DDT has the h ig h est CV in  
TEP 2, and h exach lorobenzene has the h ig h est  
CV in TEP 3.

A gas chromatogram of the reference standard 
AR 1254 is sh ow n  in  Figure 4. The peaks are 
num bered relative to p ,p '- DDE, w h ich  is as
sign ed  a relative retention  tim e o f 100. The gas 
chrom atographic conditions w ere established so 
that the resu lting gas chrom atogram  w o u ld  be 
similar to that obtained by Webb and McCall (24) 
w h en  they assigned their m ean w e ig h t percent 
factors for the various peaks. Figures 4 -6  d em 
onstrate that, in  general, m ost PCBs elu te from  
the silica ge l colum n in the second fraction. 
W ith the exceptions o f p,p'-DDE 100 and trans-  
n onach lor 92, n on e o f the CHs evaluated elu te  
w ith  the PCBs. These values, w h en  com pared  
w ith  those sh ow n  in  Figure 4 (standard), also  
dem onstrate that b ov ines tend to retain to a 
larger extent those PCBs w ith  relative retention  
tim es equal to or greater than 124. The data re
su ltin g  from our characterization of the TEPs for 
PCBs are sum m arized in Table 4. The va lu es  
reported are w ithou t the contribution of peak 98
(24). The contribution of th is peak w as not 
considered because of the variation in  the ability  
of the adsorption chrom atography to consis-



Table 3. S ta tistica l analysis of ch arac te riz ed  values o b tained  fo r TEPs (CH)

Pool CH
Spike,
PPb /V(runs) Range, ppb

Mean,
ppb

CV (%) for 
within-run 

component of 
variance

CV (%) for 
among-runs 

component of 
variance

CV (%) for 
within- and 
among-runs 

components of 
variance

TEP 1 p,p'-DDEa — 5 0.46- 0.68 0.55 10.6 7.4 13.0
TEP 2 HCB 6.2 5 3 .0- 4.1 3.6 # * 8.6

0-HCCH 8.4 5 4 .3- 5.3 4.8 6.0 4.4 7.4
oxychlordane 4.0 5 2.9- 3.4 3.1 3.1 4.4 5.4
heptachlor epoxide 2.0 5 1.4- 1.9 1.6 5.0 5.4 7.4
frans-nonachlor 4.8 5 4 .1- 4.8 4.3 4.1 3.5 5.4
p,p'-DDE 29.1 5 16.4-19.8 18.3 4.3 4.2 6.0
dieldrin 12.4 5 8.2-10.4 9.3 4.2 6.3 7.6
o,p'-DDT 2.0 5 1.7- 2.3 2.0 6.6 8.4 10.6
p, p'-DDT 8.3 5 6 .2 - 7.9 7.0 5.8 3.0 6.6

TEP 3 HCB 6.2 5 2.4- 4.2 3.4 14.2 9.3 17.0
/3-HCCH 8.4 5 3 .9- 4.9 4.4 5.8 3.8 7.0
oxychlordane 4.0 5 2.7- 3.3 3.0 5.6 7.4 9.2
heptachlor epoxide 2.0 5 1.3- 1.7 1.6 6.3 4.0 7.4
t r a n s -nonachlor 4.8 5 3.4- 4.6 4.1 8.0 4.8 9.4
p,p'-DDE 29.1 5 16.2-20.5 18.2 6.8 5.3 8.6
dieldrin 12.4 5 7.3- 9.8 8.6 * # 9.2
o,p'-DDT 2.0 5 1.6- 2.3 2.0 6.6 10.5 12.4
p,p'-DDT 8.3 5 5.8- 7.5 6.8 6.8 5.2 8.6

a p,p'-DDE was the only chlorinated hydrocarbon found in TEP 1 that could be confirmed on 2 different columns by using electron capture detection.
* In the analysis of variance, If the within-run mean square value exceeds the among-runs mean square value, the withln-run CV Is set equal to the total CV and the among-runs 

CV is considered zero.

BURSE ET AL. 
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72

100 X RELATIVE RETENTION TIME
P, P'-DDE

Figure 4. A, A roclor 1254 standard (861 pg injected); 
B, TEP 1 Fraction II; C, TEP 1 Fraction III (12 m g  in 
jected , each fraction). For GLC c o n d itio n s , see  text.

100

100 X RELATIVE RETENTION TIME
P, P'-DDE

F igure 5. A , TEP 2 Fraction II; B, TEP 2 Fraction III 
(12 m g in jected , each fraction ).

146

100 X RELATIVE RETENTION TIME
P, P'-DDE

Figure 6. A , TEP 3 Fraction II; B, TEP 3 Fraction III 
(12 m g in jected , each fraction).

ten tly  preclude the elu tion  o f p ,p '-DDE (at a re
ten tion  tim e equ ivalent to peak 100) in  fraction  
II. Because no effort w as made to d istin gu ish  
PCB peak 98 and p ,p'-DDE, the contribution of 
peak 98 to the total was elim inated . A lthou gh  
the loss o f peak 98 is not desirable from  a m eth 
o d o lo g y  perspective, our experience in  the  
analysis of general population samples and other 
investigators' experiences in  the analysis of 
sam ples from  ind ivid uals w ith  kn ow n  PCB ex
posure (32) indicate that peak 98 does not m ake 
a sign ifican t contribution to total in v iv o  PCB 
residues. Peak 98 in TEP 1 is not attributed to 
PCBs, but to p ,p '-DDE; therefore, its elim ination  
does not affect the PCB value of this pool. Based 
on  the fortification lev els  o f TEPs 2 and 3. the  
average recoveries w ere 114.1 and 92.6%, re
spectively, although the contribution o f peak 98 
w as not considered.

The CVs for the PCB determ inations w ere  
h igh est for the low est concentration (TEP 2) and 
low est for the h igh est concentration (TEP 3). 
These relationships are consistent w ith  previous 
data generated  by our laboratory.

The m ethod  presented  here dem onstrates 
som e o f the in h eren t problem s associated w ith
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Table 4. S ta tistical analysis of charac te rized  values ob tained  for TEPs (PCBs)

Pool Spike,3 ppb W(runs) Range, ppb Mean, ppb

CV (%) for 
within-run 

component of 
variance

CV (%) for 
among-runs 

component of 
variance

CV (%) for 
within- and 
among-runs 

components of 
variance

TEP 1 __ 20 0.96- 4.41 2.38 15.6 29.2 33.1
TEP 2 9.97 20 7.70-16.27 11.38 8.4 15.4 17.6
TEP 3 49.64 20 31.49-54,42 46.01 6.4 9.6 11.5
3 Defined as projected concentration resulting from dilution of serum taken from bovine exposed to Aroclor 1254 with 

PCB-free serum, i.e., bovine was exposed to AR 1254 and bled; PCB level was determined in serum, and serum was di
luted.

concurrent determ inations o f intact exogenous  
com p ounds in serum . We b elieve  that serum  is 
the best possib le matrix for the routine m oni
toring o f such com pounds. A lthou gh  our ana
lytical approach, w h ich  resulted in several frac
tions, did not com pletely separate the PCBs from  
th e CHs, w e  b elieve  that if one is to analyze  
sam ples containing a m ultitude of residues, then  
the procedures m ost likely w ill entail one o f the 
fo llow in g: (1 ) an analytical protocol sim ilar to 
the one presented here, (2) a procedure that uses 
a series o f different adsorbents, or (3) a procedure 
based on  d ifferent activations or chem ical treat
m ents o f a s in g le  adsorbent.

References
(1) Howell, D. E. (1948) Proc. Okla. Acad. Sci. 29, 

31-32
(2) Manske, D. D„ & Corneliussen, P. E. (1974) Pestic. 

Monit. J. 8,110-124
(3) Wyllie, J., Gabica, J., & Benson, W. W. (1972) Pcstic. 

Monit. j. 6, 84-88
(4) Price, H. A., & Welch, R. L, (1972) Environ. Health 

Perspcct. 1, 73-78
(5) Pesticide Analytical Manual (1971) Vol. 1, Food and 

Drug Administration, Washington, DC
(6) Goerlitz, D. F„ & Law, L. M. (1974) /. Assoc. Off. 

Anal. Chem. 57, 176-181
(7) Bidleman, T. F., Mathews, J, R., Onley, C. E., & 

Rice, C. P. (1978) /. Assoc. Off. Anal. Chew. 61, 
820-828

(8 ) Watson, M., Benson, W. W„ & Gabica, J. (1970) 
Pestic. Monit. J. 4, 47-50

(9) Richardson, A., Robinson, J„ Bush, B., & Davies,
J. M. (1967) Arch. Environ. Health 14, 703-708

(10) Dale, W. E., Curley, A., & Cueto, C. (1966) Life Sci. 
5, 47-54

(11) Dyment, P. G., Herbertson, L. M., Gomes, E. D., 
Wiseman, J. S., & Hormabrook, R. W. (1971) Bull. 
Environ. Contain. Toxicol. 6, 532-534

(12) Hammer, D. I„ et al. (1972) Environ. Health Pcrspect. 
1, 83

(1 3 ) F in k le a ,  J. R „  e t  a l. (1 9 7 2 ) Am. / .  Public Health 6 2 , 
6 4 5 -6 5 1

(1 4 ) B a k e r , E. L., J r , e t  a l. (1 9 8 0 ) Am. ] .  Epidemiol. 1 1 2 , 
5 5 3 -5 6 3

(1 5 ) W a s s e rm a n , M „  B e r c o v id ,  B., C u c o s ,  S „  W a s s e r-  
m a n ,  D „  & R o n , M . (1 9 8 0 ) Environ. Res. 2 2 , 4 0 4 -  
411

(1 6 ) P o l i s h u k ,  Z . W „  W a s s e rm a n ,  D „  W a s s e rm a n ,  M „  
C u c o s , S., & R o n , M . (1 9 7 7 ) Environ. Res. 1 3 , 
2 7 8 -2 8 4

(17 ) P o l i s h u k ,  Z . W „  e t  a l. (1 9 7 7 ) Pestic. Monit. / .  1 0 , 
1 2 1 -1 2 9

(1 8 ) H e s s e lb e r g ,  R. J., & S c h e r r ,  D . D . (1 9 7 4 ) Bull. En
viron. Contain. Toxicol. 1 1 , 2 0 2 -2 0 5

(19 ) K re is s ,  K ., e t  a l. (1 9 8 1 ) /. Am. Med. Assoc. 2 4 5 , 
2 5 0 5 -2 5 0 9

(2 0 ) K re is s ,  K ., e t  a l. (1 9 8 1 ) J. Am. Med. Assoc. 2 4 5 , 
1 9 2 6 -1 9 3 0

(2 1 ) N e e d h a m ,  L. L ., S m r e k ,  A . L ., H e a d ,  S . L ., B u rse ,
V. W „  & L id d le ,  J. A . (1 9 8 1 ) 1 8 1 s t N a t io n a l  A C S  
M e e t in g ,  A t l a n t a ,  G A , M a r . 2 9 - A p r .  3 , P e s t .  D iv .

(2 2 ) B u rse , V . W ., N e e d h a m ,  L. L „  L id d le ,  J. A ., B a y se  
D . D . & P r ic e ,  H . A . (1 9 8 0 ) /. Anal. Toxicol. 4, 
2 2 -2 6

(2 3 ) P ic e r ,  M . & A h e l ,  M . (1 9 7 8 ) /. C lirom atogr. 1 5 0 , 
1 1 9 -1 2 7

(24 ) W e b b , R. G „  & M c C a ll ,  A . C . (1 9 7 3 ) ] .  Cliromatogr. 
Sci. 1 1 , 3 6 6 -3 7 3

(2 5 ) T e s s a r i ,  J. D „  & S a v a g e , E. P . (1 9 8 0 ) /. Assoc. Off. 
Anal. Chem. 6 3 , 7 3 6 -7 4 1

(2 6 ) H u c k in s ,  J. N „  S ta l l i n g ,  D . L ., & J o h n s o n ,  J. L. 
(1 9 7 6 ) J. Assoc. Off. Anal. Chem. 5 9 , 9 7 5 -9 8 1

(27 ) C r o m a r t ie ,  E., e t  a l. (1 9 7 5 ) Pestic. Monit. J. 9 ,
1 1 -1 4

(28 ) L a m p a rs k i ,  L. L ., N e s t r i c k ,  T. J., & S te h l ,  R . H . 
(1 9 7 9 ) Anal. Chem. 5 1 , 1 4 5 3 -1 4 5 8

(2 8 ) G u p ta ,  R. C ,  K a r n ik ,  A . B „ N ig a m , S . K ., & K a s h -  
y a p ,  S. K . (1 9 7 8 ) Analyst 1 0 3 , 7 2 3 -7 2 7

(3 0 ) B a rq u e t ,  A ., M o r g a d e ,  C ., & P f a f f e n b e r g e r ,  C . D . 
(1 9 8 1 ) /. Toxicol. Environ. Health 7 , 4 6 9 -4 7 9

(31) S m re k , A . L „  H e a d ,  S. L „  & N e e d h a m ,  L. L. (1 981) 
Anal. Lett. 1 4 , 8 1 -9 6

(32 ) C h e n ,  P . H „  G a w , J. M „  W o n g ,  C . K „  & C h e n ,  C. 
J. (1 9 8 0 ) Bull. Environ. Contnm. Toxicol. 2 5 , 3 2 5 -  
329



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

Assessment of Methods to Determine PCB Levels in Blood Serum: 
Interlaboratory Study
VIRLYN W. BURSE, LARRY L. NEEDHAM, MARGARET P. KORVER, 
CHESTER R. LAPEZA, Jr , JOHN A. LIDDLE, and DAVID D. BAYSE 
P u b l i c  H e a l t h  S e r v i c e ,  C e n t e r s  f o r  D i s e a s e  C o n t r o l ,  C e n t e r  f o r  E n v i r o n m e n t a l  H e a l t h ,  
A t l a n t a ,  G A  3 0 3 3 3

T w e n ty -f iv e  lab oratories p articip ated  in  a stu d y  to 
d eterm in e  the le v e ls  o f p o ly c h lo r in a te d  b ip h e n y ls  
(PCBs) in  3 b o v in e  serum  p o o ls , referred to  as trial 
en v iron m en ta l p oo ls (TEPs). TEPs 2 and 3 contained , 
re sp e ctiv e ly , lo w  (9.97 ppb) and h ig h  (49.64 ppb) 
le v e ls  o f  PCBs (as in  v iv o -b o u n d  A roclor 1254) and  
th e  sam e le v e l o f 9 co m m o n ly  occurring  ch lor in ated  
h yd rocarb on s. TEP 1 con ta in ed  o n ly  n atu ra lly  o c
cu rrin g  le v e ls  o f th ese  an a ly tes. Laboratories ana
ly z e d  each sam p le  in  d u p lica te  by the m eth od  used  
in  th e ir  laboratory  for m easurin g  PCBs in  b lood  
seru m . T he c o e ffic ie n ts  o f v ar ia tion  (CV) for th e  12 
lab orator ies rep ortin g  q u a n tita tiv e  data and th e re
qu ired  n u m ber o f a n a ly ses  for TEP 2 and TEP 3 w ere  
37.0 and 30.7%, respectively . The m ean recoveries for 
th ese  12 lab oratories w ere 239.3 and 165.4% for TEP 
2 and TEP 3, resp ectiv e ly . T hree lab oratories re
ported  data w ith  m ean v a lu es  for TEP 2 and TEP 3 
w ith in  ±  3 standard  d e v ia tio n s  o f th e C D C  charac
terized  m ean. T h eir c o e ffic ie n ts  o f var ia tion  w ere  
12.4 and 18.8% for TEP 2 and TEP 3, respectively . The 
m ean  recover ies for th ese  3 lab oratories w ere 150.7 
and 98.4% for TEP 2 and TEP 3, resp ectiv e ly . Our 
m o st s ig n ific a n t o b serva tion s w ere the laboratories' 
fa ilure to separate PCBs from  D D T s and the excessive  
back grou n d  o f the reagent b lan ks. T he w id e ly  d is 
crepant results indicate a d efin ite  need to standardize 
m e th o d o lo g y  for th is  a n a lysis.

Interlaboratory studies are w id e ly  used in  eval
uating m ethods for determ in ing chlorinated  
hydrocarbons in w h o le  b lood (1), serum , and 
adipose tissue (2); polychlorinated  b ip h en yls  
(PCBs) in  chicken fat (3, 4), fish (3), and m ilk (4); 
and trace level hydrocarbons in m ussels (5). We 
used an interlaboratory study to observe the state 
of the art for determ in ing PCBs in  blood serum. 
To this end, w e  solicited the participation of state, 
territorial, and private laboratories in  analyzing  
b ov in e serum  pools (6) for PCBs.

The purpose o f this study w as to assess the 
ability of laboratories to analyze serum accurately 
and precisely for PCBs in  the presence o f a se
lected num ber o f chlorinated hydrocarbons, and, 
on the basis o f the data generated, to in itiate a
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constitute endorsem ent by the Public H ealth Service or by the 
U.S. D epartm ent of H ealth and H um an Services.

step  toward standardizing m ethods for deter
m in in g  PCBs in  b lood serum.

P rotocol for Interlaboratory Study
Participants w ere su p p lied  w ith  5 vials, each  

con ta in in g  ca 9 mL p oo led  serum . Two vials 
w ere labeled  trial environm ental poo l (TEP) 2, 
2 w ere labeled TEP 3, and 1 w as labeled  TEP 1. 
Participants w ere also supplied  w ith  1 v ia l of 
neat Aroclor (AR) 1254, Lot AK-38. T hey w ere  
requested to analyze each vial o f serum  ir. du
plicate for PCBs by the m ethod used in  :heir  
laboratory and to quantitate the PCBs by using  
the appropriate standards prepared from  the 
Aroclor reference material. Participants were  
in form ed that the pools w ere prepared from  
bovine serum that contained both in vivo-bound  
PCBs (as AR 1254, Lot AK-38) and in vitro-forti- 
fied  levels  o f chlorinated hydrocarbons.

A lth ou gh  no restrictions w ere placed on  the  
analytical m ethods used, participants were asked 
to report the fo llow ing:
1. Extraction: so lven ts and extraction tech 

n iques used
2. Cleanup procedures, if any: adsorbents used, 

elu tin g  so lven ts and volu m es, and liquid  
partitioning

3. Gas chrom atography: colum n dim en sion s, 
colum n packing, pertinent parameters, and  
detector type (inclu d in g  operational param
eters)

4. M ethod o f quantitation: sum m ation tech
nique, e.g ., the total area or total peak h eig h t  
of PCBs in the sam ple compared w ith the total 
area or total peak h eigh t in  the Aroclor refer
ence, exclu d in g  chlorinated hydrocarbon in 
terference; the Webb and McCall approach (7); 
or the m ean response of a selected num ber of 
peaks

R esu lts and D iscu ssion
Our approach to the separation and quantita

tion  o f PCBs contained  in trial environm ental 
p oo ls  has been  reported (6).

W e asked 54 state and territorial health  labo
ratories and 117 private laboratories to participate

0004-5756/83/6601-0040-06$01.00 
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in  the interlaboratory study; 20 (37%) state labo
ratories and 5 (4%) private laboratories reported  
analytical data. O ne federal agency participated; 
for purposes o f this study, that laboratory was 
considered  a state participant.

Because all reporting laboratories had ana
ly zed  these sam ples by electron capture gas-liq
uid  chrom atography (ECGLC), as w e  had done, 
w e in v ited  participation from laboratories re
p ortin g in  the scientific literature that they had 
determ ined PCB levels by other methods: glass 
capillary gas chrom atography w ith  electron  
capture detection , radioim m unoassay, radioiso
tope d ilu tion  assay, and gas chrom atography/ 
mass spectrometry (GC/MS). These laboratories, 
h ow ever, d id  not have experience in determ in
in g  PCBs at the low  lev els  found  in  serum  and  
thus en countered  m any problem s. A ll of these  
m eth od s except G C /M S w ere abandoned. The 
laboratory usin g  this techn ique had no experi
en ce in  the extraction and cleanup of PCBs in  
serum ; therefore, w e  perform ed these steps by 
u sin g  the m ethod  p reviously  presented  (6), and  
forw arded the colum n eluates for G C /M S anal
ysis. The laboratory m onitored 6 ions by 
G C /M S and reported the lev els  o f tetrachloro- 
b ip h en y l, p en tach lorob iphen yl, and hexachlo- 
rob ipheny l found  (Table 1). These results 
com pare w e ll w ith  ours (6); how ever, because 
this laboratory did not perform the analysis in its 
entirety, its results are not included in this report. 
T hese lim ited  data tend to confirm  our quanti
tative tech n iq u e but, o f course, do not indicate  
the e ffic ien cy  o f our extraction or cleanup  
steps.

W e had th ou gh t that vials conta in ing 9 mL 
serum  w o u ld  be more than adequate for d u p li
cate analysis; h ow ever, som e participants used  
serum  aliquots o f 5 -6  mL, w h ich  precluded d u 
plicate analysis from  the sam e vial. Sum m aries 
of the sign ifican t parameters and analytical re
su lts are presented  in Tables 2 and 3, respec
tively.

Extraction techn iques used by participating  
laboratories fo llow ed  2 general approaches: 
direct extraction or extraction fo llo w in g  depro- 
tein ization  w ith  m ethanol. N in e  (36%) o f the 
laboratories used m ethanol for deproteinization, 
fo llo w ed  by extraction w ith  an im m iscib le or
ganic solvent; 12 (48%) extracted directly w ith  an 
im m iscible organic solvent; 2 (8%) extracted w ith  
acetonitrile, added an aqueous salt solution , and 
partitioned into hexane or petroleum  ether; one  
(4%) adsorbed the serum  onto Florisil; and one  
(4%) did not report the extraction technique used. 
Our experience has sh ow n  that deproteinization

Table 1. R esults a (ppb) of gas ch ro m a to g ra p h y /m a ss  
sp ec tro m etry  (GC/M S) analysis of ex trac ts  of trial 

env ironm enta l pools (TEPs)

Pool No. CL CIs Cl6
Total
AR

1254
TEP 1 1.6 1.5 0.9 4
TEP 2 2.5 6.9 4.8 14
TEP 3 5.2 22.1 20.8 48

3 Mean of 2 GC/MS analyses per pool.

of the b lood serum  w ith  m ethanol (8) enh ances  
the recovery of halogenated  b ip h en yls.

M ost laboratories used the m ore com m only  
available adsorbents for cleanup, w ith  the ex
ception  of alum ina. Silica gel, silicic acid, and  
Florisil w ere used alm ost equally. O ne labora
tory used 2 adsorbents, Florisil and silica gel, and 
4 laboratories chose not to clean up their extracts. 
Florisil does not separate ch lorinated  hydrocar
bons from PCBs as com p letely  as d oes silica gel 
(9, 10). Silica gel has been  treated in  various 
w ays to achieve this separation (11-13). A l
th ough  b lood serum d oes not present as exten 
sive a cleanup problem  as som e other m atrices, 
the presence of m ultiple residues and the fouling  
effect o f continuous injections o f sm all am ounts 
of lip ids into the gas chrom atograph/electron  
capture detection  system  dictate the use o f ad
sorption chrom atography or som e form of 
cleanup before ECGLC.

For the elu tion  of PCBs from  adsorption co l
um ns, most laboratories used nonpolar solvents. 
In a very few  instances, sm all am ounts o f m ore 
polar solven ts, nam ely, m ethanol and ethyl 
ether, w ere m ixed w ith  nonpolar so lven ts for 
eluants. The elu tion  vo lu m es w ere genera lly  
excessive, even  thou gh  som e o f the adsorption  
colum ns used w ou ld  be considered  sm all (< 1 0  
mm id). We have found that blood serum can be 
adequately cleaned up w ith  quantitative recov
ery o f ch lorinated hydrocarbons and PCBs by 
usin g  adsorption co lum ns < 10  mm id w ith  so l
ven t elution  volum es <50 mL. U se of too m uch  
so lven t tends to produce reagent blanks that 
approach the low er concentration levels o f blood  
serum  for som e h alogenated  com p ounds, i.e., 
< 10  ppb.

O nly 2 laboratories used  chem ical treatm ent 
in  addition to adsorption chrom atography to 
prevent the interference o f ch lorinated  h ydro
carbons in determ in ing PCBs. The 2 chem ical 
treatm ent procedures used  have certain disad
vantages: perchlorination  o f the PCBs to deca- 
ch lorob ip h en yl destroys the id en tity  o f PCB



Table 2. S ign ifican t analy tical variab les used by pa rtic ip a tin g  labo ra to rie s N>

Extraction technique

Lab.
Serum

Voi.
(mL)

Deprotein-
ization
with

methanol
Extraction
solvent(s)

Method
of

cleanup
Elution (for PCB only) GC

Column
type

Quantitation 
method 

(see text)Vol. (mL) Eluant
S-l 5 yes hex/Et20 SA CC-4 M 175 pet et NP peak height
S-2 2 no hex SA (3) M 250 pet et MP disc integrator
S-3 2 no hex F M 200 pet et NP peak height
S-4 6 no hex none MP peak height
S-5 5 yes hex/Et20 SG(1) P 8 hex MP elect, integrator
S-6 5 yes hex/Et20 SA CC-4 M 170 pet et MP peak height
S-7 2 no hex none MP peak height
S-8 NR no acn; pet et F M 150 pet et NP peak height
S-9 2 no hex none MP peak height
S-10 4 yes hex/Et20 SG (3) 25 hex MP peak height
S-l 1 5 yes Et20 /p e t et F; SG (3) M 18; 18 pet et; hex NR perchlorination
S-l 2 4 yes hex/E t20 SG P 30 hex NP integrator (W&Mc)
S-l 3 NR NR NR F NR 200 hex MP integrator
S-14 2 no acn;hex F M 250 6% Et2Ü:hex MP peak height
S-15 2 no hex SG P 85 hex P peak height
S-16 4 yes hex/Et20 SG (3) P 20 hex NP elect, integrator
S-l 7 2 no hex SA CC-4 P 25 pet et MP peak height
S-18 3 no adsorbed on F M 200 pet et MP integrator (W&Mc)

F sapon. & oxid.
S-19 2 no hex SA CC-4 M 120 pet et MP peak height
S-20 2 no hex F M 250 pet et P peak height
P-1 4 no hex SG M 30 pet et NP peak height
P-2 NR no hex SG M 30 pet et NP peak height
P-3 5 yes hex/E t20 F M 14 1.0% NP peak height

MeOhLhexP-4 2 yes pet et none NP peak height
P-5 NR no isop/pet et F NR NR NR NP peak height

' Legend:
NR not reported F Florisil P polar: OV-210
hex hexane SA CC-4 silicic acid (Cromartie, E., NP nonpolar: OV-101,
Et20 ethyl ether et al. (1975) P e s t ic . M o n it .  J . 9, 11-14) SE-30, SP2100, OV-1
pet et petroleum ether SA silicic acid ( P A M  Vol. 1 MP mixed phases SE-30/OV-210,acn acetonitrile Sec. 251.1) OV-17/QF-1, OV-1 /OV-210, OV-l/QF-1,
isop isopropanol M macro if adsorption OV-17/OV-210, OV-101 /OV-210
SG silica gel column id > 10 mm W&Mc Webb & McCall (7)
( ) % deactivation M micro if adsorption

with water column id, <10 mm
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Table 3. P artic ipating  labo ra to ries ' reported  levels (ppb) of polychlorinated  biphenyls in tria l env ironm en ta l pools
(TEPs)a

Lab.

TEP 1 TEP 2 TEP 3
Vial 1

Orlg. Dupl.
Vial 1

Orig. Dupl.
Vial 2

Orig. Dupl.
Vial 1

Orig. Dupl.
Vial 2

Orig. Dupl.
S-l ND NA 15.7 17.5 18.5 24.3 90 109.8 80 70S-2 59.3 64.8 0 NA 0 NA 94.4 NA 97.3 NAS-3 ND NA 10 NA 10 NA 22 NA 39 NA
S-4 ND NA 62.1 NA 68.7 NA 100.5 NA 134.8 NA
S-5 ND NA 12 NA 14 NA 43 NA 46 NA
S-6 2 1 17 20 19 19 88 96 75 82
S-7 ND ND ND ND ND ND 37 47.5 45.1 45.2
S-8 16 NA 14 NA 28 NA 22 NA 41 NA
S-9 <10 <10 23.3 23.6 23.1 22.2 46.7 43.0 40.4 42.0
S-10 6.9 NA 25 NA 18 NA 38 NA NA NA
S-l 1 4.3 NA 27.2 NA NA NA 95.2 NA NA NA
S-12 2.0 1.5 14.6 16.7 16.4 16.4 57.9 56.3 59.8 56.3
S-l 3 <10 27 34 26 28 32 90 85 88 102
S-14 ND ND ND ND ND ND 27.5 21 18 19
S-15 21 32 28 39 54 34 64 87 96 74
S-16 ND NA 15.3 18.9 13.8 14.3 41.9 51.0 33.2 42.9
S-17 2.3 1.9 20.1 20.6 NA NA 51.7 60.4 ND NA
S-18 ND NA 14 13 14 13 50 38 o 50 49
S-19 <5 6.4 28.8 30.4 30.3 31.8 94.7 90 90.8 96.5
S-20 0 0 32.6 37.4 NA NA 71.3 65.3 57.4 56.1
P-1 0 11 35 30 29 37 105 98 99 113
P-2 0 9 25 29 30 35 90 93 91 98
P-3 ND ND 19.3 20.7 17.6 17.9 78.8 88.8 92 98
P-4 37.1 NA 52.9 NA 36.2 NA 90.3 NA 103 NA
P-5 <5 <5 20 20 NA NA 40 50 NA NA
Fortification level 9.97 49.64
CDC value 2.38 ±0.79 11.38 ±2.00 49.06 ± 5.30

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

species, and alkaline hydrolysis followed by 
chromic acid oxidation of the commonly occur
ring chlorinated hydrocarbons reportedly results 
in the loss of certain PCBs (14). On the other 
hand, the latter procedure has also been reported 
to effectively recover and separate PCBs, al
though this was accomplished at PCB levels of 
tenths (15) or tens (16) of micrograms.

All laboratories used ECGLC for analysis, and 
all but one used the 63Ni detector. Only column 
selection for quantitative runs is reported in 
Table 2; however, some participants used 2 or 
more columns for confirming PCBs. Choices 
between mixed and nonpolar phases were 48% 
and 40%, respectively. Only 2 participants chose 
a polar phase for quantitation. One laboratory 
did not report the type of GC column used. We 
used GC columns with the methyl silicones as 
liquid phases, mainly because they had been 
chosen for another project (17) and also because 
we intended to use the Webb and McCall ap
proach to quantitate PCBs (7).

Most of the laboratories used peak heights to 
measure in vivo PCBs. The retention times of 
PCBs in the reference material were matched to

peaks observed in the samples. The number of 
peaks selected varied from 2 to 11. Peaks were 
manually measured in most instances. One 
participant used a disc integrator and 5 others 
used electronic integration to assess peak areas. 
Only 2 laboratories used the Webb and McCall 
approach. We have found that when there is no 
great difference between the in vivo PCB pat
terns and those of an appropriate PCB standard, 
analyte values obtained by use of the Webb and 
McCall method do not differ appreciably from 
values obtained by summation of peak heights.

This study substantiates the difficulty associ
ated with determining PCBs in the presence of 
chlorinated hydrocarbons in blood serum. TEPs 
2 and 3 represent some of the most extreme sit
uations that a chemist is likely to encounter in 
analyzing blood serum, because—with the ex
ception of the DDTs (p,f/-DDE, o,//-DDT, and 
p,//-DDT)—the chlorinated hydrocarbons that 
were added to these pools appear in human 
serum in various frequencies and at relatively 
low mean concentrations, i.e., /3-HCCH (27%, 0.6 
ppb), dieldrin (13%, 2.4 ppb), heptachlor epoxide 
(1.3%, 0.02 ppb), oxychlordane (3.9%, 0.06 ppb),
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Table 4. Statistical analysis cf participating laboratories' (PCB) results for trial environmental pools (TEPs) 2 and 3

Pool ID FL3 (ppb) N  (Labs) Range of values Mean (ppb)

CV (%) for 
within-lab. 

component of 
variance

CV (%) for 
among- l̂abs 

component of 
variance

CV (%) for 
within- and among 
labs components 

of variance
TEP 2 9.97 12" 13.00-54.00 23.86 16.8 33.0 37.0
TEP 3 49.64 l 2 b 33.20-113.00 76.08 11.0 28.6 30.7
TEP 2 9.97 3 C 13.00-18.90 15.03 9.8 7.4 12.4
TEP 3 49.64 3 C 33.20-59.80 48.86 11.2 15.1 18.8

3 FL = Fortification level defined as projected concentration resulting from dilution of serum taken from bovine exposed 
to Aroclor 1254 with PCB-free serum, i.e., bovine was exposed to AR 1254 and bled; PCB level determined in serum and serum 
diluted.

b Participants that performed duplicate analyses of both vials from TEPs 2 and 3 and obtained quantitative data. 
c Participants that met the criteria in b and also had mean values for TEP 2 and 3 that were within ± 3 standard deviations 

of the CDC characterized mean.

trans-nonachlor (12.4%, 0.20 ppb), and HCB 
(2.9%, 0.06 ppb). The in vitro spiking levels we 
used approach the maximum storage levels in 
serum reported by the Environmental Protection 
Agency for all compounds except the DDTs, 
which approach the reported mean storage levels 
in serum. Usually chemists can expect to en
counter the DDTs, which are almost ubiqui
tous.

The in vivo-bound PCBs (as AR 1254) are pre
dominantly composed of isomers that elute after 
p,p '-DDE; consequently, if the PCBs and the 
DDTs can be separated, PCBs can be determined. 
In this study, most of the laboratories quantitated 
the samples on the basis of peaks eluting after 
p,p '-DDE. Because no restrictions were placed 
on the analytical methods used by participants, 
many variables could have contributed to the 
unusually high levels reported; however, our 
review of the analytical procedures and the gas 
chromatograms submitted indicated that the 
wide discrepancies could be attributed essen
tially to 1 or 2 variables or a combination of both. 
The first was a failure to completely separate 
PCBs from DDTs. The second was the presence 
of unusually high reagent blanks, caused partly 
by using too much solvent. In view of this, it is 
interesting to note (Table 3) that of those labo
ratories (S-12, S-16, and S-18) that reported data 
with a mean value for duplicates within ± 3 
standard deviations of the CDC mean for both 
augmented pools, 2 used silica gel with a mini
mum amount of solvent for elution and the third 
(S-18) used Florisil followed by saponification 
and acid oxidation. This reaffirms the need to 
prevent interference from DDTs.

Using analysis of variance, we evaluated the 
data submitted by those participants that adhered 
to protocol and obtained quantitative data for 
TEPs 2 and 3 (Table 4). The intralaboratory

coeffic ien t o f variation (CV) is low er than the  
interlaboratory or total CV. H ow ever, the mean  
values o f 23.86 and 76.08 ppb represent 239.3 and 
165.4% recovery based on the fortification lev els  
of TEP 2 and 3, respectively . W e repeated the  
analysis of variance using only data subm itted by 
participants w h ose m ean valu es for TEP 2 and 3 
w ere w ith in  ±  3 standard deviations of the CDC 
characterized m ean (Table 4). The resu lting  
coefficients o f variation are low er and m ore 
com patible w ith  the CDC data (6). The m ean  
values o f 15.03 and 48.86 represent 150 7 and  
98.4% recovery based on the fortification  lev els  
of TEP 2 and 3, respectively . T hese recoveries  
are h igher, especially  TEP 2, than the recovery  
obtained by CDC (6).

This report dem onstrates the n eed  for im 
proving analytical m ethods for d eterm in in g  
PCBs in  b lood serum . Because b lood  serum  has 
been and w ill probably continue to be the matrix 
of choice for m onitoring PCB levels  in  hum ans  
and PCBs u n doubted ly  w ill con tin u e to be a 
nem esis for residue chem ists, m eth od ologica l 
guid elin es should be established for this type of 
analysis.
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V I T A M IN S  A N D  O T H E R  N U T R IE N T S ________

Sources of Variance in the Bioassay of Protein Value
JAMES G. ELLIOTT and FOSTER D. McCLURE1
Ralston Purina Co., Central Research, Checkerboard Square, St. Louis, MO 63164

A factoria l d esig n  w as used  to  s im u lta n eo u sly  ev a l
uate th e  re la tive  e ffect o f 8 ex p er im en ta l factors and  
th e ir  in tera ctio n s on the w ea n lin g  rat b ioassay  o f  
p rote in  value: (1) sou rce o f protein : A N R C  casein , 
la cta lb u m in , h ig h -p ro te in  w h ea t flour; (2 ) protein  
le v e l o f the diet: 5 and 10%; (3) d ietary  fat level: 10 
and 20% corn oil; (4 ) anim al: A R S-Sprague-D aw ley, 
from  T acon ic Farms; (5 ) age o f anim al: 21 and 28 
days; (6 ) a cc lim ation  tim e: 2 and 4 days; (7 ) rep lica 
tion : 2 co m p le te  rep lica tio n s in  tim e; and (8) dura
tion  o f the test: food  consum ption  and body w eigh ts  
w ere m easured  at 3, 7, 10, 1 4 ,1 7 , 21, 24, and 28 days  
after startin g  the test d ie t and con verted  to th e ratio  
o f  gram s o f w e ig h t ga ined  per gram  o f p ro te in  co n 
su m ed  for each w e ig h  day. T he o ffic ia l AOAC  
m eth od  for d eterm in in g  the p ro te in  e ffic ie n c y  ratio  
w as fo llo w e d  w ith  m in or m o d ifica tio n s. A ll 8 fac
tors and m any o f their possib le in teractions appeared  
to  s ign ifican tly  in flu en ce the m easured ratios. W hen  
th e  ratios w ere adjusted  b y  reference to the corre
sp o n d in g  v a lu e  for casein  as a con tro l, fat le v e l, rat 
sou rce, rat age, and a cc lim ation  tim e w ere no lon ger  
s ig n if ic a n t  sou rces o f varia tion . P lo ts  o f m easured  
ratios and their co e ffic ien ts  o f variation  against tim e  
su g g est that th e  o p tim u m  assay tim e varies w ith  the  
protein  but that the assay tim e shou ld  not be less than 
21 days. T he gen erally  used 28-day assay tim e seem s  
to  o ffe r  n o  increase in  p recision  o ver 21 days.

The various animal assays that have been used to 
m easure protein  quality have been  review ed  
ex ten siv ely  (1-5). The protein  effic ien cy  ratio 
(PER) m ethod has received w id e usage and o ffi
cial recognition in  the U nited States and Canada 
through its incorporation in O ffic ia l M e th o d s  o f  
A n a ly s is  o f the AOAC (6). This m ethod has the 
seriou s d isadvantage o f b ein g suitable on ly  for 
products of h igh  protein content, such as sup
p lem en ts and concentrates, for w h ich  it was 
originally developed. Specific lim itations of the 
PER assay are as follow s: the results are posi
tiv e ly  correlated to food  intake and to w eigh t  
gain  (7, 8); it makes no allow ance for the m ain
tenance requirem ents o f the rat (7); the response
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is not linear (8); the responses for d ifferent pro
teins are not parallel (8); com parisons are made 
at equal doses o f the test protein rather than at 
equal responses (8); and the level of protein used 
in the d iet (10%) is biased against m ost plant 
sources o f protein (9).

Regardless of the anim al assay used, a num ber 
of factors in flu en ce the results obtained. A l
though these factors have been studied the most 
extensively for the PER test, they can affect other 
anim al assays as w ell. The w eigh t gain per unit 
of protein consum ed is in flu en ced  by the strain  
of the rat (10-12), sex of the rat (10), age o f the rat 
at the b eg in n in g  of the test (13), size of the litter 
from w h ich  the rat came (14), acclim ation period
(15), len g th  o f the experim ental period (10-13), 
lev e l o f dietary protein (10, 13, 16), type of d i
etary carbohydrate (17-19), lev e l of fiber in the 
diet (12), level o f moisture in the diet (15 ,20-22), 
and the m anner in w h ich  water is added to the 
diet (22). Som e experim ents have indicated that 
factors such as the fat level of the diet and the 
m ineral m ixture em ployed  have no sign ificant 
effect (12, 15,16); other experim ents have show n  
that use o f a reference casein as an internal 
standard largely elim inates differences due to the 
strain o f the rat and the fiber and m oisture con
tent o f the d iet (10-12).

The AOAC test protocol (6, secs. 43.212-43.216) 
for m easuring protein quality is written to permit 
the analyst to vary experim ental parameters in 
w ays w h ich  may affect the reproducibility of the 
test results. A lthou gh  ind iv id u al laboratories 
m ay adhere to fixed protocols perm itted w ith in  
the broad lim its o f the published  m ethod, it is 
probable that marked deviations betw een  labo
ratories exist w ith ou t b ein g recogn ized  or even  
sp ecified  w h en  data are reported.

The study reported here grew  out o f the ex
p eriences and n eeds o f a C om m ittee o f the D i
v ision  o f Agricultural and Food Chem istry  
(AGFD) o f the Am erican Chem ical Society  
form ed to serve in a liaison capacity betw een  the 
L eagu e for In tern ation al Food E ducation  
(L.I.F.E.) and the m em bership of AGFD. From  
13 factors id en tified  as having the poten tia l to 
in flu en ce  the observed grow th response o f the
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rat to the administered protein, the A G FD /
L .I .F .E . Committee chose the fo llow ing 8 for 
study.

(3) So urce  o f  P ro te in . —Lactalbumin, casein, and 
a high-protein wheat flour were selected to 
provide a w ide range of protein quality over 
w h ich  to check the other factors and to provide 
a measure of the method sensitivity .

(2) P r o te in  L e v e l .— T w o  levels, 5 and 10% pro
tein (N  X 6.25), were selected. The 10% protein 
leve l is commonly used in  the A O A C  PER 
method. The 5% level was chosen as a low- 
protein level at w h ich  only rats fed high-quality 
proteins w il l  gain weight.

(3) F a t L e v e l. —Tw o levels of refined corn o il, 
10 and 20%, were chosen to represent 4 distinct 
protein/calorie ratios.

(4) S o u rc e  o f  A n im a l .—A nim als from 2 major 
commercial breeders of albino rats were used in 
the study.

(5) A g e  o f  R a t. —The 2 extremes in  rat age (21 
and 28 days) permitted by the A O A C  PER 
method were chosen for this factor.

(6) A c c l im a t io n  P e r io d .—The 2 extremes in  ac
clim ation period (2 and 4 days) permitted by the 
A O A C  P ER  method were chosen. A  stock lab
oratory maintenance diet was selected for the 
acclimation period, w ith  the understanding that 
this factor could interact w ith  the protein under 
test.

(7) T im e  o f  P e r fo r m a n c e .—This factor was es
sentia lly  a replication in  time, used to m aintain 
more uniform  conditions w ith in  the treatment 
combinations as w e ll as to elim inate possible ir 
relevant sources of variation among the treat
ment combinations.

(8 ) T e s t  P e r io d .—Food consumption and an i
mal w eight were measured on days 3, 7, 10, 14, 
17, 21, 24, and 28 after the start of the test diet, 
providing an insight into this factor and a check 
on w hether the anim als were w ith in  the linear 
growth phase.

The objective of this study was to identify , 
among selected factors, those most affecting the 
precision of the measurement of protein value. 
A  protocol was developed by the A G F D /L .I.F .E . 
Committee and the study was performed under 
contract to L .I .F .E . by Technological Resources, 
Inc ., a service subsidiary of Cam pbell Soup Co., 
Camden, NJ. Th is  is a report of that evaluation 
w ith  additional statistical analysis.

Experim ental 
Experimental Design

The fu ll factorial design contained 96 cells (5 
rats/cell) and was run in  fu ll in  2 replications in

time for a total of 960 rats as shown below: 
Factorial Design:

3 X 2 X 2 X 2 X 2 X 2 X 2 = 1 9 2  cells 
5 rats per cell X  192 cells = 960 rats 

Variables:
Protein source: casein, lactalbum in, wheat
flour
Protein leve l: 5%, 10%
Fat level: 10%, 20%
Anim al source: ARS-Sprague-Daw ley, Taco- 
n ic Farms
Age of rat: 21 days, 28 days 
Acclim ation period: 2 days, 4 days 
Replication: replication time 1, replication 
time 2

Measurements:
Food consumption at 3, 7 ,1 0 ,1 4 ,1 7 , 21, 24, 28 
days
Body weights at 0, 3, 7, 10, 14, 17, 21, 24, 28 
days
A  design of this magnitude was imposed to 

more fu lly  evaluate the relative effects of the 
various selective factors know n to influence 
protein value, both separately and in  combina
tion, in  a single study.

A nim al Facility
The rats were in d iv id u a lly  housed in  raised 

stainless steel cages in  a room w ith  controlled 
temperature (22-24°C), hum id ity (50-55% rela
tive hum id ity), and lighting  (100 ft-candles at 
median cage level controlled by tim er for 12 h 
light and 12 h dark). The animals had free access 
to food and water at a ll times. Water bottles 
were checked daily and changed a m inim um  of 
twice weekly. Food was provided fresh on each 
weigh day in  food cups w ith  anti-scatter rings. 
A n im al housing, diet preparation, and the food 
cup fillin g  and w eigh ing operations were each 
performed in  separate rooms. These rooms were 
kept free of insects and rodents by stringent 
housekeeping and regular pest control.

A nim al Procurement, A cclim ation, and  
Random ization

Male Sprague-Dawley rats, 21 or 28 days of 
age, were purchased from ARS-Sprague-Dawley, 
Madison, W I, and from Taconic Farm s, G er
m antown, N Y .

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

Fo llow ing acclimation, the rats were placed in  
random ly placed rack positions using tables of 
random numbers. Some rats at the extremes of
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Table 1. Composition (%) of protein sources

Protein source Moisture Protein3 * * Fat Carbohydrate6 Ash
ANRC casein3 5.4 87.8 1.2 4.5 1.1
Lactalbumin d 4.1 79.9 7.0 6.1 2.9
Wheat floure 11.3 15.5 71.2 1.5 0.5

3 Protein = N X 6.25.
6 By difference.
c Animal Nutrition Research Council casein obtained from Humko Sheffield Chemical Co., Memphis, TN. 
d Lactalbumin No. 8NC15 obtained from Humko Sheffield Chemical Co.
3 High-protein wheat flour supplied by Pillsbury Co., Minneapolis, MN.

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

Preparation o f  D iets
The composition of the 3 protein sources used 

in  the diets is shown in  Table 1.
The 12 diets were formulated in  accordance 

w ith  the general procedures specified in  the 
AO  A C  PER determination (6, secs. 43.212-43.216) 
w ith  the fo llow ing  modifications: USP X V III  
salt m ixture was replaced w ith  an equal amount 
of a Bernhart and Tom arelli salt mixture (23), the 
balancing carbohydrate was food-grade corn 
starch, and no adjustment was made in  the 
moisture level because both flour and corn starch 
norm ally contain 10-12% moisture at equ ilib ri
um under ambient conditions. The diet for

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

Data A cqu isition  and Analysis
D uring the course of both replicates, anim al 

conditions, anim al w eights, fu ll food cup 
w eights, and empty food cup weights were re
corded using a M ettler PT15 electronic balance 
interfaced to a Model 33 teletype w ith paper tape 
punch. The paper tapes were read into a time- 
shared computer for processing using Fortran 
programs w ritten for PER calculations. The rats 
were weighed on receipt from the breeder; on

Table 2. Diet formulations

Test diets

Diet ingredients, %
Protein
source3

Corn
starch6

Corn 
oilc

Mineral
m ixd Cellulose3

Vitamin
mix'

5% ANRC casein— 10% fat 5.69 78.44 9.93 3.94 1.00 1.005% Lactalbumin— 10% fat 6.26 78.30 9.62 3.82 1.00 1.005% Wheat flour— 10% fat 32.36 52.38 9.52 3.84 1.00 1.005% ANRC casein— 20% fat 5.69 68.44 19.93 3.94 1.00 1.005% Lactalbumin— 20% fat 6.26 68.30 19.62 3.82 1.00 1.00
5% Wheat flour— 20% fat 32.26 43.38 19.52 3.84 1.00 1.0010% ANRC casein— 10% fat 11.39 72.88 9.86 3.87 1.00 1.0010% Lactalbumin— 10% fat 12.41 72.26 9.52 3.81 1.00 1.00
10% Wheat flour— 10% fat 64.94 20.48 8.90 3.68 1.00 1.0010% ANRC casein— 20% fat 11.39 62.88 19.86 3.87 1.00 1.0010% Lactalbumin— 20% fat 12.41 62.26 19.52 3.81 1.00 1.0010% Wheat flour— 20% fat 64.94 10.48 18.90 3.68 1.00 1.00

3 ANRC casein and lactalbumin No. 8NC15 supplied by Humko Sheffield Chemical Co.; high-protein wheat flour supplied by Pillsbury Co.
6 USP grade corn starch suppliée by Bio Serv, Inc., Frenchtown, NJ.
c Mazola corn oil supplied by Best Foods, a division of CPC International, Corpus Christi. TX. 
d Bernhart-Tomarelli salt mixture supplied by Bio Serv, Inc.
3 Cellulose (BW 200) supplied by Bio Serv, Inc.
' AOAC vitamin mixture supplied by Bio Serv, Inc.



Ta
bl

e 
3.

 
Pr

ox
im

at
e 

co
m

po
si

tio
n 

(%
) o

f t
es

t d
ie

ts
ELLIOTT & MCCLURE: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983) 4 9

Qco CM»—tt—it—it—(>—iT-tOOOO»—I Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò

NaiairHcooa^aiaicn^cn

IX) CN CM t—h <—I i—I C\J <—I t—t .—I C\|
Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò

°q-—|r—irocn^fro^e^cxi.——i l ò i o ò ò i ò i n ò ò i o i r i ò ò

QCO
rorocNjr-icOi-iCNjr-tcgro -̂fOÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò

Oìcr>C7)OcDcD'-f<j>ocDLnr^
Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò

QCO
comcq^cwa>^''3-coc\iLn
Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò

CTicoco^ r̂^-oo t̂a^co t̂co

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

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

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

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

Resu lts and D iscussion
The proximate analyses of the diets (Table 3) 

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

A fte r random ization, the average group 
weights for the same age rats and the same ad
aptation period were nearly the same regardless 
of supplier and replicate. H ow ever, the 28- 
day-old rats from both suppliers after 4 days of 
adaptation (28-4 group) exceeded the 10 g m axi
mum spread w ithin-group requirement in  both 
the first and second replicates. In  addition, the 
Taconic Farms 28-2 and 21-4 groups exceeded the 
w ithin-group lim it. Not only is it d ifficu lt to 
buy 28-day-old rats in a narrow weight range, but 
after 4 days of adaptation, the w eight range has 
w idened so that the spread w ith in  groups ex
ceeds the 10 g specified by the AO  A C  procedure 
(6). No problem was encountered in  meeting
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Table 4. Twenty-eight-day weight gain, g a

5% Protein 10% Protein
API (2) AP2 (4) API (2) AP2 (4)Rat -------------------  -------------------  -------------------- ---------------Protein source age, days Replicate SD TF SD TF SD TF SD TF

10% Fat Level
Casein 2 1 1 23 23 20 28 64 81 72 103

2 18 31 16 2 1 95 104 82 10628 1 1 1 2 17 0 81 86 56 67
2 4 13 1 1 3 74 72 71 86Lactalbumin 2 1 1 54 59 42 42 94 93 10 2 86
2 44 58 48 70 1 2 2 115 114 1 2 128 1 43 44 22 28 75 68 57 75
2 38 41 28 40 82 149 1 1 2 115Wheat flour 2 1 1 -5 -7 14 -3 1 2 7 8 14
2 -4 -5 - 6 -5 0 1 2 8 1 128 1 - 1 1 -14 -4 - 8 6 5 1 2 6
2 -16 -13 -13 -1 6 9 -3 13 5

20% Fat Level
Casein 2 1 1 18 17 1 1 20 70 70 63 83

2 13 22 2 20 66 80 65 7028 1 3 - 2 9 4 59 44 58 72
2 4 - 1 1 0 63 56 78 77Lactalbumin 2 1 1 40 46 36 47 129 106 97 113
2 41 51 28 55 134 149 131 14728 1 33 36 34 30 117 133 113 105
2 41 34 49 36 152 132 155 147Wheat flour 2 1 1 - 4 -4 -5 -7 8 23 5 7
2 -5 -5 - 1 0 -5 / 6 6 928 1 -13 -14 -17 -1 4 3 7 7 7
2 -13 -14 -15 -19 4 - 1 1 1 - 1

SD = Sprague-Dawley, TF = Taconic Farms, API (2) = 2-day acclimation, AP2 (4) = 4-day acclimation.

ELLIOTT & MCCLURE: 
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Table 5. Twenty-eight-day weight g a in /p ro te in  consum ption ratio a

Protein source Ratage,days Replicate

5% Protein 10% Protein
API (2) AP2 (4) API (2) AP2 (4)

SD TF SD TF SD TF SD TF
10% Fat Level

Casein 2 1 1 1.50 1.62 1.16 1.75 1.71 2.32 2 .1 0 2.69
2 0.80 1.56 0.84 1.08 2.19 2.59 1.84 2.6728 1 0.65 0.08 0.81 -0.07 2.14 2.32 1.40 1.78Tt 2 0 .20 0.56 0.43 0.18 1.57 1.65 1.70 1.83Lactalbumin 2 1 1 2.71 2.90 1.95 2.07 2.70 2.75 2.77 2.62
2 1.74 2.54 1.90 2.88 2.46 2.42 2.34 2.6928 1 2.00 1.99 1.03 0.96 2 . 1 1 1.95 1.67 2 .0 2
2 1.46 1.75 1.08 1.54 1.69 2.96 2.34 2.41Wheat flour 2 1 1 -0.48 -0.78 1.25 -0.39 0.52 0.36 0.38 0.61
2 -0.25 -0.41 -0.38 -0.35 0.25 0.47 0.28 0.3528 1 -0.95 -1.35 -0.34 -0.64 0.23 0 .2 1 0.40 0.23
2 -0.91 -0.85 -0.76 -0.93 0.24 -0.07 0.29 0.16

20% Fat Level
Casein 2 1 1 1 .2 0 1.42 0.84 1.38 2.23 2.35 2.31 2.8 8

2 0.81 0.81 0.15 0.15 1.62 1.99 1.53 1.7928 1 0 .20 -0.19 0.59 0.24 1.77 1 .2 1 1.90 1.93
2 0 .20 0 0.06 -0.05 1.06 1.14 1.81 1.58Lactalbumin 2 1 1 2.74 3.29 2 .1 2 2.91 3.36 2.77 2.39 2.95
2 2 .2 1 3.14 1.27 2.79 2.81 3.33 2.91 3.2228 1 1.77 2.13 1.77 1.77 2.70 3.27 2.45 2.48
2 1.64 1.6 6 1.95 1.75 3.05 2.63 2.90 2.90Wheat flour 21 1 -0.54 -0.54 -0.52 -0.70 0.43 1.19 0.26 0.39
2 -0.47 -0.47 -0.55 -0.53 0.18 0.34 0.91 0.4028 1 -1.33 -1.39 -1.53 -1.23 0.13 0.26 0.29 0 .2 2
2 -0.97 -0.87 - 0.88 -1.19 0.14 -0.04 0.34 -0.07

a SD = Sprague-Dawley, TF = Taconic Farms, API (2) = 2-day acclimation, AP2 (4) = 4-day acclimation.

cn
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F igure 1. E ffect o f 7 ex p er im en ta l v ar iab les on  28- 
d ay unad ju sted  w e ig h t g a in /p r o te in  co n su m p tion  
ratio for casein . Each bar contains data for both 5 and  
10% protein  lev e ls . V alues are m eans o f rep lication s1 and 2. SD  =  A R S -S p rag u e-D a w ley  rats, TC =

T acon ic Farms rats, AP =  a cc lim ation  period .

the 6 g maxim um  spread between group 
means.

The 28-day w eight gains for replicates 1 and
2 are summarized in  Table 4. A lthough the av
erage food consumption of most groups was 
h igher in replicate 2 than in  replicate 1, the 
w eight gains were not consistently higher or 
low er in  replicate 2.

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

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

F igure 2. E ffect o f  7 ex p er im en ta l v ar iab les on  28- 
day u n ad ju sted  w e ig h t g a in /p r o te in  co n su m p tion  

ratio  for la cta lb u m in . S p ecifica tio n s: Figure 1.

acclim ation was not sign ificantly d ifferent than 
after 2 days acclimation.

Figure 2 for lactalbumin shows a different type 
of response. A t the 10% protein level, the mean 
ratio was only slightly higher than at 5% protein 
and in  2 cases (21 days-AP2-10% fat and 21 
days-AP2-20% fat) was lower; the mean ratio for 
28-day-old rats was less than for 21-day-old rats 
(P < 0.001); and the differences between 2 and 4 
days acclim ation were not significant at the 5% 
protein level but were significant at the 10% 
protein level (P < 0.001). Unlike the values w ith 
casein, the mean ratios w ith  10% fat were less 
than those w ith  20% fat at both the 5% prorein 
leve l (P < 0.05) and the 10% protein level (P  < 
0.001). The ratios for ARS-Sprague-Dawley rats 
were sign ifican tly  low er (P < 0.05) than for

1.0 r

-1.5 -
AGE 21 28 21 28 21 28 21 28 21 28 21 28 21 28 21 28AP 2 4 2 410% FAT 20% FAT

SD 777, SO j5% PROTEIN llZ  10% PROTEINTF m  TF ÜH

F igure 3. E ffect o f 7 ex p er im en ta l v ar iab les on  28- 
d ay unad ju sted  w e ig h t g a in /p r o te in  co n su m p tio n  

ratio for w h ea t flou r . S p ecifica tio n s: Figure 1.



Table 6. Five-way analysis of variance of unadjusted weight g a in /p ro te in  consum ption ratios a

Day 14 Day 21 Day 28
PL 5 PL 10 PL 5 PL 10 PL 5 PL 10

Factor C L W c L W c L W c L W c L W c L W
Fat * * *
Acclim. * * *
Age * * * * *
Fat X acclim. x  age *
RS *
Fat X RS *

Age X RS * *

Acclim. X age x  RS * * *
Fat x  acclim. x  age x  RS *
Rep. * * * * * * * * * *
Fat X rep. * * * * * * *
Acclim. X rep * * * * * * *
Fat X acclim. x  rep. * * * *
Age X rep. * * * *
Fat x  age X rep. * * * * *
Acclim. X age X rep. * * *

Fat X acclim. X age x  rep. * * * *

RS X rep. * * * * *

Fat X RS X rep. * * *
Acclim. X RS x  rep. * *
Fat X acclim. x  RS X rep. * *
Age X RS X rep. * *
Fat X age X RS x  rep. * *
Acclim. X age X RS X rep. * * * *
Fat X acclim. X RS X age X rep. * * * * * *

a *  =  Significant at P <  0.05. PL = protein level, C = casein, L = lactalbumin, W = wheat flour, acclim. = acclimation time, rep. = replication, RS = rat source.
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Figure 4. M ean unad justed  w eight g a in /p ro te in  
consum ption  ratio  (O) and CV (A) vs w eigh days for 
5% casein. Each po in t represen ts m ean of 160 

values.

F igure 6. M ean unad justed  w eigh t g a in /p ro te in  
consum ption  ratio  (O) and CV (A) vs w eigh days for 
5% lactalbum in . Each p o in t represen ts m ean of 160 

values.

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

The mean ratios for wheat flour in Figure 3 are 
quite d ifferent from those for either casein or 
lactalbum in because wheat flour is a much 
poorer quality protein. A t the 5% protein level, 
the mean ratios were below zero; at the 10% 
protein leve l, the mean ratios were still less than
1.0. As w ith  casein, the mean ratios were sig
n ifican tly  lower for 28-day-old rats (P < 0.001), 
ARS-Sprague-Dawley rats (at the 5% protein 
leve l on ly), and 20% fat (at the 5% protein level 
on ly). Acclim ation period had only a slight, 
nonsignificant effect. In  2 cases, the mean ratios 
for 28-day rats were as high as or h igher than 
those for 21-day-old rats (AP4-10% fat and AP4- 
20% fat). Although not shown in  Figures 1-3, at 
28 days there were significant differences (P < 
0.05) between the mean ratios for the 2 replica
tions in  time for the 28-day ratios for 5% casein, 
10% casein, and 10% wheat flour.

The results of the 5-way analysis of variance 
for the unadjusted gain/consum ption ratios for 
5 and 10% casein, lactalbum in, and wheat flour

at 14, 21, and 28 days are given in  Table 6. A  
large number of significant sources of variation 
are evident both from the 5 main factors (fat, ac
clim ation period, rat source, rat age, and rep li
cation) and their interactions when tested w ith in  
each protein source and protein level. A t 28 
days, the specified period for a PER assay, fat 
level was a significant source of variation for 10% 
lactalbum in; acclimation period, rat source, and 
age were significant for 10% casein; and rep li
cation was significant for 5% casein, 10% casein, 
and 10% wheat flour. A  number of the possible 
interactions were also significant sources of 
variation . A t the 10% protein leve l, the gain / 
consumption for casein—the control protein and 
leve l in  the A O A C  PER  method—was subject to 
more variation (8 sources of significant variation) 
than wheat flour (6 sources of significant varia
tion) or lactalbum in (4 sources).

Plots of mean gain /consumption ratios anc CV  
of these ratios vs weigh days for the 3 proteins at 
2 levels are shown in  Figures 4-9. The data 
points for Figures 4-9 have been pooled for a 
particu lar protein and protein level. For the
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Figure 5. M ean unadjusted  w eigh t g a in /p ro te in  
consum ption  ratio  (O) and CV (A) vs w eigh days for 
10% casein. Each p o in t represents m ean of 160 

values.

F igure 7. M ean unad justed  w eigh t g a in /p ro te in  
consum ption  ratio  (O) and CV (A) vs w eigh days for 
10% lactalbum in. Each po in t represents m ean of 160 

values.
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F igure 8. M ean unad ju sted  w e ig h t g a in /p r o te in  
co n su m p tio n  ratio  (O ) and CV (A ) vs  w e ig h  days for  
5% w h ea t flou r . Each p o in t rep resents m ean o f 160 

v alues.

F igure 9. M ean unadjusted  w e ig h t g a in /p r o te in  
co n su m p tio n  ratio (O) and CV (A ) vs  w e ig h  d ays for  
10% w h ea t flour. Each p o in t represents m ean o f 160 

values.

mean ratio, each point represents the mean of 160 
values. The C V  is an index of variab ility  and is 
based on the pooled variation in  measurements 
w ith in  the cells. Co llective ly , Figures 4-9 i l 
lustrate how the protein source and level affect 
the magnitude of average gain/consum ption 
ratios and how the relative variab ility  changes 
w ith  time. In  Figure 4, the mean ratio for 5% 
casein increases steadily w ith  time throughout 
the 28-day period w ithout leveling off. The CV  
takes an unexplained jump at 17 days but by the 
next w eigh time returns to the previous value 
and reaches its lowest point at 28 days. The 
mean ratio for 10% casein (Figure 5) started high 
at 3 days, dropped to its lowest value at 7 days, 
leveled off at 17 days, and decreased after 24 
days. The C V  declined steadily w ith  time and 
began to level off at 17 days.

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

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

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

A ll of the results presented above have been 
based on ratios unadjusted for a system control. 
The gain/consum ption ratios for lactalbum in 
and wheat flour (5 and 10% protein levels) at 
weigh days 14, 21, and 28 were adjusted accord
ing to the corresponding casein group (5 or 10%) 
set to a value of 2.5. The 5-way analyses of 
variance of these data are presented in  Table 7. 
The only significant main effect was replication. 
The factors rat age, rat source, acclim ation time, 
and fat level had no significant effect on the ad
justed ratios at either 14, 21, or 28 days. Th is  is 
in  contrast to the analysis of variance of the un
adjusted ratios (Table 7) in  w h ich  a ll of these 
sources of variation were significant for at least 
one of the proteins at one or more w eigh days. 
Thus, adjustment of a system control can e lim i
nate these main sources of variance. H ow ever, 
a number of interactions of a ll 5 of the main ef
fects were still s ignificant. These observations 
suggest that there are other sources of experi
mental error that have not been identified and 
are not under uniform  control between experi
ments.

The results of this study show that protein
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Table 7. Five way analysis of variance of adjusted weight gain/protein consumption ratios 3

Factor

Day 14 Day 21 Day 28
PL 5 PL 10 PL 5 PL 10 PL 5 PL 10

L W L W L W L W L W L W
Fat x  acclim. x  age »
Fat X acclim. X RS *
Rep. * *
Fat X rep. *
Age X rep. * *
RS X rep. * * * * * * * *
Fat X RS X rep. * * * * * * * *
Acclim. X RS X rep. * * * * * * *
Fat X acclim. X RS X rep. * * * * * * * * *
RS x  age X rep. * * * * * * * *
Fat X RS X age X rep. * * * * * * *

Acclim. X RS X age X rep. * * * * * * * *

Fat X acclim. X RS X age x  rep. * * * * *  * * * * * *

3 Main effects and interactions that were significant for at least one set of the controlled factors. * = Significant at P < 
0.05, PL = protein level, L = lactalbumin, W = wheat flour, acclim. = acclimation time, rep. = replication, RS = rat source.

source and protein level are the most significant 
factors in fluencing the gain/protein consump
tion ratio, evidence of the sensitiv ity  of the test 
system. The next most important factor for the 
unadjusted ratio is the age of the rat. The use of 
rats varying in age from 21 to 28 days resulted in 
a significant source of variation (P < 0.001). This 
finding is in agreement w ith  Chapman et al. (13). 
Not only is it more d ifficu lt to obtain tight 
weight ranges w ith  28-day-old rats, particularly 
after 4 days' adaptation, but the 28-day-old rats 
seem less responsive to differences in  protein 
quality than the 21-day-old rats. On the basis of 
these differences, it is suggested that the A O A C  
procedure (6) be rewritten to specify the use of 
rats 21 days of age. The results of this study also 
suggest that the acclimation time should be fixed 
rather than a range. Based on th is study, 2 days 
acclimation would be preferable to 4 days.

The replication factor was significant both 
w ith  unadjusted and adjusted ratios and thus 
suggests that a ll conditions were not maintained 
un ifo rm ly in  the study.

The plots of gain/consum ption ratios vs days 
on test show that the ratios generally increase 
w ith  time to a maximum and level off. The time 
at w h ich  the ratio reaches a maximum depends 
on both the source and level of the protein. It 
would appear from these plots that, in  most cases, 
the time for the assay should not be less than 21 
days if  the protein level of the diet is 10%. 
H ackler (5) has presented data to show that ad
justed PER  values at 2 weeks are 97-103% of the 
values at 4 weeks, and thus the PER  method 
could be shortened to 2 weeks w ithout any loss 
of accuracy. H ow ever, the results of this study

indicate that 2 weeks w ould be insuffic ient for 
a low-quality protein such as wheat flour.

The optimum assay time, as defined by the 
m inim um  C V , varied for the 3 proteins. The 
optimum assay time increased as the protein 
quality decreased. The normal 28-day assay time 
seemed to offer no significant im provem ent in 
precision over 21 days.

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

O ther means for evaluating protein quality 
from growth/consum ption data, such as net 
protein ratio or slope ratio, have not been ex
amined in this study and might provide different 
results from those presented here.2
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M IC R O B IO L O G IC A L  M E T H O D S

Radiometric Microbiological Assay of Vitamin B6: Assay 
Simplification and Sensitivity Study
T O M A S  R . G U IL A R T E
The Johns Hopkins University, School of Hygiene and Public Health, Department of 
Environmental Health Sciences, 615 N Wolfe St, Baltimore, MD 21205-2179
M o d ific a tio n  o f a p rev io u s ly  d ev e lo p ed  radiom etric  
m ic ro b io lo g ic a l assay for v ita m in  B6 reduces assay  
c o m p le x ity  and tim e. R ed u ction  o f en zym a tic  
trea tm ent from  24 to 3 h e sse n tia lly  e lim in a te s  one  
day's tim e for th e a n a ly sis  o f p lasm a sam p les. U se  
o f ly o p h iliz e d  Kloeckera brevis cu ltu res e lim in a te s  
ro u tin e  su b cu ltu r in g  o f th e test organ ism , w ith  no  
s ig n if ic a n t  e ffe c t on  test resu lts. M o d ific a tio n s  in  
test v ia l s iz e  and total v o lu m e in  te st v ia ls  have in 
creased  assay  se n s it iv ity  to a le v e l o f 0.25 ng p yri- 
d o x in e  (P N ), pyrid oxa l (P I ), or p yr id o xa m in e  (PM ) 
p er v ia l le v e l and  decreased  th e am ou n t o f m ed ium  
and  la b e led  substrate (i.e ., L -[l-14C ]-va lin e), th u s re
d u c in g  assay  cost.

A  radiom etric m icrobiological assay (RM A) 
method for determining vitam in B6 in blood and 
food has been reported (1, 2). The technique is 
based on measurement of ;4CC>2 generated from 
the metabolism of L- [l-14C]-valine by K lo e ck era  
b re v is . The amount of 14CC>2 produced is pro
portional to the amount of vitam in B6 present in  
the test v ia l.

A n  inherent advantage of R M A  over conven
tional turbidimetric microbiological assay is that 
it allow s accurate measurement of 14CC>2 in  the 
presence of precipitated food debris, plasma, or 
colored suspensions, thus allow ing sim p lifica
tion of sample preparation. Measurement of 
14C O z is automated at a rate of 1 test v ia l/m in , 
using a gas flow  system w hich  contains an ion
ization chamber for quantitation of the radioac
tive carbon (Bactec 460, Jchnston Laboratories, 
C ockeysv ille , M D).

A  desirable characteristic of RM A  is that it 
combines the biological specific ity  of the 
microorganism w ith  the sensitivity and accuracy 
of radioactive decay measurement. It provides 
a sim ple and rapid tool fer m onitoring the re
sponse of a microorganism to a specific nu
trient.

This research was supported  by the Science and Education 
A dm inistra tion  of the U.S. D epartm ent of Agriculture under 
Grant No. 78-59-2243-0-1-013-1 from the Competitive Research G rants Office.

Received April 21, 1982. Accepted June 3, 1982.

One of the most commonly mentioned disad
vantages of v itam in Bg turbidim etric m icrobio
logical assay is that it is cumbersome and time- 
consuming. The already developed vitam in B6 
R M A  is sim pler and less time-consuming than 
the turbidim etric assay method (1). In  this 
comm unication, results of studies to further 
s im p lify  and increase sensitiv ity of v itam in B6 
R M A  are presented.

Experim ental

Apparatus and Reagents
(a) A u to m a t ic  f r e e z e  d r y e r .—V irtis  Co,, Inc ., 

Gard iner, N Y .
(b) L y o p h il iz a t io n  a m p u le s .—Wheaton Scien

tific , M illv ille , NJ.
(c) S p e c tr o p h o to m e te r .  —Bausch and Lom b 

Spectronic 20.
(d) B a c te c  4 6 0 .—Johnston Laboratories, 

C ockeysv ille , M D.

Procedure
L y o p h il iz a t io n  o f  K lo e c k e ra  b re v is  c e l ls .—One or 

2 loopsfu ll of rap id ly growing K lo e c k e ra  b rev is  
(A T C C  9774) cells were placed in  10 m L m icro
inoculum  broth (Difco Labs, Detroit, M I). Cells 
were dispersed by agitation and incubated 24 h 
at 30°C  at a 5-10° angle from horizontal. A fter 
incubation, cells were centrifuged, washed once 
w ith  sterile saline, and resuspended ir. 1 m L 
sterile saline.

One-tenth m L of this concentrated ce ll sus
pension was placed into sterile lyoph ilization  
ampules and pre-frozen in  a dry ice (10% meth
anol) solvent bath. Cells were lyo ph ilized  at 
—40°C and 100 atm. Ampules were heat-sealed 
under the original vacuum w hile  still connected 
to the drying chamber and then stored at 2-4 °C  
u n til used.

In o c u lu m  p re p a ra tio n .—Slant cultures of K . b rev is  
in  L a c to b a c il lu s  Agar A O A C  (D ifco Labs) were 
incubated 24 h at 30°C . A fter incubation, the 
inoculum  was prepared by aseptic transfer of K. 
b re v is  cells from the fresh agar slant to a color-

0004-5756/83/6601 -0058-04$01.00 © Association of Official Analytical Chemists, Inc.



GU1LARTE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 1, 1983) 5 9

Figure 1. C om parison  o f 3 vs 24 h acid phosphatase  
trea tm ent for d ep h o sp h o ry la tio n  o f p lasm a v ita m in  
Bs for rad iom etric m icro b io lo g ica l assay m eth od . 
S o lid  l in e  rep resents id e n tity . D ash  lin e  represents  

lin ea r regression .

im eter tube containing 5 m L of sterile 0.9% sa
line . Yeast cells were added to the tube until 
transmission was reduced by 25% at 640 nm (the 
spectrophotometer was set at 100% transmission 
w ith  a saline blank). The cell suspension was 
transferred to an Erlenm eyer flask containing 95 
m L sterile saline. One m L of this suspension 
was used as inoculum . For inoculum  prepara
tion w ith  lyoph ilized  K . b re v is  cells, contents of 
an ampule were reconstituted w ith  10 m L sterile 
saline, 0.1 m L was used as inoculum .

D e p h o s p h o r y la t io n  o f  p la s m a  s a m p le s .— Dé
phosphorylation of plasma vitam in B6 was per
formed as previously described (1), except that 
each plasma sample was treated w ith  acid phos
phatase for 3 and 24 h for comparison.

S e n s i t i v i ty  s tu d ie s . —To increase assay sensitiv
ity , a m odification of the assay procedure was 
tested. To 20 m L serum vials (Arthur H . Thomas, 
Ph ilade lph ia , P A ), 1 m L pyridoxine-Y-medium  
(D ifco Labs), 0.25 and 0.5 m L of a 1 ng/m L PN , 
P L , or PM  (equimolar) solution, and 0.1, 0.2, and 
0.3 m L of a 10 ng/m L PN , P L , or PM (equimolar) 
solution was added. Total volum e was made to 
3 m L w ith  deionized water. V itam in  B6 con
centration ranged from 0.25 to 3.0 ng/vial. Each 
v ia l was then injected w ith  0.25 /xCi L-[1-14C]- 
va line1 (0.1 m L) and 0.1 m L lyoph ilized  inocu
lum preparation and incubated at 30 °C  for 18-19

1 Specific activity = 37.5 m C i/m m ole. Research Product 
In ternational, Elk Crove Village, IL.

F igure 2. C om parison  o f ly o p h iliz e d  vs s lan t (n or
m al) in o cu lu m  preparation o f Kloeckera brevis ce lls  
for v ita m in  B6 co n ten t u sin g  rad iom etric m icro b io 
lo g ica l assay m ethod . S o lid  lin e  represents id en tity .

D ash  lin e  rep resents lin ea r regression .

h. 14CC>2 produced was determined as p rev i
ously described (1).

R a d io m e tr ic  m ic ro b io lo g ic a l  a s s a y  o f  v i ta m in  
B b. —Vitam in B b standard preparation, plasma 
collection, food sample preparation, and vitam in 
B6 RM A procedure for plasma and food samples 
have been described elsewhere (1 ,2 ).

S ta t is t ic s .—Paired f-tests (3) were performed 
on data from Figures 1 and 2. Correlation coef
ficients (3) were obtained for data in  Figures 1 
and 2 and Table 1.

Resu lts
R ed u c tio n  o f  acid  p h o sp h a ta se  e n z y m a tic  tre a tm e n t  

t im e  f o r  d é p h o s p h o r y la t io n  o f  p la s m a  v i ta m in  
B b. —Enzym atic treatment of plasma v itam in  B6 
is usually allowed for 24 h. The desirab ility  of 
having a shorter treatment time led to a com
parison of enzym atic treatment of 3 vs 24 h. 
Figure 1 shows that no significant differences (P 
> 0.2) in  vitam in B6 values are obtained w ith  e i
ther treatment.

L y o p h il iz a t io n  o f  K lo e c k e ra  b re v is  c e l ls .— The ef
fect of using lyoph ilized  cultures of K . b re v is  on 
RM A  of v itam in B6 for plasma or food was com
pared w ith  the regular non lyoph ilized  (slant) 
inoculum  preparation. Figure 2 and Table 1 
indicate that no significant differences in  assay 
results are obtained w ith  either plasma or food 
samples (P  > 0.5), using lyoph ilized  K . b re v is  
cultures in  the analysis of v itam in  B6.
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Table 1. Comparison of vitamir B6 values from various 
food samples, using lyophilized vs slant Kloeckera brevis 

cultures, with radiometric microbiological assay

Vitamin B e  content
Food Lyophilized Slant

Cereals3
Total 53.0 67.0
Fruity Pebble 32.0 36.5
Cornflakes 10.1 10.1
Most 70.5 76.5
Grape Nut Flakes 28.5 27.0
Bucwheats 31.0 34.5

Baby Foodb
Cereals & Egg 10.2 9.5
Chicken 50.5 53.5
Beets 11.6 10.1
Carrots 67.6 58.6
Spinach 34.3 32.9
Squash 46.4 43.6
Pork 75.2 80.0
Turkey 59.0 62.0

Baby Food-—Juices3
Orange 0.35 0.34
Apple-prune 0.23 0.24
Apple-cherry 0.39 0.42
Apple 0.16 0.18

Other Foods3
Cottage cheese 0.13 0.15
Carnation milk 2.7 2.7

Overall correlation coefficient r =  0.99. 
3 p g  PN equivalent/g. 
b p g  PN equivalent/jar. 
c p g  PN equivalent/mL.

V ita m in  B 6 ra d io m e tr ic  m ic ro b io lo g ic a l a ssa y:  
S e n s i t iv i ty  s tu d ie s .— Modifications in  test v ia l size 
and total assay volum e from the previously de
scribed RM A  produced an increased assay sen
sitivity. We have been able to obtain a detection 
lim it of 0.25 ng PN , P L , and P M /v ia l, and re
duced the amount of L-[l-14C]-valine from 0.5 to 
0.25 pC i per v ia l (Table 2).

D iscussion
Development of an RM A  for total v itam in B ,̂ 

using K . b r e v is , has elim inated some of the 
problems and sign ificantly reduced assay com
plexity encountered w ith  presently available 
vitam in B6 turbidimetric microbiological (yeast) 
assays (1, 2). Use of K. brev is as test organism for 
the determination of total vitam in B6 elim inated 
the persistent problem of differential growth 
response to PN , P L , and PM  encountered w ith  
S a c c h a r o m y c e s  u v a r u m  (4-6). Three d ifferent

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

pyridoxamine

Net metabolic index units 3 (14C02 production)5
Vitamin B6 (ng) Pyridoxine Pyridoxai Pyridoxamine

0 (blank) 6 6 6
0.25 25 28 23
0.50 41 43 39
1.00 68 79 76
2.00 157 162 164
3.00 234 237 252

Lyophilized K lo e c k e r a  b r e v i s  and 0.25 p C i L-[l-14C]-valine; 
incubation time 19 h at 30°C.

3 100 metabolic index units = 0.025 p C \ .
b Average of duplicates.

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

The necessity of fo llow ing growth (turbid ity) 
w ith  the turbidim etric m icrobiological assay 
method introduces lim itations and com plexity 
because colored, turbid , and precipitated mate
ria ls must be removed to prevent interference 
w ith  assay results. RM A  elim inates th is prob
lem; these types of material do not interfere w ith  
the accurate measurement of 14CC>2 generated 
from yeast metabolism of labeled substrate. 
Instrum entation to measure I4CC>2 generated 
from catabolism of L-[l-14C]-valine by K . b re v is  is 
automated and makes the analysis of a large 
number of samples a reality .

In  these studies, we present fu rther m odifi
cations of the v itam in B6 RM A . For analysis of 
plasma samples, reducing enzym atic treatment 
from 24 to 3 h has essentially elim inated one 
day's time, w ith  no statistically significant d if
ferences in  test results (P > 0.2) (Figure 1). Use 
of lyoph ilized  K . b re v is  cells has elim inated the 
routine subculturing of test organism w ith  no 
significant differences (P > 0.5) in  assay values 
when used for plasma or food vitam in B6 analysis 
(Figure 2, Table 1). Lyophilized K . brevis cultures 
were stable for at least a year.

W ith m inor modifications in test via l size (i.e., 
from 50 m L to 20 m L) and total volume in  assay 
via ls, sensitivity has increased to a detection level 
of 0.25 ng PN , P L , or PM /via l (see Table 2). The 
increased sensitiv ity is useful in  the measure
ment of human plasma samples that fa ll in  the 
low  nanogram level. A t the same time, it has 
reduced the amount of L-[l-14C]-valine (from 0.5 
qC i to 0.25 ytiCi), assay medium, and test v ia l size, 
thus reducing overall assay cost. Automated 
instrum entation (Bactec 460) for measuring
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14C 0 2 is currently used in  over 700 hospitals and 
clin ica l laboratories in the United States as w ell 
as industry (8).

The R M A  method has sign ificantly reduced 
assay complexity and time in  the analysis of total 
v itam in  B6 in  biological material. Further 
m odifications presented in  this communication 
have improved assay procedure, increased assay 
sensitiv ity , and reduced assay cost w ithout 
compromising assay accuracy. RM A of vitam in 
Bè can be a useful test in the clinical as w ell as the 
research laboratory.
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A LC O H O LIC  BEVERAG ES

Gas-Liquid Chromatographic Determination of Volatile Phenols in 
Matured Distilled Alcoholic Beverages
MATH LEHTONEN
Research Laboratories of the State Alcohol Monopoly (A lko), POB 350, SF-00101 Helsinki 10, 
Finland

V o la tile  p h en o ls  in  m atured sp irits  w ere determ ined  
b y  g a s -liq u id  chrom atography as th e ir  2 ,4 -d in itro -  
p h e n y l d er iv a tiv es . P h en o l, o -cr eso l, m -creso l, p- 
creso l, g u a ia co l, p -e th y lp h e n o l, p -e th y lg u a ia co l, 
e u g e n o l, and  p -(n -p r o p y l)g u a ia c o l, w h ich  occurs 
o n ly  in  dark rum , w ere stu d ied  at con cen tra tion s  
ranging from  0 to 2 ppm  d ep en d in g  on the p h en ol and 
th e  b everage. Scotch , S p an ish , and Japanese w h is 
k ie s , u n lik e  o th er w h isk ie s  ex a m in ed , co n ta in ed  o -, m-, and  p -c reso ls . C resols occur in  w h isk ie s  as a 
co n se q u e n ce  o f th e  raw m ateria ls  u sed , in  particular  
peated  m alt. T he le v e l o f p -e th y lg u a ia co l is  u su a lly  
so m e w h a t h ig h er  in  cognac and o th er b ran d ies than  
in  w h isk ies . D ark rum s d iffer  from  th e other spirits  
ex a m in ed  in  co n ta in in g  p -(n -p r o p y l)g u a ia c o l, and, 
ty p ic a lly , h ig h er  le v e ls  o f p -e th y lp h e n o l, p -e th y l-  
g u a ia co l, and eu g en o l. T hese p h en o ls  a lso  occur in  
h ig h er  q u a n titie s  in  som e w h ite  rum s than in  w h is 
k ies  and brandies. T w o d iscrim inant fu n ctions w ere 
o b ta in ed  b y  d iscr im in a n t a n a ly sis , w h ich  d id  n ot, 
h ow ever , a llo w  th e sp irits  to be cla ssified  adequately  
in to  th e ir  resp ective  groups. By u sin g  th ese  fu n c
tio n s , 82% o f th e w h isk ie s , 57% o f th e b ran d ies, and  
50% o f th e  rum s w ere correctly  grouped.

Phenols are aroma components of foodstuffs 
whose characteristic presence is clearly d is
cern ib le , especially in  smoked and roasted 
products (1, 2). They are also present in  various 
alcoholic beverages. D raw ert et al. (3) have 
show n that beer contains several volatile  phe
nolic compounds, and volatile phenols have also 
been reported in sherries ar d other wines (4-6). 
M atured d istilled  beverages also can contain 
phenols. N ish im ura and Masuda (7) in  Japan 
found a number of alkyl-substituted phenols 
among the acidic compounds from w hiskies, 
w h ile  largely the same phenols have been iso
lated by both Dubois and Rigaud (8) and Timmer 
and co-workers (9) from the aroma components 
of rum .

Phenols produce a smoky aroma in  alcoholic 
d rinks and other foodstuffs, and at least part of 
the sm oky character of Scctch w h isky derives 
from  phenolic compounds (10), although Ba

Received February 17, 1982. Accepted April 16, 1982.

thgate and Tay lo r (11) reported that other com
ponents make a contribution as w ell.

Earlie r w ork has concentrated m ain ly on the 
qualitative analysis of phenols in  alcoholic bev
erages. There have been few reports of quanti
tative aspects, although Swan et al. (12) deter
m ined some volatile  phenols in  Scotch malt 
whiskies. The purpose of this work was to apply 
our previously developed method for deter
m ining phenolic compounds (13) to the analysis 
of matured d istilled beverages. D iscrim inant 
and classification analysis was used to judge 
w hether it would be possible to classify, even 
roughly , d ifferent beverages according to their 
phenol contents.

Experim ental
Sam ples

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

Apparatus
(a) G a s c h r o m a to g r a p h .—  H ew lett-Packard  

5730A fitted w ith  a 63N i electron capture detector 
and Hew lett-Packard 18740B in le t sp litter. 
Operating conditions: temperatures—injection 
port 250°C, detector 300°C, oven held 4 m in at 
600 C, then programmed at 31 ° / m in to 2200 C and 
m aintained at 220°C to end of run ; gas flow  
rates— carrier gas (He) 1 m L/m in , make-up gas 
(argon-m ethane, 95 + 5) 45 m L/m in .

(b) G L C  c o lu m n .— Fused silica  cap illa ry  
(Hewlett-Packard), 50 m X 0.3 mm id , coated 
w ith  SP-2100.

(c) I n te g r a to r .—Peak areas and quantitative 
results were calculated by Hewlett-Packard 
3352B laboratory data system.

Reagents
(a) l -F lu o r o -2 ,4 -d in i tr o b e n z e n e .—Fluka, Buchs, 

Sw itzerland .
(b) n - H e x a n e .— J.T . Baker, Deventer, The 

Netherlands.
(c) 2 ,2 ,4 - T r im c th y lp e n ta n e .— B D H  Chem icals 

Ltd , Poole, U K .

0004-5756 /83/6601 -0062-09$01,00 
© Association of Officiai Analytical Chemists, Inc.
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Table 1. Number and origin of matured spirits studied

Beverage Origin
No. of 
brands

Whisky Scotland 15
Ireland 2
United States 4
Canada 1
Japan 5
Spain 1
Argentina 2
New Zealand 2
India 1 (total 33)

Dark rum Martinique 2
Caribbean 1
Guadeloupe 1
Haiti 2
Jamaica 1

Mixture of Finnish sulfite spirit 1 (total 8)
and Martinique rum

White rum Martinique 3
Caribbean 1
Guadeloupe 1
Puerto Rico 2
Cuba 1
Demerara 1
Brazil 1 (total 10)

Cognac France 10
Mixture of Finnish sulfite spirit 1 (total 11)

and cognac
Armagnac France 1 (total 1)
Other brandies France 2

South Africa 2
Italy 1
Bulgaria 1
Spain 1
Soviet Union 1
Greece 1

Mixture of brandy distillates 1 (total 10)
from different countries

Grand total 73

(d) B u f f e r .— pH 11.5. Prepared according to 
Teorell and Stenhagen (14).

(e) S ta n d a r d  s o lu t io n  o f  p h e n o ls .— 0.13 mg phe
nol, 0.08 mg o-cresol, 0.16 mg m-cresol, 0.06 mg 
p-cresol, 0.13 mg guaiacol, 0.10 mg p-ethylphe- 
nol, 0.13 mg 3,4-dim ethylphenol (in ternal stan
dard), 0.26 mg p-ethylguaiacol, 0.22 mg eugenol, 
and 0.22 mg q-(n-propyl)guaiacol in 1000 m L 45% 
aqueous ethanol.

(f) In te r n a l  s ta n d a r d  s o lu t io n s .—  Stock solution: 
0.43 mg 3,4-dim ethylphenol/m L 45% aqueous 
ethanol. W orking solution: 2.15 qg 3,4-di- 
m ethylpheno l/m L 45% aqueous ethanol.

Calibration
Standard solution of phenols (20 m L), 1-flu- 

oro-2,4-dinitrobenzene (1 m L of 2% ethanolic 
solution), and 10 m L pH 11.5 buffer were al
lowed to react in a pear-shape flask as described 
earlier (13). The 2,4-dinitrophenyl ethers of the

phenols so produced were extracted w ith  n -  
hexane. The hexane layer was separated, dried 
over N a2S04, and 1 q L  samples were taken for 
gas-liquid chrom atographic (G LC ) analysis. 
Response factors were calculated from peak areas 
for each of the phenols studied.

R  = ( A st / A p h )  X  (Cph l c st) (1)

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

D eterm ination
The 2,4-dinitrophenyl ether derivatives of the 

phenols in the beverages investigated were 
formed and analyzed as described previously
(13), using 3,4-dim ethylphenol as internal stan
dard. Phenol contents were calculated as fo l
lows:

Cx = R  X ( A J A st) X cst (2)

where R  =  response factor; A x =  area of phenol 
derivative peak; A st = area of in ternal standard 
peak; cx = amount of phenol studied (ppm ); cst 
= amount of internal standard (ppm).

Statistical A nalysis
The results were examined by d iscrim inant 

and classification analysis (15). D iscrim inant 
analysis produces functions that can best describe 
differences in  the phenol contents of the bever
ages, and can reduce the orig inal num ber of d i
mensions w ithout losing inform ation. M ore
over, the derived linear functions may better 
satisfy a normal distribution than the orig inal 
data. The proxim ity of data points to the calcu
lated centroid of the groups was described by 
Mahalanobis' distance, such that values were 
classified into groups to make the distance m in
imum. The success of the classification was 
judged by posterior probability , w h ich  was 
maximum at the best d iv is ion  into groups. Sta
tistical significance of differences between cen
troids of the groups was examined by the F -  
test.

Resu lts and D iscussion 

Gas Chrom atography
Gas chromatograms of the phenol derivatives 

show that w h isky (Figure 1A) and dark rum 
(Figure IB ) contain largely the same volatile  
phenols. The only exception is q-(«-propyl)- 
guaiacol, w h ich  appears on ly in  dark rum. 
Tim m er et al. (9) also reported this guaiacol in
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Figure 1. P h en o ls  in  w h isk y  (A) and dark rum  (B) chrom atographed as 2 ,4 -d in itro p h en y l ethers: 1, phenol; 
2, o -creso l; 3, m -creso l; 4, p -creso l; 5, guaiaco l; 6, p -e th y lp h e n o l;  7 , 3 ,4 -d im eth y lp h e n o l (in terna l standard); 
8, p -eth ylgu aiaco l; 9, eugenol; 10, p -(/i-p rop y l)gu aiacol. Peaks a, b, and c are u n id en tified  com pounds form ed

in  th e reaction .

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

The formation mechanism and source of p -  
(n-propyl)guaiacol is not know n , but it seems 
probable that m aturing plays no part because it 
is absent from other matured sp irits. It is pos
sible that the bacteria used in  the production of 
rum is invo lved in  the appearance of p - ( n - pro- 
pyl)guaiacol in  rum (16).

Q uantitative Results
A  comparison of the phenol composition of 

Scotch (Table 2) and other w h iskies (Table 3)

shows that cresols occur only in  Scotch, Spanish, 
and Japanese w hiskies. Raw  materials are 
probably the source of cresols in Scotch w h isky , 
because Scotch malt w h isky  is made on ly from 
peated malt (17), w hich  contains cresols as major 
phenolic compounds (18,19). When germinated 
barley is dried in peat smoke, the phenols formed 
by the pyro lysis of lig n in  are adsorbed on the 
surface of the grain (20) and are so carried 
through to the fina l product. The presence of 
cresols in  Japanese and Spanish whiskies im plies 
that peated malt is used in  their production also. 
S im ila rly , the absence of cresols from the other
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A

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

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

Brand Phenol o-Cresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol
1 0 .1 2 0.07 0.03 0.06 0.07 0.04 0.03 0.03
2 0.18 0.15 0.05 0.08 0 .12 0.08 0.05 0 .1 2
3 0.17 0.13 0.05 0.08 0 .1 1 0.06 0.06 0.18
4 0.14 0 .1 1 0.04 0.06 0.09 0.05 0.04 0 .1 2
5 0.05 0.03 0 .01 0.02 0.03 0.04 0.06 0 .10
6 0.25 0.20 0.08 0 .1 1 0.13 0.06 0.05 0.04
7 0.05 0.04 0 .01 0.02 0.03 0.04 0.02 0.04
8 0.02 0.02 tr3 tr 0.03 0.02 0.03 0.08
9 0.04 0.04 0 .01 0.02 0.04 0.04 0.06 0.04

10 0.13 0 .1 2 0.04 0.07 0 .10 0.05 0.05 0.09
1 1 0.17 0.13 0.04 0.07 0 .10 0.06 0.04 0.07
1 2 0 .20 0.16 0.06 0.09 0 .1 2 0.07 0.05 0.05
13 0.08 0.07 0.03 0.03 0.06 0.05 0.03 0.09
14 0 .1 2 0 .10 0.04 0.06 0.09 0.05 0.04 0.06
15 0.03 tr tr 0 .01 0.04 0.07 0.04 0 .1 1

tr = trace, 0.001 ppm < tr < 0.01 ppm.
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Table 3. Concentration (ppm) of some volatile phenols in different commercial brands of whiskies originating outside
Scotland

Origin Brand No. Phenol o-Cresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol
Ireland i 0.01 NDa ND ND 0.02 0.01 0.01 0.06

2 ND ND ND ND tr b ND ND 0.03
United States 1 0.02 tr tr tr 0.07 0.30 0.09 0.34

2 tr tr tr tr 0.06 tr 0.02 0.14
3 0.02 ND tr tr 0.06 0.06 0.16 0.35
4 tr ND ND tr 0.02 0.06 0.06 0.05

Canada 1 tr tr tr tr 0.01 0.05 0.03 0.05
Japan 1 0.04 0.02 0.01 0.01 0.03 0.03 0.02 0.03

2 0.10 0.06 0.02 0.04 0.05 0.03 0.03 0.04
3 0.08 0.04 0.02 0.03 0.03 0.02 tr tr
4 0.09 0.06 0.03 0.04 0.04 0.03 tr tr
5 0.05 0.05 0.03 0.03 0.04 0.06 0.05 0.06

Spain 1 0.09 0.07 0.03 0.04 0.06 0.03 0.05 0.04
Argentina 1 ND ND tr tr 0.01 0.03 0.03 tr

2 0.02 0.01 tr tr 0.02 0.04 0.03 0.02
New Zealand 1 0.02 tr tr tr 0.09 0.05 0.15 0.58

2 0.02 tr tr tr 0.09 0.05 0.16 0.56
India 1 0.15 tr tr 0.01 0.05 0.01 0.02 0X8

3 ND = none detected, < 0.001 pom. 
b tr = trace, 0.001 ppm < tr <0.01 ppm.

w hiskies indicates that raw  materials used in  
their production are not peated (17). The results 
reported here for Scotch w h iskies agree w e ll 
w ith  those reported by Swan et al. (12) for Scotch 
malt w h isky .

U .S . Bourbon w h iskies c iffe r  from Scotch 
w hiskies m ain ly in  their h igher content of eu- 
genol (Table 3). New Zealand w h isky resembles 
Bourbon in  this respect. The type of oak barrel 
used for aging, and its previous h istory, can in 
fluence the eugenol content of the matured 
product. Thus, the amount of the compounds 
that can be extracted from the oak by the alco
ho lic  m ixture depends in  large part on whether 
the barrel is new or on how many times it has

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

As w ould be expected, the phenol content of 
cognac and armagnac (Table 4) resembles that of 
the other brandies (Table 5). M oreover, they 
quite closely resemble the w hiskies. The main 
differences are low er levels of cresols and far 
h igher levels of p-ethylguaiacol.

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

Table 4. Concentration (ppm) of some volatile phenols in different commercial brands of cognac and armagnac

Beverage Brand No. Phenol oCresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol
Cognac i 0.03 t r a tr tr 0.03 0.03 0.31 0.15

2 0.04 tr tr tr 0.02 0.04 0.29 0.C8
3 0.03 tr tr tr 0.02 0.03 0.27 0.C4
4 0.04 tr tr tr 0.02 0.03 0.28 0.C6
5 0.01 tr tr tr 0.02 0.05 0.29 0X3
6 0.05 NDf> tr ND ND 0.04 0.66 tr
7 0.02 tr tr tr 0.01 0.03 0.29 0.C7
8 0.02 tr tr tr tr 0.03 0.26 0.C3
9 0.05 0.02 0.02 tr 0.04 0.06 0.26 0.11

10 0.03 tr tr tr tr 0.04 0.32 0X3
Mixture of Finnish 0.02 tr tr tr tr tr 0.20 tr

sulfite spirit 
and cognac 

Armagnac 1 0.05 tr tr tr tr 0.09 0.24 0.12

3 tr = trace, 0.001 ppm < tr < 0.01 ppm.
b ND = none detected , <0.001 ppm.
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rum s. No reason for this difference has been 
confirm ed but as noted earlier it is probably- 
connected w ith  the bacteria used in  the produc
tion of rum (16).

A lthough eugenol and p-(n-propyl)guaiacol 
derive from d ifferent sources, they occur at 
s im ila r concentrations in  dark rum s and resem
ble each other in  structure. In  eugenol, the p -  
substituent is an unsaturated a lky l group; the 
guaiacol contains the saturated analog, n -  
propyl.

R ecovery o f  Phenols and R epeatab ility  o f  
M eth od

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

D iscrim inant A nalysis
D iscrim inant analysis was applied to the re

sults to examine w hether phenol content could 
be used to assign a beverage to its appropriate 
class. Two-variable d iscrim inant functions re
sulted, as illustrated in  Figure 3. The corre
sponding average values of the d iscrim inant 
functions were sign ifican tly  d ifferent by the 
F-test at the 1% level. Cognac was included w ith 
the other brandies for these analyses.

The contents of o-cresol, p-ethylphenol, and 
p-ethylguaiacol proved to be the most discrim i-

D2

6---------1---------'--------1-------- 1--------- 1-------- 1
-6  -4  -2  0 2 4 6

D 1

Figure 3. C lassifica tion  b y  d iscrim in ant ana ly sis  on  
th e  b asis  o f con cen tra tion  o f p h e n o ls  in  w h isk y  (w ), 
rum  (r), and cognac (in c lu d in g  o th er b ran d ies) (c). 
Inn er e llip s e s  co n ta in  95% o f th e sa m p les  and outer  
co n ta in  99%. C oord inates o f  th e  cen tro id s  are: 
w h isk y  (0 .724,0.241), rum  (—1.058,0.512), and  brandy  
( - 0 .2 3 1 , —0.819). T otal d iscr im in a tin g  p o w er  o f  
v ar ia b les , F u ,124 = 5-89, is  s ig n ific a n t at th e  1% 

le v e l.

nating variables for d istinguishing the spirits 
studied. p-Ethylguaiacol, however, was less 
usefu l than the other two. W hiskies and rums 
can be classified w ith  reasonable ease; the 
brandies seem to occupy the m iddle group and 
overlap w ith  the other classes far more (Figure
3).

The most significant difference between rums 
and w hiskies is the m arkedly h igher levels of 
p-ethylphenol and p-ethylguaiacol in  the rums, 
w h ich  also contain, on the average, somewhat 
more guaiacol. The cresol content of rum s is

Table 5. Concentration (ppm) of some volatile phenols in different commercial brands of brandy other than cognac
and armagnac

Origin
Brand

No. Phenol o-Cresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol
France 1 0.04 tr3 tr tr 0.02 0.15 0.17 0.042 0.04 tr tr tr tr 0.07 0.09 tr
South Africa 1 0.04 NDb 0.02 ND 0.02 0.01 0.03 0.052 0.03 tr tr tr tr 0.02 0.01 0.05
Italy 1 0.04 tr tr tr tr 0.14 0.17 0.05
Bulgaria 1 0.07 0.02 0.01 tr 0.06 0.08 0.11 0.27
Spain 1 0.03 tr tr tr 0.01 0.08 0.10 0.05
Soviet Union 1 0.06 tr tr tr 0.02 0.16 0.19 0.07
Greece 1 0.01 tr tr tr 0.02 0.03 0.15 tr
Mixture of brandy 

distillates from 
different 
countries

0.04 ND ND ND tr 0.09 0.20 tr

3 tr = trace, 0.001 ppm < tr < 0.01 ppm.
b ND = none detected , <0.001 ppm.
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Table 6. Concentration (ppm) of some volatile phenols in different commercial brands of dark and white rums

Origin Brand No. Phenol o-Cresol m-Cresol p-Cresol Guaiacol p-Ethylphenol p-Ethylguaiacol Eugenol p-( r?-Propyl)guaiacol
Dark Rum

Martinique 1 0.19 0.07 0.04 0.09 0.80 1.89 1.13 0.89 0.69
2 0.19 0.05 0.03 0.20 0.83 1.96 1.32 1.36 0.84

Caribbean 1 0.12 tr  3 tr 0.11 0.56 1.64 1.15 1.00 0.61
Haiti 1 0.11 0.02 0.02 0.03 0.10 0.05 0.09 0.02 tr

2 0.16 tr tr 0.03 0.10 0.09 0.10 tr tr
Guadeloupe 1 0.26 0.10 0.05 0.08 0.78 1.33 1.83 0.97 0.64
Jamaica 1 0.03 tr tr tr 0.11 0.07 0.13 0.05 0.07
Mixture of Finnish sulfite spirit and Martinique rum 0.03 tr tr tr 0.09 0.21 0.14 0.12 0.10

White Rum
Martinique 1 0.04 NDb tr tr 0.13 0.88 0.88 0.10 ND

2 0.06 0.02 0.01 0.02 0.13 0.50 0.33 0.11 ND
3 0.11 tr 0.02 0.02 0.13 0.56 1.04 0.06 ND

Caribbean 1 0.01 ND tr tr 0.01 0.12 0.02 tr ■ ND
Guadeloupe 1 0.03 tr tr tr 0.12 0.21 0.48 0.18 ND
Puerto Rico 1 0.01 ND ND ND 0.03 0.01 0.03 tr ND

2 tr ND ND ND tr 0.05 tr tr ND
Cuba 1 0.02 ND ND ND 0.02 0.02 tr ND ND
Demerara 1 tr ND ND ND ND ND ND ND ND
Brazil 1 0.02 ND ND ND ND ND ND ND ND

a tr = trace, 0.001 p p m  < tr < 0.01 p p m .  

b ND = none detected, <0.001 p p m .
nO00
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Table 7. Recovery of phenols (ppm) added to spirits

Phenol
Whisky Rum Cognac

Added Reed Added Reed Added Reed
Phenol 0.13 0.12 0.13 0.12 0.13 0.12
o-Cresol 0.08 0.10 0.08 0.08 0.08 0.09
m-Cresol 0.16 0.17 0.16 0.16 0.16 0.14
p-Cresol 0.06 0.07 0.06 0.06 0.06 0.06
Guaiacol 0.13 0.13 0.13 0.14 0.13 0.12
p-Ethylphenol 0.10 0.11 0.10 0.11 0.10 0.10
p-Ethylguaiacol 0.26 0.29 0.26 0.27 0.26 0.26
Eugenol 0.22 0.24 0.22 0.23 0.22 0.22
p-(n-Propyl)guaiacol — — 0.22 0.22 — —

much low er than that of w hiskies, largely be
cause of the contribution of Scotch w h isky .

The phenol content of the brandies resembles 
that of the other beverages except for the cresols, 
w h ich  are generally lower in  brandies, and p -  
ethylguaiacol, w h ich  is, on the average, clearly 
h igher in  rums and lower in  w hiskies than in  
brandies.

Assign ing the beverages studied to their re
spective classes on the basis of the d iscrim inant 
analysis of their phenol contents was generally 
successful (Table 8). In  addition to clear as
signments, there were several cases for w hich the 
probabilities of belonging to more than one class 
were sim ilar. The w hiskies were assigned most 
successfully, w h ile  the brandies especially were

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

Conclusion
The concentrations of vo latile  phenols are 

somewhat different in  w h isk ies, rum s, cognacs, 
and other brandies. The main difference be
tween the rums and other beverages is the pres
ence of p-(«-propyl)guaiacol, w h ich  occurs only 
in the dark rums. The contents of o-cresol, p -  
ethylphenol, and p-ethylguaiacol appear to be 
the most influential separators. The differences, 
however, are not suffic ient to classify the alco-

Table 8. Success of classifying whiskies, rums, and brandies into their respective groups on the basis of their levels of
volatile phenolic compounds

Beverage
No. of 
brands

No. of brands 
correctly classified by 

Mahalanobis’ 
distance3

No. of uncertain 
classifications by 

Mahalanobis’ 
distance5

No. of brands 
correctly classified by 
posterior probability5

No. of uncertain 
classifications by 

posterior probability d
Whisky

Scotch 15 15 0 14 i
Irish 2 0 2 2 0
United States 4 3 1 3 1
Canadian 1 1 0 0 1
Japanese 5 5 0 4 1
Spanish 1 1 0 1 0
Argentina 2 0 2 1 1
New Zealand 2 2 0 2 0
India 1 0 0 0 1

Total 33 27 (82%) 5(15%) 27 (82%) 6 (18%)
Dark rum 8 8 0 6 1
White rum 10 8 2 3 1
Total 18 16(89%) 2 (11%) 9 (50%) 2(11%)
Cognac 11 10 0 10 0
Brandy 10 2 4 6 2
Total 21 12(57%) 4(19%) 16(76%) 2 (10%)

a Mahalanobis' distance is clearly the shortest.
5 No clear difference in Mahalanobis' distances between the groups. 
c Posterior probability is clearly the greatest. 
d No clear difference in posterior probabilities between the groups.
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h olic  beverages studied in to  their respective  
groups w ith  adequate precision. Correct as
sign m en ts by the d iscrim inant analysis vary 
b etw een  50 and 80% d ep en d in g  on the type o f  
beverage. Raw materials have little effect on the 
ph en ol content of the product, especially for the 
different types o f w hisky.
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Gallic acid, vanillic acid, syringic acid, vanillin , syr
ingaldéhyde, and ferulic acid were determ ined in 
m atured spirits by reverse phase high performance 
liquid chromatography. Concentrations varied from 
0 to 11 ppm  depending on the compound and the 
beverage. Gallic acid and syringaldéhyde were the 
main com ponents. Vanillic acid, vanillin , and, 
especially, gallic acid were the most im portant in 
d istinguishing the different classes of spirit. Dis
crim inate analysis gave 2 factors, which, however, 
could not be used to classify the samples w ith any 
great confidence: 617c of the whiskies, 33% of the 
rums, and 52% of the brandies were correctly assigned 
in this way.

A num ber o f n on volatile  p h en o lic  com pounds  
are present in m any food products. D uring  
m aturing o f spirits, p h en o lic  com pounds are 
form ed by alcoholysis of lign in  in the oak of the 
barrels. L ignin , w h ich  is so lu b le in alcohol, 
tends to d isso lve  in the beverage, and, w h en  it 
decom poses, forms m ainly phenolic com pounds 
(1, 2). N onvolatile phenolic acids and aldehydes 
have b een  reported in  beers, w in es, w h isk ies, 
and arm agnac (3-6); in beer, they h elp  to retard 
oxid ation  (7).

A lth ou gh  the process o f m aturing and the 
com p ounds thus form ed are of exceptional im 
portance for a lcoholic beverages, the content of 
n on v o la tile  com pounds in spirits has attracted 
little  attention . M ost previous determ inations 
of n on v o la tile  p h en o lic  com pounds have been  
based on gas chromatography (8 ). Because these 
com p ounds are d ifficu lt to vaporize and m any 
are readily decarboxylated at elevated  tem pera
tures, it has been  necessary to form derivatives  
before analysis. This has been m ost com m only  
d on e by sily lation , for exam ple w ith  bis(tri- 
m ethylsily l)acetam ide (9). The troublesom e  
derivatization , how ever, has been  increasingly  
avoided  by using h igh  perform ance liquid  
chromatography, a technique that has the further 
advantage o f b ein g  carried out at low er tem per
atures (10-13).

The purpose o f this work w as to apply liquid

Received M arch 2, 1982. Accepted May 10, 1982.

chrom atography to the determ ination o f n o n 
vo la tile  acids and aldehydes, particularly in 
m atured d istilled  beverages. D iscrim inant and 
classification analysis was applied  to the results 
to d iscover w h eth er it w ou ld  be possib le to 
classify the d ifferent beverages on the basis of 
their 'concentration of n on v olatile  ph en olic  
com pounds.

Experimental

S a m p le s
Table 1 lists the 70 different commercial spirits 

that w ere exam ined.
A p p a r a tu s

(a) Liquid ch rom atograph .— H ew lett-Packard  
1084B. Conditions: oven  tem perature 40°C; 
m obile phase flow  rate 1 m L /m in .

(b) D ete c to r .—Variable w a velen gth  (190-600  
nm ) UV -V is, linear over the range used. 
W avelen gths used are sh ow n  in  Table 2.

(c) In jector.—Variable vo lu m e, 0-200  pL .
(d) H PLC co lu m n.—25 cm X 0.4 cm id  packed  

under pressure w ith  Lichrosorb RP-18 particle 
s ize  7 p m ,  (E. Merck, Darmstadt, GFR).
E lu a n ts

(a) Eluant A .— W ater-acetic acid (980 +  20, 
v /v ) ,  conta in ing 0.02M sodium  acetate.

(b) Eluant B .—W a ter-m eth a n o l-l-p ro p a n o l-  
acetic acid (815 +  140 +  25 +  20, v /v ) ,  containing  
0.02M  sodium  acetate.

(c) G radient. —4 m in w ith  m ixture o f 10% B in  
A, then proportion of B was increased steadily for 
16 m in  to 100%, w h ich  w as then  used until the 
en d  o f the run. The gradient profile is illu s
trated in Figure 1. Eluants were filtered through  
a M illipore mem brane (0.8 p m ) , and degassed by 
heatin g  under vacuum  before use.
Reagents

(a) M eth a n o l.— For liqu id  chrom atography  
(O rion Corp. Ltd, Espoo, Finland).

(b) 1 -P ro p a n o l.— Pro an a lyse , E. M erck, 
Darm stadt, GFR.

0004-5756/83/6601-0071-08$01.00 
© Association of Official Analytical Chemists, Inc.



72 LEHTONEN. J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983)

T a b le  1 . N u m b e r  a n d  o r ig in  o f m a t u r e d  s p ir it s  s tu d ie d

Beverage Origin No. of brands
Whisky Scotland 15

Ireland 2
United States 4
Canada i
Japan 5
Spain 1
Argentina 2
New Zealand 2
India 1 (total 33)

Dark rum Martinique 2
Caribbean 1
Guadeloupe 1
Haiti 1
Jamaica 1

Mixture of Finnish sulfite 1 (total 7)
spirit and Martinique 
rum

White rum Martinique 1
Caribbean 1
Guadeloupe 1
Puerto Rico 2
Cuba 1
Demerara 1
Brazil 1 (total 8)

Cognac France 10
Mixture of Finnish sulfite 1 (total 11)

spirit and cognac
Armagnac France 1 (total 1)
Other brandies France 2

South Africa 2
Italy 1
Bulgaria 1
Spain 1
Soviet Union 1
Greece 1

Mixture of brandy 1 (total 10)
distillates from 
different countries

Grand tota; 70

(f) Standard solution of phenolic com pounds.— 5 
m g gallic acid, protocatechuic acid, van illy l a l
co h o l, p -h yd roxyb en zoic acid, 3-hydroxy-4- 
m eth ox yb en zyl a lcohol, van illic  acid, sy iin g ic  
acid, van illin , syringaldéhyde, ferulic acid, and  
eth y l va n illin  (internal standard) in  1 L 45% 
aqueous ethanol.

(g) E thyl van illin  standard solutions. —Stock so
lution: 1.25 m g/m L  45% aqueous ethanol;
w ork ing solution: 0.125 m g/m L  45% aqueous 
ethanol.
C a lib r a t io n

Evaporate 50 mL standard so lu tion  to 10 mL, 
filter solu tion  through 0.8  p m  M illipore m em 
brane, and use 10 p L  for injection volu m e. Re
sp on se factors for each of the com pounds in 
vestigated  w ere calculated from  peak areas and  
the k n ow n  concentrations (14).
D e te r m in a t io n

Add 2 mL ethyl v an illin  standard solu tion  
(internal standard) to 50 mL sam ple beverage, 
evaporate solu tion  to about 10 mL on rotary 
evaporator, and filter through M illipore filter 
(0.8 p m ) .  Inject 10 p L  filtrate for analysis.
S t a t i s t i c a l  A n a ly s i s

D iscrim inant and classification analysis w as 
used to produce functions that best described  
differences betw een the spirits (15). Statistically 
significant differences betw een  the centroids o f 
the groups w ere judged by the F -test.

R esu lts and D iscu ssion
(c) A cetic  ac id .— Pro analyse, E. Merck. L iq u id  C h r o m a to g r a p h y
(d) Sodium acetate tr ih yd ra te .— Pro analyse, E. A chrom atogram  of the standard p h en o l.c  al-

M erck. cohols, acids, and a ldehydes is sh ow n  in  Figure
(e) Wafer.—D istilled  and d eion ized , filtered 1 . It can be seen  that the elu tion  gradient and

through M illipore m em brane (0.45 p m ) . co lum n used  produce good resolution d ow n  to
T a b le  2 .  R e la t iv e  r e t e n t io n  t im e s  {R R T )  o f  p h e n o ls  v s  e th y l v a n i l l in ,  a b s o r p t io n  m a x im a  o f  c o m p o u n d s  s t u d ie d ,  

w a v e le n g t h s  u se d , a n d  r a t io s  o f  a b s o r b a n c e s  m e a s u r e d  a t  2 7 5  a n d  3 0 0  n m

Phenolic compound R R T

Absorption
max.,

nm
Wavelength

used,
nm ^27 5 /  A3OO ref.

^ 275/ A300

Whisky Rum Cognac
Gallic acid 0.138 270 270 2 .7 2.4 2.4 2.4Protocatechuic acid 0.260 258, 292 270 1.2 __ __ __
Vanillyl alcohol 0.385 275 270 —
p-Hydroxybenzoic acid 0.436 254 270 —
3-Hydroxy-4-methoxy-benzyl alcohol 0.514 275 270 —
Vanillic acid 0.570 260, 290 260 1.4 1.3 1 6 1.6Syringic acid 0.640 270 270 2 .3 2.5 2.1 2._Vanillin 0.713 280 280 1.1 1.2 1.2 1.3Syringaldéhyde 0.773 304 304 0 .4 0.4 0 .3 0.4Ferulic acid 0.871 320 320 0.6 — ___ __
Ethyl vanillin 1.000 270, 312, 358 280 — — — —
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Figure 1. Liquid chrom atogram  of standard solu
tion: 1, gallic acid; 2, protocatechuic acid; 3, vanillyl 
alcohol; 4, p-hydroxybenzoic acid; 5, 3-hydroxy-4- 
m ethoxybenzyl alcohol; 6, vanillic acid; 7, syringic 
acid; 8, vanillin; 9, syringaldéhyde; 10, ferulic acid; 
11, ethyl vanillin  (internal standard). The gradient 
profile is shown in the chrom atogram: 10% of B in 

A to 100% of B.

the baseline. It is also apparent that retention  
tim e is d eterm ined  by polarity, w ith  the m ost 
polar elu tin g  first. Thus the m ost polar, gallic  
acid, elutes first, and the least polar, ferulic acid, 
last. The alcohols and a ldehydes beh ave sim i
larly, w ith  the more polar van illin  eluting before 
syringaldéhyde. The retention  tim es o f the  
com pounds investigated  (relative to eth y l van 
illin ) are g iven  in  Table 2.

The chrom atogram s in  Figure 2 sh ow  that 
w h isk y , rum, and cognac contain largely the  
sam e com pounds; chrom atogram s o f the other  
brandies are sim ilar. Rum and cognac contain  
som e u n id en tified  com pounds.
U ltr a v io l e t  S p e c t r o s c o p y

A bsorption m axim a in  the UV spectra o f the 
standard p h en olic  com p onents are presented  in  
Table 2. UV spectroscopy can be used to support 
other m eans o f id en tify in g  com p onents. Thus, 
the ratio of absorbance at 275 and 300 nm  is given  
in Table 2 for authentic com pounds and also for 
those com p onents in  the sam ples, id en tified  by 
LC retention  tim e. A greem ent is good.
Q u a n t i ta t i v e  R e s u l ts

There is little difference betw een the w hiskies 
(Tables 3 and 4) in  their content o f n on vo la tile  
com pounds. The o n ly  real exception  is the

2

Figure 2. Liquid chrom atogram of phenolic com
pounds in whisky (A), rum (B), and brandy (C): 1, 
gallic acid; 2, unknow n; 3, unknow n; 4, unknow n; 5, 
unknown; 6, vanillic acid; 7, syringic acid; 8, vanillin; 
9, syringaldéhyde; 10, ferulic acid; 11, ethyl vanillin  

(internal standard).

clearly higher level of syringaldéhyde in the U.S. 
w h isk ies, w h ich  also contain s ligh tly  m ore 
vanillin. The results are in  good agreem ent w ith
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T a b le  3 . C o n c e n t r a t io n  (p p m ) o f  s o m e  n o n v o la t i le  p h e n o lic  c o m p o u n d s  in  d if f e r e n t  c o m m e r c ia l  b r a n d s  o f  S c o t c h
w h is k y

Brand
No.

Gallic
acid

Vanillic
acid

Syringic
acid Vanillin Syringaldéhyde

Ferulic
acid

i 0.88 0.13 0.24 0.31 0.67 NDa
2 3.14 0.47 0.62 0.84 1.93 t r b
3 5.72 0.61 1.08 1.15 2.44 tr
4 4.75 0.85 1.24 1.23 2.67 tr
5 5.75 0.78 1.25 1.09 2.54 tr
6 1.97 0.33 0.68 0.67 1.30 tr
7 1.25 0.28 0.42 0.63 1.37 tr
8 2.87 0.31 0.47 0.72 1.46 tr
9 1.11 0.18 0.32 0.59 1.12 ND

10 3.16 0.39 0.56 0.80 1.73 tr
11 2.08 0.16 0.44 0.60 1.21 ND
12 2.56 0.23 0.31 0.41 0.97 tr
13 6.09 0.44 0.84 1.01 2.22 ND
14 2.11 0.40 0.72 0.85 1.64 ND
15 4.28 0.82 1.43 2.06 4.04 tr

a ND = none detected . 
b tr = trace, <0.01 ppm.

those reported by Baldwin et al. (4). Gallic acid  
is the major com pound in  Scotch w h isk y  (Table 
3), w ith  the contents o f syringic acid and syrin 
ga ld éh yd e also genera lly  h igh er than that of 
other com ponents.

The cognacs and armagnac (Table 5) and other 
brandies (Table 6 ) broadly resem ble the w hiskies, 
although the concentration o f gallic acid is g e n 
erally higher. The results agree w ith  those of 
Puech et al. (6 ).

The levels of nonvolatile phenolic com pounds 
in dark rums are sim ilar to those in  the other 
spirits, w ith products from Haiti and Guadeloupe

conta in ing som ew hat m ore van illin , syringic  
acid, and syrin gald éh yd e than the other dark 
rums (Table 7). In contrast, the w h ite  rums 
contain m arkedly few er p h en o lic  com p ounds  
than do the other sam ples; van illin , syrin gal
déhyde, and syringic acid are found only in  som e 
of the products. The d ifference b etw een  the  
dark and w h ite  rums is probably a result o f d if
ferent production m ethods.

The len g th  o f the m aturing period  has som e  
effect on  the n on v o la tile  p h en o lic  com pounds  
present in  a beverage; products that stay lon ger  
in  oak barrels generally  contain  more. This,

T a b le  4 .  C o n c e n t r a t io n  (p p m ) o f s o m e  n o n v o la t i le  p h e n o lic  c o m p o u n d s  in  d if fe r e n t  c o m m e r c ia l  b r a n d s  o f w h is k ie s
o r ig in a t in g  o u t s id e  S c o t la n d

Origin
Brand

No.
Gallic
acid

Vanillic
acid

Syringic
acid Vanillin Syringaldéhyde

Ferufic
acid

Ireland i 3.38 0.41 0.65 0.66 1.55 t r a
2 1.40 0.26 0.35 0.47 1.07 NDbUnited States 1 6.81 1.07 2.21 2.19 6.59 0.102 2.41 1.87 3.57 3.35 10.21 tr3 6.81 1.34 2.61 1.95 6.91 tr4 ND 0.73 1.18 2.07 4.08 NDCanada 1 2.93 0.62 1.08 0.98 2.44 trJapan 1 ND 0.41 0.18 0.60 1.51 ND2 0.26 0.15 0.25 0.39 0.79 ND3 ND 0.19 0.18 0.26 0.51 ND4 ND tr tr 0.04 0.28 ND5 0.26 0.44 0.68 0.78 1.79 trSpain 1 1.05 0.07 0.14 0.26 0.61 NDArgentina 1 ND 0.77 1.23 1.17 2.65 ND2 ND 0.29 0.47 0.62 1.40 NDNew Zealand 1 1.71 0.58 1.04 2.38 3.27 tr2 1.74 0.61 1.08 2.40 3.31 trIndia 1 ND 0.04 ND 5.96 ND ND

a tr = trace, <0.01 ppm. 
b ND = none detected .
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T a b le  5 . C o n c e n t r a t io n  (p p m )  o f s o m e  n o n v o la t i le  p h e n o lic  c o m p o u n d s  in  d if fe r e n t  c o m m e r c ia l  b r a n d s  o f c o g n a c s  a n d
a r m a g n a c

Beverage
Brand

No.
Gallic
acid

Vanillic
acid

Syringic
acid Vanillin Syringaldéhyde

Ferulic
acid

Cognac i 4.20 0.22 0.57 0.81 2.04 t r a
2 10.82 0.46 1.09 1.21 3.75 ND6
3 7.70 0.27 0.55 0.82 2.12 ND
4 6.32 0.43 0.82 1.11 2.91 ND
5 2.92 tr 0.20 0.45 0.74 ND
6 3.80 0.26 0.61 0.42 1.30 ND
7 6.69 0.25 0.53 0.75 1.81 ND
8 2.54 0.17 tr 0.50 0.69 ND
9 9.52 0.48 0.88 1.85 3.19 ND

Mixture of 
Finnish sulfite 
spirit and

10 2.28 tr tr 0.34 0.41 ND

cognac 1 2.32 tr 0.12 0.24 0.60 ND
Armagnac 1 3.42 0.12 0.19 0.25 0.67 ND

a tr = trace, <0.01 ppm. 
b ND = none detected .

how ever, is com plicated because the ease o f ex
traction o f the p h en o ls  is  affected  by the type of 
oak and the w ay in w hich  the inner surface of the 
barrel has b een  treated.
R e p e a ta b i l i t y  o f  th e  M e t h o d

Six in d ep en d en t determ inations o f the com 
poun ds in the standard m ixture gave an average 
standard error of the mean of 2%. The suitability 
o f the m ethod for determ in ing non volatile  
p h en olic  com pounds in alcoholic beverages was 
confirm ed by adding k n ow n  am ounts of stan
dard so lu tion  to a w h isky and m easuring the  
recoveries (Table 8 ).

D is c r im in a n t  A n a ly s i s
Discrim inant analysis was used to find the best 

factors to describe d ifferences betw een  the b ev 
erages. The results w ere 2-variable functions, 
w h ich  are plotted  in  Figure 3. The d ifference  
b etw een  the functions is sign ificant at the 1% 
level (F-test). In this analysis, all brandies were  
grouped  together. The main d istin gu ish in g  
features b etw een  beverages w ere the lev els  of 
gallic acid, van illin , and van illic acid, w ith  gallic  
acid b ein g  the m ost useful. There is clearly a 
great deal o f overlapp ing b etw een  the d ifferent 
groups, w ith  just a few  scattered outliers. The 
relatively clear differentiation betw een rum and

T a b le  6 . C o n c e n t r a t io n  (p p m ) o f  s o m e  n o n v o la t i le  p h e n o lic  c o m p o u n d s  in  d if fe r e n t  c o m m e r c ia l  b r a n d s  o f  b r a n d y
o t h e r  th a n  c o g n a c  a n d  a r m a g n a c

Origin
Brand

No.
Gallic
acid

Vanillic
acid

Syringic
acid Vanillin Syringaldéhyde

Ferulic
acid

France 1 5.03 0.29 0.67 0.87 2.16 NDa
2 3.14 Xrb tr 0.17 0.21 ND

South Africa 1 2.39 0.32 0.49 0.49 1.26 ND
2 5.57 0.59 0.70 0.69 2.05 tr

Italy 1 5.49 tr 0.05 0.52 0.18 ND
Bulgaria 1 7.66 0.49 1.00 1.16 2.54 ND
Spain 1 4.27 0.16 0.27 1.12 1.00 ND
Soviet Union 1 2 38 ND tr 0.43 0.51 ND
Greece 1 1.59 ND ND 0.97 1.00 ND
Mixture of

brandy distillates
originating from NDdifferent countries 4.74 0.24 0.29 0.57 0.84

3 ND = none detected .
6 tr = trace, <0.01 ppm.
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T a b le  7 . C o n c e n t r a t io n  (p p m ) o f s o m e  n o n v o la t i le  p h e n o lic  c o m p o u n d s  In  d if fe r e n t  c o m m e r c ia l  b r a n d s  o f r u n

Origin
Brand

No.
Gallic
acid

Vanillic
acid

Syringlc
acid Vanillin Syringaldéhyde

Feruilic
acid

Dark Rum
Martinique i 2.10 t r a 0.10 0.30 0.26 ND"

2 2.29 0.31 0.64 0.64 1.33 ND
Caribbean 1 0.19 ND tr 0.31 0.22 ND
Haiti 1 ND 2.94 4.77 3.17 8.73 ND
Guadeloupe 1 2.71 1.13 2.63 1.77 4.45 tr
Jam aica 1 ND ND ND ND ND ND
Mixture of

Finnish sulfite
spirit and
Martinique Rum 1 ND ND ND ND ND ND

White Rum
Martinique 1 ND ND ND tr ND ND
Caribbean 1 ND 0.37 0.76 0.91 1.88 ND
Guadeloupe 1 ND ND ND ND ND ND
Puerto gico 1 ND tr 0.18 ND 0.26 ND

2 tr tr 0.29 tr 0.51 ND
Cuba 1 ND ND ND ND ND ND
Demerara 1 ND ND ND ND ND ND
Brazil 1 ND ND ND ND ND ND

a tr = trace, <0.01 ppm.
6 ND = none detected .

brandy is m ainly due to the p henol-poor w h ite these w ere co llected in a special group. There
rum s. W hiskies appear to lie closer to the rums w ere also som e com p letely  false assignm ents
than to the brandies. In general, how ever, no because o f sim ilarities in the contents o f non-
firm  conclusions can be drawn from these re- vo la tile  p h en o lic  com pounds.
suits.

U sin g  discrim inant analysis to classify the C o n c lu s io n s
spirit sam ples into their respective groups (Table Liquid chrom atography is w e ll suited to the
9) w as m ore successful for the w h isk ies and analysis of non volatile  ph en olic  com pounds in
brandies (m ore than 50% correct) than for the alcoh olic  beverages. M ost matured spirits con-
rum s (about one-third correct). In addition  to tain a variety o f these com ponents; w h ite  rums
the correct assignm ents, there w ere som e sam- are exceptional in their low  content. Cognacs
pies that did not clearly belong to any group, and contain  m ore gallic acid than do the other bev-

T a b le  8 .  D e te r m in a t io n  ( m g / L )  o f  p h e n o ls  in  s t a n d a r d  s o lu t io n  a n d  r e c o v e r y  ( m g / L )  o f p h e n o lic  c o m p o u n d s  a d d e d  to
w h is k y

Compound
Concn in 
std soin Found3

Amt added 
to whisky Ree.

Gallic acid 5.00 5.22 ± 0 .1 3 2.65 2.66
5.31 5.24

Vanillic acid 5.00 5.04 ± 0 .0 8 2.57 2.01
5.14 4.03

Syringic acid 5.00 5.10 ± 0 .0 9 2.58 2.21
5.16 4.43Vanillin 5.00 5.12 ± 0 .0 8 2.58 2.7C
5.16 5.14

Syringaldéhyde 5.00 4.95 ± 0 .0 7 2.50 2.60
5.00 4.91

Ferulic acid 5.00 4.98 ±  0.09 — —
Average of 6 independent determ inations ±  standard deviation.
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T a b le  9 .  C la s s i f i c a t io n  o f  w h is k ie s ,  r u m s ,  a n d  b r a n d ie s  in to  t h e ir  r e s p e c t iv e  g r o u p s  a c c o r d in g  to  c o n c e n t r a t io n  o f
n o n v o la t i le  p h e n o lic  c o m p o u n d s

Beverage
No.
of

brands

No. of correct 
classifications on the 
basis of Mahalanobis’ 

d istance3

No. of uncertain 
classifications on the 
basis of Mahalanobis’ 

d istance0

No. of correct 
classifications on the 

basis of posterior 
probability3

No. of uncertain 
classifications on the 

basis of posterior 
probability d

Whisky
Scotch 15 9 0 9 3
Irish 2 2 0 2 0
United S tates 4 2 1 2 1
Canadian 1 1 0 1 0
Japanese 5 3 0 3 2
Spanish 1 0 1 1 0
Argentina 2 0 0 1 1
New Zealand 2 2 0 2 0
India 1 1 0 1 0

Total 33 20 (61%) 2 (7%) 22 (67%) 7(21% )
Dark rum 7 5 2 2 2
White rum 8 8 0 3 5
Total 15 13(87% ) 2(13% ) 5 (33%) 7 (47%)
Cognac 11 8 2 5 5
Brandy 10 8 0 6 2
Total 21 16(73% ) 2 (10%) 11 (52%) 7 (33%)

3 Mahalanobis’ distance is clearly the shortest.
b Mahalanobis’ distance in the correct group is nearly equal that in the other group. 
c Posterior probability is clearly the greatest.
d Posterior probability in the correct group is nearly equal that in the other group.

erages, and U.S. Bourbon w h isk y  contains m ore 
syrin gald éh yd e. In other respects, the sim ilar
ities are striking. The d ifferences b etw een  the 
contents o f n on vo la tile  p h en o lic  com pounds in  
d ifferen t beverages are too sm all to a llow  the

D2 6 -
4 -

_______ i_______ i_______ i----------- 1----------- 1----------- 1- 6 - 4 - 2 0 2 4 6
D1

Figure 3. Classification on the basis of discrim inant 
functions calculated from concentrations of phenolic 
compounds in w hisky (w), rum  (r), and brandy (c). 
Inner ellipses cover 95% of samples and the outer 
cover 99%. Coordinates of centroids are: w hisky 
(-0.100; 0.425), rum  (-1.054; -0.481), and brandy 
(0.910; -0.324). Total discrim inating pow er of vari

ables, F i6,i24 = 6.98, is significant at the 1% level.

classification  o f beverages in to  their correct 
groups w ith  any great confid ence.

A ck n ow led gm en ts
I am indebted to Leena M etso for help  w ith  the 

statistical analysis. The Survo-76 statistics sys
tem  programmed by Seppo M ustonen for a Wang 
2200 VP com puter w as used  in  the statistical 
analysis.

References
(1) Otsuka, K., Imai, S., & Morinaga, K. (1965) Agrie. 

Biol. Chem. 29, 27-31
(2) Otsuka, K., & Imai, S. (1964) Agrie. Biol. Chem. 28, 

356-362
(3) Symonds, P. (1978) Ann. Nutr. Alim. 32, 957-968
(4) Baldwin, S„ Black, R. A., Andreasen, A. A., & 

Adams, S. L. (1967) /. Agrie. Food Chem. 15, 381— 
385

(5) Puech, J.-L., Jouret, C , & Deibner, L. (1978) lnd. 
Alim. Agrie. 95, 13-22

(6) Puech, J.-L. (1981) Am. /. Enol. Vitie. 32, 111-114
(7) Kenyhercz, T. M., & Kissinger, P. T. (1977) /. Agrie. 

Food Chem. 25, 959-961
(8) Steele, J. W„ & Bolán, M. (1972) /. Chromatogr. 71, 

427-434
(9) Klebe, J. F„ Finkbeiner, H., & White, D. M. (1966) 

J. Am. Chem. Soe. 88, 3390-3395
(10) Wulf, L. W„ & Nagel, C. W. (1976) J. Chromatogr.



78 LEHTONEN: ). ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 1, 1983)

116, 271-279
(11) Brad M urphy , )., & Slutte, C. A. (1978) Anal. Bio- 

chcm. 86, 220-228
(12) Hartlev, R. D„ & Buchan, H. (1979) /. Chromatogr. 

180,139-143
(13) Vanhaelen, M., & Vanhaelen-Fastre, R. (1980) /.

Chromatogr. 187, 255-260
(14) Lehtonen, M. (1983) /. Assoc. Off. Anal. Chan.

66,
(15) Cooley, W. W„ & Lohnes, P. R. (1962) Multivariate 

Procedures for the Behavioral Sciences, John V/iley 
& Sons, Inc., New York, NY, pp. 116-185

Plan to attend the
1 9 8 3  S p rin g  T ra in in g  W o rk s h o p
Ind ianapo lis, Ind iana
April 1 9 - 2 1
Sheraton West Hotel
Contact:

Lawrence Sullivan 
Indiana State Board of Health 
1 330 West Michigan St 
Indianapolis, IN 46206  
(317/663-0224)

or
Paul Quinney
Butler University Chemistry Dept 
4600 Sunset Ave 
Indianapolis, IN 46208  
(317/283-9399)



WOODBURY: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983) 79

E X T R A N E O U S  M A T E R IA L S

Reliability of Analyses for Indigenous Insect Fragments in Ground 
Paprika
JAMES E. WOODBURY
Cal-Compack Foods, Inc., 4906 W First St, PO Box 265, Santa Ana, CA 92702-0265

Variation in cleanliness (light filth) determ inations 
w ith in  and betw een laboratories for paprikas w ith 
indigenous insect fragments was significantly greater 
than previously reported for paprika w ith  spiked 
insect fragments.

N ew  m ethods (1) for the analysis of clean liness  
(ligh t filth ) o f capsicum s w ere publish ed  in the 
13th ed ition  o f O fficial M eth ods of A n a lysis  of the 
AOAC. A collaborative study reported in the 
Journal o f the AOAC (2) indicated that the new  
m ethod for paprika gave cleaner filter papers and  
h igher recoveries than the o ld  m ethod. In that 
collaborative study, sam ples of ground paprika 
w ere spiked w ith  rodent hair fragm ents and in 
sect fragments of specific shapes and sizes so that 
recovery could be determ ined. The repeatability 
and reproducibility coefficients of variation were 
reported at 6.3 and 6.5%, respectively , for insect 
fragm ents.

The A m erican Spice Trade A ssociation 's  
(ASTA) technical com m ittee initiated  a study  
w ith  the n ew  paprika m ethod, for the purpose of 
determ ining repeatability and reproducibility for 
paprika w ith  indigenous (nonspiked) fragments. 
Three d ifferent sam ples o f ground paprika were  
carefully m ixed and d iv id ed  and sent to the 3 
in d e p en d e n t laboratories that an a ly ze  for 
cleanliness most of the paprika imported into the 
United States) Duplicate analyses by the current

AOAC m ethod (1) w ere requested for each  
sam ple.

R esu lts and D iscu ssion
In Table 1, the reproducibility (betw een  lab

oratories) coefficient of variation (CV) was 32.6% 
com pared w ith  6.5% reported for the spiked  
sam ples (2). The repeatability (w ith in  labora
tories) CV was 20.6% compared w ith  6.3% for the 
sp iked  sam ples. The repeatability CV inclu des  
not on ly  error due to the laboratory's ability  to 
produce the same results on  the sam e m aterial, 
but also any inherent variation that exists due to 
the nonu niform  distribution o f the insect frag
m ents in carefully m ixed and d iv id ed  sam ples. 
With sp iked  sam ples, n onu niform  distribution  
does not contribute to the variation. O ther 
possib le reasons for h igh er repeatability CV for 
paprika w ith  nonspiked fragm ents include: (1 ) 
Sm aller fragm ents m ay be m ore d ifficu lt to ex
tract and separate. Spiked insect fragments were 
approxim ately 0.5 mm lon g  (0.25 sq. mm); those  
norm ally found in ground paprika range from  
0.01 to 0.3 mm  (0.0001 to 0.09 sq. mm). (2) 
Fragm ents dehydrated and ground w ith  the pa
prika may be m ore d ifficu lt to extract from  the 
vegetab le matter than added or sp iked  frag
m ents. (3) Sm aller insect fragm ents are more

T a b le  1 . R e p e a t a b i l it y  a n d  r e p r o d u c ib i l i t y  f o r  a n a ly s is  o f  in d ig e n o u s  in s e c t  f r a g m e n t s  in  p a p r ik a

Lab.
Sample 1 Sample 2 Sample 3

All 3
samplesA B A B A B

i 16 30 60 49 49 42
2 59 55 59 44 29 31
3 31 16 56 62 26 48

Mean
«I0l
ffLS
ffx2<ro (repeatability)
<rx (reproducibility 
CV within labs, % 
CV between labs, %

34.5 55.0 37.5 42.3
75.3

-58 .7
172.5
189.1
8.7
13.820.6
32.6

0004-5756/83/6601-0079-02$01.00
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difficu lt to iden tify , lead ing to m ore variation  
b etw een  laboratories.

Conclusions and Recommendations
The repeatability CV in  this study w ith  in 

digenous insect fragments was more than 3 times 
that of the 1977 study using spiked samples. The 
official AOAC m ethod is easier to perform  and

Received January 5,1982. Accepted M arch 24,1982.

does result in  cleaner plates and h igh er recov
eries than the m ethod it replaces. It is suggested  
that a future study inclu de determ ination  o f re
peatability and reproducibility on  nonsp iked  
sam ples as w e ll as sp iked  sam ples.
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O IL S  A N D  F A T S

Improved Lipoxygenase Method for Measuring cis,cis-M ethylene 
Interrupted Polyunsaturated Fatty Acids in Fats and Oils
BRYAN L. MADISON and WILLIAM J. HUGHES
Procter & Gamble Co., Winton Hill Technical Center, Cincinnati, OH 45224

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

Voluntary lab e lin g  o f foods in  relation to fat, 
fatty acid, and cholesterol content ( 1) has in 
creased the need  for reliable data and m eth od 
o log y  for determ in ing the content o f specific  
fatty acids in  foods. D eterm ination  o f cis,cis- 
m eth y len e interrupted polyunsaturated fatty 
acids (PUFA) (2) has always been one of the most 
difficu lt analyses to perform  w ith  the desired  
repeatability (standard deviation  w ith in  a labo
ratory) and reproducibility (standard deviation  
b etw een  laboratories). S tudies in our laborato
ries and elsew h ere have confirm ed the MacGee 
lipoxidase enzym atic m ethod for the determ i
nation of PUFA (3) to be the procedure of choice. 
The current U n ited  States regulation has sp eci
fied  the Canadian Food and Drug Directorate 
M ethod FA-59 (4) (a m odification o f the MacGee 
m ethod) for determ ination  o f cis,cis-m ethylene  
interrupted PUFA. Two m odifications o f the  
M acGee procedure have also been  com pared in  
an AOAC collaborative study (5). The m ethods  
evaluated w ere on e proposed by the Food and  
Drug A dm inistration (6 ) and one used  by in 
dustry (7, 8 ). O ver all the o il sam ples studied , 
the 2  m ethods gave sim ilar results and there was 
no overall statistical d ifference in  the perfor
mance. The repeatabilities and their respective 
average coeffic ien ts o f variation (7.8 and 6.7) 
indicate that both m ethods are basically sound  
but that further study and m odifications are 
needed . The reproducibility results for co effi
cient of variation (10.2 and 9.1 for the 2 m ethods) 
also supported the need  for further stu dy to im 
prove the precision. (Note: M ethod II in  this

Received February 2, 1982. Accepted A pril 23, 1982.

collaborative study becam e an official AOAC  
m ethod (9).)

The present paper sum m arizes studies in  our 
laboratory and presents a m ethod w h ich  uses 
increased am ounts o f en zym es and saponifica
tion  reagents but no so lven t for sam ples. This 
procedure has been tested for durability  and  
provides im proved repeatability w h ich  w e be
liev e  is im perative for assay m ethods used  for 
regulatory control.

Experimental

R e a g e n ts
(a) Potassium  borate buffer. — 1.0M, pH  9.0. 

D isso lve 124.0 g  H 3BO3 and 50.0 g KOH in ca 
1600 mL water by stirring and heating. C ool to 
room temperature and adjust to pH  9.0 w ith  1.0N  
HC1 or 1.0N KOH, as required. D ilu te to 2 L 
w ith  water and mix.

(b) D ilu te potassium  borate buffer.— 0.2M , pH
9.0. D ilu te 400 mL 1.0M buffer, (a), to 2 L w ith  
w ater and mix.

(c) L ipoxygenase so lu tio n s.— (1) A c tiv e  so lu 
tio n .— D isso lve 50 m g lipoxygenase, from  soy
bean, Type I, N o. L-7127 (Sigm a Chem ical Co.) 
in 500 mL ice-cold dilute borate buffer, (b). Store 
in refrigerator. (2) Inactivated solution.—Transfer 
200 mL active enzym e solu tion , (1), to 250 mL 
volum etric flask and hold  in  b o ilin g  w ater 30 
m in. Store in  refrigerator.

(d) P otassium  h yd ro x id e  so lu tio n s .— (1) 
I0 .0 N .— D isso lve 330.0 g  KOH in ca 330 mL 
water. Cool to room temperature. Dilute to 500 
mL and mix. Store in  p o ly eth y len e  container. 
(2) Alcoholic solution. — 1.0N. Transfer 10 mL 
10.ON solu tion , (1), to 100 mL volu m etric flask. 
D ilu te to vo lu m e w ith  alcohol. Prepare fresh  
daily.
A p p a r a tu s

(a) Double beam spectroph otom eter.— Beckman  
Acta MIV, or equivalent, equipped w ith  matched  
quartz 10 mm cells.

(b) D esiccator.—Equipped w ith  n itrogen in let 
and outlet (N o. 108-225, Curtin M atheson).

0004-5756/83/6601-0081-04$01.00
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T a b le  1 . O u t l in e  o f p r o c e d u r e s  f o r  m e a s u r in g  c / s .c / s - m e t h y le n e  in t e r r u p t e d  P U F A  in  fa t s  a n d  o i ls

Procedure component AOAC method (9)
Proposed
method

Sample wt, mg too 100
Solv. for samples & stds hexane samples: none 

stds: ethanol
Aliquot of ale. KOH 1 mL of 0.5N 5 mL of 1 .ON
Aliquot of HCI 
Concn of enzyme

1 mL of 0.5N 5 mL of 1.0N
Stock soln 10 m g/10  mL 50 m g/500 mL
Working soln 0.10 mL of 2 m g/10  mL 9.0 mL of 1 m g/10  mL

Aliquot of sample soln oxidized with enzyme 3.0 mL from 100 mL 1.0 mL from 100 mL
Final vol. sample soln 3.1 mL 100 mL

(c) C irculating w a ter ba th .— N eslab RTE-8, or 
equ ivalent, at 15°C.
P r e p a r a tio n  o f  S a m p le

Accurately w e igh  ca 100 m g vegetab le o il or 
m elted  shorten in g  into 25 mL Erlenm eyer 
flask.
D e te r m in a t io n

Add 5 mL alcoholic KOH, (d)(2), to sam ple in 
25 mL Erlenmeyer flask. Cover w ith  tuttle cover 
to fit flask. Heat contents to boiling on hot plate 
to d isso lve sam ple. H old  in dark desiccator 
flushed  w ith  n itrogen > 4  h or preferably over
n ight. A fter saponification  is com plete, add 5 
mL IN  HC1. Solution  should  be clear at this 
point. If not, add 1.0N KOH dropw ise until so
lution  clears. Transfer entire sam ple, using hot 
water, in to 100 mL volum etric flask conta in ing  
20 mL 1,0M borate buffer, (a). Rinse Erlenmeyer 
flask w ith  hot water and add rinse to sam ple. 
Warm gently  on steam bath to d isso lve any hard 
soaps present. D ilute to volum e w ith  water and 
mix. Pipet 1.0 mL saponified solution into each  
of tw o 100 mL volum etric flasks. Add 9.0 mL 
inactivated enzym e solution, (c)(2), and mix w ell. 
To rem aining volum etric flask, add 9.0 mL active 
enzym e, (c)(1). Add 10.0 mL water to each flask, 
m ix, and place both flasks in  15°C constant 
temperature water bath. Blow air into each flask 
30 m in. D ilu te to volu m e w ith  water and mix. 
Zero spectrophotom eter at 234 nm  w ith  blank  
sam ple and m easure A  of reacted sam ples.
P r e p a r a tio n  o f  S ta n d a r d  C u r v e

Q uantitatively w e igh  50 m g cis.cis-trilinolein, 
99% (Analabs, Inc., N o. LGL-017) into 25 mL 
volum etric flask, and d ilu te to vo lu m e w ith  an
hydrous ethanol. P ipet 0 .5 ,1 .0 , 2 .0 ,3 .0 , and 4.0 
mL aliquots into separate 50 mL beakers, and  
evaporate each to dryness in  stream of nitrogen.

Pipet 5 mL alcoholic KOH, (d)(2), into each bea
ker. Heat contents to b o ilin g  and store in  dark 
desiccator under n itrogen  > 4  h or overnigh t. 
Add 5 mL IN  HC1 and mix. If so lu tion s are not 
clear, add 1.0N KOH dropw ise u n til clear. 
Transfer each standard solution into separate 100 
mL volum etric flasks conta in ing 20 mL 1.0M  
borate buffer, (a). D ilu te to vo lu m e w ith  w ater  
and mix. Pipet 1.0 mL aliquots of each standard 
so lu tion  into each of tw o 10 mL volum etric  
flasks, incubate, and read as in  determ ination. 
Plot A  at each level against m g trilinolein  in  100 
mL.
C a lc u la tio n s

c/s,cis-PUFA, % =  (m g trilinole in  in  100 mL X 
10~3 g /m g  X 100)/(m g sam ple w eigh t in 100 mL 
X 10~3 g /m g )

T rilinolein , g /1 0 0  g product = ds,as-P U F A , 
%/100

R esu lts and D iscu ssion
The principal differences betw een  the AO AC 

m ethod (9) and the proposed m ethod are out
lined  in  Table 1. T hese changes im prove the  
m echanics o f the m ethod, elim inate the use of 
organic so lven ts for sam ples other than ethanol 
for standards, and elim inate the n eed  to hand le  
sm all vo lu m es o f reagents. A m ore detailed  
discussion  o f the m odifications is described in 
the fo llow in g  sections.
S a p o n if i c a t io n

Sam ples conta in ing a h igh  concentration o f 
saturated fatty acids require gentle heating of the 
sam ple to ensure com plete contact w ith  the sa
p on ification  reagent. A lso, alkali used  for sa
ponification  must be neutralized before the  
sam ple is reacted w ith  enzym e. It was observed  
that after neutralization of alkali w ith  h yd ro
chloric acid, a precipitate som etim es form ed and,
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T a b le  2 .  E f f e c t  o f  e n z y m e  le v e l o n  c o r n  o il a b s o r b a n c e  
v a lu e s  a n d  c a lc u la t e d  c / s ,c / s -P U F A

Enzyme level, mL Corn oil, g Absorbance Caled, %a
1 0.112 0.113 13.4
3 0.1131 0.340 36.7
5 0.1120 0.509 54.9
9 0.1104 0.542 59.315 0.1135 0.556 59.3

3 Nominal % c/s,c/s-PUFA, 59.3%.

if  not so lu b ilized , caused low  results. This pre
cipitate form ation was attributed to solution  pH  
and resu lting precipitation o f som e fatty acids. 
This problem  was easily corrected by using tuttle 
covers for the E rlenm eyer flasks to m in im ize  
so lven t loss during heatin g , and the back-addi
tion o f a few  drops of 1.0N potassium  hydroxide  
until the solu tion  cleared. The 1.0M borate 
buffer was then  added to the sam ple and it was 
m ade ready for enzym atic oxidation.
E n z y m a t ic  O x id a t io n

L ipoxygenase catalyzes the oxidation by at
m ospheric oxygen  o f PUFA w h ich  contain at 
least one pair of cis-double bonds separated by a 
m eth y len e group. O xidation w as carried out at 
15°C using a constant temperature water bath to 
avoid tem perature change for the sam ple. 
C om plete hydroperoxide form ation and the en 
zym e lev el required w as established  u sin g  corn 
o il and addin g various am ounts of the active  
w orking lipoxygenase solution  described in  the 
m ethod. The absorbance valu es and calculated  
ris,ci's-PUFA sh ow n  in  Table 2 dem onstrate the 
effect of enzym e lev el on  results. The increased  
am ount o f en zym e lev e l selected  for use in  this 
m ethod (9 mL) is appropriate to m easure "cis- 
,c;s-PUFA" level. The absorbance o f the ox i
dized sam ple solution rem ained stable for at least 
5 h. Since each m ole of trilinolein yields 3 m oles 
of lin o le ic  acid, a plot o f absorbance vs p g  trili
nolein  yielded  a linear graph. W hen absorbance

T a b le  3 . D e te r m in a t io n  o f  a b s o r b a n c e  v a lu e s  b y  
c a lc u la t io n  f r o m  m o la r  e x t in c t io n  a n d  e x p e r im e n t a l

Trilinolein, 
m g/100 mL

Linoleic acid, 
mole/L

Absorbance
Caled3 Expl

20 6.80 X IO“6 0.160 0.159
40 13.62 X 10“6 0.320 0.325
60 20.43 X 10~6 0.480 0.477
80 27.42 X IO '6 0.639 0.631

3 a = 23 472.

T a b le  4 .  S ta n d a rd  d e v ia t io n s  o f  v a r io u s  o il lo ts  u s e d  a s  
s e c o n d a r y  s t a n d a r d s

Year
Sunflower oil 

(63%)3
Commercial shortening 

(23%)3
1979b 2.39 (10)c 1.23 (43)1979d 1.28 (25) 0.96 (26)

0.62 (11) 0.47 (10)
1980d 1.07 (8) 0.40 (8)

1.13(9) 0.61 (9)
1981 d 1.21 (27) 0.48 (27)
3 Nominal %, c/s,c/s-PUFA values. 
b Data obtained before method improvement. 
c Number of replicates. 
d Data obtained after method improvement.

values are calculated on  the basis of the molar 
extinction and the am ount of linole ic acid in  the 
calibration standards, the calculated absorbance 
valu es agree w e ll w ith  the experim ental values 
obtained (Table 3).
R e p e a ta b i l i t y

Table 4 lists the standard d eviations o f rep li
cate analyses on  a variety o f o il and shorten in g  
sam ples analyzed in  our laboratory over a period  
of years. The results obtained in  1980 and 1981 
represent the repeatability ach ieved  usin g  the  
proposed m ethod described herein. The relative 
standard deviation  or coeffic ient o f variation  
m easured (~2%) represents a sign ifican t im 
provem en t over the 6.7% obtained in  the 1978 
AOAC collaborative study (5). To further test 
the durability o f this m odified m ethod over time, 
sam ples o f su n flow er oil and a com m ercial 
sh orten in g  w ere analyzed  as sam ple pairs by  
different analysts as part o f an Internal Precision  
Program. These data points w ere obtained in  
about 80-90 days over each year's tim e and again 
y ie ld ed  an RSD of 1.9%. For reference, this  
equates to a standard deviation of about 0.4% for 
a sam ple conta in ing 20% PUFA and about 1.1% 
for a sam ple containing 60% PUFA. The AOAC  
collaborative study w ithin-laboratory data (5) 
w ou ld  y ie ld  standard d eviations o f 1.46 and  
4.38%, respectively .

The d ifference in  the num ber of replicates is 
due to the num ber o f tim es the sam ples w ere  
analyzed  in  a g iv en  year.

Three fats previously analyzed by capillary gas 
chrom atography for as,c/s-C18:2 con ten t w ere  
m easured usin g  the m odified  procedure. The 
gas chrom atography procedure (D. C. U n der
w o od  and R. H ouston , private com m unication) 
u sed  a H ew lett-P ackard  5880 in stru m en t  
equ ipped  w ith  a flam e ion ization  detector  
(280°C) and a 50M Silar 10C Quadrex glass cap-
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T a b le  5 .  L o w  r a n g e  c is ,c / s - P U F A  s a m p le s  a n a ly z e d  by  
t h e  m o d if ie d  m e th o d  a n d  c a p i l la r y  G C

Fat sample
c/s.c/s-PUFA 

Modified method
cis,cis-C 18:2 
Capillary GC

1 8.4 7.8
2 none found 0.73 16.9 15.0

illary colum n. A 1 pL sam ple of the m ethyl ester 
w as injected (260°C) usin g  program m ed tem 
perature conditions (150°C -190°C , 1 .3 ° /m in )  
and heliu m  carrier gas (0.5 m L /m in). The re
sults in  Table 5 sh ow  good  agreem ent betw een  
m ethods and dem onstrate the m ethod's app li
cability to lo w  range as,as-P U F A  sam ples.

The m odified  lipoxygenase m ethod described  
herein  provides a reliable and precise m ethod to 
be used  for the assay of d s,c /s-m ethylene in ter
rupted PUFA in  fats and oils. The m ethodology  
is d esign ed  to overcom e m echanical problem s 
w h ich  in  the past may have contributed to poor  
precision (10). The im proved precision achieved  
and dem onstrated should a llow  extensive use of 
this m ethod for the analysis o f PUFA in  various 
foods.
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M Y C O T O X I N S

Rapid Thin Layer Chromatographic Determination of Patulin, 
Citrinin, and Aflatoxin in Apples and Pears, and Their Juices and Jams
ALBERTO GIMENO and MARIA LIGIA MARTINS1
Laboratorios de Veterinaria Reveex de Portugal, Lda A v / Gomes Pereira 69-B, 1500 Lisboa, 
Portugal

A m ethod is described to determ ine the mycotoxins 
patu lin , c itrin in , and aflatoxins in apples and pears 
and the ir juices and jams. The mycotoxins are ex
tracted w ith a mixture of acetonitrile and 4% aqueous 
KC1 (9 + 1). The extract is cleaned up w ith water and 
then acidified, and the toxins are recovered w ith 
chloroform  and separated by th in  layer chrom atog
raphy. Toxin identity  is confirm ed w ith  various 
developing solvents, spray reagents, and chemical 
reactions, and then quantitated by the lim it of de
tection m ethod. The m inim um  detectable concen
trations of the mycotoxins are patulin, 120-130 pg/kg; 
citrinin, 30-40 pg/kg; aflatoxin Hi or Gj, 2-2.8 pg/kg; 
aflatoxin B2 or G2, 2 pg /k g .

The natural occurrence o f patulin  has b een  as
sociated w ith  Pénicillium  expansum  and other  
fungal species (1-3). P. expansum  is a com m on  
storage rot organism  in  apples (4-6), pears, and 
other fruits, and patulin  has b een  p ositively  
id en tified  in apples, pears, apricots, and apple  
juice (6-11). C itrin in  w as or ig in ally  isolated  
from P. citrinum  (12-15) and other fungal species. 
H arw ig et al. (6) have also isolated strains o f P. 
expansum  from  natural rots o f apples that w ere  
capable o f synthesizing citrinin and patulin; they  
also reported (16) the production o f citrin in  in  
tomatoes inoculated w ith  P. expansum  (incubated 
at 25°C). P. expansum  has been  sh ow n  to pro
duce citrinin  and patulin  in  ferm ented sausage
(14). C iegler et al. (17) studied  the production  
and b iological activity o f patulin  and citrinin  
from  P. expansum .

A flatoxins w as orig in ally  isolated  from  A s-  
pergillus fla vu s  and A . parasiticus (18 ,19). Hans- 
sen  and lu n g  (7) studied  the natural contam ina
tion by patulin and aflatoxins in apples and other 
fruits. Burdaspal and Pin illa  (10) fou n d  afla
toxins, patu lin , and citrin in  in  rotted apples. 
Frank (20) found patulin in  different varieties of 
apples and pears su ffering from brow n rot.

The AOAC official m ethod (21) for analysis of

1 Laboratorio Nacional de Investigate» Veterinaria, Estrada 
de Benfica 701,1500 Lisboa, Portugal.Received D ecem ber 28, 1981. Accepted A pril 14, 1982.

patulin in  apple juice on ly  has a sensitiv ity  o f 20 
¿¿g/L. The fo llo w in g  m ethod  perm its the si
m ultaneous analysis of patu lin , aflatoxins, and 
citrin in  in  apples and pears, and the juices and  
jams o f these fruits. For patulin , the fo llo w in g  
m ethod is less sensitive than the official m ethod
(21); how ever, the concentrations o f patulin  
fou n d  in  fruits are norm ally h igh er than m in i
m um  d etectab le co n cen tra tio n s in  both  
m ethods.

M ETH O D
A p p a r a tu s

(a) M icrosyrin ges.— 50 p L  N o . 1705 or 25 p L  
N o. 702, p o in t sty le 3 w ith  repeating d ispenser  
PB 600-1 (H am ilton Co.), or equ ivalent.

(b) Electric m ixer.— M oulinex, Braun M inip- 
im er, or equivalent.

(c) Sh aker.— Wrist or rocker typ e (Bicasa 
K 30/300 BE38, or equivalent).

(d) TLC p la te  scriber.—A p plied  Science Labo
ratories N o. 17102, or equivalent.

(e) Glass tube. —Am ber, pear-shaped, 300 m l.  
O ne end  narrows to 4.5 X 1 cm id. Narrow  sec
tion is graduated as accurately as possible to ca 3 
mL capacity and marked in  0.1 mL divisions. 
O ther end  o f tube is cone-shaped ground glass, 
2 9 /3 2  adaptable to rotary evaporator and glass 
stopper. Glass m ust be strong en ou gh  to w ith 
stand vacuum  (Figure 1).

(f) M em brane vacuum pu m p.—KNF N-035 ANE  
w ith  T eflon  va lves and m em brane, or equ iva
lent.

(g) C h rom atograph ic separa tin g  ch am bers.— 
Desaga N o. 120167, 210 X 88 X 210 m m , or 
equivalent.

(h) U ltravio le t la m p .—Camag standard 29200 
or 29230 w ith  a b lu e-v io let filter (UG-5, Schott, 
GFR) passing 366 and 254 nm  UV ligh t, or 
equ ivalent. Place TLC plates on  black back
ground 10 cm from  lam p. Carry out observa
tions in  com p letely  dark room . Protect eyes  
w ith  y e llo w  filter.

(i) Y ellow  f il te r .— GG-4 (Schott) w h ich  passes
0004-5756/83/660143085-07 $01.00© Association of Official Analytical Chemists, Inc.
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Figure 1. Glass tube used for evaporation of 
solvent.

on ly  450 nm  ligh t, or equivalent.
(j) TLC p la te s .— 20 X 20 cm glass, precoated  

w ith  0.25 mm Sil G-25HR (M acherey-Nagel and 
Co., N o. 809033, Duren, GFR). Use TLC plate 
scriber to d iv id e plates in to  tw en ty  1 cm strips. 
A ctivate plates by heating 30 m in at 110°C and  
store in  desiccating cabinet. U se plates at room  
tem perature (22, 23).

(k) TLC p la tes im pregnated w ith  oxalic acid .— 
Unactivated, precoated w ith  Sil G-25HR (divided  
in to  tw en ty  1 cm strips) (23, 24). Im pregnate 
w ith  oxalic acid by d ip p in g  into 10% oxalic acid 
solu tion  in  m ethanol for 1-2  m in. Air-dry 4 or 
15 h at room  tem perature in horizontal position  
under h ood  (dry atm osphere). (For citrinin  
analysis only .)

(l) Tube shaker.— M ixo-Tub 30, or equ iva
lent.

(m) O th er appara tu s.—  As described in  Ref. 
23.

R e a g e n ts

(a) A lum inum  chloride so lu tion .—D isso lve  20 g 
reagent grade AICI3-6H 2O in  100 m l  ethanol.

(b) 3 -M e th y l-2 -b e n zo th ia zo lin o n e  h yd ra zo n e  
(M B T H ) hydrochloride m onohydrate so lu tion .— 
D issolve 0.5 g MBTH-I ICl-FUO in 100 mL water. 
Store in  refrigerator. Prepare fresh every 3 
days.

(c) Sulfuric acid so lu tion .—  H 2SC>4-w a te i (1 +
3).(d) Trifluoroacetic a c id .—D ilu te w ith  b en zen e  
orC H C l3 (l +  1). Prepare fresh daily. (Caution: 
B enzene and CHCI3 are possib le carcinogens.)

(e) M yco to x m  stan dards.— Xpectrix Interna
tional, San Cugat del V alles, Barcelona, Spain. 
Store in  w e ll sealed , alum inum  foil-w rapped  
containers at 4°C.

(f) M ycotoxin standard solutions. —Prepare w ith  
reagent grade CHC13. Store so lu tion s ir w e ll
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sealed, alum inum  foil-wrapped containers or in 
amber vials at 4°C. U se so lu tion s at room  tem 
perature. (1) A fla tox in s B lr B2, G i, and  G2.— Pre
pare separate 10 p g /m L  CHC13 solutions o f each 
aflatoxin and com bine volum es o f each solution  
to prepare w ork ing solu tion  that contains 5 pg  
Bi, 1.4 p g  B2, 5 p g  G i, and 1.4 p g  G2/m L  CHC13. 
(2) Patulin .— 100 p g /m L  CHC13. (3) Citrinin.— 45  
p g /m L  CHC13. Check standards as in  Ref. 25.

(g) D eveloping solvents for TLC. —Prepare fresh  
w ith  reagent grade so lven ts as show n:

1. CH Cl3-aceto n e (176 +  24), (172 +  28), (170 
+  3 0 )(22 -24 )

2. CH Cl3-e th y l eth er-acetic  acid (170 +  30 +
10)(26)

3. CH Cl3-aceton e-p rop an ol-2  (165 +  30 +  5)
(27)

4. T o lu en e-e th y l acetate-C H C l3-90% form ic 
acid (70 +  50 +  50 +  20) (22-24)

5. T o lu en e-eth y l acetate-90% formic acid (100 
+  90 +  10) (22-24)

6. B en zen e-C H C l3-aceto n e (90 +  80 +  30)
(28)

7. T o lu en e-e th y l acetate (50 +  150) (26)
8. T o lu en e-e th y l acetate-C H C l3 (80 +  70 +  

50)
9. Ethyl eth er-cyclo h exan e (150 +  50) (26)

10. CH Cl3-eth a n o l (170 +  30) (22, 23)
11. CH Cl3-m eth an ol (185 +  15)
12. T oluene-ethanol (100 +  100) (26)
13. T oluene-ethyl acetate-CHCl3 (100 +  50 +  50)

(26)(34)
14. T olu en e-C H C l3-aceton e (40 +  140 +  20)
15. Toluene-C H C l3-acetone-90%  formic acid (30 

+  150 +  20 +  4) (23, 24)
16. T o lu en e-e th y l acetate-C H C l3-90% form ic 

acid (90 +  45 +  50 +  5) (23, 24)
17. T oluene-C H C l3-eth y l acetate (25 +  145 +  30) 

(23, 24)
18. T olu en e-C H C l3 (10 +  190) (23, 24)
19. Ethyl e th er -h ex a n e-e th y l acetate-90%  for

m ic acid (70 +  90 +  40 +  2) (24)
20. CH Cl3-m eth a n o l-h ex a n e  (128 +  2 +  70)

(29)
21. Ethyl e th er -h ex a n e-e th y l acetate-90%  for

m ic acid (50 +  100 +  50 +  1)
22. T o lu en e-e th y l acetate (65 +  135)
23. T o lu en e-e th y l acetate-C H C l3-90% form ic 

acid (105 +  45 +  48 +  3)
24. T o lu en e-eth y l acetate-90% formic acid (100 

+  95 +  5) (34)
E x tra c tio n  a n d  C le a n u p

For apples, pears, and their jams, b len d  w ith  
electric mixer to hom ogeneous paste. W eigh 60 
g sam ple (for juices, take 60 mL) and place in  500

mL amber, glass-stopper Erlenmeyer flask. Add  
180 mL acetonitrile and 20 mL 4% aqueous KC1, 
stopper (secure stopper w ith  m asking tape), and 
shake vigorously 30 m in. Filter extract through  
9 cm M N 640w paper. Collect 60 mL filtrate and 
place in  200 mL amber separatory fu n n el (PTFE 
stopper and stopcock). A dd 30 mL w ater and  
shake 30 s. Add 40 mL chloroform , stopper, and  
shake 15-20 s. Let separate into layers. Filter 
low er layer (ch loroform -aceton itrile) through  
9 or 11 cm M N  640w  paper filled  to top w ith  an
hydrous sodium  sulfate. C ollect filtrate in  
pear-shape glass tube. To rem aining aqueous 
layer, add 2.0 mL IN  HC1 and shake. A dd 20 mL 
chloroform, stopper, and shake 20 s. Let separate 
in to layers. Filter low er (chloroform ) layer 
through anhydrous sodium  sulfate used  p revi
ou sly  and add to filtrate already co llected  in  
pear-shape glass tubes. Repeat extraction of 
aqueous layer 3 tim es w ith  10 mL CHC13 each  
and filter each extract as before.

Place pear-shape glass tube in rotary evapo
rator and evaporate contents to 2 mL at 50-55  °C 
(water bath) w ith  vacuum  (depression  = 0 .6 - 0 .7 
k g /c m 2). Cool tube and w ash  w alls w ith  three 
1 mL portions of CHC13, carrying liq u id  to nar
row graduated part. Evaporate to 0 .1-0 .2  mL 
(Caution: Do not evaporate to dryness) at 50-  
55°C w ith  vacuum  (depression = 0 .7-0 .85 k g / 
cm 2). W henever vacuum  is interrupted, n itro
gen  gas must be added. Cool, and add CHC13 to 
1 mL d iv ision  of narrow graduated section. 
Stopper and shake v igorously  on  tube shaker. 
Final extract volu m e for TLC w ill be 1.0 mL (1.0 
mL CHCI3 solution = 18 g extracted sam ple or 18 
mL for juices). Place extract so lu tion  in  amber 
m inivia l w ith  T eflon stopper (22, 23).
T h in  L a y e r  C h r o m a to g r a p h y

Patidin (plates A , B, and C ).—On imaginary line  
4 cm from  bottom  of plate (j), place fo llo w in g  
spots at 1 cm intervals, in m iddle o f strip: tw o  
of 10 pL extract so lu tion  (do not use strips at 
edges of plate). To one spot corresponding to 10 
pL, superim pose 3 pL patulin  standard solu tion  
(internal standard). O n a clear strip, place 3 pL 
patulin  standard solu tion  (external standard). 
Take care that diam eter o f spots, once total v o l
um e has been dep osited , does not exceed  2-2 .5  
mm (dry spots w ith  n itrogen  gas). Draw  
transverse lin e  on TLC plate 12 cm from  im agi
nary lin e  as so lven t stop.

Place in  TLC separating cham ber ca 200 mL 
d evelop in g  solvent, ca 1.4-1.5 cm, cover, and let 
stand 5 m in. T hen insert TLC plate in to  cham 
ber in exactly vertical position  w ith  silica gel
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surface 3 -5  cm from  front w all of chamber. 
Cover and develop in unsaturated chamber until 
so lv en t front reaches h eig h t indicated before. 
D evelop  plate A  w ith  d ev elop in g  so lven t 22 or 
23; confirm  w ith  plates B and C by d ev elop in g  
w ith  so lven ts 8 and 9 or 24, respectively .

R em ove plate from  tank and let dry in  dark 
hood. Force final drying w i:h  gentle current of 
nitrogen gas or moderately hot air (not more than 
35-40°C). Spray TLC plate w ith MBTH solution  
until layer appears w et. Heat 15 m in  at 130°C
(2 1 ), and observe under v isin le  ligh t for reflec
tion  and transparency at sam e time; patulin  
show s yellow  spot. Then observe under 366 nm  
UV light; patulin show s ye llow -b row n  flu o 
rescent spot. Compare sam ple chrom atogram  
pattern w ith  that o f internal standard and ex
ternal standard (same Rf value and color identical 
to patulin  standard in  the 3 chrom atoplates). 
Spray TLC plate w ith  90% form ic acid -w ater (2 
+  98) until layer appears w et (spray generously); 
leave at room tem perature 30 m in or m ore and  
observe under 366 nm  UV light. Patulin show s 
ye llow -ora n ge fluorescent spot and im proved  
visualization  against background. U nder 254 
nm  UV ligh t, ye llow -ora n ge spot o f patu lin  is 
v isib le  but less in tense than p reviou sly  (34).

Other d ev e lo p in g  so lven ts for patulin: N os. 
1, 7, 10, 11, 12, 13. Good results are obtained  
w ith  d evelop in g  solven ts 8 and 9 to w h ich  1 mL 
90% form ic acid has been  added, d ev elop in g  
so lven ts 1, 10, 11, 12, 13, to w h ich  0.5 mL 90% 
form ic acid has been  added (34).

A fla tox in s  G2, Gj, B2, Bj (p la tes  D , E, and F) .— 
See patulin section for spotting, developing, etc., 
but use aflatoxin w orking solution. D evelop  
plate D w ith  d ev elo p in g  so lven t 1. O bserve  
under 366 nm  UV light. A flatoxins Bi and B2 
sh ow  blue fluorescent spot; aflatoxins Gj and G2 
sh o w  blue-green  fluorescent spot. Spray plate  
w ith  H 2S 0 4-w ater (1 +  3); observe under 366 nm  
UV  lig h t (22, 23, 26). A flatoxins sh ow  ye llow  
fluorescent spot. Order o f appearance from  
lesser to greater Rf is aflatoxin G2, G i, B2, Bi.

Confirmation (plates E and F ).—  Treat both plates 
w ith  trifluoroacetic acid (23, 30) and d evelop  
w ith  so lven ts 2 and 3, respectively . O bserve 
under 366 nm  UV ligh t (22, 23, 30). Spray w ith  
H 2S 0 4-w ater  (1 +  3) and observe under 366 nm  
UV ligh t (22, 23, 26, 30). Compare sam ple w ith  
internal and external standards.

O ther d ev e lo p in g  so lven ts for aflatoxins: 
N os. 4, 5, 6 . Note: Confirm ation w ith  trifluo
roacetic acid is also possib le w ith  d evelop in g  
so lv en ts  1, 4, 5, 6 .

C itrinin (p la tes G , H , and I ) .— Use TLC plates

im pregnated  w ith  oxalic acid. See patulin  sec
tion  for spottin g, d evelop in g , etc., but use citri
n in  standard solution. D evelop plates G, H, and 
I w ith  d ev elop in g  solven ts 20, 19, and 16, re
sp ectively . O bserve under 366 and 254 nm  UV  
light; citrin in  sh ow s y e llo w  fluorescence that is 
less in ten se under 254 nm  UV ligh t (22-24, 26). 
Expose plates G and H to N H 3 vapor for 10-15 s 
(22-24) and observe under 366 and 254 nm UV  
ligh t (34); y e llo w  fluorescence of citrinin  disap
pears. Spray plate I w ith  alum inum  chloride  
so lu tion , heat 5 m in  at 105°C, cool, and observe  
under 366 and 254 nm UV light (22-24); citrinin  
show s sky blue fluorescence, more intense under 
366 nm  UV light. Expose plate 1 10-15 s to N H 3 
vapor and observe under 366 and 254 nm  UV  
light; the sky b lue fluorescence of citrinin  does 
not com p letely  disappear, at least in spots con 
tain in g  0 .1-0 .2  jug/spot. Compare sam ple w ith  
internal and external standards. O ther d ev e l
o p in g  so lven ts for citrinin: N os. 14, 15, 17, 18, 
21.
Q u a n t i t a t i v e  A n a ly s i s

O nce toxins have been  id en tified  on  all TLC 
plates by com parison of extract spots w ith  in 
ternal and external standards, proceed to quan
titative analysis for positive sam ples.

Chrom atograph a series o f d ilu tions from  
sam ple extract to determ ine low est d ilu tion  at 
w h ich  m ycotoxin  can still be detected. From  
low er lim it of detection  (sensitiv ity  on  TLC 
plates, jug /sp ot) and d ilution  factor, calculate 
quantity o f m ycotoxin  (22, 23, 34).

Relate vo lu m e o f spot for w h ich  m ycotoxins  
can be verified w ith sensitivity on TLC plates for 
m ycotoxin  in  question  (see Table 1). Interpolate 
b etw een  2  vo lu m es if necessary.
p g  M ycotox in /k g  or L product

= (D X F X 106)/(a  X W)
w h ere D = sen sitiv ity  on TLC plates (see Table 
1), /rg /spot o f corresponding mycotoxin; F =  total 
factor o f d ilu tion  in mL; a =  volum e, p L , corre
sp on d in g  to spot o f least m ycotoxin  detectable  
on TLC plate; IV = w e ig h t o f sam ple, g, or v o l
um e o f sam ple, mL (see text = 60 g  or 60 mL).

R esults and D iscu ssion
Table 1 g ives the sen sitiv ity  on the TLC plate  

(lim it o f d etection , jug/spot) o f corresponding  
m ycotoxins. Recoveries (%) and minimum, d e
tectable concentrations (jug/kg) o f m ycotoxins  
added to various products are g iv en  in Table 2, 
based on 5 determ inations (each valu e is the  
m ean of 5 sam ples). The sam ples of juices and
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T a b le  1 . S e n s it iv i t y  ( l im it  o f  d e te c t io n , M g /s p o t)  o n  T L C  p la te  f o r  6  m y c o t o x in s  in  p u r e  s o lu t io n  a n d  in  e x t r a c t s  o f
v a r io u s  p r o d u c ts

Mycotoxin Visualization Soin of std, Mg
Std toxin 

added to 1 0  mL 
product, 3 Mg

Patulin MBTH/visible 0.05 0.05-0.07Patulin MBTH/UV 366 nm 0 .0 1 0 .0 1 - 0 .0 2Citrinin UV 366 nm 0.0009 0 .0 0 1 - 0 .0 0 2Citrinin AICI3 /UV 366 nm 0.0009 0.001-0.0015Aflatoxin B[
orG! UV 366 nm 0.00035 0.00035-0.0004Aflatoxin Bi
or Gi H2SO4/UV 366 nm 0 .0 0 0 2 0 0.00020-0.00025Aflatoxin B2
or G2 UV 366 nm 0.00030 0.00030-0.00040Aflatoxin B2
or G2 H2SO4/UV 366 nm 0 .0 0 0 2 0 0.00020-0.00025
3 Product = extracted sample solution of the following products: apples, pears, and juice and jam of apples and pears.

jams analyzed  did  not contain preservatives.
Either natural or artificial direct ligh t shou ld  

be avoided  during analysis. W orking tem pera
ture during plate d evelop m en t sh ou ld  be 22 -  
24°C. O nce the analysis is begun , steps shou ld  
not be d elayed , especially  quantitation by the  
detection lim it m ethod; quantities of m ycotoxin  
are low , and sign ifican t losses can occur.

For the patulin  reaction w ith  MBTH, obser
vation o f the TLC plate w h ile  hot im proves the 
visualization  o f this m ycotoxin  (31). The stan
dard sh ou ld  not be stored as a th in  film  after 
evaporation because o f decom position . If TLC 
is not perform ed the sam e day, the solu tion  
should  be frozen to avoid evaporation o f so lven t 
(21).

Burdaspal and P in illa  (10) found  patulin  in  
about 53% of sam ples analyzed  (about 104) of 
naturally rotted apples, w ith  concentrations be
tw een  1 and 250 m g /k g . In naturally rotted  
pears, they fou n d  patulin  in  about 33% of sam 
p les analyzed  (about 24) w ith  concentrations  
b etw een  0.9 and 10 m g /k g . A flatoxin Bx and  
citrinin  w ere fou n d  in  on e apple. T hey in ocu 
lated P. expansum  in  several apples, and after in 
cubation and analysis, found patulin and citrinin 
(1.2 m g /k g ). Concentrations o f patu lin  found  
in  naturally rotted apples w ere as h igh  as 136 
m g /k g  fruit (6). Patulin  w as found  at 1.0 m g/L  
in  one of the 12 sam ple apple juices analyzed (11). 
In 37% of 136 sam ples o f apple juice, patulin  was 
detected at levels betw een 40 and 440 p g /L ,  w ith  
an average o f 69 p g / L  (11). Burdaspal and P i
n illa  (10) detected  patulin  in  50% of 12 sam ples 
of naturally rotted apricots at lev e ls  o f 2-13  
m g /k g  and also in  rotted peaches at lev e ls  o f 20 
m g/k g . Concentrations of patulin in  apple juice 
(20-120 p g /L )  w ere low er (2).

Frank (20) studied d ifferent varieties o f apples 
and pears suffering from  brow n rot and found  
patulin in  about 50% of sam ples analyzed (about 
120). L evels o f patulin  as h igh  as 1 g /k g  rotten  
m aterial w ere found  2 -3  days after the fruit was 
rem oved from  5 m onths o f cold  storage (22). 
The author also found the fo llow ing occurrences 
of patulin in  apple juice (20): com m ercial apple  
juice, contam ination in  61% of sam ples analyzed  
(about 13), maximum level 300 Mg/L; commercial 
apple cider, contam ination in  4% and 100% of 
sam ples analyzed  (about 95 and 5 sam ples, re
spectively), m axim um  lev e ls  25 and 45 ppm , re
spectively; other comm ercial apple cider, 60% of 
sam ples contam inated (about 15), maximum level 
0.3 ppm; commercial sw eet apple cider, 0.8% w ith  
contam ination (12 sam ples analyzed), m aximum  
lev e l 1 ppm; com m ercial sw eet apple cider (un
ferm ented  apple juice), on e sam ple analyzed , 
m axim um  lev el 1 ppm.

We found  patulin  in  66.6% of sam ples ana
lyzed  (about 30) o f naturally rotted apples at 
lev e ls  b etw een  0.8 and 100 m g /k g . A bout 20 
sam ples w ere contam inated w ith  patulin , 5 
sam ples were contam inated w ith  aflatoxin Bj and 
citrin in  at 20-200 Mg/kg and 300-3000 M g/kg, 
respectively , and 3 sam ples w ere contam inated  
w ith  citrinin  at 1000-2500 M g/kg.

The m ethod described is rapid and sensitive; 
8 sam ples can be analyzed  on  each TLC plate. 
Burdaspal and P in illa  (10) used the m ethod  
(22-24) for determ in in g  patulin , aflatoxins, and 
citrin in  in  fruits and found  it preferable (10) to 
the Som m er et al. (32) and W ilson and N u ovo
(33) m ethods. W ith the m ethod described here, 
Ligia M artins (unpublished ) fou n d  patu lin  in  
53.8% of sam ples analyzed (about 13) of naturally 
rotted apples, at 200-4100 Mg/kg; about 7 samples
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w ere contam inated w ith  patulin , and 3 sam ples  
w ere contam inated w ith  citrinin  at 300-1700  
¿ig/kg. In 2 analyses of naturally rotted pears, 
on e sam ple conta ined  1000 /rg /k g  of patulin.

As far as quantitative analysis is concerned, w e  
b elieve  that the m ethod  described is m ore accu
rate than the m ethod o f com paring d ifferent in 
tensities of standard, because it is easier for the 
hum an eye to detect the least m ycotoxin  spot 
seen  than to com pare in ten sity  o f that sp ot w ith  
the sam e in ten sity  o f standard.
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Survey of Vomitoxin Contamination of 1980 Ontario White Winter 
Wheat Crop: Results of Survey and Feeding Trials1
H. LOCKSLEY TRENHOLM, WILLIAM P. COCHRANE,2 HUGUETTE COHEN,2 
JAMES I. ELLIOT, EDWARD R. FARNWORTH, DOUGLAS W. FRIEND, 
ROBERT M. G. HAMILTON, JAMES F. STANDISH,3 and 
BRIAN K. THOMPSON4
Agriculture Canada, Research Branch, Animal Research Centre, Ottazva, Ontario,
Canada K1A 0C6

During the harvesting of the 1980 Ontario white 
w in ter wheat crop, producers noticed p ink discolor
ation on kernels; this was attributed  to Fusarium 
mold. Grain elevator and boatload samples were 
analyzed for mycotoxin contamination. Vomitoxin 
levels up to 8 ppm were detected in samples from 
southw estern Ontario. Other suspected mycotoxins 
were e ith er nondetectable or present in trace 
am ounts. Fusari'um-contaminated wheat and clean 
wheat were added to swine and poultry diets for 
feeding trials. Feed refusal and decreased weight 
gains were observed in pigs fed diets containing 0.3 
and 0.7 ppm vomitoxin, but there was no vom iting or 
other ill effects. Adult roosters and laying hens fed 
diets containing vomitoxin levels sim ilar to those of 
the pig diets did not show any overt toxicological 
effects. Chemical analysis of suspected field cases 
of vom itoxin-contam inated feed did not reveal high 
vom itoxin levels.

Reports o f fe ed /fo o d  refusal and vom itin g  in  
anim als and hum ans date as early as 1916 (1-5). 
Em esis was observed in  sw in e  after in gestin g  
m oldy corn and "scabby" grains (3, 6, 7), but 
sw in e  refused corn acceptable to cattle and 
poultry (8). In 1973, V esonder et al. (9) isolated  
vom itoxin from Fwsnniiw-contaminated corn and 
dem onstrated that the toxin produced em esis in 
sw in e.

Vom itoxin is a m old m etabolite found in corn 
and cereal grains contam inated in the field  by 
Fusarium graminearum Schwabe teleom orph Gih- 
bcrella zcae (Schw .) Petch (10-15). The reddish  
m old usually begins grow ing at the ear tip, a 
con d ition  com m only referred to as "pink ear

1 C ontribution No. 1027, Animal Research Centre; No. 81-5, 
Laboratory Services Division; No. 1-395, Engineering and 
Statistical Research Institute,

2 Laboratory Services Division, Food Production and In
spection Branch, Agriculture Canada, Ottawa, Ontario, Canada K1A 0C6.

3 Feed and Fertilizer Division, Agriculture Canada, Ottawa, O ntario, Canada K1A 0C6.
4 Engineering and Statistical Research Service, A griculture Canada, Ottawa, O ntario, Canada K1A 0C6.
Presented in part at the W alter A. Pons, Jr, M emorial Sym

posium: M ycotoxins, American Oil Chem ists’ Society 72nd 
A nnual M eeting, New Orleans, LA, May 17-21, 1981.
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rot." In the field , in fection  o f corn by G. zeae is 
favored by low  tem peratures w ith  concom itant 
h igh  m oisture conditions. O nce vom itoxin  is 
produced by the m old, it persists and cannot be 
d isgu ised  w ith  feed additives, nor does it d isap
pear w ith  tim e (8).

In July 1980, Ontario farmers harvesting their 
w h ite  w in ter w h eat crop noticed sprouting and  
pink coloration on the kernels. Chem ical anal
ysis confirm ed the presence of 2-deoxynivalenol, 
or vom itoxin . This paper reports the results of 
a survey of the 1980 Ontario w h ite w inter w heat 
crop for vom itox in  and other m ycotoxins. Ex
ploratory feed in g  trials w ere carried out at the 
Anim al Research Center to determ ine the effects 
of feed in g  low  lev els  of vom itoxin  to sw in e  and  
poultry. In addition, several farms were visited  
w h ere vom itoxin  contam ination w as the sus
pected  cause o f vom itin g  and feed refusal in 
livestock .

Experim ental
S a m p le  C o l le c t io n  a n d  P r e p a r a tio n

The Canadian Grain C om m ission subm itted  
41 w h eat sam ples, representing individ ual pro
ducer sh ipm ents, to A griculture Canada for 
chem ical analyses. Thirty-six sam ples, repre
sen tin g  boatloads or partial boatloads, o f grain 
loaded at terminal or export grain elevators were  
also forw arded for analysis.

The representative sam ples (5 kg) w ere d e
livered unground and im m ediately stored at 4°C. 
Before analysis, all sam ples w ere ground in  a 
ham m er m ill to pass a 2 mm screen and m ixed  
thoroughly; 600 g representative sam ples w ere  
taken.
T h in  L a y e r  C h r o m a to g r a p h y  ( T L C )

Suspected sam ples w ere analyzed for the m y 
cotoxins ochratoxin A, zearalenone, sterigm a- 
tocystin, aflatoxins (Bj, B2, Gj, G2), and patulin by 
using the acidified acetonitrile extraction— TLC 
m ethod described by Stoloff et al. (16). Citrinin,

0004-5756/83/6601-0092-06$01.00 © Association of Official Analytical Chemists. Inc.
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Table 1. GC-MS analysis of trimethylsilyl derivatives of trichothecenes a

Mycotoxln Retention time, s Ions monitored, m /z

Vomitoxin 177 512, 497, 235
DAS 214 378, 350, 290
Neosolaniol 318 436, 350, 193
T-2 436 436, 350, 290
HT-2 444 466, 377, 347

a Criteria used for positive identifications: all 3 ions characteristic of a given mycotoxln rose and fell simultaneously; they 
had the same relative abundance as the pure standard material; and the retention time was identical to the standard. 
Quantitation was carried out by comparison of peak areas of the sample to those of pure standard.

penicillic acid, rubratoxin, luteoskyrin, T-2 toxin, 
and diacetoxyscirpenol were also included in the 
TLC standard.

R eference standards for thin layer chrom a
tography were purchased as follows: ochratoxin 
A , citrin in , and luteoskyrin (Supelco Inc., Belle- 
fon te, PA); T-2, aflatoxins Bj, B2, G ì, G2, patulin, 
diacetoxyscirpenol, rubratoxin, sterigmatocystin, 
and pen icillic  acid (Sigma Chem ical Co., PO Box 
14508, St. Louis, MO 63178); and zearalenone  
(M yco-Lab Co., C hesterfield , MO 63017).
D e r i v a t i z a t i o n  a n d  D e t e r m i n a t i o n  o f  
T r i c h o t h e c e n e s

T w enty g  sam ples w ere extracted in  500 mL 
E rlenm eyer flasks by shaking 1 h w ith  250 mL 
m ethanol-w ater (1 +  1) on a wrist-action shaker
(17) and filtered  d irectly into 1 L separatory 
funnel. The residue was washed with two 50 mL 
portions o f m ethanol-w ater. The filtrate and  
w ashings were com bined and extracted w ith  two 
200 mL portions o f m eth y len e ch lo rid e-eth y l 
acetate (1 +  1). The resultant extracts were  
com b ined  and dried over 40-50  g anhydrous  
sodium  sulfate, filtered  into a round-bottom  
flask, and evaporated to dryness. If water resi
dues rem ained, the sodium  sulfate drying pro
cedure w as repeated. The residue w as trans
ferred to a 15 mL graduated centrifuge tube w ith  
tw o 3 mL portions o f m eth y len e ch lo rid e-eth y l 
acetate and evaporated to dryness. A nhydrous 
pyrid in e (900 /uL), 50 g L  TSIM (N -trim ethylsil- 
ylim id azo le), and 50 g L  TMCS (trim ethylchlo- 
rosilane) w ere added and m aintained at 60°C for 
1 h on  a block heater w ith  occasional shaking; 
sam ples w ere then  ready for analysis via gas 
chrom atography-m ass spectrom etry (GC/M S).

TSIM and TMCS sily lation  reagents w ere ob
ta in ed  from  C hrom atographic S p ecia lties , 
Brockville, Ontario. V om itoxin  (2-deoxyni- 
valen ol) w as obtained from  M yco-Lab Co.; DAS 
(diacetoxyscirpenol) and T-2 toxin from A pplied  
Science Laboratories, PO Box 440, State C ollege, 
PA 16801; and HT-2 from  Sigm a Chem ical Co.

Stock solu tions (1 m g/m L ) w ere prepared in  
ethanol w ith  warm ing and stored in the freezer. 
After evaporation of 20 g L  stock solu tion , 2 mL 
to lu en e-aceton itr ile  (95 +  5) w as added to g ive  
10 ¿ig/m L w orking solutions. S ily l derivatives  
w ere prepared as described above.

A com bined gas chrom atography-m ass sp ec
trom etry (Finnigan M odel 4000 GC-MS system  
equipped w ith an INCOS data system , Finnigan  
Corp., Sunnyvale, CA) was used. The mass 
spectrom eter was operated in the m u ltip le  ion  
m onitoring m ode for m axim um  sen sitiv ity  and  
reasonable specificity. The GC colum n was 1 m 
X 2 mm (id) glass, packed w ith  3% SE-30 ultra 
phase on 80-100 m esh Chrom 705. The colum n  
w as held  at 220°C for 3 m in , program m ed from  
220 to 260°C at 1 0 °/m in , and held  at 260°C for 
2 m in. Table 1 show s retention  tim es and the  
characteristic ions m onitored for the 5 m yco- 
toxins analyzed under the above conditions. 
The low er lim it of detection  was 0.05 ppm.

M e a s u r e m e n t  o f  F u s a r i u m - S t a i n i n g
The percent Fusarium -stain ing in w h eat sam 

p les was estim ated by taking 500 g aliquots of 
w heat, w e ig h in g  those kernels w h ich  appeared  
"stained” or contam inated w ith  pink m old, and  
expressing results on  a percent (%) by w eigh t  
basis.

F e e d i n g  T r i a l s
Sunne.— A prelim inary study w as conducted  

w ith  18 Yorkshire gilts fed one o f 3 grow er diets 
containing 70% wheat: vom itoxin-contam inated  
w heat, clean w heat, ora  m ixture (50 +  50, w /w )  
of these 2 w heats. The b a r ley -w h eat-soy b ean  
diets w ere otherw ise identical and m et or ex
ceeded NRC (1979) recom m ended nutrient re
quirem ents (18). Pigs w ere housed  3 to a pen  
and fed ad libitum ; 2 pen s o f p igs w ere fed each  
diet. Feed consum ption  w as determ ined daily  
and individ ual body w e ig h ts w ere recorded  
every 3 days. At the en d  of the 21-day feed in g
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Table 2. Analysis for vomitoxin in samples from 1980 Ontario white winter wheat crop— producers’ samples

Fusarium 
stained 

kernels, % a

Numerical grades 
(Nos. 2-5  CE)b Canada Feed grade Ungraded

No. of 
Samples

Vomitoxin,
ppm

No. of 
samples

Vomitoxin,
ppm

No. of 
samples

Vomitoxin,
ppm

<0.10 6 NDC 12 ND 3 ND
0.11 — — 1 0.32 — —
0.12 — — 4 2-ND, 0.77, 1.40 — —
0.15 — — 1 0.81 — —
0.17 1 1.23 — — — —
0.20 2 0.71,

1.27
3 ND, 0.50, 0.68 — —

0.33 — — 1 ND — —
0.60 — — 1 1.51 — —
0.70 — — 1 2.10 — —
0.80 — — 1 1.72 --- —
1.0 — — 1 2.00 1 3.64
6.0 — — 1 5.70 — —

12.0 — — 1 8.53 — —

a % by weight.
b CE refers to Canada Eastern. 
c ND = nondetectable.

trial, post-mortem examinations, w hich  included  
w eig h in g  major organs, w ere carried out.

P o u ltry .—  Experim ents w ere conducted  w ith  
96 W hite Leghorn adult cockerels and 306 p u l
lets. A fter a 24 h fast, cockerels w ere force-fed  
50 g aliquots o f cracked or cracked and p elleted  
clean w heat, vom itoxin-contam inated w heat, or 
a 50 +  50 (w /w ) mixture. Starting 24 h after 
bein g force-fed, each bird was fed ad libitum  for 
the next 7 days w ith  the same w heat preparation, 
respectively. Individual body w eigh ts w ere  
obtained at the b eg in n in g  and end of the ad li
b itum  feed in g  period. P ullets w ere g iven  
w h ea t-so y  (19) diets that conta ined  either clean  
w heat, vom itoxin-contam inated  w heat, or a 50 
+  50 m ixture for 10 w eeks. Feed intake, body  
w eig h t change, and egg production w ere re
corded. Post-m ortem  exam inations w ere then  
d on e on  6 cockerels for each w h eat preparation  
and 18 p u llets for each experim ental diet.

The control sam ple, d efin ed  as clean w in ter  
w h eat, contained no detectable lev els  o f vom i
toxin and on ly  trace am ounts (<0.01 ppm ) of 
zearalenone.
F i e l d  S t u d i e s

W hen outbreaks o f suspected m ycotoxicoses  
in Ontario and Q uebec w ere brought to our at
tention , on-site visits w ere carried out (by the 
authors E.R.F. and H.L.T.) to acquire information 
on the nature and extent of mycotoxin problems. 
R epresen tative sam ples w ere co llected  for 
chem ical analysis for m ycotoxins.

Results and Discussion 

C h e m i c a l  A n a l y s i s
A lth ou gh  several surveys have been carried 

out for vom itoxin  in corn and other field  crops 
(1 1 ,1 4 ,1 5 , 20, 21), this paper is the first reported 
survey of vom itoxin  lev els  in Ontario w h ite  
w in ter w heat. In the fall o f 1980, a larger than  
norm al num ber o f w in ter w h eat sam ples w ere  
subm itted by local elevators in Ontario to the 
Canadian Grain Com m ission for official grading. 
This w as due to the large quantity o f w heat 
w h ich  was being down-graded to "Canada Feed" 
grade by the local elevator operators because of 
the h igh  degree of sprouting found in the wheat. 
M any sam ples contained h igh er than norm al 
am ounts o f p ink-stained kernels. Forty-one 
sam ples w ere subm itted to Agriculture Canada 
for chem ical analysis, and m any contained  
vom itoxin . The h igh est lev els  o f vom itoxin  
contam ination w ere found in  w heat from the  
counties of E lgin, Kent, and Lampton located  
b etw een  Lake H uron and Lake Erie in  south
w estern  Ontario. T w enty-eight sam ples were  
graded as "Canada Feed;" 9 w ere graded as N o. 
3, 4, or 5 Canada Eastern (CE) w h ite  w in ter  
wheat; and 4 had no official grade (Table 2). The 
percent F u sariu m -sta in ed  kernels ranged from  a 
low  o f 0.01% to a h igh  of 12%.

N o m easurable am ounts o f vom itoxin  w ere  
found  in  sam ples conta in ing 0.10% or less of 
Fusarium-stained kernels. H ow ever, analysis did  
indicate m uch higher vom itoxin levels in  Canada
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Table 3. Analysis for vomitoxin in samples from the Ontario white winter wheat crop— boatload samples

Fusarium

stained 
kernels % a

Numerical grades 
(Nos. 2-5 CE)6 Canada Feed grade

No. of 
samples

Vomitoxin,
ppm

No. of 
samples

Vomitoxin,
ppm

0.00 6 3-ND, 0.14, 0.16, 0.30 2 ND
0.01 — — 2 ND
0.02 — — 3 2 ND, 0.25
0.03 2 0.28, 0.41 2 ND, 0.38
0.04 — — 2 0.15, 0.23
0.05 1 ND 2 ND, 0.25
0.06 — — 2 ND
0.07 1 0.32 - -
0.08 — — 1 ND
0.10 1 0.16 5 ND, 0.06, 0.08, 0.36, 0.38
0.12 — — 1 0.50
0.16 1 0.14 1 0.46
0.17 — — 1 0.42

3 % by weight.
b CE refers to Canada Eastern.

Feed grade w heat and the 4 samples of ungraded  
w h eat than in  the w heat w h ich  made numerical 
grades, i.e., grade N os. 3 -5  CE. Forty-three 
percent o f the Canada Feed sam ples, 33% of the 
num erical grade sam ples, and 1 of 4 o f the u n 
graded sam ples sh ow ed  vom itoxin  lev els  above  
the 0.05 ppm  lim it o f detection.

M ulti-m ycotoxin analysis indicated that none  
of the m ycotoxins screened for was present at 
lev els above the lim its of detection in any of the 
41 sam ples analyzed .

T w enty-four sam ples representing boatloads 
or partial boatloads of b len d ed  w h eat from  
sh ip m en ts totaling 207 067 tons w ere Canada 
Feed grade. Table 3 show s the vom itoxin levels  
fou n d  in the 36 official sam ples drawn by the 
Canadian Grain Com m ission during boatloading 
operations. Com pared w ith  the Canada Feed 
grade sam ples from  producers (Table 2), the av
erage lev e l o f vom itoxin  was m uch low er in  the  
blended boatload sam ples (Table 3). For boat
load sam ples, vom itox in  lev els  in the "Canada 
Feed" grade sam ples w ere essentia lly  the same 
as in the num erical grades.

There w ere noticeable differences in the per
centage o f Fusarium -stained  kernels. In the 
boatload sam ples o f Canada Feed w heat (Table 
3), 87% conta ined  0.10% or less o f Fusarium- 
sta ined  kernels com pared w ith  43% in the in d i
vidual producer's sh ipm ents (Table 2). W hen  
w eig h ted  for the size o f sh ipm ents, sam ples 
containing 0.10% or less Fusm/urn-stained kernels 
accounted for 80% of the Canada Feed w heat 
sh ip p ed  throu gh  the Great Lakes system . 
H ow ever, a considerable proportion o f the

boatload sam ples conta in ing lo w  lev els  of 
stained  kernels sh ow ed  m easurable lev e ls  of 
vom itox in , w h ile  n on e o f the producers' sh ip 
m ents w ith  0.10% or less o f F u sariu m -sta in ed  
kernels contained  vom itoxin . A  possib le ex
planation is that b len d ing resulted in  d ilu tion  to 
the point that the Fusarium -staining could not be 
detected, yet chem ical analysis could  m easure 
vom itoxin  content.
M y c o l o g y

N eish  and Cohen (22) analyzed  vom itox in - 
contam inated sam ples of w h ite  w in ter  w h eat  
from  southw estern  Ontario for the presence  
o f Fusarium  species. Fusarium gram in earum  
Schwabe, F. poae (Peck) W ollen w eb er and F. 
sporotrichioides Sherbakoff sensu Seem iiller w ere  
isolated. F. gram inearum  w as the predom inant 
species and, o f 6 isolates tested, all produced  
vom itoxin  in  vitro. Canadian isolates o f the  
other 2 species are not kn ow n  to produce vom i
toxin.
F e e d i n g  S t u d i e s  — S w i n e

In 1973, V esonder et al. (9) isolated an em etic  
factor, vom itoxin , from  F u sa riu m -in iec ted  corn. 
Forsyth et al. (23) dem onstrated a dose-response  
relationship  b etw een  dietary vom itox in  lev e ls  
(0-40 ppm) and feed consum ption in sw ine. At
3.6 ppm vom itoxin, they reported a 20% decrease 
in  feed  intake.

Feeding trials w ere carried out in  our anim al 
facilities to assess the n u trition a l/to x ico lo g ica l 
effects of low  lev els of vom itoxin-contam inated  
w h eat on  sw in e. W hen pigs w ere fed  grow er-
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Table 4. Field studies of suspected mycotoxin outbreaks in Ontario and Quebec

Location Species Symptoms
Vomitoxin,

ppm
Zearalenone,

ppm

Smithville, Ontario pig vomiting; feed refusal 0.95 0.13
Barrie, Ontario pig pink mold; feed refusal 0.03 0.007
Buckingham, Quebec Pig vomiting; feed refusal; 100 0.14 <0.002

out of 500 pigs died
Buckingham, Quebec cattle 2 out of 7 cattle died
Hanover, Ontario pig vomiting <0.05 <0.2

fin isher diets conta in ing contam inated w h eat 
(1.0 ppm  vom itoxin), feed refusal in som e pen s  
of pigs w as ev id en t during the first 1 -3  days. 
A verage daily gains for the 21-day study w ere  
certainly related to vom itoxin  levels: 0.68
k g /d a y  for pigs fed vom itoxin-contam inated  
w h eat vs 0.82 k g /d a y  for p igs fed a d iet con 
taining contaminated w heat diluted 50 +  50 with  
clean w heat. In contrast, p igs fed  the control 
diet gained  0.95 k g /d a y . Post-m ortem  exam i
nations of the pigs at the end of the study did not 
ide 1 any organ dam age or d ifferences in 
organ w eigh ts corrected for body w eigh ts. 
There was no ev id en ce that the vom itox in -con 
tam inated feed  caused vom itin g  in  any of the  
treated anim als.

F e e d i n g  T r i a l s  — P o u l t r y
Prelim inary stu d ies by Featherston (24) su g 

gested  that poultry m ay be m ore tolerant; no  
differences w ere observed in  w e ig h t gain s and  
feed  efficien cies o f chicks fed  norm al and Gib- 
berella zeae-infected corn. Adams and Tuite (25) 
reported decreased egg  production and feed  
consum ption  of layin g h en s fed corn h eavily  
dam aged by G. zeae; no analyses w ere carried out 
to determ ine w hat toxin lev e ls  w ere fed. The 
decreased perform ance could have been due to 
vom itoxin  an d /o r  other contam inants in  the  
feed. M ore recently, H uff et al. (26) reported an 
acute LD50 for vom itoxin  o f approxim ately 140 
m g /k g  for you n g broiler chickens.

The feed in g  trials in our laboratory w ere d e
sign ed  to investigate nutritional and toxico logy  
parameters at m uch low er lev e ls  o f vom itoxin  
adm inistered daily over a period o f several 
w eeks. Close observation o f adult roosters im 
m ediately after they w ere force-fed 50 g  aliquots 
of clean w heat, vom itoxin-contam inated wheat, 
or a 50 +  50 m ixture o f these w heats, or w h en  
they received  these w h eat preparations ad lib i
tum indicated no noticeable changes in their 
behavioral patterns and appearance. Providing  
the preparations in the form of either cracked or

cold p elleted  w heat had no sign ifican t effect on  
the results. Post-m ortem  exam inations o f the  
roosters at the com p letion  of the 7-day experi
m ent indicated no gross lesion s in  the internal 
organs.

Incorporating vom itoxin-contam inated w heat 
into laying diets for you ng pullets indicated that 
up to 0.7 ppm  vom itoxin in the diet had no effect 
(P >0.05) on  feed  intake and egg production. 
There w as no indication that in gestion  o f the 
vom itoxin-contam inated  w heat produced any 
organ dam age (27).

A great deal o f research is still n eed ed  to es
tablish the lev els  o f vom itoxin-contam inated  
grain w h ich  are safe to feed to various classes of 
farm anim als. M any questions need to be an
sw ered, for exam ple, are the sym ptom s observed  
due to vom itoxin  or to interactions o f several 
toxins present in the feedstuff? Is there a re
sp on se to the fungus itself? Is there a purely  
nutritional im plication? Several studies have 
not reported vom itoxin  levels for the feeds used. 
Our findings indicate that feed consum ption and 
w eig h t gain s can be reduced in sw in e fed v om i
toxin-contam inated w heat at lev els  as lo w  as 0.3 
ppm . In the poultry experim ents, no major 
differen ces w ere observed in  feed  consum ption  
or egg  production. H ow ever, no gross organ 
dam age w as observed in  any of the p igs or 
poultry exam ined at the term ination o f experi
m ents.

F i e l d  S t u d i e s
The results o f 4 field  cases during the sum 

m er-autum n of 1980 are sum m arized in  Table 4; 
in all reports, p igs w ere affected. In 2 instances, 
commercial pig grower diets were suspect, w h ile  
in  th e others, barley and w heat screenings w ere  
im plicated. Based on our recent work w ith  pigs, 
vom itox in  m ight have been  an im portant con 
tributing factor in  the Sm ith ville , Ontario, pigs. 
In the other cases, the lev els  of vom itoxin  and 
zearalenone w ere low er than lev els  expected  to 
produce typical reactions.
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Preparation and Characterization of Acid Dehydration Products of 
Aflatoxicol
HON P. LAU* 1 and FUN S. CHU2
Food Research Institute, University of Wisconsin-Madison, Department of Food Microbiology 
and Toxicology, Madison, W I53706
T r e a t m e n t  o f  a f la to x ic o l  w i t h  a c id  r e s u l t e d  in  t h e  
f o r m a t i o n  o f  d e h y d r a t e d  d e r i v a t i v e s  w i t h  t h e  2 ,3  
d o u b l e  b o n d  e i t h e r  h y d r a t e d  o r  u n a f f e c t e d .  C h r o 
m a t o g r a p h i c  a n d  p h y s i c o c h e m ic a l  a n a l y s e s  o f  t h e  
p u r i f i e d  d e r i v a t i v e s  r e v e a l e d  t h a t  h y d r a t i o n  o f  t h e  
2 ,3  d o u b l e  b o n d  o f  a f la to x ic o l  w i t h  s i m u l t a n e o u s  
d e h y d r a t i o n  o c c u r r e d  w h e n  s u l f u r i c  a c id  w a s  u s e d .  
W h e n  a  w e a k e r  a c id  s u c h  a s  c h lo r o a c e t i c  a c id  w a s  
u s e d ,  n o  h y d r a t i o n  o c c u r r e d ,  a n d  2  i s o m e r i c  f o r m s  o f  
t h e  d e h y d r a t e d  a f l a to x ic o l  w e r e  o b t a i n e d .  C h i c k e n  
e m b r y o  a s s a y  a n d  t h e  A m e s  t e s t  r e v e a le d  t h a t  d e h y 
d r a t e d  a f l a to x ic o l s  w e r e  m u c h  l e s s  to x ic  a n d  m u t a 
g e n ic  t h a n  a f la to x ic o l .  A  m e c h a n i s m  f o r  t h e  d e h y 
d r a t i o n  o f  a f la to x ic o l  i s  p r o p o s e d .

A flatoxin  Bi is produced by som e toxic isolates 
of A spergillus flavu s  and A . parasiticus, and has 
been found to be one of the most potent naturally 
occurring carcinogens. Because o f the w id e
spread nature o f the fu n gi in the environm ent  
and the reported natural occurrence of aflatoxin  
Bi in m any com m odities, its presence in  foods 
and feed s has becom e a potential hazard to 
hum an and anim al health (1, 2). Consequently, 
efforts have been  m ade to d evelop  a rapid and  
sen sitiv e  m ethod for m onitoring this toxin in 
foods and feeds (3). D uring the past few  years, 
w e have been in v o lved  in  the d evelop m en t of 
im m unoassays for a num ber o f m ycotoxins in 
c lu d in g  aflatoxin Bj and have sh ow n  that this 
m ethod is one of the m ost prom ising techniques 
for aflatoxin analysis (4-8).

W hereas Bj is prim arily found  in agricultural 
com m odities, this toxin  is know n to be m etabo
lized  by anim als and hum ans to a num ber of 
hydroxylated  derivatives (9, 10). Thus, it is 
lik e ly  that Bi exists as its m etabolites in anim al 
tissues and biological flu ids. A m ong m any B! 
m etabolites, aflatoxin M i w as the predom inant 
m etabolite in  m ilk (11). A flatoxicol has been  
considered  to be on e o f the.m ost im portant B[ 
m etabolites because there is a correlation be
tw een  the presence o f th is m etabolite in  anim al 
tissues and body flu ids w ith  the toxicity o f B! in 
d ifferen t anim al species (10, 12, 13). S ince w e
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have already develop ed  an en zym e-lin k ed  im 
m unoassay for aflatoxin M] (14), w e attem pted  
to elicit specific antibodies against aflatoxicol. In 
the study o f d ifferent m ethods for preparing af
latoxicol derivatives to be used for the subse
quent cou p lin g  reaction, w e  found  that aflatox
icol converted to dehydrated derivatives after 
acid treatm ent. In this paper, w e  describe con 
d ition s lead ing to the form ation of such deriva
tives, and the chem ical, physical, and biological 
properties o f the acid dehydration product. A 
possib le  m echanism  for form ation o f such d e
rivatives is proposed.

Experimental

M a t e r i a l s
A flatoxin  B] and aflatoxicol w ere prepared  

according to the m ethods o f Chu (15) and Hsia 
and Chu (16), respectively . Chloroacetic acid 
w as obtained from Eastman Kodak Co. (R oches
ter, NY). d6-D im ethyl sulfoxide (d6-DMSO) was 
obtained from  A ldrich Chem ical Co. (M ilw au
kee, WI) and silica ge l 60 (70-230 m esh) was 
purchased from M C/B Manufacturing Chemists, 
Inc. (C incinnati, OH). A ll other chem icals and  
organic so lven ts w ere analytical reagent grade.

P r e p a r a t i o n  o f  2 - H y d r o x y l - D e h y d r a t e d  
A f l a t o x i c o l  U?2x)

A m ixture of 3.5 m g aflatoxicol and 50 p L  10% 
H 2S 0 4 in  3.5 mL acetone was refluxed 2 h. Thin  
layer chrom atographic (TLC) analysis revealed  
that all aflatoxicol converted to a com pound that 
had a low er R f value. The mixture was cooled to 
room  temperature, and the solven t was rem oved  
by evaporation. The residue was dissolved in 50 
mL chloroform  and w ashed w ith  three 10 mL 
portions o f water. The chloroform  layer was 
dried over anhydrous N a2S 0 4 and concentrated  
to a sm all volu m e. The concentrated solu tion  
w as loaded onto a silica ge l 60 colum n (1.5 X 15 
cm ), w ashed  w ith  200 mL 3% acetone in ch loro
form, and eluted w ith  5% acetone in chloroform . 
Total am ount o f pure 2-hydroxyl-dehydrated  
aflatoxicol eluted was 42 absorbance units at 350 
nm.
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P r e p a r a t io n  o f  D e h y d r a t e d  A f la to x ic o l  ( R x )

A  m ixture o f 10 m g aflatoxicol and 250 m g 
chloroacetic acid in 10 mL acetonitrile w as re
fluxed  2 h. TLC analysis revealed that all afla
toxicol w as converted  to a com pound that had a 
h igh er R ¡ value. The m ixture was cooled  to 
room temperature, and the solven t w as rem oved  
by evaporation. The residue was dissolved in 50 
mL chloroform  and w ashed w ith  three 10 mL 
portions o f water. The chloroform  layer was 
dried over anhydrous Na2S0 4 and concentrated  
to a sm all volu m e. The concentrated so lu tion  
w as chrom atographed on  a Florisil colum n (2.5 
X 25 cm) equilibrated w ith  m eth ylen e chloride. 
The colum n w as w ashed  w ith  20 mL m eth y len e  
ch loride. The dehydrated aflatoxicol (Rx) was 
eluted  from  the colum n w ith  600 mL 2% acetone 
in m ethylene chloride. The fractions containing  
the elu ted  Rx w ere com bined and concentrated  
to y ie ld  150 absorbance units (A  352 nm ) o f pure 
and 63 absorbance units (A  352 nm ) o f im pure 
dehydrated  AFL. A bout 90 absorbance units  
(A  352 nm ) of an unknow n impurity was obtained 
by w a sh in g  the colum n w ith  2 0 % m ethanol in 
m eth y len e  chloride.

A n a ly s i s
U ltraviolet (UV) spectra w ere determ ined in  

a Beckman M odel 25 spectrophotom eter w ith  a 
1 cm ligh t path. M ass spectra were obtained on  
a H ew lett-Packard M odel 5980A mass spec
trom eter (Palo A lto, CA). Proton nuclear m ag
n etic  resonance spectra (NM R) w ere m easured  
in  a Bruker M odel HX-90E spectrom eter (Bruker 
Scientific , Inc., Elm sford, NY). H igh  perfor
m ance liquid  chrom atographic (HPLC) separa
tions w ere perform ed on  a Waters M odel ALC 
2 0 2  liqu id  chrom atograph equ ipped  w ith  an 
A6000 pum p, U 6K septum less injector (Waters 
Associates, M ilford, M A) and a variable w a ve
len gth  UV detector set at 350 nm  (Laboratory 
Data Control, Inc., Riviera Beach, FL). A 
/iBondapak Cjg colum n (4 mm X 30 cm , 10 fim  
particle size; Waters Associates, Inc., M ilford, 
M A) w as used  for a ll separations. Precoated  
plastic TLC sheets (0.2 mm of silica ge l G60, 
M C /B M anufacturing C hem ists, Inc.) w ere d e 
veloped w ith appropriate solvent system s. After 
d evelop m en t, plates w ere v isu alized  under UV  
ligh t at lon g  w avelen gth .
C h ic k e n  E m b r y o  A s s a y

The toxicity of the dehydrated aflatoxicol was 
tested on 7-day-old ch icken em bryos (Leghorn- 
N ew  H am pshire cross, su p p lied  by the Depart

m ent o f Poultry Science, The U n iversity  o f W is
con sin , M adison) according to the m ethod  d e
scribed p reviously  (17).
M u ta g e n ic  A s s a y

Bacterial m utagenesis o f the dehydrated  afla
toxicol was assayed according to the agar overlay 
m ethod o f A m es et al. (18) as m od ified  by 
Drinkwater et al. (19) u sin g  Salm onella typh im u -  
riutn TA98.

Results and Discussion

C h a r a c te r iz a t io n  o f  2 - H y d r o x y l  D e h y d r o -  
A f la to x ic o l

Because the in itial objective o f the present 
study was to prepare an aflatoxicol derivative for 
subsequent conjugation to a protein , our first 
approach was to prepare the hem isuccinate. 
W hen w e found that the hem isuccinate was very  
unstable, w e used another approach by prepar
ing a derivative through the hydration o f the 2,3 
double bond o f aflatoxicol. H ow ever, extensive  
analyses o f the hydration product prepared by  
treatm ent o f aflatoxicol in  acetone w ith  sulfuric  
acid revealed that the new  derivative was not the 
2-hydroxyl derivative. TLC analysis sh ow ed  a 
diffu sed  spot w ith  an R f value o f 0 .2  w h en  d e
ve lop ed  in acetone-ch loroform  (1 +  9, v /v ) .  
HPLC analysis revealed 2 d istinct peaks w ith  
retention  tim es o f 4.5 m in  (70%) and 5.5 m in  
(30%) after elution w ith  acetonitrile-water-acetic 
acid (35 +  65 +  1, v / v / v )  at a f lo w  rate o f 2 
m L /m in. A lthough those properties suggested  
that hydration m ight occur, mass spectral data 
sh ow ed  that the parent peak w as at m /z  314 
(39%), identical w ith the m olecular w eigh t of the 
original aflatoxicol. O ther mass spectral peaks 
in clu d in g  m /z  (relative in ten sity) at 296(36), 
286(21), 285(100), 259(16), and 257(55) w ere ob 
served. Because the M — 18, M — 29, and M — 57 
peaks are sim ilar to the fragm entation pattern of 
B2a (2 0 , 2 1 ), present results suggest that hydration  
at the 2,3 position  had in d eed  taken place. The 
UV spectrum of the n ew  derivative in  m ethanol 
sh ow ed  maximal absorptions at 350 and 258 nm , 
com pared w ith  aflatoxicol w h ich  absorbs m axi
m ally at 330 nm. The 20 nm  bathochrom ic shift 
suggests that an additional conjugation double  
bond is formed. From the results, a structure for 
the n ew  derivative, R2X/ is proposed in  Figure 1. 
The acid hydration at the 2,3 doub le bond  p o si
tion  o f aflatoxicol m ust occur accom panying an 
acid dehydration o f  the hydroxyl group in  the 
m olecu le to g ive a com pound (R ix o f Figure 1) 
w ith  m olecular w e ig h t identical to the parent.
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F i g u r e  1 . P r e p a r a t io n  o f  2 - h y d r o x y l  d e h y d r a t e d  a f la to x ic o l  a n d  d e h y d r a t e d  a f la to x ic o l .

The 2 peaks observed in  the HPLC analysis 
m ight be the 2 isom ers w h ich  w ill be discussed  
later.
C h a r a c t e r i z a t i o n  o f  D e h y d r o - A f l a t o x i c o l
(R * )

In v ie w  o f the form ation of dehydrated prod
uct after treatm ent of aflatoxicol in acid, w e  at
tem pted to prevent dehydration by low ering the 
reaction temperature, using less acid catalyst, and 
using a weaker acid catalyst. H ow ever, w e could  
not obtain a hydrated product w ith ou t d eh y
drating the hydroxyl group. W hen a weaker  
acid catalyst such as chloroacetic acid w as used, 
the dehydrated product could be obtained in  
pure form. N o hydration of the 2,3 double bond  
w as observed.

TLC analysis (acetone-chloroform ; 1 +  9; v /v )  
of the com pound sh ow ed  2  distinct spots w ith  R ( 
=  0.79 (30%) and 0.71 (70%). HPLC analysis w ith  
aceton itrile-w ater-acetic  acid (50 +  50 +  1, v /  
v /v )  at a flow  rate of 2 m L /m in also gave 2 peaks 
w ith  retention times of 4.7 min (70%) and 5.7 min  
(30%). The com pounds absorbed m axim ally at 
352 and 258 nm  in  m ethanol. Mass spectral 
analysis revealed peaks at m /z  (relative intensity) 
297(20), 296(100), 268(24), 267(67), 253(27), and  
225(32). A ssignm ent for the protons of the 
NM R(d6-DM SO), as designated  to the structure 
of Rxa (Figure 1) for ppm  d ow n field  from tetra-

m eth y l silane (abbreviations: s-singlet, d-dou- 
b let, t-tr ip let, m -m u ltip let, b-broad) are: 
53.50(2H , s, H a), 53.94(3H, s, H d), ¿4.81(1H, d of 
t, H c), ¿5.42(1 H, t, H h), ¿6.69(2H, b-s, H e an c H f), 
56.92(1H, d, H g), 57.14(1H, d, H b), and 57.44(1H, 
d, Hj).

The physicochem ical properties o f the d eh y
drated aflatoxicol are sim ilar to the 2-O H -dehy- 
drated com pound in several respects. Both d e
rivatives had 2  isom ers and both also had similar 
UV spectra. The presence of 2 isom eric forms of 
both dehydrated products is lik ely  due tc the 
form ation o f carbonium  ion  w h ich  undergoes 
rearrangem ent to a m ore stable form. The 
m echanism  for the dehydration o f aflatoxicol is 
sh ow n  in Figure 1. The m olecular w eigh t (m /z  
296) and the NM R spectrum  of the com pound  
agree very w e ll w ith  the proposed structure of 
dehydrated  aflatoxicol. Structure Rxa in  Figure 
1 is the major product, and is probably m ore sta
b le than Rxb. The NM R cou p lin g  patterns of 
protons a, b, and i are of particular interest. 
Proton a is expected to couple w ith  proton b to 
g iv e  a doublet. H ow ever, due to the planar 
structure o f the cyclopentad iene ring and the  
dihedral ang le b etw een  protons a and b, the  
coupling constant becom es small; thus, a singlet 
w as observed for proton a. For the sam e reason, 
proton b does not couple w ith  proton a; thus it is 
on ly  sp lit by proton i to g ive a doublet.
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B i o l o g i c a l  A c t i v i t y  o f  D e h y d r a t e d  A f l a t o x i c o l
Since there is considerable evidence indicating 

that the 2,3 double b ond  in  aflatoxicol is im por
tant for its biological activity (2 2 ), w e  studied the 
effect o f th e additional bond  in  the dehydrated  
aflatoxicol m olecu le on  its b io logical activity. 
Results o f the chicken em bryo test revealed that 
the dehydrated com pound w as less toxic than  
aflatoxicol to 7-day-old  chicken em bryos. A ll 9 
em bryos in  the aflatoxicol group (2  q g /e g g )  
fa iled  to hatch at the en d  o f the incubation peri
od , w h ereas o n ly  half o f the em bryos injected  
w ith  h ig h  concentrations o f dehydrated afla
toxico l (10 jug/egg) fa iled  to hatch. At low er  
co n cen tra tio n s, th e d eh yd rated  aflatox ico l 
sh o w ed  no toxic effect on  the chicken em 
bryos.

M utagenesis assays sh ow ed  that the d eh y 
drated aflatoxicol w as also less m utagenic than 
aflatoxicol, w h ich  is know n to be less m utagenic  
than aflatoxin Bj (23). A flatoxicol produced  
approxim ately 700 revertant co lon ies at a lev el 
of 50 n g /p la te , w hereas the dehydrated com 
pound produced on ly  80 revertant colonies at the 
lev els  b etw een  50 and 500 n g /p la te  tested.

Previous studies have show n that although the
2,3 doub le bond in  the aflatoxin Bj m olecu le is 
essential for b iological activity, the cyclopen- 
tenone ring part also plays an important role (2 2 ). 
It has been suggested that whereas the 2,3 double 
bond in  Bi is directly in v o lved  in  the covalent 
b in d in g  to the m acrom olecules (24-27), the ex
ten sive conjugated doub le bonds m ay be im 
portant in  the n on covalen t interaction w ith  the  
substrate, thus enh ancing the covalent b ind in gs  
(22,28). In the present study, w e  found  that the 
toxicity and m utagenicity o f Rx, in  w h ich  the 
carbonyl group o f aflatoxin Bi w as replaced by  
an end ocyclic  doub le bond , w ere considerably  
low er than for aflatoxicol. This replacem ent to 
g ive  a cyclopen tad ien yl ring sh ou ld  confer  
greater rigidity to the m olecule, w hich  m ay affect 
subseq u en t m etabolism  and m acrom olecu le  
bindings. A lthou gh  dehydrated aflatoxicol can 
be prepared very easily by chemical m ethods, the 
question  o f w h eth er it is produced in  v iv o  by 
anim als as on e o f the Bi m etabolites warrants 
further study.

Acknowledgments

This work w as supported by the C o llege  of 
Agricultural and Life Sciences, the U niversity of 
W isconsin-M adison; by Public H ealth  Service 
Research Grant No. CA 15064 from the N ational 
Cancer Institute; and by contract No. 223-79-2270 
from  the Food and Drug A dm inistration . The

authors thank J. Abresch for carrying out the 
m utagenesis assays.

References
(1 ) G o ld b la t t ,  L. A . (1 9 6 9 ) Aflatoxin— Scientific Back

ground, Control and Implications, A c a d e m ic  P re s s , 
N e w  Y o rk , N Y , 4 7 2  p p .

(2) R o d r ic k s , J. V ., H e s s e l t in e ,  C . W „  & M e h lm a n ,  M . 
A . (E d s)  (1 9 7 7 ) Mycotoxins in Human and Animal 
Health, P a th o to x  P u b l i s h e r s  In c .,  P a r k  F o re s t  
S o u th ,  IL

(3 ) S to lo f f ,  L. (1 9 8 1 ) J. Assoc. Off. Anal. Chon. 6 4 , 
3 7 3 -3 8 0

(4) C h u , F. S ., & U e n o , I. (1977) Appl. Environ. Microbiol. 
3 3 ,1 1 2 5 - 1 1 2 8

(5) C h u , F. S ., G ro s s m a n , S., W e i, R. D „  &  M iro c h a ,  C. 
(1 9 7 9 ) Appl. Environ. Microbiol. 3 7 ,1 0 4 - 1 0 8

(6) P e s tk a ,  J. J., G a u r ,  P . K „  & C h u ,  F . S. (1 9 8 0 ) Appl. 
Environ. Microbiol. 4 0 ,1 0 2 7 - 1 0 3 1

(7 ) B ie r m a n n ,  V . A ., & T e r p l a n ,  G . (1 9 8 0 ) Arch. Lc- 
bensm. Mitt. 3 1 , 5 1 -5 7

(8 ) E l- N a k ib ,  O ., P e s tk a ,  J. J ., & C h u ,  F. S . (1 9 8 1 ) J. 
Assoc. Off. Anal. Cliem. 6 4 , 1 0 7 7 -1 0 8 1

(9) C a m p b e l l ,  T. C ,  & H a y e s ,  J. R . (1 9 7 6 ) Toxicol. Appl. 
Pharmacol. 3 5 ,1 9 9 - 2 2 2

(1 0 ) H s ie h ,  D . P . H .,  W o n g , J. J., W o n g , Z . A ., M ic h a s ,  
C „  & R u e b n e r ,  B. (1 9 7 7 ) i n  Mycotoxins in Human 
and Animal Health, J. V . R o d r ic k s , C . W . H e s s e l t in e ,  
& M . A . M e h lm a n  (E d s), P a th o to x  P u b l i s h e r s  In c ., 
P a r k  F o r e s t  S o u th ,  IL , p p .  3 7 - 5 0

(1 1 ) S to lo f f ,  L. (1 9 8 0 ) /. Food P ro f. 4 3 , 2 2 6 -2 3 0
(12) S a lh a b , A . S„ & E d w a rd , G . S. (1977) Cancer Res. 3 7 , 

1 0 1 6 -1 0 2 1
(1 3 ) H s ie h ,  D . P . H „  & W o n g , Z . A . (1 9 7 8 ) Science 2 0 0 , 

3 2 5 -3 2 7
(1 4 ) P e s tk a ,  J. J., L i, Y „ H a r d e r ,  W . O ., & C h u ,  F. S. 

(1 9 8 1 ) /. Assoc. Off. Anal. Cliem. 6 4 , 2 9 4 -3 0 1
(1 5 ) C h u ,  F. S . (1 9 7 1 ) J. Assoc. Off. Anal. Cliem. 5 4 , 

1 3 0 4 -1 3 0 6
(1 6 ) H s ia ,  M .-T . S „  & C h u ,  F. S. (1 9 7 7 ) Experientia 3 3 , 

1 1 3 2 -1 1 3 3
(17 ) W e i, R. D „  & C h u ,  F . S. (1 9 7 3 ) } .  Assoc. Off. Anal. 

Client. 5 6 ,1 4 2 5 - 1 4 3 0
(1 8 ) A m e s , B. N .,  M c C a n n , J„  & Y a m a s a k i ,  E. (1 9 7 5 ) 

Mutât. Res. 3 1 , 3 4 7 -3 6 4
(1 9 ) D r i n k w a t e r ,  N . R ., M i l le r ,  E. C „  M i l le r ,  J. A ., & 

P i to t ,  H . C. (1 9 7 6 ) /. Natl. Cancer Inst. 5 7 , 1 3 2 3 -  
1330

(2 0 ) P o h la n d ,  A . E „  C u s h m a c , M . E., & A n d r e l lo s ,  P . J. 
(1 9 6 8 ) /. Assoc. Off. Anal. Cliem. 5 1 , 9 0 7 -9 1 0

(2 1 ) L a u , H . P ., G a u r ,  P . K „  & C h u ,  F. S . (1 9 8 1 ) /. Food 
Safety 3 , 1 -1 3

(2 2 ) C h u , ' F . S . (1 9 7 7 ) Adv. Appl. Microbiol. 2 2 , 8 3 -1 4 3
(2 3 ) W o n g ,  J. J ., & H s ie h ,  D . P . (1 9 7 6 ) Proc. Natl. Acad. 

Sci. U.S.A. 7 3 , 2 2 4 1 -2 2 4 4
(2 4 ) L in , J. K ., M il le r ,  J. A ., & M il le r ,  E. C . (1 9 7 7 ) Cancer 

Res. 3 7 , 4 4 3 0 -4 4 3 8
(2 5 ) S w e n s o n , D . H „  M il le r ,  J. A ., & M il le r ,  E. C . (1973) 

Biocliem. Biopliys. Res. Commun. 6 0 , 1 2 6 0 -1 2 6 7
(2 6 ) E s s ig m a n n , J. M ., e t  a l. (1 977) Proc. Natl. Acad. Sci.

U.S.A. 7 4 ,1 8 7 0 - 1 8 7 4
(2 7 ) N o h ,  L , & C h u ,  F. S. (1 9 7 2 ) Bioorg. Cliem. 2 , 

7 7 -8 6
(2 8 ) M a in ig i ,  K. D ., & S o ro f , S. (1 9 7 7 ) Cancer Res. 37 , 

4 3 0 4 -4 3 1 2



102 TURNER ET AL. J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983)

High Pressure Liquid Chromatographic Determination of Zearalenone 
in Chicken Tissues
G. VINCENT TURNER, TIMOTHY D. PHILLIPS, NORMAN D. HEIDELBAUGH, 
and LEON H. RUSSELL
Texas A&M University, Department of Veterinary Public Health, College Station, TX 77843

A  m e t h o d  is  r e p o r t e d  f o r  t h e  e x t r a c t i o n  a n d  a n a l y s i s  
o f  z e a r a l e n o n e  in  c h i c k e n  f a t ,  h e a r t  m u s c le ,  a n d  
k i d n e y  t i s s u e  b y  u s i n g  h i g h  p r e s s u r e  l i q u i d  c h r o 
m a t o g r a p h y  (H P L C ) .  Z e a r a l e n o n e  i s  e x t r a c t e d  w i t h  
a c e t o n i t r i l e ,  c le a n e d  u p  w i t h  h e x a n e ,  a n d  e x t r a c t e d  
f u r t h e r  w i t h  e th y l  a c e ta te .  Z e a r a le n o n e  is  d e te r m in e d  
b y  H P L C  u s i n g  a r e v e r s e  p h a s e  r a d i a l  c o m p r e s s io n  
s e p a r a t io n  s y s te m ,  a n  u l t r a v i o l e t  a b s o r b a n c e  d e te c to r ,  
a n d  a  m o b i l e  p h a s e  o f  a c e t o n i t r i l e - w a t e r  (6 0  +  40) 
( v / v ) .  R e c o v e r ie s  o f  z e a r a l e n o n e  a d d e d  a t  l e v e l s  
f r o m  5 0  to  2 0 0  n g / g  a r e  i n  t h e  r a n g e  8 2 .6 -9 5 .1 % .

Z earalenone is  an estrogenic m ycotoxin  pro
duced by Fusarium roseum (F. gram inearum ) and  
other Fusarium  spp. and com m only occurs in  
grains and com m ercial preparations o f m ixed  
feeds (1-5). The im portance o f th is m ycotoxin  
and its chem istry, b io logical activity, and oc
currence in food have been  reported (6-10).

Corn and other grains are used ex ten sively  in 
poultry feed , so the lik elih ood  that ch ickens  
consum e zearalenone-contam inated feed  is cer
tainly very real. Recent studies have sh ow n  that 
chickens are not very susceptible to the effects of 
zearalenone (11-13). H ow ever, residues of 
zearalenone in chicken tissues may be of concern  
in terms o f food safety. It has been  sh ow n  that 
farm anim als exposed to zearalenone in their  
feed  can transm it residues o f the m ycotoxin  in  
their m ilk (14, 15).

Because zearalenone m ight enter the hum an  
food chain via chicken tissues, precise analytical 
m ethods are required to determ ine levels  o f 
zearalenone in  poultry. A lthou gh  num erous  
m ethods are available for determ ination of 
zearalenone in plant material, the procedures are 
not generally  applicable for analysis o f anim al 
tissues (16, 17). This paper describes a sim ple, 
rapid, and sen sitive HPLC m ethod for the  
quantitative determ ination o f zearalenone in  
chicken fat, heart m uscle, and k idney tissue. 
The m ethod in vo lves  a so lven t extraction step, 
sam ple cleanup by liq u id -liq u id  partition, final 
extraction, and zearalenone determ ination  by 
reverse phase HPLC w ith  ultraviolet absorbance 
detection.

METHOD

A p p a r a t u s
(a) H igh speed  h o m o g en izer .— P olytron  

(Brinkm ann Instrum ents, W estbury, NY).
(b) C e n tr ifu g e .— Internation al cen tr ifu ge  

M odel UV (In ternational E quipm ent Co., 
N eedham , MA).

(c) Evaporators.—(I) Buchi Rotavapor-R (Rinco 
Instrum ents Inc., G reenville, IL). (2) N-Evap  
Analytical Evaporator M odel 112 (Organomation  
A ssociates Inc., N orthborough, MA).

(d) High pressure liquid chromatograph.—Waters 
M odel ALC-204 equ ipped w ith  M 6000 pum p, 
U6K septum less injector, and M odel 440 UV d e
tector set at m axim um  sen sitiv ity  o f 0.005 ab
sorbance unit full scale (AUFS) and w ith  280 nm  
primary filter (Waters Associates, Inc., M ilford, 
MA).

(e) Variable w avelen gth  U V  d e tec to r .—Tracor 
970A variable w a velen gth  detector set at sen s i
tivity o f 0.01 AUFS (Tracor Inc., A ustin , TX).

(f) Liquid chrom atographic co lu m n .— Waters 
Radial-PAK A liquid  chrom atography cartridge 
(reverse phase). O perating conditions: chart 
speed  0.5 in ./m in ; f lo w  rate 1.5 m L /m in; tem 
perature am bient; injection volu m e 10 pL.

(g) HPLC recorder. —Series B 5000 Om niscribe 
(H ouston Instrum ent, A ustin , TX).

(h) In tegrator.— M odel 3390A reporting in te 
grator (H ew lett-Packard, A vondale, PA).

R e a g e n t s
(a) S o lven ts .—A ll so lven ts w ere d istilled  in  

glass (Burdick & Jackson, M uskegon, MI).
(b) HPLC mobile phase.—Acetonitrile-w ater (60 

+  40).
(c) Zearalenone standard solu tion.— D issolve 1.0 

m g zearalenone in  1 mL acetonitrile. (Zearale
non e was a gift from M. C. Backman, IMC Corp., 
Terre Haute, IN.)

(d) Chicken tissu es.—O btain abdom inal fat, 
heart m uscle, and k idney tissue from 16-w eek- 
old  leghorn  p u llets (ca 1.2 kg body w eigh t) fed
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a zearalenone-free d iet for 2 w eeks before eu
thanasia w ith  C 0 2.
Extraction

W eigh 4 g sam ples of fat, heart m uscle, and  
kidney tissue in  duplicate and cut in to  sm all 
pieces. Add 8 mL water to each sam ple and h o
m ogen ize  in 50 mL glass-stopper centrifuge  
tubes. Spike duplicate tissue hom ogenates w ith  
zearalenone at the fo llow ing levels: 50 ,100,150, 
and 200 n g /g . Use a tissue sam ple w ith  no 
zearalenone added as a control in  each case. Let 
stand 1 h. Add 25 mL acetonitrile, mix, and let 
stand 1 h, m ixing frequently. Centrifuge 15 min  
at 2500 rpm. Add 2 mL saturated lead acetate 
solu tion , mix gen tly , and centrifuge 15 m in at 
2500 rpm.
Cleanup

Decant supernate in to  125 mL separatory  
fun n el. Add 10 mL hexane and collect acetoni
trile-water fraction in another separatory funnel. 
Add 25 mL ethyl acetate. Discard water fraction. 
Collect aceton itrile-ethyl acetate fraction in 100 
mL round-bottom  flask and evaporate by using  
rotary evaporator. R em ove residual water by 
azeotropic m ixing w ith  acetonitrile. D isso lve  
residue in acetone and transfer to test tube. 
Evaporate to dryness under gen tle  stream of n i
trogen in fum e hood.
Liquid Chromatography

Prepare serial d ilu tion s o f standard zearalen
one solution and make triplicate injections of 50 
and 100  ng  zearalenone in to  liquid  chrom ato
graph. D eterm ine m ean peak areas for 50 and  
100 n g  zearalenone. A dd 500-750 p L  aceton i
trile to sam ple extracts. Inject, in  triplicate, 10 
p L  from each duplicate tissue sam ple. D eter
m ine am ount o f zearalenone in sam ples by 
com paring m ean peak areas w ith  peak areas ob
tained from k n ow n  concentrations of standard 
zearalenone.

To confirm  d etection  o f zearalenone, make 
sequentia l 10 /zL injections of 50 ng standard 
zearalenone and tissue extracts w ith  variable 
w a velen gth  absorbance detector set at consecu
tive w a velen gth s of 236 and 274 nm . Record 
peak areas and, in  each case, determ ine peak area 
ratio 236 /274. Peak area ratios obtained for tis
sue extracts shou ld  agree w ith in  10% of that ob
tained for standard zearalenone (4, 17-19).

R esu lts and D iscu ssion
Table 1 g ives the percentage recovery o f 

zearalenone from spiked chicken tissues after the

Table 1. Percentage recovery ‘  of zearalenone added to 
chicken tissues

Added,
ng/m L Kidney Heart Fat

50 84.4 ± 3 .2 82.6 ± 3 .6 88.4 ± 3 .9
100 87.4 ± 2.7 84.9 ±  4.6 89.9 ± 3 .7
150 92.1 ± 2.3 94.4 ± 3.0 94.9 ± 3 .1
200 92.9 ± 1.9 92.6 ± 4 .0 95.1 ± 3 .1

a Each value represents the mean ±SD for 6 analyses.

described extraction and cleanup, as m easured  
by HPLC. The m ean recoveries o f zearalenone  
added at lev els from 50 to 200 n g /g  are in  the  
range 82.6-95.1%.

U nder the HPLC conditions described, the 
analysis o f chicken fat, heart, and k idney tissue  
extracts y ie ld ed  w e ll resolved  peaks (Figure 1). 
N o problem s were encountered in  detecting and  
quantitating zearalenone. The retention  tim es 
and peak areas were h igh ly  reproducible for the 
range of zearalenone concentrations used in  this 
study. The relative standard d eviations were  
less than ±4% for triplicate injections from  d u 
plicate sam ples for each level of zearalenone  
added. The mean retention time for zearalenone 
was 5.0 min.

Figure 1 illustrates a typical chrom atogram  of 
50 n g  zearalenone standard and o f a ch icken fat 
sam ple to w h ich  zearalenone w as added at the 
150 n g /g  level. The peak represents 5.5 ng  
zearalenone (91.6% recovery) obtained from a 10 
p L  injection of fat extract. The zearalenone peak 
is unaffected by any interfering peaks. Chro
matograms obtained from  heart and k id n ey  tis
sue extracts also gave w ell separated zearalenone 
peaks. A standard curve for zearalenone gave  
a linear response from 1 to 50 ng. U nder the 
chrom atographic conditions described, as little  
as 1 n g  zearalenone standard can be detected  
(data not show n). It is quite possib le that this 
m ethod w ill a llow  detection  o f zearalenone in  
these tissues at m uch low er lev els  than those  
inclu ded  in  this study. Prelim inary data ob
tained in this laboratory indicate that the sen si
tiv ity  for fat sam ples is 6.8  ng zea ra len on e/g  
tissue. It also may be possib le to detect low er  
levels by increasing the initial tissue sam ple size 
a n d /o r  increasing the HPLC injection volu m e  
from 10 to 20 p L . Further work is in progress to 
investigate these possib ilities.

Various analytical procedures have been  d e
ve lop ed  for d etecting zearalenone, m any of 
w h ich  are d ifficu lt and laborious. The analysis 
o f ch icken tissues by HPLC, using a radial com 
pression separation system , for the presence of
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RETENTION TIME I min I
Figure 1. Chrom atogram  (schematic) of zearalenone 
s tandard  (50.0 ng) and chicken fat extract w ith  150 
n g /g  added zearalenone (91.6% recovery). D otted 
lines refer to contro l fat sam ple. See text for HPLC 

conditions.

zearalenone has not been  p reviously  reported. 
The HPLC procedure described here is sim ple, 
rapid, and sensitive. The extraction and cleanup  
procedure has been d esigned  to m in im ize the 
loss o f toxin during extraction. It was also an 
effective m ethod for rem oving interfering sub
stances in  the chicken tissues. This technique  
was not satisfactory for the analysis of skeletal 
m uscle. In som e m uscle tissue sam ples, the 
resolution o f zearalenone was confounded by the 
interference of an unidentified  peak. A lthough  
not the subject o f this paper, the technique d e
scribed may prove useful for m onitoring zear
a len on e in  the tissues o f chickens and possibly  
other food anim als suspected o f in gestin g  con
tam inated feeds.

Confirm ation techniques available for zear
a len on e inclu de the co llection  o f the zearalen- 
one-contained  eluate fraction from the liquid  
chrom atograph and the analysis o f the material 
by mass spectrom etry; the form ation of deriva
tives and their subsequent analysis; and the use 
of TLC w ith  various spray reagents. The con 

firm ation procedure em ployed was based on the 
absorbance ratioing technique described by ether 
workers, and was sim ple, practical, and satisfac
tory (4, 17-19).
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P E S T IC ID E  R E S ID U E S

Colorimetric Determination of Propoxur and Its Residues in 
Vegetables
K A L A P A N D A  M . A P P A IA H , O M P R A K A S H  K A P U R , and 
K R IS H N A R A J P E T  V . N A G A R A J A
C e n t r a l  F o o d  T e c h n o l o g i c a l  R e s e a r c h  I n s t i t u t e ,  M y s o r e - 5 7 0 0 1 3 ,  I n d ia

A m ethod has been developed for the determ ination  
of p ropoxur (o-isop ropoxypheny l A f-m ethylcarba- 
m ate) based on the  hydro lysis of p ropoxur w ith  
m ethanolic  po tassium  hydroxide to its p h en o l and 
coupling  w ith  d iazotized  4 ,4-d iam inod ipheny l sul- 
fone. The orange com plex form ed has an absorption  
maximum at 500 nm  and obeys Beer's law  in the range 
0.25-5.0 pg/m L . The m ethod can be applied to levels 
as low  as 0.5 ppm  propoxur from  vegetables.

Propoxur (o-isopropoxyphenyl N-m ethylcarba- 
mate) is a nonsystem ic carbamate insecticide used 
on a large scale against a broad spectrum  of in 
sects in  fie ld  crops, fruits, vegetables, ornam en
tals, and flow ers. It has also been  ex ten sively  
used for residual indoor applications against 
m osquitos, cockroaches, and flies. Propoxur 
residues have been determ ined by gas-liquid  
chrom atographic (GLC) m ethods (1-6), colori
m etric m ethods (7-13), th in  layer chrom ato
graphic (TLC) m ethods (14, 15), and TLC -enzy- 
matic m ethods (16 ,17). A lthou gh  GLC is ideal 
for d etecting and estim ating propoxur, its use is 
often  lim ited  by availability  and cost o f equ ip
m ent. U n availab ility  o f other chrom ogenic re
agents has, at tim es, necessitated a search for an 
alternative chrom ogen.

We developed a sensitive colorimetric m ethod, 
using the chrom ogenic salt 4,4-diam inodiphenyl 
su lfon e, w h ich  is m ore sen sitive than other co l
orim etric m ethods (7-13).

M ETH O D
Apparatus and Reagents

(a) S pectroph otom eter.— Perkin Elmer M odel 
475 w ith  1 cm silica cells.

(b) Blender.—Fire and explosion proof (Russel 
& Stall W aring Products D iv ision , D ynam ics  
Corp. o f Am erica, N ew  Hartford, CT).

(c) Chrom atographic co lu m n.—400 X 20 mm  id  
Pyrex glass colum n w ith  integral reservoir.

(d) P ropoxu r.— 99% pure (Bayer (India) Ltd,

Received February 9,1982. Accepted May 10,1982.

Thana, Maharashtra, India). Prepare w ork ing  
standard conta in ing 100 p g /m L  m ethanol.

(e) M ethanolic K O H .— Prepare IN  KOH in  
m ethanol.

(f) Sodium nitrite. —AR grade (Sarabhai Merc 
Ltd, Baroda, India). Prepare 1% so lu tion  in  
water.

(g) 4 ,4-D iam in odiphenyl su lfon e.—Burroughs 
W ellcom e & Co. (India) Private Ltd, Bombay- 
400023, India). Prepare 0.5% solu tion  in  m eth
anol.(h) Phosphate buffer. —Prepare pH  5 buffer by 
adding 15 mL of 2 /15M  N a H P 0 4.7H 20  to 1 L 
2/15 M  KH2P 0 4.

(i) F lorisil.— 60-100 AR grade (available from  
Fluka, Sw itzerland). H eat 24 h at 130°C to re
m ove m oisture. Deactivate by addin g 2.5% 
water (2.5 mL w ater +  97.5 g dried Florisil) and  
let equilibrate 24 h in  tigh tly  stoppered bottle  
before use.

Preparation of Standard Curve
Pipet ca 0.5 mL portions of 4 ,4-d iam inod i

p h en y l su lfon e to clean, dry test tubes. D iazo- 
tize by adding 1 mL 1% N a N 0 2 and 1 mL IN  HC1 
to each test tube.

Add 0.0, 0.05, 0.1, 0.2, 0.4, 0.8, and 1.0 mL a li
quots o f propoxur w ork ing standard so lu tion  
(5-100 pg) into separate test tubes. Add 2 mL 5% 
m ethanolic KOH and 2 mL w ater to each tube. 
Shake w ell and keep tubes on  boilin g  water bath 
30 m in. Rem ove tubes and let stand 10 m in  at 
room tem perature. Q uantitatively transfer d i
azotized  reagent into tubes con ta in in g  hydro
lyzed  propoxur. A n orange dye w ith  an ab
sorption m axim um  at 500 nm  w ill form  im m e
diately (color is stable 12 h). Let stand 5 m in  for 
fu ll color develop m en t. Q uantitatively transfer 
colored so lu tion  to 20 mL volum etric flask and  
d ilu te to vo lu m e w ith  m ethanol. Read absorb
ance of orange dye at 500 nm  in  spectropho
tom eter against blank sim ilarly prepared. Plot 
of concentration o f propoxur (0.25-5.0 p g/m L )  
against absorbance w ill y ie ld  straight line.

0004-5756/83/6601-0105-03$01.00
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Determination of Recovery
Sam ple extraction .—Extract propoxur residue  

in vegetables by cleanup procedure of Stanley et 
al. (3): W eigh 50 g sam ple (okra, cabbage, or 
beans) into b lender jar. Spike sam ples w ith  
25-250 p g  propoxur in 1 mL CHCI3. Add 5 mL 
water and 200 mL acetone and b lend 5 m in at 
h igh  speed . Filter sam ple through 12.5 cm  
W hatman N o. 42 paper covered w ith  ca 6 cm 
H yflo  Super-Cel in  Buchner funnel. Return 
filter cake to b len der and add 200 mL CHCI3. 
Blend sam ple at h igh  speed  for 3 m in and filter 
again. Wash blender jar and filter cake w ith 100 
mL acetone and 100 mL CHCI3. Evaporate f il
trate to dryness on  rotary vacuum  evaporator in  
38°C water bath. Transfer the residue in  flask 
to 250 mL separatory fu n n el w ith  50 mL CHC13 
and 25 mL pH  5 phosphate buffer. Shake sep 
aratory fu n n el 30 s and let stand 5 m in. Drain 
CHCI3 layer into 250 mL Erlenm eyer flask and  
extract buffer solution  tw ice m ore w ith  50 mL 
portions o f CHCI3. C om bine all C H C I 3  phases 
in flask. Evaporate CHCI3 extract to dryness on  
rotary vacuum  evaporator. Transfer residue in  
flask to 500 mL separatory funnel, using 150 mL 
hexane and 40 mL acetonitrile successively. 
Shake separatory fu n n el 30 s and drain aceton i
trile layer into another separatory fu n n el con
taining 80 mL hexane. Shake second separatory 
fu n n el 30 s and drain acetonitrile layer into  
round-bottom  flask. Add 40 mL fresh aceton i
trile to first separatory funnel and repeat 2-stage 
extraction as described above. Evaporate com 
bined acetonitrile phases to dryness and preserve 
residue for colum n chromatography as described 
below .

Column ch rom atography .—Tamp glass w ool 
plug into bottom  of chrom atography tube w ith  
integral reservoir of CHC13. S low ly sprinkle in  
15 g Florisil and let settle. Top colum n w ith  
anhydrous sodium  sulfate up to 2 cm and drain 
so lven t to top o f colum n. Transfer residue in 
flask to colum n w ith  4 washes of 5-10 mL CHCI3. 
Elute colum n w ith  total vo lu m e of 250 mL 
CHCI3, in c lu d in g  w ash es, at 2 -4  d ro p s/s . 
Transfer CHCI3 eluate to rotary vacuum  evap o
rator and evaporate just to dryness. D issolve  
residue in  appropriate quantity o f m ethanol and 
estimate amount recovered by m ethod described 
under standard curve preparation. Use separate 
crop control (blank) for each vegetable.

R esu lts and D iscu ssion
To check the recovery o f propoxur by the 

m ethod described, vegetab le sam ples (okra,

Table 1. Recovery (%) of propoxur from spiked 
vegetable samples (50 g sample)

Sample
Added,

Mg Found, Mg3 Ree., %
Okra 25 23.25 ± 0 .0 0 93.0

50 46.05 ± 0 .2 1 92.1
75 68.25 ±  1.45 91.0

100 90.10 ± 0 .4 0 90.1
Cabbage 25 24.07 ±  1.90 96.3

50 47.00 ±  0.00 94.0
75 69.90 ± 0 .7 2 93.2

100 91.00 ± 0 .5 1 91.0
Beans 25 24.00 ±  0.35 96.0

50 47.55 ±  1.50 95.1
75 70.27 ±  0.70 93.7

100 91.00 ± 1.20 91.4

a Average ±  standard deviation of 5 analyses.

cabbage, and beans) w ere sp iked  w ith  k n ow n  
am ounts o f propoxur and analyzed. Recoveries 
varied from 90.1 to 96.3% (Table 1). The m ethod  
can be used to determ ine levels as low  as 0.5 ppm  
in a 50 g sample. Interference by other phenolic  
substances is elim inated  by m easuring the ab
sorbance against a corresponding crop control 
(blank).

The linear relationship b etw een  the absorb
ance at 500 nm  and the concentration o f pro
poxur is valid  up to 5 pg/mL reaction m ixture. 
Beer's law  is obeyed  in the range 0 .25-5.0  
p g / m L .

H ydrolysis o f propoxur in  pure standard so
lu tions and also from vegetab le sam ples to its 
corresponding phenol is com plete only if carried 
out on  a b o ilin g  water bath for 30 m in. W hen  
h ydrolysis is perform ed for less than 30 m in, 
transformation of propoxur to its corresponding  
p h en ol is incom plete. H ow ever, loss o f pro
poxur occurs if h ydrolyzed  b eyond  th is tim e  
lim it.

The proposed colorim etric m ethod is s ligh tly  
m ore sen sitive  than the other colorim etric  
m ethods w ith  reported sensitiv ities of 0 .5-10 p g  
(7-13). A lth ou gh  the present m ethod is not as 
sen sitiv e  as the gas-liq u id  chrom atographic  
m ethods (1-6) and TLC-enzym atic m ethods (16, 
17), the m ethod is very usefu l for determ in ing  
propoxur residue in vegetables (permissible lim it
3.0 ppm).
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A colorim etric  technique has been developed w hich 
is su itab le  for use as a field -screen ing  m ethod for 
detecting  above-tolerance levels of parath ion on and 
in  c itrus fru its . By using  th is  m ethod , a grow er 
sh o u ld  be able to postpone harvesting  a crop u n til 
p a ra th io n  residues are below  to lerance level, so that 
th e  crop is safe to m arket. The m ethod depends on 
th e  reaction  of para th io n  w ith  4-(jp -n itrobenzy l)- 
pyrid ine. Parath ion is extracted by m ixing chopped 
c itrus rin d  w ith  acetone in a h and-opera ted  hom og
e n iz e s  T he extract is p artia lly  cleaned by a p a rti
tio n in g  step  before final cleanup w ith  a Sep-Pak 
F lorisil cartridge. The colored reaction so lu tio n  is 
read  at 560 nm  by using  a po rtab le , rechargeable 
spec trophotom eter. A single test can be com pleted 
in abou t 75 m in; the average tim e per test w hen sev
eral are conducted  sequen tia lly  is considerably  
sh o rter. The analy tical system  responds readily  to 
<5 ppm  p ara th io n  on or in 1 g navel orange rind , 
w hich  corresponds to < 1  ppm  in  the  w hole fru it. 
T he p resen t U.S. tolerance for p arath ion  on or in  cit
rus is 1 ppm  on a w hole f ru it basis. Prelim inary  
w ork  ind icates th a t the m ethod should  also be su it
ab le for apples.

Earlier work in this departm ent resulted in  re
ports on  a field  m ethod for estim ating organo- 
phosphorus insecticide residues on citrus foliage 
(1, 2). We have m odified  and extended that 
work to enable field -screen ing for above-toler
ance parathion residues on citrus. D evelopm ent 
of a fie ld  m ethod specifica lly  for parathion on  
and in citrus is desirable because citrus is a major 
agricultural crop in  California, and parathion is 
w id e ly  used on  citrus. If accepted, the m ethod  
w o u ld  be used  to help  ensure a grow er that his  
fruit w o u ld  be in  com pliance w ith  regulations. 
Thus, the grow er could delay harvest until re
sults indicated that residues had dissipated to a 
safe (tolerance) lev el for m arketing.

Specificity  is provided  prim arily in the main  
part o f the cleanup techn ique , w h ich  uses Sep- 
Pak Florisil cartridges. A lthou gh  absolute 
specificity  is not provided, parathion is the most 
com m only used organophosphorus pesticide in  
California citriculture w h ich  w ou ld  elute from  
Florisil under the conditions used, and in the 
fraction specified  in  the m ethod.

Received February 17, 1982. Accepted A p r il 29, 1982.

Experim ental

M a t e r i a l s
E ssentially the sam e as in Ref. 2 except a crys

ta llin e table salt bath on a 150°C hot plate was 
used. In the field , a cam pstove and related  
equipm ent as specified by Berck et al. (2) may be 
used. Caution: Cam pstoves can be hazardous 
in  use.
A d d i t i o n a l  E q u i p m e n t

(a) H and-opera ted  homogenizer. — 15 mL (Cat. 
N o. 37236, Bel-Art Products, Pequannock, NJ 
07440), m odified by making the Telfon® "pestle" 
very rough by cutting small pieces away from the 
entire surface w ith  a razor blade.

(b) Test tubes. — 15 X 150 mm, w ith  T eflon- 
lin ed  screw caps.

(c) C lean u p c a r tr id g e s .—  Sep-Pak® Florisil®  
cartridges (Waters Associates, M ilford, MA  
01757).

(d) M icro cells .—For use in rechargeable, por
table Bausch and Lomb m ini Spectronic 20 
spectrophotom eter.

(e) D isposable dropping pipets.
(f ) Set o f hand cork borers.

S a m p l e  P r e p a r a t i o n
Single f r u it .—Peel fruit and select uniform ly  

thick section  of rind near blossom  end. This 
represents portion w ith  h igh est concentration  
o f pesticide; analysis from this region  thus adds 
a safety factor to final result. To further ensure 
exam in ing m axim um  pesticide load, use fruit 
sam pled  from tree at 4-ft lev el, and from  
sprayer-row sides of tree (2). M easure rind  
thickness, and, from 5-mm thick p iece o f navel 
orange rind, cut disk by using N o. 14 hand-op
erated cork borer. Average w eigh t of 21-22 mm  
diam eter disk w ill be about 1 g. (Individual 
operators w ill w ant to do their ow n  calibration  
by determ in ing average w e ig h t of several disks 
obtained  from  d ifferent uniform  thicknesses by 
usin g  cork borers o f d ifferent sizes. Then use  
cork borer rind thickness com bination that w ill 
g iv e  about 1 g  sam ple.) W ith long-b lade kn ife, 
cut disk into small 4 -6  mm cubes on hard surface 
o f m asonite board, and then transfer entire

0004-5756/83/6601-0108-03Î01.00
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sam ple into tube of hand-operated hom ogenizer. 
A lth ou gh  its use is tedious, th is apparatus per
mits hom ogenization o f chopped sample w ithout 
use o f m otorized pow er (see below ).

R epresen ta tive w hole fru it sam ple .—Cut disk 
from rind sections from each of at least 20 fruits. 
Cut all disks in to  cubes, as above, m ix cubes 
thoroughly , and rem ove subsam ples to waste, 
m ixin g  after each rem oval, u n til on ly  a few  
grams remain. Rem ove 1 g sample, or preferably 
tw o or three 1 g sam ples for replicate analyses. 
M easure sam ple(s) in pre-calibrated volum etric  
containers, e.g., sm all plastic beakers. A lterna
tive ly , for either type sam ple, use portable bal
ance in ten d ed  for field  use, e.g., Ohaus® M odel 10-10.
D e t e r m i n a t i o n

A dd 5 mL acetone to sam ple in hand-operated  
hom ogenizer. Mix at least 20 m in to obtain good  
h om ogenate. If electricity is available, sm all 
stirring motor or electric drill motor (som e have 
cordless pow er packs) m ounted on ring stand can 
be used to sp in  h om ogen izer pestle (active part) 
w h ile  tube is m oved by hand into strategic p o
sitions, thus shortening time for hom ogenization  
to less than 10 m in.

Decant all acetone extract into screw-cap test 
tube. A dd 2 mL each o f hexane and dichloro- 
m ethane, cap tube, and mix contents thoroughly  
for 1 m in. Let settle, then use dropping p ipet to 
transfer to clean 100 mL beaker as m uch as pos
sib le o f upper layer, w ith ou t disturbing sm all 
lower layer. Add sodium  sulfate to cover bottom  
of beaker and sw irl beaker so that all liquid  
contacts sodium  sulfate. Place beaker on  outer 
edge o f warm, unplu gged  hot plate or, sim ilarly, 
on warm alum inum  cover plate o f cam pstove, 
w ith  all burners turned off. If b o ilin g  is too  
vigorous, m ove beaker nearer ed ge or rem ove it 
until hot plate or cover plate has cooled. W hen  
so lven t has just d issipated from any beaker, add 
5 mL hexane from  10 mL syrin ge w ith  need le. 
Let solvent evaporate again and this tim e rem ove 
beaker from heat. Add an additional 3 mL h ex
ane, and sw irl to d isso lve residues. Take up  
hexane so lu tion  in clean syringe w ith  need le. 
Exchange n eed le  for Sep-Pak Florisil cartridge 
that has been  prerinsed w ith  5 mL hexane, and  
expel syringe contents slow ly  through cartridge 
in to waste jug. Add another 2 mL hexane to 
beaker, sw irl, and sim ilarly take up in  sam e sy
ringe and expel this through cartridge. Follow  
sim ilarly w ith  5 mL 6% ether in hexane. Then  
add 5 mL 15% ether in  hexane, and co llect all 
cartridge efflu en t in  flat-bottom  screw-cap vial.

(If desired, rem ove 1 mL aliquot and save in  la
beled  screw-cap vial for possib le later analysis.) 
Add several crystals o f sodium  ch loride, then  
evaporate so lven t as described above. A dd 0.5 
mL 2% 4-(p-n itroben zyl)pyrid ine w ith  0.08% 
oxalic acid in acetone. Evaporate acetone, w ith  
hot plate unplugged or stove burners o ff during  
evaporation as m en tion ed  above. Caution: 
These solven ts are very flam m able. N o w  re
m ove sam ples and start heat source so that salt 
bath can be regulated to 150°C. Place sam ples 
in  bath and heat 3 m in  at 150°C, then  rem ove  
sam ples and let cool. In orderly, tim ed se
quences, add 1.0 mL TEA reagent (20% triethyl- 
am ine in acetone stored in  brow n bottle), and  
then 0.4 mL Na2C0 3 -NaCl solution (12% N a2CC>3 
and 15% NaCl in water). Swirl gen tly  to mix, let 
settle, and transfer by dropping p ipet su ffic ien t 
clear upper phase to a m icrocell, and read, w ith in  
3 m in  after m ixing, at 560 nm  vs instrum ent set 
at 100% T  w ith  acetone. D ispose o f test solution  
in waste jug and rinse cell w ith  acetone from  
polyethylene wash bottle, letting rinsings collect 
through fu n n el into waste jug.

For best quantitation, com pare u n k n ow n  
samples w ith fortified control standards similarly  
carried through m ethod. This approach sim u l
taneously corrects for background response in  
sam ples w h ile  p rovid ing a sou n d  quantitative  
basis. O nce an analyst is able to perform  tests 
w ith  satisfactory accuracy and reproducibility  
from day to day, it is not necessary to prepare 
standard graph each day. Instead, a replicate 
fortified level should be run each day to confirm  
that m ethod is still g iv in g  satisfactory results.

R esults and D iscu ssion
Citrus rind sam ples (1 g) from  control fruit 

consistently  gave no positive color w ith  the 
m ethod, and absorbance readings w ere alw ays 
w ith in  0.18-0.26 absorbance u n it vs acetone. 
These w ere not m uch d ifferent from  reagent 
blank runs o f 0 .16-0 .17 absorbance unit.

Citrus rind fortified  w ith  parathion in  the 
laboratory at the tim e o f extraction at lev e ls  cor
responding to 1 ppm  (w h ole  fruit basis) or 
greater gave positive color reactions w ith  ab
sorbance readings o f greater than 0.4 unit.

Replicate sam ples from lem on s, from  w h ich  
residues o f p reviously  sprayed parathion had 
largely dissipated, w ere carried through this 
m ethod  and aliquots from  the cleaned extracts 
w ere taken for gas chrom atography (GC) and 
liqu id  chrom atography (LC) (UV 265 nm). 
(Controls gave no interferences in  the retention  
tim e region  for parathion for GC w ith  either



electron  capture or alkali flam e ion ization  de
tection (AFID); the latter m ode gave the cleanest 
chromatograms.) Color reactions carried out on  
the bulk of the cleaned extracts w ere negative, 
w ith  absorbance readings of 0.21 and 0.22 unit. 
Both LC and GC analyses produced readily  
m easured peaks corresponding to parathion re
ten tion  tim es and provided calculated levels  of 
0.7 and 1 ppm , respectively , on  or in the rind. 
T hese results correspond to b etw een  0.2 and 0.3 
ppm  on or in the w h ole fruit, w ell below the U.S. 
tolerance level of 1 ppm (w hole fruit basis). The 
color test m ethod w ould have correctly approved 
these lem on s for harvesting if the testing had 
been  conducted for that purpose. Previous re
search here has established that essentia lly  no 
parathion penetrates into the pu lp  of citrus (3).

To sim ulate field-sprayed conditions, a section  
of rind from  a control navel orange was soaked  
8 h in  a parathion wettable pow der solution (0.72 
g /4 0 0  mL water) and then air-dried several days 
in a fum e hood. From similarly air-dried control 
rind sections, w e  determ ined that air-drying  
caused a loss of 70% of the rind w eigh t. T here
fore, 0.3 g sam ples of control and test rind sam
ples, equivalent to 1 g each c f  freshly peeled rind, 
w ere in d iv id u a lly  carried through the entire  
m ethod. The control produced a reading of 0.20 
absorbance unit; the reading from the test rind  
sam ple w as 0.58 unit.

The m ethod described is m ore specific for 
parathion (ethyl or m ethyl) com pared w ith  its 
specificity for other potential organophosphorus
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pesticide interférants. To interfere, a com pound  
must have adsorptivity on Florisil similar to that 
o f parathion so that it w ill elu te from a Sep-Pak  
Fiorisil cartridge under the same conditions. 
This excludes m ost other organophosphorus  
p esticides w ith  the know n exceptions o f diaz- 
in on , d ioxathion , and eth ion . N on e of tnese is 
p resently  in  use in  California citriculture.

W e b elieve  that the m ethod can be extended  
to apples. A  1 g sam ple o f pulp and p eel from a 
com m ercial G olden D elicious apple gave an ab
sorbance reading of 0.18. GC analysis w ith AFID 
gave no background response on an aliquot from 
the sam e sam ple.

A  fie ld  test kit to carry out this m ethod can be 
readily assem bled; Sep-Pak cartridges lend  
th em selves especially w e ll to this purpose. The 
Bausch and Lomb m ini Spectronic 20 spectro
photom eter was specified earlier for use in  a field  
m ethod for d eterm in ing anti-cholinesterase in 
secticide spray deposits on plant surfaces (4).
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Automated Extraction Technique for Determination of Experimental 
Insecticide Nifluridide and Its Cyclized Product in Water by High 
Pressure Liquid Chromatography
SHELDON D. WEST, GEORGIA K. DORULLA, and GEORGE M. POOLE 
Lilly Research Laboratories, Division of Eli Lilly and Co., Agricultural Analytical Chemistry, 
Greenfield, IN 46140
A m eth od  is described for the sim ultaneous de te r
m in a tio n  of the  experim ental insecticide n iflu rid ide  
(lV -(2 -am in o -3 -n itro -5-(trifluo rom ethy l)pheny l)-
2 ,2 ,3 ,3 -te tra fluo ropropanam ide) and its cyclized 
p ro d u c t, EL-919 (7 -n itro -2 -(l,l ,2 ,2 - te tra f lu o ro -  
e thy l)-5-(trifIuorom ethyl)benzim idazole), in  w ater. 
Both com pounds are extracted by passage of up  to 500 
mL w ater th rough  tw o Sep-Pak Ci8 cartridges joined 
in  series. T he extraction  is au tom ated  by u sing  vac
uum . The com pounds are eluted  from  the cartridges 
w ith  aceton itrile . Both com pounds are then  sepa
ra ted  and  m easured by h igh  pressure liq u id  chro
m atography  w ith  UV detection  at 235 nm . Recov
eries w ere 91.2-97.1% n if lu rid id e  and 82.7-98.0% 
EL-919 for deion ized  w ater sam ples fortified  w ith  
0.001-0.1 ppm  n iflu rid ide  and 0.005-0.1 ppm  EL-919. 
A nalysis of w ater sam ples (pH 8) from  b lueg ill and 
ra inbow  tro u t toxicity  stud ies w ith  n if lu rid id e  re
sulted in a half-life determ ination of 10 h at 13°C and
2.5 h at 20°C w ith  nearly  q u an tita tiv e  conversion to 
EL-919 w ith in  96 h.

N iflu r id id e  (N -(2 -am in o-3-n itro-5-(tr iflu oro-  
methyl)phenyl)-2,2,3,3-tetrafluoropropanam ide) 
is an experim ental insecticid e that is bein g  
evaluated for the control of the im ported fire ant 
(Solenopsis germ in a ta ) and the red im ported fire 
ant (S. in vic ta ) in  the southern  U n ited  States. 
Broadcast applications o f form ulated ant baits 
co n ta in in g  0.75% niflu rid id e at rates o f 10-20 g 
active in g red ien t/h a  have resulted in  delayed  
toxicity to ants, w h ich  permits distribution of the 
m aterial throu ghout the co lon ies (1, 2).

A  previou s study (3) has sh ow n  n iflu rid id e to 
be unstable in  aqueous solutions, w ith  rapid 
conversion  to the cyclized  product EL-919 (7- 
n itro -2 -(l,l,2 ,2 -te tra flu o ro eth y l)-5 -(tr iflu o ro -  
m ethyl)b en zim id azole). The conversion  pro
ceeded as indicated in  Figure 1 via a first-order 
reaction at 25°C  w ith  h a lf-lives o f 15.5, 3.5, and
2.0 h at pH 5.0,7.0, and 9.0, respectively (3). The 
instability o f nifluridide has presented problems 
for its determ ination  in  w ater from studies con 
ducted to determ ine its toxicity to fish  and  
aquatic organism s. Because rapid cyclization of

Received February 8,1982. Accepted June 22,1982.

NIFLURIDIDE EL—919
Figure 1. C onversion of n if lu rid id e  to EL-919.

nifluridide w ould be expected to occur before the 
water sam ples could be sent to the laboratory and 
analyzed , it w ou ld  not be possib le to accurately  
determ ine the initial exposure concentrations in 
the water. C onsequently, it w as necessary to 
d ev elop  a m ethod that w ou ld  stabilize n iflu ri
d id e as the parent com pound until its con cen 
tration could be determ ined. In th is paper, a 
m ethod  is described for stab ilizing n iflurid id e  
for the sim ultaneous determ ination o f both the 
parent com pound and its cyclized  product in  
water from environm ental toxicity studies. The 
m ethod em ploys a vacuum apparatus to automate 
the extraction of the chem icals in  water sam ples 
onto Sep-Pak C18 cartridges. Because o f the 
hydrophob ic nature o f n iflu rid id e and EL-919, 
the com pounds are adsorbed onto the octadecyl 
silan e bond ed  phase o f the cartridges and then  
elu ted  w ith  a sm all vo lu m e o f acetonitrile.

M ETH O D
A p p a r a t u s

(a) S ep-P ak  C js ca r tr id g es .— W aters A sso
ciates.

(b) Sep-Pak extraction apparatus .—Figure 2.
(c) Glass syr in g e .— 20-50  mL w ith  Luer tip.
(d) High pressure liquid chrom atograph .—Varian 

M odel 5060 pum p, Varian M odel 8055 autosam 
pler, D u pont variable w a velen gth  UV spectro
photom eter, and strip chart recorder. Pum p  
m eth an o l-w ater-acetic  acid (65 +  35 +  0.1) m o
b ile  phase through CO:PELL ODS guard colum n  
(W hatman, Inc.) and Lichrosorb RP18 colum n at
1.5 m L /m in . Injection vo lu m e 25 pL ; operate 
detector at 235 nm  and 0.02 AUFS.
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3-Way
T-Shaped Stopcock Tygon Tubing

Figure 2. Vacuum  extraction apparatus for autom atically  extracting several large-volum e w ater sam ples w ith
cartridges.

Reagents
(a) S o lv e n ts .—  A ceton itrile , m ethanol, and  

w ater (all HPLC grade); glacial acetic acid (re
agent grade).

(b) Standard solutions.—(2) Stock solu tion.— 1.0 
m g niflurid id e p lus 1.0 m g EL-919/mL acetoni
trile. (2) In term ediate solution. — 100 /rg n iflu ri
d id e p lu s 100 /rg EL-919/m L acetonitrile. 
Transfer 5.0 mL stock solu tion  to 50 mL v o lu 
m etric flask and d ilu te to vo lu m e w ith  acetoni
trile. (3) Direct standard.—2.C /eg nifluridide plus
2.0 /ug EL-919/mL acetonitrile. Transfer 1.0 mL 
in term ediate solu tion  to 50 mL volum etric flask 
and d ilute to volu m e w ith  acetonitrile. Prepare 
direct standards at other concentrations, if ap
propriate. Both com pounds are stable in aceto
n itrile under refrigeration for at least one  
m onth.
Automated Sample Extraction

U sin g  short p iece o f Tygon tubing, join short 
en d  of on e Sep-Pak Cig cartridge to lon g  end  of 
secon d  cartridge. Place end s of cartridges in  
close contact w ith  one another to prevent contact 
of w ater sam ple w ith  T ygon tubing. U se metal 
Luer tips to attach lon g  end of resu lting dual 
cartridges to glass tubing lead ing to graduated  
cylinder, and attach short end to 3-way T-shaped 
stopcock (Figure 2). Rinse cartridges by pu lling  
20 mL acetonitrile through cartridges under 
vacuum , follow ed by 20 mL rinse w ith deionized  
water. Discard rinses. M easure required v o l
um e (up to 500 mL) of water sample in graduated 
cylinder. U sin g  vacuum , pu ll water sam ple 
through dual cartridges at ca 15-20 m L /m in until

both cartridges are essentia lly  free of residual 
water. Discard water. Detach cartridges from  
extraction apparatus, and attach lon g  end  of 
joined  cartridges to Luer tip of glass syringe. 
Elute n iflurid ide and EL-919 by pum ping 20 mL 
acetonitrile through cartridges into 125 mL 
evaporating flask. Evaporate acetonitrile eluate 
to dryness on rotary vacuum  evaporator w ith

zo

Figure 3. C hrom atogram s dem onstrating  s im u lta 
neous de te rm in atio n  of n iflu rid id e  and EL-919 in 
w ell w ater from  fish tanks: A, standard  n if lu rid id e  
p lus standard  EL-919, 62.5 ng each; B, contro l w ell 
w ater extract; C, contro l w ell w ater fo rtified  w ith  25 
p pb  n if lu rid id e  (93.4% recovery) and 25 ppb  EL-919 

(92.7% recovery).
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Table 1. Recovery of nifluridide and EL-919 from water

Fortified,
ppm

Sample voi., 
mL

Nifluridide EL-919
N % Ree. N % Ree.

0.100 100 6 95.8 ± 2 .0 5 90.1 ± 2 .8
0.025 200 6 91.2 ±  1.6 6 88.8 ± 3 .7
0.001 500 6 97.1 ± 5.1 6 NDa
0.100 100 0 6 82.7 ± 2 .9
0.025 200 0 5 97.6 ± 4 .00.005 500 0 5 98.0 ± 4.1

3 None detected.

water bath heated to 35-45°C . D issolve residue 
in  m easured vo lu m e o f acetonitrile (use 1.0 mL 
for maximum assay sensitivity). Quantitate both 
com pounds sim ultaneously  by HPLC.

R esu lts and D iscu ssion
For the determ ination  o f n iflu rid id e con cen 

trations in  w ater from environm ental toxicity  
studies w ith  the insecticid e, a m ethod that sta
b ilized  n iflurid id e for analysis w as desirable. 
N iflu r id id e does not cy clize to form EL-919 in  
acetonitrile; therefore elu tion  o f the com pound  
from  Sep-Pak cartridges w ith  acetonitrile stabi
lized  the insecticid e as the parent com pound. 
Thus, both com pounds could be extracted from  
water onto Sep-Pak Q s  cartridges, e lu ted  w ith  
acetonitrile, and sent to the analytical laboratory 
as the acetonitrile extract. At the laboratory, the 
extract was stored under refrigeration u n til an
alyzed. N iflu rid id e and EL-919 are stable in  
acetonitrile under refrigeration for at least one  
m onth.

Both com pounds w ere separated and quanti
tated on the same chrom atogram , as sh ow n  in 
Figure 3. The absence o f interfering peaks in the

chrom atogram  of the control w ater extract 
demonstrates that the m ethod possesses adequate 
selectiv ity  for determ in ing the insecticid e and  
its cyclized  product in w ater from  fish  tanks.

The automated extraction technique w as used  
to facilitate the extraction o f large vo lu m es of 
w ater through the cartridges, as opposed  to 
m anually pum ping w ater through cartridges 
w ith  a glass syringe (4-7). W ith the apparatus 
sh ow n  in  Figure 2, several large-volum e water 
sam ples m ay be processed autom atically. We 
have found that this technique may also be used  
for laboratory extraction o f m any other com 
poun ds from  aqueous solu tion . W ith som e  
com pounds (including EL-919), it is necessary to 
join 2 cartridges to increase recoveries.

The apparatus w as d esign ed  to prevent ex
traction o f in terferin g  substan ces such as 
phthalates from the Tygon tubing. As show n in 
Figure 2, the com pounds o f interest are extracted 
from the water onto the cartridges before the 
w ater passes through the lon g  section  o f tubing  
leading to the vacuum flask, w h ich  also serves as 
a w astew ater co llection  container. The water 
entering the cartridges from  the graduated cyl-

Table 2. Conversion of nifluridide to EL-919 in water at 13°C and 20°C

Water temp., 
°C

Concn range, 
ppma

Time,
h

% of Initial (av. ±SD)
Nifluridide EL-919

13 0.3-1.6 0 91.2 ± 13.8 8.8 ± 13.8
6 57.5 ±  21.8 24.2 ± 12.7

24 34.0 ± 9.9 77.8 ± 10.1
48 10.1 ± 2.8 93.0 ± 15.7
96 0.8 ± 1.3 86.2 ± 30.9

20 0.16-0.45 0 90.8 ± 4.9 9.2 ± 4.9
6 24.3 ± 5.2 55.5 ±11.1

24 ND6 83.5 ± 5.0
48 ND 78.2 ± 5.4
96 ND 81.3 ± 6.0

3 At 13°C, nominal concentrations were 0.3. 0.4, 0.56, 0.8, 1.1, and 1.6 ppm. At 20°C, nominal concentrations were 0.160, 
0.200, 0.250, 0.300, 0.365, and 0.450 ppm. 

b None detected.
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inders contacts the glass tub ing and m etal Luer 
tips but does not contact the T ygon tubing that 
stabilizes the connections.

The m ethod described in  this paper is capable 
of determ in ing concentrations as low  as 0.001 
ppm  niflurid id e and 0.005 ppm  EL-919. The 
recovery lev els  and precisions obtained by ana
ly z in g  replicated sam ples o f d eio n ized  water  
fortified  w ith  both com pounds or w ith  EL-919 
alon e are sum m arized in  Table 1. T hese recov
eries dem onstrate the stability  o f n iflu rid id e  
during the extraction process.

This m ethod w as used for an a lyzin g  w ater 
sam ples (pH  8) from  environ m en ta l toxicity  
studies w ith  rainbow trout and b lu eg ill, and  
assay results are sum m arized in  Table 2. The 
h alf-life  for n iflu rid id e w as d eterm ined  to be 
approxim ately 10 h at 13°C and 2.5 h at 20°C, 
w ith  nearly quantitative conversion  to EL-919 
w ith in  96 h. The half-life o f 2.5 h  at pH  8 and  
20 °C correlated w e ll w ith  the p reviou sly  deter
m ined  h alf-life  o f 2.0 h at pH  9 and 25°C  ob
tained by direct injection HPLC (3).

During the course o f analysis o f water samples 
from fish toxicity studies, recovery data were also

obtained by fortify ing control w e ll w ater w ith  
both com pounds. N o  significant differences in  
recoveries w ere observed w ith  the w e ll w ater 
sam ples com pared w ith  those w ith  d eio n ized  
water.

Acknowledgments
The authors thank R. L. Cain and R. O. Burger 

for technical assistance.

References
(1) Lilly Research Laboratories (1981) "Technical Re

port on EL-468 Experimental Insecticide," India
napolis, IN, pp. 1-3

(2) Cooper, R. B„ & Day, E. W., Jr (1982) 56th Meeting 
of Southeastern Branch of the Entomology Society 
of America, Mobile, AL

(3) West, S. D„ & Day, E. W„ Jr (1982) ]. Agric. Food 
Chem. 30,795-796

(4) Riggin, R. M„ & Howard, C. C. (1979) Anal. Chem. 
51,210-214

(5) West, S. D„ & Day, E. W„ Jr (1981) J. Assoc. Off. Anal. 
Chem. 64,1205-1207

(6) Waters Associates, Inc. (1979) Technical Bulletin 
B23, Milford, MA, pp. 1-12

(7) Waters Associates, Inc. (1981) Technical Bulletin 
B41, Milford, MA, pp. 1-8



GARCIA-M ORENO ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 1, 1983) 115

F O O D S

Improved Method for Determination and Identification of Serotonin 
in Foods
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University of Salamanca, Department of Bromatology, Toxicology, and Chemical Analysis, 
Faculty of Pharmacy, Salamanca, Spain
A  p r e v i o u s l y  d e s c r ib e d  m e t h o d  to  i d e n t i f y  a n d  
q u a n t i t a t e  s e r o t o n i n  i n  f o o d s  h a s  b e e n  i m p r o v e d .  
T h e  e x t r a c t i o n  a n d  s e p a r a t i o n  o f  s e r o t o n i n  f r o m  i n 
t e r f e r i n g  s u b s t a n c e s  h a s  b e e n  i m p r o v e d ,  a n d  t h e  
s c o p e  o f  m a te r i a l  to  w h ic h  t h e  m e th o d  m a y  b e  a p p l i e d  
h a s  b e e n  w i d e n e d .  T h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  
(R S D )  f o r  r e p e a t e d  d e t e r m i n a t i o n s  o f  s e r o t o n i n  in  
c a n n e d  f r i e d  t o m a t o  p u r é e  a n d  t h e  a v e r a g e  r e c o v e r y  
o f  s e r o t o n i n  a d d e d  to  t h e  s a m e  s a m p le  w a s  6 .2 5  a n d  
8 9 .9 % , r e s p e c t iv e l y .  T h e  m e t h o d  s h o w e d  t h e  p r e s 
e n c e  o f  s e r o t o n i n  i n  a p r i c o t s ,  c h e r r i e s ,  a n d  p e a c h e s .

In a previous paper a m ethod  w as described for 
the determ ination of serotonin in foods (1). The 
m ethod inclu ded  alkaline butanol elu tion  from  
a sand colum n, extraction o f seroton in  from the 
eluate w ith 0.1N HC1, quantitative determination  
by spectroflu orom etry, and verification  by  
spectrofluorom etry and th in  layer chrom atog
raphy (TLC). This m ethod  w as satisfactorily  
applied  to fresh bananas, banana-based baby 
foods, and fresh and canned tom atoes.

There is great interest in  the possible presence  
o f seroton in  in  other foods because o f its b io
logical activity, direct toxicity, interaction w ith  
certain drugs, and even possible beneficial effects 
(2-7). T herefore, w e  attem pted to ex tend  this 
m ethod to more com plex derivatives of the foods 
studied (canned fried tomato purée, for example) 
and other foods: apricots, cherries, p lum s, and  
peaches. H ow ever, w h en  the procedure was 
applied  to sam ples o f such foods, the fluores
cence spectra o f food  extracts w ere not the sam e 
as those of standard serotonin. In addition, TLC 
results w ere not d efin itive  in sp ite o f usin g  lead  
acetate as a clarifier, a lthough  seroton in  appar
en tly  w as detected.

It may be deduced that different com positions 
of food  g iv e  rise to the presence in  the final ex
tracts of interferences w h ich  w ere not present in  
the sam ples in itia lly  studied. T herefore, w e  
studied  the effects o f som e procedural m od ifi

Received January 5,1982. Accepted April 23, 1982.

cations to im prove the original seroton in  assay:
(a) m ixing the sam ple w ith  anhydrous sodium  
sulfate to obtain a m ore selective extraction and  
avoid  the interference o f water; (b) treating the  
sam ple before extraction w ith  seroton in -in so l
uble organic solvents; (c) treating the butanol 
eluate w ith  other so lven ts after extraction and  
before carrying out spectrofluorom etry; and (d) 
treating the final acid solu tion  to rem ove inter
fering substances before qualitative verification  
by TLC.

METHOD

Apparatus
(a) Spectrofluorom eter.—A m inco SPF 125.
(b) R o to va p o r.— Buchi R.A. w ith  W-240K  

bath.
(c) TLC p la te s .—For 5 plates, 20 X 20 cm , h o 

m ogen ize 35 g silica ge l G (type 60; M erck) and  
70 mL water. A ctivate plates 30 m in  at 110°C  
before use.(d) Glass colu m ns.— 500 X 300 m m , w ith  N o. 0 
filter in  bottom , and stopcock (Afora).
Reagents

(a) Serotonin-creatinine su lfa te m on oh ydra te .— 
(Merck). U sed  throughout study, w ith  con cen 
trations expressed as function  o f pure sero
tonin.

(b) Alkaline butanol.—Mix a few  drops (ca 1 mL) 
of saturated aqueous solution of N aO H  w ith  200 
mL analytical reagent grade «-butanol, to pH
9-10.

(c) o-P h thala ldehydc (O P T ).— D isso lve  0.5 g 
OPT (Fluka) in  100 mL ethanol.
Calibration Curve

Prepare solu tion  of 1 m g seroton in /m L  0.1N  
HC1. Prepare fresh every day. P ipet 1 mL this 
solu tion  into 100 mL flask and d ilu te to volu m e  
w ith  0.1N  HC1 (10 /rg/m L), and from this, pre
pare so lu tion s conta in ing 0.01, 0.02, 0.06, 0.10, 
0.40, 0.60, 1.00, 1.50, and 2.00 p g /m L  0 .1N  HC1.

0004-5756/83 /6601-0115-03$01.00
© Association of Official Analytical Chemists, Inc.
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Read excitation wavelength at 295 nm and 
emission wavelength at 340 nm against 0.1N HC1 
blank. Obtain new calibration curve for each 
series of determinations.
E x t r a c t i o n  a n d  S e p a r a t i o n

Homogenize samples in mechanical blender. 
Weigh 15 g sample and place in 200 mL beaker, 
and then add fine sand and anhydrous Na2S0 4 
(2 + 1) until resulting mixture is practically dry, 
that is, consistency should be dry and should not 
form lumps (ca 90 g sand and 45 g anhydrous 
Na2S0 4 ). Add 50 mL alkaline butanol and let 
stand 0.5 h, shaking occasionally. Pack this 
mixture into glass column which is shielded with 
black paper (serotonin is sensitive to light). 
Wash beaker with 150 mL alkaline butanol and 
add wash to column.

Extraction proceeds as drop-by-drop elution 
of butanol from column. Adjust elution to last 
ca 1 h. Extract alkaline butanol eluate in separ
atory funnel 6 times with 20 mL portions of 
deionized water. Add 10 mL petroleum ether to 
water-extracted butanol eluate. Extract washed 
butanol eluate with five 20 mL portions of 0.1N 
HC1, combine 0.1N HC1 extracts, and adjust with 
0.1N HC1 to a final volume of precisely 100 
mL.
S p e c t r o f l u o r o m e t r y

Q u a n t i ta t i v e  a n a ly s is . — Read fluorescence val
ues of HC1 solution at maximum excitation 
wavelength 295 nm and maximum emission 
wavelength 340 nm.

Q u a li ta t iv e  a n a ly s is .—Compare excitation and 
emission spectra of HC1 solution to ensure that 
they coincide with those of pure serotonin.

T h i n  L a y e r  C h r o m a t o g r a p h y
Wash HC1 solution (obtained by extraction and 

separation procedure) 3 times with 20 mL ethyl 
ether each time. Evaporate ether-extracted 0.1N 
HC1 solution to dryness in rotovapor at 40°C and

redissolve in 1 mL 0.1N HC1. On same TLC 
plate, spot standard serotonin, sample extract, 
and serotonin standard and sample superim
posed. Develop plate with chloroform-metha- 
nol-acetic acid (70 + 20 + 40).

Spray with OPT; after spraying, subject to heat 
(110°C) for 20 min. Serotonin gives character
istic brown-yellow fluorescence at 360 nm.

Results and Discussion
To verify the reproducibility of the improved 

method, serotonin was determined 10 times on 
different days on the same batch (canned fried 
tomato purée). Results were 1.6,1.7,1.5,1.6,1 .6,
1.4,1.5,1.7,1.6, and 1.7 ppm. The relative stan
dard deviation (RSD) was 6.25% (8 ).

Canned fried tomato purée was chosen be
cause of the complexity of its ingredients and the 
technological processes it undergoes. Salt is 
added to tomato pulp and the mixture is fried in 
vegetable oil before sterilization and canning. 
All other samples tested lacked interferences.

To determine percent recovery, different 
amounts of serotonin, 0.5, 1.0, 2.5, 5.0, and 10.0 
ppm, were added to a single sample and assayed 
5 times at each level (Table 1). Average recovery 
of the 25 assays was 89.9%.

When the original and improved methods 
were applied to a single sample, only the fluo
rescence spectrum of the latter corresponded to 
serotonin (Figure 1). When the aqueous phase 
(obtained by washing the butanol phase) was 
dried and redissolved in 0.1N HC1, the fluores
cence spectrum of this solution corresponded to 
the spectrum for possible interfering substances, 
as may be deduced from a comparison with the 
spectrum obtained with the original method.

The method was satisfactorily applied to 
apricots, cherries, plums, peaches, and canned 
fried tomato purée, regarding the absence of in
terferences and recoveries. Recoveries were in 
the same range as those recorded for tomato 
purée. Recoveries were verified by addition of 
serotonin standard, and the presence of seroto-

Table 1. Recovery (%) of serotonin added to different samples of the same canned fried tomato purée

Added, ppm Rec., %a Av. rec., %

0.5 80.0 100.0 100.0 80.0 80.0 88.01.0 90.0 100.0 90.0 90.0 80.0 90.0
2.5 80.0 88.0 92.0 84.0 100.0 88.0
5.0 90.0 94.0 82.0 96.0 98.0 92.0

10.0 93.0 94.0 92.0 95.0 80.0 90.8
Overall 89.9

av. rec.

3 In all cases, the amount of serotonin originally contained in the sample was taken into account.
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EXCITATION EMISSION
i(nm)

Figure 1. F luorescence spectra o f seroton in  standard so lu tio n  and final extracts obtained  by app ly in g  orig inal
and im p roved  m eth od s to a s in g le  sam p le (canned fr ied  tom ato purée). __________ S e r o t in in ;---------- w ith o u t
w a sh in g  a lk a lin e  b u ta n o l p h ase (o rig in a l m e th o d ); ........a fter w a sh in g  a lk a lin e  b u ta n o l p h ase (im p roved

m e th o d );-------- -• liq u id  u sed  for w ash in g .

nin was confirmed by TLC. As far as we know, 
the presence of serotonin has not been described 
previously in any of the materials in which we 
have found it: apricots, cherries, and peaches
(9).
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F IS H  A N D  O T H E R  M A R IN E  P R O D U C T S

Identification of Frozen, Cooked Shellfish  Species by Agarose 
Isoelectric Focusing
KATE WIGGIN and  JUDITH KRZYNOWEK
N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e ,  N o r t h e a s t  F i s h e r i e s  C e n t e r ,  G l o u c e s t e r  L a b o r a t o r y ,  
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A m o d ifica tio n  o f the A O A C  o ffic ia l m eth od  for  
gen eric id en tifica tio n  o f cooked  and frozen  crabm eat 
w as in v estig a ted  in  an ex p er im en t in  w h ich  th e  
cooked  m eats o f a variety  o f sh e llf ish  w ere id entified . 
T h e m o d ific a tio n , su b stitu t in g  agarose for p o ly a c 
ry lam id e as th e g e l m ed iu m , has m any advantages  
o ver the o ffic ia l m eth od , in c lu d in g  ease o f g el p rep 
aration , n on tox ic  reagents, and rapid fo cu s in g . R e
su lts  in d ica te  that th e m o d ifie d  m eth od  is  easier to  
u se and that id e n tific a tio n s  o f co o k ed  sh e llf ish  
sp e c ies  can be m ade as read ily  as w ith  the current 
A O A C  m eth od .

Species of crabs in cooked, frozen crabmeat have 
been successfully identified using urea-based 
polyacrylamide gels for isoelectric focusing 
(PGIEF) as described by Krzynowek and Wiggin 
(1, 2). Focusing times of 18-24 h with the pre
vious method were relatively lengthy, and 
polyacrylamide gels contain the toxic acrylamide 
monomer (3). The introduction of a purified 
agarose gel enables researchers to use a stable, 
nontoxic medium for isoelectric focusing. It has 
essentially no reactive grouos and gels quickly 
without a catalyst. It has been shown that 
agarose gel isoelectric focusing (AGIEF) gives 
reproducible species-specific sarcoplasmic pro
tein patterns in species of raw fish (3). This 
method was modified to focus the cooked pro
teins that are encountered in our species identi
fication studies of cooked products. This paper 
reports on those changes and the use of AGIEF 
as a substitute for the previous PGIEF method of 
species identification. Species investigated in
clude 6 genera of crab: red (G e ryo n  q u in q u e d e n s ) ,  
Jonah (C a n c e r  b o rea lis ) , blue (C a ll in e c te s  s a p id u s ) ,  
king (P a ra lith o d es  ca m tsc h a tica ) , snow (C h io noectes  
s p p .) , and stone (M e n ip p e  s p p .) . Blue mussels 
( M y t i l u s  e d u l is ) , surf clams (S p is u la  so lid is s im a ) ,  
spiny lobster (P a n u lir u s  a r g u s ) , and rock shrimp 
(S ic y o n ia  s p p .)  were included to show that they 
also focus into unique, species-specific pat
terns.

Received February 2, 1982. Accep-ed May 19, 1982.

Experimental
A p p a r a t u s

(a) E le c tr o fo c u s in g  a p p a r a tu s .—Pharmacia flat 
bed apparatus FBE 3000 (Pharmacia F ine Chem 
icals, Piscataway, NJ 08854).

(b) P o w e r  s u p p ly .—Pharmacia electrophoresis 
constant power supply ECPS 3000/150.

(c) S la b  c o o lin g  s y s t e m .— Neslab bath cooler 
PBC-4 and Neslab Tamson circulator (Neslab 
Instrum ents, 871 Islington St, Portsmouth, N H  
03801).

(d) S a m p le  ap p lica tio n  fo i l .—Pharmacia Cat. No.
19-2942-01 or FM C Corp. Lot No. 99289.

(e) S a m p le  a p p lic a to r  p a p e r s .—3MM Whatman 
paper cut to ca 5 X 10 mm.

(f) G el b a c k in g .— "GelBond," 7 m il: polyester 
support treated on one side for adherence of gel 
(FM C Corp., Marine Colloids D iv ., Rockland, M E 
04841).

(g) F ilte r  p a p e r .— S&S No. 577 (Sch leicher & 
Schu e ll, 543 W ashington St, Keene, N H  
03431).

R e a g e n t s
(a) E le c tr o ly te s .—0.1M NaOH (catholyte); 0.1M 

H 3PO 4 (anolyte).
(b) 10M u r e a .—Schw arz/M ann (M ountain 

V iew  Ave , Orangeburg, N Y  10962) u ltra pure 
urea. Prepare new solution each day.

(c) A m p h o ly te s .—LK B  Ampholine, pH  4-6, pH
3.5-5, pH  3.5-10 (L K B  Instrum ents Inc ., Rock
v ille , M D 20852).

(d) A g a r o s e .—M arine Collo ids IsoGel.
(e) S o r b ito l .— 20% (w /v ).
(f) F ix a t iv e .— 4% trichloroacetic acid and 3% 

su lfosalicylic acid in  m ethanol-water (30 + 
70).

Mention of a commercial company or product does not 
constitute an endorsement by National Marine Fisheries Ser
vice. Use for publicity or advertising purposes of information 
from this publication concerning proprietary products cr the 
tests of such products is not authorized.

0004-5756/83/6601-0118-05$01.00
© Association of Official Analytical Chemists, Inc.
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(g) C le a r in g  s o lu t io n .—Water-ethanol-acetic 
acid (67 + 25 + 8 ).

(h) S t a i n .—0.2% Coomassie Brilliant Blue 
R-250 or Serva Violett 49 in clearing solution.
P r e p a r a t i o n  o f  S a m p l e s

All samples were composites of at least 10 
shellfish of any one species. The shrimp sample 
was a composite of 40 shrimp. Previous studies 
show no pattern differences among individuals 
of any one species.

All samples were cooked in boiling water to 
extract the meat, and subsequently frozen to 
—20°F. Jonah crabs were boiled in 3% NaCl for 
15 min and the meats were handpicked and then 
frozen. The remaining crabmeat samples were 
purchased from commercial sources already 
processed and frozen. Mussels were harvested, 
cooked until gaped, shucked, and stored frozen 
in plastic tubs. The rock shrimp and spiny lob
ster were sent frozen raw from Florida. The rock 
shrimp were simmered 1 min, and the lobster, 20 
min. They were then handpicked and frozen. 
Surf clams were aquaculturally grown in Mil
ford, CT. They were steamed over boiling water 
8 min, shucked, and stored frozen in plastic tubs. 
In all cases, cooking methods were “cookbook" 
recommendations. No pattern differences were 
observed among different batches of the same 
species if the same cooking times were adhered 
to. Longer cooking times can result in fainter 
protein banding patterns after staining, but the 
pattern itself remains unchanged. Before sam
pling, both the mussel samples and clam samples 
were each thawed and blended until homoge
neous. An aliquot was used for protein extrac
tion. All samples were blended with 10M urea 
in a ratio of 2:1 (wt:vol.) meat:urea for approxi
mately 2 min. The resulting mixture was cen
trifuged at 12 800 g, and the supernate was used 
for spotting. Amounts as small as 0.8 g meat to 
0.4 mL urea may be used.
P r e p a r a t i o n  o f  G e l

The gel was made according to Lundstrom (3). 
A 30 mL syringe holds enough gel solution for 
2 gels, 105 X 200 X 0.75 mm thick. The gel mold 
is made by rolling a piece of GelBond (hydro
philic side towards gel), cut to the same dimen
sions as the glass plates (105 X 200 mm), over a 
small amount of water on one glass plate. A 0.75 
mm thick spacer bar is placed on the GelBond, 
followed by a glass plate. The entire assembly 
is clamped together on 3 sides. The mold and 
the syringe must be warm (under an infrared 
lamp) while pouring the gel. Then 0.24 g IsoGel

is mixed in 15 mL water and heated to 90°C to 
dissolve; 13.5 mL 20% (w/v) sorbitol is added, 
mixed, and cooled to about 70°C before adding
1.0 mL Ampholine, 40% (w/v), pH 4-6; and 0.5 
mL Ampholine, 40% (w/v), pH 3.5-10. Mixed 
solution is poured into 2 molds, using syringe. 
Gel blanks (IsoGel in water and heated to 90°C) 
may be made ahead of time and stored at 4°C. 
Gels have been stored in their molds at 4°C for 
2 days with no apparent ill effects. The open 
end must be sealed with tape to prevent dehy
dration. The agarose gels in ca 20 min and is 
then refrigerated >30 min.
P r o c e d u r e

When ready to use gel, carefully separate glass 
plates and remove spacer bar, leaving gel ad
hered to GelBond. Place GelBond over a small 
amount of water on cooling slab, working out air 
bubbles to ensure good contact with cooling 
platform. Maintain coolant at 0-10°C. Blot gel 
with S&S No. 577 filter paper, cut to size of gel, 
to remove excess water. Place sample applica
tion mask or 3MM Whatman paper (sample ap
plicator papers) at cathode end. Pipet either 5 
or 10 p L  sample supernate into mask, depending 
on size of loading slit. Allow about 5 min for gel 
to absorb sample, and then remove mask. If 
using sample applicator papers, pipet 10-20 p L  
sample supernate onto papers, where it is ab
sorbed immediately. Place electrolyte wicks 
soaked with anolyte and catholyte solutions at 
ends of gel; place platinum electrode wire on top 
of wicks. Focus proteins 30 min by applying 30 
watts of constant power with a limiting voltage 
of 1500 V and a limiting current of 50 mA. 
When using sample applicator papers, remove 
these after 15 min and continue separation for 
another 15 min.
F i x i n g ,  S t a i n i n g ,  a n d  D r y i n g

After focusing time is complete, remove elec
trolyte wicks from gel and place gel in fixative 15 
min. Remove gel from fixative and place wet 
piece of S&S No. 577 filter paper over entire gel. 
Lay gel, filter paper side down, over stack of 
paper towels. Place glass plate and 500-1000 g 
weight on top. Remove saturated paper towels 
to speed drying process. After 15 min, carefully 
peel off filter paper and dry gel under infrared 
lamp until white protein precipitates are no 
longer visible and gel is dry to touch. Place gel 
in clearing solution 1 min, and then in stain 
heated to 60°C for ca 1 h. Destain briefly in 2-3 
changes of clearing solution. Again, dry gel 
under infrared lamp.
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Results and Discussion
We have found several procedural techniques 

with this method that yield protein band pat
terns that stain darker and are more unique to the 
species. One such procedural technique would 
be the choice of matrices for the gel medium. 
Although the incorporation of urea into poly
acrylamide gels greatly enhanced the protein 
bands (Figure 1) for that medium, agarose gels 
gave better results if urea was omitted and gels 
were made with water. Urea appeared to 
weaken the strength of the agarose gel, making 
it watery. Urea-based gel did not adhere well to 
the GelBond, and dense background staining 
made the protein bands hard to distinguish. 
Exclusion of urea from the gel allowed raising 
the power from 1 watt constant power in over
night focusing as in the PGIEF method to 30 
watts for 30 min in this method.

Another deviation from the PGIEF method 
(Figure 2) was the placement of extracted protein 
at the cathode rather than the anode and the use 
of acidic pH ranges for the focused gradient. 
Comparison of the 2 plates done by the 2 meth

ods shows an area of precipitated protein in the 
AGIEF method which is prevented in the PGIEF 
method by the inclusion of urea in the polyac
rylamide gel.

Samples extracted with 10M urea gave the 
darkest banding patterns after staining. Urea 
(10M) was more successful as an extracting so
lution (Figure 3) than 2% Triton X-100 (non-ionic 
detergent), 1% and 1 0% sodium dodecyl sulfate 
(SDS) (anionic detergent), 10% glycine, or 20% 
diethylene glycol. These were blended with the 
sample meat in a ratio of 1:1 (wt:vol.) or 2:1 as 
with the urea. Sample meat left in contact with 
1 0M urea for more than 1 day and centrifuged 
before spotting produced darker stained patterns 
than freshly extracted and centrifuged supernate 
(Figure 4). Extracted samples have been frozen 
for 2 weeks with no change in their banding 
patterns. The extraction step greatly affects the 
amount of stainable material after focusing. 
While close inspection of the focused and stained 
plates reveals that all bands are present and re
producible from plate to plate for any one 
species, the variation in staining intensities can

Figure 1. P o lya cry lam id e g e l isoe lectr ic  fo cu s in g  o f 5 co o k ed , frozen  crab sp ec ies. U rea-extracted  p rote in  
(20 /*L) w as sp o tted  at a n o d e on 3M M  W hatm an paper.
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pH 4 6

Figure 2. A garose g e l iso e le ctr ic  fo cu s in g  o f 10 co o k ed , frozen  sp ec ies. U rea-extracted  p ro te in  (10 juL) w as  
sp o tted  at ca th od e. D ark areas are p recip ita ted  p ro te in s.

lead to erroneous sample identification, as might 
occur in Figure 4 between 1-day-old and 5-day- 
old red crab. For this reason, it is suggested that 
authenticated samples be run simultaneously

and identically with unknown samples.
This method offers an excellent alternative to 

PGIEF. The main advantage of the PGIEF 
method is the incorporation of urea into the gel,

O N A h RED
Figure 3. AGIEF sh o w in g  d ifferent extraction procedures. Sam ples supernate (10 fil.) w as spotted  at cathode 
in  lo a d in g  s lits  o f p lastic m ask . A, 20% d ie th y le n e  g lyco l; B, 10% glycin e; C, 10% SDS; D , 1% SDS; E, 2% Triton  
X-100, and F, 1 0M  urea. T h e la tter 4, red and Jonah crabs, w ere urea-extracted  30 d ays b efore  sp o tt in g  on

th is  p la te (pH  4 -6 ).
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Figure 4. AGIEF show ing 5 crab species in pH 4-6 range and spotted at cathode. The first 2 in each set of 
4 were freshly extracted supernate, and the second 2 were extracted 4 days before spotting on this plate.

which keeps the denaturated proteins in solution 
in the gel. Although proteins precipitate near 
the cathode in the AGIEF method, this method 
is certainly more rapid and safer than PGIEF, and 
species of cooked products can be identified.

Acknow ledgm ents
Our thanks to the Northeast Fisheries Center,

Milford Laboratory, Milford, CT.
References

(1) Krzynowek, J., & Wiggin, K. (1979) J. Assoc. O f f .  
A n a l .  C h e m . 62, 630-636

(2) Krzynowek, J., & Wiggin, K. (1981) J. A s s c c .  O f f .  
A n a l .  C h e m . 64, 670-673

(3) Lundstrom, R. C. (1981) /. Assoc. O ff .  A n a l .  C h e m . 64, 
38-43



LUNDSTROM : J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, N O . 1, 1983) 123

Fish Species Identification by Agarose Gel Isoelectric Focusing: 
Collaborative Study
RONALD C. LUNDSTROM
National Marine Fisheries Service, Northeast Fisheries Center, Gloucester Laboratory, 
Gloucester, MA 01930-2599
Collaborators: M. C. Annand; C. R. Barmore; S. A. Braddon; B. Caffrey; J. Krzynowek; 
W. Laird; A. F. LaTerza; T. Lin; B, W. Little; I. M. Mackie; I. M. Moodie; R. Morrison;
P. H. Odense; G. P. O'Leary; S. Stiles; B. E. Tuhkunen; K. Wiggin
A m ethod for fish species identification by agarose 
gel isoelectric focusing was collaboratively studied 
to determine if unknow n samples could be identified 
by comparison of the unknow n protein pattern w ith 
a photograph of protein patterns from authentic 
species. Fourteen collaborators were sent 19 or 20 
unknow n samples along w ith  supplies and instruc
tions for m aking pH 2.5-9.0 agarose isoelectric fo
cusing gels. The unknow n sarcoplasmic protein 
patterns were identified  by comparison w ith  a sup
plied 8X 10  in. photograph of protein patterns from 
18 authentic species. The 14 collaborators identified 
a total of 276 unknow n samples w ith 84% accuracy. 
Eight of 14 collaborators averaged 90% or more cor
rect. Two collaborators averaged 80-85% correct, 
while the rem aining 4 collaborators averaged 50-69% 
correct. No one species was consistently m isidenti- 
fied; however, the m ethod is not recom m ended for 
adoption in its present form.

Isoelectric focusing of sarcoplasmic proteins in 
polyacrylamide gels is an excellent method for 
the identification of fish species. A collaborative 
study of a polyacrylamide gel isoelectric focusing 
(PGIEF) method in which unknown species' 
patterns were identified by comparison with a 
photograph of protein patterns from authenti
cated species resulted in 93% of the unknown 
samples being correctly identified (1). All un
known species were correctly identified except 
for samples of monkfish (L o p h iu s  a m e r ic a n u s ) .  
Monkfish was subsequently found to have a 
polymorphic protein pattern with 3 distinct 
variations detectable using the PGIEF method (2). 
PGIEF was adopted by the AOAC as an official 
final action method in October 1980, after one 
year at official first action with no further prob
lems reported.

In view of the known toxicity of acrylamide,

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 C and was accepted by 
the Association (J. Assoc. Off. Anal. Client. 65, 373 (1982)).

appropriate warnings were included in the 
method to protect potential users. However, 
because acrylamide is a potent cumulative neu
rotoxin, an alternative stabilizing medium was 
sought. The introduction by several manufac
turers of a highly purified agarose suitable for 
use in isoelectric focusing led to the development 
of an alternative species identification method 
based on agarose gel isoelectric focusing (AGIEF) 
(3). Aside from the advantage of replacing the 
toxic acrylamide with nontoxic agarose, AGIEF 
has the added advantage of speed. The protein 
separation step can be completed in 30 min 
compared with 90 min for the PGIEF method, 
and the fixing, staining, and destaining steps are 
also much faster.

Fourteen collaborators were each sent 19 or 20 
unknown frozen fish samples from 10 different 
species. Collaborators were also supplied with 
materials to produce pH 2.5-9.0 agarose gels, an 8 X 10 in. photograph of a pH 2.5-9.0 agarose gel 
showing protein patterns from 18 authenticated 
species and a copy of the proposed method. 
Because monkfish was found to have 3 distinct 
patterns, all 3 patterns were included on the 
"library gel" and each collaborator was given 2 
of the 3 different monkfish types as unknown 
samples. The collaborators were instructed to 
analyze the unknown samples according to the 
supplied method and to identify the unknowns 
by comparing their protein patterns with the 
patterns shown on the photograph.

M E T H O D

A p p a r a t u s
(a) T h in  la y e r  iso e lec tr ic  fo c u s in g .—LKB 2117 

Multiphor for electrofocusing (LKB Instruments, 
Inc., 12221 Parklawn Dr, Rockville, MD 20852), 
or equivalent apparatus.

Mention of trade names or commercial firms does not imply 
endorsement by the National Marine Fisheries Service. 

Received August 31, 1981. Accepted April 1, 1982.
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(b) P o w e r  s u p p ly .— Constant power type ca
pable of m aintaining constant power up to 30 
watts.

(c) C o n s ta n t  te m p e r a tu r e  c ir c u la to r . —Capable 
of circu lating water or antifreeze solution 
through cooling platform at 0-10°C .

(d) C o v e r e d  p la s t ic  or g la s s  t r a y s .—To hold fix 
ing , staining, and destaining solutions. M in i
mum size depends on size gel used. Some 
plastics may cause the stain to precipitate during 
the staining procedure.

(e) G la ss  p la te s . — 125 X 260 X  3 mm for Mul- 
tiphor or sized to fit apparatus in  use.

(f) G el b a c k in g .—GelBond, 0.2 mm th ick , cut 
to size of desired gel (FM C Corp ., M arine Co l
loids D iv is io n , Rockland, M E 04841).

(g) S a m p le  a p p lic a tio n  f o i l . —For agarose gels 
(Catalog No. 2117-206, LK B  Instrum ents, Inc.).

(h) F ilte r  p a p e r .—S&S No. 577 (Schleicher & 
Schu e ll, 543 W ashington St, Keene, N H  
03431).

(i) D r y in g  a p p a r a tu s .— Infrared heat lamp or 
electric hair dryer.

R e a g e n t s
(a) F ix ing  s o lu tio n .—Mix 150 m L methanol and 

350 m L water. Add 17.25 g su lfosalicylic acid 
and 25 g trichloroacetic acid. Discard after one 
use.

(b) D e s ta in in g  s o lu t io n . —M ix 500 m L alcohol 
and 160 m L acetic acid. D ilute to 2 L  w ith  
water.

(c) S ta in in g  s o lu t io n .— Dissolve 1.15 g Coom- 
assie Blue R-250 in 1 L  destaining solution. 
Discard after one use.(d) A n o d e  s o lu t io n .—O .IM H 3PO 4.

(e) C a th o d e  s o lu t io n .— 0.1M N aO H.
(f) A g a r o s e .— IsoGel Agarose (FM C Corp.).
(g) C a rrie r  a m p h o ly te s .—LK B  Am pholine , pH 

ranges 2.5-4, 5-8, and 3.5-10 (L K B  Instrum ents, 
Inc.).

(h) d -S o rb ito l  s o lu t io n .— 20% (w /v )

S a m p l e  P r e p a r a t i o n
Thaw  frozen fish overnight in  refrigerator or 

1 h in  cold water. Collect drip flu id  that forms 
upon thawing. Remove suspended particles in  
drip flu id  by centrifuging 5 m in at >1000 g. 
A lternatively, filter drip flu id through Whatman 
No. 1 paper in  refrigerator if  centrifuge is not 
available. Centrifuged drip flu id  may be stored 
at 4°C  a maximum of 2 days before discarding.

A g a r o s e  G e l  P r e p a r a t i o n
The fo llow ing directions produce a 125 X 260 

X 1 mm thick gel suitable for use w ith  Multiphor.

Amounts can be adjusted to produce smaller or 
larger gels as needed.

S te p  I —Add 0.24 g IsoGel agarose and 15 mL 
water to 50 mL screw-cap test tube. Melt agarose 
in 90-100°C water bath. Use immediately or let 
solidify at room temperature and store at 4°C. 
Discard when bacteria or mold growth is evi
dent.

S te p  2 —Add 13.5 mL 20% (w/v) sorbitol (h) to 
melted agarose and mix.

S te p  3—Add LKB Ampholine carrier ampho
lytes in the following proportions for pH 2.5-9.0 
gradient: 0.9 mL pH 3.5-10; 0.3 mL pH 2.5-4; 0.3 
mL pH 5-8. Mix well and let air bubbles rise 
while maintaining temperature at 80-90°C.

S te p  4 —Assemble gel mold. Place 5 mL water 
on center of glass plate. Roll piece of GelBond 
onto glass plate, spreading water evenly and 
avoiding air bubbles. Ensure that hydrophobic 
surface of GelBond faces down and hydrophilic 
surface faces up. Use clean test tube to roll Gel
Bond flat and squeeze out excess water. Place 1 
mm thick spacer and then top glass plate over 
GelBond. Clamp assembly together and preheat 
to 30-40 °C in oven or by using infrared lamp or 
hair dryer.

S te p  5—Pour agarose-sorbitol-Ampholine 
mixture into preheated 30 mL glass syringe fitted 
with 19 gauge needle. Pump hot mixture into 
preheated gel mold without trapping air bub
bles.

S te p  6 —Let agarose solidify at room temper
ature and then transfer to 4°C refrigerator for > 
15 min before use. Gel may be stored at 4°C for 
2 or 3 days maximum if open end of the gel mold 
is sealed with masking tape.

S te p  7 —Remove gel from mold by gently 
prying off top glass plate and lifting GelBond 
with adhering agarose gel free from bottom glass 
plate.

S te p  8 —Place GelBond on cooling platform 
over thin layer of water. Avoid air bubbles.

S te p  9 —Remove excess surface moisture from 
gel by gently rolling dry piece of S & S No. 577 
filter paper onto gel surface without trapping air 
bubbles. Gently peel paper off gel when evenly 
saturated (ca 15 s). Do not dislodge agarose from 
GelBond. After blotting, agarose should have 
dull, even, matte surface. Any remaining glossy 
areas should be reblotted using same piece of 
filter paper. Incomplete surface moisture re
moval will cause adjacent samples to run to
gether.

S te p  1 0 —Place sample application foil on 
agarose gel surface near cathode end of gel. 
Ensure that protrusions from each slit face gel.
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S te p  1 1 — Pipet 1-2 /iL  sample into center of 
each slit. A llo w  time for sample to be absorbed, 
then remove fo il carefu lly.

S te p  1 2—Cut 2 electrode strips to length of gel. 
Saturate strips w ith  0.1M NaOH for cathode and 
0.1M H 3PO 4 for anode strip . Place strips on gel 
surface under appropriate electrode.

S te p  1 3 — Place electrodes in position and 
connect electrical leads to power supply, ob
serving proper polarity.

S te p  1 4 —Start flow of coolant through cooling 
platform.

S te p  1 5 —Turn  on and set power supply to de
live r constant power = 30 watts w ith  lim iting  
voltage = 1.5 kV  and lim iting  current = 50 mA. 
Separation is complete after 30 min.

S te p  1 6 —Turn  off power supply, remove and 
discard electrode strips.

S te p  1 7 —Place gel in  fix ing  solution 10 min.
S te p  1 8 — Remove gel from fixing solution and 

ro ll piece of S & S No. 577 filte r paper, wet w ith  
water, onto gel surface.

S te p  1 9 — Place gel filte r paper down, on stack 
of dry paper towels. Place 500-1000 g weight on 
top of gel backing to ensure good contact w ith  
paper towels. Remove wet paper towels and 
replace w ith  dry paper towels to speed dehy
dration. After 15-30 m in, gel should have dried 
to "paper th in "  layer. Peel filte r paper off gel, 
wetting w ith  water if  paper sticks to gel.

S te p  2 0 —D ry gel fu lly  using hair dryer or in 
frared lamp, until gel is dry to touch.

S te p  2 1 — Rinse dried gel 1 min in  destaining 
solution.

S te p  2 2 —Stain gel 10 m in w ith  frequent agi
tation to prevent dye precipitation. I f  dye pre
cipitates, discard solution and replace w ith  fresh 
stain.

S te p  2 3 —Destain gel background w ith  several 
1 m in washes of destaining solution, until 
background is clear.

S te p  2 4 — D ry destained gel using hair dryer or 
infrared lamp.

S te p  25—Identify unknown samples by visual 
comparison of unknow n pattern w ith  protein 
patterns from authentic species.

S te p  2 6 —Dried gels may be written on and can 
be stapled into notebook as permanent record.

Resu lts and D iscussion
Table 1 summarizes the results obtained from 

the 14 collaborating laboratories. E ight of 14 
collaborators identified the unknow n samples 
w ith  accuracy ranging between 90 and 100%. 
Two collaborators obtained between 80 and 85% 
accuracy, 2 collaborators obtained between 65

and 69% accuracy, and 2 collaborators obtained 
between 50 and 55% accuracy. O verall, 84.1% of 
the unknown samples were identified correctly. 
No one species was m isidentified sign ificantly 
more often than another, although only the 
monkfish (Type C) was correctly identified by all 
collaborators.

A number of problems were identified after 
visual examination of the gels submitted by each 
of the collaborators. Comments were also noted 
by several collaborators. In  general, the col
laborators who scored highest submitted gels 
w h ich  were s im ilar in resolution to the lib rary 
gel. Those collaborators who scored lowest 
submitted gels that differed in appearance from 
the lib rary gel. Collaborators 6 and 7 reported 
deviation from the power supply conditions 
specified in the method, and this may have af
fected the resulting resolution of the proteins. 
Collaborator 7 also reported problems w ith  the 
protein stain precipitating. Collaborator 4 
submitted a gel w ith  protein patterns that were 
stained a blue-green that differed from the dark 
blue typically seen w ith  Coomassie Blue. It has 
recently been noted that the orig inal manufac
turers of Coomassie Blue R-250 no longer pro
duce that product. Instead, several other man
ufacturers are producing "Coomassie B lue" 
products w hich may not be exactly the same. 
D ifferent stains exhib it d ifferent b ind ing re
sponses to proteins, so this may be the cause of 
some of the protein pattern differences. Co l
laborator 3 did not submit a gel for examination, 
so no critica l evaluation was possible.

O vera ll, the agarose gel isoelectric focusing 
method that was collaboratively studied showed 
more variab ility than the present AO  A C  method 
based on polyacrylamide gel isoelectric focusing 
(1). Th is  fact was noted by most collaborators. 
Most collaborators also noted that they had one 
or more problems w ith  the specified staining 
procedure. The identifications using the library 
gel were also a problem to most collaborators. 
Even the collaborators who did w ell complained 
that the large number of unknow n samples 
combined w ith  the large number of known pat
terns made the identifications d ifficu lt. Several 
collaborators felt that the collaborative study 
should have been conducted using both un
known and authentic samples run on the same 
gel because this is norm ally required in  court 
cases. Nevertheless, the Associate Referee feels 
that the lib rary gel comparisons are a more 
stringent test of the method reproducibility. At 
this point, identifications should not be based 
only on the library gel identifications. It would
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Table 1. Summary of collaborative study results for fish species identification method based on agarose gel isoelectric focusing 3

Species Code
Collaborator

Correct/
total1 2 3 4 5 6 7 8 9 10 11 12 13 14

Gray sole A C c c c C X X _ c C c c c X 10/13Gray sole V C c c c c X X c c C c c C X 11/14Haddock c c c X X c — c X c c X c X c 8 /13Haddock R c c X c c c — X c c c c X c 10/13Cod E c c X c c X C X c c c c c X 10/14Cod p c c X c c X X c c c c c c X 10/14Blackback F c c c X c c X c c c c c c c 12/14Blackback T c c c X c c X c c c c c c c 12/14Pollock H c c c X c c c c c c c c c c 13/14Pollock L c c c X c c c c c c c c c c 13/14Wolffish 1 c c c c c c c c c c c c c c 14/14Wolffish s c c c X c c c c c c c c c c 13/14Red hake K c c X c c c c c c c c c c c 13/14Red hake 0 c c X c c c X c c c c c c c 12/14Cusk M c c X X c X c c c c c c c c 11/14
Cusk w c c X c c X c c c c c c c c 12/14Yellowtail N c c c c X c X c c c c c c c 12/14Yellowtail X c c c c c c X c c c c c c c 13/14Monkfish A Z c c X c — — X c — c — c c — 7 /9Monkfish B Y c — X — c c — c c — c — c c 8 /9Monkfish C G — c — c c c c — — c c c — c 9 /9Correct/total 20 20 10 13 19 13 10 16 19 20 19 20 18 16 23320 20 20 20 20 19 19 19 19 20 20 20 20 20 276

3 C = correct identification; X = wrong identification; —  = not supplied.
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be more logical to use the lib rary gel to pinpoint 
the suspected identity of an unknow n sample 
and then to procure an authentic sample of that 
species to be run side-by-side w ith  the un
known.

Aside from the above problems, the collabo
rators were unanimous in their agreement on the 
good points of the method. The re lative ly  low 
cost, the lack of the polyacrylam ide toxicity 
problem, and the great speed of the method were 
cited as being distinct advantages. Further study 
of the method was suggested.

Recom m endations
The accuracy of this method, as determined by 

collaborative study, was not good enough for 
recommendation as official first action. The use 
of agarose gels in  isoelectric focusing is a rela
tive ly new technique, and the technique is de
veloping rap id ly . Several d ifferent agarose- 
carrier ampholyte systems are now being mar
keted by several companies. During the next 
year, each of these systems should be evaluated 
to determine w h ich  are the most reproducible. 
A  pre-blended carrier ampholyte preparation is 
also available, w h ich  should im prove the re
producib ility . A  replacement for the discon
tinued Coomassie Blue R-250 stain is also needed 
to ensure reproducible staining results. The use 
of ultra-thin agarose gels, cast by capillary action, 
should be investigated to further im prove re
producib ility and to further reduce analysis 
time.
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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

G a s - L i q u i d  C h r o m a t o g r a p h i c  S c r e e n i n g  M e t h o d  f o r  D e t e r m i n a t i o n  o f  
M e t h y l  M e r c u r y  i n  T u n a  a n d  S w o r d f i s h

T H E R O N  JA M E S
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 ,  1 5 2 1  W P ic o  B l v d ,  L o s  A n g e l e s ,  C A  9 0 0 1 5

A rapid screen in g  m eth od  has been  d ev e lo p ed  for  
d eterm in in g  m eth yl m ercury in  tuna and sw o rd fish . 
Fish tissue is  b len d ed  w ith  acid ic KBr so lu t io n  to re
lease m eth y l m ercury, w h ich  is  th en  extracted  in to  
m eth y le n e  ch lor id e. A fter clean up  by p a r titio n in g  
w ith  cy ste in e , the m eth y l m ercury is  extracted in to  
to lu e n e  and d eterm in ed  by g a s-liq u id  chrom atogra
phy. T he proposed m ethod com pares favorably w ith  
th e  o ffic ia l A O A C  atom ic absorp tion  m eth od .

M ercury is routinely determined in tuna and 
swordfish by measuring total m ercury content 
(1). How ever, it is w e ll known that the bulk of 
m ercury in  fish is present as m ethyl m ercury (2, 
3). Because methyl mercury is h ighly toxic, from 
a regulatory and toxicological standpoint its de
termination is em inently more important than 
that of m etallic mercury.

Methods presently in use for the direct deter
m ination of methyl m ercury a ll have some un
desirable or d ifficu lt features, w h ich  have been 
documented previously (2, 4-9). In  addition, 
most of the methods use benzene, a know n car
cinogen (10), as the prim ary solvent for extrac
tion.

In  an effort to obviate the use of benzene, to 
mitigate undesirable features of existing meth
ods, and to provide an expeditious screening 
method for routine determination of methyl 
mercury in fish, the method described below was 
developed. It is essentially a modification of the 
Newsome method (6), as fo llows: M ethyl mer
cury is released from fish tissue by blending w ith 
acidic K B r solution, and is then extracted into 
methylene chloride and partitioned w ith  cyste
ine solution to provide cleanup; the cysteine is 
acidified w ith  H Br, and m ethyl m ercury is ex
tracted into toluene and determined by electron 
capture (E C ) gas-liquid chrom atography 
(G LC ).

M E T H O D
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 . —G LC  grade methylene chloride, 
acetone, petroleum ether, and toluene.

(b) A c id ic  p o ta ss iu m  b ro m id e  s o lu t io n .— Dissolve
Received January 15, 1982. Accepted May 25, 1982.

200 g K B r in  ca 500 m L water. Add 100 m L con
centrated H 2SO 4, cool, and dilute to 1 L  w ith  
water.

(c) C y s te in e  a c e ta te  s o lu t io n .— Dissolve 1.0 g 
cysteine hydrochloride monohydrate, 4.0 g so
dium acetate trihydrate, and 12.5 g anhydrous 
sodium sulfate in  water and dilute to 100 m L. 
Prepare fresh every 2 days.

(d) H y d r o b r o m ic  a c id .—48%, ACS grade.
(e) M e t h y l  m e r c u r y  c h lo r id e  s ta n d a r d  s o lu 

t io n s .— {1 ) S to c k  so lu tio n . — 100 jxg/mL in  acetone. 
(2) In te r m e d ia te  s o lu t io n . — 3 pg/m L in  acetone. 
D ilute 3.0 m L stock solution to 100 m L w ith  ac
etone. (3) W o r k in g  s o lu t io n . —0.12 qg/m L in 
toluene. D ilute 1.0 m L intermediate solution to
25.0 m L w ith  toluene. Inject ca 5 pL.

(f) G as c h r o m a to g r a p h .— Tracor 560, or equiv
alent, equipped w ith  EC  63N i detector and 4 ft X 
2 mm glass column. Colum n packing: 10%
DEGS-1%  H 3PO 4 on 80-100 mesh Chromosorb 
W AW ; evacuated 30 m in w ith  helium ; condi
tioned 24 h at 230°C; and "prim ed" w ith  m er
curic chloride by injecting 100 p L  of a 1 m g/m L 
solution in acetone at 115°C 24 h before use. 
Operating conditions: temperatures—column, 
115°C; detector, 300°C; injection port, 180°C; 
purge rate, 60 m L argon-methane/m in; flow , 20 
m L argon-m ethane/m in ; saturation current, 8 
X 10-9  A ; recorder attenuation, 5.

P r e p a r a t i o n  o f  S a m p l e
(a) C a n n e d  f i s h .—Drain fish and composne by 

chopping in  Hobart chopper.
(b) F resh  or f r o z e n  f i s h .—If  frozen, allow  to 

thaw ; then composite edible portions as in  (a).

D e t e r m i n a t i o n
Accurately weigh 10.0 g prepared fish sample 

(5.0 g or less for sw ordfish), and transfer to 
micro-blender or homogenizer. Add 10C m L 
acidic K B r solution and blend at moderate speed 
ca 10 m in. F ilter w ith  suction through Buchner 
funnel fitted w ith  sharkskin  filter.

Transfer 50.0 m L filtrate to 500 m L separatory 
funnel. Extract filtrate w ith  three 100 m L por
tions of methylene chloride, combining meth
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ylene chloride extracts in  another 500 m L sep
aratory funnel. Add 20.0 m L cysteine acetate 
solution, shake vigorously ca 2  m in, and discard 
m ethylene chloride layer.

Wash cysteine acetate layer w ith  50 m L pe
troleum ether, let layers separate, and transfer 
cysteine acetate layer to 125 m L separatory fun
nel. A c id ify  cysteine acetate layer w ith  2 m L 
48% KBr. Add exactly 10.0 m L toluene and 
shake vigorously ca 2 m in.

Collect toluene layer and inject ca 5 j iL  into gas 
chromatograph for m ethyl m ercury determ ina
tion. Results and Discussion

The proposed method is applicable to occa
sional analyses or to routine m ultip le analyses. 
Time for a single determination is about 1 h, and
8 -1 2  samples per day can easily be accommo
dated.

In  the in itia l experiments, HC1 was used in 
stead of H 2SO 4 in  the preparation of acidic KBr. 
However, some emulsions were encountered in  
the m ethylene chloride extraction step. The 
sw itch to H 2SO 4 moderated this effect consid
erably.

The gas chromatograph columns were condi
tioned 24 h at 230°C and primed w ith  m ercuric 
chloride by injecting 100 jrL  of a 1 m g/m L solu
tion in  acetone at 115°C, 1 day before use. Th is 
resulted in  a stable column w hich  kept the sen
s itiv ity  and retention time of m ethyl m ercury 
fa ir ly  constant for 2-3 days.

To test recovery of methyl mercury, a solution 
of 1.4 /ug m ethyl mercuric ch loride/m L in  acidic 
K B r was prepared. Replicate 2.0 m L aliquots 
were carried through the proposed method. 
Based on a 10 g sample weight, this is equivalent 
to 0.28 ppm m ethyl m ercuric chloride. The av
erage recovery for 12 determ inations is 95.6% 
w ith  a standard deviation of ±1.64.

To test recoveries from a real sample m atrix, 8 
analyses were performed on NBS Research Ma
terial 50 (Albacore Tuna). The average amount 
of m ethyl m ercury, calculated as m ercury, was 
0.89 ppm by the proposed method. NBS gives 
the noncertified value as 0.95 ± 0 .1  ppm, and 
they suggest that 80-90% of the mercury content 
is methyl mercury. Repeated atomic absorption 
analyses of the NBS Research M aterial in  our 
laboratory gave an average m ercury content of 
0 .8 6  ppm.

Table 1 compares the proposed method w ith  
the o ffic ia l atomic absorption method (1). The 
analyses were performed over a 2  month period 
and included analyses of canned, frozen, and 
decomposed fish . Some gas chromatographic

Table 1. Comparative results of mercury determination 
by AOAC official method and proposed method

Product

Hg found, ppm

AOAC
25.110-25 .114

Proposed
method

Tuna(canned) 0.17 0.16
0.20 0.19
0.07 0.09
0.04 0.07
0.05 0.08
0.23 0.23
0.24 0.21
0.07 0.10
0.11 0.14
0.47 0.42, 0.39
0.18 0.18,0.18
0.15 0.15, 0.15
0.69 0.60,0.62

Swordfish (frozen) 0.57 0.60a
Swordfish 1.15, 1.19 1.11»

(decomposed) 0.64 0.63
Swordfish (frozen) 0.58 0.48

0.90 0.78
0.28 0.32

8 Some interferences noted on gas chromatograms.

interferences (probably putrefaction products of 
the fish ) were noted in  fish samples that had 
begun to decompose, but the overall results ob
tained by the proposed method compare quite 
favorably w ith  those by the o ffic ia l method.
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Optimum Conditions for Hydride Generation of Selenium and Its 
Determination by Atomic Absorption Spectrophotometry
ROBERT R. BROOKS, JANINE A. WILLIS, and JOHN R. LIDDLE
Massey University, Department of Chemistry, Biochemistry, and Biophysics, Palmerston North, 
New Zealand
In stru m en ta l param eters and o th er var ia b les  w ere  
s tu d ied  to  es ta b lish  the o p tim u m  in d icators for d e 
term in a tion  o f se le n iu m  b y  a tom ic ab sorp tion  sp ec
trop h o to m etry  u sin g  the h yd r id e  g en eratio n  p roce
dure w ith  co ld -trapp ing. O p tim u m  co n d itio n s  w ere  
e sta b lish ed  b y  con sid era tion  o f the fo llo w in g  vari
ables: v o lu m e o f reaction  so lu t io n , acid  con cen tra 
tio n  in  th e  reaction  m ixture, lap se o f tim e after last 
a d d itio n  o f b oroh y d rid e , m eth od  o f a d d itio n  o f  
borohydride, carrier gas f lo w  rates, p osition  o f source 
beam  in  th e  fla m e ce ll, o x id a tion  state o f se le n iu m , 
and e ffect o f d ry in g  the cold  trap b etw een  successive  
d eterm in ation s. T h is  latter p rocedure g reatly  im 
p ro ved  th e rep ro d u c ib ility  o f th e  tech n iq u e  (from  
±28%  to ±2%. T he lim it o f d etection  w as about 2 ng  
se le n iu m .

Extensive literature exists on the hydride gen
eration method for determ ining selenium by 
atomic absorption spectrophotometry (1-8). The 
most common techniques (1-5) invo lve  reduc
tion of selenium  by sodium borohydride and 
introducing the hydride by means of a carrier gas 
(nitrogen) d irectly into an air-entrained n itro
gen-hydrogen flame. Siem er and Koteel (2) 
studied the effect of freezing the hydride in  liq 
uid nitrogen by use of the method of Knudsen 
and Christian  (7) and reported better efficiency 
of transfer of the hydride compared w ith  the 
direct method (33% compared w ith  14%). A  
disadvantage of the freezing-out technique, 
how ever, was the nearly 3-fold poorer preci
sion.

The re lative ly poor precision of hydride gen
eration methods for selenium determinations by 
atomic absorption spectrophotometry was fu r
ther demonstrated by Ihnat and M ille r (8) in  an 
extensive intra- and interlaboratory study of se
lenium  levels in 13 types of foodstuffs containing 
31-3625 ng selenium /g. Relative standard de
viations (RSD ) between laboratories (interlabo
ratory) ranged from 14% at the 2538 ng/g level 
to 275% at the 31 ng/g level. Intralaboratory 
studies (between digests) gave RSD values of 7.4 
and 99%, respectively.

We recently studied parameters affecting h y
dride generation of arsenic and its determination

Received March 15, 1982. Accepted June 14, 1982.

by atomic absorption spectrophotometry (9) and 
have now carried out a sim ilar study for the de
term ination of selenium w ith  a v iew  to im prov
ing the precision of the method. The results of 
th is w ork are presented in  this paper.

Experimental
R e a g e n t s

A n a ly t ica l grade reagents were used 
throughout. Fresh selenium (IV) or selenium (VI) 
solutions were prepared by w eighing the ap
propriate amount of sodium selenite or selenatel 
and d issolving it in  deionized water. Sodium 
borohydride solutions were prepared daily using 
deionized water made alkaline by the addition 
of a few pellets of potassium hydroxide. To 
prevent condensation of volatile acidic vapors in 
the cold trap, sulfuric acid was used to acidify the 
sample before injection of the reducing agent.

A p p a r a t u s
The apparatus is illustrated in  Figure 1 and is 

identical to that used by us earlier on arsenic (9). 
Selenium  hydride is generated in  the reaction 
vessel and carried by a stream of nitrogen to the 
condenser, w hich  is immersed in  liquid air. The 
condenser is connected to the m ixing chamber 
and burner unit of a Varian Techtron AA-5 
atomic absorption spectrophotometer. The se
len ium  resonance line  at 196.0 nm was used. 
The source, a Cathodeon hollow  cathode lamp, 
was operated at 6 m A. Absorption signals were 
recorded on a R ikadenki B-161 chart recorder 
operated at 10 cm /m in. The attenuator setting 
was generally either 2 or 5 m V. A  nitrogen- 
hydrogen-entrained air flame was used for pro
duction of ground-state atoms.

O r i g i n a l  B a s i c  O p e r a t i n g  C o n d i t i o n s
The fo llow ing  basic operating procedure was 

used throughout and was only modified w hen 
a specific parameter (e.g., acid concentration or 
total volum e) was varied purposely. Deionized 
water (40 m L) and 10 m L of 3M sulfuric acid were 
placed in  the reaction flask. Se len ium (IV ) so
lutions were introduced by an Eppendorf pipet.
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The condenser consisted of a 10 mm (id) boro- 
silicate tube immersed in  liqu id  air to a depth of 
150 mm. A  stream of nitrogen was passed 
through the reaction solution. W hen the con
denser had cooled, sodium borohydride was in 
troduced, 2 m L at a time, using a repeating sy
ringe. The hydride was carried by the nitrogen 
stream to the condenser. A fter sufficient reac
tion time, the nitrogen stream was rerouted to 
bypass the reaction vessel, and the condenser was 
placed in  an ice-water bath where the hydride 
rap id ly vo latilized  and was carried into the 
flame. The reaction flask was washed before the 
next sample was added.

Resu lts and D iscussion

A m o u n t  o f  B o r o h y d r i d e  U s e d
In  this experim ent, 1 pg se len ium (IV ) was 

reacted w ith  successive 2 m L aliquots of 3% so
dium  borohydride solution injected at 30 s in 
tervals. The first addition produced a signal 
about 25% of the fina l lim iting value, w hich  was 
reached after 4 m L had been added. A n  insu r
ance against incomplete conversion of selenium 
to the hydride, however, a total of 8 m L of re
agent was added in  4 increments of 2 m L.

T o t a l  R e a c t i o n  V o l u m e
To evaluate dependence of the absorption 

signal on the in itia l reaction volum e, a series of 
solutions were prepared containing a total vo l

ume between 10 and 90 m L and containing 1 pg 
se len ium (IV ) as w ell as a constant concentration 
(0.6 M) of su lfu ric  acid.

The results are shown in  Figure 2. It w il l  be 
noted that the total signal decreases s lig h tly  (by 
about 10% as the reaction volum e changes from 
10 to 90 m L. It would appear that the efficiency 
of removal of selenium  hydride is not greatly 
affected by the reaction volum e. The reaction 
volum e of 50 m L recommended in  the standard 
procedure represents an effective compromise 
between sensitivity and reproducibility because 
at lower reaction volum es the rate of change of 
signal is slightly greater than for higher volumes. 
Th is  means that the gain in sensitiv ity  by use of 
lower reaction volumes would be at the expense 
of poorer reproducibility.

E f f e c t  o f  A c i d i t y
A  series of 6 solutions were prepared con

taining 1 pg se len ium (IV ) in  10M, 8M , 6M, 4M, 
2M, and 1M sulfuric acid. The resultant signals 
were approxim ately identical, and it appeared 
that release of selenium  hydride was indepen
dent of the acid concentration, at least in  this 
range of values.

R a t e  o f  S t r i p p i n g  o f  S e l e n i u m  H y d r i d e  f r o m  
t h e  C o l d  T r a p

Eight replicate solutions containing 1 pg se
lenium  were treated w ith  borohydride, and the
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Figure 2. Atomic absorption of selenium as function 
of total reaction volume.

hydride was collected in  a cold trap. The carrier 
gas was fumed through the system for periods of 
25-200 s after the last addition of reagent. The 
hydride was then volatilized and poured into the 
flame in  the usual manner. The results of this 
experiment are shown in  Figure 3.

The signal increased gradually for the first 120 
s, probably because of slow removal of the last 
traces of hydride from the solution. Thereafter, 
there was a slow reduction of signal as the solid 
hydride was stripped from the U-tube. The loss, 
however, was slight and amounted to only about 
5% of the maximum value (at 200 s).

C a r r i e r  G a s  F l o w  R a t e s
The result of altering the 'carrier gas flow  rates 

for replicate solutions containing 1 g g  seleni-

50r—

■r  i______ I______1______I______I______1______I______1
0 SO 100 150 200

Time elapse after last addition of borohydride (sec) 
Figure 3. Atomic absorption of selenium as function 

of time elapse since last addition of borohydride.

Figure 4. Atomic absorption of selenium as function 
of carrier gas (nitrogen) flow rate.

um (IV ) is shown in Figure 4. The pattern was 
very  s im ilar to that previously obtained for ar
senic (9) w ith  a maximum signal at a flow  rate of 
around 3 L /m in. A t h igher flow  rates, the sele
nium  hydride apparently does not have time to 
condense completely, whereas at low  flow  rates 
the signal is reduced because of greater diffusion 
of the hydride into the carrier gas.

V a r y i n g  G a s  M i x t u r e s  i n  t h e  F l a m e  C e l l
The effect of vary ing  ratios of flow  rates of 

nitrogen and hydrogen supplied to the flame cell 
was investigated by preparing a number of rep
licate solutions w ith 1 g g  selenium (IV). Hydride 
generation and flame analysis was carried out 
w ith  one set of samples in  w h ich  the nitrogen 
was kept constant at 5 scale units and the h y 
drogen was varied from 1 to 10 scale units. A  
second set was treated in  w h ich  the hydrogen 
was kept constant at 5 units and the nitrogen was 
varied from 1 to 10. The constant flow  rates for 
nitrogen and hydrogen were not chosen arb i
tra rily  but were a compromise in  the m iddle of 
the range of flow  rates of either gas for w h ich  it 
is possible to sustain a stable flame. It must be 
mentioned that the flow  rate units were those of 
the scale d ivisions of the AA-5 instrum ent and 
overstate time flow  rates (m L/m in ) by around 
150%. The data are shown in  Figure 5. It seems 
that the gas mixture has a great influence on the 
signal and that flow  rates of either gas should 
preferably be in  the range of 4-7 scale units (i.e., 
about 3-5 L /m in ).

P o s i t i o n  o f  t h e  S o u r c e  B e a m  i n  t h e  F l a m e
The influence of the height of the source beam 

w ith in  the flame was investigated, and the re
sults are shown in  Figure 6. The signal was an
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Figure 5. Atomic absorption of selenium as function 
of gas composition of flame cell.

inverse function of the height of the source beam 
w ith in  the flame. It is clear that this beam must 
be kept as close as possible to the s lit of the 
burner. Even a few m illim eters difference can 
be crucial, particularly if  maximum sensitivity is 
required.

E f f e c t  o f  t h e  O x i d a t i o n  S t a t e  o f  S e l e n i u m
Experim ents were carried out using solutions 

of selenium  in  both the hexavalent and tetrava- 
lent states. The oxidation state was very im 
portant in  these experiments because a solution 
of se len ium (IV ) that gave a signal of 38 units 
compared w ith  a value of only 3 units for the 
same quantity of se len ium (V I). Attempts to re
duce the se len ium (V I) to se len ium (IV ) by addi
tional quantities of borohydride were only par
tia lly  successful and, in  any case, involved use of 
an inordinate amount of expensive reagent. 
W hen the solution of selenium (VI) was reduced 
by boiling  for 10 m in in  4M hydrochloric acid, 
exactly the same signal as for selen ium (IV ) was 
obtained w hen borohydride was added in  the 
standard m anner. Pre-reduction of selenium , 
therefore, is essential when using the hydride 
generation technique.

R e p r o d u c i b i l i t y  a n d  L i m i t  o f  D e t e c t i o n
The purpose of the work was to examine the 

optimum instrum ental conditions for the de
term ination of selenium ; therefore no attempt 
was made to assess the accuracy of the procedure 
by analyzing standard rocks because this would 
have brought in  the question of error inherent 
in  decomposition procedures. For the same 
reason, selenium  levels in  reagent blanks were 
not determined.

Height (mm) of source beam within 
flame, as measured from burner

Figure 6. Atomic absorption of selenium as function 
of position of source beam within flame.

The lim it of detection of the procedure (sig- 
nal-to-noise ratio of 2.0) was of the order of 2.0 
ng selenium .

In  the earlier part of this investigation, it was 
realized that reproducib ility was very  poor and 
the relative standard deviation (20 replicates) for 
1 pg quantities was as high as 28%. A  dramatic 
im provem ent was effected by washing the tube 
w ith  acetone and drying it w ith  compressed air 
after each determ ination. The result of this 
procedure was a marked im provem ent in  re
producib ility (2.0%). Where necessary, a ll pre
vious experiments were repeated w ith  acetone- 
washed tubes. Th is washing is a very important 
prerequisite for reproducible w ork , and its im 
portance cannot be overemphasized.

O p t i m u m  O p e r a t i n g  C o n d i t i o n s
As a result of the above studies, we have now 

established the fo llow ing  optimum operating 
conditions for the determ ination of selenium ;
(1) volum e of reaction solution, 50 m L; (2) acid 
concentration, 0.60M su lfu ric  acid; (3) lapse of 
time after last addition of borohydride, 120 s; (4) 
addition of borohydride, 4 increments of 2 m L at 
intervals of 30 s; (5) carrier gas flow rate, 3 L/m in ; 
gas m ixture in  flame cell, 3-5 L /m in  for both 
hydrogen and nitrogen; (6) position of source 
beam in  flam e, 1 or 2 mm above the burner; (7) 
oxidation state of selenium , IV  (pre-reduce if 
necessary by boiling for 10 m in in  4M hydro
chloric acid); (8) dry U-tube between each sample 
by w ashing w ith  acetone and evaporating the 
acetone w ith  a stream of compressed air; (9 )  an
alytical line , 196.0 nm (this line  was not delib
erately chosen as a result of our studies and may 
not necessarily have given the best signal-to- 
noise ratio).
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N U T R IT IO N

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  
B ifid o b a c te r iu m  b if id u m  G r o w t h  F a c t o r s  i n  H u m a n  M i l k

SAMY H. ASHOOR and  W OODROW  C. MONTE
A r i z o n a  S t a t e  U n i v e r s i t y , D i v i s i o n  o f  A g r i c u l t u r e  a n d  D e p a r t m e n t  o f  H o m e  E c o n o m i c s ,  
T e m p e ,  A Z  8 5 2 8 7

A n isocra tic  h ig h  perform ance liq u id  chrom atogra
p h y  (HPLC) m eth od  has b een  d ev e lo p ed  fo r  th e d e 
term in a tion  o f Bifidobacterium bifidum grow th  
factors in  h u m an  m ilk . T he m eth od  in v o lv e s  th e  
gradual ad d itio n  o f 3 v o lu m es  o f eth an o l to  th e m ilk  
sam p le , filtra tio n , and ana ly sis  o f the grow th  factors 
in  the filtrate b y  HPLC. T he HPLC system  con sisted  
o f a carbohydrate a n a ly sis  co lu m n , a w a te r -a c e to n i
tr ile  (70 +  30) so lv e n t sy stem , a f lo w  rate o f 1.0 
m L /m in , and a refractive in d ex  detector . T he  
m eth od  is  s im p ler  and requires le ss  tim e than  th e  
p resen t m ic ro b io lo g ic a l m eth od . M oreover, it  re
v ea led  fo r  th e  first tim e th e  p resence o f  2 separab le  
g ro w th  factors in  a ll hu m an  m ilk  sam p les  tested . 
T he HPLC m eth od  d ev e lop ed  is  sen sitiv e  and can be 
u sed  to  m o n ito r  th e ty p e and th e am ou n t o f g ro w th  
factors in  m oth ers' m ilk  d u rin g  lactation .

Hum an m ilk  contains specific factors that pro
mote the growth of B i f i d o b a c t e r i u m  b i f i d u m  in  the 
intestines of breast-fed infants (1-5). B. b i f i d u m  
comprised more than 95% of the intestinal m i
croflora of breast-fed infants and only 30-40% of 
the flora of formula-fed infants (6). The pre
dominance of the acid-producing B . b i f i d u m  
lowers the pH  in  the intestines of breast-fed in 
fants and the induced acidity prevents the 
growth of harm ful bacteria (7-10). The growth 
factors in  human m ilk are therefore related to the 
low er m ortality rate of breast-fed infants and 
their enhanced resistance to enteric and other 
infections during the critica l months of infancy 
(1 ,7-10).

Gyorgy et al. (11) tested the activity of human 
m ilk and m ilk of other species w ith  B . b i f i d u m  var. 
p e n n s y l v a n i c u s  and reported that human colos
trum had the highest activ ity and human m ilk  
had 30-75 times the activ ity of m ilks from ru 
m inants, includ ing  cows' m ilk . The growth 
factors in  human m ilk were heat-stable and were 
not destroyed or altered by autoclaving (2). 
Gyorgy et al. (12) separated the growth factors in  
human m ilk  into a dialyzable fraction repre
senting from 40 to 75% of the total activ ity , and 
a re lative ly nondialyzable fraction of 20-60%.

Received February 26, 1982. Accepted June 15, 1982.

Rose et al. (13) reported that the growth factors 
in  human m ilk  consist of a group of nitrogen- 
containing saccharides.

The only quantitative method used to deter
m ine the growth factors in  human m ilk  at the 
present time is the microbiological method de
veloped by Gyorgy (1). The method invo lves 
tedious media preparations and requires an in 
cubation time of 40 h. The main objective of this 
study was to develop a more convenient and ac
curate high performance liquid chromatographic 
(H P LC ) method for the determ ination of the 
growth factors in  human m ilk .

Experim ental

M a t e r i a l s
A  freeze-dried culture of B . b i f i d u m  var. 

p e n n s y l v a n i c u s  (No. 11863) was obtained from the 
Am erican Type Culture Collection, Rockville , 
M D. Acetonitrile , H P L C  grade, was purchased 
from Waters Associates, M ilford , M A . Chem i
cals used in  preparing the growth media and 
other organic solvents were analytica l reagent 
grade.

A p p a r a t u s
A  Waters Associates liqu id  chromatograph 

used for H P L C  analysis was equipped w ith  
Model 6000A  pump, Model U 6K  injector, Model 
401 differential refractometer, and a data module. 
A  Labconco Model 3 freeze-drier (Labconco, 
Kansas C ity , M O) was also used.

S a m p l e s
Hum an m ilk  samples were obtained from 16 

healthy lactating mothers at 2-28 weeks post
partum. The lactating mothers were given 
polyethylene breast pumps (Kaneson, Inc ., Los 
Angeles, C A ) and were instructed to express 
approxim ately 0.5 oz of m ilk  from the same 
breast before and after infant feeding. The 
samples were kept refrigerated until skimmed at 
15 000 X g for 10 m in. Equal volum es from the 
skimmed human m ilk  samples were added to-

0004-57 56/83/6601-0135-05$01.00© Association of Official Analytical Chemists, Inc.
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gether as a pooled human m ilk  sample. The 
pooled and the other skimmed human m ilk 
samples were cryogenically frozen and stored at 
— 18°C until use.

I s o l a t i o n  o f  B . b i f i d u m  G r o w t h  F a c t o r s
Three 5 m L aliquots of the pooled skimmed 

human m ilk sample were used to compare the 
recovery of the growth factors from human m ilk 
by dialysis and by ethanol addition to the human 
m ilk . The first aliquot was pipetted into dialysis 
tubing and dialyzed at 4°C  against 20 volumes 
of water for 24 h ; the water was changed every 
8 h. The dialysates were combined, freeze-dried, 
and reconstituted w ith  water to a fina l volume 
of 1 m L. Ethanol (15 m L) was added gradually 
to the second aliquot w ith  continuous gentle 
stirring  and the m ixture was stirred for an addi
tional 15 m in. The m ixture was then filtered 
through Whatman No. 1 paper, and the filtrate 
was reduced in  volum e to 1 m L under vacuum. 
Equal volumes of the untreated th ird  aliquot, 
human m ilk  dialysate, and human m ilk  filtrate 
were tested for growth factors by the microbio
logical assay.

H P L C  A n a l y s i s
The H P LC  conditions used were as fo llows: 

30 cm X  3.9 mm carbohydrate analysis column 
fitted w ith  Ci8 Porasil B guard column (Waters 
Associates); water-acetonitrile (70 + 30) solvent 
system; flow  rate 1.0 m L/m in ; d ifferential re- 
fractometer detection at 8X attenuation.

Appropriate volumes of either human m ilk  
dialysates or human m ilk filtrates (both samples 
had a pH value of 6.8) were injected and the sol
vent fractions corresponding to a ll peaks and 
zones between peaks were collected separately 
in test tubes. Fractions were evaporated to 
dryness under vacuum and redissolved in  small 
volum es of water. The activ ity of a ll fractions 
was tested by the m icrobiological assay. The 
retention times of the peaks w ith  growth activity 
were determined and the area of these peaks was 
obtained in  data module units and in  sq. mm by 
triangulation.

M i c r o b i o l o g i c a l  A s s a y
The growth factors in the various human m ilk 

samples and fractions were determined by using 
a microbiological assay adapted from Gyorgy (1). 
A  stock culture of B. b i fid u m  var. p e n n s y lv a n ic u s  
was prepared in  L a c to b a c illu s  b ific u s  medium 
(LBM ) (1, 14). Appropriate volum es of the 
samples to be tested were pipetted into tubes 
containing 10 m L LBM  and autoclaved 15 min at

R e te n t io n  T im e , m in
F igure 1. HPLC a n a ly sis  o f (1) sk im m ed  hu m an  
m ilk  w ater d ia ly sa te  and (2) sk im m ed  hu m an  m ilk  
eth an o l filtrate . S am p les in jected  w ere eq u iv a len t  

to 25 pL sk im m ed  hu m an  m ilk .

121 °C . Sterile tubes were inoculated w ith  the 
stock culture (1% v /v )  and incubated 40 h at 
35°C . Tubes were then centrifuged and super- 
nates were titrated w ith  0.1N N aO H  in  the 
presence of phenolphthalein indicator. The 
volume of 0.1 N NaOH required for titration was 
taken as a measure of the acid produced during 
the bacteria growth, w hich  reflects the amount 
of growth factors present in  the sample tested.

Resu lts

I s o l a t i o n  o f  B . b i f i d u m  G r o w t h  F a c t o r s
The percent activity of growth factors isolated 

from skimmed human m ilk by d ialysis and by 
ethanol filtrates were 69.1 ± 2.23 and 85 ± 2.06, 
respectively, for 3 tests (skimmed human m ilk =
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Volume of Human Milk, |jL
Figure 2. C alib ration  curves for g ro w th  factors in  
sk im m ed  hu m an  m ilk  e th a n o l filtra te  (curve 1 from  
HPLC and curve 3 b y  m ic ro b io lo g ic a l assay) and  
sk im m ed  hu m an  m ilk  (curve 2 from  m ic ro b io lo g 
ica l assay). Each p o in t represents average o f  2 

d eterm in ation s.

100%). H igher quantities of growth factors were 
recovered in  the ethanol filtrate , so the ethanol 
addition method was chosen over d ialysis for 
further analysis.

H P L C  A n a l y s i s  o f  P o o l e d  H u m a n  M i l k  
D i a l y s a t e  a n d  E t h a n o l  F i l t r a t e

Chromatograms of equal volumes of pooled 
human m ilk  dialysate and filtrate did not show 
any significant qualitative differences, as shown 
in  Figure 1. Both chromatograms had the same 
number of peaks w ith  sim ilar retention times. 
In  both samples, only 2 fractions corresponding 
to peaks w ith  retention times of 15.3 and 20.7 
m in showed growth activ ity in the m icrobio
logical assay. None of the other fractions col
lected showed any appreciable growth activity. 
These results indicate the presence of 2 separable 
growth factors in human m ilk . These 2 factors 
are designated growth factor A  (GF-A) and 
growth factor B (GF-B). The 2 factors present in 
the pooled skimmed human m ilk  sample had 
sim ilar peak areas and specific growth activity.

S e n s i t i v i t y  S t u d y
To compare the sensitiv ity  of the developed 

H P L C  method w ith  that of the m icrobiological 
assay, volum es of the pooled skimmed human 
m ilk  sample (10, 25, 40, 50 ,75, and 100 p.L) were 
tested w ith  the m icrobiological assay and the

Figure 3. HPLC a na lysis  o f 3 sk im m ed  hum an m ilk  
sam p les. In jec tio n s  w er e  e q u iv a le n t  to  50 ;uL 

sk im m ed  hum an m ilk .

H P LC  method. Volumes of 0.1N N aO H used in 
titration (microbiological assay) and the total area 
in  sq. mm of the growth factors peaks (H P LC ) 
were plotted against volumes of human m ilk 
sample analyzed. The results are shown in 
Figure 2.

V a r i a t i o n  o f  t h e  G r o w t h  F a c t o r s  i n  H u m a n  
M i l k  S a m p l e s

Results obtained from testing 3 human m ilk 
samples w ith  marked differences in their growth
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Table 1. Variation of B. b ifidum  growth factors in 
human milk samples

Sample

Peak area, a sq. mm 0.1N
NaOH,b

mLGF-AC GF-Bb (GF-A + GF-B)

1 30 62 92 2.0
2 253 310 563 7,9
3 516 200 716 10.2

a Average of 2 HPLC runs: each injection volume was 
equivalent to 50 pL skimmed human milk.

b Average of 2 microbiological assays of skimmed human 
milk (100 pL).

c Growth factors A and B peaks (see Figure 3).

factors content are shown in  Figure 3 and Table
1.

D iscussion
Gyorgy et al. (12) reported that only 54% of the 

growth factor in human m ilk was recovered after 
24 h of d ialysis and that the recovery increased 
to 69% after d ialyzing for 72 h. Under the d ia l
ysis conditions used in  this study, the average 
percent recovery of the growth factor was 69.1 ±
2.33 after 24 h of d ialysis, and it did not increase 
sign ificantly when the same samples were d i
alyzed for 72 h. This may be due to the different 
d ialysis conditions used by Gyorgy et al. (12). 
They dialyzed human m ilk  samples against only 
10 volumes of water w ithout frequent changes 
of water during the d ialysis. The addition of 3 
volumes of ethanol to skimmed human m ilk  re
sulted in  an average percent recovery of 85.7 ±
2.06. W hen equal volum es of skimmed human 
m ilk dialysate and skimmed human m ilk ethanol 
filtrate were analyzed by H P LC , no qualitative 
differences in  their chromatograms were ob
served (Figure 1). Both preparations yielded 2 
growth factor peaks w ith  identical retention 
times. The area of each growth factor peak in  the 
filtrate was always greater than that of the 
equivalent peak in the dialysate. These results 
indicated that the addition of 3 volumes of eth
anol did not alter the nature of the growth factors 
in  skimmed human m ilk  and that both growth 
factors were more extractable w ith  approxi
mately 75% aqueous ethanol than in water alone. 
Since the ethanol addition method has the ad
vantages of greater percent recovery, shorter 
analysis time, and greater convenience, it was 
preferred to the dialysis method for isolating the 
growth factors from skimmed human m ilk  for 
H P L C  analysis.

Several solvent systems of d ifferent composi
tions of methanol-water, methanol-water-acetic 
acid, and water-acetonitrile were tried for H PLC

analysis of the growth factors. O n ly  water- 
acetonitrile (70 + 30) solvent system provided the 
best separation of the growth factors. When 
solvent fractions corresponding to each of the 2 
growth factors peaks were collected and further 
analyzed by H P LC  using several solvent systems 
of d ifferent strengths, only one peak was ob
tained in  a ll runs. It was therefore concluded 
that only one compound was most like ly  present 
under each of the growth factors peaks. These 
results revealed for the first time the presence of 
2 separable growth factors in  skimmed human 
m ilk and that what is referred to in  the literature 
as the B. b i fid u m  growth factor in human m ilk  is 
actually 2 factors. Both factors are dialyzable in  
water and are soluble in  approxim ately 75% 
aqueous ethanol. These findings may be useful 
in  future studies invo lv ing  the identification of 
these growth factors in  human m ilk .

Excellent linear responses over w ide concen
trations of the growth factors were obtained by 
the developed H P LC  method (Figure 2). The 
H P L C  method yielded better linear responses 
than the microbiological assay at volumes lower 
than 50 /uL of skimmed human m ilk (Figure 2). 
For example, when the volume of the sample 
analyzed for growth factors increased from 10 to 
25 /xL (150% volume increase), the increase in the 
area of both growth factors (H P LC ) was 144.6%, 
whereas the increase in  volume of 0.1N N aOH 
required for titration (microbiological assay) was 
only 20%. The developed H P LC  method was 
also sensitive; the growth factors in as little as 10 
/xL of skimmed human m ilk could be quantitated 
reliab ly .

Some of the human m ilk  samples showed re
markable differences in their growth factors 
content as shown in Table 1 and Figure 3. Even 
though a good correlation existed between both 
methods in total growth factor activity, the H PLC  
method revealed differences in the m ilk samples 
content of each of the growth factors. The ac
tiv ity  of GF-A in the m ilk samples from mothers 
1 and 2 was 32.6 and 44.97c, respectively, of the 
total activ ity whereas it was 7 2 .1 %  in  the m ilk  
sample from mother 3. Such valuable inform a
tion cannot be obtained by the microbiological 
assay. The developed H P L C  method can 
therefore be used as a convenient screening test 
for determ ining content and make-up of the 
growth factors in  m ilk  samples from lactating 
mothers who breast-feed their infants. Sup
plementation of human m ilk or infant formulas 
w ith  the deficient growth factor(s) may be 
needed for better health and su rv ivab ility  of 
infants. Studies on the isolation of large quan-
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tities of both growth factors from w hey for sup
plementation purposes are now under w ay in 
our laboratories.
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S p e c t r o p h o t o m e t r i c  D e t e r m i n a t i o n  o f  A m i n a c r i n e  H y d r o c h l o r i d e  i n  
C r e a m s ,  J e l l i e s ,  a n d  S u p p o s i t o r i e s

E L A IN E  A . B U N C H 1
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  9 0 9  F i r s t  A v e ,  S e a t t l e ,  W A  9 8 1 7 4

A v isib le  spec trophotom etric  m ethod  has been d e
veloped  for the q u an tita tio n  of am inacrine h y d ro 
ch loride in  cream s, je llies, and supposito ries. A m i
nacrine hydroch lo ride  was extracted in to  acidic e th 
anol and  its v isib le  spectrum  was recorded. The 
am o u n t p resen t was calculated by d e te rm in in g  the 
net absorbance betw een the absorbance m axim um  at 
abou t 402 nm  and  one-half the sum  of the  abso rb 
ances of the  m in im a at abou t 389 and 412 nm . A m i
nacrine and a trace con tam inan t, 9(10H )-acridone, 
w ere independently  identified  by d ifferent th in  layer 
chrom atographic system s.

Because of its antiseptic properties, am inacrine 
hydrochloride, 9-aminoacridine hydrochloride 
(1), is incorporated into pharmaceutical prepa
rations used to treat vaginal infections. The 
antiseptic activ ity of this acrid ine derivative is 
attributed to its ab ility  to form nonionizing or 
feebly ionizing complexes w ith  the acidic groups 
of nucleoproteins in the bacteria cytoskeleton. 
Acrid ine derivatives possess a broad bactericidal 
spectrum; they are effective against anaerobes, 
species of the proteus group, and other Gram 
positive and Gram-negative bacilli (2-4).

There are no officia l methods for the deter
m ination of am inacrine hydrochloride in  com
bination w ith  other drugs. A  fluorometric 
method for determ ining am inacrine hydro
chloride had official first action status in the 12th 
edition of O ffic ia l  M e th o d s  o f  A n a ly s i s  (5) but was 
deleted from the 13th edition (6) w hen the A s
sociate Referee found that the ratio of the 2 peaks 
in  the emission spectrum varied w ith  concen
tration because the excitation and emission 
wavelengths overlap. A lthough am inacrine 
hydrochloride has a quantum efficiency close to 
1, this reabsorption of emitted radiation pre
cludes quantitation by fluorescence measure
ment.

An  alternative procedure has been reported in 
the USP X X  (7). Th is  method uses a v isib le 
spectrophotometric assay only for am inacrine- 
4-hexylresorcinol (1 + 1) compound (acrisorcin)

1 Associate Referee for A m inacrine and Q uinacrine H ydrochloride.
Received M arch 22, 1982. Accepted May 4, 1982.

in  a cream. The complex is quantitated by 
measuring the am inacrine hydrochloride ab
sorbance at 402 nm. The method reported in  this 
paper is a modification and extension of the USP 
monograph in  that it employs a d ifferent ex
traction procedure and includes not only other 
dosage forms but also other drugs in  combination 
w ith  am inacrine hydrochloride. The sample is 
dissolved in  acidic alcohol and the absorption 
spectrum is determined for an aliquot of the 
sample. No further cleanup to remove either 
excipients or other active drug ingredients is 
required.

Both am inacrine hydrochloride and its trace 
contam inant, 9(10H)-acridone, were identified 
by th in  layer chromatography (T LC ). For am i
nacrine hydrochloride, the alcohol extract from 
the assay was spotted on a silica gel plate, de
veloped w ith  ethyl acetate-methanol-concen- 
trated ammonium hydroxide (17 + 3 + 2), and 
visualized  w ith  u ltravio let (U V ) light. The 
presence of acridone was detected and confirmed 
using silica gel plates w ith  either benzene- 
methanol (95 + 5) or methylene chloride-di- 
ethylam ine ( 2 + 1 )  developing solvents along 
w ith  U V  ligh t detection. Both am inacrine h y
drochloride and acridone exhibit bright blue 
fluorescence under shortwave and longwave U V  
light. Am inacrine is resolved from the other 
drugs found in  its formulations by the proposed 
T L C  identification test.

M E T H O D

A p p a ra tu s  a n d  R eagen ts
(a) R e c o r d in g  s p e c t r o p h o to m e te r .—  H itach i 

M odel 110 supplied w ith  1 cm quartz cells or 
spectrophotometer suitable for measurement in  
the 500-300 nm range.

(b) A c id ic  e th a n o l .— Concentrated HC1 in 
ethanol (1 + 99).

(c) T L C  p la te s .— 20 X 20 cm glass, precoated 
w ith  250 p m  layer of silica gel w ith  or w itnout 
fluorescent indicator.

(d) T L C  d e v e lo p in g  s o l v e n t .— E t h y l  acetate- 
methanol-concentrated N H 4O H  (17 + 3 + 2).

0004-5756/83/6601-0140-05$01.00
©  Association of Official Analytical Chemists, Inc.
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Figure 1. V isible spectrum  of 0.0156 m g am inacrine 
hy d ro ch lo rid e /m L  acidic ethanol.

(e) S ta n d a r d .— Dissolve ca 25 mg am inacrine 
hydrochloride (Sigma Chemical Co., No. A-1135, 
or equivalent) in  100.0 m L acidic ethanol and 
dilute w ith  acidic ethanol to 0.015 m g/m L for 
creams, je llies, and 6 mg suppositories and to 
0.0175 m g/m L for 12 and 14 mg suppositories.

S a m p le  P repara tion
C r e a m s  a n d  je l l ie s . —Accurately weigh sample 

equivalent to 1.5 mg am inacrine hydrochloride 
into 150 m L beaker. Add ca 40 m L acidic ethanol 
and heat on steam bath 10 m in w ith  occasional 
stirring . Cool and quantitatively transfer to 100 
m L volum etric flask and dilute to volum e w ith  
acidic ethanol. F ilte r solution, discarding first 
10 m L filtrate.

S u p p o s i to r ie s .—M o ld e d .— Determ ine average 
ind ividual weight and composite 5 suppositories 
by heating in  70°C oven. M ix w ell and cool 
until so lid ified . Accurately weigh portion of 
sample equivalent to 6 mg into 150 m L beaker. 
Add ca 40 m L acidic ethanol and heat on steam 
bath 10 m in w ith  occasional stirring . Cool and 
quantitatively transfer to 100 m L volumetric flask 
and dilute to volume w ith  acidic ethanol. Dilute

25.0 m L filtrate to 100.0 m L w ith  acidic eth
anol.

G e la t in - e n c a p s u la te d .— I n d iv id u a l  s u p p o s i 
t o r y .— S lit capsule along seam w ith  scalpel and 
extrude contents as completely as possible into 
250 m L beaker. Place capsule in  beaker and add 
ca 100 m L acidic ethanol. Heat on steam bath 10 
m in w ith  occasional stirring  and probing of 
gelatin capsule w ith  glass rod. Q uantitatively 
transfer to 200 m L volum etric flask w ith  acidic 
ethanol. Repeat extraction w ith  ca 50 m L acidic 
ethanol. Examine capsule for completeness of 
content extraction. Discard sample if  apprecia
ble residue remains in  capsule. Cool and dilute 
to volum e w ith  acidic ethanol. F ilte r solution, 
discarding first 10 m L filtrate . D ilu te  25.0 m L 
filtrate to 100.0 m L w ith  acidic ethanol.

S u p p o s ito r y  c o m p o s ite . —Treat 5 suppositories 
as described for ind ividual suppository. Extract 
w ith  additional 35 m L acidic ethanol. D ilute
5.0 m L filtrate to 100.0 m L w ith  acidic ethanol.

D eterm in a tio n
Scan sample solution and equivalent standard 

solution from 500 to 320 nm against acidic etha
nol blank. Determ ine maximum absorbance at 
ca 402 nm and m inim um  absorbance at ca 412 
and 389 nm. Calculate net absorbance for sam
ple and standard from form ula:

d = A i02 -  V2G4 412 + ^ 389) (see Figure 1)

% Am inacrine hydrochloride in  creams
and je llies = { A l A ' )  X  (C / W ) X 10

mg Am inacrine hydrochloride/m olded
suppository = (A  j  A ' )  X C X  (S/W ) X 400

mg Am inacrine hydroch lo ride/ind iv idual
gelatin suppository = (A  /A ' )  X C X 800

mg Am inacrine hydrochloride/gelatin  
suppository composite = ( A l A ' )

X (C /T ) X 4000

where A  and A ' = net absorbance of sample and 
standard solutions, respectively; C = mg am i
nacrine hydrochloride/m L; W = sample weight; 
S = average suppository weight; and T  = number 
of suppositories in  composite.

TLC  Id en tif ica tio n  T est fo r  A m in a c rin e  
H y d ro c h lo r id e

Line suitable chromatographic tank w ith  filter 
paper and add developing solvent. D ilute 
sample and standard solutions from assay 1:10 
w ith  ethanol. Spot 3 p L  diluted sample and
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standard solutions on T LC  plate. Develop 10 cm 
above starting line and air dry. Locate and mark 
spots under longwave U V  light. R f of sample 
spot corresponds to that of standard spot.

Results and Discussion
Am inacrine hydrochloride is marketed in 

cream, jelly , and suppository formulations (8). A  
representative cross section of the available 
products was collected for this study. Typ ical 
constituents of am inacrine hydrochloride for
mulations are:

Creams—sulfanilam ide or sulfisoxazole, al- 
lantoin , dienestrol, am inacrine hydrochloride- 
4-hexylreso rcino l, p-ch lo ro-w -xy leno l, and 
m ethyl and propyl parabens in hydrophilic  
bases.

Je llie s— oxyqu ino line  benzoate, butyl-p- 
hydroxybenzoate, and m ethyl and propyl para
bens in  a je lly  base.

Suppositories—sulfanilamide or sulfisoxazole, 
allanto in , dienestrol, po lyoxyethylene nonyl 
phenol, sodium dioctyl sulfosuccinate, and 
m ethyl and propyl parabens in  polyethylene 
glycol base, either p lain  or gelatin-encapsu
lated.

The v is ib le  spectra of sulfanilam ide, su lfisox
azole, allanto in , dienestrol, and oxyquinoline 
benzoate were recorded between 500 and 300 
nm. In  this range, only oxyquinoline benzoate 
caused a m inim al interference in  the aminacrine

hydrochloride absorption spectrum. The use of 
the previously described net absorbance at the 
402 nm am inacrine hydrochloride maximum in 
the calculation equations compensates for any 
interference from the oxyquinoline benzoate 
spectrum. Th is  technique also elim inates any 
interference from excipients. Therefore, there 
is no need for an extraction step prior to record
ing the absorption spectrum of am inacrine h y
drochloride. L inearity  for am inacrine hydro
chloride was established between 5.2 and 20.8 
/xg/mL for both the total absorbance and the net 
absorbance at 402 nm.

Portions of 14 commercial products were an
alyzed using the proposed method. Results 
ranged from 92.5 to 109.5% of the labeled amount 
of am inacrine hydrochloride (Table 1). Six 
portions of the 5 products listed in  Table 2 were 
analyzed by the proposed method to test its re
producibility. The coefficients of variation (CV) 
ranged from 0.42 to 1.22%. For the gelatin-en
capsulated suppository sample, the close agree
ment between the C V  values for the composite 
and 3 ind iv idua l analyses as w e ll as the higher 
results for the ind iv idua l analyses indicate that 
an analysis of 5 ind iv idua l suppositories is p ref
erable to a composite analysis to obtain accurate 
results for this dosage form. The CV  of 0.39% for 
the suppository composite shows that the base
line  technique for the calculation produces pre
cise results because the only variables introduced

Table 1. Analysis of commercial products for aminacrine hydrochloride

Sample
No.

Dosage
form

Dosage
level

% Label 
claim

% Label 
claim3

1 cream6 0.2% 100.5 _
2 cream6 0.2% 101.0 —

3 cream6 0.2% 92.5 —
4 cream6 0.2% 107.0 106.5
5 cream6 0.2% 97.5 —

6 cream6 2 mg/mL 105.5 —

7 ielly® 0.2% 95.5 98.0
8 cream' 0.2% 109.5 —

9 suppository« 6 mg 100.56 100.56
10 suppository 6-' 14 mg 100.0 —

11 suppository 66 14 mg 98.6" 97.9 6
12 suppository6 ' 14 mg 100.0 —

13 suppository 61 12 mg 97.5 —

14 suppository6' 14 mg 98.6 —

Standard
recovery

1.56 mg 98.3

3 Sample cleanup with basic Celite 545 column and methylene chloride elution. 
6 Aminacrine hydrochloride, sulfanilamide, allantoin.
6 Aminacrine hydrochloride, sulfisoxazole, allantoin. 
d Aminacrine hydrochloride-hexyiresorcinol compound. 
e Aminacrine hydrochloride, oxyquinoline benzoate.
1 Aminacrine hydrochloride, sulfanilamide, allantoin, dienestrol.
« Molded polyethylene glycol base suppository. 
h Same single suppository stock solution.
1 Gelatin-encapsulated polyethylene glycol base, Individual suppository analysis.
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Table 2. Reproducibility study

% Label claim3
Sample Dosage Dosage ----------------------------

No. form level Range Av. CV,%

5 cream 0.2% 94.0-97.5 96.0 1.22
7 jelly 0.2% 95.5-98.0 97.0 0.90
8 cream 0.2% 107.0-110.0 108.5 0.99
9 suppository6 6 mg 100.7-102.7 101.8 0.88

14 suppository6 14 mg 96.9-97.6 97.4 0.39
14 suppository6 14 mg 98.6-99.3 98.6 e 0.42

3 Six analyses.
6 Separate analyses of composite of 5 molded polyethylene' 

glycol base suppositories.
6 Separate aliquots of stock solution from composite of 5 

gelatin-encapsulated polyethylene glycol base supposito
ries.

6 Individual analyses of gelatin-encapsulated polyethylene 
glycol base suppository.

e Average of 3 analyses.

after compositing are the aliquot d ilution and 
calculation steps. Am inacrine hydrochloride 
(1.56 mg) was added to a hydrophilic  ointment 
base (Parke-Davis N D C 0071-3122-23) along w ith 
either sulfanilam ide (132.7 mg) or sulfanilam ide 
and oxyquinoline benzoate (140 and 1.58 mg). 
Am inacrine hydrochloride recoveries were 98.2 
and 97.9%, respectively.

In  a lim ited study, the proposed direct dilution 
method was compared w ith  a possible Celite 
colum n cleanup to investigate the necessity of 
such a procedure. The column procedure in 
corporated a IN  N aO H  Celite 545 column w ith  
a m ethylene chloride elution. The eluate was 
evaporated to dryness and the residue was dis
solved in  acidic ethanol. Results were calculated 
by the net absorbance technique described for 
the proposed method. Results are listed in  Table 
1. W ith  the exception of the je lly  sample, the 
results for the 2 methods were equivalent. 
Standard recovery was 98.3%. Th is study 
showed that prior cleanup did not im prove the 
analytica l results but did increase the time to 
perform  the analysis.

Am inacrine  hydrochloride was confirmed by 
T L C . The sample spots for am inacrine hydro
chloride had the same R i  as the standard spot and 
were resolved from the other drugs that are in 
corporated into commercial form ulations. If  
fluorescent indicator plates are used, the other 
drugs, except for allantoin, can also be visualized. 
A llan to in  is only slig h tly  soluble in  alcohol and 
appeared to be the w hite residue rem aining in 
the stock sample solutions. Its concentration in 
the fin a l sample d ilution was too low to be de
tected. Am inacrine hydrochloride was located 
as a blue fluorescent spot under longwave U V

light. The R (  was about 0.7 under the experi
mental conditions.

A  trace contaminant, 9(10H)-acridone, was 
found in  2 samples of am inacrine hydrochloride 
and 1 sample of aminacrine base. Acridone was 
also detected in  the commercial formulations. 
Assum ing equivalent quantum efficiency for
9-acridone and 9-aminacrine hydrochloride, 
acridone was present in  the standard at about 
0.4% after isolation by T L C  and quantitation by 
fluorescence spectroscopy. Com m ercial am i
nacrine hydrochloride is prepared from 9-chlo- 
roacridine (1). H ow ever, 9-chloroacridine is 
readily converted to acridone by heating an 
aqueous solution of the material (9). S im ila rly , 
alcoholic solutions of 9-chloroacridine w ill 
convert to acridone on standing overnight. 
G iven  the instab ility of the m aterial, it is not 
surprising that a bottle of 9-chloroacridine pur
chased in  1970 was approximately 50% acridone, 
w h ile  a bottle purchased in 1982 had a substan
tia lly  lower level of acridone. From this sm all 
sample, it is apparent that 9-acridone is a com
mon contaminant of 9-chloroacridine. Acridone 
can be resolved from 9-aminoacridine and 9- 
chloroacridine by T LC . On Eastman silica gel 
Chromagram sheets (No. 6061), w ith  a devel
oping solvent of benzene-methanol (95 + 5) (5), 
the respective R ¡  values are 0.2, 0, and 0.6. On 
silica gel-coated glass plates w ith  a developing 
solvent of methylene chloride-d iethylam ine (2 
+ 1), the respective R f  values are 0.4,0 .6 , and 0.8. 
The infrared spectrum of 9-acridone synthesized 
from 9-chloroacridine matched that of 9(10H ) -  
acridone purchased from Eastman Kodak Co. 
Both compounds have the same R f as the trace 
spot in  am inacrine hydrochloride w hen chro
matographed w ith  the systems listed above. 
Acridone is a consistent contaminant in  am ina
crine and can be d irectly traced to the 9-chlo
roacridine synthesis precursor.

The proposed method is rapid and accurate 
and can be used for the determ ination of am i
nacrine hydrochloride in  combination w ith  
other drugs in  commercial products.
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Evaluation of Fluorometric Determination-Thin Layer 
Chromatographic Identification of Aminacrine Hydrochloride in 
Drug Preparations
ELAINE A. BU NCH1
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  9 0 9  F ir s t  A v e ,  S e a t t l e ,  W A  9 8 1 7 4

U tiliz ing  the fluorescen t p ro p e rty  of am inacrine 
hydrochloride and a filter fluorom eter, a fluorom etric 
m ethod  fo r am inacrine  h y d roch lo ride  in d ru g  com 
binations was developed, collaboratively studied, and 
adopted  as official first action  in  the 1 1 th  ed itio n  of 
Official M ethods o f  Analysis. Id en tity  w as con
firm ed by th in  layer ch rom atography  (TLC). A ddi
tional analytical w ork was undertaken w ith  a grating 
fluorom eter to support a change in  the m ethod status 
to official final action. The g ra ting  in s tru m en t re
corded the  am inacrine h y d roch lo ride  spectrum  as 
opposed to the to tal fluorescence em ission m easured 
by the filter instrum ent. The spectrum  of am inacrine 
h y d roch lo ride  show ed th a t the m olecule w as exh ib 
iting  self-absorption  of the em itted  rad iation  even at 
concen tra tions of 10-6M and th a t the  ratio  of the  2 
peaks in  the em ission spectrum  varied  w ith  concen
tra tio n . A dditional analyses of an au th en tic  cream  
p rep ara tio n  th a t also conta ined  su lfan ilam ide gave 
an average recovery of 8 6 .0 % for am inacrine h y d ro 
ch loride in  10 replicate po rtions. Because of these 
observations, the cu rren t Associate R eferee's rec
om m endation  to dele te  the  fluo rom etric  procedure 
from  the 13th edition  of Official M ethods o f Analysis 
was adopted . A recom m ended dele tion  of th e  TLC 
id en tifica tion  test w as also adopted.

Am inacrine hydrochloride (9-aminoacridine) is 
used extensively as an active component in  drug 
preparations used to treat vaginal infections. A t 
the time of the orig inal method development, 
am inacrine as either its hydrochloride, propio
nate, or undecylenate salt was formulated into 
tablets, powders, suppositories, creams, jellies, 
tampons, and ointments (1, 2). A t present, 
however, am inacrine is marketed only as the 
hydrochloride salt in  either creams, je llies , or 
suppositories. The fina l drug product always 
contains other active ingredients, the most 
common of w h ich  are sulfanilam ide, sulfisoxa- 
zole, allanto in , oxyquinoline benzoate, and di- 
enestrol (3). Am inacrine is used because of its 
antiseptic properties. It possesses a broad bac
tericidal spectrum and is effective against an
aerobes, species of the proteus group, and other 
Gram-positive and Gram-negative bacilli. The

1  Associate Referee for A m inacrine and Q uinacrine H ydro
chloride.Received M arch 29, 1982. Accepted June 17, 1982.

mechanism of action is attributed to its ab ility to 
form nonionizing or feebly ion izing  complexes 
w ith  the acidic groups of nucleoproteins in  the 
bacteria cytoskeleton (4-6).

Fluorescence spectroscopy seemed an ideal 
technique to use to quantitate am inacrine hy
drochloride in  the presence of other compounds 
because it has a quantum efficiency of 0.98 com
pared w ith  that of 0.55 for qu inine sulfate, a 
substance that has been w id e ly  used as an in 
strumental reference standard (7). Indeed, the 
method adopted for the 11th edition of O ffic ia l  
M e th o d s  o f  A n a ly s i s  (8) relied on the fluorescent 
properties of am inacrine for quantitation. In  
this procedure the sample is dissolved in  alcohol 
and an aliquot equivalent to 1 /ug am inacrine 
hydrochloride is treated w ith  5% N aO H . A  
chloroform extract is evaporated and the residue 
is redissolved in  acidic ethanol before the fluo
rescence measurement. A  th in layer chroma
tographic (T LC ) procedure (benzene-m ethanol 
(95 + 5), silica gel), described by Stahl (9) for the 
resolution of acrid ine, is used for confirm ation. 
The spot(s) is v isualized  under u ltravio let (U V ) 
light. The collaborative study of the method 
included an authentic powder and cream pre
pared by the form er Associate Referee (2). The 
General Referee for Nonalkalo id Organic N i
trogenous Bases found a mathematical error in 
the statistical evaluation of the collaborative 
study and requested additional w ork by the au
thor (current Associate Referee) to support a 
change in  the method status to o ffic ia l fina l ac
tion in  the compendium. Both the quantitative 
and qualitative procedures were evaluated as a 
result of this request.

Quantitative Evaluation
The excitation and emission spectra of am i

nacrine hydrochloride in acidic alcohol were 
recorded w ith  a grating spectrophotofluo- 
rometer. Excitation maxima were at 268, 410, 
and 430 ± 2 nm w ith  a shoulder at ca 380 nm. 
The emission spectrum had 2 maxima at 435 and 
458 ± 2 nm (see Figure 1). The 435 nm m axi
mum was arb itrarily  chosen for analytical cal
culations. According to sec. 38.110 (10), a pri-

0004-57 56/83/6601 -0145-06$01.00
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Figure 1. U ncorrected fluorescence spectra of am inacrine hy d ro ch lo rid e  in  acidic ethanol. Solid line, ex
citation  spectrum  (em ission w avelength  460 nm ); dotted  line, em ission spectrum  (excitation w avelength 390

nm).

mary filter passing light at 365 nm (Corning No. 
7-39) and a secondary filte r w ith  a cutoff wave
length at 415 nm (Wratten 2A) were to be used 
w ith  a filte r fluorometer for excitation and 
emission, respectively. The 415 nm cutoff filter 
allowed the photom ultip lier tube in the filter 
fluorometer to see all of the emitted energy from 
both the 435 and 458 nm peaks. The grating 
instrum ent records the ind iv idua l emitted en
ergy for each maximum. Inspection of the 
emission and excitation spectra showed that 
there was an area coincident to both spectra be
tween ca 415 and 440 nm. The importance of 
this observation, w h ich  cannot be made w ith  a 
filte r instrum ent, was demonstrated during the 
evaluation of the analytical method.

Four commercial products, a cream, a je lly , and 
a molded and a gelatin-encapsulated suppository, 
were selected for analysis for am inacrine h y
drochloride. These products also contained the 
fo llow ing active drug ingredients: su lfan ila
mide, a llanto in , oxyquinoline benzoate, tyroth- 
ricin , and phenylmercuric acetate. (The product 
containing phenylm ercuric acetate and tyroth- 
ricin  has since been discontinued.) Each product 
was analyzed in  triplicate w ith  fina l d ilution to
1.0 pg/m L. For the gelatin-encapsulated sup
pository, 1 suppository was dissolved in  alcohol 
and 3 aliquots were taken for analysis. The re
sults of the analyses are shown in  Table 1. The 
average recovery based on the label declaration 
was 91.5-101.3%, w h ile  the coefficients of va ri
ation (C V ) ranged from 0.50 to 6.08%. The 2

samples w ith  the highest CVs, 1.12 and 6.08%, 
also contained sulfanilam ide. The 1.12% C V  
resulted from the analysis of 3 aliquots from the 
solution of the 1 gelatin-encapsulated supposi
tory. It is u n like ly  that the 6.08% C V  for the 
cream was due to nonhomogeneity of the sample 
because it was thoroughly mixed before analysis. 
The 0.50% C V  for the je lly  sample supports the 
hypothesis that a mechanism other than sam
pling error is responsible for the high C V . S ix 
replicate analyses by a visible spectrophotometric 
method gave C V  values of 0.70% for a d ifferent

Table 1. Analysis 8 of commercial products for 
aminacrine hydrochloride by secs. 38.111-38.113 (10) 

using a grating spectrophotofluorometer

Sample

l 6 2 C 3 d 4 e

99.5 97.5 101.7 96.4
99.0 86.5 100.7 97.1

100.0 90.5 102.0 98.6
Av. 99.5 91.5 101.3 97.1
CV, % 0.50 6.08 0.68 1.12

8 Results expressed as percent of label declaration. 
b 2 mg aminacrine hydrochloride/g and 7.5 mg oxyqui

noline benzoate/g in a jelly base.
c 0.2% aminacrine hydrochloride, 15.0% sulfanilamide, and 

2.0% allantoin in a cream base.
d 3.0 g aminacrine hydrochloride, 2.5 mg tyrothricin, 3.0 

mg phenylmercuric acetate, and 20.0 mg urea in each 
molded, water-soluble, wax-based suppository.

e 14 mg aminacrine hydrochloride, 1.05 g sulfanilamide, 
and 140 mg allantoin in each gelatin-encapsulated polyeth
ylene glycol-based suppository.
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Table 2. Recovery (%) of aminacrine hydrochloride in a 
cream base3

Sample

0.08 n g /m L  
Standard 1.0 f i g / ml_ Standard

RFb Found RFb Foundc Foundd

Std 65.3 58.3
l e 62.2, 95.6, 63.4, 136.5, 97.1,

68.9 98.6 69.9 140.3 100.02> 68.1, 98.7, 69.1, 140.3, 100.2,
61.9 95.4 63.1 135.8 97.1

a Fluorescence of duplicate sample solutions was recorded 
with each of the 2 standard dilutions; the grating spectro- 
photofluorometer settings were identical: excitation 390 nm, 
emission 435 nm.

b Relative fluorescence as percent full-scale recorder de
flection.

c Calculated with the 1.0 /xg/mL standard. 
d Calculated with the 0.08 jug/mL standard. 
e Cream containing 2.08 mg aminacrine hydrochloride/ 

g-
1 Cream containing 14.03 mg aminacrine hydrochloride/ 

g-

lot of je lly  and 1.22 and 0.99% for 2 creams. The 
2 creams also contained sulfisoxazole and allan- 
toin, and sulfanilam ide, allantoin, and dienestrol, 
respectively.

Three authentic samples were prepared. 
Am inacrine hydrochloride alone was incorpo
rated into a commercial cream at 2 levels, 2.08 
and 14.03 mg/g. For the th ird  sample, 500 mg 
sulfanilam ide/g and 2.0 mg am inacrine hydro- 
chloride/g were combined w ith  a commercial 
ointment base. Recoveries for the 14.03 mg/g 
sample ranged from 90.8 to 98.7% for 4 replicate 
samples; recoveries for the 2.08 mg/g sample 
were 95.6 and 98.6% for duplicate samples. 
Duplicate portions of the 2.08 and 14.03 mg/g 
samples were analyzed at the same time w ith  a 
fina l sample concentration of ca 0.08 qg/m L. 
The fluorescence of the sample solutions was 
recorded first w ith  a 0.08 qg/m L standard and 
then a 1.0 qg/m L standard, using the same in 
strumental parameters. The observation that the 
relative fluorescence intensity of the 1.0 qg/m L 
standard was 7% less than that of the less con
centrated standard suggested that concentration 
quenching m ight be occurring. The relative 
fluorescence of sample and standard solutions as 
w e ll as calculations based on both standard 
readings are shown in  Table 2. Ten replicate 
portions of the th ird  authentic sample, w h ich  
also contained sulfanilam ide, were analyzed at 
d ilutions of 0.08 and 1.0 qg/m L. The range of 
recoveries at the 0.08 qg/m L d ilution  was
78.0-90.5% w ith  an average of 86.0% and a C V  of 
4.71%; for the 1.0 qg/m L d ilution  the recoveries

Table 3. Change in ratios of 435/458 nm emission 
maxima with change in concentration of aminacrine 

hydrochloride in acidic ethanol

/xg/mL 10~6M Excitation 390 nm

0.198 0.86 1.051
0.396 1.7 1.038
0.593 2.6 1.027
0.791 3.4 1.027
0.989 4.3 1.026
1.484 6.4 1.007
1.978 8.6 0.994
2.472 10.8 0.983
2.967 12.8 0.975

were 76.0-92.0% w ith  an average of 86.0% and a 
C V  of 5.44%. The larger C V  and w ider range for 
the 1.0 qg/m L dilution indicate potential prob
lems directly associated w ith  concentration. At 
concentrations of 0.08 and 1.0 qg/m L, am ina
crine hydrochloride is 3.5 X  10-7 and 4.3 X
10-6M , respectively.

Em ission linearity was checked between 0.198 
qg/m L (8.6 X 10“ 7M ) and 2.967 qg/m L (1.3 X
10-5M ). The line equation and correlation 
coefficient (r) for the 435 nm m aximum were y  
=  24.2x + 2.9, r = 0.99871; for the 458 nm m axi
mum, y = 25.1 x + 1.8, r = 0.99947. The ratio of 
the emission peaks, 435/458 nm , changed from
1.051 for 0.198 qg/m L to 0.975 for the 2.967 
qg/m L concentrations (excitation wavelength 
390 nm). The change in  the relative intensity of 
the 2 peaks is d irectly related to concentration 
(Table 3).

Qualitative Evaluation
Confirm ation was attempted by T L C . Stan

dard solutions were prepared according to sec.
38.115 (10), spotted on Eastman No. 6060 silica 
gel w ith  fluorescent indicator T L C  sheets, and 
developed w ith  benzene-methanol (95 + 5). 
Th is  T L C  system was reported by Stahl (9) for 
acrid ine and other organic bases derived from 
tar. Am inacrine hydrochloride is a b rillian t 
ye llow  compound, and the 3 qg spotted for this 
test leaves a visib le  ye llow  spot at the orig in . 
A fter development of the T L C  plate, the ye llow  
spot remains at the orig in . As described in  sec.
38.115 (10), the second m inor spot to be used for 
the identification of aminacrine is located under 
U V  light about m idway up the plate. Both spots 
exh ib it bright blue fluorescence. Chromatog
raphy was repeated w ith  glass plates precoated 
w ith  silica gel. Subsequently, the m inor spot 
was identified as 9(10H)-acridone, w h ile  the in 
tense baseline spot was identified as aminacrine. 
The minor spot (9(10H)-acridone) appeared to be
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a common and consistent contaminant in  ami- 
nacrine hydrochloride at ca 0.3%. Acridone is 
easily derived from 9-chloroacridine, the im 
mediate precursor in the synthesis of aminacrine 
hydrochloride. A lthough this is an excellent 
identification test for 9(10H)-acridone, it mis- 
identifies am inacrine hydrochloride. On the 
recommendation of the Associate Referee, this 
test was deleted from the 13th edition of O ffic ia l  
M e th o d s  o f  A n a ly s i s  (11).

Discussion
Pro flav in  (3,6-diaminoacridine hydrochlo

ride), a member of the acridine dye fam ily , ex
hib its self-quenching even in  10~6M solutions 
at pH 4 (12). Th is behavior is independent of 
solution viscosity and temperature. More recent 
data indicate that the self-quenching observed 
for the acridine fam ily is due to self-absorption 
of the fluorescent radiation (13). This theory fits 
the observed sh ift in  the emission peak ratios 
noted in  Table 3. A t 0.86 X 10-6M , the ratio of 
435/458 nm is 1.051. Th is ratio changes to 0.975 
as the concentration increases to 12.8 X 10_6M. 
W ith  a 15-fold increase in  concentration, the 
peak ratios decrease by 7%. As concentration 
increases, the 435 nm emission peak becomes the 
sm aller of the pair. Quenching due to self-ab
sorption would account for this phenomenon. 
A lthough the correlation coefficient from the 
linear regression of the linearity study is ac
ceptable for either peak m aximum, that for the 
458 nm peak is slightly better (0.99945 compared 
w ith  0.99871) and the line  passes through the 
abscissa at 1.8 rather than 2.9. H ow ever, i f  the 
actual plotted line is examined, the line diverges 
from the theoretical as concentration becomes >1 
pg / m L. Th is deviation is greater for the 435 nm 
m aximum. Other solvents were evaluated to 
determ ine if  this self-absorption could be e lim 
inated by means other than dilution to <10-6M. 
The results indicated that, sim ilar to the findings 
of M illich  and Oster (12), the phenomenon ap
pears to be independent of solvent effects.

The amount of am inacrine hydrochloride re
covered from either a cream or ointment base has 
a random bias. The cream, w h ich  was fortified 
w ith  only am inacrine hydrochloride at 2.08 or
14.03 mg/g, gave average recoveries of 97.1 (2 
analyses) and 95.4% (4 analyses), respectively. 
For the 2.08 mg sample, recoveries were 95.6% 
and 98.6%. The high recovery for the 14.03 mg 
sample was 98.7% and the low  90.8%. The re
covery of am inacrine hydrochloride prepared 
w ith  sulfanilam ide in an ointment base dropped 
to 86.0% w ith  a h igh of 92.0% and a low  of 76.0%

for the 10 analyses. As the number of samples 
increased so did the range of the results. The 
form er Associate Referee's collaborative study 
had 8 participants w ith  a total of 16 cream anal
yses. Th is  authentic sample also contained su l
fanilam ide and allantoin. I f  the paper present
ing the collaborative study results does not 
contain a m isprint for the amount of aminacrine 
hydrochloride incorporated into the authentic 
sample, the average recovery was not the 102% 
reported but 79.6%. None of the results can be 
discarded as outliers based on the criteria of 
D ixon (14). The range for this study was 40.9%, 
calculated from the data presented. The col
laborative study reports a 100% recovery of the 
0.108 mg/g added to the authentic powder that 
did not contain sulfanilamide. The range for the 
powder was still 24.6% for 16 analyses. The C V  
for the powder sample was 6.55%, compared w ith  
10.68% for the cream. These analytical results 
indicate that a random bias is associated w ith  the 
chloroform  extraction of the basic sample solu
tion. W hile  a slight sh ift in  the excitation grat
ing can also cause a random error due to changes 
in  the intensity of the excitation energy, it is 
more like ly  that the observed random results are 
due to other factors because the collaborators 
used filter instruments, w hich  measure the total 
fluorescence energy rather than that at a single 
w avelength. There was a trend toward lower 
recoveries as the time in  contact w ith  5% N aO H 
increased; the lowest result was also the last 
sample in the series to be extracted. Some su l
fanilam ide is not removed during the cleanup 
procedure. The commercial products that con
tained sulfanilam ide and allantoin also had 
h igher C V  values.

A  d ifferent source of error is observed :f  an 
excitation maximum at 270 nm rather than 390 
nm is used. The fluorescence of am inacrine 
hydrochloride decreases as the amount of su lfa
nilam ide in  the solution increases and an addi
tional emission peak at about 345 nm is also ob
served. The recovery for one sample combining 
am inacrine hydrochloride, sulfanilam ide, and 
ointm ent base was 90.0% w ith  a 270 nm excita
tion w avelength, compared to 95.0% w ith  a 
change to 390 nm. The 95.0% result was verified 
by v isib le  spectrophotometry. Figure 2 illu s 
trates the quenching of the am inacrine fluores
cence spectrum when up to 7.63 mg su lfan ila
mide was added to 0.1 mg am inacrine hydro- 
chloride/100 m L acidic alcohol. The ratio of 
su lfanilam ide to am inacrine hydrochloride in 
commercial form ulations is 75:1. W ith  an exci
tation wavelength of 270 nm the relative fluo
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rescence decreased from 63.7% for am inacrine 
hydrochloride alone to 9.5% w ith  7.63 mg sulfa
nilam ide added to the solution. W hen the ex
citation wavelength was changed to 390 nm, the 
same solutions produced a ± 2% random varia
tion in the relative fluorescence around that re
corded for aminacrine hydrochloride alone. The 
wavelengths for the am inacrine hydrochloride 
emission maxima remain unchanged w ith  either 
excitation wavelength.

A crid ine  dyes have been used extensively in  
the analysis of nucleic acids by m easuring the 
difference between the fluorescence of the un
bound dye and the quenched fluorescence of the 
nucleic acid-dye complex. A lthough the fluo
rescence of acridine orange (2,8-dimethylami- 
noacridine) at 10-3M is only 1% of that at 10_5M, 
the quenching is never more than 20% of that 
observed w ithout the nucleic acid (13). Geor- 
ghiou (15) reports that the fluorescent quenching 
and decay times for the complexes between nu
cleotides and 9-aminoacridine (aminacrine) have 
been studied. Georghiou (15) also discusses the 
role of hydrogen bonding in  the formation of 
complexes between nucleic acids and acridine 
dyes. He further notes that the fluorescence of 
p roflavin  and acrid ine orange was strongly 
quenched by hydrogen bonding w ith  phenol 
and concludes that this is due to charge transfer 
between the aromatic rings through the hydro
gen bonds betweeen substituent groups on the 
rings. Sulfanilam ide could form hydrogen 
bonds w ith  am inacrine hydrochloride. Exper
im ental results indicate that there are at least 3 
phenomena w h ich  ind iv id u a lly  or in  combina
tion affect the accuracy of the fluorometric assay:
(1) self-absorption of the fluorescent radiation,
(2) chloroform  extraction of the basic sample 
solution, and (3) formation of a sulfanilam ide- 
am inacrine hydrochloride complex. A llan to in  
does not appear to influence analytical results 
when the results of analysis of authentic samples 
w ith  either aminacrine alone or aminacrine w ith 
su lfanilam ide are compared w ith  those for 
commercial products. Th is  may be due in  part 
to the low solubility of allantoin in alcohol or the 
fact that it does not appear to be a fluorophore as 
is sulfanilam ide.

O f a ll the products containing am inacrine 
hydrochloride that are currently available, only 
one, a je lly , contains neither sulfanilam ide nor 
sulfisoxazole. Even if  d ilution of am inacrine 
hydrochloride were able to solve the problem of 
linearity  changes due to the self-absorption of 
emitted radiation, the method w ould not pro
duce accurate results. Both sulfanilam ide and

W avelength, nm

Figure 2. U ncorrected em ission spectra of acidic 
ethano l (1 + 99) so lu tions of am inacrine hy d ro ch lo 
ride  (I) and su lfan ilam ide (II) w ith  excitation  at 270 
nm . A, 1.0 fig I/m L; B, 100 fig 1,7.63 mg II, and 100 mg 
o in tm en t base extracted per sec. 38.112 (10). Final 
volum e 100 mL; C, 1.0 fig I /m L  and 12.7 fig II/m L ; D, 

1.0 fig I /m L  and 76.3 fig II/m L .

sulfisoxazole could form hydrogen-bonded 
complexes w ith  am inacrine. The resulting 
complex quenches the fluorescence of am ina
crine and produces a constant negative bias in  
the analytical results, thereby precluding the use 
of the 270 nm excitation wavelength. Although 
the fluorescent properties of am inacrine seemed 
to provide an excellent technique for its assay, 
the phenomenon of self-absorption of the emit
ted fluorescent energy coupled w ith  the ten
dency to form fluorescence quenching com
plexes and the apparent random extraction bias 
make it impossible to use this property for 
quantitative analyses. The fluorometric method 
for am inacrine hydrochloride was deleted from 
the 13th edition of O ffic ia l M e th o d s  o f  A n a ly s is  (11) 
for these reasons. The T L C  identification test 
was also deleted because 9(10H)-acridone was 
m isidentified as aminacrine and aminacrine had 
an R f  of 0 in  this system.

Subsequent to this study, a v is ib le  spectro- 
photometric method was developed to quantitate 
am inacrine hydrochloride in  combination w ith  
the drugs and form ulations listed here. A  new 
T L C  identification test is also presented in  the 
paper that describes this spectrophotometric 
method (16).
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Liquid Chromatographic Analysis of Samples Containing Cocaine, 
Local Anesthetics, and Other Amines
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A liqu id  chrom atographic procedure is described for 
the separation  of cocaine, local anesthetics, and o ther 
am ines often  encountered  in  cocaine look-a like  
p rep arations. A m ines such as ephedrine , pseudo- 
ephedrine , and phenylpropanolam ine are identified  
fo llow ing  derivatization  w ith  phenylisothiocyanate. 
T he isocratic, reverse phase m ethod  uses dual w ave
leng th  detection  at 254 and 280 nm .

The stim ulant and local anesthetic properties of 
cocaine have made this drug one of the most 
frequently abused substances encountered in 
forensic laboratories. The illegal use of cocaine 
has prompted much research into the analysis of 
cocaine and related compounds by gas chroma
tography ( 1), high pressure liquid  chromatog
raphy (H PLC ) (2), and infrared, nuclear magnetic 
resonance, and mass spectrometry (3).

Recently , numerous samples suspected of 
containing cocaine have been submitted for 
analysis to the Alabama Department of Forensic 
Sciences. M any of the samples were found to 
contain cocaine in  combination w ith  lidocaine, 
benzocaine, procaine, and am phetam ine. 
H ow ever, a number of other suspected cocaine 
samples were found to contain only local anes
thetics in  combination w ith  various amines. 
Among the drugs that have been encountered in  
com bination are (a) lidocaine , tetracaine, 
ephedrine, and phenylpropanolam ine; (b) pro
caine, lidocaine, and phenylpropanolam ine; (c) 
lidocaine, ephedrine, and caffeine; and (d) tet
racaine, lidocaine, pseudoephedrine, and caf
feine. Intelligence inform ation indicates that 
the local anesthetic-am ine combinations, com
m only called cocaine look-alikes, are readily 
available under such names as Pseudo-Caine, 
Super Caine, and Sno-Caine.

Liqu id  chromatography is an especially useful 
technique for separating polar, nonvolatile , or 
therm ally unstable compounds such as cocaine, 
benzoylecgon ine , and related compounds. 
P rev iously , a procedure was described in  w hich 
cocaine, benzoylecgonine, and c is- and t r a n s -  
cinnam oylcocaine were separated by liquid 
chromatography, w ith  identification based on

1 Auburn University, School of Pharmacy, Department of Pharmacal Sciences, Auburn University, AL 36849.Received April 13, 1982. Accepted June 15, 1982.

retention data, absorbance ratios at 254 and 280 
nm , and mass spectral properties (4). In  this 
paper, the method has been expanded to dem
onstrate usefulness of the procedure for sepa
rating commonly occurring local anesthetics in  
combination w ith  cocaine, as w ell as in analyzing 
cocaine look-alike preparations. In  addition, the 
usefulness of a previously described method for 
detecting prim ary and secondary amines found 
in  cocaine look-alikes by H P LC , using p henyli
sothiocyanate as derivatizing agent to enhance 
detectability and chromatography, is also dem
onstrated (5).

Experim ental

Reagents and Chemicals
frans-Cinnamoylcocaine and benzoylecgonine 

were obtained from the Drug Enforcement A d 
m inistration, Special Testing and Research Lab
oratory, M cLean, VA . Other drugs, w ith  the 
exception of ris-cinnamoylcocaine w h ich  is not 
commercially available, were obtained from their 
representative manufacturers and used w ithout 
further purification. cis-Cinnamoylcocaine was 
present in  i l lic it  cocaine samples. H P L C  grade 
methanol and phenylisothiocyanate (P IT ) were 
purchased from Fisher Scientific Co., Fa ir Lawn, 
NJ. I ll ic it  cocaine samples and cocaine look- 
a like preparations were submitted to the A la
bama Department of Forensic Sciences by various 
Alabama law  enforcement agencies.

Instrumentation
The liqu id  chromatograph consisted of a Wa

ters Associates (M ilford , M A) Model 6000A 
pump, Model U 6K  injector, Model 440 U V  de
tector w ith  dual wavelength accessory operated 
at 254 and 280 nm , and a Houston Instrum ent 
(Austin , T X  78753) Om niScribe dual pen re
corder.

Chromatographic Procedures
A ll separations were carried out on a 30 cm X

3.9 mm id /xBondapak C is  column (Waters A s
sociates) at ambient temperature. The analytical 
colum n was preceded by a 7 cm X 2.1 mm id 
guard column dry packed w ith  C O :P E LL  ODS 
(Whatman Inc., C lifton, NJ). Powdered samples

0004-5756/83/6601-0151-07$01.00 
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Figure 1. L iquid ch rom atographic separa tion  of 
som e com pounds in  com bination  w ith  cocaine. 
Peaks: 1, procaine; 2, lidocaine; 3, m epivacaine; 4, 
benzoylecgonine; 5, cocaine; 6 , p iperocaine; 7, ben- 
zocaine; 8 , frans-cinnam oylcocaine; 9, te tracaine.

M obile phase, Solvent a.

were dissolved in H P LC  grade methanol and 
in itia lly  chromatographed using a mobile phase 
of pH  3.0 phosphate b u ffe r-H P LC  grade meth
anol (2 + 1) (Solvent a). The pH  3.0 phosphate 
buffer was prepared by m ixing 9.2 g monobasic 
sodium phosphate (N aH 2PC>4) in  1 L  double- 
d istilled  water, and adjusting the pH to 3.0 w ith  
2N H 3PO 4. The mobile phase flow  rate was 2.0 
m L/m in . Absorbance ratios (A 254M 280) were 
calculated from the average peak height mea
surements of a m inim um  of 3 injections for each 
drug tested. Potassium permanganate (KMnC>4) 
oxidations were made by adding 5% aqueous 
KM nC >4 solution to the powdered sample in 
H P L C  grade methanol and letting the resulting 
solution stand 15 min at room temperature before 
injection.

Table 1. Retention and absorbance data for components 
of cocaine and cocaine look-alike samples

Drug
Relative

retention
time A2 5 4 /A 28O

Acetaminophen 0.31 5.84
Procaine 0.32 0.22
Phenylpropanolamine 0 . 3 3 very high
Ephedrine 0 . 3 4 very high
Pseudoephedrine 0 . 3 4 very high
Lidocaine 0.58 20.20
Prilocaine 0.58 13.79
Caffeine 0.58 0.70
Mepivacaine 0.59 21.25
Benzoylecgonine 0.78 2.00
Cocaine 1.00 (12.8 mL) 2.00
Piperocaine 1.41 1.73
Benzocaine 1.59 0.32
c/s-Cinnamoylcocaine 1.86 0.76
frans-Cinnamoylcocaine 2.81 0 37
Tetracaine 3.09 0.11
Dlbucaine 11.56 2 14

To demonstrate the enhanced detectability and 
chromatographic separation of prim ary and 
secondary amines (ephedrine, pseudoephedrine, 
and phenylp ropano lam ine) using phenyl- 
isothiocyanate, 0 .1 00 0  g cocaine look-alike sam
ple was dissolved in 10 m L 0.5N NaHCC>3. A  10 
/uL  injection of this solution was chromato
graphed at 0.2 A U FS  using Solvent a. The re
m aining portion of the solution was placed in  a 
separatory funnel and extracted twice w ith 15 m L 
portions of methylene chloride, and the extracts 
were combined. P IT  (10 p L ) was added to the 
combined m ethylene chloride extracts w hich  
were evaporated to dryness under a stream c f air. 
The residue was dissolved in  10 m L H P LC  grade 
methanol. A  10 fxL  portion of the solution was 
chromatographed using a mobile phase of 
water-methanol-acetic acid (54:45:1) (Solvent b) 
at a flow  rate of 2.0 m L/m in  and 2.0 A U FS .

Results and Discussion
The H P LC  analysis of il lic it  cocaine samples 

reveals the presence of several UV-absorbing 
compounds. The source of the majority of illic it  
cocaine is believed to be from extraction of the 
South Am erican coca plant w h ich  contains the 
alkaloids (—)-cocaine, cinnam oylcocaine, the 
trux illines , and tropacocaine (6 ). The presence 
of these alkaloids in  illic it  cocaine samples can 
be a significant factor in  determ ining the origin 
and background of the sample. In  a previous 
report (4), a method was presented for the H P LC  
separation and identification of cocaine, ben
zoylecgonine, and cis- and frans-cinnamoylco-
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Figure 2. L iquid chrom atogram  of illic it cocaine 
sam ple. Peaks: 1, procaine; 2, benzoylecgonine; 3, 
cocaine; 4, c/s-cinnam oylcocaine; 5, frans-cinna- 
m oylcocaine. In d ep en d en t q u an tita tio n  of th is 
sam ple show ed 20% w /w  cocaine. M obile  phase, 

Solvent a.

caine. The reverse phase (C is) separation of 
these alkaloids was m axim ized by using an iso- 
cratic solvent system consisting of a 2:1 m ixture 
of pH  3.0 phosphate buffer and methanol. Th is 
report examines the application of the procedure 
to the analysis of various samples containing 
local anesthetics and amines in  combination w ith 
cocaine.

The reverse phase H P LC  separation of cocaine 
and related alkaloids from some common local 
anesthetics is shown in  Figure 1. The chroma
tographic effluent was monitored at 2 w ave
lengths (254 and 280 nm) using dual flow  cells 
connected in series. Peaks 1-3 in  Figure 1 i l 
lustrate quite w e ll the advantages of using dual 
wavelength detection. Procaine (peak 1) shows

------------------ 1— i---- 1 i i---- 1---- 1
30 25 20 15 K> 5 0

Time (Minutes)
Figure 3. L iquid chrom atogram  of clandestine  
sam ple con ta in ing  cocaine and  local anesthetics. 
Peaks: 1, cocaine; 2, benzocaine; 3, c is-c innam oyl- 
cocaine; 4, frans-cinnam oylcocaine; 5, te tracaine. 

M obile phase, So lven t a.

strong absorbance at 280 nm w hile  lidocaine and 
mepivacaine (peaks 2 and 3, respectively) give 
strong absorbances at 254 nm and much less at 
280 nm. The chromatographic conditions used 
for this separation are the same as those reported 
earlier (4). The relative retention data for the 
ind iv idua l components are shown in  Table 1. 
W ith the exception of dibucaine, a ll compounds 
evaluated in  this study eluted at a volum e of less 
than 40 m L mobile phase. Benzocaine (pKa 2.8) 
is the only compound in Figure 1 that would not 
be totally ionized in  the acidic mobile phase. 
The other basic amines have pKa values (7) in  the 
range 7.5-8.8, and should be completely pro- 
tonated under these chromatographic condi
tions.
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Figure 4. L iquid chrom atogram  of cocaine sam ple 
in Figure 3, after potassium  perm anganate oxidation. 
Peaks: 1, cocaine; 2, benzocaine; 3, te tracaine . M o

b ile  phase, Solvent a.

10 s o 10 5 o-1____ I____ 1________________ I---- 1---- L

II

Figure 5. L iquid chrom atogram  of som e cocaine 
look-a like  sam ples. Peaks: 1, ephedrine ; 2, lido - 

caine; 3, caffeine. M obile phase, So lven t a.

In addition to retention data, absorbance ratios 
can provide information concerning the identity 
of the individual chromatographic peaks. Baker 
et al. (8) used absorbance ratios to determine the 
identity of drugs having sim ilar elution charac
teristics in  an H P L C  system. The peak height 
ratios (/ .254M 280) for a ll the compounds evalu
ated in this study are included in  Table 1. These 
ratios should be determined in an ind iv idua l 
chromatographic system using reference stan
dards because molar absorptivity and the w ave
length of maximum absorbance vary w ith  sol
vent composition, pH , and other factors (9). To 
obtain maximum precision, absorbance ratios 
should only be measured for completely resolved 
peaks because peak overlap indicates a m ixture 
of continuously changing proportions. The

absorbance obtained in  such cases is the total 
absorbance from a 2 or more component mixture. 
It w ould seem u n like ly  for 2 partia lly resolved 
compounds to have identical absorbance ratios. 
Therefore, measurements from partially resolved 
peaks can y ie ld  m isleading ratios.

Examples of separations of samples containing 
combinations of cocaine and local anesthetics are 
g iven in  Figures 2 and 3. The sample in  Figure
2 was found to be a mixture of procaine, cocaine, 
and the other m inor alkaloids of the coca plant. 
Independent quantitation showed that this 
sample contained 20% cocaine. The sample an
alyzed in  Figure 3 contains the coca alkalo ids, 
benzocaine and tetracaine. c/s-Cinnamoylco- 
caine (peak 3 in  Figure 3) was not included in  the 
example separation in  Figure 1; however, Figure
3 shows this alkalo id eluting between benzo-
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Time (Minutes)
Figure 6. L iquid  chrom atogram  of com m only  en 
countered  cocaine lo ok-a like  sam ple. Peaks: 1,
pseudoephedrine ; 2, lidocaine; 3, caffeine; 4, te tra 

caine. M obile phase, Solvent a.

caine and frans-cinnamoylcocaine (peaks 2 and 
4 in  Figure 3; peaks 7 and 8 in  Figure 1).

The chromatogram in Figure 4 presents the 
results of m ild  potassium permanganate oxida
tion of the sample in  Figure 3. The peaks for cis- 
and frans-cinnamoylcocaine from Figure 3 are no 
longer present in  the oxidized sample and the 
low er intensity of the rem aining peaks is the 
result of d ilution . O le fin ic  double bonds such 
as those found in  the cinnam oyl group are par
ticu la rly  susceptible to oxidation by potassium 
permanganate. The unnumbered early eluting 
peaks in  Figure 4 are the o lefin  oxidation prod
ucts and the UV-absorbing permanganate ion. 
Potassium permanganate in  the presence of 
background electrolyte in  the mobile phase has 
been shown (10) to elute at approxim ately the 
colum n void volume.

Time (Minutes)
Figure 7. L iquid chrom atogram  of com m only  en 
countered  cocaine lo ok-a like  sam ple. Peaks: 1,
procaine; 2, phen y lp ro p an o lam ine ; 3, te tracaine.

M obile phase, Solvent a.

Figures 5-7 are examples of separations of 
com m only encountered cocaine look-alike 
products. These products are usually m ixtures 
of local anesthetics, caffeine, and amines such as 
ephedrine, pseudoephedrine, or phenylpropa
nolam ine. Figure 5A shows the separation of a 
sample containing ephedrine and lidocaine, the 
sample in  5B contains ephedrine, lidocaine, and 
caffeine. Table 1 and Figures 5B and 6 show that 
caffeine and lidocaine co-elute under these 
chromatographic conditions. H ow ever, the 
A 254M 28O absorbance ratios can be used to 
identify  those peaks that are a m ixture of these 
2 solutes. Lidocaine and caffeine have very 
d ifferent absorbance ratios (see Table 1) and a 
comparison of Figures 5A and 5B illustrates the 
use of this ratio for detecting co-eluting so
lutes.

Figure 6 shows the chromatogram of a com-
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Figure 8. Liquid chrom atogram  of am ines found in  cocaine look-alike samples. A, underderivatized amines. 
Peaks: 1, phenylpropanolam ine; 2, ephedrine; 3, pseudoephedrine. M obile phase, Solvent a. B, derivatized 
am ines. Peaks: 1, ephedrine -P IT ; 2, p h en y lp ropano lam ine-P IT ; 3, pseudoephedrine-P IT . M obile phase,

Solvent b.

m only encountered cocaine look-alike prepara
tion containing pseudoephedrine, lidocaine, 
tetracaine, and caffeine. Figure 7 illustrates 
another recently analyzed forensic sample which 
is a m ixture of procaine, tetracaine, and phenyl
propanolamine. The amines most often en
countered in  the cocaine look-alike products are 
ephedrine, pseudoephedrine, and phenylpro
panolam ine. These protonated amines elute 
very  early in  the chromatographic system used 
for the analysis of cocaine samples (see Figure 
8A).

For those samples suspected of containing the 
quick-eluting amines, a derivatization procedure 
is used to identify the specific amine. These 
amines produce strong UV-absorbing products 
w hen treated when phenylisothiocyanate (5).

The chromatograms in  Figure 8 illustrate the 
advantages of this derivatization method. F ig 
ure 8A  shows the results of injecting a solution 
containing 25 /ug each of ephedrine, pseudo
ephedrine, and phenylpropanolam ine hydro
chlorides. Extraction of the same quantity of 
these amines into methylene chloride followed 
by derivatization w ith  phenylisothiocyanate 
produced the chromatogram in  Figure 8B. The 
sensitiv ity  of the U V  detector was reduced from 
0.2 to 2.0 A U FS  to keep the peaks on-scale. This 
separation of the P IT  derivatives requires d if
ferent mobile phase conditions (Solvent b) than 
the cocaine analysis, but readily distinguishes the 
3 commonly encountered amines. Most local 
anesthetics are tertiary amines and do not form 
stable P IT  derivatives. The use of th is method
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Figure 9. A nalysis of cocaine look-alike sam ple, using PIT derivatization. A, underivatized  sam ple. Peaks: 
1, ephedrine ; 2, lidocaine. M obile phase, Solvent a. B, derivatized  sam ple. Peaks: 1, lidocaine; 2, ephed-

rin e-P IT . M obile phase, Solvent b.

in  the analysis of a cocaine look-alike sample is 
shown in  Figure 9. Figures 9A and 9B show the 
chromatography of the sample before and after 
derivatization, respectively. A ll local anesthetics 
studied w ith  the exception of dibucaine elute 
before the PIT-am ines in  solvent system b.
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S i m p l e  C o l o r i m e t r i c  M e t h o d  f o r  D e t e r m i n a t i o n  o f  P y r i d o x i n e  
H y d r o c h l o r i d e  ( V i t a m i n  B 6) i n  P h a r m a c e u t i c a l s

R A M E S H  T . S A N E , V IP U L  J. D O S H I , an d  S A N J A Y  K . JO S H I
R a m n a ra in  R uia  C ollege , D e p a rtm en t o f  C h em is try , M a tu n g a , B om bay 400 0 1 9 , Ind ia

A simple colorimetric method is described for the 
determination of pyridoxine hydrochloride (vitamin 
Bg). The method is based on the measurement of an 
orange species formed when pyridoxine hydrochlo
ride is treated with diazotized dapsone and sulfa
nilamide in a mixture of trichloroacetic acid and 
sulfuric acid at room temperature, followed by 
treatment with an aqueous solution of sodium car
bonate. Compounds such as thiamine hydrochlo
ride, cyanocobalamin, and common excipients such 
as starch and talc which are present in various for
mulations with pyridoxine hydrochloride do not 
interfere in the reaction. Statistical validation 
showed that the method was highly precise and ac
curate. Results agree well with those obtained by 
other methods reported in the literature.
Pyridoxine hydrochloride, Py-H C l (5-hydroxy-
6-m ethyl-3,4-pyridinedim ethanol hydrochlo
ride) or v itam in B6 hydrochloride, is an enzyme 
co-factor vitam in. The official compendia (1 ,2 ) 
describe a method for nonaqueous titration w ith  
perchloric acid, using crystal v io let as an in d i
cator. Various ti trimetric (3), spectrophotometric 
(4, 5), electrophoretic (6), and chromatographic 
(7, 8) methods have been described for deter
m in ing Py-H C l in  biological samples and in  
m ixtures of vitam ins.

In  the present communication, a simple pho
tometric method is described for determ ining 
Py-H C l in  p lain  form ulations and also in  the 
presence of vitam ins Bj and B i 2 and common 
excipients. The method is much sim pler and 
faster than those reported in  the literature.

M E T H O D

Reagents
(a) P y r id o x in e  h y d r o c h lo r id e  s ta n d a r d  s o lu 

t io n .— Dissolve 25 mg accurately weighed Py- 
H C l in  100 m L water in  volum etric flask , w ith  
shaking.

(b) D a p s o n e  a n d  s u l fa n ila m id e  w o r k in g  s o lu 
t io n s .— (1) D a p s o n e .—Dissolve 100 mg dapsone 
in  100 m L 95% ethanol. (2) S u l fa n i la m id e .—D is
solve 100 mg sulfanilam ide in  20 m L 95% etha
nol, and dilute solution to 100 m L w ith  water.

(c) A c id  m ix tu r e . — 15% trichloroacetic acid-

Received February 11,1982. Accepted June 15, 1982.

H 2S 0 4-w ater (86 + 20 + 94).
(d) S o d iu m  n i tr i te  s o lu t io n .—0.1 % aqueous.
(e) S o d iu m  c a rb o n a te  s o lu t io n .—4.0% aqueous.

Preparation of Assay Solution
T a b le ts .—Powder 20 tablets and accurately 

w eigh quantity equivalent to 25 mg Py-H C l. 
D issolve in  about 50 m L water. F ilte r through 
W hatman No. 1 paper. Collect filtrate and 
washings in 100 m L standard flask and dilute to 
100 m L w ith  water.

In je c t io n s .—From thoroughly shaken solution 
from injection v ia l, transfer volum e equivalent 
to 25 mg Py-H C l into 100 m L standard flask and 
dilute to 100 m L w ith  water.

Preparation of Standard Curve
D ilu te  Py-H C l standard solution to give con

centrations of 25-175 /ug/mL. Develop color and 
read absorbance of reaction product, as described 
under A s s a y . Plot absorbance vs Py-H C l con
centration to give straight line  passing through 
orig in . Beer's law  is obeyed between 1 and 7 
jug/mL. M olar absorptivities are 2.1 X  104 and
2.6 X 104 L -1 mole-1 cm-1 for sulfanilam ide and 
dapsone, respectively.

Assay
S u l fa n i la m id e .— Pipet 0.25 m L sulfanilam ide 

w ork ing  solution into each of series of 25 m L 
graduated flasks. Add 1 m L acid m ixture and 1 
m L sodium n itrite  solution. Let flasks stand 3 
m in. To ind iv idua l flasks add 0.1-0.7 m L Py- 
H C l and 3 m L sodium carbonate solution, w ith  
constant shaking. Sim ultaneously prepare re
agent b lank. D ilute mixed solutions to volume 
w ith  water after 3 m in, and measure absorbances 
at 440 nm against reagent b lank. Determ ine 
concentration in  test solution from standard 
curve, using same procedure detailed earlier.

D a p s o n e .—Pipet 0.5 m L dapsone w ork ing  so
lution into each of series of 25 m L graduated 
flasks. Add 1 m L acid mixture and 1 m L sodium 
n itrite  solution to each flask. Let flasks stand 3 
m in , then add 2 m L 95% ethanol to each flask. 
Add 0.1-0.7 m L Py-H C l and 3 m L sodium car
bonate solution to individual flasks w ith  constant 
shaking. Simultaneously prepare reagent blank.

0004-5756/83/6601-0158-03$01.00
© Association of Official Analytical Chemists, Inc.
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A CH2 OH
/ = \  HO-r^CHjOH

H2N02SA  /)'N=N-+,2C‘S r  

CH20 h B CHj OH

H0H2C" f | ï r 0H / = \  / = \  HOf ::̂ irCH2OHCH2-N=N\ ^ 0 2̂ j XN=N-H2C

Figure 1. P robable s tru c tu re  for reaction  of pyri- 
doxine HCl w ith  d iazo tized  su lfan ilam id e  (A) or 

dapsone (B).

D ilute mixed solutions to volume w ith  water 
after 3 m in, and measure absorbances at 465 nm 
against reagent blank. Determine concentration 
in  test solution from standard curve, using same 
procedure detailed earlier.

S to ic h io m e try  o f  R eactio n  P rodu cts
The reactions reported make use of diazotiza- 

tion of su lfanilam ide and dapsone followed by 
coupling w ith  vitam in B6 for the color develop
ment. The reactions are w ell known normal dye 
formation, only their applications in this method 
are important. The products were separated and 
analyzed. Probable structures determined from 
infrared and nuclear magnetic resonance spectral 
studies are g iven in  Figure 1.

R e c o v e r y  E xp erim en t
To study re liab ility  and recovery of the pro

posed method, we used a method of standard 
addition. A  fixed w eight of sample was taken 
and standard drug was added at 3 d ifferent lev
els. Each level was repeated 7 times. The total

amount of the drug was determined by the pro
posed method.

Percent recovery was calculated as fo llow s:
% recovery = [ N  2  X Y  -  (2  X )  (2  Y )  X  100]/ 

( N  2 X 2 -  (2  X )2)
where X  = amount of drug added/g sample; Y 
= amount of drug found/g sample; N  = total 
number of observations.

Resu lts and D iscussion
Pyridoxine hydrochloride reacts w ith  diazo

tized dapsone and sulfanilam ide under the op
erative reaction conditions to y ie ld  a colored 
product that undergoes a bathochromic shift (465 
nm and 440 nm, respectively) w hen it is made 
alkaline w ith  sodium carbonate. The orange 
color thus developed has been successfully used 
to determine pyridoxine hydrochloride in  for
mulations.

The proposed method has distinct advantages 
over s im ilar methods in  the literature for deter
m ining pyridoxine hydrochloride in  combina
tions w ith  thiam ine hydrochloride and cyano- 
cobalamin. The published spectrophotometric 
methods specify techniques such as paper chro
matography, electrophoresis, or th in  layer 
chromatography to separate Py-H C l before its 
determ ination. The present method is direct, 
fast, sim ple, sensitive, and accurate. The dia- 
zotization and coupling reactions are carried out 
at room temperature, addition of ammonium 
sulfamate to remove excess n itrite  ions is un
necessary, and color development and absorb
ance measurement are complete w ith in  20 m in. 
The molar absorptivity values indicate the high

Table 1. Determination of pyridoxine hydrochloride by the proposed method, for reaction with sulfanilamide or
dapsone

Amt
declared,

mg

Found,
mg

% Rec. by 
addition method Std dev.

Coeff. of 
var., %

Product
Sulfanil
amide Dapsone

Sulfanil
amide Dapsone

Sulfanil
amide Dapsone

Sulfanil
amide Dapsone

Tablet:
Pyridoxine HCI 40 41.1 39.2 102.9 98.09 0.079 0.10 1.59 2.16

Tablet:
Pyridoxine HCI 20 —  19.41 _ 97.04 __ 0.094 __ 1.96
Thiamine HCI 
Cyanocobalamin 

Injection:
Pyridoxine HCI

too
50«

10 10.062 - 100.6 0.095 1.85
Thiamine HCI 
Cyanocobalamin 

Injection:
Pyridoxine HCI

33
333«

33 32.6 32.4 98.8 98.25 0.074 0.10 1.60 2.23
Thiamine HCI 
Cyanocobalamin

33
333«

« Amount declared in /ig.
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Table 2. Recovery (%) of pyridoxine HCI added to formulations, for reaction with sulfanilamide or dapsone

Sulfanilamide Dapsone

Amt declared. 1st 2nd 3rd 1st 2nd 3rd Declared,
Product mg level level level level level level IP/USP

Tablet:
Pyridoxine HCI 

Tablet:
40 102.7a 103.4 102.59 97.8 98.4 98.07 95-115

Pyridoxine HCI 20 — — — 97.23 96.97 97.02 —
Thiamine HCI 100
Cyanocobalamln

Injection:
50 6

Pyridoxine HCI 10 101.31 99.69 100.86 — — — —
Thiamine HCI 33
Cyanocobalamin

Injection:
333*

Pyridoxine HCI 33 98.2 98.8 99.4 97.83 98.16 98.75 —
Thiamine HCI 33
Cyanocobalamln 333 b

3 Amount declared in ng.
b Each value is the average for 7 determinations.

sensitiv ity of the method. Results by the pro
posed method are in excellent agreement w ith  
those obtained by pharmacopeial methods.

Percent recoveries obtained from the addition 
method are in  the range 97-103%, indicating lack 
of interference by other ingredients and excip i
ents in  the determination (Table 1). The method 
is also reproducible as shown by results in  Table
2. Therefore, we recommend this method in the 
routine quality control analysis of Py-H C l in 
formulations containing vitam ins Eh and B 12.
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X-Ray Powder Diffraction Data for Nine Anthelmintics
JO H N  T . R . O W E N ,1 B A D R U D D IN  M . H A S H IM , an d  F R A N K  A . U N D E R W O O D 2 
U n iv e rs ity  o f  B a th , School o f  P h a rm a c y , B ath  B A 2  7A Y ,  U n ited  K ingdo m

X-ray powder diffraction data for identifying 9 an
thelmintics have been obtained by diffractometer and 
Debye-Scherrer camera techniques. The data are 
tabulated in terms of the lattice spacings and the 
relative intensities of the lines. Patterns using 3 different X-ray wavelengths with the camera method 
are compared with each other and with the diffrac
tometer patterns.
X-ray diffraction has been used to characterize 
9 anthelm intics in  terms of values of d  (in  Â ), the 
interp lanar spacing, and ///],  the relative in 
tensities of the lines, based on the strongest lines 
as 100, according to the system of the P o w d e r  
D iffr a c t io n  F ile  (1). The data recorded here were 
not available in  the P o w d e r  D i f fr a c t io n  F ile . Re
sults from the diffractometer traces (C u K a  ra
diation) were compared w ith  microdensitometer 
measurements of Debye-Scherrer camera film s 
using 3 w avelengths (C u K a , C o K a , and 
C rK a ).

M E T H O D
Details of sample preparation, exposures, and 

measurements of line  positions and intensities 
have been given in  a previous paper (2) and are 
not repeated here. The anthelm intics examined 
w ere hexylresorcinol, mebendazole, morantel 
tartrate, n iclosam ide, n iridazole , parbendazole, 
thiabendazole, tetramisole hydrochloride, and 
levamisole hydrochloride. M elting points of all 
compounds agreed w ith  those quoted in  the lit 
erature.

Resu lts and D iscussion
Tables 1-9 show the data for the 9 anthelm in

tics examined. D iffractom eter results (C u K a  
radiation) are averages from the M cCreery and 
Bystrom -Asklund methods of sample loading 
discussed previously (2), w ith  intensities ( l / l i )  
re lative to the strongest line  (/1) of a pattern as 
100 calculated from measurements of peak height 
above background on the traces. The relative 
intensities in  the camera results (C u K a , C o K a , 
and C rK a  radiation) were derived from m icro

1 Deceased.
2 School of Physics.Received M arch 8,1982. Accepted June 11,1982.

densitom eter traces, although dense back
grounds, w hich  are not uncommon w ith  organic 
materials, made measurements d ifficult for some 
film s. The 3 strongest lines for each substance 
w ould be used for p re lim inary identification in 
the P o w d e r  D i f fr a c t io n  F ile  method, and are 
therefore given in  boldface type in  the tables.

In  general there was good agreement among 
the interp lanar spacings (d  in  A ) for the 4 sets of 
results for a given compound, but the differences 
recorded, w hich  were not greater than 0.06A, do 
illustrate the variations to be anticipated when 
powder data are used for identification . As be
fore, the best resolution of the lines was obtained 
by the diffractometer method. W ith the pho
tographic technique, the best was found w ith  
C rK a  radiation, w h ich  has the longest w ave
length of the 3 employed.

W ith  the exceptions of tetramisole hydro
chloride (Table 8) and levamisole hydrochloride 
(Table 9), where the second strongest line shown 
in  the diffractometer traces differed from that in 
the film s, there was agreement in  the 4 sets of 
results on the identity of the 3 strongest lines. 
The diffractometer patterns for the 2 compounds 
mentioned were less satisfactory than for the 
others in  that different sample loading methods 
led to greater than usual variations in  line  reso
lution  and intensity , probably because the ma
terials tended to absorb water from the atmo
sphere.

There was agreement among the 4 sets on the 
location of the strongest line  ( l / l i  = 100) except 
for morantel tartrate (Table 3), where the stron
gest in  the diffractometer pattern was recorded 
as the th ird  line  w ith  relative intensity 68-81 in  
the camera patterns. Preferred orientation 
probably affected the diffractometer results here 
in  spite of careful loading of the samples, because 
the second and th ird  most intense lines and all 
the others were relatively much weaker than the 
corresponding lines in  the film s. In  fact, most 
compounds showed s im ilar discrepancies in 
vary ing  degrees between camera and d iffrac
tometer intensities, particu larly for the larger 
interplanar spacings, and these effects were more 
marked than in  the 2-im idazolines examined 
p reviously (2). Users of the P o w d e r  D i f fr a c t io n  
F ile  are accustomed to such variations when they

0004-5756/83/6601-0161-11$01.00
©  Association of Official Analytical Chemists, Inc.
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Table 1. X-ray diffraction data for hexylresorcinol3

C12H18O2 
CAS 136-77-6

Diffractometer Camera

CuKa CuKa CoK a CrKa

cf(A) i / h d( A) l / h d( A) l / h d( A) l / h

21.0 1 0 0 21.4 100 21.4 100 21.4 100
10.7 1 — — — __ __ __
7.05 2 7.04 5 7.02 1 _ _
5.54 5 5.51 28 5.53 10 5.52 13
5.28 9 5.27 22 5.23 12 5.25 8
5.14 1 — — — __ __ _
4.96 1 4.94 6 — _ _ __
4.71 1 2 4.70 61 4.70 32 4.69 33
4.59 1 — — — __ __
4.35 1 — — __ __ __ __
4.31 2 4.29 18 4.30 10 4.29 9
4.23 1 — — — __ __
4.08 4 4.07 33 4.07 16 4.07 18
3.87 1 3.84 5 — __ __
3.71 13 — — — __ __
3 . 6 6 10 3.66 69 3.66 54 3.66 49
3 . 5 3 4 — — — __ __
3 . 4 9 3 3.48 21 3.48 10 3.48 10
3.38 2 3.37 12 3.37 6 3.37 6
3.14 1 3.13 7 3.13 3 3.13 3
3.03 1 3.03 2 3.02 2 3.03 2
2.776 1 2.763 5 2.765 2 2.758 4
2.652 2 2.646 5 2.643 3 2.643 2
2.589 1 — — — — 2.573 2
2.356 2 2.354 / 2.353 4 2.348 6
2.127 1 2.121 7 2.124 3 2.123 2
2.090 1 2.082 3 2.081 3 2.080 2

3 The 3 most intense lines are shown in boldface type.
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Table 2. X-ray diffraction data for mebendazole 3

C16H13N3O3 
CAS-31431-39-7

Diffractometer Camera

CuKa CuKa CoKa CrKa

d(A) l / h d( A) l / h d( A) l / h d(A) l / h

18.0 100 17.8 100 17.5 100 17.9 100
7.50 6 — — — — — —

7.20 17 7.17 43 7.15 37 7.15 13
6.71 3 6.63 7 6.65 10 6.63 3
6.09 4 6.05 16 6.03 11 6.02 5
5.47 33 5.45 63 5.44 55 5.43 23
4.90 33 4.85 75 4.85 67 4.85 27
4.62 32 — — — — 4.59 194.51 72 4.48 89 4.47 87 4.46 40
4.15 24 4.12 47 4.12 41 4.11 17
3.75 9 3.72 21 3.72 20 3.73 8
3.60 49 3.59 78 3.58 76 3.58 30
3.54 22 — — — — 3.51 163.34 73 3.31 91 3.31 97 3.31 44
3.07 25 3.06 54 3.05 48 3.05 21
2.858 3 2.834 10 2.836 7 2.840 5
— — 2.757 6 2.758 4 2.764 3

2.681 3 2.667 15 2.668 13 2.662 4
2.600 5 — — — —

2.585 5 2.580 21 2.574 15 — —

2.515 2 2.503 9 2.501 7 — —

2.381 7 2.380 7 — —

2.177 10 2.176 9

2.115 12 2.112 1 1

a The 3 m ost intense lines are shown in boldface type.
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Table 3. X-ray diffraction data for morantel tartrate *

-N
\

■ N
ICH3

H
-C = C -  

H CH3

HOOC— CH— OH
IHOOC— CH— OH

Ci 2Hi 6N2S-C4H60 6

CAS-20574-50-9  parent 
CAS-26155-31-7  tartrate

Diffractometer Camera

CuKa CuK« CoKa CrK a

d( A) l / h d( A) l / h d( A) l / h d( A) l / h

12.4 27 _ _ 12.4 21 12.4 20
— — — — 11.1 16

10.4 11 — — 10.3 22 10.3 18
9.51 2 — — 9.40 14 — —
7.56 8 7.52 20 7.52 19 7.54 23
7.11 1 — — 7.09 8 — —
6.46 1 6.50 21 6.49 12 — —
5.89 17 5.95 10 5.97 14 — —
5.61 2 5.59 20 5.59 15 — —
5.19 100 5.18 81 5.17 76 5.18 68
4.87 5 4.88 31 4.87 36 4.86 25
4.75 11 4.73 46 4.74 48 4.73 27
4.65 4 — — — — 4.62 16
4.43 4 — — — — — _
4.30 5 4.29 12 4.29 11 4.28 14
4.11 1 — — — — _ _
4.03 12 4.02 28 4.01 33 4.01 32
3.82 5 — — 3.80 25 3.79 163.74 19 3.74 100 3.73 100 3.72 100
3.66 5 — — 3.66 9 3.64 233.59 18 3.57 88 3.56 85 3.57 89
3.47 1 — — — _ _ _
3.38 9 3.38 30 3.38 38 3.37 27
3.27 4 3.27 26 3.26 26 3.25 23
3.21 5 3.20 22 3.20 24 3.20 16
3.16 4 3.15 22 3.15 25 3.14 25
3.09 5 — — 3.07 6 _ __
3.05 3 3.06 7 _ _
2.979 5 2.962 15 2.973 15 2.964 14
2.936 4 — — 2.904 7 _ __
2.885 2 — — __ _
2.844 1 — — _ _ _
2.780 2 — _ _ _ _
2.730 1 — — — __ _ _
2.691 1 2.681 5 2.677 5 _ _
2.600 2 2.591 6 — _ _ _
2.515 3 3.507 22 2.505 24 2.505 14
2.468 3 2.441 12 2.442 12 2.438 13
2.392 4 2.389 11 — — 2.390 12
2.338 2 2.330 12 2.327 12 2.327 10

2.213 7 — _
2.075 4 — _
2.003 8 2.000 8

The 3 most intense lines are shown in boldface type.
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Table 4. X-ray diffraction data for niclosamide “

c 13h8ci2n2o4
C A S -50 -65 -7

Diffractometer Camera
CuKa CuKa CoKa CrKa

d( A) l / h d (  A) l / h d (  A) l / h d(A) l / h
13.5 3 12.4 11 13.4 15 13.4 3511.6 8 10.9 17 11.5 11 11.5 229.41 27 9.38 28 9.40 29 9.38 527.66 36 7.63 42 7.64 36 7.64 656.94 14 — — — — — —
6.81 32 6.80 44 6.79 41 6.78 266.46 37 6.43 50 6.43 42 6.44 575.26 14 5.22 19 5.23 16 5.26 355.16 6 — — — — — —
4.77 5 4.74 15 4.76 9 — —
4.48 26 4.47 36 4.48 33 4.45 264.00 17 3.99 21 3.99 20 — _
3.93 12 — — — — — _
3.82 36 3.81 39 3.81 38 3.80 523.74 8 — — — — — —
3.58 19 3.58 28 3.57 26 3.58 30
3.47 100 3.46 100 3.47 100 3.47 1003.39 48sh b 3.39 72sh 3.39 69sh 3.39 57sh
3.34 81 3.33 92 3.32 83 3.33 743.28 49sh 3.27 75sh 3.26 79sh 3.27 70sh3.20 5 3.20 11 — —
3.18 5 — — 3.18 113.12 5 3.11 73.08 5 3.10 8 3.07 93.06 5 3.05 8 3.05 52.988 4 — — 2.973 62.867 5 — — 2.849 62.805 6 — — 2.801 112.683 5 2.671 112.652 7 — —

a The 3 most intense lines are shown in boldface type. 
b sh = shoulder.
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Table 5. X-ray diffraction data for nlridazole 3 

H

o 2n ^
T-, AT

J  c6h6n4o3s

H T
CAS-61-57-4

Diffractometer Camera
CuKn CuKa CoKa CrKrv

d (  A) l / h d( A) l / h d(  A) l / h d( A) l / h

9.88 7 .
6.17 37 6.15 85 6.15 76 6.13 365.45 15 5.43 54 5.44 47 5.43 214.93 22 4.92 17 4.91 12 4.92 94.61 15 4.60 55 4.60 52 4.59 22
4.48 23 4.48 68 4.47 69 4.47 274.17 23 4.16 67 4.16 61 4.16 273.93 2 3.92 8 3.91 9 _ _3.36 11 3.36 28 3.36 23 3.36 8
3.27 100 3.27 100 3.27 100 3.26 1002.926 2 — — — _ _
2.885 9 2.880 34 2.883 35 2.878 152.780 2 2.780 8 2.781 7 2.778 52.722 1 2.715 6 2.720 6 2.717 92.671 11 2.667 27 2.668 25 2.662 112.501 2 2.501 6 2.496 5 _ __
2.462 5 2.454 4 2.445 5 _
2.401 2 2.398 8 2.395 7 _ __
2.338 3 2.340 15 2.338 13 2.332 52.304 14 2.300 32 2.299 29 2.300 142.176 5 2.171 17 2.168 16 2.165 102.146 1 — . -- — _
2.113 1 2.106 5 2.105 6 _
2.054 4 — — _ _
2.040 4 2.045 22 2.041 23 2.041 13

a The 3 m ost intense lines are shown in boldface type.
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Table 6. X-ray diffraction data for parbendazole “

H

CH3(CH2)2CH2'

C13H17N302 
CAS-14255-87-9

Diffractometer Camera

CuKcr CuKa CoKa CrKa

d(A) l / h d(A) l / h d(A) l / h d(A) l / h

13.1 100 12.9 100 12.9 100 13.0 100
9.77 11 9.72 51 9.69 63 9.67 36
8.63 1 8.63 4 8.55 6 8.52 3
6.51 4 6.50 8 6.49 10 6.49 5
6.01 3 5.93 8 5.93 11 5.91 6
5.00 2 — — — — — —
4.87 5 4.84 18 4.84 28 4.85 13
4.48 7 4.48 25 4.48 32 4.47 15
4.29 11 4.27 32 4.28 41 4.27 18
4.10 10 4.08 31 4.08 40 4.08 17
3.95 6 3.94 19 3.93 26 3.94 10
3.69 7 — — 3.69 27 — —
3.67 6 — — — — — —
3.61 8 3.62 25 — — 3.63 5
3.58 7 — — 3.57 29 — —
3.34 10 3.34 27 3.34 33 3.34 15
3.15 1 — — — — — —
3.11 1 — — — — — —
3.08 1 — — — — - —
3.06 1 — — — — — —
2.763 1 2.761 6 2.758 6 2.750 4
— — 2.470 4 2.471 5 2.459 3

2.380 1 2.412 4 2.409 3 2.409 3

2.362 1 — — — — — —
2.341 1 2.262 2 2.263 4 — —
2.032 1 — — 2.075 2 — —
2.025 1 — — 2.009 2 — —

3 The 3 most intense lines are shown in boldface type.
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Table 7.

c

X-ray diffractio 

H

r \  O

n data for thiabendazole a

C1 0 H7 N3 S

J CAS-148-79-8II / /  :

Diffractometer Camera

CuKa CuKa CoKa CrKtr

d( A) l / h d( A) l /h d(A) l / h d ( A) l / h

6.81 8 6.76 17 6.76 17 6.76 13
5.64 4 — — _ _
b.b6 7 5.57 18 5.57 14 5.57 : i
5.07 43 5.03 68 5.04 75 5.03 63
4.23 100 4.21 100 4.21 100 4.21 100— — 4.02 3 4.01 5 _
3.72 14 3.71 26 3.71 27 3.70 2 0
3.39 43 3.38 51 3.38 51 3.38 43
3.27 2 3.26 5 3.26 7 3.25 7— — 3.11 3 3.10 4 _
2.814 1 0 2.803 19 2.806 2 1 2.808 14
2.695 2 2.681 6 2.685 7 _— — 2.629 3 2.630 7 _
2.525 3 2.517 1 2 2.515 1 2 2.519 8— — 2.419 3 2.418 17 _
2.327 3 2.321 9 2.316 2 1 2.311 7— — 2.253 4 2.252 5— — 2.137 5 2.132 4
2.062 2 2.055 7 2.056 7
2.025 1 2 . 0 2 2 4 2 . 0 0 0 5

The 3 most intense lines are shown In boldface type.
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Table 8. X-ray diffraction data for (±) tetramisole hydrochloride a

C „H 12N2S-HCI
CAS-(±)-5036-02-2 parent 
CAS-(±)-5086-74-8 HCI

Diffractometer Camera
CuKa CuKo CoKa OK«

d( A) l/h d{ A) l/h d( A) l/h d( A) l/h
11.6 5 11.4 32 11.4 29
8.27 9 8.29 49 8.29 45 8.26 35
7.50 22 7.50 27 7.47 28 7.49 30
6.13 2 6.11 20 6.10 20 — —

5.61 3 5.64 50 5.62 46 5.61 405.45 3 5.43 67 5.44 58 5.43 605.23 1 5.22 10 5.21 12 — —

4.70 9 4.66 95 4.66 96 4.66 95
4.46 2 4.45 32 4.45 38 4.43 354.27 3 4.27 42 4.26 40 4.24 304.14 5 4.13 30 4.13 27 4.12 203.97 6 3.94 55 3.95 56 3.95 703.92 3 — ___

3.75 100 3.74 100 3.75 100 3.74 1003.66 8 3.65 57 3.65 57 3.64 553.47 2 3.46 24 3.47 18 3.46 35
3.33 12 3.32 92 3.33 81 3.32 90
3.20 2 3.20 15 3.20 16 — —

3.05 2 3.05 10 3.06 12 — —

2.885 3 2.887 37 2.883 39 2.873 30
2.818 5 2.816 64 2.817 63 2.813 15
2.759 2 2.743 25 2.734 28 2.728 30
2.730 2 2.660 12 2.660 11
2.611 3 2.607 25 2.609 23 2.600 20
2.532 3 2.536 25 2.534 28 2.527 40
2.491 5 2.490 8 2.488 6 — —

— — 2.377 17 2.378 19 — —

2.225 2 2.225 17 2.228 20 — —
a The 3 m ost intense lines are shown in boldface type.
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Table 9. X-ray 

f

diffra ction data for ( - )  levamisole hydrochloride3

( - ) c „ h 12n2s.hci

) }  ■ HC1 C A S -l4769-73-4  parent 
ITJ  CAS-l 6595-80-5  HCI

Diffractometer Camera

CuKa CuKcv CoKo CrKa

d( A) l / h d ( A) l / h d( A) l / h d( A) l / h

7.41 27 7.34 39 7.34 30 7.34 27
6.51 41 — — — — _ __
6.44 42 6.41 32 6.38 24 6.37 27
5.97 10 — — .-- - — _ __
5.54 16 5.50 80 5.49 74 5.49 73
5.44 5 — — — __ _ __
5.10 11 5.06 29 5.05 28 5.04 33
4.90 6 4.82 4 4.83 4 — __

— — 4.62 7 4.61 7 _ _
4.37 56 4.34 95 4.34 99 4.34 97
4.22 15 4 19 19. 4.19 25 4.17 20
3.93 35 3 90 22 3.91 21 3.89 30
3.80 18 3 78 45 3.78 38
3.74 21 — — — — 3.76 40
3.69 100
3.65 18 3.67 100 3.67 100 3.67 100
3.55 5 — — — __ _ _
3.51 2 3.52 5 — _ _ __
3.41 10 3.39 9 3.39 10 3.39 27
3.27 28 3.26 38 3.26 35 3.25 40
3.24 42
3.17 22 — — — _ _ __
3.13 23 3.12 49 3.12 43 3.12 33
3.05 25 3.04 37 3.03 35 3.03 47
2.969 3 — — __ _ _
2.849 15 — — — __ _
2.823 12 2.323 32 2 827 25 2.825 27
2.805 11 — — — __ _ __
2.698 3 — — 2.685 13 2.699 33
2.660 13 2.548 29 2.646 25 2.645 27
2.592 1 — _ _ __
2.557 10 — — — _ __ __
2.543 6 2.529 12 2.527 13 2.530 20
2.498 1 — — __ __ _
2.449 32 2.439 19 2.441 16 2.438 27
2.417 2 — — _ _
2.350 1 — -_ _ __
2.327 2 2.312 5 2.316 6
2.293 3 — __ _
2.254 8 2.254 12 2.255 9 2.246 20
2.238 2 — — _ _
2.181 4 2.177 9 2.178 4 2.171 20
2.161 2 — __ _
2.137 4 — — _ __
2.120 4 2 123 6 2.128 6
2.045 4 — _ _
2.034 3 2.032 12 2 036 8

a The 3 most intense lines are shown in boldface type.
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com pare film  data w ith  file  data from  diffrac
tom eters and vice versa.

Data for tetram isole hydrochloride and le- 
vam iso le hydroch loride (Tables 8 and 9) are o f  
particular interest because the first is the racemic- 
and the secon d  the levo-rotatory form o f the 
sam e com pound, so that iden tical X-ray diffrac
tion  patterns w ou ld  be expected. It has already  
been  m entioned that the results for these samples 
w ere not as consistent as for others, but the pat
terns w ere certainly d ifferent, and it appeared  
that the 2 had crystallized  w ith  d ifferent struc
tures. A n  investigation  o f polym orphism  in  the 
com p ound w o u ld  be required to elucidate the  
problem .
C o n c l u s i o n

X-ray pow der diffraction could be used  to

id en tify  the 9 anthelm intics exam ined, although  
th e apparent d istinction  b etw een  tetram isole  
h ydroch loride and levam iso le hydrochloride  
sh o u ld  be treated w ith  caution. The diffrac
tom eter m ethod or the camera m ethod using  
CrKa radiation w ould  be acceptable unless many 
lin es  from  other substances w ere present. D is
crepancies b etw een  diffractom eter and camera 
data are no greater than those o ften  noticed  
w h en  w orking w ith  the P ow der D iffraction  File.

References
(1) Powder Diffraction File, Joint Committee on Powder 

Diffraction Standards, Swarthmore, PA
(2) Owen, J. T. R„ Koutourellis, J. E„ & Underwood, F. 

A. (1981) /. Assoc. Off. Anal. Cliem. 64, 1164-1173
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D e t e r m i n a t i o n  o f  G e n t a m i c i n  S u l f a t e  C l a ,  C 2 ,  a n d  C i  C o m p o n e n t s  b y  
I o n  P a i r  L i q u i d  C h r o m a t o g r a p h y  w i t h  E l e c t r o c h e m i c a l  D e t e c t i o n

TIM OTHY A. GETEK,* 1 A. CAROL HANEKE, and  GEORGE B. SELZER 
Food and Drug Administration, National Center for Antibiotics Analysis,
Washington, DC 20204

The 3 major com ponents o f gentam icin  su lfate (C ia, 
C2, and Ci) were separated by a liqu id  chrom ato
graphic m ethod using a reverse phase Cis bonded  
s ilica  g e l colum n and an aqueous ion pair solvent 
system  con sistin g  of 0.015M pen tan esu lfon ic acid 
sodium  salt, 0.2M sodium  sulfate, and 0.1% acetic acid. 
Individual C com ponents as w ell as several unknow n  
m inor constituents w ere detected by an electro
chem ical flo w  cell w ith  a glassy  carbon w orking  
electrode set at a potential of +1.3 ±  0.1 V vs A g/AgCl. 
T he analytical response was linear over a concentra
tion  range of 16-30 fig. A plot of peak areas vs con
centration o f C fractions y ield ed  a correlation coef
fic ien t o f 0.999 or better for the Cla, C2, and Ci com 
p on ents o f gentam icin  sulfate.

G entam icin , an am inoglycoside antibiotic pro
duced by M icrom onospora purpurea, was isolated  
by W einstein  et al. (1) in 1963. U sin g  paper 
chrom atography, Rosselet and coworkers (2) 
d eterm ined  that gentam icin  consisted  o f ap
proxim ately 72% Ci and 28% C2. In later work  
by d escen d in g  paper chrom atography using a 
ch lo ro fo rm -m eth a n o l-a m m on iu m  h ydroxide  
so lven t system , W einstein et al. (3) separated the 
Ci com ponent into 2 fractions labeled Q  and Cia. 
T his chrom atographic m ethod  fo llow ed  by m i
crobiological assay of the separated fractions was 
adopted  as the Food and Drug A dm inistration  
(FDA) official m ethod for gentam icin  (4, 5). 
A d d ition al studies revealed several m inor con 
stitu en ts in the gentam icin  antibiotic (6-9). 
Byrne et al. (10) reported that 5 com ponents were 
isolated  from  the gentam icin  C-com plex by  
counter-current distribution: 3 major fractions, 
C i, C2, and Cia, and 2 m inor com p onents d esig 
nated C2a and C2b, w h ich  represented approxi
m ately 4% of the gentam icin  com position . 
Thom as and Tappin (11) used ion-exchange  
chrom atography w ith  detection  by optical rota
tion  to determ ine gentam icin  and found 9 com 
p on en ts other than Q ,  C2, and C ia, 4 of w h ich  
w ere b io lo g ica lly  active. Several analysts  
(12-15) separated gentam icin  by liquid  chro
m atography usin g  a reverse phase system  w ith  
fluorescence detection  after derivatization w ith

Received February 8,1982. Accepted April 15, 1982.
1 Present address: Department of Chemistry, University of Washington, Seattle, WA 98195.

o-p h thala ldehyde (OPA) (12, 14, 15) or dansyl 
ch loride (13). Som e of the gentam icin  separa
tions on  reverse phase colum ns were perform ed  
w ith  ion  pair couplings. Perruchon and Caullet 
have hyd rolyzed  several am inoglycosides and  
d eterm ined  them  by differentia l pulse polarog- 
raphy (16).

The liquid chromatographic fluorescence assay 
of gentam icin  w ith  post-colum n OPA derivati
zation  has been investigated  by the N ational 
C enter for A ntib iotics A nalysis (NCAA; as a 
possib le  replacem ent for the FDA official (5) 
paper chrom atographic assay. A report of this 
w ork has sh ow n  som e d ifficu lties w ith  the re
agen ts (W. W alton, Food and Drug A dm inistra
tion , personal com m unication, 1980). Because 
a co n ven ien t, reliable assay protocol is need ed  
to determ ine the com position  o f the marketed  
gen ta m ic in  products, a liq u id  chrom ato
grap h ic-e lectroch em ica l d etec tion  (LCED) 
m eth od  has been develop ed , w ith  separation of 
the gentam icin  com p onents on  reverse phase 
colum ns w ith  ion  pair reagents.

METHOD
Appara tus

(a) Column .—30 cm X 3.9 mm id stainless steel 
co lum n, packed w ith  10 p m  particle s ize Cig re
verse phase qBondapak (Waters Associates, 
M ilford, MA). At the end  o f each day's use, 
flush  colum n copiously w ith  water and fill w ith  
m ethanol (Burdick and Jackson Laboratories, 
M uskegon, MI, or equivalent). Once a particular 
colum n is deem ed satisfactory, it shou ld  be 
dedicated  to the gentam icin  analysis.

(b ) Liquid chrom atograph.— DuPont M odel 850 
liquid  chromatograph, w ith  a 3-piston pum ping  
system  to m in im ize pulsations, and equ ipped  
w ith  manual 20 p L  loop injector; electrochemical 
detector consisting o f E611 potentiostat and  
EA1096 3-electrode flow  cell (M etrohm /B rink- 
m ann, Westbury, NY). W orking electrode (GCE, 
glassy  carbon electrode), set at ox id izin g  p oten 
tial o f + 1 .3  ±  0.1 V vs A g /A g C l reference, and  
GCE auxiliary electrode. Current sen sitiv ity  
from  500 to 3000 nA  fu ll scale recorder d eflec
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tion. U se dc m ode w ith  fu ll dam ping for de
tection. Because of the negative deflection of the 
anodic sign al, connect output leads from the 
potentiostat in  parallel w ith  recorder (Linear 
Instrum ents Corp., Irvine, CA) and integrator  
(Supergrator I, Colum bia Scientific Industries, 
A u stin , TX) w ith  the n egative and positive s ig 
nals inverted at the integrator input. Attenuate 
sign a l to integrator by ca 90% to accom m odate 
voltage inp u t range.
R e a g e n t s

(U se d e io n ized  and filtered  w ater  
throughout.)

(a) S olven t system  (1 5 ) .— 0.05M  pentanesul- 
fonic acid sodium  salt (Eastman, Rochester, NY), 
0.2M sodium  sulfate (Merck, Rahway, NJ), and  
0.1% acetic acid (M allinckrodt Chem ical Co., St. 
Louis, MO), all as received. Adjust m obile phase 
to m axim ize resolution for different colum ns by 
altering am ounts of pentanesulfonic acid sodium  
salt and sodium  sulfate as described by A nhalt et 
al. (15). Filter m obile phase and deaerate by  
vacuum  draw-off. F low rate m ay be varied from
1.0 to 1.25 m L /m in .

(b) G entam icin su lfa te .—Sam ples used in this 
study w ere m anufactured by Schering Corp., 
Bloom field, NJ, and Pierrel A.p.A.m. M ilan, Italy. 
Standards w ere USP Reference Standard G en
tam icin; poten cy , 643 g g /m g .

D e t e r m i n a t i o n
D ilute sam ple and standard solu tions to ca 2.5 

m g/m L  in  water, u n less indicated otherw ise. 
D ilu te ind iv id u al C fractions to ca 1.0 m g/m L . 
Inject 20 g h  each of standard and sam ple and  
obtain chrom atogram , usin g  flow  rate o f 1.0 
m L /m in. Elution order is Q a, C2, Q . Calculate 
gentam icin  com p onents as follow s: Prepare a 
calibration curve o f the peak areas vs con cen 
tration for the individual Cla, C2, and Ci fractions 
over the range 16-30 g g .  Correlate the peak  
areas o f the fractions in  the standard to the cali
bration curve o f the respective "C" fraction to 
ascertain the am ount o f each major com p onent  
in the standard. Total these valu es and deter
m ine percent by w e ig h t o f each fraction by 
com paring its contribution to th is total.

R esu lts
The proposed m ethod w as validated by com 

paring the results o f the LCED analysis of the  
gentam icin  standard to those obtained by the 
official m ethod. For this purpose, purified  
gentam icin  C fractions ( Q a, C2, and Ci) w ere

Table 1. Determination of USP Reference Standard 
gentamicin sulfate by LCED method (potency 643

pg/mg)»

Day

Gentamicin
sulfate,
mg/mL

Gentamicin components, 
% by wt

Cla c 2 Ci

1 2.72 24.2 38.5 37.4
2.96 24.1 38.0 37.9

2 2.962 23.4 39.1 37.4
2.63 23.8 38.7 37.6

Mean 23.9 38.6 37.6
SD 1.5 1.2 0.6

a Composition of the standard by paper chromatography: 
C ia, 27.6%; C2 , 39.5%; Ci, 32.9%. See footnote, Table 3.

obtained from the Schering Corp. and the com 
position  o f the standard w as d eterm ined  by 
LCED as described above. Results are sh ow n  in  
Table 1.

The agreem ent fou n d  b etw een  the 2 m ethods  
for the com position  o f the standard w as con sid 
ered to be satisfactory in  v ie w  o f the num ber of 
variables, i.e., 4 d ifferent standards, and the  
num ber o f assays required to obtain  the results. 
As a consequence o f this validation study, it was 
concluded that a gentam icin  sam ple w ith  a 
k n ow n  fractional com p osition , such as the USP  
standard, can be used as a reference material for 
the LCED analysis.

Discussion
Electrochemical R esponse.—  Previous w ork has 

dem onstrated that am ines, th io ls, and hydroxy  
groups are easily  oxid ized  on  a g lassy  carbon 
electrode (M. H ayden and T. Getek, unpublished  
data). G entam icin has several am ino and h y 
droxy substituents and these are the probable  
sources for its electrochem ical activity. A n in 
crease in  the positive potential augm ented  the  
current signal, but the b aseline deteriorated b e
cause o f the d eb ilita ting effects o f the large p os
itive voltages on the glassy carbon. A n optim al 
operating potential was need ed  that w ou ld  give  
a steady baseline and good sign al response vs 
concentration. A  m anual voltam m ogram  of 
gentam icin (Figure 1) was obtained by m easuring  
the peak h eigh t in  nA  of the Cja fraction at sev 
eral voltages. A potential o f + 1 .3  V gave an ad
equate signal response and produced a constant 
baseline.

A sign ificant change in  the electrochem ical 
response w as correlated to the concentration  o f 
sodium  sulfate. A change from 0.2M  to 0.3M  
reduced the peak h eig h t by approxim ately 40%. 
Further increases in  the concentrations did  not
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Vis Aj/JjCI
Figure 1. Log current response (nA) vs p otential 
against A g/A gC l reference. Flow rate 0.8 m L /m in; 
m obile phase consisted o f 0.02M pentanesulfonic acid 
sodium  salt, 0.2M N a2S04, and 0.1% acetic acid diluted  

to 1 L w ith  3% aqueous m ethanol.

greatly affect the peak h eig h t that w as observed  
at the 0.3M concentrations.

Liquid C h rom atography.— Peculiar peak shapes  
noted  in the fluorescence detection  o f OPA- 
derivatized am inoglycosides w ere occasionally  
seen  in  the chrom atogram  from  the LCED 
m ethod described here and varied w ith  m obile  
phase com position  or instrum ental parameters. 
To determ ine w hether the anom alous peaks were 
instrum ent artifacts, the separate purified  C 
fractions were injected. They exhibited the same 
characteristics under identical chrom atographic 
conditions. H ow ever, double peaks for the C2 
con stitu en t have been  reported in  chrom ato
graphic separations (11) w hich may represent the 
C2b and C2a fractions (7). A typical chrom ato
gram of gentam icin  is sh ow n  in  Figure 2.

Response vs Concentration. —W hen the signal vs 
concentration relationship was studied over the 
range of 16-60 pg gentam icin  injected, the rela
tionship in the 30-60 pg value became nonlinear. 
A n h alt and Brown (17) noted  that erroneous as
says o f am inoglycosides resulted from  their 
ten d en cy  to adsorb on the surfaces of glass v e s
sels. By using peak areas and a linear regression  
analysis, w e  determ ined that the usable analyti
cal concentration range was lim ited  to 16-30 pg  
gentam icin  sulfate injected. Correlation coef
fic ien ts  (r) o f 0.999 w ere obtained for the genta
m icin  com ponents; how ever, the linear regres
sion  did  not project through the origin. Below

Figure 2. LCED chromatogram of gentam icin sulfate 
(3.3 m g/m L ). Flow rate 1.0 m L /m in; potential +1.33  
V vs A g/A gC l; sen sitiv ity  5000 nA; m ob ile  phase: 
0.015M pen tan esu lfon ic acid sodium  salt, 0.2M  

Na2S 0 4, and 0.1% acetic acid.

16 pg of the antibiotic injected, the signal-to- 
background n oise ratio becam e unfavorable.

E valuating S tandard  and S a m p les .—Because 
gentam icin  sulfate is a m ulti-com pon ent antib i
otic, the fractional com position  of the USP Ref
erence Standard had to be evaluated by LCED. 
Data already exist for the analysis of the standard 
by the official m ethod. To determ ine the com 
p osition  o f the standard by HPLC, a calibration  
curve w as prepared o f the peak areas vs con cen 
tration for the individual C]a, C2, and C; fractions 
over the range 16-30 pg. The peak areas c f  the 
C ia, C2, and Ci fractions in  the standard were  
correlated to the calibration curve o f its respec
tive "C" fraction to ascertain the am ount o f each 
major com ponent in the standard. These values 
w ere totaled and the percent by w e ig h t of each  
fraction w as determ ined by com parison of its 
contribution to this total. The results are show n  
in Table 1. O ther peaks appearing in the stan
dard chrom atogram s possibly relate to the C2a 
and C2b fractions but no p ositive identification  
w as made.

A set o f 5 sam ples was assayed on 2 d ifferent 
days w ith  the gentam icin  standard as the refer
ence material. A linear calibration for the stan
dard was prepared each day and the sample peak 
areas o f the "C" fractions were compared to those
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Table 2. Determination of gentamicin sulfate samples 
by LCED method

Gentamicin
components,

Gentamicin, % by wt
sulfate, ------------------------

Day Sample mg/mL Cla c 2 Ci

1 A 2.99 23.4 35.5 41.1
B 2.66 25.9 41.3 32.7
C 3.31 24.7 37.4 37.8
D 2.81 26.7 34.7 38.5
E 2.57 26.6 39.9 33.5

2 A 3.09 22.9 35.2 41.8
B 2.70 25.2 42.2 32.6
C 2.76 24.5 38.5 37.0
D 2.78 26.2 34.6 39.2
E 2.96 25.4 40.3 34.3

o f the standard to calculate the am ount o f each  
present. The calculated w eigh ts o f Q , C2, and 
C)a in  th e sam ples w ere totaled and the in d i
vidual percentages o f the com p onents deter
m ined . The results obtained on  the 2 test days 
are show n in Table 2. The reproducibility of the 
sam ple analyses w as good. The corresponding  
m icrobiological assay results after paper chro
m atography are g iven  in Table 3 for Sam ples A, 
C, and E. The failure of the absolute valu es to 
agree is to be expected, because the paper chro
m atography as perform ed in  the FDA official 
m eth od  (5) does not separate or d istingu ish  the 
m inor constituents present, such as C2a and C2b- 
It is sign ificant, how ever, that the relative per
centages o f the fractions of Sam ples A, C, and E 
as d eterm ined  by both m ethods compare favor
ably. For exam ple, Sam ple E has the h igh est 
percen tages of C ia and C2 and the low est per
centage o f Cj as determ ined by both m ethods. 
In addition, Sample A  has the highest percentage 
o f Cj and the low est percentage o f C2 as deter
m in ed  by these procedures.

In conclusion , the reverse phase LCED proce
dure presented  here offers a rapid and precise 
m eth od  for the assay of the Q a, C2, and Q  frac
tions o f gentam icin  sulfate. N o derivatization  
techn ique is necessary for th is analysis and a 
s in g le  pum p system  may be used. Results ob-

Table 3. Paper chromatographic separation and 
microbiological assay of gentamicin sulfate samples *

Sample

Gentamicin components, % by wt

Cla c2 Ci

A 29.04 33.41 37.55
C 29.20 36.00 34.80
E 30.51 38.52 30.96

a Mobile solvent phase for paper chromatography con
sisted of 200 mL chloroform, 100 mL methanol, and 100 mL 
17% aqueous ammonia.

tained are reproducible and the linear response  
is com parable to the fluorescence detection  
assay.
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D R U G  R E S ID U E S  IN A N IM A L  T IS S U E S

D e t e r m i n a t i o n  o f  P e n i c i l l i n  G ,  A m p i c i l l i n ,  a n d  C e p h a p i r i n  R e s i d u e s  
i n  T i s s u e s

ARNOST B. VILIM and LYSE LAROCQUE
Health and Welfare Canada, Health Protection Branch, Tunney's Pasture, Ottawa, Ontario, 
Canada K1A 0L2

A cylin der plate m icrobiological m ethod was d ev el
oped for the rapid, quantitative determ ination  of 
p en ic illin  G, a m picillin , and cephapirin in anim al 
tissues. The m ethod uses agar plates seeded w ith  
stab le spores o f B acillus s te a ro th e rm o p h ilu s  var. 
ca lld o la c tis  and incubated 4 h at 64°C. Standard 
curves w ere obtained for the fo llo w in g  ranges of 
concentration of antib iotics in tissues: 0.02-0.32 IU 
p en ic illin  G /g , 0.0125-0.2 fig  a m p ic illin /g , and 
0.02-0.32 fig  cep hap ir in /g . The proposed m ethod is 
su itab le not o n ly  for p en ic illin  residue analysis, for 
w h ich  the sen sitiv ity  has been greatly im proved  
compared w ith  the Sarcina lutea  m ethod, but also for 
d ep le tion  studies on these antib iotics, w hich  are 
com m only  used to treat d iseases in  food-producing  
anim als.

The presence of drug residues in  tissues of 
food-producing anim als is h ig h ly  undesirable  
from the standpoint of public safety. To protect 
consum ers from unacceptable exposure to drug 
residues in  ingested  food, reliable analytical 
m ethods m ust be d evelop ed  for d etecting these  
residues. These m ethods m ust be rapid and in 
ex p en sive , m ust be capable o f assaying large 
num bers o f sam ples, and m ust have adequate 
sen sitiv ity .

In Canada, the m ost com m only used m ethods 
for determ in ing antibiotic residues are those 
described in  a Food and Drug A dm inistration  
publication , revised  in 1968 (1).

Specification o f Bacillus stearothermophilus var. 
calidolactis as the test organism  has resulted in  2 
major im provem en ts in the screen ing proce
dures, nam ely, greater sen sitiv ity  and shorter 
incubation. A quantitative cy linder plate pro
cedure for the determ ination o f p en ic illin  G, 
am p icillin , and cloxacillin  residues in m ilk was 
d ev elop ed  in  our laboratories (2). The m ethod  
is w e ll su ited  for both residues and m ilk-out 
studies.

In this paper, an im proved procedure is de-

Received Decem ber 30,1981. Accepted A pril 14, 1982. 
This paper was presented at the 95th A nnual M eeting of the AOAC, Oct. 19-22, 1981, at W ashington, DC.

scribed for determ ining trace lev els of pen icillin  
G, am p icillin , and cephapirin  in  tissues o f food- 
producing anim als. Sensitivity is im proved, yet 
an extraction fo llow ed  by a concentration step is 
not needed , as w ould  have been required by the 
m od ified  Sarcina lutea  procedure to ach ieve the  
sam e sensitiv ity .

E xperim ental
R e a g e n t s  a n d  A p p a r a t u s

(a) M ain ten an ce m edium .— Trypticase soy agar 
(BBL, d iv ision  o f Becton, D ick inson  and Co. 
Canada, Ltd, 2464 S Sheridan Way, M ississauga, 
O ntario, Canada L5J 2M8).

(b) Broth m ed iu m .—  T rypticase soy  broth  
(BBL).

(c) A ssa y  m ediu m .—Seed agar, antibiotic m e
dium  A; form erly listed  as A ntibiotic M edium  
N o. 1 (BBL).

(d) Buffer solution. — 1% phosphate buffer.. pH
6 .0  (±0.1).

(e) A n tibio tic sta n d ards .—P en icillin  G potassi
um , am p icillin  trihydrate, cephapirin  sodium , 
and sodium  cloxacillin, USP Reference Standards 
(U.S. Pharmacopeial C onvention, Rockville, MD 
20852).

Prepare stock solution of 1000 IU or /ig /m L  in 
1% phosphate buffer, pH  6.0 (±0.1). Dilute stock 
so lu tion  to 10 IU or /rg/m L solu tion  in  the 1% 
phosphate buffer. Further d ilute the 10 IU or 
p g /m L  solution in 1% phosphate buffer to obtain 
concentrations o f 50 tim es the final concentra
tions.(f) C ylinder d ispen ser.—Shaw -D ispenser (E.C. 
C ondit, M iddle Haddam , CT 06456).

(g) C ylin d ers .— P enicy linders, sta in less steel,
8.0 m m  od X 10 mm  (Fisher Scientific Co. Ltd, 
2660 Southvale Cr, Ottawa, Ontario, Canada K1B 
4W5).

(h) Zone reader.—A ntibiotic Z one Reader II 
(Fisher-Lilly).

(i) C en trifu ge .—M odel RC2-B w ith  HS-4 rotor 
(Sorvall).
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( j)  Incubator.—M odel 3956 m odified , capable 
of operating at 64°C (Forma Scientific, Marrietta, 
O H  45750).

(k) H om ogen izer.—Sorvall O m ni-m ixer w ith  
400 mL capacity sta in less steel cham bers (Sor
vall).

(l) C ornw all syringe. — 10 mL (Fisher Scientific  
Co. Ltd).

(m ) P etri d ish es.—Stacking d ishes, N o. 1054 
(Falcon Plastic Co., 1950 W illiam s Dr, Oxnard, 
CA 93030), w ith  porcelain tops (Canadian Lab
oratory S upp lies, 2710 Lancaster Rd, Ottawa, 
O ntario, Canada K1B 4T7).

P r e p a r a t i o n  o f  B a c t e r i a l  S p o r e  S u s p e n s i o n
Inoculate 6 Erlenmeyer flasks, each containing  

150 mL trypticase soy  broth, w ith  Bacillus stear- 
otherm ophilus var. calidolactis ATCC 12980. In
cubate at 64°C. Determ ine extent of sporulation 
by spore stains u n til ca 80% lev e l is reached (72 
h). C entrifuge 10 m in at 5000 rpm. D ecant su- 
pernate, w ash  ce lls  tw ice w ith  sterile norm al 
sa lin e, resuspen d cells  in  70 mL norm al saline, 
and store at 4°C. Suspension  is stable 4 
w eeks.

P r e p a r a t i o n  o f  P l a t e s
Inoculate antibiotic m edium  A, cooled to 60 °C, 

w ith  1.5 mL spore susp en sion  o f B. stearotherm o- 
philus var. ca lidolactis /1 00  mL m edium . Pour 8 
mL inocu lated  m elted  agar into each Petri d ish, 
u sin g  C ornw all syringe, and let agar layer 
harden on  lev e l surface. Refrigerate plates 15 
m in before use.

A s s a y  P r o c e d u r e
Standard curve: F ollow  general instruction

described for standard curves (1). A fter h o 
m ogen ization , heat m ixture 5 m in  at 84 °C, cool, 
and then  centrifuge 10 m in  at 2000 rpm. Fill 3 
alternate cy linders w ith  standard and the other  
3 cy linders w ith  reference concentration. In
cubate f illed  cy linders 4 h at 64°C. Calculate 
best straight lin e, u sin g  least squares linear re
gression  analysis.

Sample: H om o gen ize  10 g tissue w ith  40 mL 
buffer (1:5). H eat 5 m in at 84°C, and centrifuge. 
Proceed as for the standard, fillin g  3 alternate 
cylinders w ith  sam ple and other 3 cylinders w ith  
reference concentration. U se 3 plates for each 
sam ple. Correct average value in  relation to 
reference valu e o f standard. Calculate corre
sp on d in g  concentration. M ultip ly  by d ilu tion  
factor (5) to obtain final concentration.

R esu lts and D iscu ssion
The standard curves w ere constructed by 

addin g k n ow n  am ounts o f the respective anti-

Table 1. Estimated concentrations for beef tissues 
spiked with penicillin G

Theor.
concn,
lU /m L

Mean adjusted 
zone size, mm

Estd concn, 
IU /m La cv, %

Muscle

0.004 12.6 0.0041 4.45
0.008 14.8 0.0079 7.70
0.016 17.3 0.0162 2.33
0.032 19.7 0.0330 7.36
0.064 21.8 0.0630 7.51

Kidney

0.004 12.1 0.0039 10.11
0.008 14.6 0.0082 11.24
0.016 17.1 0.0163 6.00
0.032 19.4 0.0323 6.02
0.064 21.8 0.0629 8.36

Liver

0.004 11.9 0.0039 20.31
0.008 14.4 0.0080 21.63
0.016 16.6 0.0157 14.60
0.032 19.2 0.0332 17.93
0.064 21.3 0.0617 16.44

a Average of 12 determinations.

Table 2. Estimated concentrations for beef tissues
spiked with ampicillin

Theor.
concn, Mean adjusted Estd concn,
Mg/mL zone size, mm Ag/m La CV, %

Muscle

0.0025 12.4 0.0024 5.03
0.005 15.1 0.0053 6.75
0.01 17.1 0.0099 4.01
0.02 19.4 0.0192 6.12
0.04 21.9 0.0405 11.34

Kidney

0.0025 12.4 0.0024 2.95
0.005 15.2 0.0055 3.61
0.01 17.2 0.0097 1.55
0.02 19.4 0.0187 7.47
0.04 22.2 0.0416 1.98

Liver

0.0025 12.2 0.0025 9.79
0.005 14.9 0.0052 5.03
0.01 17.2 0.0098 1.07
0.02 19.7 0.0200 6.18
0.04 22.1 0.0391 4.24

a Average of 9 determinations.



178 VILIM & LAROCQUE: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 1, 1983)

Table 3. Estimated concentrations for beef tissues 
spiked with cephapirin

Theor.
concn. Mean adjusted Estd concn,
Mg/mL zone size, mm Mg/mLa CV, %

Muscle

0.004 13.0 0.0041 8.37
0.008 15.2 0.0081 8.23
0.016 17.1 0.0149 4.67
0.032 19.4 0.0315 5.19
0.064 21.7 0.0668 8.75

Kidney

0.004 12.8 0.0040 7.10
0.008 15.1 0.0082 4.82
0.016 17.2 0.0152 1.59
0.032 19.7 0.0319 4 73
0.064 22.0 0.0656 3.85

Liver

0.004 11.9 0.0038 9.30
0.008 14.8 0.0085 4.59
0.016 17.1 0.0161 0.59
0.032 19.6 0.0326 3.24
0.064 22.0 0.0633 2.69

a Average of 9 determinations.

biotic to antibiotic-free anim al tissues. The 
tissues, obtained from local superm arkets, w ere  
carefully tested for the presence o f inh ib itory  
substances before b ein g  used in  this study. 
Tissue controls w ere run w ith  each experim ent. 
The resulting zo n e sizes w ere processed m athe
m atically using least squares linear regression of 
zo n e size vs lo g  concentration. This procedure 
resulted in correlation coefficients ranging from  
0.9991 to 0.9999 (0.9982 for am picillin  in beef 
kidney) for pen icillin  G in  beef and pork muscle,

Table 5. Comparison of B. s te a ro th e rm o p h ilu s  var. 
ca lid o la c tis  method with S. lu tea  method, using penicillin 

G in beef muscle

Concn, IU/mL

Method 0.064 0.016 0.004

S.lu te a 0.0625 0.0168 neg.
B. stear. 0.0633 0.0163 0.0041

k id n ey , and liver and in ch icken m uscle and  
liver; for am p icillin  in  beef m uscle, k idney, and  
liver; and for cephapirin in beef m uscle, k idney, 
and liver.

A total o f 9 determ inations of 5-point standard 
curves for each antibiotic w as obtained usin g  3 
different batches o f bacterial spore su sp en sion  
as the inoculum . The precision and accuracy of 
the m ethod for each ind iv id u al antib iotic in  3 
b ov in e tissues are illustrated in  Tables 1, 2, and
3. Results are expressed in IU /m L  or q g/m L . 
To convert these m easurem ents to the final 
concentration values, m ultip lication  by 5, the  
d ilu tion  factor, is required. The coeffic ien ts o f 
variation (CV) are generally  low er than 11%, 
w ith  the exception  o f p en ic illin  G in  liver. 
H ow ever, these h igher variations still fu lfill the 
requirem ents for intralaboratory reproducibility  
of analytical results by b ein g less than 20-25%. 
T hese requirem ents w ere recently rev iew ed  by 
H orw itz et al. (3).

Because the reproducibility data w ere calcu
lated from standard curves prepared by averag
ing 9-12  determ inations w ith  different bacterial 
spore susp en sion s and on  d ifferent days, co effi
cients o f variation can be low ered  by usin g  
standard curves established  w ith  the sam e bac
terial spore susp en sion  on  the sam e day. Thus,

Table 4. Recovery, minimum detectable level (MDL), and working range for penicillin G, ampicillin, cephapirin, and 
cloxacillin in beef tissues, B. s te a ro th e rm o p h ilu s  var. ca lid o la c tis  cylinder plate method

Antibiotic Tissue
Ree.,

%
MDL,

Mg/mL

Working range

Ag/mL Mg/g

Penicillin G muscle 98.0 0.0014 0.004-0.064a 0.02-0.320
kidney 96.4 0.0016 0.004-0.064a 0.02-0.320
liver 94.6 0.0017 0.004-0.064a 0.02-0.32 o

Ampicillin muscle 96.5 0.0009 0.0025-0.04 0.0125-0.2
kidney 96.9 0.0009 0.0025-0.04 0.0125-0.2
liver 96.4 0.0010 0.0025-0.04 0.0125-0.2

Cephapirin muscle 98.9 0.0011 0.004 0.064 0.02-0.32
kidney 99.1 0.0013 0.004-0.064 0.02-0.32
liver 97.1 0.0017 0.004-0.064 0.02-0.32

Cloxacillin muscle 96.6 0.008 0.03-0.48 0.15-2.4

IU/mL.
IU/g.
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Table 6. Study of interference of sulfamethazine, sulfathiazole, nitrofurazone, and furazolidone added at various levels 
with penicillin G to beef tissues (B . s te a ro th e rm o p h ilis  var. c a lid o la c tis  method)

Penicillin G, 0.016 lU/m L, and

Sulfamethazine Sulfathiazole Nitrofurazone Furazolidone
’ ------------------- Penicillin G,

Tissue

«Joo

50 10 100 50 10 50 10 50 10 0.016 IU/mL

Muscle 16.7 6 16.7 16.8 16.7 16.6 16.7 17.1 16.8 19.0 16.9 16.7
Liver 16.6 16.8 16.7 16.8 16.7 16.7 16.7 16.7 18.3 16.7 16.6
Kidney 16.8 16.9 16.9 17.0 16.9 16.9 17.0 17.0 19.6 17.1 16.9

3 Values are fig/mL. 
b Values are zone size (mm).

in the case o f pen icillin  G in  liver, the fo llow in g  
CV values for the 5 points o f the standard curve  
are obtained: 5.00, 6.17, 7.00, 5.06, and 5.65%. It 
is therefore im portant to check the perform ance 
of the m ethod for each particular application  to 
determ ine the frequency o f re-estab lish ing the  
standard curve. N ew  standard curves sh ou ld  
alw ays be established  w ith  each n ew  batch o f  
bacterial spore su sp en sion  and used for calcu
lating results.

The m inim um  detectable lev e ls  (MDL) are 
listed  in  Table 4. These valu es w ere calculated  
by an extrapolation techn ique, resu lting in  con
centrations corresponding to a 9.0 mm zon e  
w h ich  w e  consider to be the low est size capable 
of b ein g  reliably m easured by the zon e reader. 
T he practical w ork ing ranges are also indicated  
in  Table 4, and they correspond to concentrations 
u sed  in  the preparation of the standard curves. 
The recovery values w ere obtained by com pari
son  o f the concentration estim ates in  buffer w ith  
th ose in  respective tissues.

A  com parison stu dy w as carried out w ith  
p en ic illin  G in  m uscle tissue at 3 k n ow n  con
centration levels, usin g  B. stearotherm ophilus and
S. lutea  m ethods (Table 5). Excellent agreem ent 
w as obtained  at the 2 h igh er concentrations, al
th ou gh  the S. lu tea  m ethod failed  to detect a 
concentration  o f 0.004 IU /m L . A ll concentra
tions m easured by both m ethods w ere very close 
to theoretical values.

To test for possib le  interference by other an
tim icrobial drugs com m only used in  veterinary  
practice, w e  carried out 4 studies in  3 tissues 
(Table 6). N o  p ositive  interference by su lfa
m ethazine, su lfath iazole, or n itrofurazone was

detected , ev en  in  the 50-100 ppm  range. Fura
zo lid o n e  sh ow ed  sligh t p o sitive  in terference at 
50 ppm , but non e at 10 ppm .

D u ring the prelim inary experim ents w ith  B. 
stearotherm ophilus, a nonspecific inh ib ition  effect 
w as observed w ith  beef kidneys. This effect was 
elim in ated  by incorporating a heatin g step into  
th e  procedure. A sim ilar effect w as observed  
during the sum m er m onths w h en  th e S. lu tea  
m ethod  was used. It p revented  the establish
m ent o f the lim it of detectability for this m ethod  
at the lev e l specified  by the FDA M anual (1). 
The com parative study w ith  the B. stearotherm o
philus m ethod  had to be p ostponed  to later 
m onths, w h en  the nonsp ecific  in h ib ition  effect 
on the S. lutea  m ethod was n o  lon g er present.

The proposed m ethod is suitable for both res
id u e analysis and dep letion  studies. Sensitivity  
has been greatly im proved w h en  compared w ith  
the S. lu tea  m ethod, and the m ethod is also more 
rapid; results are available w ith in  6 h. Chances 
o f interference from  m icrobiological contam i
n ation  are m in im ized  by the relatively  h igh  in 
cubation tem perature and the short incubation  
tim e.
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A gas-liq u id  chrom atographic procedure has been  
d evelop ed  for the quantitation o f 1,4-dioxane in  
various cosm etic products in c lu d in g  lo tion s, cleans
ers, sk in  creams, m ake-ups, and sham poos. The 
im purity is extracted into an aqueous phase fo llow ed  
by colum n cleanup to rem ove nonpolar interferents.
1.4- D ioxane is partitioned in to  to lu ene, passed  
through an extraction tube to remove water and other 
polar com pounds in clu d in g  organic dyes, concen
trated b y  adsorption onto silica , further purified  by  
w ash in g  w ith  d ichlorom ethane, and eluted  w ith  ac
eton itrile  for in jection  in to  the gas chrom atograph. 
The mean recovery o f 1,4-dioxane from 51 cosm etic  
products, determined by spiking, w as 63%. The lim it 
of d etectab ility  is  about 0.5 ppm  and the m inim um  
q uantifiab le leve l is about 2 ppm . The id en tity  of
1.4- dioxane is confirm ed by mass spectrom etry.

It has been  estim ated that about one-th ird  of 
em ulsion-based  cosm etics contain p o lyoxyeth 
y len e  derivatives that may be contam inated by
1.4- d ioxane (1). D ep en d in g  on the m anufac
turing process used, 1,4-dioxane m ay be form ed  
during the polym erization  of e th y len e  oxid e to 
produce the p o ly oxyeth y len e portion o f the 
em ulsifier m olecu les (2). 1,4-Dioxane is a car
cin o gen  in  rats and m ice, producing squam ous
ce ll carcinom as o f the nasal turbinates in  the  
form er and hepatocellu lar carcinom as in  the 
latter (3, 4).

Several gas chrom atographic m ethods have  
been  reported for the determ ination o f 1,4-di
oxane in ethoxylated  surfactants. These are 
based on vacuum  distillation (2), direct injection  
of the surfactant w ith  precolum n treatm ent to 
separate the 1,4-dioxane from  the surfactant 
matrix (5, 6), or injection after d ilu tion , w ith  
detection  by mass spectrom etry (7). O f 70 
ethoxylated  cosm etic raw m aterials analyzed  by  
the U.S. Food and Drug A dm inistration , 44% 
contained more than 10 ppm 1,4-dioxane (8). Of 
direct concern to the consumer, how ever, are the 
lev e ls  of 1,4-dioxane in com m ercially available

1 Address correspondence to th is author.2 Deceased.
Received A pril 12,1982. Accepted June 9, 1982.

cosm etic products. A m ethod d esign ed  for the 
determ ination  o f 1,4-dioxane in cosm etics is d e
scribed in  this paper. The m ethod provides for 
substantial sam ple cleanup before injection to 
avoid possible interfering substances w h ich  may 
be p resen t in  com p lex  cosm etic  m atrices. 
GLC-m ass spectroscopy is used to confirm  the 
id en tity  of 1,4-dioxane, as required.

M ETH O D
A p p a r a t u s

(a) Gas chrom atograph.— M icroprocessor-con
trolled Hewlett-Packard M odel 5880A equipped  
w ith  p rin ter-p lotter m echanism  and flam e io n 
ization  detector (H ew lett-Packard, Palo A lto, 
CA). C oiled glass colum n (0.91 m X 4 m m  id), 
packed w ith  Chrom osorb 106 porous polym er  
(Chrom atographic Specialties, Brockville, O n 
tario, Canada) and adapted to the chromatograph 
w ith  short len g th  o f n ick el tubing. Colum n, 
injection port, and detector temperatures 210°C; 
nitrogen, 60 m L /m in; hydrogen , 35 m L /m in; 
and air, 400 m L /m in . C olum ns w ere con d i
tioned  72 h at 210°C w ith  n itrogen flow  o f 60 
m L /m in .

(b) C entrifuge .—IEC M odel K (International 
Equipm ent Co., N eedham  H eights, MA).

(c) W ater b a th .— Buchler Co., Fort Lee, NJ.
R e a g e n t s

(a) 1,4-D ioxan e.— Scintanalyzed (Fisher Sci
en tific  Co. Ltd, Ottawa, O ntario, Canada).

(b) A c e to n itr ile .— HPLC grade (J.T. Baker 
Chem ical Co., Phillipsburg, NJ). U se material 
free o f propionitrile to avoid  interference w ith  
internal standard peak.

(c) D ichlorom ethane.— D istilled  in  glass (Bur
dick & Jackson Inc., M uskegon, MI).

(d) E thyl a ce ta te .— D istilled  in glass (Caledon- 
L aboratories Ltd, G eorgeto w n , O ntario, 
Canada).

(e) T oluene.— D istilled  in  glass (Burdick & 
Jackson, Inc.).
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(f) Boric a c id .—A nalytical reagent (Fisher Sci
en tific  Co. Ltd).

(g) M agnesium  su lfa te .—A nhydrous laboratory 
reagent (Fisher Scientific Co. Ltd).

(h) Silica g e l.—Silicar CC-7 (M allinckrodt 
Chem ical W orks, St. Louis, MO).

(i) Disposable extraction colu m ns.—20 mL Clin- 
Elut. N o. 1020 (A nalytichem  International, 
Harbor City, CA).

(j) Silica cartridges.—Sep-Pak (Waters Scientific 
Ltd, M ississauga, O ntario, Canada).

(k) O cta d ecy l silane cartridges.—Sep-Pak Cjg 
(Waters Scientific Ltd).

(l) Internal stan dard so lu tion .—Ethyl acetate in  
acetonitrile (10% v /v )  prepared by p ip ettin g  10 
mL eth y l acetate into 100 mL volum etric flask  
and d ilu tin g  to vo lu m e w ith  acetonitrile.

(m) M agnesium  su lfa te and boric acid solution. — 
D isso lve 13 g m agnesium  sulfate and 3.3 g  boric 
acid in  water, m ix, and d ilu te quantitatively to 
100 mL.

(n) Spiking so lu tion .— 1,4-Dioxane in  water 
(0.02% v /v )  prepared by quantitative d ilu tion  of
1,4-dioxane. This corresponds to a lev e l o f 13.7 
ppm  1,4-dioxane in  15 g cosmetic (taking density  
of dioxane as 1.028 g /m L ).

(o) Calibration so lu tions.— Prepare, by quanti
tative d ilution , solutions containing 0.00125 and 
0.0025% (v /v )  o f 1,4-dioxane in  acetonitrile and  
add 2.5 pL internal standard solution for each mL 
calibration solutions. These so lu tion s corre
spond  to 6.9 and 13.7 ppm  1,4-dioxane in  15 g  
cosm etic, assum ing 100% recovery.
L i n e a r i t y

Prepare so lu tion s conta in ing 0.0025, 0.00625, 
0.0125,0 .0375, and 0.0625% (v /v )  1,4-dioxane in  
acetonitrile by quantitative dilution  and add 2.5 
pL internal standard solu tion  for each mL of 
these solu tions. These solu tions correspond to 
13.7, 34.3, 68.5,205.6, and 342.5 ppm  1,4-dioxane 
in  15 g cosm etic. Inject 10 pL duplicates o f each  
solu tion  in to  chrom atograph and com pute re
sponse factors relative to internal standard. 
Relative standard d ev iation  o f m ean response  
factor sh ou ld  not exceed  2%.
P r o c e d u r e

To prepurify glass-d istilled toluene, pass 1200 
mL through 2.5 cm diam eter colum n containing  
50 g  Silicar CC-7 silica gel. Accurately w e ig h  ca 
15 g cosm etic into 50 mL screw-cap tube (28 X 120 
mm). Pipet 15 mL m agnesium  sulfate-boric acid 
solution into tube and shake vigorously by hand  
for 3 min. Heat in water bath at 70°C for 10 m in, 
shake v igorou sly  for 1 m in, and centrifuge for 5

m in  at 3000 rpm. By m eans o f 30 mL syringe  
fitted w ith  6 in., 20 gauge need le, transfer low er  
(aqueous) phase through Cjs Sep-Pak cartridge 
(preconditioned by passage o f 20 mL d istilled  
water) into 250 mL centrifuge vessel. R inse sy
ringe and cartridge w ith  2 mL w ater and add  
rinse to centrifuge vessel. A dd 60 mL prepuri
fied  to lu en e to centrifuge vesse l, shake v igor
ou sly  by hand for 3 m in , centrifuge for 5 m in  at 
3000 rpm, pass toluene (upper) layer through No. 
1020 Clin-Elut tube, and collect. Repeat extrac
tion  o f aqueous layer w ith  additional 60 mL to l
uen e, pass through Clin-Elut tube, and add to 
first extract. Add sufficient to luene to Clin-Elut 
tube to collect total vo lu m e o f 140 mL toluene. 
U sin g  50 mL syringe w ith  3 silica Sep-Pak car
tridges attached in  series, pass entire to lu en e  
extract through to discard. R inse syringe and  
cartridges w ith  tw o 5 mL portions o f d ich loro- 
m ethane. Elute 1,4-dioxane from cartridges w ith  
8 mL acetonitrile, collect in 20 mL screw-cap test 
tube (150 X 15 mm), and mix w ith  20 pL internal 
standard solution . Inject 10 pL o f each calibra
tion  solu tion  and sam ple preparation in to  chro
m atograph and com pute dioxane lev e l in  the  
cosm etic in  ppm.
R e c o v e r y  E f f i c i e n c y  D e t e r m i n a t i o n

Spike a second accurately w e ig h ed  15 g  por
tion  of cosm etic w ith  1 mL sp ik in g  so lu tion  and  
repeat analysis. If the cosm etic contains > 30  
ppm  1,4-dioxane, sp ike w ith  h igh er lev e l of
1,4-dioxane, k eep in g  concentration o f internal 
standard unchanged  and v o lu m e o f sp ik in g  so
lu tion  added at 1 mL. Calculate recovery e ffi
ciency in  percent from  100 (CT — C i)/C s, w h ere  
CT, Ci and Cs are the total, in itia l, and sp iked  
concentrations, respectively , o f 1,4-dioxane in  
ppm.

R esu lts and D iscu ssion
Cosm etic products w ere shaken w ith  m agne

sium  sulfate to separate them  in to  their constit
u en t phases. T ypically, these consisted  o f a 
low er phase and an upper o il phase, w ith  a band  
of particulate matter at the interface. Boric acid, 
added w ith  the m agnesium  sulfate, form s a 
w ater-soluble ion ic com plex w ith  e th y len e  and  
propylene g lycol (9), present in  som e cosm etics. 
These com pounds, if not com p lexed , partition  
into to lu en e and m ay interfere w ith  the 1,4- 
dioxane peak in  the chrom atogram . The entire  
aqueous layer, rather than an aliquot o f it, w as 
transferred to the extraction colum n because the  
am ount of water in  cosmetic products varies from  
one to the next. In m ost cases, phase separation
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w as good and the loss o f 1,4-dioxane associated  
w ith  this transfer is probably less than 5% of the 
total. In rare cases w h en  on ly  an aqueous phase 
w as present, the entire sam ple w as transferred  
to the extraction colum n. The aqueous phase  
w as passed through a C is Sep-Pak cartridge 
w h ich  retains nonpolar com pounds but little of 
the 1,4-dioxane. In the range corresponding to
13.7-68.5 ppm  1,4-dioxane in the original cos
m etic sam ple taken, 2-4% of the 1,4-dioxane is 
retained on  the cartridge. The am ount o f 1,4- 
dioxane rem oved from the aqueous phase after 
2 extractions w ith  60 mL toluene dep ends on the 
am ount of water in the cosmetic. The coefficient 
for the partition of 1,4-dioxane b etw een  water 
and to lu en e at room tem perature w as 1.33, as 
determ ined experim entally by shaking 15.42 mg
1.4- d ioxane b etw een  15 mL w ater and 100 mL 
to lu en e and analyzing the 2 phases. O n this  
basis, recoveries o f 90 and 86% w ou ld  be antici
pated from products conta in ing 40 and 80% 
water, respectively. The presence of magnesium  
sulfate and boric acid, as w e ll as w ater-soluble  
materials in  the cosm etic w ould  result in  unique 
partition behavior for each cosm etic.

The to lu en e so lu tion  is passed through the 
Clin-Elut colum n to rem ove the w ater present 
after the aqueous extraction. This is necessary  
to prevent an attack by residual water on the  
silica cartridges. The Clin-Elut colum n also re
m oves organic colored materials and other polar 
com pounds. 1,4-Dioxane w as not retained on  
the colum n. This was dem onstrated by passing  
a solu tion  o f to lu en e conta in ing 5.14 m g 1,4- 
dioxane, corresponding to 343 ppm  1,4-dioxane 
in  a cosm etic sam ple, through the co lum n and  
then  elu tin g  w ith  a further 50 mL toluene. 
U pon com pletion  o f the analysis, no 1,4-dioxane 
w as detected in  the second 50 mL eluate. The 
Sep-Pak cartridges are used to rem ove 1,4-diox
ane from the toluene. Three are needed because, 
w ith  the large vo lu m e (140 mL) o f to lu en e in 
volved , the 1,4-dioxane chromatographs through  
the cartridges. The cartridges also separate the
1.4- d ioxane from  nonpolar com pounds w h ich  
rem ain in  the to luene. The am ount o f 1,4-di
oxane not adsorbed was estim ated for the case of 
sam ples orig in ally  conta in ing 5.14 m g 1,4-diox
ane by passing the to lu en e efflu en t through a 
second series o f 3 cartridges and com pleting the 
analysis in  the usual way. An additional 0.4% of 
the original 1,4-dioxane w as recovered. The 
cartridges are w ashed w ith  d ich lorom ethane to 
rem ove residual toluen e. This is necessary be
cause the to luene contains an im purity, thought 
to be b en zen e on  the basis o f its retention  tim e,

w h ich  interferes w ith  the 1,4-dioxane peak on  
the chrom atogram . At 1,4-dioxane load ings  
corresponding to 343 ppm  in  a cosm etic sam ple, 
about 7% of the adsorbed 1,4-dioxane was lost to 
the d ich lorom ethane as estim ated by direct in 
jection o f the d ich lorom ethane eluate. H o w 
ever, this estim ate is o n ly  approxim ate, due to 
interference w ith  the 1,4-dioxane peak by eluted  
im purities. Rem oval o f adsorbed 1,4-dioxane 
from the cartridges by acetonitrile was complete. 
Subsequent 5 mL portions o f acetonitrile e lu ted  
and injected into the gas chrom atograph con 
tained no detectable 1,4-dioxane.

The chrom atographic response in  the range 
equ ivalent to 2 .055-13.7 ppm  1,4-dioxane in  15 
g cosm etic (0.038-0.25 q g  on  colum n) was linear 
w ith  a s ligh t positive intercept, possib ly due to 
an integrator artifact (ppm  = 139.4 area ratio 
[1 ,4-d ioxane/in ternal standard] +  0.363). Two 
or more calibration points were determ ined daily 
and appropriate linearity parameters w ere cal
culated. Five injections o f a sam ple conta in ing  
the equivalent of 2.055 ppm  1,4-dioxane gave an 
RSD of 1.6%. Typical chrom atogram s are pre
sented  in  Figure 1.

The reproducibility and bias o f the m ethod  
w ere determ ined by analyzing know n solutions 
of 0.2056 m g 1,4-dioxane in  7 mL water. These  
solutions, corresponding to 13.7 ppm 1,4-dioxane 
in  15 g cosm etic, w ere analyzed  6 tim es at in ter
vals over a period o f several w eeks. The m ean  
recovery w as 85.1% w ith  an RSD o f 2.4%. Re
coveries at 1,4-dioxane lev els  corresponding to
68.5 ppm  w ere 82.5% w ith  an RSD of 2.7% for 5 
assays.

Cosmetic products contain individual am ounts 
of water and other ingredients that influence the 
partition and extraction o f 1,4-dioxane. It is 
therefore necessary to determ ine the recoverv o f
1,4-dioxane from each product analyzed  by 
sp ik ing. A k n ow n  am ount o f 1,4-dioxane in  1 
mL w ater w as shaken into the cosm etic before 
analysis. The m ean recovery from 51 cosm etic  
sam ples including lotions, cleansers, skin creams, 
make-ups, and sham poos was 63.0% w ith  an RSD 
o f 19.9% (6 sam ples, <50%; 11 sam ples, 50-60%; 
20 sam ples, 60-70%; 11 sam ples, 70-80%; 3 sam 
p les, >80%). A com m ercial sk in -m oisturizing  
product conta in ing no detectable 1,4-dioxane 
w as sp iked  at lev e ls  corresponding to 13.7, 68.9, 
and 342.7 ppm  and analyzed 3 times at each level. 
The m ean percent recoveries, w ith  the RSD in  
parentheses, w ere 69.4 (4.0), 74.2 (2.9), and 70.2 
(4.4), respectively .

The recovery o f 1,4-dioxane from a few  cos
m etic products w as less than 20%. In m ost of
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Figure 1. Typical chromatograms: (a), cosm etic product containing no 1,4-dioxane; and (b), the same product 
spiked  w ith  13.7 ppm  1,4-dioxane. Peaks are: 0.9 m in , aceton itrile  and dichlorom ethane; 3.55 m in , eth yl 
acetate internal standard; 6.02 m in , 1,4-dioxane; and 10.95 m in , to luene. Extraction effic ien cy  76.8%. (c), 

W ater standard con ta in in g  eq u iva len t o f 13.7 ppm  1,4-dioxane; recovery 86.0%.

these cases, injection of the toluene layer into the 
gas chrom atograph after extraction o f the aque
ous phase revealed  the presence o f ethanol. 
Ethanol changes th e polarity o f the to lu en e su f
ficiently to prevent adsorption of 1,4-dioxane on  
the cartridges. The recovery o f 1,4-dioxane de
creases from  about 90% of theoretical at 0 or 30 
m g ethan ol in  120 mL to lu en e to 73, 32, and 6% 
at ethan ol lev els  o f 60, 150, or 300 m g, respec
tively . Taking the room  tem perature w ater/ 
to lu en e partition coeffic ien t of ethan ol to be 24, 
the 60,150 , and 300 m g levels w ould  correspond  
to 2, 5, and 10% ethan ol in  the original cosm etic  
sam ple. About 83% o f the ethan ol can be re
m oved  from  the to lu en e by extraction w ith  25 
mL water. Rem oval o f th is am ount o f ethanol 
is usually  su ffic ien t to a llow  the analysis to pro
ceed but there is a concom itant loss of about 22% 
of the 1,4-dioxane present. Thus, w h en  it is 
necessary to incorporate a water extraction o f the 
to lu en e in to  the m ethod , the recovery o f 1,4- 
dioxane w ill  be a m axim um  of 50 to 60% of the  
am ount orig inally  present in  the cosm etic  
product. The actual m ean recovery from  5 
products analyzed  in  th is w ay w as 52%.

Sam ples conta in ing m ore than 10 ppm  1,4- 
dioxane w ere subjected to mass spectral analysis 
on a H ewlett-Packard GC-MS system  5985 at an 
ion ization  potential o f 70 eV to confirm  the  
iden tity  o f 1,4-dioxane. Final so lu tion s o f 1,4-

dioxane in  acetonitrile w ere chrom atographed  
in to  the mass spectrom eter through a 1.2 m X 2 
mm id glass colum n packed w ith  Chrom osorb  
106 porous polym er and operated isotherm ally  
at 210°C. The spectra w ere id en tical to that of 
a 1,4-dioxane standard.
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The o ffic ia l AOAC m ethod fcr extracting p en ic illin  
from  feeds a llow s som e chlortetracycline to be co
extracted if the latter is also present in  the sam ple. 
This can cause a high bias in results obtained by using  
the turbidim etric assay in  w hich  the test organism  is 
sen sitive to both antibiotics. In this report, w e show  
that m agnesium  ions can be used to circum vent the 
interference o f chlortetracycline in  the turbidim etric 
assay for p en ic illin .

The official AOAC agar d iffusion  plate m ethod  
for p en ic illin  in feeds is labor-intense, tim e- 
consum ing, and not easily adapted to automation  
(1). A  faster m ethod w o u lc  be usefu l to labora
tories w h ere the num ber c f  sam ples analyzed  
justifies the expense o f autom ation and to labo
ratories n eed in g  a m ore rapid m anual m ethod. 
Turbidimetric assays provide both quick sam ple 
turnaround and an opportunity for autom ation. 
AOAC has adopted turbidim etric m ethods for 
chlortetracycline (2) and m on en sin  (3), but not 
for p en icillin .

A turbidim etric assay for p en ic illin  in  feeds  
has been  described in detail (4). Staphylococcus 
aureus, the organism  used in the m ethod, is sen 
sitive to ch lortetracycline (CTC) in  addition  to 
p en ic illin , w h ile  the organism  Sarcina lu tea , 
w h ich  is used in  the AOAC plate m ethod, is not 
sen sitive  to CTC. H ow ever, S. lutea  does not 
dem onstrate the grow th  characteristics desired  
in a turbidimetric assay. Unfortunately, most of  
the feed  sam ples analyzed  by our laboratory 
contain both CTC and p en ic illin  in  a 2:1 ratio 
(g /ton ).

Initial attem pts usin g  the turbidim etric assay 
for p en ic illin  indicated that results w ere con 
sistently greater for feeds guaranteed to contain  
CTC, and prelim inary efforts to elim in ate p o
tential CTC interferences through the isolation  
of a S. aureus m utant resistant to CTC, but still 
sen sitiv e to p en ic illin , failed. Therefore, an al
ternative approach for decreasing the response  
of S. aureus to CTC w as investigated .

Received M arch 15, 1982. Accepted June 8,1982.

M agnesium  ions can inactivate the antibacte
rial activity o f CTC in a turbidim etric assay (5). 
In this paper, w e demonstrate that CTC is present 
in  feed sam ple extracts used  for the determ ina
tion of p en icillin , and that co-extracted CTC can 
cause an overestim ation o f the am ount o f p en i
c illin  present. Furtherm ore, w e report cn  the 
use o f added m agnesium  ions to circum vent the  
interference of CTC in the turbidimetric assay for 
p en icillin .

M ETH O D
A p p a r a t u s  a n d  R e a g e n t s

(a) A u to m a tic  turbidim etric s y s te m .—AUTO- 
TURB® System  (Elanco Products Co., D iv. o f Eli 
Lilly and Co., 7405 Alabama St, Indianapolis, IN  
46206). System  pipets sam ples into assay tubes, 
dilu tes w ith  inoculated  broth (66- and 100-fold  
d ilu tion s usin g  0.15 and 0.1 mL sam ple loops, 
respectively), incubates tubes, and m easures 
turbidity (6, 7). Include set of standard solutions  
for each assay tube carrier. After dilutor unit has 
processed sam ples, place tubes in th e system  
water bath and incubate at 37.5°C until turbidity 
reaches 40-50% T for zero tubes. Stop growth by 
heatin g tubes 2 m in in  80°C water bath. Cool 
tubes rapidly in  w ater to room tem perature and  
im m ediately  read % T  on  the Autoturb reader 
w ith  w avelen gth  set at 600 nm.

(b) Penicillin standard solution.—Stock standard 
solution: p en ic illin  standard (N o. Pen-P, 500 
jug/mL or 504.5 units procaine salt, Sigm a 
C h em ical C o., St. L ouis, MO 63178)/m L . 
W orking standard solutions: D ilu te stock stan
dard solu tion  w ith  pH  6 d ilu tion  buffer to con 
centrations o f 0.2, 0.4, 0.6, and 0.8 p g /m L .

(c) Penicillinase solution.—5 X 105 enzym e units 
(N o. 0346-63, D ifco Laboratories, D etroit, M I)/ 
mL. A dd 0.1 mL of this concentrated stock so
lu tion  d irectly to d ilu ted  feed  extracts to g iv e  5 
X 103 u n its/m L  final concentration w h ere in d i
cated.

0004-5756/83/6601-0184-04Î01.00© Association of Official Analytical Chemists. Inc.
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Table 1. Effect of penicillinase and m agnesium  ions on 
penicillin  activity  in a feed sam ple co n ta in ing  both 

penicillin  and CTC

% Transmission

Sample 0.1 mL loop 0.15 mL loop

Diln buffer 41.6:41.4 42.1; 42.4
Diln buffer + penase3 41.8:40,8 40.5:41.5
Pen. std soln6 51.5: 52.4 64.1; 63.8
Pen. stn soln + penase 41.4:40.3 40.8; 40.6
Feedc 47.4:46.8 51.2; 50.6
Feed + penase 44.6:44.5 47.4; 47.2
Feed + MgS04 (250 mM) 44.4; 45.1 46.9; 46.8
Feed + penase + MgS04 42.5:42.3 43.7; 42.9

(250 mM)

a Penase = penicillinase, 5 x 103 units/mL in sample 
tube.

b Penicillin standard solution, 0.8 u g / mL. 
c Feed sample extracted and diluted according to AOAC 

method 42 .280  to penicillin concentration between 0.2 and 
0.8 Mg/mL.

(d) D ilu tio n  b u f f e r .—pH 6 phosphate buffer as 
described in  42.197 (8).

(e) G r o w th  m e d iu m . —Antibiotic Medium 3; as 
in  42.196(n) (8), in  some cases medium was sup
plemented w ith  1.0 mM M g S 04 as indicated in  
results.

(f) T e s t o rg a n ism .— S ta p h y lo c o c c u s  a u reu s  A T C C  
No. 9144 (Am erican Type Culture Collection). 
M aintain as described elsewhere (9).

(g) 1 M  M g S O i  s o lu t io n . — D issolve 138 g 
M g S 04.H 20  in  d ilution buffer and dilute to 1 L  
in  same buffer. Add this stock solution to sam
ples to give specified fina l M g S 04 concentra
tion.

Preparation of Inoculum
Inoculate 10 m L growth medium w ith  1 loop

S. a u reu s  from slant culture. Incubate overnight 
at room temperature. Add 5-10 m L overnight 
culture to 1 L  assay broth.

Preparation and Assay of Samples
Weigh feed samples, extract, and then dilute 

according to 42.280 (8). M ix M g S04 and/or 
penicillinase w ith  feed extracts or standard so
lution at concentrations indicated before dilution 
in  inoculated medium. For calculating potency 
of feed sample, 2 dose-response curves, one for 
0.1 m L loop and the other for 0.15 m L loop, were 
obtained from percent transmission (% T) values 
corresponding to each w ork ing  standard solu
tion. Percent T  values from duplicate tubes were 
averaged and used to prepare standard curves. 
A  computer program was written to calculate the 
sample concentration (jug/mL) by interpolating

Table 2. Effect of penicillinase and m agnesium  ions on 
penicillin  activ ity  in a feed sam ple co n ta in ing  penicillin , 

bu t no CTC

Sample

% Transmission 

0.1 mL loop 0.15 mL loop

Diln buffer 52.1:51.2 52.1; 51.4
Feed 87.9; 87.6 93.5; 93.8
Feed + penase 52.5; 51.8 50.4; 51.3
Feed + penase + MgSCU 

(250 mM)
50.7; 50.5 53.0; 52.9

from point to point of its respective standard 
curve. The potency of each sample was also 
calculated by computer using the d ilution factor 
and the sample weight.

Results
Presence of CTC in Feed Extracts in 
Turbidimetric Assay for Penicillin

C TC  may be co-extracted w ith  penicillin  when 
the A O A C  method (1) is used for extracting 
p en ic illin  from feed samples that contain both 
antibiotics. Results obtained using the tu rb id i
metric procedure are invariab ly  h igh compared 
w ith  results obtained using the A O A C  agar d if
fusion plate method.

Co-extraction of C TC  was established by 
treating the extract of a feed sample (know n to 
contain 50 g pen ic illin  and 100 g C TC /ton ) and 
a pen icillin  standard solution w ith  penicillinase 
before assaying turb id im etrica lly for p en ic illin  
activity. When the pen icillin  standard solution 
was treated w ith  penicillinase, no antibacterial 
activity could be detected (Table 1). As expected, 
the enzyme completely destroyed the growth- 
inh ib ition  properties of p en ic illin . W hen the 
same concentration of penicillinase was added 
to the feed extract, antibacterial activ ity was re
duced but not completely elim inated (Table 1). 
Furthermore, feed extracts containing only C TC  
showed no p en ic illin  activ ity using the A O A C  
agar d iffusion method, but inh ib ited  growth of 
the assay organism  in  the tu rb id im etric  
method.

Extracting a feed know n to contain p en ic illin  
but no C TC  and treating the extract w ith  peni
cillinase yielded results that indicated no anti
bacterial activity (Table 2). The untreated extract 
gave a greater % T  value, indicating significant 
growth inh ib ition . It appears that some of the 
C TC  in  the feed is co-extracted and interferes 
w ith  the turbidim etric assay.
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Table 3 Effect of M gS04 on penicillin  activity

MgS04
(mM)b

% Transmission3

No penicillin
Penicillin 

(0.8 pg/mL)

0.1 m l
loop

0.15 mL 
loop

0.1 mL 0.15 mL 
loop loop

0 34.1;34.2 34.1; 34.2 54.9; 54.4 71.6; 71.9
150 31.9; 32.2 31.8; 31.2 54.9;55.0 70.7;71.4
200 30.0; 29.9 30.7; 31.4 55.3; 55.1 71.3:71.3
250 30.2; 30.3 30.3:30.1 55.7;54.7 71.9; 72.2

3 Growth medium was supplemented with 1 mM MgS04 
(see text for explanation).

b Concentration in samples before dilution with inoculated 
media by automated diluter.

Effect of Magnesium Ions on Antibacterial Activity of Penicillin
One potential approach to correct for C TC  

contamination is to take advantage of magne
sium  ion inactivation of C T C  activ ity in  the tur- 
bidimetric method (5). Magnesium ions prevent 
b ind ing of C TC  to sm all ribosomal subunits (5). 
H ow ever, if  magnesium is to be used to inacti
vate contaminating C TC  in a feed extract used for 
p en ic illin  assay, the fo llow ing criteria must be 
considered and demonstrated experim entally:
(a) Added magnesium ions do not increase or 
decrease penicillin  activity, (b) Magnesium ions 
added to the inoculated growth medium as a re
sult of its use to inactivate CTC in  the feed extract 
do not otherwise affect bacterial growth.

It has been demonstrated that growth of the 
test organism is promoted by the addition of 
magnesium (in  the form of M gS04) to the growth 
m edium , and that growth promotion reaches a 
plateau when the M g S04 concentration reaches 
0.4 mM (5). Therefore, in  a ll experim ents de
scribed in  th is report w here extra magnesium 
ions were delivered to the growth medium due 
to the addition of magnesium to feed extracts (or 
standards) for C T C  inactivation , the growth 
medium was supplemented w ith  M g S04 at 1.0 
mM to elim inate the growth-promotion effect. 
Results in  Table 3 obtained using M g S04 sup
plemented growth medium show that addition 
of M g S04 to the p en ic illin  standard does not 
change the post-incubation % T value over the 
range of M gS04 concentrations tested. Thus, the 
criteria on the use of magnesium to inh ib it co
extracted C T C  are met.

Use of Magnesium Ions to Eliminate CTC 
Effect in Penicillin Assay in Feed Extracts

I f  the residual antibacterial activ ity detected

Table 4. R esults (g / to n )  fo r assay of penicillin in feed 
e x trac ts  with and w ithou t added m agnesium

Sample3
Without
MgS04

With
MgS04b Diff. (d)

1 57.5 47 10.5
2 49.5 38 11.5
3 80 80 0
4 46 55 -9
5 57.5 47 10.5
6 90.5 43.5 47
7 65 52.5 12.5
8 65 45 20
9 77.5 41.5 36

d  = 15.444 
SD = 17.132 

ta =  2.550”

3 All feeds labeled to contain both CTC and penicillin at 2:1 
ratio.

b MgS04 concentration = 100 mM.
4 Exceeds fg.o.os = 2.306; difference is significant at the 

95% confidence level.

in  a penicillinase-treated feed extract is due to 
co-extracted C TC  (Table 1), one would expect that 
the addition of magnesium ions to the extract 
would inh ib it the residual activity. On the other 
hand, if  the residual activ ity is not due to co
extracted C T C , the addition of magnesium 
should not change the % T  values. The results 
of such a test are shown in  Table 1. When 
M g S 04 was added to feed extract treated w ith  
enzyme, the % T  values were essentially the same 
as for the buffer control (compare lines 1 and 8, 
Table 1). Th is  is further evidence that co-ex
tracted C TC  is responsible for causing biased 
high results in the analysis of penicillin  by using 
the turbidim etric method. Data in  Table 1 also 
illustrate the effect of adding M g S04 to a non
penicillinase treated feed extract. The % T  va l
ues change as expected for the presence c f  co
extracted C T C  (compare lines 5 and 7, Table 1). 
Taken together, these experiments demonstrated 
the potential for elim inating co-extracted C TC  
activ ity by adding magnesium ions w hen de
term in ing  p e n ic illin  by the tu rb id im etric  
method.

N ine feeds labeled to contain 50 and 100 g/ton 
of p en ic illin  and C T C , respectively, were ana
lyzed w ith  and w ithout the addition of magne
sium ions (Table 4). Results for p en ic illin  in  7 
of the 9 feeds analyzed are lower w ith  the addi
tion of M g S 04; the result for one feed is un
changed and for another, s lig h tly  increased 
(Samples 3 and 4, respectively). Table 4 also 
shows results of statistical analysis. Since fg 
exceeds fs.o.os, the difference is significant a : the 
95% confidence level.
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Discussion
S. a u re u s  is the test organism of choice for the 

turbidimetric assay of penicillin  in  feeds because 
it forms a good suspension without aggregation, 
does not give a precipitate of extraneous material 
when the suspensions are heated at the end of 
incubation, and gives a nearly linear calibration 
curve in the range of concentrations used for the 
standard curve (10). A ll these properties are 
essential for a test organism in a turbidim etric 
assay. H ow ever, S. a u r e u s  is sensitive to C TC  in 
addition to p en ic illin , and most of the feed 
samples contain both C TC  and p en ic illin  in  a 
2-to-l ratio (g/ton).

In  this paper we have shown that C TC  is 
present in  feed sample extracts used for the de
termination of p en ic illin . Several approaches 
could be used to overcome this interference 
problem: (3) Select another test organism that 
is sensitive only to penicillin  and retains all those 
properties of S. a u re u s  that are essential for a 
turbidim etric assay; (2) isolate a CTC-resistant 
mutant of S. a u re u s ; (3) develop a different peni
c ill in  extraction procedure so that C TC  w ill not 
be co-extracted; (4) inactivate the co-extracted 
C TC  in  the p en ic illin  feed extract.

We have shown here that magnesium ions can 
be used to inactivate C TC  w ithout causing any 
adverse effects on the pen ic illin  assay in  the 
majority of the samples tested. We do not know 
w h y  samples 3 and 4 in Table 4 result in  equal 
and slig h tly  h igher assay values after treatment

w ith  magnesium ions. It is possible that other 
components in the feed may affect the amount 
of C TC  co-extracted w ith  p en ic illin , or the ad
dition of magnesium ions may activate some 
growth-inh ib iting factor in  some feeds.
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M eth od s are described  fo r  d e term in ation  o f  crude 
p ro te in , p h o sp h o ru s , ca lc iu m , iron , and  m a gn esiu m  
in  fe ed s , u sin g  an autom ated  m icrop rocessor-b ased  
sto p p ed -flo w  analyzer. Crude protein  is  determ ined  
b y  a reaction -rate p rocedure based  on  th e am m o 
n ia -so d iu m  p h en a te -h y p o c h lo r id e  B erth elot reac
tio n . P h osp h oru s d e term in ation  is  b ased  on  a 
p h o sp h o m o ly b d en u m  b lu e  reaction -rate m eth od . 
o -C re so lp h th a le in  co m p lex o n e , ferroz in e, and  cal- 
m agite are used  as colorim etric reagents for calcium , 
iron , and m agnesium , respectively . T he m eth od s are 
precise w ith  relative standard d ev ia tion s less than 1%, 
rapid w ith  analysis rates o f 110-266 sam ples per hour, 
s e n s it iv e , and  req u ire le ss  than  1 mL sam p le  and re
a gen t v o lu m e s. R esu lts  fo r  feed  sam p les  are co m 
p arab le w ith  th o se  o b ta in ed  b y  o ffic ia l A O A C  
m eth od s.

The large number of anim al feed samples pre
sented for determination of several constituents 
in  research, industrial, and regulatory laborato
ries has led to an increasing demand for rapid 
and precise analytical procedures. Various au
tomated methods based on air-segmented con
tinuous flow or flow-injection analysis have been 
developed in  the routine analysis of agricultural 
products, and some of these have been adopted 
as officia l methods. In  this paper, the use of a 
re lative ly simple stopped-flow analyzer is de
scribed for automated routine analyses of animal 
feeds. The stopped-flow technique has been 
shown in  recent years to be a generally applica
ble analytical system, especially since m icro
computer-controlled stopped-flow systems have 
been developed (1-5). The m ain advantages of 
the stopped-flow system are the rapid and thor
ough m ixing of the reagent and sample, the 
ab ility  to obtain measurement in  a short time 
after m ixing , the use of kinetic methods w ith  all 
their advantages (6), and the high overall preci
sion.

In  this investigation, colorimetric methods for 
the determination of crude protein, phosphorus,

1 Present address: University of Athens, Laboratory ofAnalytical Chemistry, 104 Solonos St, Athens (144), Greece.2 Address correspondence to this author.Received November 25, 1981. Accepted June 22,1982.

calcium, iron, and magnesium in feeds have been 
adapted to an automated stopped-flow analyzer 
and evaluated in  the analysis of A A FC O  check 
feed samples. The importance of determ ining 
these analytes in  feeds is based on the fact that 
they are essential nutrients needed for various 
ce llu la r processes and perform functions in  an i
mal metabolism.

The determination of crude protein is based on 
a reaction-rate method developed fo r a 
stopped-flow system (7) and uses the ammo
nia-sod ium  phenate-hypochloride reaction. 
Phosphorus is determ ined using the phospho
molybdenum blue reaction in  a reaction-rate 
procedure (8). For the determination of calcium, 
the o-cresolphthalein complexone reaction, in 
troduced by Kessler and W olfm an (9) and im 
proved by G itelm an (10), Moorehead and Biggs
(11) , and others, for the determination of calcium 
in  serum is adapted to the stopped-flow ana
lyzer.

The reaction of ferrous ions w ith  ferrozine, a 
new sensitive reagent introduced by Stookey
(12) , is used for the determ ination of iron . Th is  
reagent is now w idely used in the determination 
of serum iron (13-15). Magnesium determ ina
tion is based on the magnesium-calmagite 
complex form ation, a reaction introduced by 
G ind le r and Heth (16) for the determ ination of 
magnesium in human blood serum. The meth
od was introduced com m ercially by the Pierce 
Chem ical Co. and has been adapted to a centrif
ugal analyzer (17).

METHODS
Principles

(1) C ru d e  p r o te in . —Samples are digested and 
the produced ammonia is determined by the 
Berthelot reaction in  w hich ammonia reacts w ith  
hypochloride to form chloramine w hich , in  turn, 
reacts w ith  phenol under alkaline conditions to 
form indophenol. The stopped-flow analvzer 
aliquots and thoroughly mixes about 150 p L  
sample digest (premixed w ith  phenol) w ith  an

0004-5 7 56 /  83 /  6601 -0188-09 $01.00© Association of Official Analytical Chemists, Inc.



KOUPPARIS ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983) 189

equal volum e of hypochloride and rap id ly 
transfers the reaction product to the observation 
ce ll, where the reaction-rate measurement is 
performed on the indophenol product at 630 nm 
during 15 s after a 10-s delay.

(2) P h o s p h o r u s . —The method invo lves the 
reaction of phosphate w ith  molybdenum to form
12-molybdophosphoric acid and a subsequent 
reduction by ascorbic acid, to form phosphomo- 
lybdenum  blue. Sample digests are premixed 
w ith  ascorbic acid and the stopped-flow un it is 
used to aliquot and m ix equal volum es of mo
lybdenum reagent and samples and transfer the 
reaction product to the observation cell. The 
absorbance change is measured at 650 nm for 4-s 
measurement time after 2-s delay time.

(3) C a lc iu m . —Calcium  is complexed w ith  o- 
cresolphthalein complexone in  the presence of 
8-quinolinol to avoid interference of magnesium 
and cyanide by excluding heavy metals from the 
reaction. 2-Amino-2-methyl-l-propanol is used 
as buffering agent w hich maintains the pH at 10. 
Absorbance is measured at 580 nm during 1 s 
after a 5-s delay time.

(4) I r o n .— Iron in  the sample digests is re
duced to ferrous form w ith  ascorbic acid in  an 
acid solution. The stopped-flow analyzer is used 
to m ix equal volumes of pretreated samples w ith 
ferrozine reagent in  a pH  4.5 acetate buffer. 
Absorbance is measured at 560 nm during 2.5 s 
after a 10-s delay time.

(5) M a g n e s iu m .— The method invo lves the 
reaction of magnesium w ith  the mettalchrome 
dye calmagite w hich  forms a p ink complex w ith  
magnesium in  alkaline medium. Ethylenegly- 
col-bis(p-aminoethylether) N,N'-tetraacetic acid 
(EG TA ) v irtua lly  eliminates calcium interference, 
and cyanide complexes a ll heavy metals. The 
absorbance is measured at 520 nm during 2.5-s 
measurement time 5 s after the m ixing of the 
solutions.

Apparatus
(a) S to p p e d - f lo w  a n a ly z e r .— The instrum ent 

was designed in  our laboratory (18). The entire 
system is automated using a Rockw ell A IM  65 
microcomputer (Rockw ell International Co., 
Anaheim , C A  92803) for control of all operations, 
data acquisition and reduction, d isp lay, and 
printout of results. The sam pling/m ixing  
module of the analyzer is used to aliquot and mix 
ca 150 p L  reagent and sample from the turntable, 
w ith  a ratio accuracy better than 0.1%, and 
transfer the solution to an observation flow  cell 
w ith  a pathlength of 1.00 cm. Bandpass in ter
ference filters of about 10 nm half w idth are used

in the photometer module to isolate the desired 
wavelength. Investigative equilib rium  and re
action-rate programs are used to optim ize each 
procedure, and interactive or dedicated routine 
programs are used for routine analysis.

In the routine reaction-rate program, the slope 
of the absorbance vs time, in  the desired mea
surement time interva l, is calculated by regres
sion analysis using 30 points and is printed out 
as rate in  m illiabsorbance units per second 
(m A / s ) .  In the routine equilibrium program, the 
absorbance measured is the average of a number 
of integrations in  the desired time interva l.

(b ) D is p e n s e r /d ilu te r .—Model 25000 automatic 
pipet (M icromedic Systems Inc ., Ph iladelph ia , 
PA  19105), or equivalent.

(c) B lo ck  d ig e s t or.'—Labconco, Kansas C ity , 
M O; Tecator, Inc ., Boulder, CO ; or equivalent.

(d) V o lu m e tr ic  d ig e s tio n  tu b e s .— 75 or 250 mL 
(Model 1007-021, Tecator, Inc ., or equivalent).

Reagents
Use deionized water for preparing solutions.
(1) C ru d e  p ro te in .
(a) P h e n o l r e a g e n t .—M ix 5 g phenol, 0.656 g 

N aO H, and 2 g sodium potassium tartrate in  100 
m L water; prepare day before use. Sodium po
tassium tartrate is added to elim inate interfer
ences to Berthelot reaction from side reactions.

(b ) H y p o c h lo r i te  s o lu t io n .—2 g N aO H/100 m L 
commercial bleach containing sodium hypo
chlorite (e.g., C lorox, Clorox Co ., O akland, C A  
94623). Prepare fresh daily .

(c) B u ffe r  s o lu t io n .— pH 11; 6.44 g sodium 
phosphate dibasic and 0.364 g N aO H/100 mL 
water.

(d) H y p o c h lo r id e - b u f f e r  r e a g e n t .— Equal vo l
umes of reagents b  and c.

(e) P o ta s s iu m  s u l fa te - m e r c u r i c  o x id e  r e a g e n t  
m ix tu r e .— 95.5 + 4.5 w /w , respectively (e.g., 
M ixture No. 5, Pope K je ldahl M ixtures, Inc ., 
Dallas, T X  75221).

(f) N itr o g e n  s ta n d a r d  so lu tio n s . — 12.5-75.0 mg 
N/250 m L. Prepare 250 mg N/250 m L stock 
solution by adding 4.7172 g (N H 4)2S0 4  prim ary 
standard (dried 2 h at 105° C before use) into 1 L  
volumetric flask. Add 37.68 g reagent e and 34.8 
m L H 2S 0 4 (so that standard is in  same m atrix as 
samples after digestion) and dilute w ith  water. 
Prepare w orking standard solutions by appro
priate dilutions w ith  reagent g.

(g) B la n k  d ig e s t  s o lu t io n .—37.68 g reagent e +
34.8 m L H 2SO 4/L  water.

(2) P h o s p h o r u s .—A ll standards and reagents 
must be stored in  polyethylene bottles to prevent 
leaching of silicon from volum etric glassware.
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(a) M o l y b d e n u m  r e a g e n t . — 1.209 g sodium 
molybdate d ihydrate/100 m l  0.1M H 2SO 4. 
Prepare day before use to ensure equilib rium  of 
d ifferent forms of molybdenum in  solution.

(b) A s c o r b i c  a c id  r e a g e n t .— Prepare da ily  w ith
O. 53 g ascorbic acid, 0.656 g N aO H, and 5 g K I (to 
avoid precipitation of m ercury in  the diluted 
digest by complex formation) in  100 m L water.

(c) P h o s p h o r u s  s t a n d a r d  s o l u t i o n s .— 20-100 ppm
P. Prepare 100 ppm stock solution by adding 
0.439 g potassium dihydrogen phosphate, p ri
m ary standard (Baker Chem ical Co., Ph illips- 
burg, NJ 08865), dried 2 h at 105°C, in  1 L  vo lu 
metric flask. Add 37.68 g potassium sulfate- 
mercuric oxide m ixture (reagent 3 (e ) )  and 34.8 
m L H 2SO4 (so that standard is in  same m atrix as 
samples after digestion) and dilute w ith  water. 
Prepare w ork ing  standard solutions by appro
priate d ilution  w ith  reagent 3(g).

(3) C a l c i u m .
(a) o - C r e s o l p h t h a l e i n  c o m p l e x o n e  r e a g e n t .— 

Prepare stock solution by adding 0.0375 g o-cre- 
solphthalein complexone (Sigma Chem ical Co., 
St. Lou is, MO'63178) to 30 m L water in  100 m L 
volum etric flask. Add 0.85 g 8-quinolinoI and 
2 m L HC1 to 40 n\L water, add to same volumetric 
flask , and dilute w ith  water. Store in  polyeth
ylene bottle.

(b) A m i n o m e t h y l p r o p a n o l  b a s e  s o l u t i o n .— 0.25 g 
K C N  + 22 g 2-amino-2-methyl-l-propanol (A l
drich Chem ical Co., M ilw aukee, W I 53233) d i
luted w ith  water to 100 m L. Store in  polyeth
ylene container.

(c) C r e s o l p h t h a l e i n - b a s e  w o r k i n g  r e a g e n t .—M ix 
equal volum es of reagent a and b to form red 
solution. Store in  acid-washed glass bottle. 
(Glassware used for preparation of this solution 
must be washed w ith dilute nitric acid to remove 
any trace amounts of calcium . R insing  all 
glassware w ith  working reagent ensures freedom 
from contamination.)

(d) C a l c i u m  s t a n d a r d  s o l u t i o n s .  — 1-5 ppm. 
Prepare 1000 ppm stock solution by adding 
2.4970 g calcium  carbonate prim ary standard in 
2 L  beaker w ith  50 m L water. Add 7 m L HC1 
dropwise and boil solution 3-4 m in to remove 
carbon dioxide. Transfer to 1 L  volum etric flask 
washed by dilute n itric  acid, and d ilute w ith  
water. Prepare w orking solutions by appropri
ate dilutions w ith  water.

(4) I r o n .
(a) F e r r o z i n e  r e a g e n t .— Dissolve 0.080 g Ferro- 

zine iron reagent (Hach Chemical Co. Loveland, 
CO 80537) in  100 m L 2M acetate buffer, pH
4.5.

(b) A s c o r b i c  a c id  r e a g e n t . — 1% in water.

(c) I r o n ( I I I )  s t a n d a r d  s o l u t i o n s .—0.5-10 ppm. 
Prepare 1000 ppm stock solution by d isso lving
1.000 g analytical grade iron w ire  (99.88%) w ith  
aqua regia (3 m L HNO3 + 9 m L HC1). Add 3 m L 
HCIO4 and evaporate solution almost to dryness. 
D ilute to 1 L  w ith  water. Prepare w orking 
standard solutions by appropriate dilutions w ith  
0.3M HCIO4 (so that standards are in same matrix 
as samples after digestion).

(d) B l a n k  d i g e s t  s o l u t i o n .—0.3M H C IO 4.
(5) M a g n e s i u m .
(a) C a l m a g i t e  r e a g e n t .— Dissolve 0.020 g cal- 

magite (Sigma) and 7.46 g KC1 in  100 m L water. 
Store in  polyethylene container.

(b) B a s e  s o l u t i o n .— 1 g K C N , 4.964 g K O H , and 
0.700 g EG TA  (S igm a)/L water. Store in  po ly
ethylene container.

(c) C a l m a g i t e - b a s e  w o r k i n g  s o l u t i o n . — Equal 
volumes of reagents a and b. Prepare fresh daily 
and store in polyethylene bottle closed when not 
in  use.

(d) M a g n e s i u m  s t a n d a r d  s o l u t i o t i s .—0.2-2 opm. 
Prepare 1000 ppm stock solution by dissolving 
8.4485 g M gCl2.6 H 2O (99%) in  1 L  water. Pre
pare working standard solutions by appropriate 
dilutions w ith  water.

(e) M e t h y l  r e d  in d ic a to r  s o l u t i o n .—0.2 g/100 m L 
alcohol.

(f) S o d i u m  h y d r o x i d e .—0.1N.

Digestion
(a) C r u d e  p r o t e i n  a n d  p h o s p h o r u s  d e t e r m i n a 

t i o n .—Digest samples as described in  officia l 
method 7.031 (19), using reagent 3(e).

(b) C a l c i u m ,  i r o n ,  a n d  m a g n e s i u m  d e t e r m i n a 
t i o n s .—Digest samples w ith  H N O 3-H C IO 4 as 
described in  official method 7.097 (19), using 2.5 
g feed samples. Be sure that N O 2 fumes have 
been driven  off, because n itrites in  h igh con
centration interfere w ith  iron-ferrozine proce
dure.

Procedures
(3) C r u d e  p r o t e i n .— Put 630 nm filte r in  pho

tometer module of analyzer and load reaction 
rate routine program from cassette recorder into 
computer memory. Using d ispenser/diluter, 
m ix 1 m L blank digest solution 3 (g), each n itro
gen standard, and digested samples w ith  4.00 m L 
phenol reagent 3(a) in  5 m L polyethylene cups 
and load them on turntable. Use one channel of 
stopped-flow analyzer to aliquot hypochlorite- 
buffer reagent 3(d) and the other to aliquot 
standards and samples. During program run ,
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Table 1. Typical n itrogen  resu lts , using reac tion -ra te  
m ethod  *

Std, mg 
N/250 mL6 Rate, m A /sc

RSD,
%

12.5 7.01 0 . 6

25.0 11.50 0 . 8

37.5 16.36 0.7
50.0 20.76 0 . 8

62.5 26.52 0 . 8

75.0 31.64 0.4

a Working curve: slope = 0.394, intercept = 1.70, r  = 
0.9991.

b Final concentration in observation cell is the 1/8.
c Average of 4 determinations on a single standard with 

10-s delay and 15-s measurement time. A = 630 nm.

0 and 100% transmittances are set using reagent 
and blank, and operator is asked time parameters, 
delay and measurement time, number of flushes 
to change from sample to sample, number of 
measurements to be averaged, number and 
concentration of standards, and number of 
samples to be analyzed. Set delay time of 10 s, 
measurement time of 15 s, 4 flushes, and 3 mea
surements. The analyzer sequences through 
standards and calculates calibration curve, each 
sample is measured, and value is printed. Use 
mg N/250 m L found for each sample to deter
m ine percent protein nitrogen, using fo llow ing 
equation:

% Protein = (mg N/250 m L) X (6.25/mg sam
ple) X 100

(2) P h o sp h o r u s .—Use 650 nm filter. M ix 1 m L 
blank digest solution 1 (g) and each standard and 
sample w ith  4.00 m L ascorbic acid reagent 2(b). 
Use molybdenum reagent 2(a) and proceed as in 
crude protein procedure, using delay time of 2 
s and measurement time of 4 s. Calculate per
cent phosphorus from ppm P found for each 
sample, using fo llow ing  equation:

% P = [(ppm P/4)/(m g sample)] X 100
(3) C a lc iu m .—Put 580 nm filter in  photometer 

and load equilib rium  routine program in com
puter. D ilute samples w ith  water to 1-5 ppm 
range. (For samples analyzed in  this w ork, 
dilutions of 1/25,1/50, and 1/100 were required.) 
Use deionized water as blank and cresolphth- 
alein-base w orking reagent 3(c). Set delay time 
of 5 s and measurement time of 1 s (two 0.5-s in 
tegrations). From ppm Ca found for each sample 
and d ilution  factor D , calculate percent calcium 
from fo llow ing equation:

% Ca = (ppm Ca/4) X (D /m g sample) X 100
(4) I r o n .— Use 560 nm filter. D ilute samples 

to 0.5-10 ppm range using 0.3M H C IO 4 (so 
standards and all samples w ill be in  same matrix).

Table 2. Typical p hosphorus resu lts , using reac tio n  ra te  
m ethod  a

Std, ppm P b Rate, m /4/sc
RSD,

%

2 0 . 0 26.90 0 . 2

40.0 47.65 0 . 2

60.0 70.04 0.5
80.0 91.63 0.4

1 0 0 . 0 113.96 0.3

a Working curve: slope = 1.091, intercept = 4.60, r  = 
0.99992.

b Final concentration in observation cell is the 1/8.
c Average of 5 determinations on a single standard with 2-s 

delay time and 4-s measurement time. A = 650 nm.

Samples analyzed in  this work required dilutions 
of 1/2 or 1/5. M ix 2 m L blank digest 4(d) and 
each standard or sample w ith  2 m L ascorbic acid 
reagent 4(b). Use equilibrium  routine program 
w ith  10-s delay and 2.5-s measurement time (5 
integrations). Use equation sim ilar to calcium 
equation to calculate percent Fe  for each 
sample.

(5) M a g n e s iu m .— Use 520 nm filte r. D ilute 
samples w ith  water, using 50 m L volum etric 
flasks and at the same time roughly neutralize 
w ith  0.1N N aO H , using 2 drops of m ethyl red 
indicator (change from red to ye llow ). Samples 
in  this work required 1/25 or 1/50 dilutions. 
Use equilibrium program w ith 5-s delay and 2.5-s 
measurement time (5 integrations). Calculate 
percent Mg for each sample, using equation 
sim ilar to calcium equation.

Measurements for all procedures were carried 
out in  an air-conditioned laboratory maintained 
at a nom inal temperature of 25°C.

Results and Discussion
The reaction-rate procedures for the determ i

nation of protein nitrogen and phosphorus de
scribed earlier (7, 8 ) were used in  this work 
without any modification. Because the pH of the 
measured solution in  the observation cell is an 
important parameter in these reaction-rate de
term inations, the variation in the su lfu ric  acid 
concentration in  the digested samples was ex
amined by titration w ith  N aO H  standard solu
tion. The acid rem aining was 47 ± 6 % of the 
original. Th is loss is overcome by preparing the 
nitrogen and phosphate standards in  the same 
m atrix as the samples after digestion.

Typ ical results for w orking curves are shown 
in Tables 1 and 2 for crude protein and phos
phorus, respectively, and demonstrate the ex
cellent precision and linearity  obtained for the 
standards.
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Table 3. Typical calcium  resu lts , using equilibrium  
m ethod  3

Std, ppm Cab Absorbance0 RSD,%

1 . 0 0 0.159 0.7
2 . 0 0 0.354 0 . 2

3.00 0.615 0 . 2

4.00 0.837 0.1
5.00 1.072 0.1

3 Working curve: slope = 0.231, intercept = — 0.085, r  =  
0.9993.

6 Final concentration in cell is the 1/2.
c Average of 5 determinations on a single standard with 5-s 

delay and 1-s measurement time (2 integrations). A = 580 
nm.

The reaction of calcium w ith o-cresolphthalein 
complexone is complete in less than the dead 
time of the stopped-flow unit (200  ms) so that an 
equilibrium  procedure w ith  a short delay time 
can be performed. A  delay time of 5 s was cho
sen to avoid nonreproducible absorbance be
havior noted when the working reagent is mixed 
w ith  the standard and sample solutions. A  
measurement time of 1.0 s (two 0.5-s integrations) 
gave excellent precision. The cresolphthalein 
complexone concentration (0.147 mM fina l) was 
chosen as a compromise of low absorbance blank 
and good linearity  of the w orking curve. Fina l 
concentrations of 1.5 mM for 8-quinolinol and
9.6 mM for C N -  ensure elim ination of magne
sium and heavy metals interference. Because of 
the re lative ly  high concentration of calcium  in 
feeds, an extensive dilution of the sample digest 
solutions is required. The acid concentration of 
the diluted samples is low  and a 0.62M amino- 
m ethyl propanol concentration ensures pH sta
b ility . Typ ical results for the’calcium w orking 
curve are shown in Table 3, again w ith  good 
precision and linearity .

The reaction of iron ( I I)  w ith  ferrozine is also 
rapid and an equilibrium  procedure is proposed.

Table 4. Iron resu lts  using  Fe(ll) and Fe(lll) s tan d ard s

Absorbance

Std, ppm Fea Fe(ll) Fe(lll)

0.25 0.063 0.068
0.50 0.119 0.125
1 . 0 0 0.233 0.243
3.00 0.723 0.719
5.00 1.195 1.194
Slope 0.239 0.237
Intercept 0.003 0.006
Corr. coeff. (r) 0.99994 0.999994

3  In 0.3M HCIO4 and 1% ascorbic acid solution.

Table 5. Typical iron resu lts , using equ ilib rium  m ethod  3

RSD,
Std, ppm Feb Absorbance0 %

0.500 0.056 1.0
1 . 0 0 0.118 0.4
5.00 0.588 0.1
7.50 0.892 0 . 2

1 0 . 0 0 1.176 0 . 1

3  Working curve: slope = 0.118, intercept = — 0.001, r  =  
0.99996.

b Final concentration in observation cell is the 1 /4. 
c Average of 5 determinations on a single standard with 

10-s delay and 2.5-s measurement time (5 integrations). A 
= 560 nm.

A  sm all increase in  the absorbance is noted dur
ing the first few seconds of the reaction, so a 10-s 
delay time was used to ensure stability of the 
absorbance values. A  mixed ferrozine-ascorbic 
acid reagent was tried w ith  good results for 
aqueous standard Fe (III) solutions but w ith  a 
little  lower results for samples. So the pre
addition of ascorbic acid in the samples was 
preferred. The efficiency of the iro n (III)  re
duction w ith  ascorbic acid was checked by ob
taining results using iro n (II) and iro n (III) stan
dards. The results as shown in  Table 4 are sim 
ilar. A  measurement time of 2.5 s (5 successive 
0.5-s integrations) gave the best precision. The 
standards and the dilutions of the sample digest 
solutions are made w ith  0.3M H C IO 4, w h ich  is 
the average concentration of the digest solutions, 
to ensure m atrix s im ilarity  of samples and stan
dards. The ferrous complex of ferrozine is stable 
in  the pH range 4-10 (12) so an acetate buffer pH
4.5 w ith  a 1M fina l concentration was chosen. 
Typ ical results for iron calibration curves are 
shown in  Table 5.

The magnesium-calmagite reaction is also fast 
and an equilibrium  procedure w ith  5-s delay

Table 6 . Typical m agnesium  resu lts , using equ ilib rium  
m ethod  3

RSD,
Std, ppm Mg6 Absorbance0 %

0 . 2 0 0 0.070 0.3
0.500 0.189 0 . 6
1 . 0 0 0.364 0.4
1.50 0.539 0 . 2

2 . 0 0 0.690 0 . 2

3  Working curve: slope = 0.345, intercept = 0.012, r  =  
0.9992.

b Final concentration in observation cell is 1 /2 . 
c Average of 5 determinations on a single standard with 5-s 

delay and 2.5-s measurement time (5 integrations). A = 520 
nm.
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Table 7. C om parison of reac tion -ra te  stopped-flow  m ethod  with official AOAC m ethod  fo r d e te rm in in g  c ru d e  protein

Crude protein, %

Sample Stopped-flowa Official6 Diff.,c %

Swine feed (7828) 41.63 ± 0.20 40.77 ± 0.46 D +0.86
Pig feed (7829) 18.96 ± 0.12 18.38 ± 0.26 D +0.58
Poultry ration (7831) 19.68 ± 0.05 18.44 ± 0.30 D •+1.24
Soybean meal (7921) 46.28 ± 0.35 45.83 ± 0.68 D +0.45
Dairy ration (7922) 19.05 ± 0.26 18.38 ± 0.28 D +0.67
Dried molasses (7923) 10.81 ± 0.06 10.48 ± 0.20 D +0.33
Swine feed (7924) 22.64 ± 0.09 22.14 ± 0.29 D +0.50
Milk replacer (7925) 20.49 ± 0.13 20.50 ± 0.26 D -0.01
Beef cattle sup. (7926) 56.94 ± 0.12 55.27 ± 0.49 D + 1.67
Swine feed (7928) 15.89 ± 0.12 15.76 ± 0.23 D +0.13
Pig feed (7929) 17.24 ± 0.04 17.07 ± 0.27 D +0.17
Beef feed (7930) 44.06 ± 0.30 44.85 ± 0.57 D -0.79
Chick starter (7931) 19.38 ± 0.12 20.06 ± 0.27 D -0.68
Swine feed (7932) 14.94 ± 0.14 14.38 ± 0.25 D +0.56
Dairy feed (8021) 43.42 ± 0.34 43.49 ± 0.56 K -0.07
Dairy feed (8022) 33.70 ± 0.19 34.05 ± 0.46 K -0.35
Broiler ration (8025) 20.59 ± 0.12 20.09 ± 0.26 K +0.50
Dried molasses-NaN0 3  (8024) 12.29 ± 0.08 12.39 ± 0.39 K -0.10
Swine feed (8025) 20.82 ± 0.10 18.99 ± 0.30 K + 1.83
Cattle sup. (8027) 39.29 ± 0.14 39.63 ± 0.55 K -0.34

8 Average of 4 determinations performed on single digestion of check feed ±1 SD.
6 Values reported in AAFCO Check Feed Sample Program by 74-90 laboratories during 1978-80, ±1 SD. Official methods 7.015 (20) (Kjeldahl method (K)), and 7.016 (Dumas method (D)).
6 Stopped-flow average -  official method average.

time and 2.5-s measurement time gave excellent 
p recision . The calcium  interference was 
checked w ith  mixed m agnesium -calcium  stan
dards. The EG T A  concentration used (0.46 mM 
fina l) elim inated any interference up to 1:10

Table 8 .

concentration ratio. A  0.25M fina l KC1 con
centration provides ionic-strength s im ila rity  of 
standards and samples. A  rough neutralization 
of the acid-digested samples is required to keep 
the solution at the desired pH w ith  the 0.022M

C om parison of reac tion -ra te  stopped-flow  m eth o d  with official AOAC m ethod  for d e te rm in in g  phosphorus

Phosphorus, %

Sample8 Stopped-flow6 Official6 Dlff.,d %

7828 1.944 ±  0.024 1.925 + 0.094 +0.019
7829 0.620 ± 0.003 0.626 + 0.031 -0.006
7831 0.634 ± 0.006 0.628 ± 0.035 +0.006
7921 0.659 ± 0.006 0.639 ± 0.034 +0.020
7922 0.863 ± 0.004 0.799 + 0.055 +0.064
7923 0.101 ±0.001 0.129 + 0.018 -0.028
7924 0.690 ± 0.008 0.678 + 0.031 +0.012
7925 0.837 ± 0.003 0.833 ± 0.040 +0.004
7926 1.295 ±0.009 1.251 +0.061 +0.044
7928 0.594 ± 0.004 0.584 + 0.030 +0.010
7929 0.769 ± 0.006 0.735 + 0.035 +0.034
7930 1.090 + 0.005 1.114 + 0.063 -0.024
7931 0.782 ±0.005 0.793 + 0.046 -0.011
7932 0.628 + 0.005 0.622 + 0.033 +0.006
8021 1.395 + 0.012 1.425 + 0.052 -0.030
8022 1.160 + 0.007 1.143 + 0.047 +0.017
8023 0.766 ± 0.003 0.758 + 0.029 +0.008
8024 0.078 + 0.004 0.088 + 0.016 -0.010
8025 0.774 + 0.003 0.773 + 0.035 +0.001
8027 1.280 + 0.011 1.281 ±0.051 -0.001

8 Samples identified in Table 7.
6 Average of 5 determinations performed on single digestion of check feed ±1 SD.
c Values reported in AAFCO Check Feed Sample Program by 19-56 laboratories during 1978-80, ±1 SD. Official method, 

7 .120  (20) (molybdovanadate photometric method). 
d Stopped-flow average -  official method average.
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Table 9. C om parison of stopped-flow  m ethod  with official AOAC m eth o d  fo r d e te rm in in g  calcium

Calcium, %

Sample3 Stopped-flow b Official0 Diff.,d %

7828 3.993 ±0.007 3.859 ±0.289 ±0.134
7829 0.763 ±0.002 0.737 ±0.058 ±0.026
7831 0.802 ± 0.001 0.882 ± 0 042 -0.080
7921 0.303 ±0.002 0.297 ±0.016 ±0.006
7922 1.018 ±0.002 1.042 ±0.075 -0.024
7923 0.724 ±0.002 0.783 ±0.043 -0.059
7924 0.887 ±0.002 0.854 ±0.042 ±0.033
7925 0.863 ± 0.002 0.820 ± 0.067 ±0.043
7926 2.594 ±0.004 2.594 ±0.148 0.000
7928 0.747 ±0.002 0.711 ±0.063 ±0.036
7929 0.995 ±0.001 1.039 ±0.084 -0.044
7930 6.128 ±  0.011 6.292 ±0.403 -0.164
7931 0.941 ±0.001 0.992 ±0.067 -0.051
7932 0.810 ± 0.003 0.802 ± 0.038 ±0.008
8021 0.893 ±0.001 0.982 ±0.062 -0.089
8022 4.468 ± 0.007 4.524 ±0.207 -0.056
8023 1.096 ±0.003 1.113 ±0.079 -0.017
8024 0.430 ±0.001 0.451 ±0.037 -0.021
8025 0.811 ±0.001 0.864 ±0.077 -0.053
8027 4.637 ±0.011 4.439 ±0.273 ±0.198

3 Samples identified in Table 7.
6 Average of 5 determinations performed on single digestion of check feed ±1 SD.
0 Values reported in AAFCO Check Feed Sample Program by 16-55 laboratories during 1978-80, ±1 SD. Official method,

7.091 (20) (atomic absorption spectrophotometry).
d Stopped-flow average -  official method average.

final concentration of K O H . The yellow  methyl spectrum of Mg-calmagite compiex, showed no
red indicator does not interfere. Addition of effect in the analysis of digested feeds. Typ ical
Bion NE-9 and Bion PVP  (16) in  the calmagite results for magnesium working curves are shown
reagent, w h ich  prevents the sh ifting by serum in  Table 6.
proteins of the maximum of the absorption To evaluate the accuracy of the proposed

Table 10. C om parison of stopped-flow  m ethod  with official AOAC m ethod  fo r d e te rm in in g  iron

Iron, %

Sample3 Stopped-flow b Official0 Diff. ,d %

7828 0.0828 ± 0.0002 0.0900 -0.0072
7829 0.0347 ± 0.0002 0.0365 ± 0.0040 -0.0018
7831 C.0225± 0.0002 0.0288 ± 0.0029 -0.0063
7921 C.0165± 0.0004 0.0178 ±0.0044 -0.0013
7922 C.0993 ± 0.0004 0.1171 ± 0.0085 -0.0176
7923 C.0524± 0.0002 0.0536 ±0.0047 -0.0012
7924 0.0462 ± 0.0007 0.0539 ±0.0208 -0.0077
7925 0.0161 ±0.0001 0.0180 ±0.0019 -0.0019
7926 0.1051 ±0.0010 0.1025 ±0.0167 ±0.0026
7928 0.0233 ±0.0001 0.0240 ±0.0012 -0.0007
7929 0.0333 ± 0.0003 0.0343 ±0.0018 -0.0010
7930 0.1412 ±0.0020 0.1561 ±0.0166 -0.0149
7931 0.0220 ± 0.0003 0.0235 ±0.0024 -0.0015
7932 0.0309 ± 0.0001 0.0307 ± 0.0045 ±0.0002
8021 0 0597 ±0.0002 0.0582 ±0.0039 ±0.0015
8022 0 0581 ± 0.0003 0.0572 ±0.0042 ±0.0009
8023 0 0314 ±0.0001 0.0312 ±0.0043 ±0.0002
8024 0.0344 ±0.0002 0.0348 ±0.0051 -0.0004
8025 0.0281 ±0.0001 0.0268 ± 0.0036 ±0.0013
8027 0.0693 ± 0.0001 0.0706 ± 0.0049 -0.0013

a Samples identified in Table 7.
b Average of 5 determinations performed on single digestion of check feed ±1 SD.
c Values reported in AAFCO Check Feed Sample Program by 1-8 laboratories during 1978-80, ±1 SD. Official method, 

7 .077  (20) (atomic absorption spectrophotometry). 
d Stopped flow average -  official method average.
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Table 11. C om parison  of stopped-flow  m ethod  with official AOAC m ethod  fo r d e te rm in in g  m agnesium

Sample3 Stopped-flow6

Magnesium, %

Official0 Diff.,6 %

7828 0.2774 ±0.0015 0.2745 ±0.0158 +0.0029
7829 0.1385 ±0.0007 0.1439 ±0.0105 -0.0054
7831 0.1472 ±0.0013 0.1314 ±0.0073 +0.0158
7921 0.3019 ±0.0013 0.2824 ±0.0276 +0.0195
7922 0.3615 ±0.0015 0.3508 ±0.0162 +0.0107
7923 0.2708 ±0.0011 0.2808 ± 0.0427 -0.0100
7924 0.1961 ±0.0006 0.1953 ±0.0143 +0.0008
7925 0.1230 ±0.0004 0.1245 ±0.0070 -0.0015
7926 0.3543 ± 0.0003 0.3397 ± 0.0405 +0.0146
7928 0.2354 ±0.0007 0.2398 ± 0.0202 -0.0044
7929 0.2259 ±0.0009 0.2218 ±0.0169 +0.0041
7930 0.5281 ± 0.0005 0.5236 ±0.0421 +0.0045
7931 0.2429 ± 0.0009 0.2347 ±0.0273 +0.0082
7932 0.2236 ±0.0010 0.2124 ±0.0169 +0.0112
8021 0.4055 ± 0.0003 0.4007 ± 0.0286 +0.0048
8022 0.3770 ±0.0001 0.3582 ±0.0301 +0.0188
8023 0.1862 ±0.0010 0.1740 ±0.0278 +0.0122
8024 0.1092 ±0.0004 0.1151 ±0.0416 - 0  0059
8025 0.2088 ± 0.0010 0.2218 ± 0.0157 -0.0130
8027 0.4177 ±0.0009 0.4350 ± 0.0499 -0.0173

a Samples identified in Table 7.
6 Average of 5 determinations performed on single digestion of check feed ±1 SD.
c Values reported in AAFCO Check Feed Sample Program by 3-12 laboratories during 1978-80, ±1 SD. Official method, 

7 .077  (20) (atomic absorption spectrophotometry). 
d Stopped-flow average -  official method average.

methods, a series of samples assayed by officia l 
methods by other laboratories were analyzed; see 
Tables 7-11. The data demonstrate that the ac
curacy of the proposed methods is w ith in  the 
reported uncertainty of the o ffic ia l procedures. 
There is a sm all positive bias on the determ ina
tion of protein.

Statistically summarized data of the compari-

Table 12. R egression e q u atio n s fo r com parison  of 
stopped-flow  (SF) m eth o d s with official AOAC (20) 

m eth o d s (20  sam ples)

V(SF)
(range) X(AOAC) Slope

Intercept
(%)

Corr.
coeff.

(0

Crude
protein
(10.8-
56.9%)

7 .015
(Kjeldahl)

7.016
(Dumas) 0.9992 0.38 0.9987

Phosphorus
(0.078-
1.94%)

7 .120
(photo
metric) 1.0089 -0.001 0.9986

Calcium
(0.30-
4.64%)

7.091
(AAS) 1.0023 -0.012 0.9989

Iron
(0.016-
0.141%)

7.077
(AAS) 0.9063 0 0021 0.9929

Magnesium
(0.109-
0.528%)

7 .077
(AAS) 1.0048 0.0023 0.9955

son are shown in Table 12. A ll the methods 
show excellent correlation, w ith  slopes of 
0.9063-1.0089 and correlation coefficients of 
0.9929-0.9989.

Using 4 flushes to change from one solution 
to another (flush cycle time about 1.5 s), one 
measurement per sample and assuming 1 s for 
the turntable position increment, and 0.5 s for the 
computer calculation and prin ting time, the 
analysis rates shown in  Table 13 can be obtained 
by the methods reported. The total sample or 
reagent volum e consumed is 0.75 m L.

The proposed methods reported here provide 
rapid, precise, and accurate determ ination of 
protein, phosphorus, calcium , magnesium, and

Table 13. R outine analysis ra te s

Detn
Anal, rate 

(samples/h)
Delay 

time, s
Measurement 

time, s

Crude protein 
(reaction-rate) 110 10 15

Phosphorus
(reaction-rate) 266 2 4

Calcium
(equilibrium) 266 1 5

Iron
(equilibrium) 180 2.5 10

Magnesium
(equilibrium) 240 2.5 5
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iron and have the distinct advantages of high 
sample throughput and utilization  of on ly one 
re lative ly  simple automated system.

References
(1) Crouch, S. R„ Holler, F. J., Notz, P. K„ & Beckwith, 

P. M. (1977) A p p l. Spectrosc. Rev. 13(2), 165-259
(2) Javier, A. C., Crouch, S. R., & Malmstadt, H. V.

(1969) A n a l. Chem. 41, 239-243
(3) O'Keefe, K. R„ & Malmstadt, H. V. (1975) A n a l. 

Chem. 47, 707-714
(4) Krottinger, D. L., McCracken, M. S„ & Malmstadt, 

H. V. (1977) A m . Lab. 9, 51-58
(5) Krottinger, D. L., McCracken, M. S., & Malmstadt, 

H. V. (1979) Ta lan ta  26, 549-561
(6) Malmstadt, H. V., Delar.ey, C., & Cordos, E. (1972) 

Rev. A n a l. Chem. 2, 559-619
(7) McCracken, M. S„ & Malmstadt, H. V. (1979) /. 

Assoc. O ff. A n a l. Chem. 62, 23-28
(8) McCracken, M. S„ & Malmstadt, H. V. (1979) Ta

la n ta  26,467-471

(9) Kessler, G., & Wolfman, M. (1964) C lin . Chem. 10, 
686-703

(10) Gitelman, H. J. (1967) A n a l. Biochem. 18, 521
(11) Moorehead, W. R„ & Biggs, H. G. (1974) C/in. Chem. 

2 0 ,1458-1460
(12) Stookey, L. L. (1970) A n a l. Chem. 42, 779-781
(13) Carter, P. (1971) A n a l. Biochem. 40, 450-458
(14) Yee, H. Y„ & Goodwin, J. F. (1974) C lin . Chem. 20, 

188-191
(15) Ceriotti, F., & Ceriotti, G. (1980) C lin . Chem. 26, 

327-331
(16) Gindler, E. M„ & Heth, D. A. (1971) C/m. Chem. 17, 

662 (Abstract)
(17) Khayam-Bashi, H„ Liu, T. Z„ & Walter, V. (1977) 

C lin . Chem. 23, 289-291
(18) Koupparis, M. A., Walczak, K. M„ & Malmstadt,

H. V. (1980) J. A u to m a tic  Chem. 2, 66-75
(19) O ffic ia l M ethods o f A nalysis (1980) 13th Ed., AOAC, 

Arlington, VA
(20) O ffic ia l M ethods o f A nalysis (1975) 12th Ed., AOAC, 

Arlington, VA



DEVRIES ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983) 197

TECHNICAL C O M M U N IC A T I O N S
E l i m i n a t i o n  o f  S o d i u m  C h l o r i d e  I n t e r f e r e n c e  D u r i n g  H i g h  P r e s s u r e  
L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  S u g a r s

JONATHAN W. DeVRIES, HENRY L. CHANG, JOHN C. HEROFF, 
and KEVIN D. JOHNSON
G e n e r a l  M i l l s ,  I n c . ,  9 0 0 0  P l y m o u t h  A v e  N ,  M i n n e a p o l i s ,  M N  5 5 4 2 7

A method is described to eliminate the potential in
terference of sodium chloride found in some food 
samples, which occurs during high pressure liquid 
chromatographic (HPLC) analysis of sugars, using 
certain bonded aminopropyl columns. The column 
is tested, and if an interference is present, it is re
moved by washing the column with a solution of te- 
traethylenepentamine in mobile phase. HPLC sep
aration and quantitation of the sugars are essentially 
the same as before washing; however, sodium chlo
ride no longer interferes with any of the sugars being 
analyzed.

In  1979, our laboratories reported the results of 
a study of a h igh pressure liqu id  chromato
graphic (H P LC ) method for the analysis of sugars 
in  food samples (1). We have used this method 
routinely for the quantitation of sugars since that 
time. W hen some (but not a ll) carbohydrate 
(Waters Associates, M ilfo rd , M A) and propyl- 
amino (E . M erck, Darmstadt, GFR) columns are 
used, a peak other than the solvent front and the 
normal mono- and disaccharides being analyzed 
appears in  the chromatogram. In  some cases, 
this peak does not interfere w ith quantitating the 
sugars in  the sample, but often the peak elutes at 
approxim ately the same time as fructose or glu
cose (Figures 1 and 2). The occurrence and size 
of this peak led us to believe that it m ight be so
dium chloride. Th is was confirmed by injecting 
a solution of sodium chloride under the same 
conditions used for sugar analysis (Figure 2).

Adding a column m odifier, such as a po ly
am ine, should affect the interaction of ionic 
species w ith  the column more than it w ould af
fect the interaction of the carbohydrates and, 
therefore, should resolve the interfering peak 
and the fructose and glucose peaks. This proved 
to be the case. W ashing the column w ith  a so
lution of 0.1% tetraethylenepentamine (TEP A ) 
in  mobile phase, and then returning to the nor
mal mobile phase elim inates the interference by 
the sodium chloride peak. Sodium chloride

Received February 11, 1982. Accepted May 25, 1982.

apparently elutes as the negative peak just after 
the solvent front (Figure 3), and the retention 
times of the sugars in  the chromatogram are not 
changed dramatically (Figure 4). We have found 
in  our laboratories that several hundred samples 
can be analyzed before the column needs addi
tional treatment.

A  number of collaborative studies have been 
carried out on H P LC  analysis of sugars. Two 
A O A C  official first action methods have resulted 
(13.A01-13.A04 (2) and 14.C01-14.C04 (3)). 
Because sodium chloride represents a potential 
interference, we believe that the fo llow ing steps 
should be made a part of those methods:

Figure 1. Chromatogram of sugar standards. R j  
(min) = 3.21, fructose; 3.98, glucose; 6.36, sucrose. 
Full scale pen response = 4 X (188 X 10-6) refractive 
index unit. Concentration of each sugar 4 mg/mL. 

See Ref. 1 for chromatographic conditions.
0004-5756 /  83/ 6601 -0197-02$01.00© Association of Official Analytical Chemists, Inc.
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Figure 2. C hrom atogram  o f so d iu m  ch lo r id e , 2 
m g /m L . Sam e co n d itio n s  as in  Figure 1. Ry = 3.35  

m in .
Figure 4. C hrom atogram  o f sugar stan d ard s, a fter  
w a sh in g  co lu m n  for 2 h w ith  0.1% TEPA so lu tio n . 

Sam e c o n d itio n s  as in  Figure 1.

F igure 3. C hrom atogram  o f so d iu m  ch lo r id e , 2 
m g /m L , after w ash in g  colum n for 2 h w ith  0.1% TEPA 

so lu tio n . Sam e c o n d itio n s  as in  F igure 1.

(2) Prepare a blank solution of approximately 
2 mg sodium chloride / m L in the same injection 
solvent as that used for the sugar standards, and 
inject this b lank solution im mediately after the 
sugar standards and before injecting the sample 
solutions.

(2) If  the sodium chloride peak interferes w ith 
any of the peaks of the sugars being analyzed, 
wash the colum n w ith  a solution of 0.1% T E P A  
(Catalog No. T5902, Eastman Kodak Co., Roch
ester, N Y  14650) in acetonitrile-water (80 20).
Adjust the pH  of the T E P A  solution to approxi
mately 7 w ith  acetic acid and then wash the col
umn for 2 h at 1.5 m L/m in . Flush the column 
w ith  approximately 100 m L normal mobile phase 
before continuing the analytical series.

We believe that adding these 2 steps to meth
ods 13.A01 and 14.C01 w ill elim inate erro
neously high sugar results when sodium chlo
ride has the same retention time as that for one 
of the sugars under the conditions of the 
method.
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A  titr im etric  p rocedure has b een  recom m en d ed  for  
th e  d e term in ation  o f residual am ou n ts  o f h yd rog en  
p erox id e  on  p ack ag in g  surfaces as a resu lt o f its  use  
as a sterilan t. E nzym atic assays have been described  
fo r  th e  d e term in ation  o f h yd rog en  p erox id e in  vari
o u s  su b stra tes. W e com pared  the en zy m a tic  assay  
based  on  th e o x id a tion  o f leu co  crystal v io le t  by  
peroxidase and the potentiom etric titration procedure 
for th e  d e term in ation  o f h yd rog en  p erox id e in  d is 
ti lle d  w ater , as required  in  th e approval o f th is  m a
teria l as a p ack ag in g  ster ilan t. T he correlation  b e 
tw e e n  th e 2 p rocedures is  0.976.

Although the bactericidal action of hydrogen 
peroxide has been recognized for quite some 
time (1), the possib ility of using hydrogen per
oxide as a chemical sterilant for food packaging 
m aterials has been recognized only in  the past 
few  years (2). Early  in  1981 (3), the Food and 
Drug Adm in istration approved the use of hy
drogen peroxide as a sterilant for polyethylene 
packaging film s used in  aseptic packaging sys
tems, w ith  the provision that the maximum re
sidual level found when the packages are filled  
w ith  d istilled  water would be 0.1 ppm. A t the 
time of approval, FD A  recognized the d ifficu lty  
of analyzing such low levels and announced that 
fu rther methodology studies were being un
dertaken. Subsequently, FD A  recommended the 
procedure of Boto and W illiam s (4), a potentio
m etric titration using dilute solutions of potas
sium  permanganate.

P rio r to and then concurrent w ith  the FD A  
methodology study, our laboratory had also been 
investigating methodology suitable for the de
termination of low levels of hydrogen peroxide. 
In  addition to the potentiometric method (4), 
numerous other electrochemical procedures (5,
6) are available for determ ining hydrogen per
oxide.

A n  electrode-based procedure has also been 
described (7). But perhaps the simplest and most 
common approach has been the ind irect deter
m ination of hydrogen peroxide through the 
measurement of the spectrometric properties of 
reaction products of various compounds w ith  
hydrogen peroxide. These latter procedures

Received March 11,1982. Accepted June 22,1982.

may invo lve  the oxidation of transition and 
post-transition metal chelates (8), or the oxidation 
of organic compounds to give colored or fluo
rescent compounds (9). A  lim itation of most of 
these procedures is that reaction rates in  the 
presence of low concentrations of hydrogen 
peroxide may be quite slow . A n  additional 
lim itation is the possibility of either negative or 
positive interferences as a result of the non
specific ity of the redox reactions.

Numerous enzyme-catalyzed procedures for 
the determination of hydrogen peroxide have 
been described (10). These catalase- or peroxi
dase-based procedures invo lve  the enzyme-cat
alyzed oxidation of an organic substrate to a 
species w hich  can be detected spectrophoto- 
m etrically. The enzyme-based procedures offer 
several important advantages for routine use. 
They offer high specificity and fast reaction rates 
even at low concentrations of hydrogen perox
ide. The judicious choice of organic substrates 
can lead to oxidized species w ith  h igh molar 
absorptivities w ith  the concomitant increased 
sensitiv ity of the assay. F in a lly , the enzyme- 
catalyzed spectrophotometric assays are simple 
and fast to run. These factors combined w ith  our 
intention to be able to apply the assay to routine 
m onitoring applications led us to investigate a 
procedure first described by Mottola et al. (11) 
using the peroxidase-catalyzed oxidation of leuco 
crystal vio let to determine hydrogen peroxide.

In  this communication we describe the per
oxidase procedure as employed in  our laboratory 
and show data comparing results w ith  those 
obtained by the recommended potentiometric 
titration methods.

Experim ental
The methods are those orig inally described by 

Boto and W illiam s (4) and Mottola et al. (11). 
The orig inal papers should be consulted for an
alytica l details.

In  the test of the potentiometric procedure, a 
platinum  w ire  electrode was used w ith  a stan
dard calomel reference electrode. Electrode 
potentials were monitored w ith a digital pH /m V 
meter. The end point potential was determined 
by titrating 100 m L of a 0.3 ppm standard solu-
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tion of hydrogen peroxide w ith  0.001M K M n 0 4. 
Potentials were recorded and m anually plotted. 
Subsequent titrations were conducted to this end 
point.

For the enzymatic determination, leuco crystal 
v io let (A ld rich  Chem ical Co.) was purified  by 
dissolving the powder in dilute HC1 followed by 
extracting the leuco dye into ethyl acetate. After 
the solvent was evaporated, the compound was 
recrystallized from ethyl acetate. Hydrogen 
peroxide concentrations were obtained in  5 m L 
aliquots of sample by adding in  succession 1 mL 
of 0.5 mg leuco dye/m L solution and 0.5 m L of
1.0 mg horseradish peroxidase/m L solution. 
F ive  m illilite rs  of acetate buffer (pH  4.5) was 
added to bring the absorption maximum to 596 
nm. The concentration of hydrogen peroxide 
can then be determined directly from the stan
dard curve of absorbance vs concentration of 
hydrogen peroxide.

Results and Discussion
Figure 1 shows 3 successive titration curves 

obtained on dilute solutions of hydrogen per
oxide in  d istilled water. The figure shows a 
gradual change in the observed end point po
tential as the platinum  electrode apparently be
comes slow ly  conditioned. A fter the second or 
th ird titration, the end point potential generally 
stabilizes. A  second observation from Figure 1 
is that the inflection point of the titration curves 
is d ifficu lt to determine m anually. The titration 
curve does not exhib it a sharp change in  poten
tial at the end point but rather the change ex
tends over several volum es of titrant. These 2 
phenomena are related and may be explained by 
the observation made by H arrar (6) that hydro
gen peroxide undergoes a rapid heterogeneous 
catalytic decomposition at a platinum electrode. 
The decomposition was 99.9% complete w ith in  
6 m in. Th is  rapid reaction then competes w ith  
the permanganate oxidation reaction. The po- 
tentiometric procedure is further complicated by 
the fact that at the low  levels of reactants in 
volved in  the titration the reaction rate would be 
expected to be com paratively slow . These 2 
factors could combine to adversely affect the 
shape of the titration curve. H arrar further 
showed the dependence of the electrolysis time 
and background current during the electrolysis 
of hydrogen peroxide on the pre-treatment of the 
platinum  electrode. The formation of an oxide 
layer on the platinum  surface sign ifican tly  af
fected the response characteristics of the elec
trode. It would seem like ly  that s im ilar con-

3

mL KMn04

Figure 1. T hree su ccess iv e  titra tion s o f 50 mL 0.3 
ppm  H 2O 2 w ith  0.001M  K M nO i- E lectrodes w ere  
stored  o v e rn ig h t in  d is t il le d  w ater b efo re  start of 

titra tion s.

siderations would apply w hen measuring po
tentials at the platinum  electrode.

In  spite of the lim itations cited above, if , after 
the electrode has become stabilized, solutions are 
consistently titrated to the same end point, then 
the procedure w il l  y ie ld  reproducible results. 
The standard curve plot of volum e of titrant vs 
hydrogen peroxide concentration is linear over 
the range of interest, up to 0.20 ppm. The stan
dard curve however exhibits a negative y-axis 
intercept w h ich  is consistent w ith  the existence 
of an alternative pathway for the disappearance 
of hydrogen peroxide.

In  the enzym atic determ ination, peroxidase 
catalyzes the oxidation of leuco.crystal v io let by 
hydrogen peroxide. The absorbance of the so
lution fo llow s Beer's Law . The standard curve 
plot of absorbance vs hydrogen peroxide con
centration is linear through 1.0 ppm. L ike  the 
standard curve of the potentiometric procedure, 
the standard curve exhibits a negative intercept 
on the y-axis, suggesting the presence of a com
petitive reaction. Mottola et al. (11) have sug
gested that the sensitiv ity of the enzym atic pro
cedure is near m aximum, based on the molar 
absorptivity of crystal v io let. The enzyme-cat
alyzed reaction is very rapid; color develops 
im mediately upon addition of the enzym e. A l
though the previous authors stated that absorb
ance readings for the blank showed no change 
for several hours, in  our hands the color of both 
the assay and blank solutions deepened on pro
longed standing. We took no extraordinary 
precautions to exclude light or a ir from the so
lutions once mixed because, as long as at least 2 
standard solutions were analyzed at the same 
time as the unknowns, the assay did not suffer in 
accuracy.

The results of successive analyses of solutions 
of d istilled  water fortified at 2 levels are shown
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Table 1. Results o f repetitive  analysis of w ater fo rtified  with H20 2

0.16 ppm 0.10 ppm

Enz. Pot. Enz. Pot.

0.16 0.20 0.11 0.10
0.16 0.22 0.11 0.10
0.17 0.19 0.10 0.11
0.17 0.17 0.11 0.10
0.16 0.19 0.12 0.10
0.16 0.22 0.10 0.10
0.17 0.19 0.11 0.10
0.16 0.19 0.10 0.11
0.18 0.17 — ____

X 0.17 0.19 0.11 0.10
s 0.007 0.018 0.007 0.004
CV, % 4.4 9.3 6.6 4.3

in  Table 1. A t the 2 levels examined, there ap
pears to be no difference in  repeatability as 
measured by the coefficient of variation (C V ). 
The C V  values at these levels are quite accept
able. Table 2 continues the comparison between 
results obtained w ith  the 2 methods studied. 
The correlation coefficient between results from 
the 2 methods was 0.976.

As seen in  Table 2 the absolute differences 
between observed and actual peroxide concen
tration ranges from 0.01 to 0.03 ppm. For the 
potentiometric method, this represents 0.02-0.06 
m L titrant. Attempts to increase the sensitiv ity 
of the assay by decreasing the concentration of 
the titrant and thus increasing the amount re
quired to reach the end point were not successful 
because of the slowness of the reaction as a result 
of the decrease in  concentration of reactants. 
The enzym atic assay, however, was fa ir ly  in 
sensitive to changes in  concentration of enzyme 
and leuco dye. A  reduction in the added amount 
of peroxidase solution by one-fifth slows the rate 
of color formation but has no other effect on the 
determ ination. The amount of leuco crystal v i
olet added may be reduced by one-half w ith  no 
effect on the assay of solutions containing be
tween 0.02 and 1.0 ppm hydrogen peroxide. 
A lthough no attempts were made to increase the 
sensitiv ity  of the enzym atic assay, such an in 
crease could be practically obtained by decreas

ing the amount of buffer solution used. In  as 
much as the assay solutions consist of d istilled  
water, this change in the concentration of buffer 
in  the fina l solution should be neglig ible.

The results discussed above indicate that the 
potentiometric procedure of Boto and W illiam s
(4) and the enzym atic procedure described by 
Mottola et al. (11) w il l  give comparable results 
w hen applied to the analysis of d ilute solutions 
of hydrogen peroxide in  distilled water. Certain 
considerations, however, would suggest that the 
enzymatic procedure would have advantages for 
use in  routine assays. In  the absence of elec
tronics capable of calculating the first derivative 
of the titration curve, the end point of the po
tentiometric titration is d ifficu lt to determine 
accurately. Even w hen the end point potential 
is accurately determ ined, the sm all incremental 
volum es of titrant used combined w ith  the re
sponse characteristics of the electrode tend to tax 
the ab ility  of the analyst to perform accurate re
petitive analyses. In  contrast, the enzym atic 
procedure is simple and rapid. Once the reagent 
solutions are m ixed, any convenient number of 
samples can be analyzed w ith in  15 m in. Due to 
the specificity of the enzyme-catalyzed reaction, 
the procedure can be extended to the detection 
of hydrogen peroxide in  non-distilled water.

We have applied the enzym atic procedure to 
the measurement of hydrogen peroxide in  water

Table 2. C orrela tion  betw een m eth o d s (rep lica te  d e te rm in a tio n s) •

H20 2 added, ppm Enz. Pot.

0.07 0.07 0.07
0.10 0.11 0.10
0.16 0.17 0.19
0.20 0.21 0.20

a r = 0.976.
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exposed to packages treated w ith  the sterilant. 
No interferences were encountered from mate
ria ls arising from the treated polyethylene 
film .
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Problems in Collection of Representative Samples for Determination 
of Tributoxyethyl Phosphate in Potable Water
GUY L. LeBEL and DAVID T. WILLIAMS
H e a l t h  a n d  W e l f a r e  C a n a d a ,  E n v i r o n m e n t a l  H e a l t h  D i r e c t o r a t 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

R esu lts o f a b r ie f in v es tig a tio n  on tr ib u to x y eth y l 
p h osph ate in  tap w ater are presented  to illu stra te the 
d iff ic u lt ie s  in  o b ta in in g  rep resen tativ e  sam p les  and  
to alert a n a ly sts  to  the im p ortan ce o f d es ig n in g  
su ita b le  sa m p lin g  p rotoco ls.

Tributoxyethyl phosphate (TBEP) is used as a 
flame retardant plasticizer in many products, e.g., 
synthetic rubbers and adhesives, and has been 
identified as a contaminant in purified water (1), 
potable water (2, 3), and blood samples (4, 5). 
Methods for determ ination of TBEP  (2) have 
emphasized, in  the method procedure, the 
avoidance or replacement of materials and 
chemicals that could contribute TB EP  to the 
sample. H ow ever, during collection of potable 
water samples, it is not desirable to replace all 
TBEP-containing rubber washers/gaskets before 
sam pling from a tap because the resultant sam
ples then m ight not be representative of the 
water norm ally ingested by the consumer. Re
sults of a brief investigation on TBEP in  tap water 
are presented to illustrate the d ifficu lties in  ob
taining representative samples and to alert ana
lysts to the importance of designing suitable 
sam pling protocols.

Received February 8, 1982. Accepted May 18, 1982.

Experimental
Reagents and Apparatus

Use solvents, chemicals, and equipment as 
previously described (1, 2).

Sample Collection
Grab samples were collected in  pre-cleaned 4 

L  amber glass bottles. Raw water samples were 
collected at the intake bay of the treatment plant. 
For tap water samples, the first 2 or 4 L  water was 
collected and then the tap was allowed to flow  at 
1 L /m in ; subsequent 2 or 4 L  samples were col
lected at selected times.

Extractions
(a) Large-volume sam pling and extraction 

were carried out using the XAD-2 macroreticular 
resin method (1, 2).

(b) Grab samples were extracted w ith  meth
ylene chloride as previously described (1).

(c) Rubber O-rings and seals were extracted 
as previously described (2).

Results and Discussion
During the development of a method of anal

ysis for tr ia lky l/ tr ia ry l phosphates (T A A P ) in 
potable water, h ig h ly  variable levels of TBEP  
were detected in water sampled from a labora-
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Table 1. T rlbutoxyethyl ph o sp h a te  levels (ng /L ) in w ater sam ples

XAD-resin 
(voi. sampled)

Grab sample3

Water source 0 -4  L 60-64 L

River water-raw 
Treatment plant-raw tap 
Pumping station-treated tap 
Laboratory tap

42.9 ± 2.7 (40 L)b
13.7 ± 2.6 (166 L)d
13.8 ± 1.0(200 L)d

5400 d 250
Laboratory tap 25.9 ±2.1 (195 L)d 433 d 18.2
Kitchen tap-Ae 34.9' 14.3
Kitchen tap-Be 11.8' 11.0
Kitchen tap-Ce 28.1f 16.3

a Single grab samples. 
b Duplicate samples. 
c Triplicate samples.
d Sample taken after non-use of tap for 65 h. 
e Private residence.
' Sample taken after non-use of tap for 16 h.

tory tap. Grab samples of water from this tap, 
after a weekend of non-use, showed very  high 
TBEP  levels (Table 1) that decreased as the tap 
was flushed w ith  water. The O-ring and seal in 
the tap were identified as the source of the TBEP 
and were shown to contain high levels (mg/g) 
of TBEP (2)- After replacement of the O-ring and 
seal w ith  others having low  (<10 /ig/g) TBEP  
content, water levels of TB EP  were greatly re
duced, although there was still a slight elevation 
of TBEP  levels in  water standing in  the tap for a 
prolonged period (Table 1). This was attributed 
to diffusion of TBEP  from adjacent unm odified 
taps connected in  series along the bench.

Potable water grab samples collected from 2 
private residences showed increased levels of 
TBEP  in  the first-draw samples; a third residence 
did not show h igher TBEP  levels. F lush ing the 
taps w ith  60 L  water decreased the TB EP  levels 
to those found in  raw water at the treatment 
plant and in  treated water at a pumping station 
in  the d istribution system (Table 1).

A  recent survey (6) of d rink ing  water con
sumption in  Canada indicated that about 17% of 
consumers seldom or never flushed taps before 
drawing water for beverages or food preparation.

Therefore, to provide appropriate data for esti
mating exposure to certain organic compounds, 
it is necessary to analyze both first draw and w ell 
flushed tap water samples. Th is  has been con
sidered in  surveys for some inorganic contami
nants (7,8), but analysts designing potable water 
surveys for organic contaminants should also 
recognize the importance of provid ing s im ilar 
instructions in  their sam pling protocol.

References
(1) Williams, D. T„ LeBel, G. L„ & Benoit, F. M. (1981) 

/. Assoc. Of f .  A n a l  Chem . 64, 635-640
(2) LeBel, G. L„ Williams, D. T„ & Benoit, F. M. (1981) 

/. /4ssoc. Of f .  A nal. Chem. 64, 991-998
(3) Williams, D. T., & LeBel, G. L. (1981) Bull. Environ. 

Contain. Toxicol. 27 , 450-457(4) Missen, A. W., & Dickson, S. J. (1974) Clin. Chem. 20, 
1247

(5) Dusci, L. J., & Hackett, L. P. (1976) Clin. Chem . 22, 
1236

(6) Environmental Health Directorate (1982) "Tap 
Water Consumption in Canada," Report #82- 
EHD-80, Health and Welfare Canada, Ottawa, 
Ontario(7) Moore, M. R. (1977) S a . Total Environ. 7,109-115

(8) Karalekas, P. C„ Craun, G. F., Hammond, A. F., 
Ryan, C. R., & Worth, D. J. (1976) ]. N ew  Engl. W ater 
W orks Assoc. 90, 150-172



204 SHOTWELL ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, N O . 1, 1983)

T r e a t m e n t  o f  F r e s h l y  F l a r v e s t e d  1 9 8 0  G e o r g ia  D e n t  C o r n  S a m p l e s  
C o l l e c t e d  f o r  A f l a t o x i n  A n a l y s i s

ODETTE L. SHOTWELL, GLENN A. BENNETT, WILLIAM F. KWOLEK,* 1 and 
CLIFFORD W. HESSELTINE
U.S. Department of Agriculture, Agricultural Research Service, Northern Regional Research 
Center, Peoria, IL 61604
In 1980, corn w as harvested  from  six  1 5 -ft row s in  
each o f 67 f ie ld s  in  G eorgia  for a fla to x in  a n a lysis. 
Every sixth  ear from  each fie ld  w as placed in  a sam ple  
bag to be dried  the day o f co llec tio n . T he rest o f th e  
corn w as h u sk ed  and sh ip p e d  to Peoria in  cardboard  
boxes. W hen undried  ear sam p les arrived in  Peoria, 
each sam p le  w as ran d om ly  separated  in to  5 e q u iv a 
le n t su b sam p les. O n e set o f 67 su b sam p les  w as  
sh e lle d  and dried as soon  as p o ssib le  to avo id  further  
aflatoxin  form ation. T w o other sets o f 67 subsam ples  
w ere stored 3 and 6 w eek s before sh e llin g  and drying. 
T he rem ain in g  2 se ts  o f ear sam p les  w ere p laced  in  
plastic bags w ith  5% M onoprop (1 part prop ionic acid 
p lu s  1 part v ersite) and stored  3 and 6 w ee k s  b efore  
sh e llin g  and d ry in g . T he sam p les  dried  in  G eorgia  
b efo re  sh ip p in g  had an average to tal a fla to x in  le v e l  
o f 217 n g /g . S am ples sh e lle d  and dried  im m ed ia tely  
after arrival had an average le v e l o f 202 n g /g . S am 
p le s  sh e lle d  and dried  after 3 and 6 w ee k s  o f storage  
had average total a flatoxin  lev e ls  o f 417 and 387 n g /g , 
re sp e ctiv e ly . S am p les stored  3 and 6 w ee k s  in  th e  
p resence o f 5% M on op rop  (2.5% p ro p io n ic  acid) had  
average to tal a fla to x in  le v e ls  o f 120 and 157 n g /g ,  
resp ectiv e ly .

A n  Ad Hoc W ork Group was organized in  1979 
under the auspices of the U .S . Department of 
Agricu ltu re to examine and summarize current 
knowledge regarding mycotoxin surveys, sam
pling techniques, conditions conducive to post
collection production of mycotoxins in  grain 
samples, and analytical methods for mycotoxin 
analysis (1). The emphasis of the study was on 
corn suspected of containing aflatoxin. One 
report indicated an increase in  aflatoxin con
centration of approximately 10-fold (from 200 to 
2300 ng/g) in  a 3-day period when a fie ld-har
vested corn sample was stored at high moisture. 
The Ad Hoc W ork Group, therefore, recom

Presented at the 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, DC.1 North Central Region, Agricultural Research Service, U.S. Department of Agriculture, stationed at the Northern Regional Research Center, Peoria, IL 61604.The mention of firm names or trade products does not imply that they are endorsed or recommended by the U.S. Department of Agriculture over other firms or similar products not mentioned.Received January 15,1982. Accepted April 23, 1982.

mended that corn samples be dried as soon as 
possible after collection to moisture levels of
13-13.5% or cooled rap id ly to 0°C  to prevent 
mold growth and metabolite formation.

To determine the va lid ity  of this recommen
dation, freshly harvested dent corn was collected 
at m aturity from 57 fie lds in  Georgia in  the crop 
year 1979 (2). The husked corn was random ly 
separated into 2 sets of 57 matched samples. One 
set was dried the day of collection in Georgia; the 
other set was shipped to Peoria before drying . 
The latter set was shelled and dried as scon as 
possible after arrival in  Peoria to prevent further 
toxin form ation. O f the 57 samples dried in  
Georgia, total aflatoxin levels were less than 20 
ng/g in 82%; the average total aflatoxin level in 
a ll samples was 36 ng/g. In  the matching 57 
samples dried in  Peoria after shipm ent, total af
latoxin levels were below 20 ng/g in  70% of the 
samples; the average aflatoxin levels in  a ll sam
ples that had been dried later was 78 ng/g. 
These results indicated that aflatoxin did form 
during shipm ent of the 1979 fresh ly harvested 
corn from Georgia.

We are now reporting the results of a study on 
fresh ly harvested 1980 corn samples from 
Georgia in  w hich  we attempted to prevent mold 
growth and aflatoxin formation by use of Mo
noprop. Monoprop is a m ixture of 1 part pro
pionic acid plus 1 part versite. Versite, a horti
cultural verm icu lite , serves as an inert support 
facilitating the handling of propionic acid in  the 
fie ld  or laboratory.

METHOD
Sample Collection and Handling

Six 15-ft rows of 1980 mature dent corn were 
harvested from each of 67 fields in  the coastal 
p lain  region of Georgia from Ju ly  22 to Septem
ber 16, 1980. One set of samples consisted of 
every sixth ear of husked corn and was placed the 
day of collection in  an oven at 60°C . D rying  
took 72 h, after w hich  the sample was shipped to 
N RR C  in  Peoria to be shelled , prepared for 
analysis, and analyzed for aflatoxins. The re
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maining husked ears of com which had not been 
dried were placed in  corrugated cardboard boxes 
packed w ith  newspapers for shipment to N RRC . 
Samples were in  transit an average of 7 days. 
The average temperature to be expected in  the 
areas through w hich  the samples were shipped 
and at the time of the year they were shipped was 
74°F. In  these areas over the years, the average 
da ily  m aximum temperature was 84°F; average 
da ily  m inim um  temperature was 64°F. Upon 
arriva l in  Peoria, each undried ear corn sample 
was separated into 5 equivalent subsamples. 
One of the 5 subsamples was shelled and dried 
as soon as possible (overnight, 80-90°C). The 
other 4 subsamples were handled as fo llows: 
One was stored 3 weeks before she lling  and 
drying ; a second was stored 6 weeks. Two sets 
of samples were placed in  airtight plastic bags 
w ith  5% Monoprop (5% of the w eight of the ear 
corn or 2.5% propionic acid). One treated sample 
was stored 3 weeks, the other, 6 weeks. Storage 
was at 78-85°F.

Preparation of Subsamples for Analysis
Each sample of shelled corn was coarsely 

ground in  a Straub disc m ill. The coarsely 
ground corn was fin e ly  ground to pass a No. 20 
sieve in a 6-in. Raymond hammer m ill fitted w ith 
a screen w ith  y8-in. perforations before being 
blended in  a Flobart planetary m ixer.

Aflatoxin Analysis
Portions of each subsample (50 g) were ana

lyzed for aflatoxin by the method designated as 
the CB (Contaminants Branch) method, adopted 
by both the A O A C  (3) and the Am erican Asso
ciation of Cereal Chem ists (4).

Results and Discussion
The average number of ears in each of the 

subsamples was 16; the average weight of the 
shelled corn from each subsample was 1.5 kg.

A flatoxin incidences and levels in the 6 sets of 
subsamples w ith  vary ing  storage times and Mo
noprop treatment are summarized in  Table 1. 
The set of samples that was dried in  Georgia be
fore shipment obviously best represents aflatoxin 
occurrence in  1980 corn in  that state. The fields 
had been sampled to be representative of the 
state. The incidence of samples w ith  detectable 
aflatoxin was 93%; the incidence of samples w ith  
aflatoxin at levels equal to or greater than 20 
ng/g (the Food and Drug Adm in istration  
guideline) was 75% as contrasted w ith  a 37% in 
cidence of samples w ith  detectable toxin in  1979 
Georgia corn and an 18% incidence of samples of

vio lative  aflatoxin levels in  the same year (2). 
The average total aflatoxin levels in all 1980 corn 
samples collected and dried in  Georgia was 217 
ng/g; in 1979; the average level was 36 ng/g.

In 1980, a comparison of the results of aflatoxin 
analysis of the subsamples dried in Georgia be
fore shipm ent and of those obtained on sub
samples dried in Peoria upon arrival revealed no 
overall differences in  levels of aflatoxin deter
m ined or in  the incidences of samples w ith  de
tectable or violative levels of aflatoxins (Table 1). 
The samples were dried in  Georgia the day of 
collection. The average time in  transit was 7 
days at an average temperature about 74°F. The 
average total aflatoxin level in  a ll samples dried 
in Georgia was 217 ng/g ; the average level in  
samples dried in  Peoria immediately after arrival 
was 202 ng/g. A ll samples were husked as they 
were collected. The average toxin level in  
samples stored 3 weeks in  Peoria before drying 
was 417 ng/g; the average level in  samples stored 
6 weeks before drying was 387 ng/g. There was 
a statistically significant increase in  total afla
toxin levels when stored samples were compared 
to unstored samples.

A  h ighly significant effect was associated w ith 
the Monoprop treatment, in  that there were de
creases in  total aflatoxin levels w hen samples 
were stored in  plastic bags w ith  5% Monoprop 
(2.5% propionic acid). In  fact, levels were de
creased by a factor of about one-half (Table 1). 
The concentration of Monoprop used may have 
been high enough to affect aflatoxin levels. 
There have not been reports of aflatoxin de
struction in  corn caused by propionic acid, but 
the hemiacetal, aflatoxin B2a, does form slow ly 
in  acidic aqueous or acetone solutions (5, 6). 
Low er levels (0.4-1.0%) of propionic acid have 
been found to be effective in  inh ib iting  growth 
in high moisture (e.g., 25%) shelled corn (7). We 
used h igher concentrations (2.5%) of propionic 
acid because our samples were ears of corn and 
penetration m ight be more d ifficu lt.

The 1980 Georgia samples were separated into 
3 groups according to moisture levels at harvest 
when the samples were collected: low  (12.7- 
18.7%), medium (19.1-24.9%), and h igh (25.7- 
47.6%). The higher moisture samples in it ia lly  
had lower levels of total aflatoxin than the lower 
moisture samples (Table 2) but reached compa
rable aflatoxin levels during transit from Georgia 
to Peoria. The aflatoxin level of the samples 
w ith  the h igher moistures increased during 
transit by a factor of 2.66, w h ich  is s ign ificantly 
different from the expected ratio of 1.00 if  there 
were no difference. In  1979 (2), the samples



Table 1. C om parisons of afla tox in  levels ¡n 1980 co rn  sam ples d ried  in G eorgia and  dried  in Peoria  a f te r  sh ipp ing , a f te r  sto rag e , o r a f te r  t r e a tm e n t  w ith 5% M onoprop a

Total aflatoxin, 
ng/g

Dried in GA

Shipped to NRRC 

before drying

Stored 3 weeks before drying Stored 6 weeks before drying

Untreated Treated Untreated Treated

No. of 
samples %

No. of 
samples %

No. of 
samples %

No. of 
samples %

No. of 
samples %

No. of 
samples %

ND 5 7.4 0 0 3 4.5 5 7.4 1 1.5 6 9.0
<20 12 17.9 18 26.9 13 19.4 12 17.9 7 10.4 6 9.0
20-99 28 41.8 21 31.3 17 25.4 27 40.3 20 29.8 29 43.3
100-499 16 23.9 22 32.8 19 28.4 20 29.8 24 35.8 21 31.3
500-999 2 3.0 3 4.5 7 10.4 2 3.0 7 10.4 3 4.5
>1000 4 6.0 3 4.5 8 11.9 1 1.5 8 11.9 2 3.0

% incidence 93 100 96 93 99 91
% >20 ng/g 75 73 76 75 89 82
% >100 ng/g 33 42 51 34 58 38
Average level

(ng/g), all
samples 217 202 417 120 387 157

Average level
(ng/g),
positive
samples 235 202 436 130 392 172

3 Six sets of 67 matched samples.
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Table 2. G eom etric  m ean  (n g /g )  to ta l aflatoxin fo r 1980 corn  sam ples g rouped  by Initial m o is tu re  a t harvest

Moisture,
%

No. of 
samples

No. of
samples with 

increased aflatoxin GD3 PDb PD/GD

12.7-18.7 20 h 57.96 62.40 1.08 3
19.1-24.9 22 13 86.95 72.88 0.84
25.7-47.6 25 16 26.16 69.55 2.66*

3 GD = Dried in Georgia the day of harvest or collection.
6 PD = Dried in Peoria after shipment from Georgia.
c Least significant ratio assuming 20 samples per mean is 2.18.
4 Ratio significantly different from 1.00 at the 0.05 level.

w ith  the highest moisture levels at harvest also 
had the lowest aflatoxin levels and changed most 
during transit from Georgia to Peoria.

In  future studies, we plan to investigate the 
m inim um  levels of propionic acid required to 
prevent aflatoxin formation in  corn after col
lection and the reaction of propionic acid on af
latoxin in  corn.
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S o d i u m  T h y m o l p h t h a l e i n  M o n o p h o s p h a t e
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T h e u se  o f  sod iu m  th y m o lp h th a le in  m onop h osph ate  
fo r  p re su m p tiv e  sem in a l acid  p h osp h a ta se  te s t in g  is  
d iscu ssed . R ecen t e v id e n c e  rev ea ls  that th e d ye  
(o -d ia n is id in e ) u sed  in  con ju n ction  w ith  a -n a p h th y l  
p h o sp h a te  fo r  sem in a l acid  p h osp h atase  te s t in g  is  a 
ca rc in o gen ic  hazard. N u m ero u s tests  for sem in a l 
acid  p h osp h a ta se  w ere co n d u cted  w ith  sw a b s from  
sex u a l a ssau lt k its  to  com pare b oth  substrates. R e
su lts  o f te sts  u s in g  so d iu m  th y m o lp h th a le in  or 
a -n a p h th y l p h o sp h a te  correlated  exactly . S od ium  
th y m o lp h th a le in  is  an e f fe c t iv e  a ltern a tiv e  fo r  pre
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lim in a r y  sem in a l f lu id  a n a ly sis  b ecau se o f  its  h ig h  
d eg ree o f s e le c t iv ity  and s ta b ility , and  becau se it 
e lim in a te s  th e  p o ten tia l h ea lth  hazard.

The forensic scientist, w hen confronted w ith  
clothing or material invo lv ing  sexual assault, 
requires a sensitive, quick screening test for 
seminal fluid . The screening test would indicate 
to the examiner that seminal flu id  may be present 
and further analysis is required. The test would 
save considerable time locating ind iv idua l sem
ina l stains.
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Of the num erous com ponents of sem inal fluid, 
the detection  of the en zym e acid phosphatase  
serves as a usefu l prelim inary exam. A lth ou gh  
not un iqu e to sem inal flu id , its abundance and  
persistence m ake it feasible to use as a pre
sum p tive test on material in v o lv in g  suspect 
sem inal flu id . N um erous substrates for detec
tion  o f acid phosphatase have been  used by fo 
rensic serologists. The principal screen ing test 
for sem inal acid phosphatase (SAP) uses a-na- 
p h th yl phosphate as a substrate and an azo-dye 
reagent (Fast Blue B) as a chrom ogen. Addition  
of these chem icals to suspect sem inal stains re
sults in  the rapid form ation of a brightly colored  
com plex from  colorless com ponents. This con 
v in ces m any analysts of the possible presence of 
hum an prostatic secretion (1)

R ecent investigation s have sh ow n  that the 
b en zid in e  congeners (o-d ianisid ine) and b en zi
dine-based dyes used in SAP reactions may pose 
a carcinogenic threat. E vidence indicates that 
hum ans as w e ll as other anim als can revert b en 
zid in e-based  dye to b en zid in e by the enzym e  
azoreductase. This en zym e acts on  num erous  
azo-com poun ds in  v ivo  and in  vitro (2).

Because of the large amount o f SAP testing and 
the potential carcinogenic effect of the azo-dyes, 
th is laboratory is currently using sodium  thym - 
o lp h th a le in  m onophosphate as a substitute  
substrate for presum ptive analysis. This reaction 
consists o f acid phosphate h ydrolysis o f sodium  
th ym olp h th a lein  m onophosphate to thym ol- 
p h th a le in  and phosphate (3). Raising the pH  
term inates the hydrolysis w h ile  sim ultaneously  
develop ing an intense blue color. This substrate 
has a h igh  degree of selectiv ity  for prostatic en 
zy m e and is less affected by nonprostatic acid 
phosphatase (4). To date, no k n ow n  carcino
g en ic  effects have been  reported for sodium  
th ym olp h th a lein  (5).

Experimental
R e a g e n ts

(a) C itrate buffer.—D isso lve 29.4 g trisodium  
citrate dihydrate in 1 L w ater (Solution  A), and 
add 2.1 g citric acid m onohydrate to 100 mL 
w ater (Solution  B). Add en ou gh  Solution  B to 
about 900 mL Solution  A to bring pH to 5.95 
(25°C). This buffer is stable (4-8°C ) > 6  m onths
(4).

(b) Sodium thym olph thalein  m onophosphate.— 
(O btained from Sigm a Chem ical Co.). D issolve  
0.185 g sodium  thym olp h th a lein  in  100 mL buf
fer, to pH  6.0 (4).

(c) Color developer .— Prepare by adding 1 g 
sod ium  hydroxide to 5 mL water.

If less buffer is required for SAP testing, cut 
reagent concentrations proportionally. U se 
Brij-35 as w ettin g  agent.

E x a m in a tio n
N in ety-seven  tests were conducted on control, 

saliva, and vaginal swabs and clothing from rape 
ev id en ce  kits. The swabs and c lo th in g  con
tain in g  suspect sem inal stains w ere saturated 
w ith  sodium  thym olp h th a lein  solution . After 
5 m in , 2 drops o f color d eveloper w ere added, 
and color in ten sity  of the enzym e reaction was 
noted. A 5-m in reaction tim e was m inim um  for 
good  color d ev elop m en t w ith  m oderate acid  
phosphatase lev els, w h ile  not a llow in g  tim e for 
low  lev e l substances such as vaginal flu id s to 
d ev elo p  m uch color, if any.

As a reference to each test, a -n ap h th y l acid  
phosphate and Fast Blue B salt were used and the 
color reactions w ere com pared w ith  those of 
th ym olp h th a le in  m onophosphate. The reac
tions w ere graded as strong, m edium , weak, and 
no reaction. A strong reaction yields a deep dark 
blue, w h ile  a m edium  reaction is blue. Those  
judged weak gave a greenish  light-b lue tint, and  
n o reaction gave no color. Other material tested  
in clu d ed  b ov in e, potato, and w h eat germ  acid 
phosphatases. Standard saliva, vaginal, and  
sem inal flu id  w ere also exam ined.

R esults
The strong, m edium , and weak reactions of 

th ym olp h th a lein  correlated exactly w ith  the 
reference purple reactions o f Fast Blue B on  96 
exam inations. In on e instance in  w h ich  the  
vaginal swab w as b loody, the thym olph tha lein  
reagent gave a weak reaction and the Fast Blue 
B reagent gave a n egative reaction. H ow ever, 
it has been  reported in  the literature that b lood  
m ay interfere w ith  the a-n ap h th y l phosphate  
reaction and cause an inexperienced  person to 
incorrectly judge the reaction positive (6). We 
fou n d  that it is easier to judge the blue th ym ol
p h th a le in  reaction in the presence o f b lood  
rather than the purple reaction of Fast Blue B and 
a-n ap h th y l phosphate.

Standard saliva and vaginal swabs w ere n eg 
ative. B ovine acid phosphatase and potato acid  
phosphatase were also negative; how ever, large 
am ounts o f w heat germ  acid phosphatase gave  
a greenish-blue tint. Some concentrated vaginal 
and buccal stains gave a sim ilar color. In ligh t  
of this, any substance g iv in g  a greenish-b lue tint 
w ou ld  be d eem ed negative; on ly  dark blue re
actions w ou ld  be accepted as presum ptive ev i
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den ce for sem inal acid phosphatase. A blank  
swab gave a y e llow ish  reaction.

S u m m a r y
Sodium  th ym olp h th a le in  m on op h osp h ate  

serves as an effective substitute for presum ptive  
sem inal acid phosphatase testing. It possesses  
a h igh  degree of selectiv ity and reagent stability, 
and elim inates the potential health  hazard from  
the b en zid in e direct and congen er dyes.
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R a p id  E xtractio n  an d  G a s-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 e n z o ic  an d  S o rb ic  A c id s  in  B ev era g es
RICARDO G. COELHO1 and DAVID L. NELSON
Federal University of Minas Gerais, Institute of Biological Sciences, Department of 
Biochemistry-Immunology, C.P. 2486, 30000 Belo Horizonte, Minas Gerais, Brazil

A rapid  m eth od  fo r  extraction  and q u a n tita tiv e  d e 
term ination  o f sorbic and ben zo ic acids in  carbonated  
d rink s and fruit ju ices is  described. A cid ified  sam ple  
a liq u o ts  are transferred  on to  an Extrelut co lu m n . 
A cid  p reserv ativ es  are th en  e lu ted  from  th e co lu m n  
w ith  a m ix tu re o f  e th y l e th er -p etr o leu m  ether. 
C on ten t o f preservatives in  th e concentrated  ethereal 
extract is  rea d ily  d eterm in ed  b y  tem p eratu re-p ro
gram m ed  g a s -liq u id  ch rom atograph y w ith o u t the  
n eed  to  prepare d er iv a tiv es .

B enzoic and sorbic acids are w id e ly  used as pre
servatives in  several kinds o f food. Gas-liquid  
chrom atographic (GLC) m ethods are quick and  
sen sitiv e  and have frequently b een  used  for d e
term ination o f these com pounds. Two m ethods 
are gen era lly  used for iso lating these preserva
tives from  food: steam d istillation  fo llow ed  by 
extraction o f the d istillate by ether (1-3) or by a

1 C urren t address: Escola de Farmacia, Fundagao U niv- 
ersidade Federal de O uro Preto-FUPOP, 35400, O uro Preto, 
M.G., Brazil.Financial support was p rovided by the  Fundagao Centro 
Tecnologico de M inas Gerais, CETEC.Received N ovem ber 5,1981. Accepted June 4,1982.

m ixture of organic so lven ts (4, 5) and direct ex
traction o f the acidified sam ple by an organic 
so lv en t (6-11). M ore recently, Sch indler and 
Sproer (12) d ev elop ed  a m ethod  for the extrac
tion  o f ben zoic acid and the esters o f p-hydrox- 
yb en zo ic  acid from  enzym atic preparations, 
w h ich  uses an Extrelut prepacked colum n con
taining silica w ith  a large pore granular structure. 
It is used for extracting lip op h ilic  substances 
from the aqueous phase by liquid-liquid partition 
chrom atography.

The present work dem onstrates that good re
sults can be obtained by usin g  the extraction  
tech n iq u e on  the Extrelut colum n, fo llow ed  by  
gas-liquid chrom atography, for the quantitative 
determ ination o f benzoic and sorbic acids in  soft 
drinks and fruit juices.

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

(a) E xtre lu t* co lu m n.—E. M erck, Darmstadt, 
GFR.
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(b) G as-liquid chrom atograph.— Perkin-Elm er 
M odel 900 equ ipped  w ith  flam e ion ization  de
tector. Conditions: 6 ft X Vs in. id stainless steel 
colum n conta in ing 10% SE-30 on  80-100 m esh  
Chrom osorb W-HP; colum n tem perature pro
gram m ed from 50 to 170°C at 2 4 ° /m in; injection  
port and detector 230°C; flow  rate (n itrogen) 42 
m L /m in .

(c) Internal stan dard solu tion .— 0.3 g n-butyl 
ben zoate in  100 mL m ethanol.
P r e p a r a t io n  o f  S ta n d a r d  C u r v e

Prepare 5 mL standard solutions containing 1, 
2, 4, 6, 8, 10, 12, and 13 m g ben zoic and sorbic 
acids/m L , respectively , in  so lu tion s o f internal 
standard. A n alyze 2 pL aliquot by GLC. Stan
dard curve w as selected  such that h igh est possi
b le correlation coeffic ient w as obtained: r 2 =  
0.9986 and 0.9960 for ben zoic acid and sorbic 
acid, respectively .
E x p e r im e n ta l  P r o c e d u r e

A cidify 25 mL portion of sam ple (fruit juice or 
p rev iou sly  decarbonated soft drink) to pH =  1 
w ith  8 drops o f concentrated HC1 and pipet 20 
mL directly  onto Extrelut colum n. Wait 15 min  
and then rinse colum n w ith < 2  mL water. Elute 
preservatives from colum n w ith  60 mL m ixture 
of eth y l eth er-p etro leu m  ether (3 +  1). Evapo
rate eluate to dryness under stream of dry air at 
room temperature. Pipet 2 mL internal standard 
solution onto dry residue and subject 2 pL aliquot 
of this final so lu tion  to GLC analysis under 
sp ecified  conditions. Calculate concentrations  
of organic acids relative to internal standard from  
m easurem ent o f peak areas by triangulation. 
C oncentration o f preservative is g iv en  by the 
fo llo w in g  equation:

Preservative (ppm) =  2000 C/A
w h ere C = concentration o f preservative on the 
standard curve in m g/m L ; A  = quantity of sam-

i

0 1 2 3 4 5 6 7 8
TIME (min )

Figure 1. R epresentative chrom atogram  o f m ixture  
o f preservatives. 1, so lvent; 2, sorbic acid; 3, b en zo ic  
acid; 4, b u ty l b en zo a te  (in tern a l standard); 5, m eth y l 
p -h y d r o x y b e n zo a te; 6, e th y l p -h y d ro x y b en zo a te; 7, 

p rop yl p -h y d r o x y b e n zo a te .

pie taken for analysis in mL; 2000 = d ilution  and  
unit transform ation factor.

R esu lts and D iscu ssion
GLC analysis is perform ed in  approxim ately  

6 m in and peaks are w e ll resolved. Figure 1 is a 
typical chromatogram show in g the separation of 
ben zoic and sorbic acids under the specified  
conditions.

Interference from other fruit juice or soft drink 
constituents in  the chrom atogram  w as not ob
served . An attem pt w as m ade to determ ine the  
acids on  the SE-30 colum n operating isother-

Table 1. Recoveries of sorbic and benzoic acids in beverages

Sample

Sorbic acid Benzoic acid
Added3mg Foundb mg Rec.,c% Added3mg Foundb mg Rec.,c%

Soft drinks 9.76 9 4 ±0.2 95.9 ± 1.9 10.16 9.7 ±0.2 95.4 ± 1.521.14 2C.4±0.3 96.4 ± 1.6 22.02 21.2 ± 0.5 96.2 ± 2.4Fruit juices 9.76 8.8 ±0.2 89.9 ±2.0 10.16 9.0 ±0.1 89.1 ±2.521.14 18.8 ±0.5 88.9 ± 2.4 22.02 19.5 ± 0.4 88.6 ± 1.8
a In 20 mL beverage.
6 Standard deviations for 9 determinations.
c Standard deviation for % recovery was determined from % recovery for each of 9 determinations.
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m ally (2, 5), but ta iling o f the so lven t peak 
som etim es interfered in m easurem ent of sorbic 
acid, as w as observed by Clarke et al. (2). Such  
in terference did not occur w ith  tem perature 
program m ing. Peaks w ere Gaussian w ith  a 
s ligh t tailing w h ich  does not interfere w ith  the 
m easurem ents, and no variation o f the standard 
curves w ith  tim e was observed. The fact that 
these con d ition s are also adequate for the anal
ysis o f the esters o f p -hydroxybenzoic acid is 
sh o w n  by Figure 1.

Recovery experim ents were based on a total of 
9 determ inations carried out on soft drinks and  
fruit juices to w h ich  k n ow n  am ounts of sorbic 
and b en zoic acids w ere added.

The range of initial concentration used in this 
study was 500 to 1000 ppm. The results obtained 
are sh ow n  in Table 1. Recovery was satisfactory 
for soft drinks. The low er recoveries in  the ex
traction of fruit juices may be due to the retention  
of preservatives in particles of fruits susp ended  
in the juice and retained in  the filter on the top 
of the colum n. The present m ethod w as fast 
(total time for analysis is about 30 m in), relatively  
in ex p en sive , and sen sitive  for routine determ i
nations of benzoic and sorbic acids in soft drinks,

although the recovery from fruit juices is slightly  
less than optim um .
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N E W  P U B L IC A T IO N S

D ictio n ary  o f Food Ingred ien ts. By Robert S. 
Igoe. P ublished  by Van Nostrand  
R einhold , 135 W 50th St, N ew  York, NY  
10020, 1982. 192 pp. Price: $17.95.
Inform ation on  996 perm issible food  

in gred ien ts approved by the U.S. Food and  
D rug A dm inistration is provided  by this 
reference book. An alphabetical listing  
sup p lies descriptions o f each ingredient's  
function , properties, and applications.
Typical usage lev els  are g iven  and chem ical 
form ulations for m any o f the ingredients. 
Included is such inform ation as so lu b ility , pH, 
synonym s, and com patibility w ith  other 
ingredien ts. The ingred ien ts are grouped by 
function  into 14 categories such as 
antioxidants, sw eeteners, preservatives, and  
vitam ins. The author describes the general 
functional characteristics and applications of 
each category.

A d vances in  S tero id  A n alysis. A nalytical 
Chem istry Sym posia Series V olum e 10. 
P roceedings of the Sym posium  on the 
A nalysis o f Steroids, Eger, H ungary, May
20-22 , 1981. Edited by S. Gorog. P ublished  
by Elsevier Scientific P ublish ing Co., PO 
Box 211, 1000 AE Am sterdam , The 
N eth erlan ds, 1982. A lso available from  
Elsevier Science P ublish ing Co., Inc., 52 
Vanderbilt A ve, N ew  York, NY 10017. 464 
pp. Price: US $104.75/D fl. 225.00. ISBN 
0-444-99711-3.
The 71 papers w h ich  com prise this volu m e  

form  a state-of-the-art survey of the tw o m ain  
fie ld s o f steroid ana lysis—b iological-clin ical 
and industrial-pharm aceutical. H orm ones, 
sterols, D vitam ins, b ile acids, cardiac 
g lycosid es, and the m ethodologica l problem s 
in v o lv ed  in their analysis are covered. Papers 
in  the b iological-clin ical field  deal m ostly w ith  
th e application o f protein b in d in g  (m ainly  
im m unological) m ethods, w ith  
chrom atographic separation and gas 
chrom atographic-m ass spectroscopic m ethods 
inclu ded . M ethods used in  the industrial- 
pharm aceutical fie ld  are m ostly thin-layer  
chrom atography and h igh  perform ance liquid  
chrom atography. M odernized  versions of the  
classical m ethods o f spectrophotom etry and 
polarography are also reported.

H an d b ook  o f O rganic A n alytica l R eagents.
Edited by K. L. C heng. P ublished  by CRC 
Press, Inc., 2000 Corporate Blvd, NW , Boca 
Raton, FL 33431,1982 . 544 pp. Prepub. 
price: $74.00, outside U.S. $84.00. ISBN 0- 
8493-0771-6.
This w ork-bench reference describes 

classical and m odern organic analytical 
reagents used in  the analysis of inorganic  
substances, organic and b iochem ical 
substances, and in  instrum ental analyses. 
Theoretical d iscussions o f applications of 
organic analytical reagents w ith  respect to 
m asking and dem asking, specificity , 
sen sitiv ity , so lven t extractions, and other  
chem ical separations are presented. The 
fo llo w in g  inform ation is g iv en  on each 
reagent: general m ethod  o f syn th esis, purity  
criteria and m ethod  of purification, physical 
properties, m olecular form ula, w ater of 
crystallization, structural form ula, absorption  
spectral data. Special data are g iven  for 
chelating, precipitating, and redox reagents. 
R eferences and ideas for future research are 
included.
M eth o d o log y  o f A n aly tica l T oxico logy . 

V o lu m e II. Edited by Irving Sunshine. 
P ublished  by CRC Press, Inc., 2000 
Corporate Blvd, NW , Boca Raton, FL 33431, 
1982. 272 pp. Prepub. price: $42.50, 
outside U.S. $49.00. ISBN 0-8493-0771-1.
V olum e II is a contin uation  of a series of 

alternative system atic analyses of m edication  
suspected to be the cause o f illness.
P reservation  o f Food b y  Io n iz in g  R adiation .

Edited by Edward S. Josephson and Martin
S. Peterson. P ublished  by CRC Press, Inc., 
2000 Corporate Blvd, NW , Boca Raton, FL 
33431, 1982. V olum e I: 384 pp., prepub. 
price $99.50, outside U.S. $110.00 ISBN 0- 
8493-5323-8; V olum e II: 352 pp., prepub. 
price $92.50, outside U.S. $106.00, ISBN 0- 
8493-5324-6; V olum e III: 320 pp., prepub. 
price $92.00, outside U.S. $104.00, ISBN 0- 
8493-5325-4.
The u n d erly in g  science and tech n ology  of 

this food preservation process, ion iz in g  
radiation, is described in detail from the  
chem ical, physical, and biological effects on
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food  to the problem s and lim itations  
encountered , and the successful application to 
specific food groups. D iscussions are 
inclu d ed  on  radiation dosim etry, health  
p hysics for p eop le w ork ing w ith  the 
irradiation process, adjusting radiation doses  
for specific n eed s, lethal effect on  
m icroorganism s and insects, and effects of 
irradiation and relationships to changes in the 
flavor, texture, and color of food.

C h em ical A n a lysis  o f Inorganic C on stitu en ts  
o f W ater. Edited by Jon C. Van Loon. 
P ublished  by CRC Press, Inc., 2000 
Corporate Blvd, NW , Boca Raton, FL 33431, 
1982. 264 pp. Price $74.50, outside U.S. 
$85.00. ISBN 0-8493-5209-6.
This vo lu m e describes the analysis of 

chem icals in w ater from  m aintain ing sam ple 
in tegrity  to analytical procedures, through the 
in terpretation o f results. D eterm ination of 
various chem icals in  a sam ple are described via  
the fo llow in g  analytical m ethods: EDTA 
com plexom etric titration, atom ic absorption  
spectrophotom etry, atom ic em ission  
spectrom etry, ion -selective  electrode m ethods, 
ion  chrom atography, and flam e photom etry. 
Procedures, reagents, equ ipm ent, and 
calculations are in clu d ed  for each m ethod  
presented . The analytical poten tia l of 
recently d evelop ed  m ethods is also discussed.

R ecom m en d ed  H ealth -B ased  L im its in  
O ccu p ation a l Exposure to P estic id es.
Report o f a W HO Study Group. W orld  
H ealth  O rganization T echnical Report 
Series N o. 677. 1982. A vailable from  W HO  
Publications C entre USA, 49 Sheridan A ve, 
A lbany, NY 12210. 110 pp. Price: Sw.fr.
8 .- . Arabic, French, and Spanish ed ition s in  
preparation. ISBN 92-4-1206772.
W H O has em barked on  a program  of 

estab lish ing in tern ationally  recom m ended  
health -based  occupational exposure lim its. 
R ecom m endations are b ein g  m ade by a series

o f study groups, each co n ven ed  to evaluate a 
group of related substances.

The present report deals w ith  the pesticides  
m alathion , carbaryl, lindan e, and dinitro-o- 
cresol, all w id e ly  used in  agriculture or public 
health  or both. Primary em phasis is laid on  
ep id em iolog ica l stu d ies o f industrial and  
agricultural workers. Particular attention  is 
paid to relevant recom m endations of other 
international bodies. Each section  o f the  
report contains recom m endations for further 
studies on the health  effects o f the 4 pesticides  
and the report concludes w ith  som e general 
recom m endations for p esticide research.
C h em istry  & B iochem istry  o f M arine Food  

Products. Edited by Roy E. M artin and  
G eorge J. Flick. P ublished  by the AVI 
P ublish ing Co., PO Box 831, W estport, CT 
06881, 1982. 475 pp. Price: U.S. $49.50, 
other countries $54.50. ISBN 0-87055-408-5.
A  n ew  reference book, this represents the  

first attem pt to draw together in  on e forum  the  
present k n ow led g e concern ing the chem istry  
and biochem istry o f m arine food products. It 
in clu d es large am ounts of data and references  
translated from foreign  sources n ow  appearing  
for the first tim e in  U.S. scien tific  literature. It 
inclu des inform ation on  seafood tech n ology , 
byproduct u tilization , and recent advances in  
m arine product preservation.
Statistical M ethods for Food and A griculture.

By F. E. Bender, L. W. D ouglass, and A. 
Kramer. P ublished  by AVI P ublish in g  Co., 
PO Box 831, W estport, CT 06881, 1982. 345 
pp. Price: U.S. $25.00, other countries 
$27.50. ISBN 0-87055-391-7.
Theory, uses, and applications o f statistics as 

decision-m aking tools in  the food  and  
agriculture industries are described in  th is 
book. D esign ed  as a self-contained  study unit 
for use as a textbook in  co lleges and  
u niversities, it presents statistical techn iques  
used in  research analysis and business  
operations.
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B O O K  R E V IE W

E nviron m en tal C arcinogens. Selected  
M eth od s o f A n alysis. V o lu m e 4 —Som e  
A rom atic A m in es and A zo D yes in  the  
G eneral and Industrial E nvironm ent.
Edited by H. Egan, L. F ishbein, M. 
Castegnaro, I. K. O 'N eill, and K. Bartsch. 
P ublished  by International A gency for 
Research on Cancer, Lyon Cedex 2, France, 
1981. IARC Publication N o. 40. A vailable  
from W HO Publication Centre, 49 Sheridan  
A ve, A lbany, NY 12210. xiii +  350 pp.
Price $30.00. ISBN 92-8-3211405.
O riginally  considered to be a potential 

hazard on ly  to workers in  the dye, rubber, and  
chem ical industries, exposure to carcinogenic  
aromatic am ines and related com pounds is 
n ow  a m ore general environm ental problem . 
This book, V olum e 4 in a series dedicated to 
the analysis o f environm ental carcinogens, 
provides review s and analytical m onographs 
contributed by various authors.

By virtue o f the num ber o f id en tified  
com pounds w h ich  are poten tia lly  carcinogenic  
to m an, the list o f m onographs is not com plete. 
The m onographs, w h ich  have all been  
p ublished  elsew h ere, are consistent in  their 
sty le and format and provide adequate details 
on the m eth od ologies, hazards, and  
applicabilities o f each technique. The vast

majority o f the techn iques described u tilize  GC 
or HPLC, reflecting the im portant 
contribution m ade by advances in the 
chrom atographic sciences to research in  
environm ental toxicology.

The literature d ea lin g  w ith  the analysis of 
aromatic am ines and related com pounds is 
w ell rev iew ed  in  a chapter by Fishbein. M ost 
of the book is d evoted  to those com pounds 
found  in  the industrial environm ent. Their 
occurrence is rev iew ed  in  Chapter 4. A 
sim ilar review  of the scope of the problem  ir. 
the non-industrial environ m en t is not 
inclu ded , presum ably because the occurrence 
and lon g  term applications of poten tia lly  
carcinogenic am ines found  in food, clo th in g, 
drugs, and tobacco sm oke is not w e ll d efin ed , 
w hereas the discussion  in th is book is 
restricted to specific exam ples.

This book is recom m ended as an up-to-date  
source of reference of interest prim arily to 
those engaged  in the analysis o f aromatic 
am ines. Inform ative and w e ll referenced  
review  chapters on  the carcinogenicity, 
m etabolic activation, and occurrence of these  
substances also provide a m ore general appeal.

C. M. Riley
U n iversity  o f Kansas 
L aw rence, KS 66045
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F O R  Y O U R  IN F O R M A T IO N

A  N e w  Y e a r  a n d  a N e w  P r e s id e n t  f o r  
A O  A C — W a rren  B o n to y a n  o f  E P A

Warren R. Bontoyan, a chem ist and C h ief o f  
the E nvironm ental Protection A gency's 
C hem ical and B iological Investigations Branch 
w ith  laboratories located at B eltsville, M D, is 
P residen t o f AOAC for 1983. H e is active in  
the d ev elop m en t and standardization of 
chem ical m ethods of analysis and in  national 
and in ternational scientific organizations. H e 
is listed  in  W ho's W ho in America.

The E nvironm ental Protection A gency  
B eltsv ille  Laboratories w h ich  he directs are 
concerned  w ith  p esticide residues, pesticide  
degradation , and toxic im purities an d /or  
contam inants associated w ith  pesticides in 
technical and com m ercial products. H e and 
h is co lleagu es have g iven  and contin ue to g ive  
valu able assistance to m any state, m unicipal, 
and foreign  govern m en t laboratories. Mr. 
Bontoyan has 25 publications on the analysis 
o f pesticides, related chem icals, and toxic 
im purities and has g iven  num erous  
presentations at national and international 
m eetin gs on  special studies and analysis of 
pesticides. H e is the editor o f the 
E nvironm ental P rotection A g en cy  M anu al of 
Chem ical M eth o d s for P esticides and D evices  
p u b lish ed  by the AOAC.

Warren Bontoyan has b een  an active 
m em ber o f the AOAC since 1960. Since 1962, 
he has served  as Associate Referee for a 
num ber o f topics, w as General Referee for 
P esticide Form ulations from  1974 to 1981, and  
w as m ade a F ellow  o f the AOAC in 1973.

H e has served  on  the Long Range P lanning  
C om m ittee, Gas Chrom atography C om m ittee, 
International C ooperation Com m ittee, 
C om m ittee A, Q uality Assurance C om m ittee, 
Sym posia and Special Programs Com m ittee, 
C entennial Com m ittee, as AOAC  
representative to the Collaborative 
International P esticides A nalytical Council 
(CIPAC), and as a m em ber o f the Board of 
Directors.

Mr. B ontoyan is the U.S. M em ber o f CIPAC, 
a m em ber o f the W orld H ealth O rganisation  
(W HO) Panel o f Experts on the Specification  
and C hem istry o f Pesticides, the Am erican  
A ssociation  of Pesticide Control O fficials 
(AAPCO), the Food and A griculture 
O rganisation (FAO) Panel o f Experts on

P esticide Specifications, Am erican Chem ical 
Society  (ACS), A lpha Chi Sigm a, International 
U n ion  o f  Pure and A p plied  Chem istry  
(IUPAC), and the Am erican Institute of 
C hem ists, and is a F ellow  o f the Am erican  
Institute of Chem ists. H e organized  and  
chaired a session  on the Safety A spects of 
Form ulated Products at the Fifth International 
Congress o f Pesticide Chem istry (IUPAC) held  
in  Japan in  1982.

H e has 27 years of federal service 
distributed am ong the U.S. D epartm ent of 
Agriculture, the U.S. Food and Drug 
A dm inistration , and the U.S. E nvironm ental 
Protection A gency, and is a graduate o f the  
U n iversity of M aryland.

Warren Bontoyan lives in Perry H all, 
M aryland, is married to the form er Gladys 
Francis Daughaday and has tw o children , 
Warren and Suzanne. H e has been  active in  
the Boy Scouts of Am erica and is a church  
council m em ber o f St. M ichael's Lutheran  
Church.
A O A C  S u p p o r te r s — N e a r  a n d  F ar

Industry here and abroad is aware o f the 
n eed  to support an in d ep en d en t m ethods  
validation  association. Leatherhead Food 
R.A., Surrey, England, A gw ay, Inc., Syracuse, 
NY, C hevron Chem ical Co., R ichm ond, CA, 
K ellogg  Co., Battle Creek, MI, Thom as J. 
Lipton, Inc., E nglew ood Cliffs, NJ, Quaker
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Oats Co., Chicago, IL, and ITT C ontinental 
Baking Com pany, Inc., Rye, NY, are the most 
recent additions to the list o f those indicating  
this aw areness by p rovid ing financial support 
to AOAC.
M e e t in g s

February 1 3 -1 7 , 1983: International 
C onference on  O ils, Fats, & Waxes; U niversity  
of Auckland, A uckland, N ew  Zealand.
Contact: S. G. Brooker, International 
C onference on O ils and Fats, Chem istry Dept, 
U n iversity  o f Auckland, Private Bag,
A uckland, NZ.

February 1 5 -1 9 , 1983: Am erican A cadem y of 
Forensic Sciences 35th A nnual M eeting, 
Stouffer's C incinnati Towers & C onvention  
Center, C incinnati, OH. Contact: AAFS, 225 
S A cadem y Blvd, Suite 201, Colorado Springs 
CO 80910; 303/596-6006.

M arch 1 -3 , 1983: Sym posium  on  Soil 
Erosion and Crop Productivity, Executive 
Tower Inn, D enver, CO. Contact: ASA, 
CSSA, SSSA Headquarters O ffice, Attn:
D enver Sym posium , 677 South Segoe Rd, 
M adison, WI 53711.

A pril 7 -8 , 1983: C om m ittee E -ll  on  
Statistical M ethods, ASTM Headquarters, 
P hiladelph ia , PA. Contact: Bill H ulse, 215/ 
299-5507.

A pril 1 9 -2 1 , 1983: AOAC 8th A nnual 
Spring W orkshop and Exposition, Sheraton  
W est H otel, Indianapolis, IN. Contact: 
Lawrence Su llivan , Indiana State Board of 
H ealth , 1330 W est M ichigan St, Indianapolis, 
IN  46206; 317/633-0224.

June 5 -8 ,  1983: 66th Canadian Chem ical 
C onference, C onvention  Centre, Calgary, 
Alberta, Canada. Contact: Arvi Rauk, MCIC, 
D epartm ent o f Chem istry, U niv. o f Calgary, 
Calgary, Alberta, T2N 1N4 Canada; 403 /284-  
6247, or The Chem ical Institute o f Canada, 151 
Slater St, Suite 906, Ottawa, O ntario, KIP 5N 3  
Canada; 613/233-5623.

June 7 -1 0 , 1983: 1st International 
Sym posium  on  Drug A nalysis, Free U n iversity  
of Brussels, Brussels, Belgium . Contact: C. 
Van K erchove, Société B elge des Sciences 
Pharm aceutiques— B elgisch G enootschap voor  
Pharm aceutische W etenschappen, rue 
A rchim edesstraat 11, B-1040 Brussels, Belgium ; 
te lep h on e (02) 733 98 20 est. 33.

June 22, 1983: ASTM C om m ittee E-3 on  
Chem ical A nalysis o f M etals "Sym posium  on  
Com puters in  Chem ical A nalysis," Kansas 
City, MO. Contact: Kathy G reene, ASTM

Publications D iv ision , 1916 Race St, 
P hiladelphia, PA 19103; 215/299-5414.

July 1 7 -2 3 , 1983: SAC 83— International 
C onference and Exhibition on  A nalytical 
Chem istry, U n iversity  of Edinburgh, 
Edinburgh, Scotland. Contact: P. E. 
H utch inson , Secretary, A nalytical D iv ., Royal 
Society o f Chem istry, B urlington H ouse, 
L ondon, W1V OBN, UK.

July 2 7 -3 0 , 1983: 3rd International 
C onference on  Instrum ental A nalysis of Foods 
and B everages—Recent D evelop m en ts in  
Chem istry and T echn ology, Corfu H ilton  
H otel, Corfu, Greece. Contact: D. J. 
M ussinan, IFF R & D, 1515 H igh w ay  36, U n ion  
Beach, NJ 07735; 201/264-4500.
C o u r s e  O f f e r e d

X -ra y  spectrom etry and X -ra y  pow der  
diffraction .— The Physics D ept of the State 
U n iversity  o f N ew  York at A lbany is offerin g  
their annual 2-w eek sum m er courses in  X-ray 
spectrom etry, June 6 -1 3 ,1 9 8 3 , and in  X-ray 
diffraction, June 20 to July 1, 1983. N eith er  
course requires previous k n ow led g e  or 
experience. Course tim e w ill be d iv id ed  
equally b etw een  lecture and laboratory- 
problem  so lv in g . First w eek  of both  courses 
w ill cover basic princip les, techn iques, and  
practical applications.

For the spectrom etry course, the 2nd w eek  
w ill contin ue w ith  fundam entals and practical 
applications w ith  em phasis on  advanced  
princip les and techn iques, absorption- 
enh ancem ent corrections in clu d in g  
m athem atical m ethods, com puter calculations, 
and com puter autom ation of m odern X-ray 
spectrom eters. Both w avelen gth  d ispersive  
and energy d ispersive m ethods w ill  be used.

For the pow der diffraction course, 1st w eek  
em phasis w ill be on  camera and film  
techniques, X-ray instrum entation , especially  
the diffractom eter and its use, iden tification  of 
pow der patterns, m ulti-phase iden tification , 
and fundam entals o f quantitative analysis. 
Second w eek  w ill em phasize diffractom eter  
align m ent, com plex quantitative analysis, 
com plex pow der iden tifications, com puter  
autom ation o f diffractom eters, and com puter  
search-m atch m ethods.

The registration fee for each course is 
$800.00 for one w eek  or $1500 for a 2-w eek  
session . For further inform ation and to 
register, contact Prof. H enry C hessin , SU NYA , 
Dept, o f Physics, 1400 W ashington A ve., 
A lbany, NY 12222. P hone 518/457-8339.
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P o is o n  C o n tr o l  M o v e m e n t  A n n o u n c e s  N e w  
S y m b o l  in  P u b l ic  A w a r e n e s s  C a m p a ig n

This d istinctive sym bol used  to id en tify  
poison  control centers and their activ ities soon  
w ill becom e fam iliar to h ealth  care 
professionals. The lo go  has been  adopted by 
the Am erican A ssociation o f Poison Control 
Centers for use by its m ore than 400 m em bers 
nationw ide. It is h oped  that the general 
public and the m edical and hospital 
com m unity w ill learn to associate this sym bol 
w ith  a place to call for im m ediate h e lp — their  
local poison  control center. For inform ation, 
call Ken Clair, 202/452-1188.



GET YOUR COPY OF THE 
STATISTICAL MANUAL 
OF THE AOAC

Tw o  m anua ls  c om b in e d  in one :

Statistical Techniques for Collaborative Tests
by W. J. Y ouden

A  do-it-yourself manual for those with 
little or no statistical experience.

andPlanning & Analysis of Results of Collaborative Tests
by E. H. S te in e r

For the more experienced. Includes intro
duction to analysis of variance and ex
amples of application to interlaboratory 
tests.

1975, 96 pp. $12.50 + $1 book post & handling in U.S.A., $12.50 + $2 outside U.S.A.Send check to AOAC, Suite 210-J 1111 N. 19th St., Arlington, VA 22209

IF YOUR W ORK INCLUDES DETERMINATION OF M YCOTOXINS YOU  
SHOULD NOT BE W ITHOUT MYCOTOXINS M ETHODOLOGY

A  h a n d y , u p - to - d a te  b o o k ,  MYCOTOXINS METHODOLOGY  c o n ta in s  
m e th o d s  fo r  d e te rm in in g  a f la to x in s ,  o c h ra to x in s ,  p a tu l in ,  s te r ig m a -  
to c y s t in ,  a n d  z e a ra le n o n e  in  n u ts , s e e d s , g ra in s ,  d a ir y  p r o d u c ts ,  a n d  
o th e r  fo o d s .

MYCOTOXINS METHODOLOGY  is  th e  o n ly  o f f ic ia l ly  re c o g n iz e d  
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Custom packing HPLC 
columns has become our 
specialty. Any length, 
several ID's (including 
3 .2 mm) and almost any 
commercially available 
packing material may be 
specified. We'll supply the 
column others won't.
With each column, you 

will receive the original 
test chromatogram plus 
a vial of the test mixture. 
Our advanced technology 
and computer testing 
is your assurance of a 
quality product.
When custom packing 

and testing isyourspecial 
concern, we make the 
difference.

For further information contact:

ALLTECH  A SSO CIA TES, INC. 
2051 Waukegan Road 
Deerfield, Illinois 60015  
312/948-8600
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